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Alappuzha	known	as	‘Venice	of	the	East’	by	all	means	is	suitable	for	hosting	the	
eventful	27th	Kerala	Science	Congress	in	the	State.	From	time	immemorial,	Alappuzha	has	
been	considered	as	a	commercial	centre	and	these	days,	a	famed	tourist	destination.

Indeed	it	is	my	pleasure	to	note	that	KSCSTE	selected	‘Traditional	Industries’	as	
the	focal	theme	for	the	27th	Kerala	Science	Congress	scheduled	to	be	held	from	27th	– 29th 
January	2015	which	is	a	crucial	topic	for	the	socio-economic	development	of	the	district.	
Alappuzha	is	endowed	with	traditional	industries	based	on	coir	and	coir	products,	marine	
products,	handloom,	different	types	of	handcrafts,	etc.

KSCSTE	over	 the	years	has	been	 instrumental	 in	 the	development	of	 Science	
Technology	and	Environment	activities	in	the	State.	In	fact,	the	Government	of	Kerala	has	
given	deserving	thrust	to	promote	its	Research	and	Development	programmes	through	
liberal	 financial	 support.	 I	 believe	 that	 progress	 in	 the	 Research	 and	 Development	
sectors	would	 result	 in	 solving	many	 prevailing	 issues	 in	 the	 State	 thereby	 catalysing	
the	government’s	efforts	to	bring	positive	change	in	the	society.		I	wish	the	27th	Kerala	
Science	Congress	all	 success	and	 look	 forward	 to	 its	 recommendations.	 I	 congratulate	
the	organisers	of	 the	27th	Kerala	Science	Congress	 for	bringing	out	the	Proceedings	of	
Abstracts	of	research	papers	and	CD	containing	compendium	on	special	theme	of	27th 
KSC,	which	will	be	helpful	to	researchers	in	the	years	to	come.	

OOMMEN CHANDY

OFFICE SECRETARIATE, THIRUVANANTHAPURAM - 695 001
Phone-	Office:	2333610,	2333812	2332197,	2332148,	2333214,	2332682,	2332184

Fax:		((0471)	2333489	Resi:	(0471)	2345600,	2342602	&	(0481)	2351135

OOMMEN CHANDY
Chief	Minister

Kerala

	No.	118/Pre-Sec/CM/2015
19/01/2015	
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FOREWORD

The	Kerala	Science	Congress	 is	one	of	 the	significant	scientific	events	 in	 the	State	
being	organised	under	the	co-ordination	of	KSCSTE.	Kerala	has	a	tradition	known	for	promoting	
new	 ideas,	 innovations	 and	 rational	 practices.	 The	 contributions	 of	 Kerala	 in	 traditional	
architecture,	boat	building,	ayurveda	and	mathematics	are	noteworthy.	On	an	average,	higher	
educational	status	of	the	people	of	Kerala	and	scope	of	Science	&	Technology	in	promoting	the	
development	of	State	and	quality	of	life	are	well	recognised.	The	KSCSTE	has	setup	number	of	
R&D	institutions	under	the	Council	focussing	on	thematic	areas	and	innovative	schemes	and	
programmes	first	of	its	kind	in	our	nation.

KSCSTE	has	been	organising	Kerala	Science	Congress	every	year	during		the	past	27	
years		with		an		objective	to	create	a	platform	for	scientists	and		promote		science	in	all	disciplines	
to	interact	and	share	their	research		findings	thereby		enabling	us	to	focus	on	specific	objectives.	
The	 27th	 Kerala	 Science	 Congress	 is	 being	 jointly	 organised	 by	 KSCSTE	 and	NATPAC	during	
27th– 29th	January	2015	at	Alappuzha.	There	are	980	 registered	delegates	 in	 the	Congress.	
Based	on	technical	evaluation	Kerala	Science	Congress	selected	344	original	research	papers	
in	16	different	broad	subject	areas.	The	papers	for	the	congress	have	been	reviewed	by	a	team	
of	experts.

The	special	theme	for	the	27th	Kerala	Science	Congress	is	“Traditional	Industries”	in	
which	technical	papers	from	researchers	and	 invited	experts	will	be	presented.	A	Compact	
Disk	 including	compendium	on	 invited	articles	on	 the	 focal	 theme	session	will	be	 released	
along	with	proceedings	of	abstracts	of	27th	Kerala	Science	Congress.

The	27th	Kerala	Science	Congress	 is	to	be	organised	at	Alappuzha,	the	commercial	
hub	of	traditional	industries	in	Kerala	which	is	also	an	important	tourist	destination.	A	team	of	
scientists	from	NATPAC,	KSCSTE	and	its	other	Research	&	Development	Centres	helped	us	in	
bringing	out	this	volume	in	time	and	their	selfless	services	are	gratefully	acknowledged.	

This	volume	will	be	of	immense	use	to	Research	Scholars	and	Scientists	alike.

Shri. P. Mara Pandiyan, IAS
Executive	Vice	President,	KSCSTE



Kerala	Science	Congress	is	one	of	the	most	prestigious	programmes	of	Kerala	State	
Council	 for	 Science	 Technology	 which	 is	 the	 nodal	 agency	 for	 co-ordinating	 Research	 &	
Development	schemes	and	programmes	 in	 the	State.	The	Kerala	Science	Congress	 intends	
to	 develop	 scientific	 attitude	 among	 those	 pursue	 Science,	 Technology	 &	 Environmental	
initiatives.	It	is	to	be	noted	that	Science,	Technology	and	Innovative	policy	2013	recognise	to	
the	need	for	enhancing	skill	for	application	of	science	among	the	youth	from	our	society.

The	 KSCSTE	 has	 been	 organising	 Kerala	 Science	 Congress	 every	 year	 since	 1989	
with	a	vision	to	promote	excellence	in	Science	&	Technology	through	learning	research	and	
development	with	the	active	involvement	of	academic,	industry	and	research	organisations	
and	to	benefit	the	society	at	large.	It	is	a	State	level	forum	where	the	scientists	can	present	
their	work	and	young	scientists	can	interact	with	seniors	in	their	respective	field.

It	has	been	the	practice	in	the	Kerala	Science	Congress	to	devote	a	focal	theme	and	
this	time	‘Traditional	Industries’	is	selected	which	is	quite	relevant	and	most	appropriate	for	
the	Alappuzha	District	where	the	programme	is	scheduled	to	be	held	during	27th – 29th	January	
2015.

Alappuzha	is	considered	to	be	the	oldest	planned	town	in	this	region	and	the	light	
house	built	on	the	coast	of	the	town	is	the	first	of	its	kind	along	the	Laccadive	Sea	coast.	It	
is	an	important	tourist	destination	in	India	known	for	its	network	of	backwaters.	Coir	is	the	
most	 important	 commodity	manufactured	 in	 the	 Alappuzha.	 Agriculture,	 especially	 paddy	
integrated	 with	 Fisheries	 known	 as	 ‘Pokkali’	 cultivation	 is	 very	 unique	 in	 this	 part	 of	 the	
State.	Traditional	industries	chiefly	consist	of	coir	and	coir	products,	fisheries,	handlooms	and	
handicrafts	and	tourism.	The	Kerala	Science	Congress	may	specifically	focus	on	the	pitfalls	of	
the	above	sector	with	 the	 recommendations	 for	 further	steady	 improvement.	The	 life	and	
environment	of	the	people	of	this	delicate	part	of	the	State	should	improve	further.

The	Kerala	Science	Congress	committee	has	great	pleasure	in	presenting	proceedings	
volume	of	Abstracts	of	27th	Kerala	Science	Congress.	It	contains	344	abstracts	of	which	54	are	
considered	for	Best	Paper	Award,	117	for	oral	presentation	and	173	of	this	will	be	presented	
as	poster.

Dr. Tessy Thomas
Chairperson,	27th	Kerala	Science	Congress

KERALA SCIENCE CONGRESS
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ABSTRACT 

  
 The present study on “isolation, characterization and evaluation of soil 
microorganisms for bioremediation of chlorpyrifos’’, was conducted in the department of 
agricultural Microbiology at College of agriculture, Vellayani during 2012-14, with the 
objective of isolation, characterization and evaluation of microorganisms for of chlorpyrifos 
degradation, development of consortia and evaluation of bioremediation potential against 
chlorpyrifosin vivo. Microorganisms capable of degradation of chlorpyrifos were isolated by 
enrichment culture technique from identified locations with high residue levels of 
chlorpyrifos. In all, nineteen isolates comprising eleven bacteria, seven fungi and one 
actinomycete obtained were subjected to a preliminary screening based on the ability of 
isolates to utilize 50,100,200,400 and 800 ppm concentrations of chlorpyrifos at intervals of 
7, 15, 20, 25, 30 daI. The six isolates selected (M5, M6, M7, M10, M12, M17) were further 
evaluated for their ability to degrade different concentrations of chlorpyrifos based on 
population build up , analysis of chlorpyrifos residue and chloride released into the medium. 
The fungal isolates, M5, M6, M7 and M17 which recorded significant growth in terms of 
viable count, maximum reduction in chlorpyrifos residue and release of chloride were 
selected and subjected to morphological and molecular characterization. The isolates M5, 
M6, M7 and M17 were identified as Isaria farinosa, Aspergillus fumigatus, Trichoderma 

virideand, and Penicillium griseofulvum respectively. 
 In order to develop a consortium, the compatibility of the selected fungal isolates - 
M5, M6, M7 and M17 was tested by co-culturing in liquid MSM and by dual culture 
technique. All the fungal isolates were compatible and no inhibition could be recorded. A 
consortium of the four fungal isolates was prepared in liquid formulation and its ability to 
degrade different concentrations of chlorpyrifos was studied under in vitro conditions on 25th 
day of inoculation. The percentage degradation of chlorpyrifos by the isolates increased with 
increase in concentrations, but showed a decline at 800 ppm. The percentage degradation of 
chlorpyrifos was higher in consortium compared to individual isolates under in vitro 
conditions. 
 The developed liquid consortium was evaluated in sterilized soil spiked with 100 and 
400 ppm concentration of chlorpyrifos with cowpea as the test crop. Significant reduction in 
all biometric characters was observed due to spiking with chlorpyrifos at 100 and 400 ppm 
concentrations. application of consortium in soil spiked with chlorpyrifos enhanced all the 
biometric characters and reduced the residue of chlorpyrifos. The study also established 
efficient colonization of the chlorpyrifos degraders present in the consortium in the 
rhizosphere of cowpea. 
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Introduction 
 
Pesticides constitute the key control strategy for crop pest and disease management.  

Considering the toxic effect of these pesticides it is essential to remove them from the 
environment employing suitable remedial measures.  Bioremediation exploiting microbial 
technology is one of the recent techniques for environmental clean-up. In the process, 
heterotrophic microorganisms breakdown hazardous compounds to obtain carbon and energy. 
Currently among the various groups of pesticides, organophosphates form the major, 
accounting for more than 36 per cent of the total world market (Kanekar et al., 2004).  
Among the insecticides, monocrotophos, quinalphos and chlorpyrifos top the list of 
organophosphorus insecticides in Indian market. In the light of restricted or banned use of 
organochlorine compounds, chlorpyrifos is gaining importance in Agriculture. Even though 
extensive work has been conducted on microbial degradation of chlorpyrifos under laboratory 
conditions, no attempt has been made so far to exploit this technology for field level 
application.  Hence the present programme has been designed to isolate microorganisms 
capable of degradation of chlorpyrifos and to develop a consortium for its field level 
application. 
 

Materials and methods    
Microorganisms capable of degradation of chlorpyrifos were isolated from soil 

samples by enrichment culture technique. Rhizosphere soil was collected from cardamom 
plantations of Idukki district, where high residue level of chlorpyrifos has been reported. The 
soil samples collected from different locations were filled into earthen flower pots of size 25 
cm diameter after sealing the hole with cement. The pots were enriched by weekly addition of 
chlorpyrifos (100 ppm) upto 8-10 weeks. After enrichment, one gram of enriched soil was 
added to mineral salts medium (Karpouzas and Walker, 2000; Singh et al., 2004), 
supplemented with 100 ppm chlorpyrifos and incubated at room temperature. After one week, 
one ml from the above medium was transferred to fresh MS medium containing chlorpyrifos 
and this was repeated 2-3 times for further purification. Finally one ml was plated on MS 
media containing 100 ppm chlorpyrifos.   

As many as nineteen isolates comprising eleven bacteria, seven fungi and one 
actinomycete capable of utilizing chlorpyrifos as carbon source were isolated by enrichment 
culture technique, these isolates were allotted code numbers starting from M1-M19.   

All the 19 isolates obtained were subjected to a preliminary screening to assess the 
ability of the isolates to utilize chlorpyrifos as carbon source in five different concentrations – 
50, 100, 200, 400 and 800 ppm at intervals of 7,15,20,25 and 30 days after inoculation with 
two replications each. The growth of bacterial isolates was assessed based on optical density 
(OD value) at 660 nm and for fungi and Actinomycetes,  total viable count was assessed at 
different intervals of 7, 15, 20, 25 and 30 days after inoculation. The isolates which showed 
significant growth in 50, 100, 200, 400 and 800 ppm concentrations at different intervals 
were selected for further studies. 

The isolates which showed significant growth in 100,200,400 and 800 ppm 
concentrations of chlorpyrifos at different intervals were once again evaluated by secondary 
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screening to assess the ability of the isolates to utilize chlorpyrifos as sole carbon source. 
Mineral salts medium amended with 100, 200, 400 and 800 ppm concentrations of 
chlorpyrifos was prepared and the selected isolates were inoculated to MSM containing 
100,200,400 and 800 ppm concentrations of chlorpyrifos and incubated at room temperature. 
Two replications were maintained for each treatment. At regular intervals of 7, 15, 20, 25 and 
30 days after inoculation, population build up was assessed based on total viable count. The 
degradation potential of the selected isolates was evaluated by analyzing the residue of 
chlorpyrifos in the medium in GC-MS (Mukherjee et al., 2007). The release of chloride into 
the medium was also analyzed by Argentometric method (Greenberg et al., 1992). The 
isolates which recorded maximum population buildup in different concentrations of 
chlorpyrifos and maximum degradation of chlorpyrifos were selected for further studies. 

The selected efficient isolates capable of degrading chlorpyrifos were characterized 
based on morphological and molecular studies. 

With the objective of developing a consortium, the selected fungal isolates were co-
cultured in Mineral salts medium and Potato dextrose broth and their compatibility was 
studied by assessing the population buildup of each of the individual isolates of consortium, 
recorded as viable count on 7 DAI. The compatibility of the isolates was further confirmed by 
dual culture technique. 

The ability of the developed consortium to degrade 50, 100, 200, 400 and 800 ppm 
concentrations of chlorpyrifos was evaluated under in vitro conditions, at intervals of 7, 15, 
20, 25 and 30 day after inoculation. Two replications were maintained for each treatment.  
Growth of isolates was measured by enumerating the total viable count expressed per ml of 
media. The degradation potential of the consortium was assessed by analyzing the residual 
chlorpyrifos in the medium in GC-MS. The release of end product, chloride was also 
measured by Argentometric method at intervals of 7, 15, 20, 25 and 30 days after inoculation. 

The pot culture experiment was conducted in the green house of the Department of 
Agricultural Microbiology, Vellayani, Thiruvananthapuram. Uniform sized earthern pots of 
25 cm diameter were used for the experiment after cementing the holes to avoid seepage of 
chlorpyrifos and filled with 5 kg each of sterilized soil. The formulated liquid consortium of 
efficient chlorpyrifos degraders containing M5 (80.50 x103 cfu ml-1), M6 (141.50 x103  
cfu ml-1 ), M7 (239.0 x103 cfu ml-1) and M17 (186.50 x103 cfu ml-1) in MSM was evaluated 
in chlorpyrifos spiked soil at two different concentrations viz., 100 and 400 ppm with cowpea 
as the test crop. 

The biometric characters of plants such as plant height, fresh weight and dry weight 
of plant and roots, nodulation parameter such as nodule number, nodule fresh weight and dry 
weight and yield were recorded to study the effect of spiking of chlorpyrifos and application 
of consortium. The residue of chlorpyrifos in soil was estimated by GC-MS and the chloride 
released in to the soil was measured by Argentometric method. The population of total soil 
micro flora and colonization of chlorpyrifos degraders in rhizosphere of cowpea were 
enumerated by estimating the total viable count per gram of soil. The data generated from the 
experiments were statistically analyzed using analysis of variance techniques (ANOVA) as 
applied to Completely Randomized Design described by Panse and Sukhatme, 1985. 
Results and Discussion 
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 Microorganisms capable of degrading chlorpyrifos were isolated by enrichment 
culture technique from identified locations having high toxic level of chlorpyrifos residue. 
The locations were selected in consultation with the Pesticide Residue Laboratory at College 
of Agriculture, Vellayani. Soil samples were collected from Cardamom fields of Idukki 
district where chlorpyrifos was applied to control various pests. Nineteen different 
microorganisms comprising eleven bacteria, seven fungi, one actinomycete were isolated by 
enrichment culture technique. After preliminary screening the microbial isolates coded as M5 
(Fungus), M6 (Fungus), M7 (Fungus), M17 (Fungus), M10 (Bacteria) and M12 
(Actinomycetes) were selected for further studies. After secondary screening based on the 
population buildup and degradation capacity and release of chloride the four fungal isolates 
M5, M6, M7 and M17 were selected. The morphological characteristics comprising colony 
colour, texture and appearance of selected isolates was studied. Molecular characterization of 
the efficient isolates was done based on 18SrRNA genomic DNA was amplified by PCR 
using universal primers for 18SrRNA. The PCR products were sequenced and analyzed using 
BLAST programme and phylogenetic analysis was also done. Construction of Phylogenetic 
tree revealed the relatedness of M5 is Isaria to I. farinosa and I. amoenerosea sp.,  M6 is 
Aspergillus to A. clavatus and A. fumigatus, M7 is Trichoderma to T. viride and T. harzianum 

and M17 is Penicillium to P. coffeae and P. charlesii. 
For development of liquid consortium of selected isolates, their compatibility was 

evaluated in Potato dextrose broth and Mineral salts medium and it was confirmed by dual 
culture technique. All the isolates were compatible and could grow well in PDB and MSM 
and sufficient population build up was recorded. The compatibility of the isolates was also 
tested by dual culture technique. All the four isolates were tested for antagonism and no 
inhibition was observed between the isolates tested. Since all the isolates (M5, M6, M7 and 
M17) were compatible, they were used to prepare the liquid consortium. The prepared liquid 
consortium of M5, M6, M7 and M17 was evaluated under in vitro conditions, to assess the 
ability to degrade 50, 100, 200, 400 and 800 ppm concentrations of chlorpyrifos based on 
viable count and release of chloride at intervals of 7, 15, 20, 25 and 30 days after inoculation. 
However, the residue of chlorpyrifos was analyzed on 25th day after inoculation. The 
maximum population buildup of isolates was observed in 20-25 days after inoculation all the 
four isolates showed very good growth performance. The ability of the developed consortium 
to degrade 50, 100, 200, 400 and 800 ppm concentrations of chlorpyrifos in MSM was 
analyzed on 25th day of inoculation.  Degradation of chlorpyrifos was analysed by using GC-
MS. Maximum residue of  260.0 ppm was recorded in 800 ppm concentration, followed by 
45.0 ppm(400 ppm), 32.0 ppm (200 ppm), 17.0 ppm (100 ppm) and 17.0 ppm (50 ppm), 
compared to control which recorded 741.0, 365.0, 194.0, 93.0 and 48.0 ppm in 800, 400, 
200,100 and 50 ppm respectively.  Maximum degradation of 87.6 per cent was recorded in 
400 ppm followed by 83.0 per cent in 200 ppm and 81.7 per cent in 100 ppm and least value 
of 64.9 per cent in 800 ppm concentration In 50 ppm, only 65.0 per cent degradation was 
recorded (Fig 1). The release of chloride into the medium by the consortium after 7 DAI was 
not statistically significant.  The chloride release gradually increased from 15th to 20th DAI, 
reaching a maximum on 25th DAI and then showed a decline on 30th DAI. A pot culture study 
was conducted to evaluate the bioremediation efficiency of the developed liquid consortium 
in soil spiked with chlorpyrifos.  The efficiency of consortium was evaluated by monitoring 
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the biometric characters of cowpea such as plant height, fresh and dry weight of plants and 
roots, nodule number, nodule fresh and dry weight and yield of plant at 100 and 400 ppm 
levels.  Analysis of residue of chlorpyrifos and release of chloride in soil were evaluated. The 
total soil microflora and the chlorpyrifos degraders in rhizosphere of cowpea were also 
enumerated. Maximum plant height of 193.25 cm was recorded in control (T1).  Significant 
reduction in plant height was observed due to spiking of soil with 100 and 400 ppm 
chlorpyrifos which recorded 139.62 cm and 118.75 cm respectively.  The application of 
consortium to 100 ppm (T3) and 400 ppm spiked soil (T5) recorded 191.25cm and 176.25 cm 
plant height respectively, which were statistically on par with the control treatment (T1). 

Maximum yield of 193.25 g was recorded in control (T1) followed by T3 and T5 
which recorded 130.75 and 124.50 g respectively.  A significant reduction in yield was 
observed in soil spiked with 100 ppm (T2) and 400 ppm (T4) chlorpyrifos which recorded 
93.0 and 73.75 g respectively. 

Fresh weight of plants was also maximum (83.33 g) in the control plants (T1). This 
was statistically on par with T3 and T5 which recorded 81.4 and 77.58 g respectively.  
Significant reduction in plant fresh weight was observed in treatment T2 (22.83 g) and T4 
(24.20 g) where soil was spiked with 100 ppm and 400 ppm chlorpyrifos respectively. 

The root fresh weight of 5.25 g was maximum in T3 which received consortium 
application in 100 ppm spiked soil, which was statistically on par with control T1 (4.78 g).  
The treatment T5 recorded 4.17 g which was also statistically on par with control treatment.  
The root fresh weight was significantly reduced in treatments T4 and T2 which received 400 
ppm and 100 ppm spiking without consortium which recorded 1.28 and 1.63 g respectively. 

Maximum plant dry weight of 2.83 g was recorded in control treatment T1 followed 
by T3 (2.57 g) and T5 (2.05 g).  Significant reduction in plant height was observed due to soil 
spiking with 100 ppm (T2) and 400 ppm (T4) chlorpyrifos which recorded 1.07 g. 

Maximum root dry weight of 0.96 g was recorded in T3 which received consortium 
application in soil spiked with 100 ppm chlorpyrifos followed by control T1 (0.76 g) and T5 
(0.45 g).  Significant reduction in root dry weight was observed in treatments T2 (0.08 g) and 
T4 (0.02 g) which received 100 ppm and 400 ppm chlorpyrifos application. 

Maximum nodule number of 82.25 was recorded in T3 followed by T5 (76.0) 
compared to control which recorded 56.75.  A significant reduction in nodulation was 
observed due to 100 ppm (T2) and 400 ppm (T4) chlorpyrifos application which recorded 
11.00 and 8.50 respectively.  The control treatment recorded a nodule number of 56.75. 

Maximum nodule fresh weight of 1.53 g was recorded in the treatment (T3) which 
received consortium application in soil spiked with 100 ppm chlorpyrifos and  was 
statistically on par with treatment T5 (1.52 g) which also received consortium application in 
soil spiked with 400 ppm chlorpyrifos.  The nodule fresh weight was reduced significantly in 
treatment T2 (0.20 g) and T4 (0.05 g) which received 100 and 400 ppm chlorpyrifos spiking 
respectively. 

Maximum nodule dry weight was recorded in treatment T3 (0.083 g) which received 
consortium application in 100 ppm spiked soil, which was statistically on par with T5 (0.075 
g) which received consortium application in 400 ppm chlorpyrifos spiked soil.  The control 
T1 recorded a nodule dry weight of 0.065g.  Significant reduction in nodule dry weight was 
recorded in T2 and T4 which recorded 0.006 g and 0.001g respectively. 
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The release of chloride is an indirect method of estimation of degradation of 
chlorpyrifos.  The chloride analysis of soil samples revealed that maximum release of 
chloride was observed in treatments which received consortium application in soil spiked 
with 400 ppm chlorpyrifos (1.95 mg l-1) which was statistically on par with T3 (1.80 mgl-1).  
Significant reduction in chloride release was observed in treatments T4 and T2 which 
recorded 1.40 and 1.48 mgl-1 respectively.  The percentage release of chloride was maximum 
in T5 (39.28 per cent) and T3 (21.62 per cent), which received consortium application in soil 
spiked with 400 and 100 ppm chlorpyrifos respectively. 

Maximum viable count of bacteria (40 x105 cfu g-1) was recorded in treatment T5 
followed by T3 (32 x 105 cfu g-1) which received consortium application in soil spiked with 
400 and 100 ppm chlorpyrifos. This was followed by T2 (27 x 103 cfu g-1) and the control 
treatment recorded a population of 15 x105 cfu g-1. 

 The fungal population was maximum in treatment T5 (230 x 103 cfu g-1) followed by 
T3 (221.75 x 103 cfu g -1) which received consortium application in soil spiked with 400 and 
100 ppm chlorpyrifos respectively.  The fungal population was 18.75 x 103 cfu g -1 in T4 and 
12 x 103 cfu g -1 in T2.  The control treatment recorded a fungal count of 10.00 x 103 cfu g -1.  
The bacterial population was maximum in treatment T5 (40.0 x 105), followed by T3 (32.0 
x105), T2 (27 x105) and T4 and T1 (15x105). Similarly the Actinomycetes population was 
maximum in the control treatment T1 (5.00 x 103 cfu g-1), followed by T2 (3.5 x 103 cfu g-1), 
T5 (3.25 x 103 cfu g-1), T4 (3.00 x103 cfu g-1) and T3 (2.00 x103 cfu g-1). 

The population of chlorpyrifos degraders (M5, M6, M7 and M17) in the rhizosphere 
of cowpea was estimated.  The viable count of M5 (Isaria farinosa) was maximum in T5 
(99.5 x 103 cfu g-1) followed by T3 (91.0 x 103 cfu g-1).  The population of M6 (Aspergillus 
fumigatus) was maximum in T3 (196. 5 x 103 cfu g-1) followed by T5 (152.5 x 103 cfu g-1).  

The population of M7 
(Trichoderma viride) and 
M17 (Penicillium 
griseofulvum) were 
maximum in T3 (182 x 103 
cfu g-1) and T5 which 
recorded 118.5 x 103 cfu g-1 
and 162.5 x 103 cfu g-1 
respectively (Fig 2).Fig.1. 
Comparison of degradation 

of chlorpyrifos by individual isolates and consortium on 25th DAI       
 
 
 

    Fig.2. Effect of 

consortium on population 

of chlorpyrifos degraders 

in sterilized soil 
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Conclusion 
 The present investigation facilitated isolation, characterization and development of an 
efficient microbial consortium for degradation of chlorpyrifos for in situ bioremediation. The 
consortium comprised of four efficient fungal isolates such as Isaria farinosa, Aspergillus 

fumigutes, Trichoderma viride and Penicillium griseofulvum. The consortium could degrade 
65.70 per cent of 100 ppm and 45.6 per cent of 400 ppm chlorpyrifos in soil. Effective 
colonization of the organisms present in the consortium could also be obtained in the 
rhizosphere of cowpea. Earlier reports of efficient degradation of chlorpyrifos by species of 
Aspergillus, Penicillium and Trichoderma are available. However, the capacity of Isaria 

farinosa to degrade chlorpyrifos has not been reported earlier. Moreover all the isolates could 
degrade chlorpyrifos effectively up to a maximum concentration of 800 ppm. Reports of 
degradation efficiency at such higher concentration is very meager. Hence the present study 
forms a novel approach to exploit microorganisms that could effectively degrade chlorpyrifos 
for bioremediation of contaminated soil. 
References 
Greenberg, A.E., Clesceri, L.S., and Eaton, A.D. (1992). Standard Methods for the 
 Examination of Water and Waste Water (18th ed.). APHA, Washington 300p. 
 
Kanekar, P.P., Bhadbhade, B., Deshpande, N.M. and Sarnaik, S.S. (2004). Biodegradation of 

organophosphorus pesticides. Proceedings of Indian National Sci. Acadamy, 70: 57-70. 
 
Karpouzas, D.G. and Walker, A.(2000). Factors influencing the ability of Pseudomonas 

putida strains ep I and II to degrade the organophosphate ethoprophos. J. Appl. 
Microbiol. 89: 40-48. 

 
Mukherjee, I., Gupta, S., Kulshrestha, A., Pant, S., Singh, A., Kumar, A., and Gajbhiye, V.T. 

(2007). Simulateneous Estimation of aldicarb, carbofuran and carbaryl in water by 
HPLC. Pestic.Res.J.19 (1): 128-130. 

 
Panse, V.S. and Sukhatme, P.V. (1985). Statistical Methods for Agricultural Workers, ICAR, 

New Delhi, pp.152-155. 
 
Singh, B.K., Allan, S., Walker A., Alun, J., Morgan, W., and Denis, J. (2004). Biodegradation 

of Chlorpyrifos by Enterobacter Strain B-14 and Its Use in Bioremediation of 
Contaminated Soils. Appl. Environ. Microbiol. 70: 4855-4863. 

01-02 

RUTIN AND QUERCETIN ENHANCE GLUCOSE UPTAKE IN L6 MYOTUBES 

UNDER OXIDATIVE STRESS INDUCED BY TERTIARY BUTYL HYDROGEN 

PEROXIDE 

R Dhanya
a
, K B Arun,

 a
 P Jayamurthy

a
*Agroprocessing and Natural Products Division, 

National Institute for Interdisciplinary Science and Technology (NIIST), CSIR, Industrial 
Estate, Pappanamcode, Thiruvananthapuram-695019, kerala, India *Corresponding author: 

Dr. P Jayamurthy, Email - jayamurthy@live.com 
Abstract 

7

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



  Scientific evidence suggests a strong link between the oxidative stresses 
induced pathways and onset of diabetes and its complications. The present study evaluates 
the antidiabetic potential of the flavonoids, Rutin and its metabolite Quercetin under 
oxidative stress induced by tertiary butyl hydrogen peroxide (TbHP). our results demonstrate 
that reactive oxygen species generated by TbHP decreased markedly in the L6 cells on 
preincubation with flavonoids in a dose dependent manner and remarkably retrieved the 
glutathione level which was drastically decreased on oxidative challenge. These flavonoids 
were also found to prevent lipid peroxidation in L6 myoblast. Flavonoids increased glucose 
following chronic and acute pretreatment in the presence of oxidative stress. Increased 
glucose uptake in L6 myotubes was found to be attributed by GLUT 4 translocation, the most 
downstream factor in the insulin signalling cascade, which increased two to three fold on 
chronic pretreatment of Quercetin (10 μM) and Rutin (100 μM). 
 
Key words: Rutin, Quercetin, tertiary butyl hydrogen peroxide, oxidative stress, L6 
myotubes 
 

Introduction 

  
 The incidence of diabetes is rapidly increasing and by 2030 an expected 366 million 
individuals are projected to be affected (WHO report). Hyperglycaemic condition is 
recognized as the causal link between diabetes and its complications. The chronic 
hyperglycemia resulting from diabetes brings about a rise in oxidative stress due to 
overproduction of reactive oxygen species (ROS) as a result of glucose auto oxidation and 
protein glycosylation (Laaksonen, & Sen, 2000). Oxidative insult in cells is also created by 
the impairment in functioning of endogenous antioxidant enzymes because of their non-
enzymatic glycosylation and oxidation (Chi-Hao, Chi-Tai, & Gow-chin, 2010). The 
prolonged exposure of oxidative stress may cause insulin resistance by triggering an 
alteration in cellular redox balance (Mc Garry, 2002). Several lines of evidence suggest that 
oxidative stress occurs in diabetes and could have a role in the development of insulin 
resistance (Lee et al., 2006; Thandavarayan, Watanabe, & Gurusamy, 2009). Last decade has 
witnessed enormous scientific studies on the heterogeneous class of molecules called 
phytochemicals. They are widely distributed in fruits, vegetables, beverages and in herbal 
remedies. The wide range of biological activities remains uncharacterized for most 
compounds. To suppress the oxidative stress mediated damage in diabetic pathophysiology, a 
special focus has been shifted towards naturally occurring antioxidants present in food. 
In the present study, we attempt to gain a better understanding of the therapeutic potential of 
flavonoid, Rutin and its metabolite Quercetin on Type 2 Diabetes and other oxidative stress 
induced impairments by acute and chronic treatment of L6 cell lines followed by induction of 
oxidative stress by tertiary butyl hydrogen peroxide (TBHP). 
 

2. Materials and methods 

 

2.1. Materials 
 Dulbecco’s modified Eagle’s media (DMEM), Quercetin, Rutin and TBHP were 
purchased from Sigma–Aldrich Chemicals (St Louis, MO, USA); Monoclonal anti-GLUT 4 
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antibody, secondary anti-mouse immunoglobulin (IgG; Fab specific)–fluorescein 
isothiocyanate (FITC) antibody produced in goat were purchased from Santa Cruz 
Biotechnology, USA. L6 myoblast was obtained from National Centre for Cell Sciences, 
Pune, India. All other chemicals used were of standard analytical grade. 
 

2.2. Cell culture and treatment 
 Rat skeletal muscle cell lines, L6 myoblasts, were maintained in DMEM 
supplemented with 10% FBS, 1% antibiotic-antimycotic mix at 37oC under 5% CO2 

atmosphere. Cells were grown at a density of 1x104cells/well on 12-well plates (Costar, USA) 
and 96-well black plates (BD Biosciences, Franklin Lakes, BJ) for the immunofluorescent 
staining study and glucose uptake assay, respectively. 
 

2.3. Cell viability 
 Viability of L6 myoblast was measured by the means of MTT assay. Cytotoxicity of 
TBHP, Quercetin and Rutin were standardised based on both concentration as well as period 
of incubation. Briefly, cells after incubation with the compounds were washed and MTT (0.5 
g/L), dissolved in DMEM, was added to the each well for the estimation of mitochondrial 
dehydrogenase activity as described previously by Mosmann (1983). After additional 4 h 
incubation at 37°C in CO2 incubator, 10% SDS in DMSO was added to each well and the 
absorbance at 570 nm of solubilised MTT formazan products were measured after 45 min 
using a micro plate reader (BIOTEK-USA). Results were expressed as percentage of 
Cytotoxicity. 
 
2.4. Measurement of Intracellular reactive oxygen species 
 Intracellular reactive oxygen species (ROS) was estimated by using the fluorescent 
probe, DCFH-DA as described earlier by Cathcart et al., (1983). Cells were pretreated with 
different concentrations of Quercetin and Rutin for 3 and 24 h followed by TBHP (100 µM) 
for 3 h. After washing with phosphate buffer saline (PBS, pH-7.4) cells were treated with 
DCFH-DA (20μM) for 20 minutes. The cells were imaged after washing with PBS using 
confocal microscopy (Pathway 855, BD Bioscience, (USA) equipped with filters in the FITC 
range (i.e. excitation, 490 nm; and emission, 525 nm). The fluorescent intensity was analyzed 
by BD Image Data Explorer software. 
 

2.5. Lipid peroxidation 
 The effect of flavonoids on lipid peroxidation was analyzed in L6 myoblast by the 
thiobarbituric acid method by Moore, & Roberts (1998). Briefly, after pretreatment of 
flavonoids, the cells were lysed and centrifuged at 13,000g for 2min. Supernatant fraction 
(0.5ml) was mixed with 1ml of 0.67% thiobarbituric acid dissolved in 5% trichloroacetic 
acid. The mixture was heated at 100oC for 15 minutes. After cooling, the absorbance was read 
at 532nm. Lipid peroxidation was expressed as nanomoles of malonaldehyde (MDA) per 
million cells, using the MDA extinction coefficient of 156 mM-1cm-1. 
 

2.6. Determination of Intracellular glutathione (GSH) concentration 
 Reduced glutathione (GSH) levels in the cells were measured by the method of 
Hissin, & Hilf (1976) using O-phthalaldehyde (OPT) as a fluorescent reagent. The method 
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takes advantage of the reaction of GSH with OPT at pH 8. Cells after pretreatment were lysed 
in the presence of metaphosphoric acid and centrifuged at 5000 rpm for 10 mins. The 
supernatant was mixed with 100μl OPT along with 1ml of phosphate buffer saline. After 15 
mins, fluorescence was determined at excitation wavelength of 360 nm and emission 
wavelength of 460 nm. Results were expressed as nanomoles of GSH. 
 

2.7. 2-NBDG uptake 
 L6 myoblast seeded in 96 well black clear bottom plates (BD Biosciences, Franklin 
Lakes, BJ) were differentiated for 5 days in DMEM containing 2% horse serum. Following 
incubation with flavonoids and induction of stress, culture medium was removed from each 
well and replaced with fresh culture medium in the absence or presence of 10mM fluorescent 
2-NBDG (Molecular Probes-Invitrogen), a fluorescent derivative of glucose with a 2-[N-(7-
nitrobenz-2-oxa-1, 3-diazol-4-yl)] amino group at the C-2 position (Espina, et al., 2008) and 
incubated for 30 minutes. The cells were then washed twice with cold phosphate-buffered 
saline (PBS) and the fluorescence in cells were acquired by Fluorescent Microscope 
(Pathway 855, BD Bioscience, San Jose, CA, USA) equipped with filters in the FITC range 
(i.e. excitation, 490 nm; and emission, 525 nm). The Fluorescence intensity in cells was 
analyzed using BD Image Data Explorer software. 
 

2.8 Fluorescence analysis of 2-NBDG uptake by flow cytometry 
 The changes in glucose uptake induced by pretreatment of flavonoids were confirmed 
by Flow cytometry analysis. The active concentrations of Quercetin and Rutin that induced 
changes in glucose uptake were analysed. Following preincubation with flavonoids and 
oxidative stress induction, culture medium was removed from each well and replaced with  
fresh culture medium in the absence or presence of 10 mM fluorescent 2-NBDG and 
incubated for 30 min. The cells were then resuspended in ice-cold PBS and subjected to flow 
cytometry. Samples were analyzed using BD FACS Aria II (BD Biosciences) at FITC range 
(excitation 490 nm, emission 525 nm band pass filter). The mean fluorescence intensity of 
different groups were analyzed by BD FACS Diva software and corrected for auto 
fluorescence from unlabeled cells. 
 

2.9. Immunofluorescence assay 
 Furthermore, to elucidate the mechanism by which flavonoid pretreatment altered 
glucose uptake, we measured surface GLUT 4 levels under various pretreatment conditions 
by immunofluorescence assay. Following pretreatment with the flavonoids and TBHP, cells 
were fixed for 5 min with 4% formaldehyde in PBS and permeabilized. Cells were blocked 
with 5% BSA in PBS for 1 h and incubated with monoclonal GLUT 4 antibody solution 
(1:200 dilution in 1.5% BSA in PBS) at 4OC overnight followed by washing with PBS and 1 
h incubation at room temperature with FITC-conjugated goat anti-mouse Ig G secondary 
antibody (1:500 dilution, 1.5% BSA in PBS). Images were acquired using Confocal 
microscopy (Pathway 855, BD Bioscience, San Jose, CA, USA) and Laser Scanning 
Confocal microscope (Nikon A1R, Nikon instruments, Melville, USA) equipped with filters 
in the FITC range (i.e. excitation, 490 nm and emission, 525 nm). For quantification, images 
were analyzed by BD Image Data Explorer software. 
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2.10. Statistical analysis 
 Results are expressed as means and standard deviations of the control and treated cells 
from triplicate measurements (n = 3) of three different experiments. Data were subjected to 
one-way ANOVA and the significance of differences between means were calculated by 
Duncan’s multiple range test using SPSS for Windows, standard version 16 (SPSS, Inc.), and 
significance was accepted at P≤0·05. 
 

3. Results 

3.1. Cell viability 
 
The Cytotoxicity of TBHP, Quercetin and 
Rutin was determined by MTT assay as 
described previously. The concentration of 
TBHP was standardised based on 
concentration as well as period of 
incubation. The concentration of TBHP 

below 100 μM was found to be less than 20% toxic for a period of 3 h but on incubating for 
12 h the L6 myoblast showed a toxicity of 80% as shown in Fig. 1A. Quercetin and Rutin 
was found to be less than 15% toxic even up to 100 µM for 24 h as in Fig. 1B.  
3.2. Determination of intracellular ROS 

 
To establish precise role in 
antioxidant activity, cellular reactive 
oxygen species (ROS) was quantified 
with DCFDA as described by 
Cathcart et al (1983). The results 
from the present study demonstrate 
that TBHP incubation to the cells at 
100 μM for 3 h was found to generate 
significant increase (P≤0.05) in 

intracellular reactive oxygen species as compared to control. This oxidative stress induced 
increase in ROS concentration decreased drastically (P≤0.05) on preincubation with 
Quercetin and Rutin at different concentrations (1µM, 10µM, 100 µM) ( Fig. 2A). The 
intensity of fluorescence was analysed by BD Image Data Explorer software and has been 
illustrated in Fig. 2B & 2C. 
 

3.3. Influence in lipid peroxidation 
 Lipid peroxidation determined by thiobarbituric acid method indicated that cells 
exposed to TBHP for 3 h showed 49.7% increase in malonaldehyde, the metabolic product of 
lipid peroxidation, than that of untreated control. Pretreatment with Quercetin at 100 μM 
restricted the percentage production of malonaldehyde to 16.6%. Pretreatment of Rutin (100 
µM) to the cells significantly reduced the malonaldehyde level than that of control (Table 1).  
 

3.4. Role in GSH metabolism 
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 To investigate the effect of Quercetin and Rutin in natural antioxidant defence system 
of L6 cells, GSH levels were monitored after 3 h and 24 h of Quercetin and Rutin (1, 10, and 
100 µM) pretreatment. On treating with 100 μM TBHP, GSH level reduced 66% compared to 
control. Pretreatment of L6 myoblast with Quercetin and Rutin, actively up regulated GSH 
level to 50% and 69%, respectively, as shown in Table 1. 
 
3.5. Effect of Quercetin and Rutin pretreatment on 2-NBDG uptake 

Antidiabetic potential 
of Quercetin and 
Rutin was evaluated 
by monitoring 
2NBDG uptake in 
differentiated L6 
myoblast. The 
endocytosis of the 
fluorescent glucose 
analog 2-NBDG by 
rat L6 cells and 
increased intracellular 

2-NBDG 
fluorescence is 

visible in distinct groups of cells as shown in Fig. 3A & 3B. Quercetin and Rutin (1µM, 10 
µM, 100 µM) preincubation  significantly increased glucose uptake (P ≤0.05) following 3 h 
and 24 h of pretreatment in the presence of oxidative stress induced by TBHP. The analysis of 
these results by BD Image Data Explorer software revealed that Quercetin preincubation at 
100 µM concentration for 3 h increased glucose uptake by 2 fold as compared to control (Fig. 
3C). Rutin pretreatment for 24 h enhanced glucose uptake which was at par with that of the 
positive control, Rosiglitazone (Fig. 3D). 
3.6. Flow cytometry analysis 
 Flow cytometry was performed to monitor glucose uptake by detecting the 
fluorescence of 2-NBDG within the cells. Flow cytometry analysis revealed 8%, 8.7% and 
30.4% uptake of 2-NBDG in control, TBHP and Rosiglitazone treated cells, respectively. 
TBHP was found to induce no significant effect on 2-NBDG uptake in the cells (8.7%). 
Pretreatment of Quercetin (10 µM &100 µM) and Rutin (100 µm) for 24 h enhanced the 
fluorescence intensity of L6 myotubes remarkably to 41.8%, 40.9% and 34.5% which was 
much higher than that of positive control, Rosiglitazone (30.4%) (Fig. 4). 

12

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
3.7. GLUT 4  translocation in L6 myotubes 

GLUT 4 levels were 
monitored by 
immunoassay with 
fluorescent labelled 
secondary antibody at 
24 h pretreatment 
followed by induction 
of oxidative stress. 
Quercetin at 10 μM 
was found to be most 
effective in up 
regulating GLUT 4 
translocation on pre-
treatment compared to 
the positive control 
group treated with 

rosiglitazone. Rutin increased translocation of GLUT 4 that was at par with the positive 
control as evident from Fig. 5A & 5B. TBHP exposure to cells did not induce any changes in 
GLUT 4 translocation. The fluorescent intensity was analysed by BD Image Data Explorer 
software as shown in Fig. 5C. The results obtained by quantifying immunologically suggest 
that the induction of GLUT 4 translocation on pretreatment of the compounds is likely 
responsible for enhanced glucose uptake exhibited by L6 myotubes. 
 

Conclusion 
 Our data suggest that Quercetin would be an active 'intracellular metabolite' 
possessing more antioxidant and antidiabetic activity than Rutin itself pointing to the 
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conclusion that the biological activities of the metabolites can be neither predicted nor 
extrapolated from their dietary forms. The results provide significant evidence for Quercetin, 
the aglycone of Rutin, to be considered as a dietary supplement with potential for the 
prevention and treatment of Type 2 Diabetes and to suppress oxidative stress mediated 
damage in diabetic pathophysiology. The dietary supplementation of these flavonoids would 
also address the diabetic complications arising through oxidative stress following the onset of 
Diabetes. 
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PYRAMIDING OF THREE BLAST RESISTANCE GENES (Pi1, Pi2 and Pi33) IN 

RICE THROUGH MARKER ASSISTED BACKCROSS BREEDING APPROACH 

Divya. B*, Robin. S and John Joel. A, Centre for Plant breeding and Genetics, Tamil Nadu 
Agricultural University, Coimbatore-3 Directorate of Rice Research-ICAR, Rajendranagar, 

Hyderabad, Andhra Pradesh, 500030 

ABSTRACT 

 Rice (oryzasativa L.) is one of the most important cereal which helps in the 
subsistence of human population. Rice originated in Asia and is now cultivated in 113 
countriesand in all continents except Antarctica. Rice has a critical role in food security of 
Asia as 90% of the global production and 75% of rice consumption, is by Asian countries. 
Increase in the population of rice consumers, improved living standards and reduced 
cultivable land areas are demanding improved production and productivity of rice. Although 
potential yield of rice cultivars has been improved in past few decades, the yield potential is 
yet to be achieved fully in farmer’s field conditions. This is mainly due to various biotic and 
abiotic stresses and blast disease is one of the major contributing factorthatreduces rice 
production worldwide. 

 Blast is considered a major limiting factor in the global rice production because of its 
wide distribution and destructiveness under favourable conditions. Each year 
Pyriculariaoryzae was reported to destroy rice enough to feed an estimated 60 million people. 
The most effective way to control the disease is the use of resistant varieties, which is more 
economical and environment friendly than chemical control measures. This study was 
conducted to improve blast resistance in the popular rice variety adT 43 due to its high yield, 
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acceptable grain quality and wide adaptation in irrigated areas. But this variety is highly 
susceptible to blast disease with potential disease incidence of 86.74% and selected as 
recurrent parent. Three gene pyramided (Pi1, Pi2 and Pi33) Co 39 nIL viz., CT13432-3R was 
selected as the donor in this breeding programme. Marker assisted backcrossing was carried 
out to introgress blast resistance genes at each generation of the cross adT43/CT13432-3R. 
Marker assisted backcrossing breeding has become one of the essential tools in transferring 
novel genes to adapted varieties. The gene pyramiding broadens the number of races that a 
variety can resist and prevent race evolution.Gene pyramiding process was facilitated by 
marker aided selection for both foreground as well as back ground genotype. Previously 
reported linked molecular markers were deployed to survey resistant and susceptible 
genotypes.The advanced back cross generations were monitored for blast resistance both 
phenotypically under blast nursery and genotypically using reported linked SSR markers.In 
the bC3f1 generation four lines viz., aC-b3-11-7, aC-b3-11-36, aC-b3-11-57, aC-b3-11-83 
were identified to be pyramided with three genes and subjected to background analysis and a 
genome recovery upto 95 percent was observed and advanced to further generations. The 
morphological, yield and grain quality traits were assessed and they were 
significantlysimilarto adT43.The introgressed lines with three gene combinations were found 
to be highly resistant to the blast pathogen than genotypes with single genes or the 
susceptible check varieties under blast nursery screening at two epiphytotic locations of 
Coimbatore and Gudalur. The selected three gene pyramided back cross lines in the desirable 
background were advanced to obtain an improved adT 43 with resistance to blast disease. 
 

Introduction 
 Rice (Oryza sativa) belongs to the family Gramineae and provides livelihood to the 
people living in the monsoon tracts of Asia. The global production of rice is about 730 
million tonnes and the cultivated area is estimated as 163 million hectares (FAOSTAT, 2013). 
The growing population demands an increase of 26 percent in rice production by the next 25 
years from limited cultivable land area and resources to maintain the food security (Khush, 
2013). Rice yield has been immensely improved after the green revolution but the expected 
yield potential of improved varieties is not actually achieved in the farmer’s field conditions. 
This fact is contributed by the influence of biotic and abiotic factors that affect the crop 
production process. One of the most important biotic stresses that affect paddy cultivation is 
the rice blast disease caused by the pathogen Magnaporthe grisea or Pyricularia oryzae 
(Rossman et al., 1990). 

 Blast is considered as a major limiting factor in the global rice production because of its 
wide distribution and destructiveness under favourable conditions. It is reported that severe yield 
loss upto an extent of 85 per cent is caused by blast alone at global level (Sirithunya et al., 2002). 
Each year Pyricularia grisea was reported to destroy rice enough to feed an estimated 60 million 
people. The most effective way to control the disease is the use of resistant varieties (Gouda et al., 
2013), which is more economical and environment friendly than chemical control measures. 
Therefore the development of resistant varieties against blast disease is one of the priority areas in 
rice breeding programs. Genetic resistance to rice blast has been and continues to be 
extensively used by rice breeders and pathologists to combat this disease. About 100 blast 
resistance genes commonly called as Pi genes have been reported and mapped to different 
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rice chromosomes, Among them 19 genes  have been cloned and characterized at the 
molecular level (Sharma et al., 2012). The effective and durable use of these existing genes 
has been limited and breakdown in resistance occurs due to racial diversity and evolution of 
new virulent races (Koizumi, 2007). Hence, there is an urgent need for strategies to develop 
varieties with durable resistance to the disease. Gene pyramiding broadens the number of 
races that a variety can resist and also makes the evolution of new virulent races difficult 
(Correa-Victoria et al., 2002). In addition, it could decrease the selection pressure on the 
pathogen and provide cross protection and overlapping resistance. 

 Combining several genes and monitoring their presence is difficult by conventional 
methods because of their epistatic effects and different corresponding virulence races for each 
gene and also due to environmental interactions (Fuentes et al., 2008). The recent advances in 
molecular marker technology help in pyramiding major genes into any genotype in a precise 
manner using tightly linked markers (Jia, 2003). In this study, previously reported PCR-based 
SSR markers were used for introgression of the rice blast resistance genes Pi1, Pi2 and Pi33 
into the popular rice variety ADT 43 through marker assisted back cross breeding programme 
and the derived lines were screened under artificial and natural conditions favourable for 
blast disease to confirm disease resistance. 
 

Materials and Methods 
 The present research work was conducted at Centre for Plant Breeding and Genetics 
(CPBG), Tamil Nadu Agricultural University, Coimbatore during the period 2009 to 2012. 
Field trials and crossing blocks were laid out at the experimental plots of the Paddy Breeding 
Station (PBS), Coimbatore (11° 00' N, 77° 00' E and 426.72 m MSL). Blast screening in open 
field conditions were carried out at Paddy Breeding Station (PBS), Coimbatore and Hybrid 
Rice Evaluation Centre, Gudalur (11°30’ N, 76°30’ E and 1117.00 m MSL). The molecular 
analysis was carried out at DNA fingerprinting Lab, Department of Plant Genetic Resources 
and Marker Assisted Selection laboratory at Centre for Plant Breeding and Genetics (CPBG), 
Tamil Nadu Agricultural University. 
 

Plant materials  
 The experimental materials for this back cross breeding programme primarily 
consisted of popular rice variety ADT 43 as recurrent parent and a blast resistant Near 
Isogenic Line CT13432-3R as donor parent. ADT 43 was selected as the blast susceptible 
parent for the improvement as it is the most widely grown cultivar in Tamil Nadu owing to its 
high yield, short duration (110 days), acceptable grain quality and wide adaptation in irrigated 
areas. Near Isogenic Line (NIL) CT13432-3R pyramided with three blast resistance genes in 
the back ground of a susceptible indica variety CO 39 (Yanoria et al., 2011) was selected as 
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resistant donor in this study. The donor parent CT13432-3R pyramided with three Pi genes 
was reported to have resistance against 9 lineages of blast pathogen from previous blast 
screening studies (Correa Victoria et al., 2002). The whole breeding programme is 
represented in Fig.1.The procedure adapted for marker assisted back cross breeding to 
introgress blast resistance genes. 
. The observations on various traits related to yield quality and blast resistance were recorded 
from the field experiments on parents and introgressed lines following Standard Evaluation 
System (SES, IRRI, 2002). 

Genotyping 
 Parental polymorphism between ADT 43 
(susceptible recipient genotype) and CT13432-3R 
(resistant donor) was surveyed using 17 SSR (Single 
Sequence Repeats) markers linked to the three blast 
resistance genes and the resistance contributing traits. 
CTAB method (Doyle and Doyle, 1987) was followed for 
DNA extraction. The polymorphism was detected between 
genotypes using SSR primer pairs by Polymerase Chain 
Reaction. DNA markers linked to blast resistance genes 

were selected based on published results. SSR markers RM 224, RM 1223, RM 5926, RM 
1233, PR 10, RM 527, RM 136, RM 549, RM6836, AP5659-3, RM 72, RM 331,RM 404, 
RM 483, RM 3374, RM 284 and RM 25 distributed on chromosomes 6, 8 and 11 in the 
genomic regions linked to reported blast resistance genes were used (Fig.2). Foreground 
analysis for blast resistance genes in the segregating generations.  
Genome wide background survey was conducted using 125 SSR markers that span all the 12 
chromosomes (Fig.3). Background analysis of gene pyramided lines for recurrent parent genome. 
For the microsatellite assay, PCR reaction was conducted with 25 µl reaction mixture containing 
2.5µl of template DNA (50 ng template DNA), 2.5µl forward primer, 2.5µl of reverse primer, 5 µl 
nuclease free water and 12.5 µl PCR master mix (Go Taq Green Master Mix, Promega). PCR 
amplifications were performed on an AB PCR thermal cycler. Poly Acrylamide Gel 
Electrophoresis (PAGE) was performed to separate amplification products using a mega gel 
high throughput vertical unit (CBS Scientific, USA). Six percent Poly Acrylamide gels were 
used for better separation and visualization of PCR amplified microsatellite products and 
were allowed to run through the gel at 350V for 4 hours. Poly acrylamide gel staining was 
done with an improved silver staining protocol proposed by Benbouza et al. (2006). 
 
 Phenotyping 
 Screening for blast disease by natural infection was carried at Plant Pathology division 
located at Paddy breeding station, Coimbatore and Hybrid Rice Evaluation Centre (HREC), 
Gudalur during winter season which is the most favourable condition for blast disease development. 
Gudalur is considered as endemic for leaf blast disease where disease occurs throughout the year 
and is maximum at winter and rainy seasons (Selvaraj et al, 2011). The screening was carried out 
by sandwich method conditions at both locations. A mixture of seeds of susceptible varieties ADT 
43, TN 1 and CO 39 was sown at Coimbatore in the side furrows and the susceptible local cultivar 
Bharathi was used at Gudalur. These susceptible varieties were sown after every three rows of 
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entries as a spreader source or infector rows for pathogen. These infector rows are sown one week 
ahead of sowing of the test entries. Each test accession was sown in three rows with 100 seeds for 
each entry. Artificial screening was also carried out by culturing the pathogen in PDA medium 
and spraying the spore suspension at seedling stage in artificial blast nursery at pathology 
glass house, Department of Rice, Coimbatore. Seedlings were inoculated by spraying spore 
suspension with a concentration of 106 spores / ml at seven days after sowing and repeated on 
every third day. The observation of disease reaction was recorded when the susceptible check was 
severely infected by leaf blast. Disease severity was assessed on 10 plants of each entry for leaf 
blast, lesion number, lesion type, infested leaf area adopting Standard Evaluation System on 0-9 
scale (SES, IRRI, 2002). 
 

Results 

 

Marker assisted survey of parental polymorphism 
 Parental polymorphism survey revealed that eleven markers viz., RM 224, RM 1223, 
RM 5926, RM 1233 linked to Pi1 in chromosome 11, RM 527, RM 136, RM 549, linked to 
Pi2 in chromosome 6 and RM 72, RM 331, RM 284 and RM 25 linked to Pi33 in 
chromosome 8 were identified as polymorphic in this study. The parents were scored as having 
either ADT 43 allele (represented as AA or + +) or CT13432-3R (BB or - -) allele. The selected 
polymorphic primers were then used in the screening of the segregating populations for 
foreground selection of these three blast resistance genes. 
 

Marker assisted foreground analysis 
  The parental genotypes were raised in the crossing block and the resistant and 
susceptible parents were crossed. The F1 of the cross ADT43 x CT13432-3R which was 
confirmed for the presence of donor allele at RM224 (Pi1), and, RM527 (Pi2) and RM25 
(Pi33) was further forwarded to backcross generations. The F1 was also selected based on 
morphological traits such as plant height, days to first flowering and leaf angle which were 
intermediate between the parents. The selected gene pyramided plants were used as male 
parents throughout the breeding programme to back cross with ADT 43, the recurrent 
susceptible female parent. 
 The seeds of the back cross ADT43 x F1 were collected and raised in field conditions 
and 94 BC1F1 progenies were screened with different markers for Pi1, Pi2 and Pi33 genes. 
The screening of BC1F1 population with linked markers revealed 9 individuals having all the three 
genes in heterozygous condition (H or + -). The plants with all the three genes and those 
having morphological features resembling the recurrent parent ADT 43 were used as pollen 
donor for further back crossing with ADT 43 as female parent to produce BC2F1 generation. 
The seeds of the back cross were raised in the field as single seedlings in the crossing block 
and 188 individuals were screened using SSR markers. Among the segregating population of 
BC2F1 generation, seven plants viz., AC-B2-11-305, AC-B2-11-315, AC-B2-11-338, AC-B2-11-
346, AC-B2-11-349, AC-B2-11-350 and AC-B2-11-387 were heterozygous for all the three 
genes and were advanced to next generation both by selfing and backcrossing. Different gene 
combinations of CT13432-3R alleles for blast resistance in heterozygous condition were 
identified in this generation and were selfed to obtain BC2F2 for blast nursery screening. 

19

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 The progenies of the above cross were raised in normal field conditions as single 
plants of BC3F1 population and they were also screened at seedling stage for SSR markers 
linked to Pi genes. Among the 317 BC3F1 plants raised in the field and selected for molecular 
screening only four individuals AC-B3-11-7, AC-B3-11-36 AC-B3-11-57, AC-B3-11-83 were 
found to be heterozygous for all the polymorphic SSR markers under study. The gene 
introgressed lines were used to further forward the generation by backcrossing with ADT 43 
as female parent and BC4F1 plants were produced in the ADT43 x CT13432-3R cross. All the 
BC3F1 plants were also selfed to obtain BC3F2 lines for further screening and improvement. 
 Polymorphic SSR markers identified in the parental screening were used to survey the 
BC2F1 segregating generation from the cross ADT43 × CT13432-3R and integrated into the 
genetic map for this population using software program Map- Disto v. 1.7 beta with a LOD > 
3.0. Integration was obtained with a total of 11 markers mapped into the genetic map with a 
high LOD score. Molecular markers mapping with a LOD below 3.0 or unassigned to 
established linkage group were excluded from the map group with equivalent LOD scores. 
The markers RM224, RM1233 and RM5926 were assigned to one linkage group showing Pi1 
gene in chromosome 11. Marker-Trait association was performed using SPSS ver. 16.0 
software to identify the association of resistance component traits with linked polymorphic 
markers of the corresponding blast resistance gene. The genotypic segregation data set of the 
linked SSR markers generated from the BC2F2 population of ADT 43/CT13432-3R was 
combined with phenotypic segregation data of BC2F2 population for blast resistance traits. 
This data was subjected to linear model regression analysis and significance of R2 was 
identified using F value comparison. The marker RM224 showed significant R2 values higher 
than 2.3 for all the traits such as leaf blast, lesion type, lesion number, infected leaf area, 
potential disease incidence percentage and vegetative vigour. Leaf blast and potential disease 
incidence percentage showed highly significant association with markers linked to all the 
three genes under study with R2 value more than 10. 
Marker assisted back ground analysis 
 Back ground analysis was carried out to identify the recurrent parent genome 
constitution in the back cross inbred lines. Among the 125 markers used in the study only 48 
were found to be polymorphic between the parents ADT 43 and CT13432-3R. The 48 SSR 
primers which showed distinct alleles between the parents were selected for the genome wide 
background analysis. The PCR products were scored for either recovery of ADT 43 allele 
(AA), introgression of CT13432-3R (BB) allele or heterozygous (H or AB) alleles for both 
the parents. The genotype AC-B3-11-36 showed the highest recovery of recurrent parent 
genome (94.90) but chromosome 1, 3 and 9 showed introgression from CT13432-3R. 
 

Blast nursery screening at epiphytotic locations 
 The parents and selfed progenies of BC2F1 lines (BC2F2) of the cross ADT43 x 
CT13432-3R were screened for blast resistance under natural epiphytotic condition at 
Gudalur (1117 MSL) and conducive climate at Coimbatore (430 MSL) in winter season and 

the results are presented in Table 1. Among 
tested entries, introgressed lines with all the 
three genes (Pi1+Pi2+Pi33) were highly 
resistant across the environments (Fig.4). 
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Resistance response of introgressed lines against leaf blast. 
Other lines with two gene combinations or single genes appeared to be moderately resistant. 
The lines with Pi33 exhibited resistance in both Coimbatore and Gudalur conditions with 
lowest scores for leaf blast.  In general prominent lesions with large grey centres were 
observed at Gudalur but pin point size specks spreading over whole leaf area appeared at 

Coimbatore conditions. 
The four lines AC-B3-11-7, AC-B3-11-36, 
AC-B3-11-57 and AC-B3-11-83 identified in 
the BC3F1 population were found to be very 
resistant (Fig.5) Disease reaction of resistant and 

susceptible genotypes. As they were pyramided 
with all the three resistance genes and showed a higher percentage of genome recovery of the 
recurrent parent ADT 43. Morphological, yield and grain quality traits of these lines were 
assessed (SES, 2002) on natural field conditions along with both the parents and they were 
also found to have significant similarity to ADT 43(Table 2). The progenitors of these lines 
with all the three genes in homozygous condition showed high resistance to blast disease 
across the environments. These BC3F1 lines with  all the three genes have been again back 
crossed to the recurrent parent ADT 43 and advanced up to BC4F1 to restore the desirable 
characters of ADT 43 for high yield and grain qualities so as to develop an elite genotype 
with high resistance, acceptability  and  adaptability across the environments. 
 

Conclusion 
 Present research work reveals that the CO 39 near isogenic line CT13432-3R is a 
potential donor with three Pi genes for leaf blast resistance. Molecular analysis for 
introgression of blast resistance will be helpful in incorporation of multiple blast resistance 
genes in further studies. Polymorphic molecular markers identified in this study will be useful 
in screening germplasm and segregating lines and also in fine tuning the breeding strategy for 
development of blast resistant rice varieties. The outstanding genotypes developed in various 
generations can be further advanced after multi location yield trials to obtain elite varieties 
with desirable resistance, yield, quality and other agronomic characters. The gene pyramids 
developed in this programme will provide materials for plant pathologists studying the 
reactions of different isolates across lineages against gene combinations in the host plants. 
The gene pyramids could also be useful as parental material for integrating the major genes 
into varieties having partial blast resistance to further enhance host plant resistance. Three 
gene pyramided breeding lines selected based on phenotypic and genotypic screening for 
blast resistance are being advanced to further generations to develop an improved ADT43 
without compensating its yield potential and adaptability. 
Table 2  Summary of the phenotypic  and molecular performance of the promising 

lines 
       

i.  Marker allele constitution of selected BC3F1 lines by molecular screening by 

SSRs 
       

 

i) 

Foregr

ound 

 

ii) Background analysis for genome recovery 
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analysi

s for Pi 

genes 

 Pi1 Pi2 Pi33 

 

ADT 43 CT13432-3R 
Recombinant

s 

   

ADT 43 AA AA AA 100.00 0.00 0.00    

CT13432-

3R BB BB BB 0.00 100.00 0.00 
   

AC-B3-11-

7 AB AB AB 91.84 8.16 0.00 
   

AC-B3-11-

36 AB AB AB 94.90 2.20 2.90 
   

AC-B3-11-

57 AB AB AB 86.73 11.40 1.87 
   

AC-B3-11-

83 AB AB AB 75.51 22.90 1.59 
   

ii Mean performance of selected  lines for morpho-agronomic traits in BC3F1        

BC3F1 PH 

N

T 

PR

T LL LW PL DFF FGP SPF 

100G

W SPY 

    

ADT 43 62.3 
2
8 

25.
33 

27.1
7 0.97 

23.1
3 86 186 

97.3
8 1.52 29.72 

    

CT13432-

3R 

81.4
2 

2
3 21 28 1.3 

20.6
7 

82.6
7 157 

85.3
3 2.31 24.58 

    

AC-B3-11-

7 64 
2
9 29 32.1 1.3 20.1 83 136 

84.4
7 1.57 31.46 

    

AC-B3-11-

36 74 
3
5 32 30.1 1.3 19.8 83 188 

97.9
2 1.61 34.58 

    

AC-B3-11-

57 72 
3
2 28 26 1.1 24 83 150 

96.1
5 1.53 29.25 

    

AC-B3-11-

83 64 
2
9 28 29 1.2 21 83 190 

98.4
5 1.53 30.26 

    

iii. Mean performance of selected  lines for different quality traits in BC3F1        

BC3F1 GL GB KL KB 

LB

R 

KL

AC 

KB

AC GE GT ASV 

    

ADT 43 8.00 2.00 6.00 1.70 3.53 7.00 2.00 0.27 1.00 2.00     

CT13432-

3R 7.00 4.50 5.50 3.50 1.57 7.00 4.00 0.31 1.00 2.00 
    

AC-B3-11-

7 7.50 2.50 6.00 2.00 3.00 6.50 2.50 0.26 1.00 2.00 
    

AC-B3-11-

36 8.50 2.50 6.50 1.90 3.42 7.25 2.00 0.15 1.00 2.00 
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AC-B3-11-

57 8.00 2.50 6.00 1.75 3.43 7.00 2.50 0.40 1.00 2.00 
    

AC-B3-11-

83 7.50 3.00 5.50 2.25 2.44 7.00 3.00 0.41 1.00 2.00 
    

iii. Mean performance  of  progenitors of selected BC3F1 lines for blast resistance 

traits 
       

GENOTY

PES 
GEN

ES LB LN 

L

T

IL

A 

PD

I% VIG RES 

 

ADT 43 Nil 8.50 
32.
97 

8
.
4
4

75.
10 

84.
95 6.10 S 

 

CT13432-

3R 

Pi1+P

i2+Pi

33 0.50 
3.5
0 

0
.
5
0

1.0
0 

5.5
6 1.00 R 

 

BC2F1 Pi1+P

i2+Pi

33 
1.50 

7.2
9 

1
.
2
9

10.
00 

15.
61 1.00 R 

 

COIMBATORE GUDALUR  

GENOTY

PES 

G

E

N

ES 

L

B 

L

N LT ILA 

P

D

I
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VIRGIN COCONUT OIL AS FATTY ACID SOURCE IN HIGH 

FRUCTOSE/SUCROSE DIET REDUCE HYPERGLYCEMIA AND OXIDATIVE 

STRESS IN WISTAR RATSN 
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ABSTRACT 

   
High fat –high fructose diet is known to induce insulin resistance and associated type 2 
diabetes in experimental animals. Coconut oil (10% w/w) is the main fatty acid source used 
in this diet. In the present study, instead of coconut oil (Co) virgin coconut oil (VCo) as a 
source of fatty acids in high fructose/sucrose diet was used to evaluate hyperglycemia and 
associated oxidative stress in wistar rats. The modified diet fed animals, showed an improved 
glucose tolerance rate of 38.5 mg/ dl/hr with only 17% increase in blood glucose level when 
compared to unmodified diet fed animals, wherein 23mg/dl/hr glucose tolerance rate and 
46% increase in blood glucose level was observed.The elevated level of GSH and antioxidant 
enzyme activities in the liver tissue of VCo containing diet fed groups animals indicated a 
better redox status. Therefore use of VCo as a dietary constituent may be advantageous over 
Co and may alleviate type 2 diabetes and its complications. 
 
Keywords: Type 2 diabetes; Virgin coconut oil; copra oil; oxidative stress; insulin resistance; 
hyperglycemia. 
 

Introduction 
  
Diabetes mellitus type 2 (DM) is a common disease with tremendous impact on human health 
worldwide. According to World Health Organization review, about 347 million people 
worldwide have diabetes and are predicted to become the seventh leading cause of death by 
the year 2030. Diabetes is characterized by insulin resistance, impaired insulin and glucagon 
secretion.  The resulting chronic hyperglycemia often leads to dyslipidemia and inflammation 
that forms the basis of secondary complications involving cardiomyopathy, kidney failure, 
neurodegenerative disorders, cataract and even cancers of various types. Studies have 
observed significant insulin resistance in a 60% fructose diet fed male Wistar rats (Bezerra et 

al., 2001). 
  
Virgin coconut oil (VCO) is the unrefined oil extracted with or without heating from the fresh 
coconut kernel through natural or mechanical procedures (Villarino et al., 2007). The fatty 
acid composition of VCO is the same as that of CO; however it has additional antioxidant 
molecules such as epigallocatechin, catechin, caffeic acid, syringic acid and ferulic acid. This 
could be the reason for the observation that the antioxidant activity in VCO is higher than 
refined coconut oil (Marina et al., 2009). Nevin et al (2004) has reported that the 
supplementation of VCO improves lipid parameters by reducing lipogenesis and enhancing 
the rate of fatty acid catabolism mediated at least in part via PPAR α-dependent pathways. 
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VCO has also shown to improve hepatic lipid metabolism in rats compared with copra oil, 
olive oil and sunflower oil (Arunima and Rajamohan 2012). In view of all these, the present 
study evaluates the glucose tolerance, hyperglycemia and oxidative stress in Wistar rats fed 
with VCO containing high fructose sucrose diet. 
 

Materials and methods 

 

Chemicals 
  
Nitrobluetetrazolium (NBT), 5-5’ dihiobis-2- nitrobenzoic acid (DTNB), reduced glutathione, 
riboflavin were purchased form Sigma Aldrich (St. Louis, MO, USA). Thiobarbituric acid 
was purchased from Himedia Labs (Mumbai, India). All other chemicals and reagents used 
were of analytical grade. The kits used for the estimation of glucose were purchased from 
Agappe Diagnostics (Chennai, India). 
 

Preparation of virgin coconut oil 
  
Virgin coconut oil was prepared based on the method by Nevin and Rajamohan (Nevin and 
Rajamohan 2004). The coconut was grated along with the endosperm and squeezed well in to 
a viscous fluid until the complete extraction of creamy milk. Slurry was incubated at 
moderate temperature (50-60oC) for 48 hr. Virgin coconut oil formed in the middle layer was 
collected, filtered and stored in the refrigerator for further use. 
 

Animals 
  
Male Wistar rats weighing about 150- 160 g were purchased from the Kerala Veterinary and 
Animal Science University, Mannuthy were maintained under standard conditions as per 
OECD guidelines and fed with standard rat chow (Sai Duraga feeds, Bangalore) and water ad 

libitum. All experiments were conducted with prior permission from Institutional Animal 
Ethical Committee (IAEC), followed by the CPCSEA, Govt. of India guidelines. 
 

Diet composition 
  
The semi synthetic diet contained 30% each fructose and sucrose, and 10% CO or VCO. In 
addition, protein content as soya was included (20%) along with nutrient mixture including 
vitamins, minerals and other additives (10%). 
 

Animal feeding and experimentation 
  
The animals were divided in to three groups of 6 animals each. Group 1 was kept under 
normal rat chaw and served as control. The other two groups were fed with the semi synthetic 
diet, containing CO or VCO for a period of 4 week. Prior to the experiment and at the end 
glucose tolerance of all animals were detected. All animals were sacrificed using chloroform 
anesthesia after an overnight fasting. Blood was collected by heart puncture and serum was 
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separated. Liver was excised and washed in ice cold saline. A small portion of each was fixed 
in formalin for histopathological studies. 
 

Estimation of blood glucose and glucose tolerance 
  
Initial blood glucose was measured using commercially available kit (Agappe, Chennai).  For 
oral glucose tolerance test (GTT), animals were fasted overnight, and then orally 
administered with 5 g/kg glucose in DW and blood glucose levels were measured at 0,30, 60, 
90 and 120 min intervals. The rate at which glucose clearance was taking place is 
calculated.(Islam et al., 2009). 
 

Analysis of oxidative stress and antioxidant enzyme activity 
  
Liver homogenate was prepared (10% w/v) in 0.1 M, Tris HCl buffer (pH 7.4) containing 
various proteolytic inhibitors. Centrifugation was carried out at 5000 rpm for 60 min at 4oC. 
and the supernatant was collected and used for the assays of TBARS, (Ohkawa et al., 1979), 
conjugated dienes (John and Steven, 1978), protein carbonyls (Levine et al., 1990), reduced 
glutathione levels (Moron et al., 1979), SOD (McCord and Fridovich 1969), glutathione 
peroxidase (Hafeman et al., 1974), catalase (Abel et al., 2001), glutathione reductase 
(Carlberg and Mannervik 1975) and GST (Habig et al., 1974) activities. 
 

Statistical analysis 
  
The values were represented as mean± standard deviation of 6 animals in each group. 
Statistical analysis of the data was done by one way ANOVA using Instat 9.0 software 
version. 
 

Results 
  
Blood glucose level and glucose tolerance 
 
Figure 1A depicts the blood glucose levels of the animals in normal diet fed and VCO 
containing diet fed group did not show much variation over the period of 4 weeks.  The initial 
blood glucose level in normal chaw fed animals was 80.73 mg/dl which increased to 111.73 
mg/dl at the end 4th week. In CO containing diet fed animals,  the  glucose level  raised to  
156 mg/dl at the end of 4th week  from an initial level of 84.40 mg/dl (46% increase). On the 
other hand, in VCO fed animals there observed only slight variation in the glucose level 
(From an initial level of 97.2 to 118.1 mg/ dl at the 4th week) estimating about 17% increase. 

Fig. 1 Variation in the 

blood glucose levels (A) 

and glucose tolerance 

(B) of the animals under 

the dietary modification. 
 The blood glucose 
levels of all animals 
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during the GTT were found to be elevated within 1 hr after the administration of glucose 
(Fig. 1 B). The normal diet fed and VCO containing diet fed animals shown to get back to the 
normal range within 90 min, where as for the CO containing diet fed animals it took almost 
120 min. The oral glucose tolerance of the animals in VCO group was found to be similar to 
that of the normal. The rate of clearance of glucose in the normal group was found to be 43 
mg/dl/hr. In the animals fed with VCO, it was 38.5 mg/dl/hr and in the CO containing diet fed 
group it was 23 mg/dl/hr (Fig.1B). 
 

Effect on anti oxidant status 
  
The level of GSH in the liver tissue was increased significantly (*** P<0.001) in rats fed with 
VCO containing diet (7.92±0.34 nmoles/mg protein) when compared to that of the normal 
group (6.50±0.48 nmoles/mg protein), the levels of GSH in CO containing diet fed animals 
was 5.67 ± 0.26 n mols/mg protein (Fig. 2). The glutathione reductase activity was found to 
be increased in the CO containing diet fed group (31.19±2.98 U/mg protein), in comparison 
with normal (31.19±2.98 U/mg protein) and VCO groups (23.47±3.41 U/mg protein). 
Catalase activity was 81.70 ± 9.97 U/mg proteins in normal animals which was found 
increased (87.51±10.74 U/mg protein) in the VCO containing diet fed animals. However 
there was significant reduction (76.8±13.95 U/mg protein) in the CO containing diet fed 
animals. 
   
 Superoxide dismutase activity was 86.84±14 U/mg protein in the normal diet fed 
group, the activity of which was reduced to 79.28±19.33 U/mg protein in CO containing diet 
fed group. In the VCO containing diet fed animals the SOD activity was raised to 
89.50±18.50 U/mg protein.  Similarly, GST activity was elevated in the VCO diet fed animals 
(118.03±18.21 U/mg protein)  compared to  normal group (112.34±24.22 U/mg protein) and 
CO containing diet fed groups (101.39±15.68 U/mg protein). 
Fig. 2, Antioxidant status in liver tissue of normal diet fed, CO and VCO containing diet 

fed groups of animals. 

Effect on oxidative 

stress markers 
As shown in table 1, 
Serum and liver protein 
carbonyl (PC) content 
in CO containing diet 
fed groups was 
1.98±0.17 and 
0.54±0.19 nmoles/ml, 
respectively whereas in 
the VCO containing 
diet fed groups the 
values were 1.06±0.18 

and 0.49±0.08 nmoles/ml, respectively. The normal diet fed groups had 2.99±0.18 and 
0.15±0.06 nmoles/ml, respectively. 
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 Conjugated diene in the serum and liver homogenate of normal diet fed animals was 
0.09±0.00 and 0.46±0.09 nmoles/ml. In VCO the level was 0.13±0.02 nmoles/ml. In CO the 
level was slightly higher (0.19±0.02 and 0.71±0.10 nmoles/ml). The serum TBARs levels 
were found to be significantly increased in the CO containing diet fed animals (P> 0.001) in 
comparison with the VCO containing diet and normal chow fed group of animals. (Tab. 1). 
Tab.1, Oxidative stress status of serum and liver of animals in the normal, CO and VCO fed 
groups. 

   Normal CO VCO 

Seru
m 

TBARS (nmoles MDA/mg 
protein) 

2.05±0.14 
3.37±0.15

*** 
2.27±0.77 

Protein Carbonyl (nmoles/ml) 2.99±0.18 1.98±0.17 1.14±0.08 

CD (nmoles/ml) 0.09±0.00 0.19±0.02 0.13±0.02 

Liver 

TBARS (nmoles MDA/mg 
protein) 

4.35±0.21 6.44±0.14 5.44±0.12 

Protein Carbonyl (nmoles/ml) 0.15±0.06 0.54±0.19 0.49±0.08 

CD (nmoles/ml) 0.46±0.09 0.71±0.10 0.54±0.11 

 

Discussion 

  
High fructose- high fat diet is an established model for inducing type 2 diabetes like 
symptoms in rats. In the present study, the concentration of fructose was replaced with equal 
amount of sucrose. The result verified the development of hyperglycemia which is slightly 
lower than the pure fructose fed model. In addition, inclusion of VCO in high fructose/ 
sucrose diet fails to produce hyperglycemia in comparison with CO included in the diet.  The 
results indicate that the blood glucose levels in the VCO containing diet fed animals is similar 
to the normal, where as in CO group of animals it was elevated markedly. Even though the 
actual insulin resistance has not been recorded in this study the increase in blood glucose 
level and reduced glucose clearance rate as manifestation of insulin resistance could be 
noticed in CO containing diet fed rats. The unchanged glucose level and improved glucose 
clearance in the VCO fed animals thus indicates that these animals do not develop insulin 
resistance. 
 Supporting the above results and giving insight in to the mechanistic basis there is 
higher level of reduced glutathione in the VCO containing diet fed group. GSH is an 
important antioxidant and detoxifying molecule that helps to maintains normal redox status in 
the body. In CO containing diet fed group animals, GSH level is reduced with concomitant 
increase in GR activity. Increased GR activity is a protective mechanism to reduce the 
peroxide toxicity where in GS-SG formed is actively reduced to GSH.  Normal level of GR 
activity in VCO group indicates that less peroxide is being formed in these animals. While 
CO containing diet fed groups might have increased peroxide formation which is an 
indication of possible oxidative stress status. This assumption is in parallel with the 
observation that the hepatic thiobarbituric acid reactive substances and protein carbonyls 
level increase in the CO group in comparison with that of VCO and normal animals. The 
conjugated diene structure is also found similarly varied in the blood of these animals. This 
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strongly suggests that CO in the diet increase oxidative and carbonyl stress in the animals but 
VCO reduce.  It is thus possible that VCO with its strong antioxidant activity might have 
protected rats from diet induced insulin resistance and hyperglycemia and associated 
oxidative and carbonyl stress. 
 In most of the Type -2 diabetes associated human ailments, insulin resistance and 
hyperglycemia mediated chronic inflammation is an underlying contributing factor. Oxidative 
stress is an important factor that can augment inflammatory reactions. The decrease in the 
hyperglycemia and oxidative stress status in VCO fed group animals thus may reduce chronic 
inflammatory conditions prevailing in the diabetic conditions. The study thus suggest that 
VCO as food additive may be advantage over ordinary coconut oil as it can diabetes and 
associated complications. 
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ABSTRACT 
  
 The Giant African Snail Achatina fulica native to East Africa is an invasive species 
spreading to many parts of the world. This species has been listed as one among the world’s 
100 worst invasive species by IUCn. Introduced to kerala in around 1955, it had, and 
continues to have a major impact on agriculture and human habitations. Unlike the case of 
resident agricultural pests, fast invading alien invasive pests require a faster response, 
involvement of various agencies and the general public and state-of-the art scientific support. 
In the event of increasing number of local populations of the Giant African Snail, an attempt 
was made to conduct action research aimed at containing the current populations in kerala. 
Since the snail always occupies human habitat, and since the pest never escapes human 
attention, both print and visual media was used to create awareness on the species and to help 
report the areas of occurrence. All reported sites were physically verified and mapped. Once 
the spatial information was collected, it was transferred to GIS platform and Maxent 
modeling done for predicting the possible infestation areas. The model results predicted 
entirely new areas of potential infestation which largely corroborated with the findings of the 
later field surveys. The various control options were compared for effectiveness and impact 
on non-target organisms and the best method was field tested. The Tobacco decoction-Copper 
Sulphate mixture was found to be effective as per the standards. all local self-governments 
highly predicted by the Maxent models were alerted on the issue and posters and brochures 
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were provided regarding the problems caused by the snail, do’s and don’ts and the control 
method. The entire effort was used as a case study to evaluate our capability in addressing 
alien pests in holistic manner with the current institutions, governance structures and public 
attitude. The study also revealed critical gaps in addressing alien invasions in kerala due 
primarily to inadequate institutional mechanisms. 
 
Keywords: Achatina fulica, biological invasion,Predication models, Maxent, Pest 
management. 
 

Introduction 
  

 Invasive alien species are considered as one of the major threat to biodiversity. 
Human activities are contributing much to the increasing number of non-indigenous species 
(Williamson, 1996). Control of fast spreading alien invasive species requires a totally 
different strategy than that of management of resident pests. The giant African snail, Achatina 

fulica is one such pest which is ranked as one among the World’s 100 worst invasive species 
(Lowe et al., 2000), which has invaded Kerala with significant impact on agriculture. A. 

fulica is native to east Africa especially to Kenya and Tanzania (Cobbinah et al., 2008). It is a 
protandrous simultaneously hermaphroditic land snail which prefers humid microhabitat for 
its survival. In the absence of natural enemies in an introduced range, it successfully 
establishes populations. The success in the invasiveness of the species depends upon rapid 
reproduction rate, high fecundity, generalist feeding habits and habitat requirements (Cowie, 
2000). Single fertilized individual is capable to build up a viable population. It feed on a wide 
range of plants and is a pest in agriculture in many parts of the globe. The snail also serves as 
the intermediate host of the rat lung worm Angiostrongylus cantonensis which causes 
eosinophilic meningitis in human beings (Sithithaworn et al., 1991). The current study 
undertook action research to mount an eradication campaign against this invasive species in 
the State of Kerala. 

Materials and Methods 

 The study started off by collecting all relevant scientific information on the species 
and by establishing a helpline for responding to queries from general public on the species. 
Reports on the infestation of the species in the media were carefully tracked and responded 
with information on advice to call the helpline facility. There were 310 calls which were 
attended to and information on the location of infestation was recorded. All the sites were 
visited, the species was confirmed and the GPS location was recorded. This involved visits to 
141 localities, in 125 of which the presence of giant African snail was confirmed (Table 1). 
The recorded GPS points were transferred to GIS platform for Ecological Niche Modelling 
(ENM). The modelling as done to identify the probable site in Kerala which could be 
infested, given the fact that the sets of points of confirmed presence of snail were infested. 
The background environmental data used for ENM included seven bioclimatic (Annual Mean 
Temperature, Mean Diurnal Range, Maximum Temperature of Warmest Month, Minimum 
Temperature of Coldest Month, Annual Precipitation, Precipitation of Wettest Month, 
Precipitation of Driest Month) and three topographic variables (slope, elevation, aspect). The 
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bioclimatic variables are from the Worldclim dataset version 1.4 developed by Hijmans et al. 
(2005) and the topographic variables was taken from the SRTM 30 plus data 
(http://topex.ucsd.edu/WWW_html/srtm30_plus.html). All the raster coverages were 
resampled to a resolution of 30 arc seconds (covering approximately one square kilometer 
area). All the layers are masked to the political boundary of Kerala. 
 Maximum entropy modeling (Maxent) - the presence only Environmental Niche 
Model or species distribution model (Franklin, 2009) was chosen to predict the potential 
distribution of the giant African snail in Kerala. The recent Maxent version 3.3.3a 
(http://www.cs.princeton.edu/~schapire/maxent/) was used to run the models. In the program, 
500 iterations were ran with a convergence threshold of 0.00001 and a maximum of 10,000 
background points and algorithm parameters were set to auto features (Phillips and Dudik, 
2008). 
 Out of the 125 coordinates collected, only 92 were available as unique distribution 
points for modeling. The unique distribution localities were used in the modeling with a test 
percentage of 20% (23 points pout of 92 set apart before modeling). Only the random test 
percentage in the settings was turned to 25% and all other parameters were set at default 
settings. The model quality is tested using a receiver operating characteristic (ROC) analysis, 
which has been widely used for model evaluation, and is part of the Maxent output. The final 
model was built with all the available 92 unique presence localities. The ROC generates a 
single measure of model performance: area under the curve (AUC). Maxent produces 
predictions in the form of real numbers between 0 and 100 representing the cumulative 
probability of occurrence. The cumulative output format is chosen and the values were 
imported into ArcGIS as integer grids for further analysis and comparison. Maxent computes 
response curves showing how the model predictions of habitat suitability depend on the 
environmental variables. It helps in identifying the values of the most important 
environmental correspond to the most suitable habitat conditions. 
 

Screening of control methods 
 Information on the control methods practised by the people (using salt, bleaching 
powder, lime, metaldehyde, TDCS (Tobacco decoction copper sulphate mixture), throwing 
snail to water bodies, throwing snail to hard surfaces, furidan mixed with toddy etc.) were 
collected during the survey. Both laboratory and field trials were carried out for metaldehyde 
and TDCS. Field trials of metaldehyde was done in Kannur district by placing 2.5% 
metaldehyde pellets in the crevices of the compound walls of the infested area. Experiments 
in TDCS were done in Konni by collecting and direct spraying of the solution on the 
collected snail. Lethality of iron phosphate was checked by including the compound as an 
ingredient in the diet given to snail. Different concentration of iron phosphate (2g, 5g, 8g, 
12g and 20g) were mixed with refined wheat, beer waste and cattle fodder. Aqueous extracts 
of Diploclisia glaucascens (leaf and stem), Cocculus laurifolius (leaf and stem), Thevetia 

peruviana (fruit and leaf), Allium sativum (bulb) and Odolum cerbera (fruit) were also tested 
for molluscicidal activity. 25g of the plant material in 250 ml water was used for preparing 
aqueous extract using Soxhlet apparatus. Econeem- an organic insecticide was tested for at 
concentration of 1g, 2g, 5g and 10g in 1 litre water. 
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Involvement of local self-governments 
 Based on the field survey and prediction model, all local self-governments of the 
areas infested or probable to be infested by the Giant African Snail were informed of the 
basic details of the species, the problems it can cause, dos and don’ts in handling the 
infestation and the appropriate control measure. For all snail infested sites, the local 
government officials were personally met the information was handed over. Brochures and 
posters were send to all the local self -governments predicted by the model. Public awareness 
classes were conducted in some of the infested panchayats based on the request of 
government officials. Technical support was given wherever eradication programmes were 
undertaken. 
 

Results and Conclusions 
 The current and probable distribution of the giant African snail is given in Fig.1. The 
predicted model revealed high ROC values (0.950 for training and 0.911 for testing). The 
surveyed distribution of the snail was concentrated in the coastal regions, midlands and plains 
of Palakkad area. The potential distribution appears to restrict to the coastal lowland areas of 
Kerala, Palghat Gap and low elevation areas of Achenkovil-Thenmala Valley. Ernakulam 
district had the most potential areas of possible distribution. Idukki district, a highland 
mountainous area was less predicted. Recently, a locality from the midland area of 
Kozhikode district (Chakkittapara) has been reported to have significant snail populations. 
The earlier recorded locality of the snail is from the coastal area neighboring Mahe, a union 
territory of Pondicherry. Our model had shown potential prediction for the now reported area. 
The main bioclimatic variables that control the potential distribution of the snail are higher 
maximum temperature in the warmest month, lower mean diurnal temperature range and 
higher precipitation in the driest month. Also, higher minimum temperature in the coldest 
month and lower elevation influences the distribution of the snail. These are all the typical 
bioclimatic conditions that prevail in the lowland and in the river valleys in the midlands of 
Kerala – an ideal warm and humid tropic. 
 In Kerala, the first introduction of this snail in Palakkad region is thought to be as a 
part of an experimental research. Once it was accidentally released, it had successfully 
established populations in that region. Later, during the existence of favourable climatic 
conditions, the snail rapidly expanded its range. Cochin, being one of the busiest ports in the 
West coastal India, imports a good quantity of timber and other goods from countries in East 
Africa and South East Asia where the infestation of Giant African Snail is high. This makes 
the ports of Kerala a possible route for the influx of snails from new locations. The potential 
prediction modeling will help us in finding the possible sites of expansion, prevailing 
hotspots to control and forecasting expansion regimes. By applying the Maxent ENM model, 
we could predict the potential infestation regions of various districts in Kerala which was 
validated with the newly expanded range in Kozhikode and Alappuzha districts. 
Table 1: Distribution of the Giant African Snail in Kerala 

Sl. 

No. 
Districts 

No.of 

localities 
Hotspots 

1 Kasaragode 2 Manjeshwaram 
2 Kannur 12 Muzhippilangadu, Kannur, Thalassery 
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3 Mahe 1 Azhikkal, Manchakkal 
4 Kozhikode 1 Azhiyoor. A new Population was reported from Chakittappara 
5 Malappuram 2 Pariyapuram and Chiramangalam 
6 Palakkad 53 Elapully, Kunissery, Thenkurissy, Nenmara, Koduvayur 
7 Ernakulam 28 Willington Island, Mattancherry, Kinginimattom,   
8 Alappuzha 2 Aroor, Cherthala. A new population was reported from 

Muhamma 
9 Pathanamthitta 5 Konni, Ramanchira 
10 Kollam 1 Karavaloor 
11 Trivandrum 18 Valiyathura, Kochuveli, Legislative Assembly, Kariavattom 

 Total 125  

Figure 1. Potential prediction map of Giant 

African Snail 
Collapse of snail A.fulica was noticed in some 
infested places of Calicut, Palakkad and Ernakulam 
districts of Kerala and in Mahe. No snails or snail 
remains were found in the area for 2-3 years. 
Recently in Mahe, reinfestation of the snail was 
noticed in the collapsed region after 3 years. 
Density estimation of reinfested population found 
the occurrence of about 1587 snails in that site. The 
precise reasons for the collapse of these populations 
are yet to be ascertained. 
 

Selection of control method 
A.fulica is an agriculture pest (Figure 2) and 

management of it is mandatory. Results of field experiment showed that metaldehyde is 
effective controlling the snail populations but its acute aquatic toxicity is a major concern. 
TDCS shows 100% mortality when the 60g copper sulphate and 25 g tobacco in 2 litre water 
was used. Iron phosphate fed snails did not show any reluctance in feeding and no death was 
recorded. Plant extracts from Diploclisia glaucascens, Cocculus laurifolius,Thevetia 

peruviana, Allium sativum and Odolum cerbera were found to be ineffective. Econeem is also 
found ineffective upto the concentration 10g in 1 litre water. It is evident from our result that 
inorganic compounds like TCDS is effective in controlling the snail A.fulica. 

Figure 2: Achatina fulica on musa sp. 
Involvement of local bodies- the case of successful 

management 
The current study aimed at taking up action research 
against an invading species which causes significant 
agricultural and health impact. Unlike traditional pest 
control methods, this required fast data collection, 
proactive communication with the general public and 
authorities, quick data analysis, identification of the 
best feasible control method and technical and 

logistic support for mounting State-wide control operations. 
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 The response from the general public was immense all through the period of study. It 
was interesting to note that the respondents to the news on the snail where mostly women. 
The field work which ensued indicated that at many places, men were not at all aware of the 
issue while women had called the helpline for assistance. This was due to the fact that women 
exclusively operate in the wet places in around the housing where the snails prefer to reside. 
There had been better co-ordinated efforts at places where women representatives in the local 
self-governments took up the issue. The response of local self-governments is given in Table 
2. There were 32 reports from the rural areas and 9 from urban areas. When the 
communication was send to all of them, there was better response from rural locations than 
the urban areas. Also, in implementing the eradication programme better response was found 
in rural locations. Overall, only 31.7% of the local self-governments graduated to the level of 
undertaking eradication measures. However, the campaign could completely eradicate the 
snail populations in two sites and significant information have been passed on to the general 
public which now uses the methods to keep their premises clear of snails. 
 Effective management of alien invasions need action research supported by 
government and the general public. In this case, significant deficit on preparedness on the 
part of all stakeholders were evident. This includes lack of awareness on the problems posed 
by alien invasive species, inability of the local self-governments to financially support 
eradication drives, lack of a single government agency to implement eradication programmes, 
inability to continue the eradication campaign for longer periods and the lack of co-operation 
among the general public in the urban areas. The only good and appreciable response was 
from the media which helped in taking up back and forth communication between the general 
public and researchers.   

Table 2: Response of local self-governments in the giant African snail eradication 

campaign 

 

 Number of local-self 
governments 

Rural Urban 

From which snail infestation was 
reported 

32 9 

To which information was sent 32 9 
Responded 19 (59%) 3 (33%) 
Which conducted awareness campaign 9 (28%) 1 (11%) 
Which undertook eradication work 11(34%) 2 (22%) 
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ABSTRACT 

      
 Bittergourd (Momordica charantiaL.) belonging to the family Cucurbitaceaeis a popular   
vegetable inIndia. bittergourd being a highly cross pollinated and seed propagated crop, 
maintenance of desirable quality and morphological aspects are very difficult. In vitro 
conservation of plantlets could hence be an alternative method for overcoming these 
constraints. Standardization of a protocol for production and maintenance of novel types of 
bittergourd is an imperative need.In this context, adoption of in vitro technique became an 
imperative approach as it produces planting materials ‘true to type’. In vitro regeneration of 
bittergourd cultivars grown under Indian conditions is limited and hence an attempt was taken 
up to standardize the in vitro propagation techniques for rapid multiplication of elite 
bittergourd genotype. The induction of potentially organogenic callus and better proliferation 
of callus successfully from shoot tip explants was obtained either on the MS medium 
supplemented with Iba (4.00 mg l-1) + ba (0.50 mg l-1) + 2,4- d (2.00 mg l-1) or naa (2.00 mg l-

1) + ba (0.50 mg l-1) + 2,4- d (2.00 mg l-1) in combination with 30.00 g l-1sucrose and 6.30 g l-1 
agar level. Shoot regeneration response from shoot tip derived callus was best on MS medium 
fortified with 0.05 % aC + 1.00 mg l-1 ba with earlier regeneration, highest regeneration 
percentage, lengthy adventitious shoot and more number of leaves under light conditions. 
Efficient rooting was achieved on MS fortified with Iba (1.00 mg l-1). 

 

Introduction 
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 Bittergourd (Momordica charantia L.) belonging to the family Cucurbitaceae 

is a popular vegetable in India, having considerable nutritional, economic and 
medicinal importance. Bittergourd is conventionally propagated by seeds. Since this 
crop is highly cross-pollinated, variation in seedling types is anticipated. Desirable 
quality and morphological aspects are very difficult to be maintained. In this 
context, adoption of  in vitro technique became an imperative approach as it 
produces planting materials ‘true to type’. Very recently, a few scientists have tried 
to obtain differentiation of shoot-buds and plantlets from in vitro cultured various 
explants of some cucurbits. In vitro regeneration of bittergourd cultivars grown 
under Indian conditions is limited and hence an attempt was taken up to standardize 
the in vitro propagation techniques for rapid multiplication of elite bittergourd 
genotypes. 
 

Materials and methods 
 
Very young fresh shoot tips taken from tender and actively growing vines are 

used as explants for the in vitro culture. The explants were washed in tap water, 
containing a few drops of Labolene and surface sterilized by using 0.08 per cent 
mercuric chloride for 2 minutes, rinsed 4-5 times with sterile distilled water.  

The cleansed shoot tip explants were inoculated on MS medium with various 
types and combinations of plant growth regulators were tried as treatments for 
inducing various types of morphogenetic responses. Induced calli were subcultured 
into fresh media after a 12-18 day interval for developing an organogenic nature. 
Watery, spongy, very compact, brown and dead portions of calli were discarded 
during every subculture. Friable, nodular calli were assumed potentially organogenic 
and were selected for maintenance and regeneration. After the second subculture, the 
callus tissue was transferred on to MS medium supplemented with BA (1.00 and 2.00 
mg l-1) along with different concentrations of activated charcoal for adventitious 
shoot initiation and proliferation. For root induction, 3-5 cm long regenerated shoots 
were excised and transferred to MS medium containing varying concentrations of 
auxin IBA. All cultures were maintained at 26 + 
under fluorescent lights (1000 lux) with 16/8 h light/dark cycles.  

Observations were recorded on the number of cultures initiating callus from the 
explants. Callus Index (CI) was computed by multiplying percent cultures initiating 
callus with growth score (G), which was assessed by visual rating (poor=1, 
medium=2, good=3, and profuse=4). The mean score was expressed as growth score 
(G).  Data on days to callus induction, percent callus showing regeneration, days to 
regeneration, adventitious shoot length (cm), number of leaves per shoot and length 
and breadth of leaf (cm) were recorded after four weeks of culture. Hormone free 
medium was treated as control. Observations on number of cultures initiating roots 
(percentage), number of days for root initiation , number of roots per culture, length 
of roots (cm) and nature of roots were recorded after four weeks of culture. The 
design followed in all these experiments was CRD with six replications.  
 

39

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



Results and discussion 
The present results indicated that explants dedifferentiated and initiated calli 

at the cut surfaces within 11 to 15 days of inoculation and proliferated within 3 
weeks of culture. Combination of BA and 2,4-D along with IBA/NAA/IAA derived 
positive response for all the explants (Table 1.).  
 
Table 1.  The effect of plant growth regulators on shoot tip explants for callus induction   

                  and proliferation in bittergourd (Medium – MS + inositol 100 mg l
-1

 + sucrose 

30.00 g l
-1

 + agar 6.30 g l
-1

) 

Plant growth regulators (mg 
l-1) 

Days to 
callusing 

Callusing 
percentage (%) 

Growth 
score 

Callus 
index 

BA 0.05 17.67 100.00 2.00 200.00 
BA 0.05 + IAA 1.00 19.00 16.67 2.00 33.34 
BA 0.05 + IAA 2.00 19.00 16.67 1.00 16.67 
BA 0.05 + IAA 3.00 16.83 50.00 1.33 66.50 
BA 0.05 + IAA 4.00 15.00 83.33 1.83 152.49 
BA 0.05 + IAA 5.00 16.33 83.33 1.33 110.83 
BA 0.05 + IAA 4.00+ 2,4-D 
1.00 

15.00 66.67 3.33 222.01 

BA 0.05 + IAA 4.00+ 2,4-D 
2.00 

13.67 100.00 2.67 267.00 

BA 0.05 + IAA 4.00+ 2,4-D 
3.00 

14.33 83.33 1.83 152.49 

BA 0.05 + IAA 5.00+ 2,4-D 
1.00 

16.83 83.33 2.00 166.66 

BA 0.05 + IAA 5.00+ 2,4-D 
2.00 

- 0.00 0.00 0.00 

BA 1.00 - 0.00 0.00 0.00 
BA 0.05 + IBA 1.00 14.00 33.33 1.17 38.99 
BA 0.05 + IBA 2.00 13.83 33.33 2.00 66.66 
BA 0.05 + IBA 3.00 13.33 66.67 2.17 144.67 
BA 0.05 + IBA 4.00 13.00 100.00 2.67 267.00 
BA 0.05 + IBA 5.00 15.00 100.00 2.00 200.00 
BA 0.05 + IBA 4.00+ 2,4-D 
1.00 

12.00 100.00 3.17 317.00 

BA 0.05 + IBA 4.00+ 2,4-D 
2.00 

11.00 100.00 4.00 400.00 

BA 0.05 + IBA 4.00+ 2,4-D 
3.00 

13.00 100.00 2.83 283.00 

BA 0.05 + IBA 5.00+ 2,4-D 
1.00 

15.00 
83.33 

1.83 152.49 

BA 0.05 + IBA 5.00+ 2,4-D 
2.00 

16.50 
66.67 

1.50 100.01 

BA 0.05 + NAA 1.00 14.17 66.67 1.83 122.01 
BA 0.05 + NAA 2.00 12.67 83.33 2.00 166.66 
BA 0.05 + NAA 3.00 19.00 33.33 1.33 44.33 

40

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



BA 0.05 + NAA 2.00+ 2,4-D 
1.00 

12.50 
66.67 

3.00 200.01 

BA 0.05 + NAA 2.00+ 2,4-D 
2.00 

11.33 
100.00 

4.00 400.00 

BA 0.05 + NAA 2.00+ 2,4-D 
3.00 

13.00 
100.00 

3.16 316.00 

BA 0.05 + NAA 3.00+ 2,4-D 
1.00 

16.50 
50.00 

3.00 150.00 

BA 0.05 + NAA 3.00+ 2,4-D 
2.00 

19.33 
50.00 

2.33 116.50 

Control - 0.00 0.00 0.00 
 
The induction of potentially organogenic callus successfully from the explants 

was obtained either on the medium supplemented with IBA (4.00 mg l -1) + BA             
(0.50 mg l-1) + 2,4- D (2.00 mg l-1) or NAA (2.00 mg l-1) +  BA (0.50 mg l -1) + 2,4- 
D (2.00 mg l-1).  Kim et al. (1988) has come out with the results that combination of 
2,4-D and BA could help to induce callus from cotyledonary explants of cucumber. 
Moreover, Srivastava et al. (1989) obtained organogenic calli using a combination of 
BAP and NAA. The use of 2,4-D alone were reported previously in summer squash 
by Pal et al. (2007). 

On the other hand, BAP along with IAA, IBA or NAA initiates callus 
initiation.  But the callus index and growth score was poor. The use of high doses of 
NAA or IBA in combination with BA and 2,4-D  had negative effects on 
organogenesis. There was, however, no callus formation from the explants cultured 
on media fortified with higher concentration of BA. 

Better proliferation of callus (high callus index of 350.00 and more) was 
obtained in the same initiation media. BA as a cytokinin might be responsible for 
rapid cell division and proliferation. 

Callus morphology varied with different growth regulators used in the culture 
medium. Media with IBA or NAA in combination with BA and 2,4-D developed 
creamy white friable fast growing callus. Yellowish green slow growing compact 
calli which turned slightly brownish on further subculturing was induced on medium 
with IAA in combination with BA and 2,4-D. Callus morphology was also in 
agreement with Thomas and Sreejesh, (2004) as in B. hispida. Large, friable and 
creamy calli derived from shoot tip explants can be used to initiate organogenic calli 
and shoot-bud induction. Subsequent regeneration of bittergourd plant was obtained 
in shoot tip derived calli when it was transferred to a basal medium at low levels of 
PGRs (in particular BA) which promoted shoot organogenesis and elongation.  

The compact callus tissue was sectioned and transferred on to MS medium 
fortified with cytokinin (BA) and activated charcoal in various combinations for 
shoot initiation and elongation. Generally, shoot initiation was observed 2-3 weeks 
after inoculation on regeneration medium.  Green adventitious shoot buds developed 
on the compact masses was subcultured on the same media at 2 to 3 weeks interval 
for shoot elongation. Subculturing of regenerated shoots with minimal basal callus 
into same medium exhibited further shoot elongation. 
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Good (100 per cent) shoot organogenesis was observed using BA in 
combination activated charcoal from shoot tip derived calli (Table 2, Plate 1).  

 

BA (mg l-1) 
Activated 

charcoal (%) 

Regenerati
on 

percentage 
(%) 

Days to 
regenerat

ion 

Adventi
tious 
shoot 
length 
(cm) 

No. of  
leaves 

per 
shoot 

Len
gth 
of 

leaf 
(cm) 

Breadth 
of leaf 
(cm) 

1 0.50 100.00 18.17 8.28 11.50 1.75 1.75 

2 0.50 66.67 23.33 6.90 4.50 4.33 2.92 

1 1.00 50.00 24.83 2.92 2.00 0.45 0.30 

2 1.00 16.67 31.33 1.27 1.00 5.15 4.10 

Control 0.00 0.00 0.00 0.00 0.00 0.00 

F 

 

45.581** 
7.485*

* 
2.445

** 
2.09
4** 

2.589** 

SE 0.922 0.393 0.303 
0.15

1 
0.101 

CD (0.05) 2.664 1.136 0.893 
0.44

7 
0.298 

 
Table 2. Effect of plant growth regulator (BA) and activated charcoal on shoot tip callus for 
regeneration and adventitious  shoot production in bittergourd   (Medium – MS + inositol 100 
mg l-1 + sucrose 30.00 g l-1 + agar 6.30 g l-1)  The data represents mean value of the six 
replications.**Significant at 1% level 

 It is suggested that activated charcoal along with a cytokinin stimulates the 
development of shoot primordia. On the other hand, BA along with a low 
concentration of activated charcoal initiates shoot elongation also. MS medium 
fortified with 0.05 % AC + 1.00 mg l -1 BA recorded earlier regeneration, highest 
regeneration percentage, lengthy adventitious shoot and more number of leaves 
under light conditions. Higher levels of BA and AC in the medium reduced the 
growth of the shoots i.e., reduced shoot length, lesser number of leaves and also the 
leaves produced were greener than those produced in other treatments. The 
synergistic effect of cytokinin and AC may be the reason for earlier regeneration. 
Stimulation for callus regeneration could be due to adsorption of inhibitory 
compounds to AC also. Activated charcoal added to the medium might have 
eliminated the residual effect of 2,4-D and IBA or NAA by adsorption and thus 
promoting the activities of BA for shoot initiation. 

No substantial difference in regeneration rates was found when shoot tip 
derived calli were taken from the first 2 subcultures. It was observed that from the 
third subculture and onwards regeneration rates showed marked differences. An 
adverse effect of prolonged in vitro culture is reported (Ficcadenti and Rotino, 
1995). Although the callus maintains its regeneration capacity for a longer period, 
prolonged subculturing may lead to a higher frequency of mutants, especially in 
higher concentrations of BA. 
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Adventitious shoots developed in cultures in the presence of cytokinin 
especially BA lack roots. Easy root formation is very important for establishment of 
in vitro regenerated plantlets. Media having a low concentration of salts have proven 
satisfactory for rooting of micropropagated shoots. Roots are mostly induced in the 
presence of a suitable auxin in the medium (Mythili and Thomas, 1999).  

For rooting, the well developed elongated microshoot (3-5 cm) is excised and 
transferred to the rooting medium. In the present study, different levels of auxin IBA 
along with the control (full MS) were tried for in vitro rooting of bittergourd shoots.  
Roots were observed as early as 2 weeks after placing on the rooting medium. 
Delayed rooting response, even after 3 weeks in root induction medium observed in 
higher concentration of IBA can be attributed to the persisting effect of BA.  

Rooting occurred in all concentrations but with different rooting percentages, 
and the optimal response was observed on MS + IBA (1.00 mg l-1) in terms of earlier 
root initiation, better rooting percentage (66.66%), average number of roots (10.83) 
with mean root length of 6.83 cm.  IBA has been reported to give better results 
compared to other auxins for in vitro rhizogenesis in cucurbits [Abrie and Staden,         
(2001); Sarowar et al, (2003)]. 

MS supplemented with 0.50 mg l-1 IBA induced early root initiation. Shoot 
exposed to higher concentrations of IBA (2.00 mg l-1) even though produced thick, 
short roots, the shoot became necrotic, lost its leaves and the shoot tips died 
gradually. With regard to number of roots in control  (MS medium without any plant 
growth regulator), single root formation was observed. Ananthakrishnan et al. (2003) 
in          C. pepo, Keng and Hoong (2005) in muskmelon and Li et al. (2008) in 
cucumber reported that all the in vitro shoots produced root when transferred to MS 
medium without any plant growth regulator.  
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ABSTRACT 

 Rice (oryza sativa) feeds more than half the world’s population. among the rice 
growing countries, India has the largest area (44 million hectares) and it is the second largest 
rice producer (131million tones) of rice next to China (197 million tons). fungal and bacterial 
diseases are the important biotic constraints which reduces both the quality and quantity of 
rice. The disease can be managed by developing resistant varieties or by developing a 
biological formulation. The resistance of the variety will be broken by the virulent strains of 
the pathogen. The other method of management is through the application of antibiotics and 
other eco-friendly plant products. Hence, there is need for biological product which acts as 
agents against the attack of bacterial and fungal agents. Generally plants have developed 
various mechanisms to defend themselves against these micro organisms which include the 
production of low molecular weight proteins having antimicrobial activity. Q6T5j8, 
Pathogenesis Related 4b protein (PR 4b) of oryza sativa subsp. indica (Rice), is one of the 
vital defensin genes for bacterial and fungal attack on host organism. Spore germination and 
mycelial growth of fungi in plants will be inhibited by Purified PR4b.In this study, we have 
modelled the structure of Q6T5j8 from rice by homology modelling. Since the importance of 
Q6T5j8 in conferring resistance to bacterial and fungal pathogen is well established, a three-
dimensional protein structure was modelled by simulation studies to achieve a better 
understanding of the structure of PR4b. while the structure of Q6T5j8 has not been reported, 
the protein has 83% sequence identity in bLaSTP and more closely related to Ibw3 than to 
other structurally characterized proteins. Comparative modelling software ModELLER 9v12 
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has given acceptable values for Q6T5j8. The structural validity of the derived model was 
performed by PRoCHECk, PRoSa1 and three different molecular dynamic force fieldsviz. 
anolea, Qmean and Gromos. The results showed 0.2 Ǻ RMS value, Z-Score of -6.19 
designated that the modelled structure is stable and showed 79.2% of residues in most 
favoured region in Ramachandran plot. Comparative modelling of Q6T5j8 will help tostudy 
the involvement of defence mechanism in oryza sativa and can provide better understanding 
about its structural integrities. 
 
keywords: oryza sativa, PR4, PR4b, PR proteins, Homology modelling 
 

Introduction 
Rice, one of the world’s most important food plants, has important syntenic 

relationships with the other cereal species and is a model plant for the grasses. Farmers lose 
an estimated average of 37% of their rice crop to pests and diseases every year. All living 
organisms, ranging from microorganisms to plants and mammals have developed innate 
mechanisms to actively defend themselves against pathogen attack and in the production of 
antimicrobial peptides. The hypersensitive reaction to a pathogen is one of the most 
competent defense mechanisms in nature and leads to the induction of numerous plant genes 
encoding defense proteins. PR proteins are widely distributed in plants and are mainly 
induced by different stress situations. They were first discovered and designated as “b-
proteins” in tobacco leaves hypersenisitised to TMV; since then PR proteins have been 
described in various plant species including monocot and dicot plant [1]. The name 
“pathogenesis-related” proteins, or PRs, were proposed by Antoniw et al (1980) from 
different tobacco cultivars [2].  PRs are low-molecular weight proteins (6-43 kDa), 
extractable and stable at low pH (< 3), thermostable, and highly resistant to proteases [3, 4].   

Rice pathogenesis related PR4b protein plays an important role in the disease 
resistance responses of rice against the pathogen attack [5]. PR4b functions as a positive 
modulator of plant cell death and defense responses [6]. They belong to PR4 protein family, 
seen in both monocotyledonous and dicotyledonous plants. The conserved region common to 
all PR-4 proteins is the barwin domain which was characterized from the barwin protein 
isolated from barley [7]. 

The lack of 3-D structures of Q6T5J8 is a constraint for understanding the molecular 
mechanisms of rice defense against the pathogen. Homology modeling is a novel way of 
elucidating the structural information of proteins where no crystal structure is available. 
Elucidation of the spatial 3D-conformation and/or domain organization(s) of proteins are 
important pre requisites to better understand protein function. In the present study we report 
the comparative modelling of Q6T5J8 with 1BW3. 
 

Materials and methods 

 

Retrieval of target protein sequences 
The sequence of Pathogenesis Related 4b protein of Oryza sativa subsp. indica (Rice) 

protein (acession no: Q6T5J8; length: 151 residues) has been retrieved in FASTA format from 
SwissProt / Uniprot [8], which is a curated and annotated database. 
 

45

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



Template for Q6T5J8 modelling 
 Template search was performed using BLASTP program against PDB database 
http://www.rcsb.org/pdb. Results obtained on  analysis gave a protein structure IBW3 A chain 
showing 83 % identity, which is considered to be good (>than 30%) for homology or 
comparative modeling of Q6T5J8. IBW3 protein structure is retrieved from Protein Data 
Bank (PDB) and used as template for comparative modelling. 
 

Multiple sequence alignment 
 Tree-based consistency objective function for alignment evaluation (T-COFFEE) is a 
multiple sequence alignment (MSA) program [9] and was used to detect the conserved 
regions. 
 

Homology modelling of Q6T5J8 
 Based on high-resolution crystal structures of homologous proteins, 3D models of 
PR4b protein were built using the homology modelling software MODELLER 9v12 [10] on 
windows operating system. Loop refinement tool of MODELLER was used to refine the loop 
conformation of the model. 
 

Model Validation 
` In order to select the best model, the structural validity of the models was performed 
by PROCHECK [11], PROSA1 [12]. Stereochemical quality of the polypeptide backbone and 
side chains was evaluated using Ramachandran plot obtained from PROCHECK .ProSA 
(Protein Structure Analysis) is an established tool employed in structure prediction, 
refinement and validation of experimental protein structures. The generated Z score of model 
is a measure of compatibility between its sequence and structure. Energy minimization for 3D 
structures was performed using three different molecular dynamic force fields viz. Anolea 
[13], Qmean [14] and Gromos [15]. 

The pairwise 3-D structure superimposition of the elucidated model of PR4b protein 
with its closest structural homologue was carried out using DaliLite [16] tool that computes 
the root mean square deviation (RMSD) between the Cα-atoms and all other atoms of the 
homology model and template. 

 
Model visualization 
 Final model structure of Q6T5J8 was visualized in UCSF Chimera [17]. 
 

Results and Conclusions 
In this study, 3D structure of Q6T5J8 was developed since the 3D structure of 

Q6T5J8 is not available in PDB. Protein Blast search against PDB data base revealed 83 
percent sequence identity with experimental structure of PDB ID: IBW3. The predicted 
model obtained by using three software validated by energy minimization with three 
molecular dynamic force fields (Anolea, Qmean and Gromos), Ramachandran Plot and 
ProSAI. Primary and secondary structural analysis of Q6T5J8 protein possesses five domains 
and this domain is found in Barwin proteins from the region 28 to 148. The sequence 
alignment between the target and template showed 99 consensus regions. These regions 
represent the functional domain of the PR protein. The homology model was generated by 
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using FASTA sequence of Q6T5J8 as the target and barwin, basic barley seed protein (PDB 
ID: 1BW3), chain A from Hordeum vulgare as the template sequence. The final model was 
generated by Modeller 9v12 [10]. Then the structural validity of the model was performed by 

PROCHECK [11] 
analysis, reveals that 
79.2% (84) of residues 
in most favoured 
region, 18.9% (20) of 
residues in additional 
allowed region, 0.9% 
(1) in generously 
allowed region and 
0.9% (1) residue in 
disallowed region 
(figure 1).  

 
 
 

Figure 1: Ramachandran plot generated by ProCheck. 
 

Figure 2: Refinement and validation of 
the hypothetical structure of Q6T5J8 A) 
Energy minimized conformation of the 
modelled protein generated by Anolea, 
Qmean and Gromos. Green coloured 
vertical peaks indicated the minimum 
energy residues and red peaks showed 
the errors in the residues. (B) Energy 
plot obtained from ProSAI showed that 
the modelled protein is a minimum 
energy conformer. 

 The structure was energy minimised by three different molecular dynamic force fields 
viz. Anolea, Qmean and Gromos (Figure 
2). The energy profile of the model and the 
Z-score value were obtained using ProSA 
server that calculates the interaction energy 
per residue using a distance-based pair 
potential. The ProSA analysis of the model 
Q6T5J8 achieved a Z score of -6.19 
(Figure 3) which indicates a good quality 

model. (Figure 3: A) The refinement of the hypothetical model by ProSA server. The black 
dot represents Z-Score of the model in comparison with NMR structure of the template. 
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Figure 4:Three-dimensional structural 

superimposition of Q6T5J8 model 

with template 1BW3 A) Superimposed 

image B) Visualisation of hypothetical 

model of Q6T5J8. 
The superimposition and 

structure annotated pair wise alignment 
between modelled protein and template was predicted by DaliLite [16]. The uperimposition 
showed that the structural alignment is in the allowed root mean square (RMS) cut off. The 
RMSD value between the target and template was estimated to be 0.2 Ǻ which indicate 
perfect structural alignments and high quality of the model 

In this study, 3D structure of Q6T5J8 was developed using available plant defensin as 
templates which revealed most identity with the Q6T5J8. Molecular model of Q6T5J8 
protein was predicted using homology modelling method which is reliable and it may be 
proceed for further defensin mechanism. The proposed model may be useful to understand 
rice defensin protein against pathogen challenge and chemical induction. Thus, Q6T5J8 
structure was explained here by an exceedingly similarity structure of barwin domain which 
contains six cysteine residues that combine to form three disulfide bridges. Sequence of 
barwin shows highly similarity with PR protein 4 from tobacco. Comparative modelling of 
Q6T5J8 with the three dimensional structure of Barwin seed protein may be a reliable 3D 
structure. Elucidation of the 3D structure of Q6T5J8 will leads to the functional studies and to 
inform design of novel defensin proteins. 
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ABSTRACT 

 The objective of this work was to characterize the probiotic attributes of a 
Lactobacillus species isolated from raw milk of Vechur, a local indigenous breed of southern 
kerala. The results of biochemical characterization were suggestive of the isolate to be L. 
acidophilus. Considerable growth observed even after 3h of exposure to pH 3.0 and three 
percentage of bile salt concentration confirmed the acid and bile tolerance of the isolate. 
Potential to get adhered to intestinal mucosa was assessed in vitro in terms of cell surface 
hydrophobicity (CSH) by Microbial adhesion to solvents (MaTS assay). CSH values obtained 
with the different solvents: n-hexadecane, ethyl acetate and chloroform were 35.4%, 30% and 
27% respectively. The auto aggregation percentage obtained for the Lactobacillus isolate was 
52% within 24h. opaque white colonies without precipitate halos when streaked on 
Lactobacillus oxgall agar affirmed the bile salt hydrolase (bSH) activity of the isolate. apart 
from conferring a selective advantage for the probiotic strain to improve the colonization 
potential, possession of bSH enable the strain to be used in the biological approach to control 
serum cholesterol as absence of acquired antimicrobial resistance is a prerequisite for the 
safety of lactobacilli to be used as probiotic starter, antibiogram of the isolate for selected 
antibiotics was evaluated. Tetracycline resistance, the most widely spread resistant 
determinants in lactobacilli was absent in this isolate. Though there is growing evidence of 
food borne lactobacilli species carry one or more antibiotic resistance genes, their association 
with mobile elements and the possible horizontal transfer is reported to be very rare. 
observations made in this trial suggest that the isolate used in this work has ample potential to 
be exploited as a probiotic starter. 
 

Introduction 
  Lactic acid bacteria are integral components of fermented foods where they carry out 
primary and secondary fermentation. Their long history of safe use in foods have earned them 
the status Generally Regarded As Safe (GRAS). Lactic acid bacteria constitute a group of 
gram positive bacteria united by a constellation of unique morphologic metabolic and 
physiological characteristics. They are the major starters used in the preparation of fermented 
milk products. Lactobacillus, one of the most important genus of lactic acid bacteria comprise 
of a large diverse group of gram positive, non sporing, catalase negative, rods that produce 
lactic acid  as the major  end product on fermentation of carbohydrates. Lactobacilli are 
widely and safely being used as probiotics for medical and veterinary applications. However 
over the world, search for novel indigenous probiotic strains is continuing to satisfy the ever 
increasing demand of the market for novel strains to develop new functional products. The 
present study is an attempt for the probiotic characterization of a Lactobacillus species 
isolated from raw milk of Vechur. 
 

Materials and Methods 
Isolation of Lactobacillus from milk was achieved by selective enrichment in MRS 

broth and subsequent plating in MRS agar as per the standard procedure. Subsurface colonies 
of Gram positive rods that were catalase and oxidase negative were selected and maintained 
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in nutrient agar slants at 4°C. Biochemical characterization of the isolate was carried out 
[Barrow and Feltham, (1993)]. For long term storage, isolate was preserved in 70% glycerol 
at -20°C. 

To ascertain the ability of the isolate to withstand the hostile environment of acidity 
and bile in the human GI tract ,acid and bile tolerance of the isolate was assessed by judging 
the nature of growth (slight/ moderate/ heavy) obtained on streaking the culture  in MRS agar 
after 3h exposure to pH 3.0 and 3.0 % bile salt concentration. 

Adhesion potential of the isolate was measured in terms of cell surface 
hydrophobicity (CSH) by Microbial Adhesion to Solvents (MATS) assay using the apolar 
solvent n- Hexadecane, acidic solvent chloroform and basic solvent ethyl acetate [Rosenberg 
et al, (1980)]. Affinity to hydrocarbons was reported as adhesion percentage as per the 
formula (A0-A/A0) ×100 where A0 and A are the absorbance before and after extraction with 
organic solvents respectively. Hydrophobicity was calculated from three replicates as the 
percentage decrease in the optical density of the original bacterial suspension due to cells 
partitioning into a hydrocarbon layer. 

Auto aggregation ability a property related to adhesion was also determined as per the 
procedure of Reniero et al, (1992). The standardized broth suspension was incubated in 
aliquots at 37⁰C and was monitored for 24h in terms of absorbance (A) at 600nm. Auto 
aggregation percentage was calculated by using the formula (1-A upper suspension / A total 
bacterial suspension) ×100. Autoaggregation was calculated from three replicates as the 
percentage decrease in absorbance of the original suspension due to aggregation and 
sedimentation. Antibiotic sensitivity of the isolate was evaluated by disc diffusion assay. 
[Bauer et al (1966)]. 
 

Results and Conclusions 
 Sub surface colonies obtained in MRS agar is indicative of the microaerophilic nature 
of the isolate. Microscopic examination of stained smear revealed the presence of Gram 
positive long bacilli arranged singly and in pairs. Preliminary identification tests and 
biochemical characterization results were suggestive of the isolate to be Lactobacillus 

acidophilus. 

 Bacterial adhesion to intestinal epithelial cells is important for colonization of 
probiotic strains in the gastrointestinal tract as it prevents their immediate elimination by 
peristalsis. This also provides a competitive advantage for the isolate in this ecosystem. 
Adhesion potential, a property primarily dependent on physicochemical characteristics of cell 
surface was determined in vitro in terms of CSH and auto aggregation. CSH was determined 
by calculating the percentage of bacterial adhesion to the organic solvents: apolar solvent n- 
Hexadecane, monopolar acidic solvent chloroform and monopolar basic solvent ethyl acetate. 
Only the bacterial adhesion to apolar solvent reflects the hydrophobicity or hydrophilicity. 
Maximum CSH value (36%) with the apolar solvent n-hexadecane demonstrates a 
hydrophobic cell surface for the isolate . According to Del Re et al, (2000), strains should 
possess a hydrophobic surface for better adhesion to intestinal cells. As the difference in CSH 
values obtained for acidic solvent (27%) and basic solvent (30%) is very less, the results are 
neither suggestive of a strong acidic nor a strong basic character for cell wall. 
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 Ability to auto aggregate is an advantageous property for probiotic strains as it 
complements the adhesion potential. The auto aggregation percentage obtained for the 
Lactobacillus acidophilus isolate from Vechur cow milk was 52% within 24h. Similar values 
have been reported for Lactobacillus acidophilus NCFM [Collado et al, (2008)]. The CSH 
values and percentage of auto aggregation observed is very much supportive of the good 
adhesion potential of the isolate obtained in this work. 
 

 In recent years, ability of probiotic lactobacilli to produce bile salt hydrolase (BSH) 
has become the focus of attention, on account of its influence on cholesterol metabolism. To 
assess the ability of the isolate to hydrolyze bile salt, the colony morphology in MRS agar 
with 0.3% bile salt was compared to that on simple MRS agar (control). In the control plate, 
colonies were pale and translucent whereas in MRS agar with 0.3% bile salt, colonies were 
opaque and white due to the precipitation of bile acids by way of bile salt hydrolase activity 
of the isolate. Distinctly different colony morphology in control plate and treatment plate is 
suggestive of BSH activity of the isolate. Probiotics encounter significant amount of bile salts 
consistently in the mammalian gut. As BSH helps in the detoxification of bile salts, presence 
of this enzyme definitely improves the survival rate in the competitive environment of 
gastrointestinal tract. Recently there has been an increasing interest in bile salt hydrolytic 
activity of lactic acid bacteria as they are being identified as biological hypocholesteraemic 
agents. 
 

As absence of acquired antimicrobial resistance is a prerequisite for the safety of 
lactobacilli to be used as probiotic starter, antibiogram of the isolate was evaluated. The 
isolate in this study was found to be resistant to all the tested β- lactam antibiotics: 
Amoxicillin, Ampicillin and Oxacillin. Resistance against Cefixime, Sulphadiazine, 
Ciprofloxacin, Clindamycin, Azithromycin and Cefelaxin was also observed. Though there is 
growing evidence of food borne Lactobacilli to carry one or more antibiotic resistance genes, 
their association with mobile elements and their possible horizontal transfer is reported to be 
very rare. The most wide spread resistant determinant in Lactobacilli is tet (M). Absence of 
this resistant determinant in the isolate is confirmed by its sensitivity to tetracycline. The 
isolate exhibited sensitivity to Chloramphenicol, Gentamycin, Bacitracin, and Aztreonam. 
From the results, it can be inferred that the isolate used in this work has ample potential to be 
exploited as a probiotic starter. 
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ABSTRACT 

 Vechur cow, an indigenous cattle breed of kerala is the first among kerala cattle to get 
the stamp of approval as a distinct breed from Indian Council of agricultural research (ICaR). 
Vechur cow’s milk is widely acknowledged for its high medicinal properties. a number of 
factors like the presence of small sized fat globules, a2 variant of beta casein, and arginine 
rich lactoferrin in Vechurcows milk has been suggested towards the therapeutic properties 
attributed to Vechur milk. as determination of microbial population and Methylene blue 
reduction time (MbRT) are commonly practiced to assess the quality of raw milk a study was 
undertaken in this direction to assess the microbiolgical quality of raw milk collected from 
Vechur cows in terms of aerobic mesophilic bacterial(total bacterial count), coliforms, 
Lactobacilli, and proteolytic counts and methylene blue reduction time (MbRT). for this 12 
raw milk samples were collected from an organized Vechur cow farm and assessed for the 
above mentioned parameters. The average total viable count observed was 5.59±0.262 
Log10cfu/ ml. The mean coliform, lactobacilli, proteolytic counts were found to be 
4.48±0.361, 3.61±0.473and 4.56±0.734 Log10cfu/ml respectively. The coliforms contributed 
9.30% of the total viable count. Even though no marked positive influence on Vechur milk 
was evident based on the microbial population, a high MbRT time of more than 6 hours, 
obtained for Vechur cow’s milk is suggestive of its superior quality. during this period there 
was no report of mastitis or other infectious diseases in the farm. Hence the variations in 
viable counts highlights the influences of management practices like milking, feeding and 
cleaning on quality of raw milk. Though in general superiority cannot be claimed for Vechur 
milk in the context of viable counts, on considering the time factor (MbRT) a positive 
influence was evident.However more studies incorporating a wider range of samples are to be 
conducted to reach a conclusive decision. 
 

Introduction 
 Vechur cow is a rare breed of Bos indicus cattle named after the village Vechoor in 
Kottayam district of the state of Kerala in India. Due to a number of traits like their extremely 
small size, low feed requirement, good adaptation and high disease resistance the Vechur 
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cows were popular in Kerala until the 1960s, but became rare when native cattle were 
crossbred with exotic varieties [Iype, (2013)]. This indigenous cattle breed of Kerala is listed 
by Food and Agriculture Organisation of the United Nations (FAO) in their Domestic Animal 
Diversity Information System and also under the category of Critical Breeds in ‘The World 
Watch List of Domestic Animal Diversity’ published by FAO [DAD-IS,( 2012)]. The Vechur 
cow is also placed in the breed map of cattles published by the National Bureau of Animal 
Genetic resources, ICAR, India [NBAGR, (2001)]. Milk of Vechur cows was considered to 
be of high medicinal value and was traditionally being extensively used in the Ayurvedic 
system of medicine. Scientific support for this traditional knowledge is being available 
through a number of researches conducted in the recent past. Vechur cows milk is considered 
ideal for infants and convalescing people due to its high digestibility that is attributed to the 
smaller fat globules present in it [Venkatachalapathy and Iype, (1996)]. It is also reported that 
the milk of the Vechur cow has more of the beta casein variety A2, rather than the variety A1 
which is implicated in conditions like diabetes, ischaemic heart disease and autism 
[Muhamed and Mathew, (2010)]. Lactoferrin is a protein present in the milk of all mammals 
and a number of properties like antimicrobial, antiviral, antitumor, immunodefence and anti-
inflammatory activities are attributed to this protein. A recent study reported that all these 
properties are at an enhanced level for the lactoferrin in Vechur Cow milk than that in other 
cows [Anisha et al., (2012)]. They also reported that the anti-bacterial property of the 
lactoferrin protein of the Vechur Cow milk is more than that of the antibiotic ampicillin. 
Concentration of natural antimicrobial components in milk is a vital factor in determining the 
microbial population of raw milk [Verraes et al., (2014)]. Assessment of the microbiological 
quality of raw milk is an  easy and reliable method to determine the extent of natural 
antimicrobial systems present in milk. In this context a study was designed to assess the 
microbial quality in terms of total viable count (aerobic mesophilic count), differential counts 
of coliforms, Lactobacillus, proteolytic organisms and methylene blue reduction time 
(MBRT). 
 

Materials and Methods 
 A total of 12 cowside raw milk samples were collected from an organized dairy farm 
unit exclusively housing Vechur cows. All aseptic precautions were taken during sampling. 
Care was taken to collect a representative sample from the pooled milk. Samples were 
collected aseptically in sterilized sample bottles using sterilized dipper, kept in icebox and 
transported to analytical laboratory within 1hr and stored under refrigeration till analysis 
which was always performed within 2hrs of sampling. Table 1 gives an overall idea on the 
managing practices followed in the farm. 
 All the enumerations were done by pour plating of appropriately diluted samples. 
Nutrient agar (NA) was used for determination of total viable count and Violet Red Bile Agar 
(VRBA) used for the determination of Coliform Count. Lactobacilli were enumerated using 
de-Man, Rogosa, Sharpe (MRS) agar,) and proteolytic count using Skim Milk agar (Nutrient 
agar + 10% Skim milk) [Harrigan, (1998)]. Except for the coliform count which was 
incubated at   at 37 oC for 24hrs all the counts were taken after 48hrs of incubation at 37oC. 
All plates yielding 30 to 300 colonies were enumerated. For the methylene blue reduction test 
1ml of  methylene blue solution (1:300000) was added to 10ml raw milk in a sterile tube, 
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stoppered the test tubes, incubated at 37oC, and monitored for colour changes. The time taken 
for the methylene blue to become colorless is the methylene blue reduction time (MBRT) 
[APHA, (1978)]. 

Table 1.  Study Farm Characteristics and Practices 

Sl no:   Chraracteristics / Practices         Vechur 

1 Average number of milking animals  
12 

2 Type of feed 
 

Grass, straw and 
concentrate 

3 Type of bedding used Concrete floor 
5 Type of milking facility Stanchion 
6 Milking system   Bucket milker 
10 Milking personnel (n) 1 
11 Number of milkings per day 1 
12 Average Yield 0.82 Ltr 
13 Mastitis cases Not reported 
14 Period between production and 

delivery to processing centre 
 
Immediately after  milking 

The resulting data were analyzed using SPSS for windows (IBM SPSS Statistics, 22). All the 
data except that of MBRT were log-transformed before analysis. 
 

Results and conclusions 
 The data regarding the microbial population of Vechur cows raw milk is given in 
Table 2. The average total viable count observed was 5.59±0.262 Log10 cfu/ml with the 
values ranging from 5.11 Log10 cfu/ml to 5.95 Log10 cfu/ml. The mean coliform, lactobacilli, 
proteolytic counts were 4.48±0.361, 3.61±0.473and 4.56±0.734 Log10 cfu/ml respectively. 
Aerobic mesophilic bacterial count (total bacterial count) and coliform count are identified as 
the major hygienic indicators by FSSA, 2006. In this study it was observed that 9.30% of the 
total viable count were contributed by coliforms. 
 

Table 2: Total Viable, Coliform, Lactobacilli, Proteolytic counts, MBRT (n=12) (Log10 

cfu/ml) and % Contribution of Coliform, Lactobacilli, and Proteolytic Organisms to the 

Total Viable Count of Raw Milk of Vechur Cows. 
 Total 

viable 

count 

Coliform 

count 

Lactobacilli 

count 

Proteolytic 

count 

MBRT 

(minutes) 

Mean ±S.D. 5.59±0.262 4.48±0.361 3.61±0.473 4.56±0.734 
 

367.5±50.
02 

Minimum 5.11 4.00 2.95 3 270 
Maximum 5.95 5.18 4.38 5.12 435 
% 
contribution 

 9.30% 1.59% 15.80%  

LAB is major class of organisms used in the preparation of fermented milk products. 
As the microorganisms belonging to the genus Lactobacillus is of significance in terms of 
health improvement and industrial applications, an attempt was made to see the prevalence of 
lactobacilli in Vechur milk. It was seen that1.59% of total viable population was contributed 
by lactobacilli. 
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There are reports of proteolytic organisms like genus Psuedomonas and Bacillus that 
are psychrotrophic in nature. In the present scenario of strengthened cold chain, the 
proteolytic psychrotrophs are of special significance specifically in terms of shelf life 
stability. In the current study 15.80% of total viable microbial population of Vechur milk was 
found to be proteolytic. 

In this study the MBRT of Vechur milk varied from 270 minutes (4hrs 30 minutes) to 
435 minutes (7 hrs 15 minutes) with an average of 6hrs 7minutes. As per BIS standards raw 
milk samples that decolorize Methylene blue within 30 minutes is considered as of poor 
quality and is normally rejected as it is not suitable for processing. None of the tested samples 
showed decolourization within 30 minutes and average MBR time obtained was more than 5 
hours. As this dye reduction test is an indirect means of assessing the rate of multiplication of 
microorganisms already present, the high MBR time obtained for Vechur cows milk is 
suggestive of some inherent mechanism that restricts the growth of microorganisms. 

Examination for the presence and number of specific micro-organisms is being 
considered as an important parameter for monitoring the milk quality and therefore is an 
integral part of any quality control or quality assurance plan. As per the BIS standards, to 
grade raw milk as “very good” it should have a total viable count not more than 2x105 cfu/ml. 
As the mean total viable count obtained in the present study was 3.9x 105 cfu/ml the milk 
could be graded as “good” as per the BIS standards. As per the standards coliforms should be 
absent in 1:100 diluton.  In the present study the coliform count was found to be far 
exceeding this limit. Presence of coliforms is usually attributed to unhygienic practices at 
farm level. As coliforms are heat sensitive, prompt pasteurization kills them thereby assuring 
good quality processed milk. A high population of proteolytic organisms in raw milk is 
problematic as they produce thermoresistant extracellular proteases that pose a qualitative 
risk both during processing and storage. A notable observation of this study is that in between 
the samples, wide variations were observed in their microbial counts. This actually highlights 
the influences on management practices like milking, feeding and cleaning on quality of raw 
milk. Though in general superiority cannot be claimed for Vechur milk in the context of 
viable counts, on considering the time factor (MBRT) a positive influence was evident. 

As per the observations from the study it can be assumed that the milk from Vechur 
farm is near to very good quality. As reported cases of mastitis and other infectious diseases 
are nil for this breed it can be assumed that the innate resistance of this indigenous breed can 
be a reason for the good microbiological quality of milk. As the hygienic indicator-coliform 
count exceeded the limit there is enough scope for further improvement of quality of milk by 
resorting to better management practices. 
 Further well controlled studies giving due weightage to the time factor needs to be 
designed to derive a concrete conclusion on the influence natural antimicrobial systems of 
Vechur milk on its microflora. A comparative evaluation with milk of cross bred cows will 
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GRANDIS (L.)VOIGT (CUCURBITACEAE) 
N. R. Raseena and S. Suhara Beevy,  Department of Botany, University of Kerala, 

Kariavattom-695581 raseenanrnn@gmail.com 
 

ABSTRACT 

 Coccinia grandis or Ivy Gourd; an underutilized vegetable crop belonging to the 
family Cucurbitaceae. Present investigation was focused on the floral morphogenesis of male 
and female flowers of C.grandis, a dioecious cucurbit. The study noticed a concentric pattern 
of flowering in the species. Scanning electron microscopic observations revealed that the 
developmental events are almost identical in both the sexes at the early stages and the 
differences were observed in the later stages of development that led to dioecy of the species. 
The study suggests that reproductive characters of the species may be regulated by genetic 
factors and these genetic and developmental mechanisms govern transitions to functional 
dioecy in the species. 
 

Introduction 

  Floral morphogenesis is a complex process which depends on many environmental 
and developmental signals (Bernier 1988). Various signals that promote or inhibit flowering 
needs to be combined or integrated by the plant, so that a final decision, whether or not to 
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make flowers, can be made by it  depending on the response to that signals ( Bernier et al. 
1993). 

  Dioecy is a rare condition in flowering plants. About 38% of angiosperms have this 
feature and of those, only 40 representatives had sex chromosomes (Charlesworth and 
Guttman 1999). Dioecy appears to be rather more common among dicot genera than 
monocots and particularly prevalent in some families including Cucurbitaceae (Renner and 
Ricklefs 1995). The evolution of dioecy and the presence of male and female plants within 
populations have attracted much attention in recent years to researchers (Thomson and Brunet 
1990). The traditional view suggests that dioecy has evolved mainly to avoid the drawback of 
inbreeding depression (Thomson and Barrett 1981). 

  The striking diversity of vegetative and floral morphologies encountered in 
angiosperms raises the question of how development of these traits happened. Extensive 
knowledge about the control of development has been obtained in core eudicot model species  
Arabidopsis thaliana (Brassicaceae) and Antirrhinum majus (Scrophulariaceae) representing 
the orders, rosids and asteroids respectively (Barbara et al. 2013 ). The candidate species, C. 

grandis, is a eudicot belonging to the family Cucurbitaceae with diploid chromosome number 
2n=24. Various studies on karyotype and chromosome biology revealed that the species had a 
strong dioecy and heteromorphism of sex determination (Bhaduri and Bose 1947; 
Chakravorti 1948). However, floral morphogenesis has not yet reported in this dioecious 
species. The present investigation is therefore formulated, with the objectives to analyse the 
different stages and to unveil the changes during floral morphogenesis in C. grandis. 
 

Materials and methods 
 Buds at different stages of development from the male and female plants were 
collected and fixed in Formalin, Acetic acid and Alcohol (FAA) and processed for light 
microscopy (LM) and scanning electron microscopy (SEM). For LM, sections were taken 
using paraffin sectioning method and stained in aqueous 0.1% Toluidine blue (TBO).The 
stained materials were studied and photographed using a LEICA GFC 425 C image 
microscope. For SEM, buds were dissected under a stereomicroscope and dehydrated in an 
alcohol series. Material was dried with CO2 and coated with gold. Samples were studied with 
an So -2400 (Hitachi) SEM, and photographed using digital image scanning system. 
 

Results and conclusions 
 The mature flower of C. grandis was large, white and star-shaped with five green 
subulate calyx. The corolla is divided into five ovate lobes, white in colour and possessed 
numerous multi-cellular trichomes. Each male flower had three stamens with multi cellular 
trichomes and a thick filament (Fig 1.1), whereas in female flower, ovary is inferior with a 
single style and a trilobed stigma with numerous trichomes (Fig 1.2). 
 

Early Stages of Flower Development 
  The first sign of flower development observed in C. grandis was the formation of 
flower primordium and that was characterised by the bulging of the peripheral surface of the 
inflorescence meristem in a lateral direction (Fig 2.1, 2.2 and 3). No marked variations 
observed in the length and width of floral primordia in the male and female plants revealed 
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that the early stages of floral development are same in both the male and female plants. 
Similar type of floral primordia formation was reported in Arabidopsis thaliana, a typical 
eudicot plant (Hempel and Feldman 1995; Hepworth et al. 2006), in Calotropis procera (Ila 
Prakash and Singh 1993). 
  Appearance of the sepal ring primordium defines the beginning of the next stage. The 
central region of the floral meristem was still hemispherical in shape. Sepals arose to form a 
ring-shaped structure encircling the floral dome. From the dome shaped floral primordia five 
sepal primordia were formed in a normal spiral sequence (Fig 4). The sepal primordia was 
free at the beginning and slightly fused with each other at the base at later stages (Fig 5). This 
type of fusion was reported in Arabidopsis thaliana (Kwiatkowska 2006) and in Antirrhinum 
(Davies et al. 2006). 
   The initiation of petal primordia occurred subsequently and five petal primordia were 
formed inner to the sepal primordia. After the formation of petal primordia, the sepal 
primordia enlarged and fused so as to cover the entire petal primordia (Fig 6). This 
mechanism may be of help for the development of internal organs such as petals and stamens 
and to prevent them from external injuries. The next step was the elongation of the pedicel 
(Fig 6). Along with the growth of the pedicel, the petal primordia began to cover completely 
the internal organs (Fig 7). Numerous multicellular trichomes also covered the developing 
flower primordia (Fig 7).  After petal primordia reached their full growth, the sepal splited up 
and formed five completely free sepals (Fig 8). 
 

Late Stages of Flower Development 

  

Anther and pollen development 
   The later stages of floral morphogenesis in male flower of C. grandis begun when 
three stamen primordia had initiated internal to the petal primordia (Fig 9). Subsequently, the 
stamen primordia developed into microsporangia, which in turn developed into stamens. 
Firstly the microsporangia got separated from each other and formed the trilobbed stamen 
(Fig 10). Next step was the formation of filament, a tube of vascular tissue that anchors the 
stamen to the flower and serves as a conduit for water and nutrients (Fig 11). Filaments in C. 

grandis were short and thick. Each anther lob then folded together and formed the mature 
anther, which were thick and short (Fig 12). ). The folded anthers dehisced pollen grains on 
maturity by breaking each folded lobes. 
  According to McCormick (2004) microspores divide mitotically, and differentiate into 

multicellular male gametophytes, or pollen grains, that contain the sperm cells. In C. grandis, 

the pollen mother cells (PMCs) are developed from the microsporogenous mass (Fig 15) and 
each PMC undergo meiosis to form a tetrad of microspore, which later developed into mature 
pollen grains (Fig 16). 
   
Ovule development  
   In C. grandis, the ovary was long and inferior in position. Each ovary contained 
numerous ovules and most of them developed into seeds (Fig 17). The ovule development 
began at the end of pedicel formation. It was found that the stigma was trilobite and 
contained numerous trichomes which help to collect the pollen grains from pollinators on to 
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the stigma. A nectar gland present near to the stigmatic lobes aided to attract the pollinators 
(Fig 14). Based on present investigation, it was found that the developmental events during 
early stages of floral morphogenesis in both the sexes were almost identical i.e., formation of 
floral meristem, sepal, petal and pedicel development. The differences occured at  the later 
stages of development leads to dioecy of C.grandis.Previous reports suggested that the 
species have a strong heteromorphism of chromosomal sex determination (XY male, XX 
female) (Chakravorti 1948; Kumar and Vishveshwaraiah 1952)  supported that reproductive 
characters of the species may be regulated by genetic factors and these genetic and 
developmental mechanisms govern transitions to functional dioecy in the species because no 
remarkable variations were noticed during the early stages of development. 
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Abstract 

Antibacterial activity of pineapple and passion fruit juices against different pathogenic 
bacteria as compared to standard antibiotic penicillin was studied at the Pineapple Research 
Station (Kerala Agricultural University), Vazhakulam during 2014. The bacteria were 
relatively resistant to antibiotic but sensitive to fruit juices, especially yellow passion fruit 
juice. Pineapple and passion fruits are very common tropical fruits and easily cultivable. 
These fruits are promising not only as fresh fruit but also as herbal tonic. The study 
underlines the importance of promotion of regular consumption of fresh fruits like passion 
fruit and pineapple against the regular intake of antibiotics. Passion fruit, especially yellow 
type, contains lot of antioxidants thus improving body’s immunity, particularly against the 
new generation fevers and other diseases including cancer.   

Introduction 

Pineapple (Ananas comosus) and passion fruit (Passiflora edulis) are two tropical fruit crops 
which possess several therapeutic properties in addition to their nutritional benefits. 
Pineapple is a good source of vitamin B1, B6 and vitamin C (over 30%) (Nagaraj, 2013). 
Bromelain, a group of sulfur-containing proteolytic enzymes present in pineapple is well 
absorbed orally and it can be a good neutraceutical product (Bansode, 2013). Apart from 
bromelain, pineapple has peroxidase, acid phosphatase and several protease inhibitors. It 
helps in curing bronchitis, throat infections and gum diseases. Pineapple is effective in 
expelling intestinal worms. It flushes out toxins from the body. Passion fruit also has high 
amount of vitamin C along with other vitamins. It is a high acid fruit due to the predominance 
of two acids, citric and malic acids. In addition, passion fruit has certain active compounds 
like alkaloids, glycosides, flavonoids and carotenoids. They are proved to have analgesic, 
anti-anxiety, anti-inflammatory, antispasmodic, cough suppressant, aphrodisiac and diuretic 
activities. It is traditionally reported to have anticonvulsant, astringent, disinfectant and 
vermifuge activities (Joy, 2010). 
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Escherichia coli, Klebsiella, Pseudomonas and Staphylococcus aureus are the bacteria 
chosen for the study. They are mainly causal agents of food borne diseases (Riitta, 2008). 
Escherichia coli can also cause several intestinal and extra intestinal infections. 
Staphylococcus aureus can cause furuncles (boils) and carbuncles (a collection of furuncles). 
In infants, it can cause Staphylococcal Scalded Skin Syndrome (SSSS) (Sakala, 2013).  It 
also results in a common skin disease called Acne vulgaris which induces non-inflammatory 
and inflammatory skin lesions (Lilla, 2010). They are also a major cause for hospital-
acquired infections (Rivera, 2011). They are causative organisms for several endogenous 
diseases in case of weak immune system (Mária, 2012). 

Indiscriminate use of antibiotics resulted in many antibiotic resistant strains of the bacteria. 
These antibiotics produce several undesirable side effects and may cause the emergence of 
previously uncommon infections. This made the researchers to perceive for antibacterial 
substances available in nature (Smita, 2013). Fruit juices can inhibit those microbes due to 
presence of some active compounds produced during secondary metabolism of the plant 
(Neelanjana, 2013). Antimicrobial activity of passion fruit pulp extract against Streptococcus 

mutans was already studied (Smita, 2013). Pineapple leaves’ extract antibacterial activity 
against Pseudomonas and Staphylococcus aureus was also evaluated earlier (Padmanabha, 
2013). Antimicrobial analysis of pineapple fruit juice for the prevention of enteric bacterial 
infections was reported (Bansode, 2013). Antimicrobial response of different pineapple fruit 
varieties is a first time approach especially it can boost the consumption of Vazhakulam 
Pineapple (Mauritius). Also passion fruit is typically an unexplored tropical fruit. Pineapple 
and passion fruit are highly potential tropical fruit crops and hence they were chosen for the 
study.  Apart from their use in fruit processing industries both pineapple and passion fruit 
have promises in pharmaceutical industries. 

Materials and Methods 

Sample Collection 

Fresh pineapple and passion fruits were obtained from the field of Pineapple Research Station 
(Kerala Agricultural University), Vazhakulam. The pineapple varieties selected were 
Mauritius (Vazhakulam Pineapple), MD-2, MTS and Amrita. Among the passion fruit 
varieties, Yellow and Purple were opted. The fruits were thoroughly washed to remove dust 
and external contaminants and dried at room temperature.  

Bacteria and Culture 

Antibacterial activity tests were carried out against the bacteria; E.coli, Klebsiella, 

Pseudomonas (Gram negative) and S. aureus (Gram positive). They were obtained from the 
stock cultures of Department of Plant Pathology Laboratory, Pineapple Research Station 
(Kerala Agriculture University), Vazhakulam. They were subcultured on to Nutrient Agar 
and Mac Conkey Agar plates and kept at 37°C for 24 hours. They were confirmed by Gram 
staining, Motility, IMViC, Sugar Fermentation (Glucose, Sucrose, Lactose and Maltose), 
Oxidation-Fermentation, Urease, Nitrate, Mannitol Motility, Triple Sugar Agar, Oxidase, 
Catalase and Coagulase Tests for both Gram positive and Gram negative bacteria. The 
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cultures from solid media were further inoculated to peptone broth, incubated for 24 hours at 
37°C and used as the inoculum for the determination of antibacterial activity. 

Determination of Antibacterial Activity 

Agar well diffusion method was employed for the determination of antibacterial activity. The 
bacterial suspension was spread onto the surface of Nutrient Agar plate from peptone broth. 
Wells (6 mm in diameter) were cut from the agar with gel puncher. The fruits were surface 
sterilized with 70% alcohol. A small incision was made on the fruit surface and squeezed to 
get the juice. 100 µl of juice samples were delivered into the wells using micropipette. 
Control plates were also maintained. The inoculated plates were incubated at 37°C for 24 
hours. The antimicrobial activity was evaluated by measuring the diameter of zone of 
inhibition of the test bacteria. All tests were performed in triplicates. Antibiotic sensitivity 
test was also performed for a standard antibiotic, Penicillin (10 µg). The zone obtained was 
compared with the test samples. 

Statistical Analysis 

Analysis of variance (ANOVA) was conducted following Gomez and Gomez (1984) with 
mean separation. Each value is the mean of three replications.  

Results and Discussion 

 
All the fruit juices showed antibacterial activity against E. coli, Klebsiella, Pseudomonas and 
S. aureus. The presence of antibacterial substances like malic acid, citric acid and 
antioxidants complemented the effect. The maximum zone was obtained for passion fruit 
against Pseudomonas (13.17 mm) followed by S. aureus (13.00 mm). The zone of inhibition 
was 6.00 mm for S. aureus in case of Pineapple which was its maximum. Both pineapple and 
passion fruit varieties produced the lowest zone of inhibition for E.coli, 1.67 mm and 8.83 
mm, respectively. All the bacteria were found to be resistant to the antibiotic penicillin (Table 
1, Fig. 1) 
 
 
 
 
 
Inhibitant  E. coli Klebsiella Pseudomonas S. aureus 

Pineapple 01.67 04.50 03.83 06.00 

Passion Fruit 08.83 12.33 13.17 13.00 

Penicillin 12.00 01.00 04.00 10.00 
 
 
 

Table 1. Zone of inhibition of different bacteria with fruit juices as 

against penicillin (mm) 
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Inhibition zone for E. coli, against Yellow passion fruit was 11.00 mm which was superior to 
others and statistically different from each other. Purple showed a zone of 6.67 mm diameter. 
The lowest reported zone was 0.00 mm with Amrita. Among the pineapple varieties MD-2 
produced the highest, 3.67 mm followed by MTS (2.00 mm) and Mauritius (1.00 mm). In 
case of Klebsiella, Yellow passion fruit obtained a zone of inhibition, 15.33 mm which was 
superior to others and statistically different from each other. Purple passion fruit obtained a 
zone of 9.33 mm. Within the pineapple varieties Mauritius produced a maximum of 6.00 mm 
followed by Amrita (5.67 mm) and MTS (3.33 mm). MD-2 (3.00 mm) showed the lowest 
inhibition zone. In case of Pseudomonas, Yellow passion fruit obtained a zone of inhibition, 
15.67 mm which was superior to others and statistically different from each other. Purple 
passion fruit obtained a zone of 10.67 mm. Within the pineapple varieties, Amrita produced a 
maximum of 6.67 mm followed by Mauritius (4.33 mm) and MD-2 (3.67 mm). MTS (1.00 
mm) recorded the lowest inhibition zone. In case of S. aureus, Yellow passion fruit obtained 
a zone of inhibition, 15.33mm which was superior to others and statistically different from 
each other. Purple passion fruit obtained a zone of 10.67 mm. Within the pineapple varieties 
Mauritius produced a maximum of 8.67 mm followed by Amrita (8.00 mm) and MTS (4.00 
mm). MD-2 (3.33 mm) recorded the lowest inhibition zone (Table 2; Fig. 2, 3). 
 

Table 2. Effect of Pineapple and Passion fruit varieties on the zone of inhibition of 

different bacteria (mm) 

Varieties E. coli Klebsiella Pseudomonas S. aureus 

PIN
EAP
PLE 

Mauritius 01.00 06.00 04.33 08.67 

MD-2 03.67 03.00 03.67 03.33 

MTS 02.00 03.33 01.00 04.00 

Amrita 00.00 05.67 06.33 08.00 

PAS
SIO
N  

FRU
IT 

Yellow 11.00 15.33 15.67 15.33 

Purple 06.67 09.33 10.67 10.67 
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 Grand 
Mean 04.06 07.11 06.94 08.33 

SEM 0.521 0.828 0.506 0.591 

CD 1.956 2.608 1.908 2.178 

CV% 26.506 20.162 14.983 14.367 

 

  

 
The most effective concentration of passion fruit pulp against Streptococcus mutans was 
reported by (Smitha, 2013). Also antimicrobial activity of passion fruit peel against 
Pseudomonas, S. aureus and E. coli was studied by Suhaila (1994). The study of 
antimicrobial activity of passion fruit juice at its 100% concentration was a new approach in 
this regard. Pineapple varieties like Mauritius (Vazhakulam Pineapple) and Amrita were 
found to be promising types in regard of antibacterial activity. Among the passion fruit 
varieties, Yellow passion fruit showed maximum antibacterial activity. As a whole, the 
antibacterial activity of passion fruit was found to be ahead of pineapple. 
 
Conclusion 

The present study focused on the effectiveness of pineapple and passion fruit juices against 
different pathogenic bacteria when compared to antibiotic penicillin. The bacteria used were 
found to be resistant to antibiotic but sensitive to fruit juices. Pineapple and passion fruits are 
greatly distributed tropical fruits with low chemical debris. These fruits are promising not 
only as fresh fruit but also as herbal tonic. The study underlines the importance of promotion 
of regular consumption of fresh fruits like passion fruit and pineapple against the regular 
intake of antibiotics.    
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CHARACTERIZATION OF CORIANDER (CORIANDRUMSATIVUM L.) 
GENOTYPES USING SEED IMAGE ANALYSIS SYSTEM 
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ABSTRACT 

 The seed spices constitute an important group of agricultural commodities and play a 
significant role in our national economy. among the seed spices, coriander is the most 
important economic spice crop with multipurpose utility. Coriander (CoriandrumsativumL.) 
is an annual herb in the family apiaceae (Umbelliferae). It is one of the earliest spices used by 
mankind. Its rapid life cycle allows it to fit into different growing seasons, making it possible 
to grow the crop under a wide range of conditions. The coriander plant yields both the fresh 
herb and spice seed, which are used primarily for culinary purposes. Variety identification is 
important for plant breeders and geneticists. Evaluation of the genotypes is the basic 
approach to detect the possible genetic variation among them. The ability to identify and 
distinguish between varieties is a fundamental component in seed quality programmes. This 
also benefits the seed production and certification authorities as well as the farmers in 
ensuring supply of genetically pure seeds. The extent of genetic diversity has been estimated 
based on morphological characters over the years. The true seeds of a variety are 
characterized by specific traits such as the length and width, shape, size, colour and aroma. 
Visual assessments are simple, but they can be highly subjective. automatic systems can be 
based on seed images, from which the characteristics for the classification, such as size, 
shape, colour and texture, can be obtained quickly. The genetically pure (breeder) seeds of ten 
cultivars of coriander viz., Co1, Co2, Co3, Co 4, CS 63, CS 73, CS 107, CS 108, CS 116 and 
CS 220 were identified for their characteristic features in seed morphology. The seeds of 
above mentioned cultivars of coriander were subjected to image analysis technique, with 20 
seeds of each cultivar. The characterization of coriander genotypes in the present study 
revealed the potency of image analysis in discriminating the coriander genotypes through 
seed morphology. Image analysis was carried out using Leica Qwin Image analysis system. 
The entire images and their data were saved in the document file and interpreted data results 
and images were reported. The data gathered was subjected to cluster analysis using 
nTSYSPC version 2.02. The 10 coriander genotypes formed 4 clusters at 3.76 similarity 
level. among the genotypes, CS 116 and CS 73 recorded highest dissimilarity index of 9.64 
and are highly dissimilar. The genotypes CS 108 and CS 107 recorded lowest dissimilarity 
index of 2.28 and are closely related. 
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Introduction 

 Historically, India has always been recognised as a land of spices. The states, Rajasthan 
and Gujarat have emerged as “Seed Spices Bowl” and together contribute more than 80 per 
cent of the total seed spices produced in the country. Among the seed spices, coriander is the 
most important economic spice crop with multipurpose utility.  The fresh green herb is called 
cilantro, or Chinese parsley. It is used in southeast and southern Asian, Chinese and Mexican 
cuisine, and for flavouring salads and soups. The fruits (seeds) are widely used as condiments 
with or without roasting in the preparation of curry powders, sausages and seasonings. It is an 
important ingredient in the manufacture of food flavourings, in bakery products, meat 
products, soda and syrups, puddings, candy preserves and liquors. Coriander is also known to 
have medicinal values and thus used as carminative, diuretic, aphrodisiac and in stomach 
disorders. The spice is also employed for the preparation of either the steam-distilled essential 
oil or the solvent-extracted oleoresin. Both products are used in the flavouring and aroma 
industries. 

Varietal purity of any crop is the genetic purity and it can be described by the 
physical, chemical and crop attributes. An objective method will help in reducing the 
subjective nature of this visual assessment. Digital image analysis offers an objective and 
quantitative method for estimation of morphological parameters. This process uses digital 
images to measure the size of individual grains and mathematically extract features and shape 
related information from the images. Colour, shape and size of whole seeds and their spots of 
some Italian landraces of bean (Phaseolus vulgaris L.) were measured using a specifically 
developed macro, based on image analysis library KS-400 V 3.0. Statistical classifier to 
identify the cultivars was obtained using the image analysis data elaborated with the Linear 
Discriminant Analysis algorithm (Venora et al., 2009). One of the most contributions in 
varietal identification is the identification of Fabaceae family through image analysis system. 
Information on varietal difference based on seed morphological characters is scanty in 
coriander. Therefore, an attempt was made to to identify the varietal differences through seed 
morpholgical characteristics.   
Materials and methods 

The genetically pure (breeder) seeds of ten cultivars of coriander viz., CO1, CO2, 
CO3, CO 4, CS 63, CS 73, CS 107, CS 108, CS 116 and CS 220 were identified for their 
characteristic features in seed morphology. The seeds of above mentioned cultivars of 
coriander were subjected to image analysis technique, with 20 seeds of each cultivar. Image 
analysis was carried out using Leica QWin Image analysis system. It uses the Microsoft® 
Windows™ operating environment. It is a modular image processing and analysis software 
package, with versatile architecture, designed to solve demanding quantitative analysis tasks. 

Calibration 

The lens settings of the camera will change according to the size of the sample, 
therefore the calibration will have to be done every time whenever there is a change in the 
lens settings. Stored images need a reference within the image for measurement. For 
calibration, the configure menu was selected and clicked on calibration. From the unit list, 
appropriate unit is selected. 
Image Processing 

Depending on the quality of the image, can now either ‘improve’ the quality of the 
picture or go straight to the detection of features in image. With this process the image will be 
converted into a binary image. The binary menu has seven commands to process the binary 
image. The processing may be used to remove unwanted detail or to automatically separate 
touching features. 
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Data measurement 

 By logging the data, clicks in the measurement bottom, the entire data were extracted 
by every time clicking entire objects. Detect the features that are need to measure. Data were 
viewed from the review and mean data for the each parameter were summed up for average 
value. The entire images and their data were saved in the document file and interpreted data 
results and images were reported. The parameters studied are as follows. 

Roundness: A measure of the shape of the feature perimeter2 x 1000 / (4 x p x area) 

Aspect Ratio: Maximum feret /Minimum feret or Length / Breadth 

Fullness ratio: Square root of (Area / Convex area) 

Convex Perimeter (cm): Circumscribed perimeter, approximately 2 x tan (p / 16) x sum of 

feret lengths 

Convex Area (cm
2
): Calculated from the geometric mean of feret lengths 

Equivalent Circle Diameter (cm): Diameter derived from area measurement 

Cluster analysis 

 The data gathered was subjected to cluster analysis. Sequential Agglomerative 
Hierarchical Non-Overlapping (SAHN) clustering method was performed on Squared 

Euclidean Distance utilizing the Unweighted Pair Group Method with Arithmetic Average 
(UPGMA). Data analysis was done using NTSYSPC version 2.02 (Rohlf, 1994) 

Results and conclusions 

Genotypes Roundness AspectRatio FullRatio ConvxPerim 

(cm) 

ConvexArea 

(cm
2
) 

EquivDiam 

(cm) 

CO 1 1.347 1.519 0.948 1.384 0.149 0.413 
CO 2 1.358 1.561 0.946 1.451 0.163 0.431 
CO 3 1.423 1.527 0.951 1.479 0.170 0.442 
CO 4 1.325 1.553 0.947 1.561 0.190 0.465 
CS 63 1.260 1.558 0.949 1.448 0.163 0.431 
CS 73 1.295 1.490 0.952 1.343 0.141 0.403 
CS 107 1.365 1.543 0.944 1.440 0.162 0.427 
CS 108 1.353 1.625 0.939 1.499 0.174 0.441 
CS 116 1.541 1.194 0.901 1.154 0.139 0.466 
CS 220 1.307 1.493 0.950 1.358 0.144 0.406 

Genotypes Roundness AspectRatio FullRatio ConvxPerim 

(cm) 

ConvexArea 

(cm
2
) 

EquivDiam 

(cm) 

CO 1 1.347 1.519 0.948 1.384 0.149 0.413 
CO 2 1.358 1.561 0.946 1.451 0.163 0.431 
CO 3 1.423 1.527 0.951 1.479 0.170 0.442 
CO 4 1.325 1.553 0.947 1.561 0.190 0.465 
CS 63 1.260 1.558 0.949 1.448 0.163 0.431 
CS 73 1.295 1.490 0.952 1.343 0.141 0.403 
CS 107 1.365 1.543 0.944 1.440 0.162 0.427 
CS 108 1.353 1.625 0.939 1.499 0.174 0.441 
CS 116 1.541 1.194 0.901 1.154 0.139 0.466 
CS 220 1.307 1.493 0.950 1.358 0.144 0.406 
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The 10 genotypes of coriander were studied for their characteristic features of seed 
morphology (Table 1) using image analyser. Mean variates of present study included the seed 
geometric features such as roundness, aspect ratio, fullness ratio, convex perimeter, convex 
area and equivalent circle diameter. 

Table 1. Mean values of seed morphological characters of ten coriander genotypes using 

image analysis system 

      Sequential Agglomerative Hierarchical Non-Overlapping (SAHN) clustering method was 
performed on the Euclidean distance matrix and the resulting dendrogram is presented in 
Fig.1.  The 10 coriander genotypes formed 4 clusters at 3.76 similarity level. Cluster analysis 
on seed morphological data revealed that the 10 coriander genotypes can be grouped in to 
four clusters. Cluster I was further sub-clustered into 2 clusters. The genotype CO1 was 
grouped in first sub-cluster. The second sub cluster had two genotypes (CS73 and CS220) 
having close characteristics. Cluster II was further sub-clustered into 2 clusters. The 
genotypes CO2 and CO3 formed first sub-cluster whereas CS63, CS107 and CS108 formed 
second sub cluster in which CS107 and CS108 were closely related. The genotypes grouped 
under each cluster are closely related and those in different cluster are dissimilar with respect 
to their seed morphology. 

Among the genotypes, CS 116 and CS 73 recorded highest dissimilarity index of 9.64 
and are highly dissimilar (Table 2). The genotypes CS 108 and CS 107 recorded lowest 
dissimilarity index of 2.28 and are closely related. The morphological dendrogram generated 
from genetic distance matrix has provided an overall pattern of variation as well as the degree 
of relatedness among genotypes. Quantitative description of seed differences helped more 
detailed grouping as reported by Sako et al. (2001) in Ambrosia trifida L. germplasm. 
Shouche et al. (2001) in Indian wheat, Thangavel (2003) in sorghum, Nguyen Thai Thinh 
(2006) in sunflower, Sumathi (2007) in oats and Ameena (2009) in cotton revealed the use of 
seed characters for identification of cultivars. 

In the current study, some of the genotypes, which are having common genetic 
background such as CS 107 and CS 116, were not grouped in one cluster. This may be due to 
genetic makeup of a variety, environment and field management practices that influences the 
morphology of a crop. This is in agreement with Singh et al. (2005) grouping pattern which 
did not show relationships between genetic divergence and geographical diversity. Likewise, 
Sirohi and Dar (2009) reported that changing of genetic material, genetic drift, natural 
variation and artificial selection other than ecological and geographical diversifications are 
the causes of genetic divergence. Therefore, intensive collection focusing on the desired traits 
will benefit breeders by large for effective improvement in coriander. 
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Fig. 1. Dendrogram of coriander genotypes based on image analysis 
Table  2. Dissimilarity index of coriander genotypes based on image analysis 

 CO1 CO2 CO3 CO4 CS63 CS73 CS107 CS108 CS116 CS220 

CO1 0.000          

CO2 3.205 0.000         

CO3 4.227 2.535 0.000        

CO4 7.457 4.419 4.388 0.000       

CS63 4.166 3.453 5.268 6.017 0.000      

CS73 3.911 4.660 6.852 8.297 3.692 0.000     

CS107 2.506 2.417 3.429 5.972 2.619 4.412 0.000    

CS108 4.407 3.749 3.839 5.854 3.551 6.409 2.289 0.000   

CS116 8.694 7.586 7.391 8.037 8.803 9.643 7.946 8.444 0.000  

CS220 3.086 3.483 5.580 7.307 4.257 2.218 4.171 6.250 8.995 0.000 
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ABSTRACT 
 Water hyacinth(Eichhornia crassipes) is an aquatic weed that create potential threat to 
our water bodies. They grow and multiply rapidly and hence the total elimination of this 
weed is almost impossible. Though growing population demands for high food production 
pressure on land due to fragmented holdings of kerala limits horizontal expansion. Therefore 
development of alternate farming strategies is of utmost importance. In this context 
utilization of weeds for productive purposes can be thought of utilizing the buoyant nature of 
water hyacinth due to abundant arenchyma in its petioles and developing a strategy based on 
Rad cultivation of Srinagar. Moreover, vegetable cultivation demands open sunlight for better 
production and colour development of red amaranthus. a study is undertaken at RaRS, 
kumarakom, kerala agricultural University on open water culture of red amaranthus variety 
arun by utilizing weed beds as floating rafts and medium for vegetable farming. Indigenous 
method of using bamboo poles and live water hyacinth layers with coir pith compost as 
growing media for open water culture of redamaranthus was found to be comparable with the 
potential yield of the variety. 
 

Introduction 
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 Water hyacinth(Eichhornia crassipes) is an aquatic weed that create potential threat 
to our water bodies. These weeds grow rapidly and normally multiply within 13 days and 
hence can cover an area of one hectare within 9 months. Under favorable conditions a growth 
rate as high as 17.5 metric tons of wet water hyacinth per hectare per day has been reported.  
Because of this aspect total elimination of the weed is almost impossible, but the adverse 
impact of the weed menace can be eliminated by reducing the density of weeds. This weed is 
perennial, primarily free floating, but amphibious upon recession of flood. Plant consists of 
floating rosettes of leaves with inflated bladder like petioles. The plant achieves buoyancy by 
abundant arenchyma in petioles, which are either swollen, bulbous or cylindrical 
(FIRMA,2009). 
 Agriculture in Kerala is dominated by small and marginal farmers. The average size 
of land holding is around 0.27 ha. More and more agricultural lands are converted due to 
population pressure. To feed the growing population we need to produce more. Land being a 
limiting resource horizontal expansion is beyond question. Agricultural technologies need to 
be developed to sustain agricultural production adapting to these special situations . 
Floating gardens, labelled the 'Rad' in the Kashmiri language are a special feature of Dal lake. 
 In Dal lakes of Kashmir, vegetables are cultivated in floating bases made up of roots of 
Typha grass growing wild in the lakes (Gopalakrishnan,2007). Given its rich nutrient 
properties, tomatoes, cucumbers and melons are grown with noteworthy results. 
Considering the above facts a study is undertaken at RARS, Kumarakom, Kerala Agricultural 
University on open water culture of seasonal vegetables by utilizing weed beds of water 
hyacinth as floating rafts and medium for vegetable farming. Here we have studied the 
possibility of growing amaranthus (Arun red variety) which is a short duration crop. Red 
Amaranthus require bright sunlight for color development. 
 

Materials and methods 
 The experiment was carried out in the ponds of Block VIII of farm, RARS 
Kumarakom. The pond was of the size 32.5 m x 11 m and it was filled with the weed. 

     Crop 
 

  Hyacinth piled 

Experiment I 
 The rafts were made of size 5m x 1.25 m with pipe frame and shade net underneath to 
hold the weed. Water hyacinth was piled up on the raft to have a height of  60 cm and a thin 
layer of coir pith compost and vermi compost of height 10 cm were spread on the top to hold 
the amaranthus seedlings at a spacing of 15 cm as treatments to standardize the media. The 
experiment was replicated five times and observations made. 
Coir Pith Compost/ Decomposed 

 

Experiment II 
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Preparation of indigenous floating garden 
 Bamboo poles, immersed vertically into mud at the bottom of the water body along 
the borders of the weed bed, are used to fix it in position to avoid damage due to wave action 
or drifting and define the area of the required bed. The average dimensions of the freshly 
prepared platforms were 5.7 m (L) x 1.8 m ( B ) x 0.7 m (H). Within this area dense water 
hyacinth is allowed to stand on and more water hyacinth is piled up to make it compact. Red 
Amaranthus var. Arun is transplanted on a thin layer of coir pith compost over the bed. The 
seedlings were spaced closely at a distance of five centimeter since open water culture 
permits to trap maximum solar radiation. 

             Fig.1.Cross Section of Weed Bed with Crop 

 

Agro techniques for the floating garden 
 The plants were given foliar application of 19:19:19 @ 1 % and supernatant filtered 
cow dung slurry at alternating weekly intervals to meet the nutrient requirement. The crop 
was harvested in 60 days. 

Fig.2.Superior View of Weed Bed with Surrounding Bamboo 
 

Result and discussion 

 

Experiment I 
 Perusal of the data (Table.1) indicated that coir pith compost is a good medium to be 
combined with water hyacinth to grow Amaranthus than vermi compost in open water 
culture. This may be due to the heavy incidence of weeds noticed in vermi compost beds 
during the experiment. The yield obtained with coir pith compost and vermi compost were 
10.16 tha-1 and 7.14 tha-1 against potential yield of 20 tha-1 for Amaranthus var Arun ( 
Gopalakrishnan and Indira,2001). 

Table.1.Comparison of growth and yield of Amaranthus var. Arun in different growing  

media under open water culture in rafts 
 One major disadvantage observed with pipe frame rafts was that the adhesive used for 
fixing the frames dissolve in water over time leading to its collapse and sinking. Besides this 
the fabrication of frame is expensive. Hence an indigenous method was tried with bamboo 

Treatments 
Height of the 

plant at harvest 
Average weight 

per plant 
Yield per bed 

in kg 
Yield per 40 
sq.m in kg 

Water hyacinth + 
Coir pith compost 

52.0 cm 250 g 6.35 40.64 

Water hyacinth + 
Vermi compost 

53.6 cm 190 g 4.46 28.54 
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poles without raft in live water hyacinth platforms as second experiment which turned to be 
more viable and profitable. 
For preparing such a platform weeds were collected from seven times the area of the bed so 
that we can get a height of 0.70 m above the water surface. Duration or stability of the 
floating bed depends on density of the first layer, which remains at the bottom. The length 
and width of the bed can vary depending on the availability of weeds ,open area and farmer 
needs . Though the bed has no definite size, small sized bed is easier to manage and better for 
crop production. The thickness depends on the duration of crop as it needs to float for the 
whole time. The beds can be recycled as organic fertilizer in the newly prepared floating bed 
which is economical as well as environment friendly.  In this system an yield of 17.35 tha-1 

has been recorded (Table.2). No pest and disease incidence is recorded. 

Table.2.Growth and yield of Amaranthus var. Arun under open water culture in Water 

hyacinth platforms 

 

Conclusion 
 Floating cultivation can help to reduce the pressure on arable lands by turning the 
flooded and waterlogged areas into productive ones. Since floating beds are mostly made of 
water hyacinth, a very invasive weed , these beds help to provide a means of using the weed 
in a beneficial way. The waterways are kept clear thereby improving free water movement, 
navigation and  facilitates open-water fishing. Floating bed cultivation on permanent water 
bodies can be continued round the year. By cultivating various crops, it is possible for people 
to meet their household food requirements and earn an additional income. To conclude the 
novel concept of utilizing water hyacinth for open water vegetable farming in wetlands and 
waterways by managing natural resources can provide ecological balance, food safety and 
nutritional security. This technique can improve the livelihoods of those landless farmers 
living adjacent to water bodies by attaining self sustainability in food production thus 
promoting the concept of family farming. 
 

References 
 
FIRMA(2009) Project proposal for the eradication and utilization of water hyacinth .Kuttanad 
 Package.(www.kuttanadpackage.in) 
 
Gopalakrishnan,T.R.(2007).Vegetable Crops (ed.K.V.Peter) ,New India Publishing Agency, 
 New Delhi pp.58 
 
Gopalakrishnan,T.R. and Indira,P.(2001).Vegetable varieties released from KAU, Kerala 
 Agricultural University, Mannuthy  p.22        
 

01-14 
 

Treatments Height of the plant 
at harvest 

 

Average weight 
per plant 

Yield per bed 
in kg 

Yield per 40 
m2 

 in kg 
Water hyacinth + 
Coir pith 
compost 

50 - 60 cm 200 g 17.8 69.40 
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ABSTRACT 

 The growing public awareness of nutrition and health care research substantiates the 
potential of nutritionally rich food products.The rice flours and starches are important 
ingredients in both traditional and novel foods across the world and unripe banana flour could 
be a source of antioxidant polyphenols. The objective of this study was to standardize the 
drying protocol for banana flour preparation and to develop banana flour based ethnic health 
mix with optimum proportion of ‘njavara’ rice flour. The effects of different temperature-
treatment combination on drying of banana were studied. drying at 50°C, 60°C and 70°C 
(without any treatment, with citric acid alone and also with citric acid and blanching process) 
were done. The banana flour used for the ethnic mixture was prepared by drying banana 
slices at 70°C for 24 h, which was pre-treated with 0.5% citric acid treatment for 10 min, in a 
convective dryer. This treatment was standardized as the best method based on the results of 
the quality parameters like water activity, colour, titrable acidity, pH, TSS, ascorbic acid, 
microbial contamination and the time taken to complete the drying process. further shelf life 
was conducted using the formulations consisting of 100% banana flour (as control) and 
mixtures of banana: ‘njavara’ rice flour of 80:20, 70:30, 60:40, 50:50, 40:60, 30:70 and 
20:80. The storage stability and sensory analysis of the various mixed proportions of banana 
and ‘njavara’ rice flour was analyzed by determining the pH, titratable acidity, TSS (Total 
soluble solids), Vitamin C and water activity. The results showed that the ratio of banana and 
‘njavara’ rice flour at 40:60 was the best proportion for extending the shelf life of the product 
mixture without affecting the quality parameters under 400 gauge LdPE bags at ambient 
storage conditions. The sensory analysis after a storage period of 150 days revealed that the 
treatment 40:60 (banana: ‘njavara’ rice flour) proportion was effective to feed children as 
health mix drink. 

 Introduction 
Banana (Musa paradisiacal), widely produced in several south Asian countries, are a 

source of carbohydrates and nutritionally interesting bioactive compounds like potassium, 
calcium, antioxidants and other micro nutrients. Banana flour is a starchy food that contains a 
high proportion of undigestible compounds such as resistant starch (RS 17.5%), and non-
starch polysaccharides, included in the dietary fibre content (DF, 14.5%) (García et al. 2006). 
In many places there is significant loss of the food value of banana due to improper post-
harvest management practices that causes huge economic loss. New economic strategies are 
considered for banana as a food ingredient. Banana flour is a powder made from processed 
bananas. The plantain flour has a good potential for use as a functional agent in bakery 
products on account of its high water absorption capacity. Banana flour contains high per cent 
of starch hence it is used for the formulation of nutritious weaning mixes and supplementary 
foods. 

Rice is likely the most familiar of the gluten-free grains, however most people use 
white rice. The rice flours and starches are important ingredients in both traditional and novel 
foods prepared across the world (Villareal et al. 1993). ‘Njavara’, the rice variety, which is an 
ingredient of several ayurvedic formulations, has varied medicinal applications, especially in 
the treatment of polio, rheumatism, diabetes, snake bite and even as an aphrodisiac. It is 

76

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



considered as gold among paddy varieties, has also anti-cancer properties. ‘Njavara’ rice 
powder cooked with jaggery and milk is found to be a nourishing food for babies. The 
selection of proper food processing technique and flour composition plays a significant role 
in increasing the shelf life of the commodity while maintaining its nutritional aspects.  In this 
paper, the quality and shelf life study of the banana- ‘Njavara’ flour is investigated. 

2. Materials and methods 

2.1. Standardization of drying temperature and treatment 

Matured green ‘Nendran’ banana were collected from KCAET farm and ‘Njavara’ rice 
flour procured from the local market. The bananas were washed and peeled off and sliced 
into uniform size thickness (2mm) using a stainless steel banana slicer developed at KCAET 
Tavanur. To reduce enzymatic browning, samples were dipped in 0.5% citric acid solution for 
10 min before further investigations as per Saifullah et al. (2009). 

A cabinet convective dryer was used for drying of banana. About 500 g of the sliced 
banana samples were taken in the tray and drying was carried out at different temperature-
treatment combinations up to 4% moisture content (w.b) of the sample. The drying curves 
(time Vs moisture content, w.b) were plotted for each treatment to study the drying kinetics of 
the samples. The drying was carried out at 50°C- without any pretreatment (T1), 50°C with 
0.5% citric acid (CA) treatment for 10 min (T2), 50°C followed by 0.5% CA and 10 min 
blanching at 100°C(T3), 60°C- without any pretreatment (T4), 60°C with 0.5% CA treatment 
for 10 min (T5), 60°C followed by 0.5% CA and 10 min blanching at100°C (T6), 70°C- 
without any pretreatment (T7), 70°C with 0.5% CA for 10 min (T8), and 70°C followed by 
0.5% CA and 10 min blanching at 100°C (T9). 

 The dried samples were cooled immediately after respective treatments and are stored 
after grinding. The stored samples were subjected to further analysis for selection of the most 
appropriate temperature-treatment combination. This treatment was standardized based on the 
quality analysis like water activity (using an Aqua lab water activity meter -Chirife and 
Buera, 1995), colour (using a Hunter lab colour meter), titrable acidity (using titration 
Ranganna, 1986), pH (using a digital pH meter), TSS (using a hand refractometer- Ranganna, 
1995), ascorbic acid (determined by dye method -Sadasivam and Manickam 1992), microbial 
contamination and the time taken to complete the drying process. The best treatment was 
selected for the preparation of ethnic mix with ‘Njavara’ rice flour 

2.2. Standardization of fortified banana flour and shelf life studies 

For preparing fortified banana flour, prepared banana flour was mixed with different 
proportions of ‘Njavara’ rice flour, formulating seven combinations as represented by control- 
100% banana flour, B80:R20 - 80% banana and 20% rice flour (T1); B70:R30 (T2); B60:R40 
(T3); B50:R50 (T4); B40:R60 (T5); B30:R70 (T6); and B20:R80 (T7).  All the combinations 
were subjected to shelf life studies and quality analysis was performed at regular interval of 
one month, for selection of the optimum combination.  These combinations were stored in 
400 gauge LDPE bags and stored samples were subjected to quality analysis for selection of 
the most appropriate banana flour- rice flour combination. This was done based on the quality 
analysis like water activity, titrable acidity, pH, TSS, ascorbic acid and sensory analysis using 
standard methodologies as mentioned under 2.1 session. 
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3. Results and conclusion 
3.1 Drying kinetics 

From the following figures, it was observed that during the initial period of drying in all 
treatments there is a sudden decline in moisture content. This was due to the evaporation of 

moisture from the surface. 
After that there was a decrease 
in drying rate. This was due to 
the time taken for diffusion of 
moisture from the interior to 
the surface. Fig. 1 Drying 
kinetics at 50°C, 60°C and 
70°CBy comparing the drying 
temperatures, it was observed 
that drying at 50°C take longer 
time (48 h) to dry the banana 
but drying at 70°C take only 24 
h; due to the fact that during 

pretreatments (soaking in citric acid, blanching) the banana slices will absorb some amount of 
water and thereby increases the drying time. Marilyn and Maguire (1995) observed the 
similar results in drying of fruits. 

Microbial contamination was found in samples dried at 50°C and 60°C but no 
microbial contamination was there in 70°C dried samples. 

3.2. Changes in quality parameters of 

the banana flour 
 The variations in water 

activity for different treatments are 
shown in Fig. 2. Food stability usually 
decreases with increase in water 
activity.    

 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Variation in water activity for different treatments 

From the figure it is evident that the water activity is maximum (0.8) for T3 treatment 
(drying at 50°C followed by 0.5% citric acid for 10 min and 10 min blanching at 100°C) and 
minimum (0.51) for T8 treatment and is well below the standard deviation (drying at 70°C 
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followed by 0.5% citric acid for 10 min). The permissible water activity level for banana 
flour is less than 0.67 (Mossel et al., 1995). In general the water activity of banana flour 
produced at 60 and 70oC were within the permissible limit.      

  It was observed that the concentration of ascorbic acid decreases with increase in 
temperature. Ascorbic acid content is more (2.55 mg/100g) in T2 treatment (drying at 50°C 
followed by 0.5% citric acid for 10 min).  Addition of citric acid decreased the enzyme 
activity thereby reducing the ascorbic acid degradation (Ryley and Zajda, 1994). Vitamin C 
degradation was high (1.22 mg/100g)  in T9 treatment (drying at 70°C followed by 0.5% 
citric acid for 10 min and 10 min blanching at 100°C). The destruction of ascorbic acid 
oxidase and ascorbic acid during blanching of banana increases with increase in temperature 
(Dhopeshwerkar and Magar, 1952). 

The hunter colorimeter colour values (Fig. 3) showed that T1 and T8 treatments 

retained the colour than other treatments. The average CIE colour values viz., ‘L’, ‘a’, and 
‘b’ of the raw sample were 59.00, -
4.61, 15.47 respectively. From the 
figure 4.6 it is clear that the ‘a’ value 
for T8 treatment (drying at 70°C 
followed by 0.5% citric acid for 10 
min) is less than that of T7 (drying at 
70°C). Decrease in ‘a’ value meant a 
gain in greenness. The gain in green 
colour was because of the citric acid 
pretreatment, which lowered the pH 
of the sample and prevented the 
change of fresh green colour of 

chlorophyll into pheophytin which is unattractive brownish green (NIIR Board, 2003).  Fig.3 
Variation in colour for different treatments 

3.3. Standardization of drying process 

 Drying of banana was carried out at different temperature-treatment combinations. 
Drying at 70°C followed by 0.5% citric acid treatment for 10 min (T8), in 24h, was 
standardized based on the results of the quality parameters like water activity, colour, titrable 
acidity, TSS and ascorbic acid. Microbial contamination was found in samples dried at 50°C 
and 60°C but no microbial contamination was observed in samples dried at 70°C. Water 
activity was less (0.51) and ‘L’ value (Lightness) was greater for T8 treatments.  Vitamin C 
retention of these samples were more compared with other samples and observed that 
addition of citric acid decreased the enzyme activity and thereby reducing the degradation of 
ascorbic acid. During blanching the destruction of ascorbic acid was high due to thermal 
degradation/oxidation process.  Considering the above results, drying temperature of 70°C 
followed by 0.5% citric acid pretreatment for 24h, was selected for the preparation of banana 
flour . 

3.4 Shelf life study of fortified banana flour 
 The TSS concentration and pH increased with storage. The increase in TSS and pH 
during storage may be due to acid hydrolysis of polysaccharides especially gums and pectin 
(Luh and Woodruff, 1975). At the end of storage, banana and rice flour mixture ratio 20:80 
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(20% banana and 80% rice flour) the highest (6.9°Brix) TSS was noted. The increase in rice 
flour content in this sample may be due to presence of high percent of rice flour which is rich 
in polysaccharides. The lowest of 5.3°Brix was observed for control sample (100% banana 
flour). It was also noted that the treatment combination ‘40:60’ of banana and rice flour 
showed less variation during shelf life studies compared to the other ratio of combinations. 

 The titrable acidity of banana flour decreased with storage. Titrable acidity of different 
combination of banana flour significantly decreased compared to initial values. This decrease 
may be due to the acid hydrolysis of polysaccharides (Luh and Woodrff, 1975). However at 
the end of 150th day of storage period, the treatment 80:20 combinations (80% of banana 
flour and 20% rice flour) was observed with high (0.275%) titrable acidity was observed. 
This could be due to the reduction in organic acid, owing to low percentage of banana in the 
mix.  It was observed that the concentration of ascorbic acid had a decreasing trend with 
storage irrespective of treatment of banana flour. Izumi et al., (1984) had also reported similar 
findings. At the end of 150th day of storage, the maximum value of ascorbic acid (3.92mg/100 
g) was found in 40:60 combinations. The addition of starch in the form of rice flour seems to 
have a protecting action of vitamin C (Muzanila and Mwakiposa, 2003).There was an 
increase in water activity level with increase in storage period. At the end of 150th day of 
storage the minimum water activity level (0.385) was found in Control and maximum (0.454) 
for 20:80 combinations. The increase in water activity at higher rice flour concentration could 
be due to hygroscopicity of rice flour. The increase in trend of water activity is given by the 
following linear equation. Sensory analysis was conducted on 150th day of storage. The 
treatment combination 40:60 of (banana :Njavara rice flour) had the maximum score for all 
the characters namely appearance, flavor, texture, taste and overall acceptability under 
consideration.     
 

3.5. Conclusion 

Banana flour contains high per cent of starch hence it is used for the formulation of 
nutritious weaning mixes and supplementary foods. It is used as a component for production 
of milk shakes and baby foods, cakes, biscuits etc. the results revealed that the mixing of 
banana with ‘Njavara’ rice flour in the ratio 40:60 (40% of banana and 60% of rice flour) 
gives maximum vitamin C retention and higher sensory score. In general the TSS and pH has 
an increasing trend with storage. While the titrable acidity and ascorbic acid content of 
different sample decreases with storage. This is due to acid hydrolysis of polysaccharides 
especially gums and pectin. Increased rice flour content in the sample increases the TSS 
concentration. It was found that the water activity level of different combination of banana 
flour increases with storage. An increase in water activity level indicates that the food is more 
susceptible to spoilage. 
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MODELING BASED NUTRIENT RECOMMENDATION USING NUTMON –
TOOLBOX FOR SUSTENANCE OF SOIL FERTILITY IN HUMID TROPICAL 

KERALA 
C. Lintu Maria, U. Surendran, and E. J. Joseph, Water Management (Agriculture) 

Division, Centre for Water Resources Development and Management, kozhikode -673 571 
 

ABSTRACT 

 Decision Support Systems (dSS) are interactive computer software that help decision 
makers utilize data and models to solve unstructured problems. an attempt was made for 
carrying out nutrient audits, which includes the calculation of nutrient balance at micro 
(plot/field) and meso (farm) level and evaluation of trends in nutrient mining / enrichment by 
employing the nUTMon-Toolbox. nUTrientMonitoring (nUTMon) is a multiscale approach 
that assess the stocks and flows of n, P and k in an well defined geographical unit based on 
the inputs viz., mineral fertilizers, manures, meteorological data, atmospheric deposition, 
sedimentation and outputs of harvested crop produces, residues, leaching, denitrification and 
erosion losses. The nutrient budgeting study was carried out using nUTMon model for 2 
farms in Palakkad district by adopting the standard procedures and calculations (viz.,1. 
organic 2.Integrated nutrient management). The calculated nutrient balances at crop activity 
level indicated a negative balance for nitrogen, phosphorus and potassium in crops like 
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paddy, coconut, arecanut and banana. at farm level, the integrated nutrient management farm 
showed n balance as negative, whereas P and k balance was positive. The organic 
management farm, showed a negative balance for n, P and k. The results revealed that the 
nutrient management practices are not appropriate and sustainable. The management options 
to mitigate this mining by manipulating all inputs and outputs in a judicious way with an 
integrated system approach are suggested and one of the ways for redefining the nutrient 
recommendation based on site specific requirement was worked out. a strategy was worked 
out for deriving the nutrient prescription rate using site specific soil test results for the 
individual crops of the selected farms. by assuming prescribed nutrients are applied to the 
individual PPUs, nutrient balance was simulated with nUTMon-Toolbox and the results tend 
to be positive for n, P and k. 
 
keywords: Nutrient Balance, Inputs, Outputs, Fertilizers, Nutrient Mining,Nutmon 
 

Introduction 
Continuous cropping without adequate restorative practices poses a serious threat to 

sustainability of agro ecosystems. The incessant efforts for enhancing crop production from 
shrinking land resources will further speed up the depletion of these limited nutrient reserves. 
The compound growth rate in yield of major crops in India is either declining or negative 
over the period of 1980-81 to 2011-12 (MoA 2013). Soil has been opened up for the 
productive purposes over the years at very fast rates and each year farmers derive a part of 
their income from soil nutrients and this causes nutrient depletion. Dwindling soil fertility has 
become an increasing and utmost urgent problem that has to be looked in right perspective in 
tropical agriculture. This necessitates a regular monitoring of changes in soil fertility that 
occurs in the soil. For understanding the role of different process a budgetary approach offers 
good tool through analyzing the turnover of nutrients in the soil-plant system at different 
spatial scales (OECD 2010; Leip et al. 2011). 

The agricultural scenario of the Kerala state is unique, characterized by diversity of 
crops and multiplicity of cropping situations. Low fertile lateritic soils, nature of topography 
with undulating terrain, coupled with high intensity rainfall, leads to top fertile soil loss 
through severe erosion and nutrient lost through leaching might have been one of the 
contributing factors for low productivity. There are several possible reasons for this low 
productivity, however at this juncture the low yield of crops associated with high cost of 
production is a great concern in Kerala’s agriculture. The first predominant cause of soil 
degradation in these high rainfall zone regions undoubtedly is water erosion. On an average 
15-18 t ha-1of top fertile soil is eroded in Kerala ultimately resulting in low fertility status 
besides having other implications like low crop productivity, ground water recharge etc (State 
of Environment Report Kerala, 2007). 

Nutrient balances / audits can provide an early indication of potential problems arising 
from a nutrient surplus (inputs > outputs) leading to accumulation of nutrients or a deficit 
(inputs < outputs) leading to depletion of soil nutrient reserves there by increasing the risk of 
toxicities or deficiencies, respectively, both of which reduce crop yields (FAO, 2003; OECD 
2010). Most studies point at declining of nutrient stocks, i.e., outputs exceeding inputs 
(Smaling, 1998;) resulting in mining of nutrients and the impact is clearly visualized on the 
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agricultural production. In evaluating nutrient budgets, it is important to be aware of the use 
of different system boundaries in regional scale (Leip et al., 2011, Phong et al., 2011). 
However, such studies on calculating the nutrient balances as inflow and outflow viz.,  loss of 
nutrients through soil erosion and leaching loss are very limited in Kerala region and have not 
been linked as nutrient balance studies earlier. Hence, with this as background the present 
study was carried out to give solutions by identifying the root cause and assessing the nutrient 
inflows and outflows from the system i.e at field level and farm level using Decision Support 
Systems. 

Materials and methods 

 

Study sites 
The study area of Palakkad district is located in Kerala southern part of India and site 

characteristics are presented in Table 1. It is the largest district in Kerala, having a total 
geographical area of 4480 km2. It is in the east-central part of the State between north 
latitudes 10º 19′ and 11º 15′ and east longitudes   76º 01′ and 76º 55′. The district experiences 
two types of climates. Ottappalam, Alathur and Mannnarkad taluks experience a climate 
similar to that of other districts in Kerala; whereas Palakkad and Chittur taluks experience a 
dry climate similar to that in Tamil Nadu. The major cultivated crops in Palakkad district are 
rice, coconut, banana, rubber, arecanut, brinjal, tomato, gourds, pumpkin, groundnut, 
sugarcane, sweet potato, tapioca, maize, ragi, sorghum, red gram, black gram, green gram, 
horse gram, black pepper, nutmeg, cardamom, tea, coffee, cotton etc. Length of growing 
period varies from 105 to 252 days. 
 
Model Description 

Structure of NUTMON -Toolbox 

 NUTMON-Toolbox is user-friendly computerized software for monitoring nutrient flows 
and stock especially in tropical soils (Vlaming et al. 2001). This product consists of a 
structured questionnaire, a database, and two simple static models (NUTCAL for calculation 
of nutrient flows and ECCAL for calculation of economic parameters). Finally, a user-interface 
facilitates data entry and extraction of data from the database to produce inputs for the both models 
(Vlaming et al. 2001). The tool calculates flows and balances of the macronutrients (N, P and K) 
and economic performance of the farm through independent assessment of major inputs and 
outputs using the following equation. 
          Net soil nutrient balance  =  ( Nutrient INPUTS ) -  ( Nutrient OUTPUTS ) … (1) 
Table 1. Characteristics of the study area 

Site Characteristics  
District Palakkad 
Latitude/Longitude 10º 19′ and 11º 15′ N and between 76º 01′ and 

76º 55′. 
Mean annual Rainfall (mm) 2300-2500 
Major soils Laterite soils 
Major soil orders 
Major crops grown 

Ultisols, Entisols, Vertisols and Alfisols 
Rice, coconut, banana, rubber, arecanut, 
brinjal, tomato, gourds, pumpkin, groundnut, 
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sugarcane, sweet potato, tapioca, maize, ragi, 
sorghum, red gram, black gram, green gram, 
horse gram, black pepper, nutmeg, cardamom, 
tea, coffee, cotton 

                                                                     Source:  CWRDM, 2011 and Farm guide 2012 

Soil Characteristics 

Dominant Soil series Mannur, Anuppur, Agali, 
Thirunarayanapuram, Karakurissi, 
Bhavajinagar, U thrampallam 

Texture Clay to sandy loam 
pH Strongly to medium acidic 
Organic carbon (g kg-1) 4.6 to 6.1 
P (kg ha-1) 15 to 92 
K (kg ha-1) 90 to 715 

There is a set of five inputs (IN 1-5 mineral fertilizer, organic inputs, atmospheric 
deposition, biological nitrogen fixation and sedimentation), five outputs   (OUT 1-5 farm 
products, other organic outputs, leaching, gaseous losses, erosion), and six internal flows 
(consumption of external feeds, household waste and human excreta, crop residues, grazing, 
animal manure, and home consumption of farm products). Nutrient flows are quantified in three 
different ways in NUTMON viz., by using primary data, estimates and assumptions. A detailed 
description of NUTMON-Toolbox is provided in Smaling et al. (1993), Vlaming et al. (2001) 
and Surendran and Murugappan (2007 and 2010). Farm inventory and farm monitoring 
regarding nutrient flows into and out of the farm was done using the available questionnaires 
through farmer participatory analysis. Collected data were fed into the data processing module 
and the nutrient balance for the individual crop activity (micro) and farm (meso) as a whole 
were computed using the NUTMON-Toolbox. Additional information that was needed for the 
calculations but that cannot be given by the farmer; viz., nutrient contents of crops and other 
livestock products had been analyzed and stored in background database. Soil sampling and 
analysis provided information on the current nutrient status of soils. 
 

Results and Discussion 

Description of the selected farms 

The farms selected for the study are located at Perumatty and Melarkode area in 
Palakkad district of Kerala. Among the two farms in one farm, the nutrient management is 
exclusively organic and devoid of any chemical fertilizers, hereafter referred as organic farm 
(OF). In other farm, the nutrient management is by integrating both organic manures and 
chemical fertilizers, hereafter referred as integrated nutrient management farm (INMF). The 
area of the INMF and OF farm is of 1.4  and 1.0 ha respectively. Both the farms are irrigated 
through the well located within the farm. The OF farm comprises of three farm section units 
(FSUs) and is divided based on the homogenous soil properties, slope and crops grown in the 
farm.  These FSUs consists of five Crop activities / Primary Production Units (PPUs) viz., 
PPU 1 (Coconut), PPU2 (banana), PPU 3 (Coconut), PPU 4 (Arecanut), PPU 5 (Paddy).  
Nutrients for the farm were mainly through chemical fertilizers and organic manures that are 
met from external sources besides on-farm generated manures. The farmer besides using on-
farm manure also purchases manure off-farm and imports it into the farm.  This was included 
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as IN 2a and IN 2b.  Besides, a part of crop residue was also directly recycled into the farm 
by incorporation / burning.  The INMF farm comprises of four farm section units (FSUs) and 
is divided based on the homogenous soil properties, slope and crops grown in the farm.  
These FSUs consists of 8 Crop activities / Primary Production Units (PPUs) viz., PPU  
(Coconut), PPU (banana),which is grown in all the four FSUs. Outflows in the farms 
included crop uptake (OUT 1), removal in crop residue (OUT 2), leaching (OUT 3), gaseous 
loss (OUT 4) and erosion losses (OUT 5). 
 

Nutrient balance at crop activity (PPU) level in OF and INMF 
In OF, the nutrient balances at PPU level covering all the FSUs in the farm, which 

were generated using NUTMON –Toolbox, are presented in Table 2. All the crop activities 
(PPUs) showed a negative balance of N and P except banana (PPU 2), where the N and P 
balance (13.4 ; 5.7 kg ha-1) was positive respectively. With respect to K, all the crop activities 
showed negative  balance. The highest negative K balance was observed with paddy (PPU 5)         
(–545.2 kg ha-1). In nutshell none of the crop activities exhibited a positive balance for all the 
three nutrients. With respect to INMF, the nutrient balances at PPU level showed a mixed 
trend of results (Fig.1). In all the coconut and banana fields (PPU 1 to 8) the N balances were 
negative indicating the N management is not sufficient under this INMF. 
 

Table 2  NUTMON Toolbox generated NPK balance at Crop activity (PPU) levels of the  

Organic farm (OF) 

Crop activity (PPU) N balance P  balance K balance 

PPU 1 Coconut -123.0 -16.4 -161.5 
PPU 2 Banana 13.0 5.7 -1.2 
PPU 3  Areca (betel) nut -9.8 -0.8 -18.1 
PPU 4 Coconut -269.4 -41.6 -328.5 
PPU 5 Paddy /Rice -128.6 -65.7 -545.4 
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Fig.1  NUTMON Toolbox generated NPK balance at Crop activity (PPU) levels of the  

INM farm 
With respect to coconut the P and K balances were positive and only N balance is 

negative indicating that the presently followed nutrient application  are sub-optimal and other 
managements like manure addition, recycling of wastes, use of bio-fertilizers etc., were 
insufficient to match the gap between nutrient export out of the farm and input into the farm.  The 
nutrient management practices adopted in the case of coconut, resulted in built-up of P and K 
fertility of soils. In general, nutrient balances in perennial crops crop like coconut was 
positive as compared to annuals where, negative nutrient balances were observed. These 
suggest that the recycling of the wastes from the coconut plot and application of both organic 
and inorganic nutrients might have resulted in the built up of soil fertility. Besides, these 
results also revealed the fact that the remunerative price for crop produces has got no strong 
influences on nutrient management practices in this farm, since under banana the profitability 
is much higher when compared to the perennial crops like coconut.  Even then the application 
of nutrient is not sufficient to meet out the requirement of banana. 
 

Nutrient balance at farm level 
For the farm as a whole the nutrient balance was expressed as the sum of inputs minus the 

sum of outputs covering all FSUs, SPUs and RUs.  There has been a slight variation in the 
nutrient balance of the farm than the individual PPUs. NUTMON-Toolbox generated nutrient 
balance for the INMF as a whole showed that the full balances were positive for P and K and 
negative for N (Table 3). But in the case of OF all the three nutrients showed a negative balance 
(Table 4 ).  Farm level nutrient balance in this two farms revealed that the sustainability of the 
soil fertility is not being managed efficiently. Even though the negative balance at field level 
(crop activity) was larger than that at farm level, the nutrients were still within the farm 
ecosystem that were eventually tied up in pools without any linkage with farm nutrient flow 
channels. Therefore, any profitable farm management plan should aim to link them in the 
flow channels or otherwise undetected economic loss in farm management would occur. 
Similar turnover of nutrients from plots to livestock activity and vice-versa was reported by 
many workers (Surendran and Murugappan, 2010, Phong et al., 2011). 

This negative N balance at farm level was due to the high outflow of N through 
harvested produces, crop residues, losses from manures, leaching and gaseous losses.  
Leaching and gaseous losses of N in the irrigated farms were high which is in agreement with 
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the findings of De Vries et al. (2011).  A review and upward revision of existing fertilizer 
application rates to crops, use of slow release N fertilizers or use of urease / nitrification 
inhibitors to improve N use efficiency and growing and insitu incorporation of green manure crop 
during fallow period to contain leaching losses that occur in considerable amounts in the selected 
farm and production and application of on-farm organic manures to recycle nutrients in crop 
produces / residues to improve soil fertility are the possible options to mitigate the negative N 
balance (Vos and Van Der Putten 2000). The difference in full and partial balance of N might 
be due to the contribution of N from Nitrogen fixation. Full and partial balances of P were 
positive.  This positive balance was mainly due to the optimal use of P fertilizers and absence 
of pathways of losses of P other than crop uptake (OUT 1) and loss in crop residues (OUT 2).   
(Surendran  et al., 2012) was of the view that in soils with such buildup of P, fresh P inputs 
through fertilizers can be omitted or a maintenance dose of P can be applied to effect saving 
on cost of P fertilizer. Use of P solubilizing (Phosphobacteria) and mobilizing (VAM) 
microorganisms as biofertilizers will improve the utilization of native soil P in such situations 
of P fertility buildup in soil (Surendran and Vani, 2013). 

Table 3.  NUTMON -Toolbox generated nutrient balance for the integrated nutrient 

management  farm in Kerala 

     
Flows 
      
Nutrient 

Inputs (kg) Outputs (kg) Partial 
balance   
(kg ha-1) 

IN 1 IN 2 IN 3 IN 4 
OUT 
1 

OUT 
2 

OUT 
3 

OUT 4 OUT5  

Nitroge
n 

193.5 105.1 24.3 39.9 
303.4 0.0 

158.
6 

56.1 18.8 -3.4 

Phospho
rus 

90.0 26.3 
4.0 0.0 52.6 0.0 0.0 0.0 

10.6 44.9 

Potassiu
m 

450.0 99.4 
16.0 0.0 337.6 0.0 5.6 0.0 

87.4 149.6 

*Partial balance = ( IN1-2) — ( OUT1-2) **Full balance = ( IN  1-5) –( OUT1-5) 

Table 4.  NUTMON -Toolbox generated nutrient balance for the organic nutrient 

management  farm in Kerala 

     Flows 
               
Nutrient 

Inputs (kg) Outputs (kg) Partial 
balance   
(kg ha-1) 

IN 
1 

IN 2 
IN 
3 

IN 
4 

OUT 
1 

OUT 
2 

OUT 3 OUT 4 
 
OUT5 

 

Nitrogen 
0.
0 

103.
5 

15.
0 

12.
2 

451.
5 

0.0 47.0 16.6 
126.6 

-183.0 

Phosphorus 
0.
0 

25.9 2.5 0.0 75.1 0.0 0.0 0.0 
71.2 

-25.9 

Potassium 
0.
0 

68.0 9.8 0.0 
518.
1 

0.0 0.4 0.0 
587.2 

-236.7 

*Partial balance = ( IN1-2) — ( OUT1-2) **Full balance = ( IN  1-5) –( OUT1-5) 
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The K balance was negative due to very minimal use of external inputs as minerals 
fertilizers and off-farm manures.  Apart from this, huge quantities of nutrients were exported 
out of the farm through harvested produce and leaching losses. Such soil mining of K was 
also reported by Murugappan et al., (1999) who found that irrespective of whether K is added 
or not, mining of soil K occurred in continuous and intensive cropping due to luxury 
consumption. This negative balance necessitates bringing into farms plant nutrients in 
amounts equivalent to that of the quantity exported out the farm as crop produces.The mining 
of K is also accelerated under imbalanced fertilizer N use which stimulates crop growth and 
ultimately increases the crop uptake of K.  The issue of how long these negative K balances 
can be permitted to continue without serious consequences on soil K supply and on crop yield 
requires further study. The remedy is the use of optimal amount of K fertilizer as a 
component in any balanced fertilizer plan besides improving the management of crop 
residues to recycle K removed from the soil. 
 

Strategy- On nutrient use 
 Nutrient depletion is the result of a net imbalance, between incoming and outgoing 
nutrients in farm inputs and outputs. Because many aspects of farm management, influence 
these processes, there is a need for a `basket of technology options', addressing the various 
causes of depletion. However, fertilizer being the major input, a strategy was worked out for 
each PPU of individual farm under study by combining both organic and inorganic nutrients 
along with soil and water conservation measures and the results were simulated using the 
NUTMON tool box.  The nutrient recommendation derived based on the site specific soil 
analysis for the crops grown at both these farms by combining organic and chemical fertilizers 
made the farm balance positive.  The nutrient prescription for most of the crops revealed that 
the presently followed state recommendation is sub-optimal and an upward revision is the need 

of the hour to make the crop 
production profitable and 
sustainable. NUTMON-Toolbox 
generated nutrient balance was 
positive for all the three 
nutrients when the nutrient 
management programme is 
based on the site specific 
nutrient management (Fig. 2). 
 

 

 

 

Conclusions 
Thus in the present investigation, nutrient monitoring with NUTMON-Toolbox at different 

spatial scales (viz., micro (plot) and meso (farm) levels) exhibited a trend of depletion of N and K 
from soil reserve whereas P was positive indicating the need for carefully redefining N and K 
management strategies. But the simulated nutrient recommendation with soil and water 
conservation strategies prescription turns the negative balance of N and K in to a positive one. 

Fig.2.  NUTMON Toolbox generated NPK balance at INMF and OF 

farms 
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Decision Support Systems (DSS) viz., NUTMON serves as a tool to identify the depletion of 
nutrients and helps to suggest the management options using a systematic approach.   
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ABSTRACT 

 Nitrogen, phosphorus and potassium are the three major nutrient elements required for 
the growth and productivity of crop plants. In many parts of India, these nutrients are found 
deficient in soils in terms of plant availability. nPk deficient soil has become the main yield 
limiting factor for crop production and is usually met by the application of nPk containing 
chemical fertilizers. as the present nutrient management strategy involving organic manures 
and chemical fertilizers are not economically feasible and environmentally sustainable from 
the point of their escalating prices, marginal availability at times of need and the 
environmental hazards on application, an effort was initiated during 2007 to identify nutrient 
efficient microbes as bio fertilizer candidates to reduce the dependence on imported or costly 
commercial chemical fertilizers. In this regard, under an ICaR sponsored network project on ‘ 
application of microorganisms in agriculture and allied sectors’, isolation and screening of 
more than 1000 soil and rock inhabiting microbes from biodiversity hot spots of the different 
agro ecological zones of the country resulted in the identification of isolates having varying 
levels of n fixation, P and k solubilization and bio control efficacy. The isolates were screened 
for their n, P and k use efficiency by growing in different media and evaluating their nutrient 
release through different quantification techniques. The potent ones having the maximum n 
fixing, P and k solubilization were subjected to morphological, biochemical and molecular 
characterization and were selected as potent nutrient use efficient (nUE) microbes. They were 
further assessed for the efficacy of various plant growth promoting properties, stress 
tolerance and compatibility liaison on conjoint application. among the different carriers tried 
for bioinoculant formulation, talc followed by saw dust and cassava thippy (cassava starch 
factory solid waste) was identified as the best and cassava seed oil was found as the best 
preservative medium and cassava flesh as one of the cheapest and easily available raw 
material for media preparation for the mass cultivation of these bioinoculants in a short span 
of time. field experiments conducted with the selected potent nUE microbes individually and 
in combination along with different levels of nPk fertilizers alone and together for 3 
consecutive years (2010-2013) clearly established that, they can be used as successful 
substitutes for chemical nPk fertilizers in elephant foot yam (EfY) to the tune of 50% n, 50-
100% P and 33% k. a biocontrol agent viz., (Trichoderma harzianum) isolated from the soil 
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samples was found promising for the control of the dreadful disease viz., collar rot in EfY 
caused by Scelotium rolfsii when used alone as well along with the mixed potent bio 
fertilizers. detailed studies on microbial k solubilization indicated, rock inhabiting 
microorganisms have high k solubilizing capacity and low pH, production of 
exopolysaccharides and number of viable cells are allied factors responsible for k release 
from insoluble k source like feldspar and this dissolution mechanism was reconfirmed by 
SEM, fTIR, GC-MS and XRd and k containing rock powder was identified as a good carrier 
material for the k solubilizing bacteria. 
 

Introduction 
 Nitrogen (N), phosphorus (P) and potassium (K) are the three major nutrient elements 
required for the growth and productivity of all crop plants. Indian soils, at many places, are 
deficient in these nutrients in terms of available and non available sources of P and K and 
utilizable form of N. NPK deficient soil has become the main yield limiting factor for crop 
production and is usually met by the application of chemical fertilizers. Taking into account, 
the escalating fertilizer prices, high requirement of major nutrients for crop productivity and 
diminishing raw material resources, the present study was aimed at finding out some 
alternative, eco-friendly nutrient sources to reduce the dependence on imported or costly 
commercial chemical fertilizers. Because of the ever increasing price of potassic fertilizers, 
its marginal availability in most of the cultivated soils coupled with its higher requirement 
especially for high yielding varieties of crops, globally, significant research attention is at 
present on potassium solubilizing microorganisms.  As very little is known about microbial K 
solubilization in Indian soils, the present research work also gave special thrust on potassium 
solubilizers for exploring the mechanism as well as its characterization. Hence, the present 
paper deals with the studies undertaken at ICAR-CTCRI for the isolation and characterization 
of N fixing, P and K solubilizing  microorganisms and its evaluation as bio fertilizer 
candidates in elephant foot yam (Amorphophallus paeoniifolius (Dennst.) Nicolson) as a 
partial substitute to NPK chemical fertilizers 
 

Materials and Methods 
  The methodology followed for the different studies undertaken were summarized as 
below: 
 For the isolation and identification of nutrient use efficient (NUE) soil microbes, soil 
samples collected from different parts of India viz., Kerala, Tamil Nadu, Arunachal Pradesh, 
Odisha and Assam were subjected to primary isolation using nutrient agar (NA) for bacteria, 
potato dextrose agar (PDA) for fungus and Kenknight’s agar media for actinomycetes. For K 
solubilizing microbes, primary isolation was done in sucrose minimal salts K limited medium 
(SSKM) (Sheng and He, 2008). All the isolated microbes were tested for their N fixing, P and 
K solubilizing activity in Jensen’s N free media (Jensen, 1950), Pikovskayas media 
(Pikovaskaya, 1948) and SSKM. These were further evaluated for their efficiency through 
quantification with   Kjeldahl digestion followed by distillation, spectrophotometry and flame 
photometric methods respectively for N, P and K. The highly efficient strains were 
characterized by morphological, biochemical and molecular methods. 
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 In order to utilize these potent strains as biofertilizer candidates, they were screened 
for their plant growth promoting attributes like production of indole acetic acid (IAA), 
ammonia (NH3) (Joseph et al., 2007), hydrogen cyanide (HCN) (Bakker and Schipper, 1987) 
and catalase (Kannahi and Kowsalya, 2013). The effect of various physiological conditions 
such as temperature, pH and salt tolerance on the survival of these bacteria was also checked. 
Compatible nature among these bacteria on conjoint application was analyzed by plate, broth 
and pot culture methods. Moreover, survival and efficiency of these bacteria in various solid 
carrier materials such as talc, cassava thippy (starch factory solid waste), cassava leaf 
powder, saw dust and liquid raw material viz., cassava seed oil were also tested. Low cost 
mass multiplication medium using cassava flesh as the raw material and rock powder based 
bio formulation for the effective storage and viability of potent KSB for the field application 
was also tested. 
 The efficacy of these three potent NUE bacteria were field experimented at ICAR-
CTCRI farm ( Block IV) for three years (2010-2011, 2011- 2012 and 2012-2013) to explore 
the extent up to which it can be substituted for chemical NPK fertilizers by taking elephant 
foot yam (EFY) as the test crop. 
 As the first field experiment, an observational trial was undertaken in RBD with 21 
treatments replicated thrice with three N fixing bacteria (NFB) viz., NFB12, NFB23 and 
NFB31 to study the extent to which these can be substituted for the N requirement (100 kg 
ha-1) of EFY by taking different levels of N as 0, 50, 100 kg ha-1. P and K were applied @ 
50 and 150 kg ha-1 respectively as per package of practices (POP) recommendations. In the 
subsequent field experiment, conjoint application of the potent NFB identified from the 
observational trial along with P solubilizing (PSB) and KSB (K solubilizing) bacteria with 
25% (N25P12.5 K37.5), 50% (N50P25K75), 75% (N75P37.5K112.5) and full dose (N100P50K150) of 
the recommended NPK dose of EFY was tried to evaluate the extent of substitution of these 
NUE biofertilizers for chemical NPK fertilizers with 11 treatments replicated thrice in 
RBD. The last field experiment aimed at evolving information on the extent to which 
nutrients viz., N, P, K both individually and in combination can be saved through the use of 
these NUE microbes individually and in combination. This experiment consisted of 23 
treatments replicated twice in RBD with N at different levels as 0, 50 and 100 kg ha-1, P as 
0, 25 and 50 kg ha-1and K as 0, 50, 100 and 150 kg ha-1 in the case of independent 
substitution and in the combined application as 0, 25, 50, 75 and 100% POP 
recommendations of NPK along with the identified potent N fixer, P and K solubilizers. 
This study also envisaged on studying the effect of a biocontrol agent viz., Trichoderma 
harzianum (Tr9) identified from the collected soil samples in controlling the dreadful 
disease viz., collar rot caused by Sclerotium rolfsii in EFY through seed as well as soil 
treatments. 
 Microbial K solubilization was studied in detail by studying the relationship between 
soluble K, pH, viscosity and number of viable cells in SSKM during K solubilization from 
feldspar through SEM, FTIR, GC-MS and XRD. Survival and efficiency of potent KSB in 
cheap and easily available K containing rock powder was tested for making the carrier based 
inoculum for the effective storage of KSB’s. 
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 All the data generated were analysed statistically by Analysis of Variance (ANOVA) 
using SAS 9.3 (2010). The Duncans Multiple Range Test (DMRT) was used for comparison 
of means at 5% level of significance. 
 

Result and Conclusions 

Isolation and characterization of N fixing, P and K solubilizing microbes 
 Microbiological analysis of the collected soil samples led to the isolation of more than 
1000 microorganisms which included 75% bacteria, 14% fungi and 13% actinomycetes. 
Screening of these microbes resulted in the identification of isolates having varying levels of 
N fixation, P and K solubilization ability.  Rhizosphere microflora displayed higher N fixing 
capacity than those isolated from rock regions. However, the microbes isolated from the rock 
regions of India showed greater capacity in P and K solubilization. Characterization of these 
microorganisms through morphological, biochemical and molecular methods led to the 
identification of more than 20 potent microbes and the sequence obtained from 16S rDNA 
characterization have been submitted in GenBank of NCBI. Among these, NFB12 shows the 
maximum N fixing capacity of 21.72 µg ml -1 followed by NFB31 (20.54 µg ml -1) and NFB23 
(19.75 µg ml -1). The potent PSB viz., PSB13 and PSB29 solubilized P to the tune of 285 and 
227.56 ppm respectively. The maximum K solubilization was recorded by KSB2 (510 ppm) 
and KSB13 (460 ppm) followed by KSB23 (453.00 ppm). From the efficient bacteria, NFB12 
(Bacillus cereus ANctcri1), NFB31 (Alcaligenes faecalis AN5), NFB23 (Pseudomonas 

aeruginosa ANctcri11) as N fixers and PSB13 (Bacillus megaterium ANctcri7) and KSB2 
(Bacillus subtilis ANctcri3) as P and K solubilizers respectively were selected as potent 
biofertilizer candidates in field experiments and were characterized as follows. 
 

Characterization of potent bacteria for using as effective biofertilizer candidates 
 All the selected potent bacteria were found to produce IAA, ammonia and catalase, 

but NFB23 only produced HCN. The potent bacteria viz., NFB12, PSB13 and KSB2 were 
found showing growth characteristic feature of moderate thermophilic facultatively 
alkaliphilic halotolerent bacteria and NFB23 and NFB31 exhibited facultatively alkaliphilic 
halotolerant properties.  The mean population of all these bacteria in the formulations of the 
four carrier materials viz., talc, cassava thippy, cassava seed oil and saw dust were 
significantly higher upto 180 days of storage and thereafter it showed a declining trend. The 
highest population to the tune of 107 was recovered in talc as carrier at room temperature 
for 12 months. Cassava seed oil was proved to be a good preservative for bacteria up to six 
months. The inoculants were found to be compatible with each other in different 
combinations and were able to grow simultaneously without any mutual growth inhibition. 
It was found that, cassava broth is a favourable medium for the growth of Bacillus sp. as it 
could yield good growth on incubation for 24 h. In this, the cost of production was found to 
be low as compared to nutrient broth (Table 1).             

 Table 1 An estimate of the cost of preparation of cassava broth (CB) and nutrient broth (NB) 

Media Component Cost 
Cassava broth 
 

1. Electric current for boiling of cassava for 20 
min 

2.    Cost of cassava Total cost 

Rs.2.50/half unit 
Rs. 5.00/250g 
Rs.7.50/litre 
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Nutrient broth 

1. 1.   Himedia Rs.85.00 /litre 

2. Broth preparing from components Rs.35.00/litre 
 
  Nutrient efficient microbes as substitutes to chemical fertilizers in elephant foot yam 
 The observational trial indicated that, individual application of NFB12 (38.83 t ha-1) 
and NFB23 (37.79 t ha-1) along with N@50 kg ha-1 resulted corm yield on par with that of 
POP (43.74 t ha-1). As NFB12 could also increase the availability of nutrients viz., N, P and 
K in soil compared to the other two NFB’s, NFB12 was selected as the potent NFB for 
further field experiments. In the subsequent field experiment, conjoint application of PSB13, 
KSB2 and NFB12 along with half, three fourth and full recommended dose of NPK 
fertilizers resulted in significantly higher tuber yield of 36.97, 42.07 and 40.21 t ha-1 
respectively which was on par with that of POP (41.51 t ha-1). Individual and combined 
application of the above bioinoculants without chemical fertilizers also resulted in high yield 
compared to control. The economic analysis indicated that, cultivation of EFY with 
integrated nutrient management involving mixed biofertilizers having NPK efficient 
microbes along with ¾ recommended dose of NPK fertilizers would be more profitable (B:C 
ratio 2.62) than the sole chemical fertilizer based cultivation practice. 
 The third year field experiment (Table 2) revealed that, individual application of 
NFB12 could lead to the substitution 50% fertilizer N. Moreover, even with complete 
avoidance of N fertilizer, the potent NFB could bring forth good yield to the tune of 27.03 t 
ha-1 compared to the control (23.29 t ha-1). In the case of the individual application of 
PSB13, the replacement of P fertilizer to the tune of 100% was achieved. The significantly 
high growth promotion on EFY and consequent yield due to the application of PSB13 might 
be attributed to its higher ability in P and K solubilization, N fixation and production of plant 
growth promoting substances. Individual application of KSB2 resulted in 33% of the K 
fertilizer replacement. Integrated application of NFB12, PSB13 and KSB2, resulted in 50% 
substitution of chemical NPK fertilizers as it gave high yield (36.80 t ha-1) with a high net 
return ( Rs.624932/-). This may be due to the cumulative synergistic action of active 
population of MBF containing NFB, PSB and KSB through improvement of soil physio-
chemical and biological properties. 

  An effort to control the collar rot disease in EFY with the biocontrol microbe 
Trichoderma harzianum (Tr9) revealed that, seed treatment with Tr9 alone showed low 
disease incidence percentage compared to absolute control and 100% control could not be 
achieved either through Tr9 or chemical fungicide. However, combined application of Tr9 
along with mixed biofertilizers having NFB12, PSB13 and KSB2 could control the disease to 
an extent of 100%. 
 On the basis of the above results from these field experiments, farmer level 
recommendation was evolved as application of a talc based formulation of Bacillus cereus 

ANctcri1, Bacillus megaterium ANctcri7 and Bacillus subtilis ANctcri3 @ 120 kg ha-1each 
along with (109 to 1011 CFU g-1 formulation) along with 50% and 67% of the recommended 
dose of N (50 kg ha-1) and K (100 kg ha-1) respectively as INM practice for EFY. The 
biofertilizers together can be applied after one month of planting of seed corms. For 
controlling collar rot disease in EFY, application of a mixture containing Trichoderma 

harzianum culture (Tr9) @ 5 kg ha-1 (109 to 1010 CFU g-1) in talc, cow dung slurry@ 200 kg 
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ha-1 can be used for seed treatment and for soil treatment, mixture having Tr9@ 27 kg ha-1, 
cow dung or compost @ 10 t ha-1 and neem cake @100 kg ha-1 incubated for 7 days was 
found effective. The above recommendation was found cost effective, eco-friendly, 
sustainable and agriculturally productive also. 
 

Table 2 Economic of cultivation of EFY as influenced by different treatments 

Treat. 
No. 

Treatment description Tuber 
yield         
(t ha-1) 

Cost of 
cultivation 
(Rs.) 

Gross 
income 
    (Rs.) 

 Net returns 
     (Rs.) 

B:C 
ratio 

1 No + NFB+ PK as per STBF 31.59C 467233M            947550 C             480316C            2.03D            

2 N50+ NFB + PK as per STBF 35.64AB 468102L             1069275 AB       601172A            2.28AB         

3 N100 + NFB + PK as per STBF 36.35AB 468971I              1090500 AB       621528A            2.33AB         

4 P0+ PSB+ NK as per STBF 35.67AB 468920J              1069950 AB       601029A            2.28AB         

5 P25+ PSB+ NK as per STBF 36.54AB 469669H             1096125 AB       626455A            2.33AB         

6 P50+ PSB+ NK as per STBF 36.15AB 470419F              1084620 AB       614200A            2.31AB         

7 K0+KSB+ NP as per STBF 32.90C 465720P              986850C              521129C            2.12CD         

8 K50+ KSB+ NP as per STBF 33.12C 467204N             993510C              526305BC         2.13CD         

9 K100+ KSB+ NP as per STBF 36.78AB 468715K             1103400AB        634684A            2.35AB         

10 K150+ KSB+ NP as per STBF 37.05AB 470217G             1111350AB        641132A            2.36A            

11 Package of practice (POP) 36.74AB 466896O             1102200AB        635303A            2.36A            

12 Soil test based fertilizer (STBF) 32.04C 464048Q             961275C              497226C            2.07D            

13 NFB alone 27.03DE 459533T             810900DE           351366DE         1.76EF          

14 PSB alone 28.42D 459533S              852465D             392931D            1.86E            

15 KSB  alone 31.17C 459533R             935145C              475611C            2.03D            

16 Biocontrol agent alone 26.10E 454661U             783015E              328353E            1.72F             

17 MBF + ¼ NPK 35.41B 477005D             1062300B           585294AB         2.23BC         

18 MBF + ½ NPK 36.80AB 478932C             1103865AB        624932A            2.30AB         

19 MBF + ¾ NPK 37.46A 480872B             1123875A           643002A            2.34AB         

20 MBF + Full dose NPK 37.06AB 482800A             1111650AB        628849A            2.30AB         

21 Mixed biofertilizers (MBF) 
alone 

33.13C 470565E             993855C              523289C            2.11CD         

22 Absolute control 23.29F 454017W            698685F              244667F            1.54G            

23 Chemical fungicide alone 20.34G 454017V             610260G             156242G            1.34H            

Mean   32.90 467286 987070 519783 2.11 
p-
Value 

  <.0001 <.0001 <.0001 <.0001 <.0001 

CV(
%) 

  2.90 0.00 2.90 5.50 2.96 

 Characterization of microbial potassium solubilization 
 The release of K by potent bacteria viz., KSB2, KSB13, KSB23 and KSB31 increased 
by10.86-64.98, 1.62-48.81, 6.84-46.44 and 2.33-37.07 % respectively and among the KSB 
identified through 16S rRNA characterization, KSB31 belonged to Enhydrobacter 
aerosaccus and is the first report of this bacteria solubilizing K. Detailed study on the 
process of K solublization indicated, decrease in pH, increased colony forming units and 
viscosity in the medium during K solubilization are factors associated with K release. This 
was due to the production of organic acids like citric, oxalic, fumaric and tartaric acids 
(Girgis et al., 2008) and the presence of exopolysaccharide (EPS). FTIR spectra showed the  
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functional groups related to the presence of EPS, organic acids, proteins and other  

 
 
 

functionalities involved in bacterial feldspar dissolution (Fig.2). SEM study showed small 
etch pits and cracks with covering of small particles on feldspar surface which might have 
resulted from bacterial attachment and/or their secretory products (Fig.1). Feldspar 
dissolution was also reconfirmed by XRF and XRD study. GC-MS analysis indicated 
differences in organic compounds production with feldspar dissolution. 
 Study on the survival and efficiency of potent KSB in rock powder formulation showed that, 
the initial population of KSB was maintained up to four months of storage period without any 
decrease in population and high viability of 107 CFU ml-1 was seen up to 10 months of 
storage and the K solubilizing capacity of KSB could be retained without large variation and 
slight increase in efficiency after two months of shelf life in rock powder. 
 The present study reaffirmed the significant role of NUE as well as biocontrol 
microbes in the present day agriculture for enabling the crop production practices to become 
more cost effective, eco-friendly, sustainable and agriculturally profitable. The results on 
solubilization of fixed K (feldspars) by K solubilizers can certainly be find application in the 
modeling and development of mineral solubilizers as nutrient carriers for application in crops 
as well as for other industrial uses. 
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Abstract 
 The call for global sustainability is echoed by societal, environmental ,and economic 
needs across the globe. In recent years,we have seen anever-growing demand of process 
automation in agriculture\sector. These systems could reduce wastage of valuable resources 
by measuring and processing various environmental factors and soil parameters and thus 
effectively utilizing the resources. This enablesthe farmer, to obtain optimized results. 
Precision agriculture is a method of farm management that enables farmers to produce more 
efficiently through a frugaluse ofresources. Precision farming deals with irrigating plants to a 
desired level and supplies those plants with just the right amount of water, chemicals and 
nutrients required for normal uptake of the plant. Though precision farming is very much 
talked about in developed countries, it is still at a very nascent stage in developing countries, 
including India. Limited access to financial and technical resources is the major barrier in 
adopting advanced precision farming technologies by farmer’s community. Moreover these 
products seldom suit Indian environmental conditions. The development of acost-effective, 
farmer friendly and customizable product is hence imperative. 
 
 In this paper, we present the various design aspects of SMaRT faRM System, 
designed and developed by CdaC, Trivandrum with the moral support from state Horticulture 
Mission, kerala. SMaRT faRM system is a modular, user friendly device which helps the 
farmer to monitor and control the agricultural parameters from the comfort of home. This 
system helps the farmers to be updated about this cultivation, while he is away from the 
farm.This energy efficient system competes with the products of pioneers in this field in 
terms of salient features and tops the above with respectto cost effectiveness. Thus the system 
helps to transform the agricultural sector by maximizing the yields with no or minimum 
manual intervention.  
keywords-SMaRT faRM, Precision farming, agriculture automation, Cost effectiveness, 
dTMf, wifi, wireless sensor, GSM,  
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Introduction 
 “Agriculture is the backbone of the Indian Economy”- said Mahatma Gandhi six 
decades ago. The economy of the second most populous country in the world is inextricably 
linked to the pulse of its agricultural success or failure. Agriculture sector contributes about 
17% to the total GDP and provides employment to over 60% of the population. About 70 
percent of the rural households and 8 percent of urban households are dependent on 
agriculture for employment. The green revolution in the late 60’s saw the country through a 
period of what could otherwise have been the worst famine in the world. Yet after nearly four 
and half decades into the post green revolution period, the country still faces crisis each year 
in trying to meet the burgeoning demand for food by its people. Today it is difficult to 
perform the desired jobs efficiently and precisely in agricultural fields, and ultimately this 
may result in lower crop production, non-uniform growth and poor quality. 
 In recent years, we have seen an ever-growing demand of process automation in 
irrigation systems. These systems could reduce wastage of irrigated water by measuring and 
processing various environmental factors and soil parameters and thus by making the 
corrective measures. This enables the farmer, to obtain an optimized result. The key factors 
which keeps the new generations away from cultivation are the boring activities of 
continuous monitoring, watering, fertilizing, above all the scarcity of skilled workers, and 
higher operating costs. Making these monotonous activities automatic is the simplest 
solution. The latest practice adopted worldwide is precision farming. The plants can be 
cultivated in an ideal condition, ensuring the plant never suffers from over nutrients or 
deficiency, thus enhancing quality, optimum growth and high yield. In short it means adding 
the right amount of treatment at the right time and the right location within a field. A frugal 
form of precision farming is emerging in India. 
 From the time of green revolution the focus on enhanced production and productivity 
was always a means of indiscriminate use of agrochemicals and exploitation of natural 
resources. The precision farming technology has evolved as a viable alternative to improve 
profitability and productivity by means of judicious management of available resources 
without any adverse impact on environment. The precision farming system as a development 
paradigm envisages maximizing the efficiency of resources like production inputs, 
manpower, energy and natural resources like water and land. Though precision farming is 
very much talked about in developed countries, it is still at a very nascent stage in developing 
countries, including India. Limited access to financial and technical resources is the major 
barrier in adopting advanced precision farming technologies by farmer’s community. There 
are products available in the international market, which are not affordable to the Indian 
farming community. More over these products seldom suit Indian environmental conditions. 
Thus the development of a cost-effective and customizable product became imperative.In this 
scenario, Centre for Development of Advanced Computing, Thiruvananthapuram (CDAC-T), 
designed and developed the SMARTFARM system, an indigenous system for precision 
farming. This is a project envisaged and funded by state horticulture mission, Kerala. The 
SMARTFARM system facilitates the monitoring and control of agricultural parameters from 
the comfort of home. The farmers can also configure the device for getting alerts of important 
field parameters or alarm conditions. These alerts can be in the form of pre-programmed 
SMS messages in his mobile phone. The alarms can also be configured for giving alerts 
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through LED flashing / hooters. Situation based commands for controlling the agricultural 
field equipments from a remote location can be given through mobile phones. This module 
provides a progressive path of adaptive migration to tomorrow’s advanced automation 
systems in agriculture. It competes with the products of pioneers in this field in terms of 
salient features and tops the above with respect to cost effectiveness. The proposed module 
helps to transform the agricultural sector by maximizing the yields with no or minimum 
manual intervention. Envisage 
 

Objectives 
 Precision agriculture is a systems approach to farming for maximizing the 
effectiveness of crop inputs. It involves the application of technologies and principles to 
manage spatial and temporal variability associated with all the aspects of agricultural 
production for improving crop performance and environmental qualities. Though precision 
farming is very much talked about in developed countries, it is still at a very nascent stage in 
developing countries, including India. Limited access to financial and technical resources is 
the major barrier in adopting advanced precision farming technologies by farmer’s 
community. 
 There are similar products in the international market, which are not affordable to the 
Indian farming community. More over these products seldom suit Indian environmental 
conditions. The development of a cost-effective and customisable product is hence 
imperative. The proposed development of SMARTFARM System is conceived after market 
survey and discussions with farmers. All the major features available in the international 
products are included in the project. 
 Water is becoming more and more important with restricted water deliveries in one 
area and high water cost in others. Precision farming is a valuable tool for accurate soil 
moisture control. SMARTFARM system could reduce wastage of irrigated water by 
measuring and processing various environmental factors and soil parameters and thus by 
making the corrective measures. This utilises sensors and valves to control irrigation. These 
valves may be easily automated by using controllers and control algorithms. Automating 
farms, allows farmers to apply the right amount of water and fertilizers at the right time, right 
place and right amount. In conventional methods of farming, the entire soil surface is 
saturated with fertilizers and often stays wet long after the irrigation is completed. Using 
precision farming technique, we can apply drops of water along with fertilizers to part of 
plant root zone. 
  

System architecture 
 Modern, cultivation with high-efficient crops demands a flexible and stable supply of 
right amount of chemicals, nutrients and water. Different automation strategies as per the 
customer requirement and the demand by different parts of the agriculture field need be 
implemented. SMARTFARM system is a low power, user friendly device which helps the 
farmers to plan irrigation and fertigation based on environmental and soil conditions. This 
controller monitors different parameters like soil moisture, pH, atmospheric temperature, 
humidity etc and operates actuators for appropriate control action and also informs the farmer 
through graphical display unit. The farmers can configure the device for getting alerts of 
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important field parameters or alarm conditions. 
 SMARTFARM system is equipped with IEEE 802.11b Wi-Fi, USB2.0 Full speed 
device and host port, 10/100 Ethernet interface, GSM and ZigBee wireless communication 
interface and configurable RS232/RS485 interface. It is capable of acquiring 12 Analog 
inputs and 16 Digital inputs. It can provide 4 Analog outputs and 16 Digital outputs for 
controlling various pumps and valves. The controller can intelligently operate pumps / valves 
based on the data available from the field and the preloaded programs available in the 
controller. 
 It can also be configured for providing the log of these parameters on a daily / 
monthly basis. Pump switching operations and Valve openings can also be configured for 
logging. The logged data can be retrieved for further analysis using external memory 
interface. The farmers will also be interested in getting the information such as water quantity 
used for irrigation, fertilizer quantity applied to the soil etc. SMARTFARM system can be 
configured for providing the log of these parameters on a daily / monthly basis. Pump 
switching operations and Valve openings can also be configured for logging. The logged data 
can be retrieved for further analysis using external memory interface. 
  
Design architecture 
 The SMARTFARM system is built around a powerful AT91SAM3X8E a 32-bit ARM 
Cortex-M3 RISC processor .The hardware is designed in such a way that it provides 
scalability and modularity. The SMARTFARM System consists of the main Processor 
Module, and GSM module, ZigBee module, Wi-Fi module and TFT-touch panel module as 
pluggable add-ons. 
 
 Theses pluggable modules are designed and developed in such a way that, as per the 
farmer’s requirement, the corresponding module can be plugged in to the base module.The 

block diagram representation of the system architecture is given in Figure1Figure: 1 

SMARTFARM Architecture 
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3.1.1 Processor Module  
 The Processor base module consists of a high speed processor, circuit for accessing 
and processing the input/output channels, battery charging circuit, Input output signal 
multiplication by using CPLD, communication interfaces and TFT interfaces. The ARM 
Cortex M3 based AT91SAM3X8E is the main processor. Atmel’s SAM3X/A series is a 
member of a family of Flash microcontrollers based on the high performance 32-bit ARM 
Cortex-M3 RISC processor. It operates at a maximum speed of 84 MHz and features up to 
512 Kbytes of Flash and up to 100 Kbytes of SRAM. The peripheral set includes a High 
Speed USB Host and Device port with embedded transceiver, an Ethernet MAC 
SDIO/SD/MMC, an External Bus Interface with NAND Flash controller, UART, TWI, SPI, 
as well as 1 PWM timer, general-purpose 32-bit timers, an RTC, a 12-bit ADC and a 12-bit 
DAC. The CPLD is programmed such that it multiplexes various input / output signals with 
the processor I/O pins. The communication interface consists of USB 2.0 full speed device 
and host port, SD card interface for data and configuration storage, 10/100 Ethernet interface 
and two configurable RS232/RS485 interfaces. 
 
FT Interface Board  
 The Display and Touch controller board consist of a 3.5" TFT LCD module with 
Touch PanelController SSD2119 (8-bit/16-bit 8080, SPI) which get interfaced with the main 
module using SPI communication. The display has 320 * 240 pixels with RGB interface, 
262K colors TFT display with built-in SSD 2119 Display controller and 4-wire resistive 
touch interface. 
 Touch-Panel can supports 8080 8-bit mode via modify the board, 3-wire/4-wire SPI 
mode. The Module has 60 pin interfaces and requires an operating voltage of 3.3 V. There is 
White LED driver integrated circuit for driving Backlight of Display. The touch controller 
used is a 12-bit sampling Analog-to-Digital Converter (ADC) with a synchronous serial 
interface and low on-resistance switches for driving touch screens. When a touch on the touch 
panel is detected the interrupt pin of touch Controller will send a control byte to instruct it to 
perform a conversion. 
 

GSM Interface Board 
 Situation based commands for controlling the agricultural field equipments from a 
remote location can be given through mobile phones. In order to facilitate the use of remote 
control through mobiles, the DTMF (Dual tone Multi Frequency) facility is incorporated in 
SMARTFARM by using this module. The GSM communication interface can also be used to 
obtain alerts in the form of pre-programmed SMS messages even when the farmer is away 
from the field. This module consists of GSM modem and DTMF decoder and voice recorder 
circuit. 
 The GSM module is equipped with a complete Quad-band GSM/GPRS module in a 
SMT type which is designed with a very powerful single-chip processor integrating 
ARM926EJ-S core. It also accommodates industry-standard serial interface, and delivers 
GSM/GPRS 850/900/1800/1900MHz performance for voice, SMS, and Data in a small form 
factor and with low power consumption. Single-Chip Voice Record/Playback Device 
controlled through an I2C 2-wire interface is also integrated to provide an interactive voice 
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response (IVR) for the better understanding of farmers about the remote operations. 
 
The firmware 
 The firmware of SMARTFARM is built around the tiny Real time operating System 
(RTOS) called freeRTOS. The freeRTOS is one of the royalty free RTOS available. The entire 
functions of the SMARTFARM system is scheduled and controlled by the core of the 
freeRTOS. The block diagram representation is shown below. The programmed process 
control algorithms are used for the agriculture parameter control. The main functionalities of 
the SMARTFARM system is split into six different tasks. A simplified view of the operation 
of a SMARTFARM and the functions of the elements is shown in Fig 2: The important 
scheduled tasks in SMARTFARM system are 

1. IO_Scan Analog 
2. IO_Scan Digital 
3. Loop Execution  
4. Wireless Communication (GSM) 
5. External Storage  
6. Display / Touch Task 

Figure: 2-Firmware Architecture 
The ‘IO_Scan Analog’ task has two responsibilities one is to sample data and to send 

data to the DAC via SPI interface for analog output. This task is repeated every 100 ms . For 
each 100 ms the IO_scanAnalog () task reads the holding registers of the ADC module and if 
the memory access semaphore is free, stores the data to memory. The IO-Scan Digital reads 
the digital register values of the processor. Also it gives the digital output values to the 
corresponding registers. 

Loop Execution task executes and processes the scanned input values. The 
SMARTFARM system loads the configuration from the SD card on power up and stores the 
corresponding values in separate dynamically allocated tables. The output of the loop 
execution will be given to the corresponding Digital / Analog output channels. The loop 
execution task is programmed in such a way that, it executes for a period of time and then 
goes to an idle state. The idle state time gives the settling of agriculture parameters like soil 
moisture and atmospheric temperature etc. 

The Display Touch task has mainly two functionalities, viz, the resistive touch 
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interface by decoding the co-ordinates of the touch screen and the graphical User interface 
(GUI). All the touch interrupts are serviced through this task. Also the TFT display 
characteristics are also controlled through this task.The Wireless communication (GSM) task 
enables and makes the GSM communication active. It is responsible for enabling the SIM 
and establishing the communication with the existing GSM provider. This task is also 
responsible for the decoding of DTMF signals  once it get into remote operation mode. Also 
the GSM task get activated on each parameter control to send an SMS to a pre-configured 
farmers mobile about the present farm parameters. 
 

Functionality testing & calibration 

Modern, cultivation with high-efficient crops demands a flexible and stable supply of 
right amount of chemicals, nutrients and water. Different automation strategies can be 
implemented as per the customer requirement and depends on the need by different parts of 
the agriculture field. The installation schematic for a particular SMARTFARM system 
Installation is shown below in Figure 3. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: SMARTFARM Installation Scheme 
Here the SMARTFARM system, collectively acquire the various inputs from different 
sensors. Depending on the current cultivation, different control algorithm can be 
implemented based on nature of soil and atmospheric conditions. 

The SMARTFARM system can operate in three generic modes of operation. In AUTO 

mode, the system collects data from different sensors and acts on that depending on the 

control algorithm. The valves and pumps get controlled automatically. It always ensure to 
maintain the particular threshold levels. It ensures to provide enough settling time so that 
the soil absorption behavior also taken into consideration. In MANUAL mode, the pump and 
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valve operation is based on the command it receives through the touch panel. Here the 
ON/OFF condition for the valves and pumps does not depend on the sensor values, instead 
it fully depends on the manual commands. But as a precaution, an ‘OFF’ time as that of the 
AUTO mode is also provided. The OFF time ensures timely switch OFF of the agriculture 
equipments, even a manual operator forgets to switch it off. In REMOTE mode of operation, 
the farmers can control the field equipments from the comfort of home. The farmers can 
operate different equipments by giving commands from his mobile phone. Similar to 
MANUAL mode, here also a pre programmed ‘OFF’ time is provided as a means to 
overcome the human error. 

A group of four soil moisture sensors are used for the system calibration. The 
values of the sensors at various instances of time get logged in the SD card. The graph 
in figure :4 shows the sensor values over a period of 25 days. As the soil gets dried up ie 

the curve move upward 
and reaches the threshold 
average value, the valve 
and pump opens and 
watering gets started. 
Similarly as the soil gets 
enough water ie, as the 
curve reaches minimum 
average value, the water 
stops instantaneously. 
 
 
 

 
Figure: 4 – Sensor Calibration 

 

Conclusion 
 
 This paper presents the salient features of the SMARTFARM system developed in-
house and its wide scope in the field of agriculture in a developing country like India. 
Precision farming is basically providing the right amount of daily irrigation supply and 
monitoring at the right time. The main cause that keeps youth away from farming is the 
mundane activity of physical monitoring of field parameters in regular intervals. Automation 
brings a solution to this problem and helps the farmers spent their time more fruitfully. The 
SMARTFARM system computes the right amount of irrigation deliveries based on crop water 
requirements. The system also gives information on the uniformity of water distribution and 
its shortfall or excess. The SMARTFARM system enables the farmers to be always aware of 
field parameters as he receives regular SMS on his mobile. Remote operation of field 
equipments through his mobile phone is also offered. Similar systems available in the market 
are imported ones and hence the cost is high. An indigenous development gives the flexibility 
of customization and cost effectiveness. The system can be upgraded for fertigation control 
by employing nutrient sensors. 
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BIOMANAGEMENT OF ROOT-KNOT NEMATODE  
MELOIDOGYNE INCOGNITA ON BRINJAL BY PAECILOMYCES LILACINUS 

Nisha M.S , Sheela, M.S and Narayana.R, Department of Entomology, College of 
Agriculture, Vellayani, Kerala Agricultural University drnishams@gmail.com 

 

ABSTRACT 
 Root-knot nematode, Meloidogyne incognita is a limiting factor affecting the 
production of vegetables in kerala. Since use of chemicals is prohibitive as well as hazardous, 
attention has now been directed towards use of bio pesticides. Paecilomyces lilacinus has 
been recognized as a biological nematicide capable of successfully establishing in soil when 
introduced artificially. Since the effectiveness of the bioagent depends on their proper 
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delivery system, the present study was carried out to test the efficacy of P.lilacinus as nursery 
treatment alone, mainfield treatment in combination of farmyard manure (fYM) alone and 
combination of nursery and mainfield treatments in comparison with chemical, carbosulfan 
against M. incognita in brinjal. field experiments were conducted at College of 
agriculture,Vellayani in M .incognita infested sick plots having an initial population of 200 to 
325 M.incognita larvae per 200 g of soil. 
 Results of the trial revealed that application of P.lilacinus (2X106cfu) @ 50g/m2 to 
nursery beds of brinjal was effective in producing vigorous seedlings (maximum seedling 
weight) with least root galling. all the treatments showed significant superiority in reducing 
the nematode population in brinjal rhizosphere compared to the untreated. Lowest nematode 
population was recorded by nursery application of P.lilacinus @50g/m2 + main field 
application of P.lilacinus @5 kg along with 2.5t fYM/ ha. This treatment was statistically on 
par with nursery application of P.lilacinus @50g/m2 + main field application of P.lilacinus 
@2.5 kg along with 2.5 t fYM/ha and chemical carbosulfan. Similar trend was observed in 
the case of nematode population in root also. The percentage reduction in nematode 
population in these three treatments over the untreated ranged from 97 to 99 and 95 to 97 per 
cent in soil and root respectively. Regarding the root-knot count, nursery application of 
P.lilacinus@50 g/ m2 + main field application of P.lilacinus@ 5kg along with 2.5 t fYM/ha 
recorded the lowest root-knot count (2.13 per 10 g root). Root-knot index in the above 
treatment was one. The reduction in nematode population using bio nematicide, P.lilacinus as 
nursery bed treatment @50 g/m2 and application of P.lilacinus enriched farm yard manure to 
soil in the main field resulted significant improvement in plant growth parameters and yield. 
In the case of weight of fruits, the treatment combination nursery application of P. lilacinus @ 
50g/m2 + main field application of P.lilacinus@ 5kg along with 2.5t farm yard manure/ha 
established its superiority over all other treatments giving 98 percent increase over the 
untreated. 
 Highest ICbR ratio was observed in nursery application of P. lilacinus @ 50g/m2 + 
main field application of P.lilacinus @ 5kg along with 2.5 ton fYM per ha (1:5.96) followed 
by nursery application of P. lilacinus @ 50g/m2 + main field application of P. lilacinus @ 
2.5kg along with 2.5 ton fYM/ha (1:4.93). Hence in transplanted crops like brinjal, nursery 
application of P..lilacinusand main field application of farm yard manure enriched with 
bionematicide is an appropriate delivery system which introduces nematophagous fungus in 
the root rhizosphere of the crop. 
 

Introduction 
Brinjal, Solanum melongena L. is an important vegetable crop grown throughout the 

country and is consumed by majority of people. Bacterial wilt, root-knot, little leaf and attack 
of insect pests are the common problems of this crop. Management of root-knot nematode  
(Meloidogyne incognita) employing conventional chemicals is not cost-effective and 
environmentally safe as it kills the beneficial microorganisms in soil, contaminate ground 
water and creates health hazards to human and animals besides its residual effects leading to 
biomagnification. Paecilomyces lilacinus, a fungal biocontrol agent offer an eco-friendly, low 
cost approach to control root-knot nematode. Hence the present study was carried out to 
evaluate the efficacy of bio control agent, P.lilacinus  as nursery treatment alone, mainfield 
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treatment in combination with farm yard manure alone and combination of both nursery and  
main field treatments against root-knot nematode in brinjal, since the effectiveness of the bio 
agent depends on their proper delivery system. 
 

Materials and methods 
Management trials in brinjal was laid out at College of Agriculture, Vellayani in 

nematode infested sick plots having initial population of 200 to 325 M.  incognita larvae per 
200 g of soil. IIHR strains of P.lilacinus obtained from NBAII, Bangalore were used for the 
study. Nursery beds of brinjal (1X1 m) were prepared and bio agent P.lilacinus (2x106cfu) 
was applied @50g/m2 in nursery plots. Carbosulfan @ 0.3 g a.i./m2 served as check. Brinjal 
seeds (Variety Haritha) were sown over it and covered with thin layer of sand. The plots were 
irrigated daily to ensure proper germination and growth of seedlings. One month old 
seedlings were transplanted to mainfield. Mainfield treatments given were application of 
P.lilacinus @ 2.5 kg along with 2.5t farmyard manure/ha, P.lilacinus @ 5 kg along with 2.5t 
farmyard manure/ha, application of farmyard manure @2.5t/ha alone. In combination 
treatments the bioagent was applied both in nursery and mainfield. Experiment was laid out 
in RBD with 8 treatments replicated thrice. The results were assessed in terms of biometric 
characters (plant height, number of leaves and branches), yield (no.of fruits and weight of 
fruit) and nematode population characteristics (no. of larvae in soil, root and no.of galls/5g 
root). Nematode population in soil was estimated by Cobb’s sieving and decanting technique 
(Cobb,1918) and modified Baermann’s funnel technique. The data generated were subjected 
to analysis of variance (ANOVA) technique. The variables which do not satisfy the basic 
assumption of ANOVA were subjected to square root transformation before analysis. 
 

Results and discussion 
 Results of the trial revealed that application of P.lilacinus (2X106cfu) @ 50g/m2 to 
nursery beds of brinjal was effective in producing vigorous seedlings (maximum seedling 
weight) with least root galling.In main field all the treatments showed statistically significant 
variation in reducing the nematode population in soil. The lowest nematode population in soil 
was recorded by the treatment combination having nursery application of P. lilacinus@ 
50g/m2 + mainfield application of P. lilacinus @5kg along with 2.5t farm yard manure/ha  at 
the time of harvest (Table 1). 

Table1.  Effect of different treatments on thenematode population characteristics in 

brinjal 
             
Treatments 

INP 
(200g 
soil) 

 

No. of 
galls 
(10g) 

Gall 
inde
x 

% 
reducti
on over 
untreate
d 

Nemato
de 
populat
ion root 
(10g) 

% 
reduction 
over 
untreated 

Nemato
de 
populat
ion in 
soil 
(200g) 

% 
reduction 
over 
untreated 

T1- 
Paecilomyce
slilacinus 
(cfu  2×106 ) 
@50g /m2 in 
nursery bed 

 
256.6

7 

 
104.65 
(10.23) 

 
5 

 
58.34 

 
78.32 
(8.85) 

 
14.35 

 
149.08 
(12.21) 

 
59.60 

107

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



T2- P. 
lilacinus (cfu 
2×106) @ 
2.5 kg along 
with 2.5 t of 
FYM, in the 
main field 
prior to 
planting. 

 
258.3

3 

 
61.15 
(7.85) 

 
5 

 
75.65 

 
41.35 
(6.43) 

 
64.42 

 
69.06 
(8.31) 

 
81.29 

T3- P. 
lilacinus (cfu 
2×106) @ 
5kg along 
with 2.5 t of 
FYM in the 
main field 
prior to 
planting. 

 
283.3

3 

 
30.14 
(5.49) 

 
5 

 
88.00 

 
32.72 
(5.72) 

 
71.84 

 
72.93 
(8.54) 

 
80.24 

 
T4- T1 + T2 

283.3
3 

8.70 
(2.95) 

2 96.53 3.46 
(1.86) 

97.02 7.18 
(2.68) 

97.84 

 
T5- T1 + T3 

 
306.6

7 

4.54 
(2.13) 

 
1 

 
98.19 

3.20 
(1.79) 

 
97.25 

 
3.06 

(1.75) 

 
99.17 

T6- 
Application 
of 
carbosulfan 
@ 0.3g 
a.i./m2 in the 
nursery 
before 
sowing. 

 
280.0

0 

9.24 
(3.04) 

 
5 

 
96.32 

 
5.48 

(2.34) 

 
95.31 

 
12.89 
(3.59) 

 
96.51 

T7- 2.5 t of 
FYM /ha in 
the main 
field prior to 
planting 

 
290.0

0 

139.24 
(11.80) 

5  
44.57 

92.54 
(9.62) 

 

 
20.36 

 
272.25 
(16.50) 

 
26.22 

 
T8- 
Untreated 

 
316.6

7 

251.22 
(15.85) 

5  
 

116.21 
(10.78) 

  
369.02 
(19.21) 

 

CD (0.05)  (2.17)   (3.69)  (2.08)  
 This treatment was statistically on par with nursery application of P. lilacinus @ 50g/m2 + 
mainfield application of P. lilacinus @ 2.5 kg along with 2.5t FYM/ha and chemical 
carbosulfan. The percentage reduction in nematode population over the untreated in the above 
treatments ranged from 97 to 99 percent. Similar trend was observed in the case of root also. 
The percentage reduction in nematode population over the untreated ranged from 95 to 97 per 
cent. Regarding the number of galls the lowest number (2.13 per 10 g root) was recorded in  
nursery application of P.lilacinus@50 g/m2 + main field application of P.lilacinus@ 5kg 
along with 2.5 t FYM/ha. Root-knot index in the above treatment was one. It was equally 

108

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



effective to nursery application of P .lilacinus @ 50 g/m2 + main field application of 
P.lilacinus   @2.5 kg along with 2.5 t FYM/ha (2.95 per 5g root) and chemical, carbosulfan 
(3.04 per 5g root). The percentage reduction in root-knot count in these three treatments over 
the untreated ranged from 96 to 98 per cent. Several workers reported the potential of 
P.lilacinus in suppressing the population of M.incognita in crops viz. okra (Dhawan et al., 
2004), banana (Sundararaju and Kiruthika, 2009) and tomato (Sabet et al., 2013). 
Histological studies conducted by Azam et al. (2013) revealed that P.lilacinus parasitized the 
M. incognita eggs through the formation of fungal hyphae and conidiophores and caused 
disintegration of egg shells, egg masses and juveniles of M. incognita. In this study the 
potential of P.lilacinus was boosted by combining with partially decomposed farm yard 
manure as evidenced by the result on reduction in M .incognita population in soil and roots. 
The beneficial effect of FYM for boosting the potential of egg parasitic fungus P.lilacinus 
established in this study is in agreement with Rao et al. (2013).  They reported that nursery 
bed treatment @50g P.lilacinus/m2 and mainfield application of FYM (5t/ha) enriched with 5 
kg P.lilacinus/ha significantly reduced nematode population in the rhizosphere of tomato.                       
Table: 2.  Effect of different treatments on the biometric characters and yield of brinjal 

       Treatments Heig
ht of 
plant 
(cm) 

No. of 
leaves 

No. of 
branc
hes 

Weight 
of 

shoot 
(g) 

Weigh
t of 
root 
g) 

No. of 
Fruits/ 

plot 
 

Weight 
of 

Fruits 
(kg) 

%Increas
e over 
untreated 

Per ha 
yield 
(t/ha) 

T1- P.lilacinus 
(cfu  2×106 ) 
@50g /m2 in 
nursery bed 

 
160.
00 

 

 
150.6

7 
 

 
44.33 

 
450.00 

 
250.0

0 

 
100.0

0 

 
5.25 

 
5.00 

 
10.5 

T2- P. lilacinus 
(cfu 2×106) @ 
2.5 kg along 
with 2.5 t of 
FYM , in the 
main field prior 
to planting. 

 
 

154.
33 

 
 

158.3
3 

 
 

45.33 

 
 

516.67 

 
 

303.3
3 

 
 

121.0
0 

 
 

6.33 

 
 

26.60 

 
 
12.66 

T3- P. lilacinus 
(cfu 2×106) @ 
5kg along with 
2.5 t of FYM in 
the main field 
prior to planting. 

 
 

158.
33 

 
 

180.6
7 

 
 

44.33 

 
 

541.67 

 
 

273.3
3 

 
 

121.6
7 

 
 

6.58 

 
 

31.60 

 
 
13.16 

 T4- T1 + T2 191.
67 

213.3
3 

60.00 660.00 325.0
0 

160.0
0 

8.92 78.40 17.84 

 T5- T1 + T3 213.
33 

225.0
0 

70.00 758.33 368.3
3 

176.6
7 

9.92 98.40 19.84 

T6- Application 
of carbosulfan 
@ 0.3ga.i./m2 in 
the nursery 
before sowing. 

 
184.
00 

 
200.6

7 

 
55.67 

 
576.67 

 
341.6

7 

 
140.0

0 

 
7.75 

 
55.00 

 
15.5 

T7- 2.5 t of 131. 130.0 41.00 411.67 225.0 99.33 5.13 2.60 10.26 

109

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



FYM /ha in the 
main field prior 
to planting 

67 0 0 

T8- Untreated 110.
00 

115.6
7 

35.67 388.33 188.3
3 
 

93.33 5.00 - 10.0 

CD (0.05) 22.8
3 

25.57 8.64 56.54 36.51 
 

30.42 0.95  
 

 
 

 revealed that all the treatments except farmyard manure were significantly better than the 
untreated in improving biometric characters of brinjal. Regarding the plant height, effect of 
the combination treatment, nursery application of P.lilacinus @50g/m2+ main field 
application of P.lilacinus @5kg along with 2.5 t FYM/ha (213.33 cm) was statistically on par 
with nursery application of P.lilacinus @50g/m2+mainfield application of P.lilacinus @2.5 kg 
along with 2.5t FYM/ha (191.67 cm).  In the case of number of leaves, nursery application of 
P.lilacinus @50g/m2+mainfield application of P.lilacinus @5kg along with 2.5t FYM/ha, 
nursery application of P.lilacinus @50g/m2+mainfield application of P.lilacinus @2.5 kg 
along with 2.5t FYM/ha and chemical carbosulfan were statisically on par giving 74 to 95 per 
cent increase over the untreated.The treatment combination, nursery application of P.lilacinus 
@50g/m2+ main field application of P.lilacinus @5kg along with 2.5t FYM/ha showed 
significant superiority over all other treatments in improving the number of branches and 
weight of shoot giving 96 and 95 per cent increase over the untreated respectively. In the case 
of weight of root,  the treatment combination ie,  nursery application of P. lilacinus @ 50g/m2 
+ main field application of P. lilacinus @ 5kg along with 2.5t FYM/ha recorded maximum 
number and it was found equally effective to the check treatment, carbosulfan. The 
improvement in biometric characters was directly reflected in increase in yield of brinjal in 
terms of number of fruits and weight of fruits. In the case of weight of fruits, the treatment 
combination nursery application of P. lilacinus @ 50g/m2 + main field application of P. 

lilacinus @ 5kg along with 2.5t farm yard manure/ha established its superiority over all other 
treatments giving 98 percent increase over the untreated. The treatment combination P. 

lilacinus @ 50g/m2 + mainfield application of P. lilacinus @ 2.5 kg along with 2.5t FYM/ha 
was found equally effective to  P.lilacinus @50g/m2 + mainfield application of P. lilacinus 
@5kg along with 2.5t farm yard manure/ha in increasing the number of fruits. The percentage 
increase in these treatments ranged from 71 to 89 percent.  The effect of P.lilacinus in 
improving the plant growth characters and yield was already reported by several authors (Rao 
et al., (2012) in tomato; Nisha and Sheela, 2013 in coleus; Zareena and Das, 2014 in brinjal). 
Highest ICBR ratio  was observed in nursery application of P. lilacinus @ 50g/m2 + main 
field application of P. lilacinus @ 5kg along with 2.5 ton FYM per ha (1:5.96) followed by 
nursery application of P. lilacinus @ 50g/m2  + main field application of P. lilacinus @ 2.5kg 
along with 2.5 ton FYM/ha (1:4.93). 
 

Conclusion 
The results obtained in the present study have shown that in transplanted crops like 

brinjal nursery application of P.lilacinus @50 g/m2 and application of farmyard manure (5t) 
enriched with 5kg P.lilacinus/ha  significantly effective in the management of M. incognita 
and increasing the yield. Bionematicides cannot prove effective under field conditions if they 
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are not delivered properly. So application of FYM enriched bionematicide is an appropriate 
delivery system for the proper establishment of the nematophagous fungus in the root 
rhizosphere of the crop. 
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EFFECTIVE RANGE OF CASSAVA BIOPESTICIDES ON PEST MANAGEMENT 

IN THE BANANA FARMS AT THREE DISTRICTS OF KERALA-  
THIRUVANANTHAPURAM, ERANAKULAM AND KASARAGODE 

 
Jithu U. Krishnan, C. A. Jayaprakas, Lekshmi N. R, Jithine J. R, Ajesh G Biopesticide 

Laboratory Division of Crop Protection, Central Tuber Crop Research Institute (ICAR), 
Sreekariyam, Thiruvananthapuram, 695017, Kerala, India E mail: jithuukrishnan@gmail.com 
 
ABSTRACT 
 Cassava (Manihot esculenta Crantz), a native to South america, is extensively 
cultivated as an annual crop for its starchy, tuberous root which is a major staple or subsidiary 
food for over 500 million people in the tropical and subtropical regions. owing to the 
presence of anti-nutritional components, large quantity of leaves and tuber rinds are largely 
thrown as waste at harvest. neverthless the insecticidal principles from these bio-wastes were 
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extracted and formulated as biopesticides. banana is one of the rarest of the crops which is 
been largely consumed both as staple food and as fruit. India ranks first in the global banana 
export but it was estimated that a better part of the banana yield was negatively affected by 
pest attack and sometimes it reaches its maximum in individual plots. banana Pseudo Stem 
weevil (bPSw) (odoiporous longicollis oliver), banana Rhizome weevil (bRw) (Cosmopolitus 

sordidus), Lacewing insect (Stephanitis typicus) and Leaf caterpillars as Spodoptera larvae 
(Spodopteralitura) were the major pests of banana field. This study focus on the efficacy 
assessment of cassava biopesticide against these major pests and recommends a concentration 
of 5% for bPSw, 10% for bRw, 0.5% for Lase wings and 1% for Spodoptera larvae. Intervals 
of application were 2 times spray with an interval of 1 month on the banana pseudo stem at 
the age of 4.5 month for bPSw. 4 (2+2) times spray on the collar region of the banana plants 
at the age of 2and 4.5 with an interval of 1 month for the control of bRw. Monthly spray at a 
concentration of 0.1% on the leaf prophylactically controls both the Lase wing and the 
Spodoptera larvae.The underutilized cassava leaves and tuber rinds are a potential source of 
biopesticides more specifically cyanoglucosides and are now trialled both in laboratory and 
field underlining the potential scope of the biopesticide. 
 

Introduction 
Manihot esculenta Crantz, commonly known as cassava, is a perennial woody shrub 

in the Euphorbiaceae (spurge family) native to South America is extensively cultivated as an 
annual crop in tropical and subtropical regions for its edible starchy tuberous root, a major 
source of carbohydrates. Cassava is the third largest source of food carbohydrates in the 
tropics, after rice and maize. Cassava is a major staple food in the developing world, 
providing a basic diet for over half a billion people. It is one of the most drought tolerant 
crops, capable of growing on marginal soils. Global production of cassava tubers was 
estimated to be 262.585 million tonnes from an area of 20.385 million hectares in 2012 
(FAOSTAT 2012). In India, the production of cassava was increased to 8.076 million tons in 
2011   to 8.120 million tons in 2012 (FAOSTAT 2012). In India crop is cultivated in southern 
peninsular region, particularly Kerala, Tamil Nadu and Andhra Pradesh contributing 93% of 
area and 98% of production in the country. Kerala accounts for nearly 50% of total area under 
cassava in India and is mainly grown as rainfed crop. 

Banana (Musa. variety) is one of the most-important fruit crops of the world. It is the 
world’s fourth most important food crop after rice, wheat and maize. The banana is grown in 
the tropics, and, though it is most widely consumed in those regions, it is valued worldwide 
for its flavour, nutritional value, and availability throughout the year.  India is the World’s 
largest producer with production of 29.7 million tonnes (FAOSTAT, 2011). It occupies about 
20 % of the total area and accounting 34.2% of the total production of fruits. As a staple, 
bananas, including plantains and other types of cooking bananas, contribute to the food 
security of millions of people in much of the developing world, and when traded in local 
markets they provide income and employment to rural populations. As an export commodity, 
they are key contributors to the economies of many low-income food deficit countries. 
Production of banana for export relies on only a few varieties, which were selected for their 
high yields, durability in long distance transport, consistent quality and unblemished 
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appearance. Pests and diseases are the major determinative factors of the production of 
banana. 

The banana stem borer Odoiporus longicollis (banana pseudo stem weevil), 
Cosmopolites sordidus (banana rhizome weevil), Lace wing insects (Stephanitis typicus), 
Spodoptera larvae (Spodoptera litura) were the most destructive pests in all the banana-
growing belts in India and in South East Asia. Black sigotiga, White sigotiga and Bacterial 
wilt were the major other fungal and bacterial Diseases that are usual probabilities in field 
especially in the tropics.  Banana pseudo stem weevil (BPSW) or banana pseudostem borer, 
Odoiporus longicollis Oliver (Coleoptera: Curculionidae) is a key pest limiting the 
production and productivity of bananas and plantains (Ostmark, 1974; Gailce et al., 2008). 

Detrimental effect of synthetic pesticides on health and environment urged the search 
for natural products to control pest complexes in agricultural ecosystem in accordance with 
the terms of Montreal Protocol in 1989, pesticides inducing ozone depletion have been 
recommended for phase out from their use; there exists  A global drive to search for a 
safe, economic and viable alternative to the synthetic pesticides. The century old practice to 
combat pest menace with plant products is a re-entry in the current pest management 
strategies. Laboratory and field studies at the Central Tuber Crop Research Institute 
(C.T.C.R.I), Thiruvananthapuram revealed that the biomass discarded after the harvest of 
cassava could be a befitting substitute to the synthetic insecticides against some of the major 
insect pests of national importance. In the context of endosulfan issue and the ban of a 
number of very commonly used red and yellow pesticides in Kerala, there is awareness 
among the public to produce biopesticides as a component to promote ecofriendly pest 
management strategy. 
 

Materials and methods 
 Bulk quantities of biopesticide were produced from the piolot plant commissioned at 
the biopesticide laboratory, CTCRI. Insects were reared in the laboratory under room 
conditions. Initial lab trials were done to determine the efficacy of the cassava pesticide and 
lethality was assured. Lethal Concentration at 50 (LC50) was observed and the required 
concentrations were determined respectively. A spray of Bio formulation-1 (Nanma) at a 
concentration of 0.01%, 0.05%, 0.1%, 0.5%, 1%, 3%, 5%, 10% and 20% were done against 
the different pests. Spraying was kept uniform in its mode of application and spray solution 
was frequently agitated for a uniform dispersal. Effect of biopesticide was accessed by 
observing the behavioural response of the insect under study. The treatment were done both 
as interval of application and by time period. 
Large scale field studies were also done at selected three geographical zones of Kerala as, 
Thiruvananthapuram, Eranakulam and Kasaragode. Farmers were selected through the 
respective Krishi Viknjan Kendras (KVK) and through major Farmers clusters in that area. 
Thiruvananthapuram field trials were monitored by the Centre for Innovation in Science and 
Social Action (CISSA) with Sanghamaythry Farmers Producer Company Ltd. (SFPC), 
Eranakulam and Kasaragode field trials were monitored by respective KVK. 
 

Results and observations 
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 Laboratory studies on the effect of cassava biopesticide clearly show significant 
lethality for all the pests surveyed but at different concentrations. Cent percentage lethality 
was assure by the BPSW at a concentration of 5% and attains LC50 at a concentration of 1%. 
Complete mortality of the Banana Rhizome Weevil (BRW) was at a concentration of 5% and 
its LC50 value was at 3%. Lace wings were the most susceptible insect surveyed and it is 
having a cent percentage mortality at 0.5% and an LC50 range at 0.1%. Spodoptera larvae 
shows complete mortality while applying a concentration of 1% and half of its population 
perish with a spray having concentration of 0.1%. 

Field Trials on 100 plants 
each from the respective pest 
attacks in three different sub 
plots selected from a 
geographical zone was 
observed and scrutinised 
thoroughly. Repeatability was 
assured in all the three 
geographical zones and 
specific lethal concentrations 
for field trials among farmers 
were determined. A 
concentration of 5% was 
recommended for BPSW, 10% 

for BRW, 0.5% for Lace wings and 1% for Spodoptera larvae. Intervals of application were 2 
times spray with an interval of 1 month on the banana pseudo stem at the age of 4.5 month 
for BPSW. 4 (2+2) times spray on the collar region of the banana plants at the age of 2 and 
4.5 with an interval of 1 month for the control of BRW. Monthly spray at a concentration of 
0.1% on the leaf prophylactically controls both the Lace wing and the Spodoptera larvae. 
 

Conclusion 
 Cassava leaves usually discarded as waste can be converted in to a potentially 
effective biopesticide for the management of borer, sucking and leaf eating pests in 
agriculture and tree crops. The current study focuses on the effect of cassava biopesticide and 
the method of application of the respective for the control banana pests. Effective 
concentrations were determined for the control of various major pest of banana and large 
scale field demonstration in 1,600,00 banana plants clearly states the potential of cassava 
biopesticide in pest control. 
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ABSTRACT 
 Tropical countries largely depend on staple food sources and a notable contribution 
was provided by bananas and Cassava after common grains. well publicised theses crops 
were supporting together mutually in this work were cassava was acting as a potentially and 
economically efficient biopesticide source and use of these biopesticides against the most 
deadly banana weevils (banana Rhizome weevil (bRw) and banana Pseudo Stem weevil 
(bPSw)) make the pesticide wanted among the farming sector making the cassava leaves 
economically valuable. bRw was a menace for the banana farmers since the chance of attack 
was significant throughout all the stages of the plant. It was observed that the 2nd -3rd month 
and 5th to 6th month were more susceptible for the insect attack. Thus precautions must be 
taken prior to that. Prophylactic means by dipping and curative means by drenching were the 
suggested recommendations as treatment. 
 

Introduction 
 Manihot esculenta Crantz, commonly called as Tapioca, is from  Euphorbiaceae 
(family) native to South America and is extensively cultivated as an annual crop 
in tropical and subtropical regions for its edible  tuberous root, rich in carbohydrates. Cassava 
is the third largest source of food carbohydrates in the tropics, after rice and maize. Cassava 
is a major staple food in the developing world, providing a basic diet for over half a billion 
people. It is one of the most drought tolerant crops, capable of growing on marginal soils. 
Global production of cassava tubers was estimated to be 262.585 million tonnes from an area 
of 20.385 million hectares in 2012 (FAOSTAT 2012). In India, the production of cassava was 
increased to 8.076 million tons in 2011   to 8.120 million tons in 2012 (FAOSTAT 2012). In 
India crop is cultivated in southern peninsular region, particularly Kerala, Tamil Nadu and 
Andhra Pradesh contributing 93% of area and 98% of production in the country. Kerala 
accounts for nearly 50% of total area under cassava in India and is mainly grown as rainfed 
crop. 
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Banana (Musa. variety) is one of the most-important fruit crops of the world. It is the 
world’s fourth most important food crop after rice, wheat and maize. The banana is grown in 
the tropics, and, though it is most widely consumed in those regions, it is valued worldwide 
for its flavour, nutritional value, and availability throughout the year.  India is the World’s 
largest producer with production of 29.7 million tonnes (FAOSTAT, 2011). It occupies about 
20 % of the total area and accounting 34.2% of the total production of fruits. As a staple, 
bananas, including plantains and other types of cooking bananas, contribute to the food 
security of millions of people in much of the developing world, and when traded in local 
markets they provide income and employment to rural populations. As an export commodity, 
they are key contributors to the economies of many low-income food deficit countries. 
Production of banana for export relies on only a few varieties, which were selected for their 
high yields, durability in long distance transport, consistent quality and unblemished 
appearance. Pests and diseases are the major determinative factors of the production of 
banana. 
 Banana Rhizome Weevil (BRW) was the second among the major pest of banana after 
Banana Pseudostem Weevil (BPSW). It was also reported that apart from individual attack by 
these two insects a combined attack significantly lead to a yield loss up to 90% so 
management measures should be effective when both the insects were controlled. The 
production and productivity usually become cent present loss when the crop gets infested. 
Due to these reasons both BPSW and BRW were considered as major pest in banana. 

Detrimental effect of synthetic pesticides on health and environment urged the search 
for natural products to control pest complexes in agricultural ecosystem in accordance with 
the terms of Montreal Protocol in 1989, pesticides inducing ozone depletion have been 
recommended for phase out from their use; there exists a global drive to search for a safe, 
economic and viable alternative to the synthetic pesticides. The century old practice to 
combat pest menace with plant products is a re-entry in the current pest management 
strategies. Laboratory and field studies at the Central Tuber Crop Research Institute 
(C.T.C.R.I), Thiruvananthapuram revealed that the biomass discarded after the harvest of 
cassava could be a befitting substitute to the synthetic insecticides against some of the major 
insect pests of national importance. In the context of endosulfan issue and the ban of a 
number of very commonly used red and yellow pesticides in Kerala, there is awareness 
among the public to produce biopesticides as a component to promote ecofriendly pest 
management strategy. 
 

Materials and methods 
 Bulk quantities of biopesticide were produced from the piolot plant commissioned at 
the biopesticide laboratory, CTCRI. Younger planting materials with a circumference of 25±5 
at the collar region were selected throughout the study as planting material. Initially the 
incidence rate was accessed in the rhizome after planting. Seed rhizomes were planted at the 
specified conditions representing 10 each for 1st to 6th month forming a total of 60 
individuals. After the first month the first set of banana plants were uprooted and infestation 
was accounted, similarly up to the 6th month. Rhizomes were also kept for 3 months in 
garden pots and individually alone for 2 months without soil.Lethality studies of the cassava 
bioformulation ‘NANMA’ was done in laboratory conditions as spray and feed. 
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Concentrations of 0.01%, 0.05%, 0.1%, 0.5%, 1%, 3%, 5%, 10% and 20% were done in both 
means.Different organic management practises were done by using Ash, Calcium Carbonate 
(CaCO3), Cow dung and Nanma. All the possible combinations with these 4 were also tried. 
Respective treatments all include pasting with water in a ratio of 1:1 (expect in Nanma alone 
treatment). 50ml of paste is made for a single rhizome coating 
 

Results and observations 
 Invitro studies in the laboratory shows cent percentage mortality of the insect at 5% 
spray and the LC50 values at 3% concentration. 
Mortality by feeding studies shows that even at 20% concentration the insect doesn’t shows 
100% mortality and accurse LC50 values at 20% concentration. 
Field studies in the laboratory shows 40 percentage mortality of the insect at 10% spray and 
the LC50 values at 5% concentration. 

Sl. 
No: 

Concentration 
in Percentage 

Percentage of 
mortality when 
spray 

Percentage of 
mortality when 
feed 

Percentage of 
control in field 
trials 

1 0 0 0 0 
2 0.05 0 0 0 
3 0.1 0 0 0 
4 0.5 0 5 5 
5 1 20 0 10 
6 3 50 10 50 
7 5 100 25 70 
8 10 100 35 100 
9 20 100 60 100 

 
Incidence rate was accessed by field experiments, pot experiments and open storage 

experiments. In field it was observed 
that a sudden hike in the infestation 
was at 2nd and 3rd month from 10% to 
40% then there is a steady state and 
after flowering again there is a sudden 
hike at 6th and 7th month as 10%-25%. 
In pot cultures it was observed that 
due to a limitation of resource growth 
rate was below the normal and that 
attracts the insect more even at 2nd and 
3rd month with an infestation 
percentage of 15-55. Individual soil 
free storage of rhizome shows 
maximum insect attack in the first 
quarter of 2nd and 3rd month by 60% to 
100%.suitable application packages 
were necessary for every treatment 
and this was ascertained by selecting 
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different practices prophylactically including Ash, Cow Dung, Calcium Carbonate and 
Nanma. Sectors of 20 plants were selected and respective treatments including combinations 
were provided. Application standardisation for prophylactic management of the insect shows 
that 10% Nanma (25ml): Water (25ml) is very effective were no yield loss and only 15% 
infestation. 
 

Conclusion 
 Laboratory study shows cent percentage mortality of the insect at 10% spray and the 
LC50 values at 3% concentration. 
Conventional insect control packages with Ash, Cow Dung and Calcium Carbonate were 
tested against and along with Nanma. Standardisation studies significantly recommends for 
prophylactic management of the insect through 10% Nanma (25ml): Water (25ml) is very 
effective were no yield loss and only 40% infestation. The study strongly recommends the 
suggestion of taking much precision for prophylactic treatment is much better than curative 
alone. 
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THROUGH MUSHROOM SPAWN PRODUCTION AND CULTIVATION 
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ABSTRACT 

 Mushrooms generated from lignocellulostic waste are very nutritious products rich in 
crude fibre, protein, vitamins and possess multi-functional medicinal properties. In kerala, 
wayanad district does not have any major industries and since the economy is based on 
agriculture and animal Husbandry, there is a very good potential for growing mushrooms in 
this agroclimatic zone. The demand for mushrooms in wayanad district is good and the 
conditions here, including weather, are ideal. Though, the approach to promote mushroom 
cultivation has opened up a new opportunity of earning extra income for a good number of 
farm women, the number of persons engaged in the cultivation of mushroom is very few. The 
main reason attributed is due to the lack of awareness about mushroom cultivation as well as 
due to lack of availability of good quality spawn. Hence, kVk implemented a project, 
‘Establishment of mushroom spawn production unit using self help groups of wayanad 
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district’. The project envisaged to bring a lively hood security to women group through the 
cultivation of mushroom spawn and fresh mushroom. during the training period of six 
months, stipend was provided to trainees and after the completion of the project period, the 
expenses were met from the revolving fund gathered. The manpower of these trainees is 
being utilized for day to day work of the unit, under strict supervision. Training cum practical 
demonstration on cultivation of oyster mushroom and back yard farming were also organized 
because of their easy method of cultivation and profitability within short period of time and 
less investment. The beneficiaries participated enthusiastically and were keen to apply their 
learning to enhance their income. The project has successfully empowered the illiterate poor 
women folk in gainful vocation and the habit of saving was inculcated to motivate the income 
generated activities among the groups thereby ensuring socio economic development of the 
region. The motivation of kVk for the production of mushroom spawn and fresh mushroom 
indirectly created a strong impact on the women groups of the district. now eight women 
groups trained under kVk are actively involved in production and sale of fresh mushroom. 
They have their own marketing channel also. This has changed their income pattern and also 
improved their status of living. 
 
Introduction: 
 Mushrooms have been valued throughout the world as both food and medicine for 
thousands of years. Kerala’s agroclimatic condition aids in the cultivation of mushrooms with 
minimal investment as the availability of raw material for growing mushrooms is sufficient. 
The greatest advantage in mushroom cultivation is that it doesnot require any cultivable land, 
rather, it can be grown at the homestead on inside the dwelling house if suitable space is 
available. The high population in Kerala itself is a large market for mushrooms. Kerala is 
developing its infrastructure in a rapid way where it has very large and well organized 
distribution network that facilitates marketing of products faster to meet the customer 
demands. The Ministry of Commerce, Government of India has identified mushroom as 
extreme focus segment for export purpose. Institutions like Kerala Agricultural University 
and other NGOs operating in Wayanad are helping the growers in various ways in technology 
provision. Though, the demand is good and the conditions are ideal, the number of persons 
engaged in the cultivation of mushroom is very few. The main reason attributed is due to the 
lack of awareness about mushroom cultivation as well as due to lack of availability of good 
quality spawn. Hence, the KVK, Wayanad envisioned to enhance economic opportunities for 
livelihoods of the women of Wayanad district by utilising their indigenous resources. And 
accordingly, the State Horticulture Mission funded project ‘Establishment of Mushroom 
spawn production unit using self help groups at KVK, Wayanad’ was initiated in the year 
2012 where unemployed youth (women) at the age group of 18-45 years who has real taste in 
mushroom production and also a wish for the social and economic empowerment through self 
employment were selected from different parts of Wayanad District. 
 

Materials and Methods: 
 In an attempt to explore this as an exemplary opportunity for technological 
empowerment of women, the KVK conducted a technological feasibility and economical 
viability study, which proved promising. For selection of the candidates, a Need Assessment 
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criteria was followed in the selection of the group. According to this criterion, the needs of 
the beneficiaries were identified and selection was based on their problems. Survey of the 
trainee applications was conducted and the economically weaker candidates based on ‘Wealth 
Rank Analysis’ were selected [Nirmala et al. (2004)]. For this an interview schedule was 
administered to collect the data from the sample beneficiaries. Target group discussions and 
interviews with the key informants were conducted to supplement and complement the 
inferences drawn from the survey and thereby identification as well as prioritization of 
problems was carried out like: 
 
 Create employment and empower women especially kudumbasree units through 
mushroom production and thus generate a source of income and food security to support their 
family and improve their living standards. 
 
 To popularise mushroom which has been considered earlier as a fungus & not as a 
nutritious vegetable. 
 
 To create awareness and produce highly nutritious food as alternative food source to 
fight against malnutrition. 
 
 To make beneficiaries self - reliant through training and demonstration. 
 
 Organising and empowering the target groups consisting of small and marginal 
farmers, tribes, youth and even children/students in the target area through participatory 
process of development and promote sustainable livelihood. 
After the selection process, theory and practical sessions on mushroom spawn production, 
cultivation and post harvest processing were conducted for the trainees as per the schedule. 
 

Results and Conclusion: 
 A women group was targeted with an idea of generating self employment to the 
women of Wayanad district. Thereafter, they were given technical skill, intensive training 
cum practical demonstrations for six months in the production of mushroom spawn and 
cultivation of mushrooms. During the training programme, extension classes were organized 
and social awareness cum leadership trainings were conducted and an interest was inculcated 
among the beneficiaries due to the ease in the method of cultivation and profitability within a 
short period of time with less investment. The mushroom spawn and fresh mushrooms are 
being produced and distributed through a revolving fund mode employing this trained group 
under the direct technical supervision of KVK scientists. The selected group is in the 
processes of getting registered as an SHG. A share of the profit from the sale of these 
produces is being given to the group as their wages. As a result, a member of this group gets 
an amount of Rs. 2,000/- per month in the initial stage itself. In the long run it may increase 
and will become a major source of income to their family. The vibrant group could assure Rs 
2.0 lakhs from both mushroom spawn and fresh mushrooms from November 2012 to October 
2014 and continuing till date where the group has received about Rs 70,000 within this 
limited period of 2 years. Seeing the success of this venture, many men/women/youth came 
forward to attend trainings on mushroom cultivation and even mushroom spawn production 
for starting commercial venture in spawn production. There are various groups in Wayanad 
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which procure mother spawn from the KVK and income was generated by producing and 
distributing to the farming community of the district. The beneficiaries participated 
enthusiastically and were keen to apply their learning to enhance their incomes. The main 
impact of the intervention was: 
 Approach successfully empowered the women in gainful vocation and habit saving 
was inculcated to motivate the income generated activities among them, thereby, ensuring 
socioeconomic development of the region. 
 
 The SHM project envisaged to bring a livelihood opportunity to poor people through 
cultivation of spawn and oyster mushrooms. 
 
 Entire group was empowered and thereby poverty alleviation which improved their 
educational status with an opening to modern world. 
 
 The group was benefited with Rs.70,000 on their wages within a period of 2 years for 
the production of mushroom at KVK from November 2012 and continuing till date. 
 
 The social well being and livelihood of the women was uplifted through the 
constructive effort of KVK, Wayanad. 
 
 Approach acted as a nodal point for creating awareness and sensitizing the community 
on the need of nutritious food. 
 
KVK trainings on mushroom production have led to very high level of awareness, 
knowledge and skill and adoption both among individual and group level especially among 
rural women. The most important constraint faced by them was the lack of availability of 
quality mushroom spawn. Now eight women groups trained under KVK are actively 
involved in production and sale of fresh mushroom. They have their own marketing channel 
also. This has changed their income pattern and also improved their status of living. Hence a 
spawn production unit in KVK catered the needs of farmers and helps to improve the 

entrepreneurship in mushroom 
production and thus their livelihood. 
It has also contributed to the 
revenues of the KVK in a 
sustainable manner over a long 
period. Besides supplying the 
spawn it acts as a demonstration 
unit for the trainees and a model for 
willing entrepreneurs. 
 
 
 

 

Table 1. Income generated in KVK, Wayanad and to women group by                                                

the sale of mushroom spawn and fresh mushrooms 

 

Reference: 
Nirmala G, Ramachandran  K,  Mandal U K, Ramesh V and Ramesh G (2004). Wealth 
 Ranking and livelihood analysis for microwatershed development, MANAGE 
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CUCURBITACEOUS VEGETABLES IN WAYANAD THROUGH FRONTLINE 
DEMONSTRATIONS 

Mini Sankar, Reshmy Vijayaraghavan and Radamma Pillai ,Krishivigyan 
Kendra,Wayanad,Kerala Agricultural University drminisankar@gmail.com 

 
ABSTRACT 
 Wayanad, the high altitude district in kerala is characterised by the cultivation of 
perennial plantation crops and spices. In wayanad there is high potential for cultivation of 
vegetables both summer as well as cool season .The crop patterns prevalent in this district are 
not based on any scientific norms. Therefore scientific cropping patterns suitable for the agro-
ecological situation is to be recommended.front Line demonstration (fLds) is a unique 
approach to provide a direct interface between researcher and farmers. fLds provide an 
opportunity to researchers and extension personnel for understanding the farmer’s resources 
and requirement and to fine tune or modify the technologies for easy adaptability at farmers’ 
fields. among summer season vegetables cultivated in wayanad, cucurbitaceous vegetables, 
especially snake gourd and bitter gourd occupies a main position in terms of area and 
production. but injudicious use of chemical fertilizers and pesticides has caused deterioration 
of soil health & higher incidence of pests and diseases. among insect pests affecting 
cucurbits, fruit fly posses a serious threat in cultivation of bitter gourd and cause more than 
90% crop loss.It was also observed that sucking pests act as vectors for mosaic disease and 
cause severe crop loss in bittergourd. Hence fLds were conducted to disseminate an 
integrated crop management practice involving biological methods with minimum use of 
chemicals in bitter gourd and snake gourd. as a part of the fLd, in bittergourd 75% of the 
recommended dose of fertilizers was applied along with the application of PGPR Mix-1, a 
consortium of growth promoting microorganisms as seed and soil treatment. for fruit fly 
control, pheromone traps @ 8 no.s per acre was used for trapping male flies. along with this 
coconut shell trap @ 50no.s per acre, bait spraying and burning trashes were also 
recommended for killing both male and female flies. alternate spraying of 
Verticilliumlecanii&Metarrhiziumanisopliae, the entomopathogenic fungi was done 
@10g/litre to control the sucking pests. by the adoption of this package, the growth and yield 
were comparatively high with a 90 % control of fruit fly damage and15% reduction in the 
incidence of sucking pests with a bC ratio of 2.85.Pumpkin caterpillar is now a days 
considered as a serious menace in cultivation of snake gourd as it is a voracious feeder of 
leaves of the crop. So pheromone traps @ 8 no.s per acre was used for trapping male moths. 
It was observed that the incidence of the pest was comparatively less with the usage of the 
trap with a percentage control of 85.The yield was also increased with a bC ratio of 3.6. by 
conduction of frontline demonstrations on farmer’s fields there was significant increase in 
knowledge level of the farmers and majority of farmer’s showed high level of satisfaction 
about demonstrated technologies. 
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Introduction 
   Wayanad is a biodiversity rich region and the prevailing climatic conditions in 

Wayanad are highly suitable for the cultivation of different types of vegetables in this region. 
However, the productivity of these crops is much lesser than the average productivity. The 
major constraints faced by the farmers are non-availability of improved variety seeds, 
imbalanced use of fertilizers and lack of adoption of improved cultivation techniques. 
Though chemical fertilizers increase crop production, their overuse has hardened the soil, 
decreased fertility, polluted air and water and released greenhouse gases, thereby bringing 
hazards to human health and environment . Most of the farmers in the district are not aware 
about improved techniques of productivity in vegetable cultivation. Keeping these factors in 
view, technology demonstrations were organized under different situations on farmer’s fields 
in Wayanad district with the objective to enhance the productivity and profitability per unit 
area. 
 

Materials and Methods 
          Technology transfer refers to the spread of new ideas from originating sources to 
ultimate users (Kumar et al. 2012). Frontline Demonstration is a form of technology transfer 
in selected farmers’ fields with a view to demonstrate the potentiality of the technologies to 
participating farmers, neighbouring farmers and other agencies and to analyze the 
performance of the technologies for scientific feed back. Krishi Vigyan Kendra,Wayanad, 
Ambalavayal has conducted 40 Front Line Demonstrations at different locations of Wayanad 
to disseminate scientific methods of crop management in cucurbits.  The area under each 
demonstration was 0.4 ha (1 acre). Survey, farmers meetings and field diagnostic visits during 
the cropping period were conducted to identify the problems for low yield of cucurbits. Bitter 
gourd and snake gourd are the most common cucurbits cultivated in Wayanad. Imbalanced 
use of chemical fertilizers, injudicious application of plant protection chemicals, severe attack 
of pests and diseases were identified as the problems in vegetable cultivation in Wayanad. 
Excessive use of chemical fertilizers for maximizing the productivity will lead to destruction 
of soil structure and deterioration of soil health. Among insect pests affecting cucurbits, fruit 
fly posses a serious threat in cultivation of bitter gourd. It was reported to cause more than 
90% crop loss. As the pest is known to occur during the fruiting stage of the crop, usage of 
chemical control measures are not preferred by the farmers. It was observed that sucking 
pests act as vectors of mosaic disease and cause severe crop loss in bittergourd. Usual 
practice of farmers to control these pests is the application of highly poisonous systemic 
fungicides in the field,which will cause residual effects and related health problems. An 
integrated nutrient and pest management strategy involving biological methods with 
minimum use of chemical fertilizers and plant protection chemicals will help to resolve these 
problems. These technologies were followed as interventions during the course of front line 
demonstrations. The fertilizer recommendation for bittergourd as per Package of Practices of 
Kerala Agricultural University is 70:25:25 kg NPK/ha. PGPR mix-1 is a consortium of 
growth promoting micro organisms like Asospirillum, Azotobacter, phosphorous solubilizing 
bacteri, potassium mobilizing bacteria etc. As a part of the FLD, 75% of the recommended 
dose of fertilizers were applied along with the application of PGPR Mix-1 (Plant Growth 
Promoting Rhizobacteria) as seed and soil treatment in bittergourd. Pheromone traps were 
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used for the control of fruit fly. Pheromones are the chemicals produced by the insects for 
communication .  Pheromone trapping is a male annihilation technique in which trap of a 
small plastic container with a wooden block treated with cuelure ( pheromone) hung on the 
pandal. Pheromone traps @ 8 No.s per acre was used for trapping male flies. Along with this 
coconut shell trap @ 50No.s per acre, bait spraying and burning trashes were also 
recommended for killing both male and female flies.Alternate spraying of entomopathogenic 
fungi Verticillium lecanii & Metarrhizium anisopliae was done @10g/litre as a solution to the 
problems of sucking pests. Pumpkin caterpillar is now a days considered as a serious menace 
in cultivation of snake gourd as it is a voracious feeder of leaves of the crop. So pheromone 
traps @ 8 No.s per acre were used for trapping male moths.  Visits of the farmers and the 
extension functionaries were organized to the demonstration plots to disseminate the message 
.Yield data was collected from control (Farmer’s practice) and demonstration plots and cost 
of cultivation, net income and cost benefit ratio were computed and analyzed. 
 

Results and Conclusions  
The yield performance and economic indicators of the demonstrations are presented 

in figure.1and 2 and table 1 respectively. The data revealed that under demonstration plots, 
the crop performance was found to be substantially higher than that under local check . With 
the adoption of this technology in bitter gourd, the yield was comparatively high (27 t/ha) 
with a BC ratio 2.85. 80-90% control of fruit fly was obtained with a 15 % reduction in 
sucking pests. In snake gourd ,it was observed that the incidence of the pest was 
comparatively less with the usage of the trap with a percentage control of 85.The yield was 
also increased(45 t/ha) with a BC ratio of 3.60. The farmers found the demonstrations highly 
acceptable. High benefit: cost ratio also advocated the economic viability of the 
demonstrations and motivated the farmers towards adoption of interventions demonstrated. 
Economics of cultivation 

 
 

Crop 

Economics of demonstration (Rs./ha) 
Economics of  check 

(Rs./ha) 
Gross 
Cost 

Gross 
Return 

Net 
Return 

 
BCR 

Gross 
Cost 

Gross 
Return 

Net Return 

 
Bittergourd 

1,75000 6,75,000 5,00,000 2.85 1,75,000 5,75,000 4,00,000 

 
Snake gourd 

1,75000 8,10,000 6,35,000 3.60 1,75,000 7,20,000 5,45,000 

 
Yield performance in Demo and check plots 
 

Yield performance –Bittergourd 

 

 

 

 

 

 

 

124

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 

 

 

 

 

 

 

 

 

 

 

Yield performance- Snakegourd 
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IN-VITRO PROPAGATION OF PHALAENOPSIS VIA PROTOCORM LIKE BODIES 

INDUCED FROM SEED CULTURE 
 

Ambili P. and yusuf A.Interuniversity Centre for Plant biotechnology, Department of 
Botany, University of Calicut 

ABSTRACT 
 Phalaenopsis also known as the moth orchid, with its long lasting flowers and visual 
appeal, is one of the most sought after ornamental plant species in the world. due to its long 
growth and reproductive cycle, breeding by conventional method requires a lot of time and 
effort. To keep pace with the ever-growing demand for this ornamental orchid variety, several 
tissue culture techniques are developed for the rapid propagation of Phalaenopsis for 
commercial production as cut flowers and potted plants.This study is carried out to present a 
viable method for propagation of Phalaenopsisvia protocorm-like bodies (PLbs) induced from 
seed culture. Surface sterilized orchid seed pod (0.75% HgCl2 solution) was inoculated in 
knudson C Medium to initiate the germination. Culture tubes were divided to two groups and 
one group kept under ample light source and the second group kept in dark to assess the 
effect of seed germination in both conditions. after 25 days of inoculation, germination 
started. The tubes kept in dark showed high rate of germination. and after 45 days of 
inoculation, PLbs developed on the culture. The PLbs were subcultured in 12 media with 
different combination of hormones. The basal medium used was plain Murashige&Skoog 
medium. The medium supplemented with 2.5 mg/L 6-benzylaminopurine and 0.1 mg/L naa 
was found to be suitable for high rate of PLb multiplication. The multiplied PLbs were then 
subcultured in 4 different media to verify their shoot and root growth. The basal media was 
plain Murashige & Skoog medium supplemented with,  
a) 2.5 mg/L 6-benzylaminopurine. This showed retarded growth of shoot and no root growth.  
b) Coconut water. This showed slow growth of shoots and roots  
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C). activated charcoal. This culture showed high rate of shoot and root growth.  
d). The fourth medium was plain Murashige&Skoog with no supplements. This also showed 

high growth rate.  
High rate of phenolic production was a limitation. The medium with activated charcoal 
overcomes this limitation. 
The study reveals that plain Murashige & Skoog medium is ideal for raising plantlets 

from PLbs. but phenolic production is a limitation with the use of plain medium. This 

limitation is overcome by the supplementation of activated charcoal. Thus we can 

conclude that Murashige & Skoog medium with activated charcoal is an ideal technique 

for in-vitro propagation of Phalaenopsis via PLbs induced from seed culture. 
Introduction 
 The Orchidaceae  (orchid family) is one of the important family and is known   since 
the late Cretaceous origin 83-75 million years ago.    In species abundance it is one of the 
highest  plant families around today (the other being the Asteraceae), and make up more than 
one third of monocot specie  comprising  approximately  10%  of angiosperms   with a     
Holarctic distribution   (Cronquist (1981)).  Phalaenopsis is the most well-known genus in 
the family.  Phalaenopsis also known as the moth orchid, with its long lasting flowers and 
visual appeal, is one of the most sought after ornamental plant species in the world.  Due to 
its long growth and reproductive cycle, breeding by conventional methods requires a lot of 
time and effort.  To keep pace with the ever-growing demand for this ornamental orchid 
variety, several tissue culture techniques are developed for the rapid propagation of 
Phalaenopsis for commercial production as cut flowers and potted plants. Phalaenopsis 
hybrids are a result of intensive breeding of plants of increasing market value as cut flowers 
and even more as potted plants. Because of the large, colourful and durable flowers, as well 
as their adaptability to room conditions, they are the most popular orchid genus in the 
horticultural industry. The duration and intensity of flowering depends not only on the 
genotype but also the breeding technology, which greatly influences the plants’ vitality. 
Phalaenopsis is a monopodial epiphytic orchid, which is difficult to propagate vegetatively. 
The characteristics of seedlings are not uniform, and propagation through tissue culture has 
been desired. Several tissue culture techniques have been developed for Phalaenopsis 
orchids, including the culture of flower stalks with axillary buds, meristems, internodal 
segments of flower stalks (Arditti and Ernst, (1993); Park et al.,( 1996)).  Leaf segments 
(Park et al.,( 2002); Ishii et al.,( 1998)).and root tips (Arditti and Ernst,( 1993); Ichihashi, 
(1997)). Due to difficulties in regeneration to protocorms and then to plants, all the 
procedures mentioned above have been inadequate for meeting commercial needs for 
vegetative propagation. Some of these methods gave a lot of protocorms, but these developed 
slowly or poorly to vital plants. Phalaenopsis seeds were also successfully germinated in 
artificial media (Arditti (1967)).  Knudson’s C Medium, formulated by Lewis Knudson is a 
widely accepted medium for culturing.  Though there are numerous different methods for 
Phalaenopsis culturing, only a couple of them are suitable for large scale commercial 
production.  Combination and appropriate concentration of hormones and the composition of 
macro- and microelements in the culture medium were of key importance for micro 
propagation of Phalaenopsis on a commercial scale. 
 
Materials and methods: 
Preparation of Plant Material: 
 Green capsule of Phalaenopsis was collected from potted plant.  For surface 
sterilization, the capsule was rinsed in distilled water.  After rinsing, the capsule was doused 
in 50 mL distilled water containing 2 mL Teepol for 15 minutes to remove the primary 
infection.  The capsule was rinsed in distilled water and then soaked in a fungicide (Bavistin 
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solution) for 45 minutes.  The treated capsule was transferred to 0.75% (w/v) HgCl2 solution 
for 7 minutes under laminar air flow cabinet and then was washed with sterile distilled water 
4 times to remove the effect of any agents used in the disinfection process 
 
Culture Media and Procedure: 
 Disinfected capsule was cut by scalpel and the seeds were immediately transferred to 
test tubes containing Knudson’s C Medium (Table 1.1) to initiate germination.  Culture tubes 
were divided to two groups and one group kept under light   and the second group kept in 
dark to assess the effect of light on seed germination. 
Table 1:  Composition of Knudson’s C Medium 

Component mg/L 
Calcium nitrate(Ca(NO3)4H2O) 1000 
Potassium phosphate(KH2PO4) 250 
Magnesium sulphate(MGSO4 7 
H2O) 

250 

Ammonium sulphate(NH4(2)SO4) 500 
Ferrous sulphate(FeSO4 7H2O) 25 
Manganese sulphate(MnSO4 
4H2O) 

25 

Sucrose 20,000 
Agar 10,000 

Ph 
5.0 - 
5.2 

12 different media combination were prepared for assessing the rate of PLB growth and 
multiplication.  The basal medium was Murashige & Skoog medium into which the different 
growth hormone combination of 6-Benzylaminopurine, NAA and kinetin (Table 1.2) were 
added 
Table 2: Growth Hormone   combinations in Murashige & Skoog Medium 

Medi
a 

BAP 
(mg/L
) 

NAA 
(mg/L) 

Kinetin 
(mg/L) 

1 0.5 - 0.1 
2 1 - 0.1 
3 2.5 - 0.1 
4 0.1 - 0.5 
5 0.1 - 1 
6 0.1 - 2.5 
7 0.5 0.1 - 
8 1 0.1 - 
9 2.5 0.1 - 
10 - 0.1 0.5 
11 - 0.1 1 
12 - 0.1 2.5 
For assessing the shoot and root growth four different media were used. 
A) MS + 2.5 mg/L BAP 
B) MS + Coconut water 
C) MS + Activated charcoal 
D) Plain MS medium. 
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The culture were incubated at a temperature of 25±2ºC, 1500µE-2 S-1 light intensity at 16 
hours /day and  60%  humidity 
 

Result and discussion: 
 Sterilization of Capsule:  The sterilisation procedure at 0.75% (w/v) HgCl2 solution 
proved to be successful.  Only few seeds got infected. 
  

Seed Germination: 
           Different growth regulators are important factors for in vitro germination of orchid 
seeds. In 1922, Lewis Knudson at Cornell University reported that the fungus was not 
required for germination if the seed was    grown on agar containing appropriate salts and 
sugars.   Knudson C medium is still   used as the best medium to germinate the seed.   In our 
experiment, after 25 days of inoculation, some germinating seeds were taken out and 
observed under a stereomicroscope revealing that the germination had started.  The seeds 
from the tubes were kept in dark showed high rate of germination compared to those kept 
under light source.  It was observed and concluded that that Knudson C medium is suitable 
for the seed germination of Phalaenopsis. 
 

Effects of Media Composition on PLB Multiplication: 
             After 45 days of inoculation, PLBs developed on the culture.  The PLBs were 
subcultured in 12 media with different combination of growth hormones (Table-2).  Each 
hormone combination has had 3 replicates.  After 2 months of inoculation, the numbers of 
PLBs in each replica were recorded (Table -3) to find out the average number.  This indicated 
that the medium supplemented with 2.5 mg/L 6-Benzylaminopurine and 0.1 mg/L NAA was 
suitable for high rate of PLB multiplication.( Tokuhara and Mii (1993)). also   reported that 
the combination and appropriate concentration of hormones α– naphtalenacetic acid (NAA) 
and 6-benzylaminopurine (BAP) in culture medium are of key importance for micro 
propagation of Phalaenopsis on a commercial scale. 
  Hence we concluded that different combination of BAP and NAA is suitable for PLB 
multiplication.   Also, the initiation of shoot growth was identified in this combination. 
Table 3:  Rate of PLB Multiplication in Hormonal combinations in Murashige & Skoog 

Medium 

Media Composition 1 2 3 Average 
MS+BAP 0.5 + Kin 0.1 8 10 15 11 
MS+BAP 1 + Kin 0.1 13 20 12 15 
MS+BAP 2.5 + Kin 0.1 16 17 14 15.66 
MS+Kin 0.5 + BAP 0.1 6 13 8 9 
MS+Kin 1 + BAP 0.1 8 15 10 11 
MS+Kin 2.5 + BAP 0.1 9 5 11 8.33 
MS+BAP 0.5 + NAA 0.1 14 18 19 17 
MS+BAP 1 + NAA 0.1 16 14 18 16 
MS+BAP 2.5 + NAA 0.1 16 19 21 18.66 
MS+Kin 0.5 + NAA 0.1 7 9 6 7.33 
MS+Kin 1 + NAA 0.1 10 15 4 9.66 
MS+Kin 2.5 + NAA 0.1 13 8 18 13 

 

 Effects of Media Composition on Shoot and Root Development      
            The multiplied PLBs were then subcultured in 4 different media to verify their shoot 
and root growth.  The basal media was hormone free Murashige & Skoog medium 
supplemented with, 2.5 mg/L    6-Benzylaminopurine.  Various growth regulators and various 
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concentrations of growth hormones used in an attempt to promote seed germination and 
seedling developments in orchids (Arditti,( 1979)). Growth hormones inhibit as well as 
promote orchid seedling development depending on type (kalimuthu et al, (2006)).it is well 
known that auxins stimulate rhizome growth while cytokinine induce upright shoot formation 
(Hasegawa et al (1985)).  We observed that retarded growth of shoot and no root growth. 
 

Coconut water 
  Coconut  water  (CW)  is  the  colorless  liquid  endosperm  of  green  coconuts  
(Cocos  nucifera) which  contains a number of amino acids, organic acids, nucleic acids, 
several vitamins, sugars and sugar alcohols, plant hormones  (auxins,  cytokinins),  minerals  
and  other  unidentified  substances,  none  of  which  alone  is  totally  responsible  for  
growth  promoting qualities (Molnár et al( 2011)).In our study addition of  coconut water to  
MS medium  showed slow growth of shoots and roots.  Root growth is comparatively higher 
than shoot growth. 
 

Activated charcoal.   
  Activated charcoal is often used in tissue culture to improve cell growth and 
development. It plays a critical role in micropropagation, orchid seed germination, etc. The 
promotary effects of activated charcoal  on morphogenesis may be mainly due to its 
irreversible adsorption of inhibitory compounds in the culture medium and substantially 
decreasing the toxic metabolites, phenolic exudation and brown exudates accumulation .it 
showed that the medium containing activated charcoal showed high rate of shoot and root 
growth. Hormone free  Murashige & Skoog with no supplements. Hormone free MS medium 
supported better seedling growth.  Exudation of phenolic substances is the only problem. 
Which was observed  in most of the other orchid culture.The present study  revealed  that 
hormone free Murashige & Skoog medium is ideal for raising plantlets from PLBs.  
However, exudation phenolic substances is a  limitation  in  the use of this medium.  This 
limitation was overcome by the supplementation of activated charcoal.  Thus we can 
conclude that Murashige & Skoog medium with activated charcoal is an ideal technique for 
in-vitro propagation of Phalaenopsis via PLBs induced from seed culture 
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EPICEPHALA MOTH – A BANE OF SEED PRODUCTION 
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Division, Centre for Medicinal Plants Research AryaVaidya Sala, Kottakkal, Malappuram, 

Kerala – 676503, India sathi.mcc@gmail.com 
ABSTRACT 
 A report is hereby presented on the association between Phyallanthus amarus Schum 
and Thonn (Euphorbiaceae), an important anti-jaundice medicinal plant, and Epicephala 
species, a seed-parasitic moth from Malappuram district, kerala, India. P. amarusis widely 
used for the treatment of jaundice and also as a carminative, stomachic, circulatory stimulant 
and exhibits antispasmodic, antihelminthic, anti-inflammatory and antibacterial properties. It 
is used in the treatment of diabetes, intestinal parasites and liver, kidney and bladder 
problems. The lignanphyllanthin is the main therapeutically active constituent of P. amarus. 
The annual requirement of P. amarus in the ayurvedic Industries of kerala is approximately 
67.40 tones and they are facing scarcity of this seasonal raw drug. The plants are propagated 
through seeds and about 1kg mature seeds is required for cultivation in one hectare area. a 
study was conducted to investigate the cause of natural seed destruction in P. amarusand this 
paper reports the association between P. amarus and Epicephala moth, biology and life cycle 
of moth, the mode of seed damage, etc. It was observed that the larvae of seed-parasitic 
Epicephala moth consume all the six ovules of the developing fruit and only few fruits 
remain intact. Plant to plant variation was observed in the occurrence of Epicephala moth 
larvae in the fruits. Previous reports had suggested that a similar association of other 
Phyllanthus species occurs with Epicephala moth and that this interaction is a coevolved 
species-specific pollination mutualism but this aspect needs more detailed study in the 
context of P. amarus – Epicephala association and its benefit to plant and moth reproduction. 
 

Introduction 
 Phyllanthus amarus is an annual herb belonging to the family Euphorbiaceae which 
grows in the wild after first showers of monsoon throughout India. Phyllanthus means ‘Leaf 
and flower’ because the flower and fruits seem to be united with leaf (Kumar et al., 2011). It 
is a small erect herb with terrate stem growing to a height of 10–60 cm. Leaves small, elliptic 
oblong, flowers whitish to greenish in color and minute in size. Both male and female flowers 
occur together on the same rachis with five tepals, three stamens completely connate into a 
column, style minutely bifid at tip and not appressed to the ovary, star shaped female disc. 
Fruits are depressed-globose like smooth capsules present underneath the branches and seeds 
are trigonous, pale brown with longitudinal parallel ribs on the back (Kandavel et al. 2011). 

The species has a long history in the traditional medicine in every tropical country and 
is widely used in the treatment of jaundice (Sivarajan and Balachanran, 1994). P. amarus has 
been shown to possess anti-hepatitis B virus surface antigen activity in both in vivo and in 
vitro studies. The lignan phyllanthin is the main therapeutically active constituent (Calixto et 

130

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



al. 1998; Khatoon et al. 2006). It is also used in the treatment of diabetes, intestinal parasites 
and liver, kidney and bladder problems. Topically, it is used for several skin problems ranging 
from skin ulcers, sores, swelling and itchiness, wounds, bruises, scabies, ulcers and sores, 
edematous swellings, tubercular ulcers, ringworm, scabby and crusty lesions, appendix 
inflammation and prostate problems (Khatoon et al. 2006; Sen and Batra, 2013; Ushie et al. 
2013). 

The plant grows abundantly throughout India up to an altitude of 700m during the 
rainy season. The annual requirement of P. amarus in Kerala is approximately 67.40 tones. 
The Ayurvedic Industry is facing scarcity of this raw drug. The plants are propagated through 
seeds, and nearly 1Kg mature seeds are needed for cultivation in one hectare area. Female 
flower has three locules, each containing two ovules, thus each fruit contains 6 seeds. Even 
though numerous fruits consisting of six seeds per fruit are produced, the quantity of viable 
seeds collected was found comparatively less and majority of seeds are found damaged. 
Hence a study was carried out to assess the causes of natural seed destruction in P. amarus. 
 

Materials and Methods 
Hundred and fifty plants of P. amarus from two natural populations, separated by 

more than 50m distance, in the field of Centre for Medicinal Plant Research (CMPR) were 
used for the present study. The study was conducted in two flowering and fruiting seasons 
extending from October to December 2013 and June to September 2014. Mature fruits from 
individual plants, amounting to a total of 2000, were separately collected manually before 
bursting and kept in the Petri-dish or pet bottles at room temperature. The sequence of 
changes was observed under microscope. The fruits were cut open to observe the presence of 
larvae if any and the percentage of seed destruction was calculated. The larvae that came out 
of the fruits were collected and their biology was studied. The larvae were reared in Petri-
plates for studying their life cycle. After studying the life cycle under laboratory conditions, 
their life cycle in nature and association with P. amarus was studied. For insect identification 
available literature was utilized. All stages of the insect were preserved in 70% ethanol for 
further study. 
 

Result and Conclusions 
The containers with fruits collected from individual flowers from different 

populations were observed to have larvae coming out of the fruits by piercing the fruit wall or 
during bursting of fruit wall at the time of dehiscence. In one of the populations 87.5% of 
plants were observed with the seed-parasitic larva inside the fruits and in another population 
40% of the plants were observed with larvae. The frequency of larval infestation in fruit 
varied from plant to plant. A single larva of the moth within a fruit consumed all the six seeds 
to develop into maturity. The mature larvae (the last instar) pierce a hole through the fruit 
wall from inside and exits, the fruit. It then produced cocoons and turned into pupae on the 
sides of the Petri-plates. The pupal stage of the moth lasted from 9–15 days, and adult moth 
emerges out. The presence of larvae could be observed by dissecting the fruits of various 
maturity stages and some fruits were free from larvae. Upon rearing, the larvae pupated after 
30m to 3 hours on the corners of the Petri dishes. The pupal stage of 0.4–0.5mm size was 
observed. Metamorphosed fly came out from the cocoon after 6–8 days. 

The life cycle of the insect was studied in the field condition also. It was observed that 
the moth deposited transparent white egg in between the ovary and the calyx of P. amarus 
female flower. The pollinated flowers develop into fruits with the egg inside. The egg hatches 
and the larvae consume the ovules of the developing fruit, fully or partially. Also some 
flowers remain untouched, and thus a fraction of the fruits is left intact. The matured larvae 
emerged out through the exit hole or during bursting of fruit and then produced cocoons and 
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turned into pupae on leaves of host (P. amarus) or on nearby plants or on the surface of the 
stones in the vicinity. Metamorphosed fly came out after 6–8 days. The moth was identified 
as Epicephala species with the help of literature. 

The fruits collected and kept in Petri dish at room temperature busted within 0-5 days 
of collection and incubation. The percentage of viable whole seeds was 15.2% and more than 
80% of seeds were found damaged. It was observed that the larva, which inhabited a fruit, 
consumed all the six seeds in it and thus caused seed destruction. 

Reports are available on Phyllanthacae-Epicephala association in the context of 
obligate pollination mutualism in some Euphorbiaceous species (Kawakita and Kato, 2004; 
2009; Zhang et al. 2012). The obligate pollination relationship between plants and their seed-
parasitic pollinators is perhaps one of the most specialized cases in mutualism between 
insects and plants (Janzen, 1979; Weiblen, 2002; Kato et al., 2003; Pellmyr, 2003). In Breynia 
species, a single Epicephala larva exclusively fed on seeds of host plants and developed to 
maturity by consuming all six seeds of each fruit, but a fraction of intact fruits were left to 
ensure the reproduction of plants within the whole population. The occurrence of association 
between P. amarus and Epicephala spp., is recorded earlier from Ishigaki Island, Japan 
(Kawakita and Kato, 2009). They reported that three herbaceous Phyllanthus species, 

including P. 
amarus were 
parasitized by 

seed-parasitic 
Epicephala 

species that did 
not pollinate the 
flowers. These 
were effectively 
pollinated by bees, 
flies, beetles or 
ants. 

From the 
study it was 
confirmed that the 
larvae of 
Epicephalus moth 
are contributing to 
the destruction of 
the seeds in P. 
amarus. The high 
percentage of 
damaged seeds is 
a matter of 
concern and 
whether it 
contributes to the 
population decline 
in this species is 
an area which 
needs further 
investigation. The 
association with 
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Epicephala moth and P. amarus in the present study also indicates that it is a fruit / seed pest 
rather than a pollinator. This is the first report of P. amarus – Epicephala association from 
India. Though P. amarus is reported to be pollinated by other pollinators, its dependence on 
obligate pollination and the role of Epicephala moth as a seed-parasitic pollinator in our 
context needs further study. If the reported pollination mechanism is sufficient to meet the 
reproductive needs of P. amarus, its association with Epicephala species is more of a bane 
than a boon. 
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ABSTRACT 
 Mulberry, Morus Alba L., belonging to the family Moraceae is a medicinally 
important plant which has multiple biological and physiological effects because of the 
abundance in anthocyanins and Phenolics. A study has been undertaken to determine the 
phenolic constituents present in the leaves of different varieties of Morus species, viz., 
M.indica (var.CnR,, bC 259, V1, M5, dd, C2038, S36, vishava, suvarna, G4, S1635, TR4), 
M.latifolia, M.laeviegata, M.multicaulis, M.macroura, M.australis, M.cathayana and 
M.sinensis. Polyphenol content of mulberry leaves of 19 varieties of species, were 
determined spectrophotometrically in terms of Gallic acid equivalents and it ranged from 
2.28 % to13.16% being minimum in M.cathayana and maximum in M.latifolia. five 
polyphenolicconstituents (chlorogenic acid, caffeic acid, coumaric acid, rutin and quercetin 
were identified and quantified by High Performance Liquid Chromatography. among all the 
polyphenolic constituents the relative distribution revealed that, chlorogenic acid was the 
highest concentration (103mg/100gm) followed by rutin (53.00 mg/100gm) and quercetin 
(46.19mg/100gm) dry wt. of mulberry leaf.  
keywords: HPLC, Polyphenol, Mulberry 
 

Introduction 
 The growing interest in the substitution of synthetic food antioxidants by natural 
chemicals has encouraged research on plant sources and led to the screening of raw materials 
for identifying new antioxidants. Plant derived antioxidants such as Vitamin E, Vitamin C, 
polyphenols including phenolic acids, phenolic diterpenes, flavonoids, catechins, 
procyanidins, and anthocyanins have become increasingly important as dietary factors. 
Researchers and food manufacturers have become increasingly interested in polyphenols 
because of their significant presence in human diet and their probable role in the prevention 
of various diseases associated with oxidative stress, such as Cancer, Cardiovascular disorders, 
and other degenerative processes.Major researches in the field of nutrition have focused 
primarily on the identification and extraction of functional components of plants that hold 
therapeutic potential. Mulberry, Morus alba L., belonging to the family Moraceae has 
recently gained a great deal of interest among scientists and medical professionals due to its 
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pharmaceutical value [Hemwimon et al. (2007)]. Mulberry leaves contain many nutritional 
components that are the best feed for silkworms.  Mulberry leaves have been generating 
widespread interest due to the reports on hypoglycemic, hypotensive, diuretic, bacteriostatic 
and antivirotic properties [Chu et al. (2006)].  However, it is only in the recent past that the 
mechanism of their action has been related to their antioxidant properties.By ascertaining the 
scope and significance of the plant based medicine, the aim of the present study is to isolate 
and identify bioactive phenolic compounds present in leaves of different species of mulberry 
plant in order to identify them as a promising dietary source of antioxidants such as 
polyphenols. Furthermore, reports on identification and quantification of major phenolic 
constituent in various accessions of mulberry leaves have also not emerged. This would 
thereby enhance the significance of the mulberry beyond its traditional eminence as exclusive 
forage of silkworms.   
 

Materials and Methods 

  

Preparation of alcoholic extract 
 Fresh leaves (100mg) of each of the cultivars of mulberry was ground well and 
repeatedly extracted with 80% ethyl alcohol. Homogenate was centrifuged at 7000 rpm for 15 
minutes and the supernatant was made up to a known volume (10ml) which is then used for 
further analysis. 
 

Estimation of Total Polyphenols 
 Total Polyphenols estimation was done spectrophotometrically following the method 
of [Malick and Singh (1980)]. Per cent polyphenols (gallic acid equivalents) present in 
mulberry leaves was computed using the standard caliberation curve using gallic acid. 
 

Characterization of Polyphenolic Constituents by HPLC 
 The phenolic constituents were determined using the HPLC method described by 
Rodriguez- Delgado et al.(2001).The mulberry leaves were dried overnight at 90° C and 
extracted with 70% ethanol using soxhlet apparatus. The extract obtained is further separated 
with chloroform and ethyl acetate in a separating funnel. The polyphenolic ethyl acetate layer 
finally acquired was used for quantification of polyphenolic constituents profiling. [Jibu 
Thomas et al. (2009)]. The chromatographic conditions include separation in Waters HPLC 
(Model: 515) filter with Photodiode Array detector (Model: 2998) and ODS column of size 
250 mm × 4.6mm, 4µm  (Hi Chrom, USA),  methanol- acetic acid- water in the proportion of 
10:2:88 and 90:2:8 were used as mobile phase A and B respectively. Measurements were 
made at 254 and 280nm Identification of phenolic acids was based on retention time and 
UV spectrum with those of standards.  The solutions of standards at various concentrations 
from 1 to 40 µg/mL were injected into the HPLC-DAD s ys t em  and the calibration 
curves were established for each standard c o m p o u n d . The concentrations of the 
compounds were calculated from peak area according to calibration curves. 
 

Results and Discussion 

 

Total polyphenols 
 The Total Polyphenolic content among the mulberry species ranged from 2.28% to 
13.16% being minimum in M.cathayana and maximum in M.latifolia. Similar results were 
reported by [Arabshahi-Delouee and Asna Urooj,(2007)]. The difference in total polyphenol 
among the mulberry sp. is understood to be due to variations in the plant genotype [Scalzo et 
al. (2005)], cultivation site and technique [Hakkinen and Torronen, (2000)] etc.. 
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Characterization of Polyphenolic Constituents by HPLC 
 The profile of polyphenolic constituents among the germplasms of mulberry is 
depicted in Table 1. The major polyphenolic compounds identified are chlorogenic acid, 
caffeic acid, coumaric acid, rutin and quercetin. Among the identified polyphenolic 
compounds, Chlorogenic acid is found prominent followed by rutin and quercetin in all the 
species of mulberry. Among the species, M.latifolia registered higher values 
(103.00mg/100gmdry.wt) for chlorogenic acid followed by M.sinensis (MR2) 91.04 and 
M.indica (CNR) 85.00 (Table 3).  Rutin ranged from 53.00 (M.latifolia) to 9.18 (M. 
Cathayana). Quercetin ranged from 46.19 (M.latifolia) and 40.98 M.sinensis (MR2). Caffeic 
acid was found to be in the range of 4.30 to 0.74mg/100gm. Chlorogenic and caffeic acids 
were identified in other report as constituents of M.alba leaves [Katsube et al. (2009)]. Our 
results are in accordance with Ayaz Ali Memon et al. (2010), who reported the presence of 
chlorogenic acid and coumaric acid in M.rubra, M.alba and M.laevigata species of mulberry 
leaf samples.Chlorogenic acid stimulate glucose uptake in skeletal muscle through the 
activation of Adenosine Mono Phospho kinase (AMPK), thereby act as an anti-
hyperglycemic agent. It has been reported anti-hyperlipidemic [Rodriguez et al. (2002)] and 
antiobesity effects [Ae- simcho et al, (2010)]. Therefore the Morus sps investigated mainly 
M.latifolia seems to be an interesting natural phytochemicals source of chlorogenic acid.
 Mulberry leaves of Morus sps are a promising dietary source of caffeic acid known as 
a selective inhibitor of leukotriene biosynthesis, significantly involved in a variety of diseases 
like asthma, inflammation and various allergic situations [Koshihara et al. {1984)]. Caffeic 
acid is an effective antidiabetic agent through its ability to enhance insulin secretion and to 
decrease hepatic glucose output along with the increased level of adipocyte glucose disposal 
in the type 2 diabetic animals. caffeic acid is beneficial against oxidative stress, thereby being 
helpful in preventing or delaying the development of diabetics and its complications. 
Coumaric acid has been reported to have anticancer properties. Rutin and quercetin are the 
major flavonoid compounds present in mulberry leaves. rutin plays a positive role in 
carbohydrate metabolism and antioxidant status in diabetic rats. [Prince and Kamalakkannan, 
(2006)]. Quercetin has antidiabetic effect in STZ induced diabetic wistar rats [Vessal et al. 
(2003)] 

Sl. 

No 
Morus sp. 

Polyphe

nols 
mg/100

mg 

Chlorog

enic acid 
mg/100g 

Caffeic 

acid 
mg/100

g 

Coumaric 

acid 
mg/100g 

Rutin 
mg/100g 

Querce

tin 
mg/100

g 

1 
M. indica 

(CNR) 
10.60 85.00 4.03 9.20 43.13 39.33 

2 
M.latifolia(B

C-259) 
13.16 103.00 4.30 11.61 53.00 46.19 

3 M indica (V1) 4.39 33.20 1.57 3.57 16.99 15.66 

4 
M. 

sinensis(MR2
) 

11.84 91.04 3.90 11.00 48.23 40.98 

5 
M. 

indica(M5) 
4.42 36.23 1.57 3.90 17.80 15.51 

6 M.australis 5.83 44.87 1.90 5.33 24.10 21.74 

7 M.laevigata 4.29 32.78 1.70 3.84 16.89 16.34 

8 M.multicaulis 3.67 29.82 1.30 3.29 15.38 11.89 

9 M.macroura 3.29 26.73 1.10 2.90 13.54 11.23 
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10 M.cathayana 2.28 18.38 0.82 2.10 10.31 7.69 

11 
M. indica 

(DD) 
3.69 28.19 1.24 3.85 12.99 12.54 

12 
M.indicaC20

38 
7.66 61.03 2.70 7.01 31.56 27.77 

13 
M.indica 

(S54) 
2.55 21.25 0.91 2.55 10.55 9.27 

14 
M.indica 

(S36) 
3.26 27.01 1.07 3.01 13.31 11.38 

5 
M.indica 
(Vishava) 

5.36 42.46 1.77 4.87 21.70 19.37 

16 
M. indica 
(Suvarna) 

5.91 47.32 1.98 5.88 24.26 21.63 

17 M.indica (G4) 5.97 46.82 1.97 5.23 26.09 21.55 

18 
M.indicaS163

5 
4.25 35.34 1.42 3.75 17.22 13.92 

19 
M. indica 

(TR-4) 
2.60 21.06 0.89 2.58 10.55 9.37 

Table 1: Metabolic profiling of polyphenolic constituents  among different cultivars of 

mulberry  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 
From this study we concluded that leaves of Morus sps are a promising source of dietary 
polyphenols which can be further used in nutraceutical industry. The further purification of 
polyphenolic compounds identified in mulberry germplasm will be a major breakthrough to 
develop new natural drugs for disorders. This data Provides a strong basis for considering this 
plant as a source for providing valuable industrial products of very high economic value for 
human beings rather than utilizing its leaf for feeding silkworm in India 
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       Fig 1: HPLC profile of  phenolic constituents in mulberry leaf 
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ABSTRACT 
 Glass ,Polyethyleneterephthalate (PET), Polypropylene (PP) and High density 
Polyethylene(HdPE) bottles were filled with ghee, prepared by differently treated cream, 
under light with little headspace to determine the effects of light ,method of preparation, 
packaging materials and storage time on the stability of ghee. The moisture content, acid 
value, peroxide value, refractive index and Tba Value were measured to determine the 
stability of ghee every 30 days until 90 days. Sensory evaluation was also done for ghee 
samples. Glass bottles recorded lower oxidation values followed by ghee packed in PET, PP 
and HdPE. In some cases, PET packaged ghee also showed comparable good results. The 
score card results showed that ghee prepared from cultured cream excels in flavour and 
texture compared to fresh cream ghee. This study showed that packaging material ,method of 
preparation and storage time have an effect on the stability of ghee. 
 

Introduction 
 Ghee is a product with very low moisture content (0.5%); it needs to be protected 

more from chemical spoilage activated by oxygen, light, humid climates and high 
temperatures. The presence of oxygen leads to oxidation and formation of hydro peroxides 
and peroxides and then aldehydes and ketones resulting in off-odours due to rancidity. 
Another important factor, which contributes to the deterioration of ghee, is moisture. Off-
flavours occur due to hydrolytic rancidity. The combination of oxygen and light can create 
the conditions for some decomposition of the triacylglycerols and production of oxidization 
products that alters the ghee quality. Quality changes of the ghee may include development of 
acidity and production of carbonyl compounds (Schieberle and Grosch 1981). Therefore, 
peroxide concentration gives a measure of degree of oxidative rancidity and serves as an 
indicator of quality change (Jacobsen 1999; Setiowaty et al., 2000). 
 The packaging of ghee is of decisive importance. Improperly packaged ghee absorbs 
foreign odours with which, it may come in contact. Physical characteristics of the packaging 
material (permeability and light transmittance) may directly affect thequality of ghee 
(Hotchkiss. 1995). Glass, metals and different kinds of plastic films (bottles) are all used for 
packaging of ghee. The packaging material should have good water vapour and oxygen 
barrier properties. Glass has many advantages such as inertness and rigidity,but it is costly 
and brittle. Plastic bottles are used extensively for packing due to their outstanding 
function.PET is becoming a popular plastic because of itsexcellent barrier 
appearance,mechanical properties low weight and price. Ghee need special type of durable 
and leak proof packaging, as they are semi-liquid in nature. Excellent quality ghee and oil 
packaging products help not only in preventing the leakage but also keep the products fresh 
and free from bacteria and germs for long length of time (Archana, 1997). 
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 It is extremely important that, whatever packaging material used for ghee, it should be 
food grade and non-toxic. HDPE bottles, PP laminates, Polymer coated cellophane, nylon-6 
polymer or food grade PVC and their laminates, glass bottles, PET bottles, PP bottles need to 
be effectively tapped for packing of ghee. Glass bottles provide excellent protection for ghee 
and can also be used for high speed operation. Glass is one of the most inert materials for 
bottles. HDPE bottles provide a moderately long shelf-life, are light in weight. PET bottles 
have excellent clarity, are odour-free and have good gas barrier properties.PET bottles are 
also accepted internationally for ghee packaging. Storage stability and shelf life of packaged 
oils/ghee are now receiving much attention. The present study was conducted to evaluate the 
suitability of different packaging materials for the preservation of ghee. 
 

Materials and Methods 
 The samples of fresh cream after separation of buffalo milk were procured from Dairy 
plant, KeraIa Veterinary and Animal Sciences University, Mannuthy. The collected cream 
samples were analysed for its fat using gerber method and acidity by titration to assess the 
suitability for further processing. The sample was subjected to two treatments. To one batch 
of cream 1% lactic starter was added followed by overnight incubation while the other lot 
was treated as fresh cream. The ghee was prepared from both lots using direct cream method 
suggested by Mishra and Kushwaha, (1970). 
 The prepared ghee was packed into different packaging materials. The packaging 
materials selected were glass, Poly propylene (PP), High Density Poly ethylene(HDPE) and 
Polyethylene Terephthalate(PET) . The sample was packed in duplicate and kept for storage 
at room temperature (31 c) for 60 days. The different quality parameters of ghee was 
analysed as per standard methods (SP: 18(PART XI- 1981) on storage at 0th day, 30th day and 
60th day. 
 

Free fatty acids 
 Free fatty acids were determined by titration according to the standard method at the 
specified intervals and expresses as percentage oleic acid. 
 

Peroxide value 
 This method determines all substances in terms of milliequivalents of peroxide per 
1000g of sample (meq O2/kg) which oxidise potassium iodide (AOCS 2004) 
 
Refractive index 
 Refractive index of ghee was determined by using butyro refractometer.The butyro 
refractometer reading at 40 C was measured. 
 

Thiobarbituric acid (TBA) value 
 Standard method was used for determining the TBA value of ghee. The ghee was 
dissolved in CCl4 and TBA reagent. The spectrophometric reading of final sample was taken 
at 530 nm. 
 

Data analysis 
 Data were analyzed by using standard staticical procedures using indexes such as 
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mean and standard deviation. 
 

Results and Discussion 
 The effects of packaging material, storage time and method of manufacture on 
different measured properties on ghee were determined. The different packaging material 
caused different effects on the keeping quality of ghee upon storage. 
 

Free fatty acids 
 The mean values of FFA content indicate that there are significant increase in free 
fatty acid content between initial and final day of storage at different storage conditions 
(Table 1.). During storage FFA% of all ghee samples exhibited similar increasing trends 
irrespective of the packaging material and type of manufacture. The results in Table 1 agree 
with those of Kicuk and Caner (2005), where all the oil samples prepared and packed in glass 
and PET containers showed increase in free fatty acid content during storage and this may be 
due to the partial hydrolysis of oil/ghee during storage. These results also are in agreement 
with the results obtained by Patterson (1992) wherealso the oil samples showed an increase in 
free fatty acid content. The change in FFA content with storage time was significant at 5% 
level but with packing materials the change was not significant. A study by Mishra and 
Sharma (2011) also showed an increase in FFA content of rice bran oil samples packed in 
glass, PET and laminates during storage. In practice, because of the susceptibility of the oil to 
hydrolysis, the FFA content may vary with age and storage history (Semwal and Arya, 2001). 

  Fresh Cream  Cultured cream  
  Std.   Std.   
Material Mean Deviation P value Mean Deviation P value  

Glass .427033 .0354824  .435967 .0242780   
PET .426700 .0279548 

0.211 
.438933 .0286381 

0.155 
 

HDPE .449100 .0397091 .445900 .0288595 
 

   
Polypropylene .438700 .0440571  .457233 .0320275   

0 day .406000 .0000000  .422100 .0000000   
30 day .425275 .0220043 0.001* .436725 .0200701 0.001*  
60 day .474875 .0140981  .474700 .0088446   

 
*significant at 5% level of significance 
Table 1. Effect of packaging materials and storage time on mean freefatty acid values 

Peroxide Values 
 The amount of Peroxide values showed significant increases in ghee stored in 
different packaging material from starting point to 60 days (Table 2). A study conducted by 
Kucuk and Caner(2005) showed a similar result by showing significant increases in oil stored 
in different packaging material from starting point to 3, 6 and 9 months. The Polenskey value 
by the ghee samples showed minimum for glass bottles followed by PET ,HDPE and 
Polypropylene eventhough the change was not significant with packaging materials. The 
quality of any fat or oil is highly affected by the ability of the container to exclude light and 
oxygen, which further retards oxidative changes. Mishra and Sharma (2011) found out that 
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ghee packed in PET bottles showed higher increase in PV compared to those packed in glass 
containers. PV was greatly dependent on storage temperature (Dong and Jong, 1998). 
 

  Fresh Cream  
Cultured 

cream    
  Std.   Std.   
Material Mean Deviation P value Mean Deviation P value  
Glass .3133 .01528  .3133 .01528   
PET .3233 .02517 

0.083 
.3233 .02517 

0.113 
 

HDPE .3533 .05033 .3733 .07024 
 

   
Polypropylene .3400 .04000  .3600 .06557   

0 day .3000 .00000  .3000 .00000 0.014*  
30 day .3325 .02217 0.004* .3400 .03162   
60 day .3650 .03109  .3875 .05560   
*significant at 5% level of significance 
Table 2. Effect of packaging materials and storage time on mean peroxide values 

Refractive index 
 The RI of ghee sample prepared from fresh cream packed in different containers 
showed a gradual increase from initial day to sixtieth day. The mean RI values of ghee 
packed in glass bottles and PET bottles showed least increase after 60 days (Table 3).The 
mean value of increase in RI was from 1.4553 to 1.4554(° Brix). The ghee packed in HDPE 
Bottles showed higher increase in RI compared to other packaging materials. The ghee 
prepared from cultured cream also showed similar pattern of increase in RI. A study 
conducted by Arya et al., (1969) to evaluate the possibility of considering Refractive index as 
a tool for checking rancidity showed that there was an increase in refractive indices of edible 
oils and fats in the order of 0.001±0.0003 at the stage of development of perceptible rancid 
odour. The increase in value was from 1.4775 at initial hour to 1.4779 after 24 hours. The 
increase in refractive index is possibly attributable to conjugation known to precede hydro 
peroxide formation in the secondary stage, and polymerization of partially oxidized fats in 
the tertiary state of auto oxidation. 
 

  Fresh cream  
Cultured 
cream  

  Std.   Std.  P 
Material Mean Deviation P value Mean Deviation  value 
Glass 1.455400 .0001732  1.455400 .0001000   
PET 1.455467 .0002082 

0.247 
1.455467 .0001528  

0.189 HDPE 1.455733 .0005859 1.455533 .0002082  
Polypropylene 1.455600 .0003606  1.455533 .0002517   

0 day 1.455300 .0000000  1.455300 .0000000   
30 day 1.455425 .0000957 0.008* 1.455500 .0000816  0.002* 
60 day 1.455925 .0003594  1.455650 .0001291   
*significant at 5% level of significance 
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Table 3. Effect of packaging materials and storage time on mean Refractive index 

values 

 

TBA value 
TBA value which is an indication of secondary oxidative aldehyde products also showed 
increase in values during storage. TBA values of ghee prepared from fresh cream and 
cultured cream showed increase in TBA value (Table 4) when the storage period increases. 
This results confirms the earlier results that auto oxidation increases during storage. In this 
case also ghee packed in glass containers showed less change compared to other packaging 
materials. 

  Fresh cream  Cultured cream 
  Std.   Std.  
Material Mean Deviation P value Mean Deviation P value 
Glass .183667 .1778942  .377000 .2616429  
PET .192000 .1880771 

0.217 
.460333 .3349483 

0.092 
HDPE .354667 .3651265 .553667 .4218179   
Polypropylene .294667 .3421788  .500333 .3693918  

0 day .076000 .0000000  .076000 .0000000  
30 day .129000 .0623806 0.001* .626250 .0898494 <0.001* 
60 day .563750 .1931241  .716250 .1349923  
*significant at 5% level of significance 
Table 4. Effect of packaging materials and storage time on mean TBA values 

 

Conclusion 
 Increasing the storage time had an adverse effect on peroxide value, moisture, acid 
value, refractive index and TBA Value. The difference of the increase of those values in 
different packaging materials could be explained by (1) The absorption of light into 
packaging materials; and (2) the degradation of ghee compounds due to the initial oxygen 
concentration and permeability of oxygen through the package. Ghee stored in glass bottles 
showed very low oxidation and maintained its original profile for a long period. This was 
followed by ghee packed in PET,PP and HDPE containers.This study has shown that ghee is 
affected by light and oxygen in much the same way as other vegetable fats and oils . This 
study also reaffirmed that the glass provides better protection from oxidation than plastic 
bottles. 
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ABSTRACT 
 Coffee white stem borer, Xylotrechus quadripes Chev is the major pest of arabica 
coffee causing havoc to coffee plantations. It was first reported in India during 1838 by 
Stokes. Coffe arabica is the most preferred host of white stem borer. It attacks the main stem, 
thick primaries and reaches up to the root portion which hinders the food supply to the tissues 
and leads to the death of the plant. The pest is active during the bright weather and prefers to 
lay eggs on exposed plants. Eggs are laid in the cracks and crevices of the bark. neonates feed 
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underneath the bark which leads to the formation of rings on the stem. Later, it enters into the 
hardwood and tunnels inside; the entire tunnel is filled with its own faecal matter. Hence, the 
control of stem borer is a difficult task to achieve! Severe infestation leads to the uprooting of 
plants and thereby causing substantial economic loss. Control measures need to be taken up 
to prevent the adults from egg laying. Environment plays an important role to keep the pest 
under suppression. Hence, a study has been undertaken in kodagu to see the natural 
suppression of the pest due to rain. The past ten years rainfall data reveals that highest rainfall 
recorded from 2008 to 2014 and correlation with mortality indicates low infestation during 
these periods. It can be attributed that the excess moisture in the bark leads to the mortality of 
eggs and early instars. This could be the reason to suppress the “flare up of pest” even though 
the fecundity of females are high (100-120 eggs). 
 
keywords: Coffee white stem borer, Xylotrechusquadripes, Coffeaarabica, Pest management 
in coffee 
 

Introduction 
 Coffee white stem borer, Xylotrechus quadripes (Coleopteran: Cerambycidae) is the 
most serious pest of arabica coffee in India (Hall et al., 2006).  It was first reported in India in 
1838 (Stokes, 1938). Stem borer attacks on main stem, thick primaries and reach up to root 
portion which makes the plant weak and yield poor. Eggs are laid by adults under the loose 
scaly bark. After hatching, grubs feed underneath the bark later it enters into the hard wood. 
Once enter inside the stem, it extensively feed by tunnelling and the entire tunnel is filled by 
its own faecal matter till pupation and emerge as adult through the exit holes. The whole 
development takes place inside the stem hence it is difficult to achieve control.  The 
incidence of this pest could be controlled effectively by adopting integrated pest management  
practices  like maintenance of optimum over head shade, tracing and destroying of the 
infested plants prior to flight periods, scrubbing of bark of the main stem and thick primaries 
and chemical application, if the incidence level is high(Anonymous,1996). 
The seasonal effects of weather and ongoing changes in climatic conditions will directly lead 
to modifications in dispersal and development of insect species (Karuppaiah and Sujayanand, 
2012).The abiotic factors viz; temperature, humidity and rainfall help either to build up or to 
weaken the population.   The regional changes in the rainfall pattern due to the climate 
change have been predicted by various climate change studies (Cumhur and Cresser, 2008). 
Once the environmental conditions are very favourable, then these beetles can emerge out 
from the plants throughout the year except during the monsoon (Anonymous, 2008). 
 

Materials and Methods 
 The study was conducted in Kodagu district of Karnataka during the period 2008 to 
2014. The South - West monsoon from June to October contributes the major rainy days. The 
annual rainfall in North Kodagu is 1800mm. Ten estates in Kodagu were selected for the 
study. Twenty five infested stems were collected randomly and split opened for the mortality 
observation. Meantime average relative humidity in the estate and moisture in the bark were 
calibrated. The percentage moisture content (MC %) on the bark was calculated using green 
basis (GB basis) method (Robert et al., 2010) using the formula; 
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MC% =       Weight of water in the bark        × 100 
                                                      Weight of water +dry weight of wood 
Seven years average rainfall and humidity of the location under study were correlated with 
the infestation and presented in Tables (1-7). 
 

 Results and Conclusions 
 The results of the study revealed that there is a positive correlation between rainfall 
and early larval mortality. The percentage of mortality ranges from 85 to 97% during these 
years. The highest rainfall recorded during 2013 and the lowest was in 2012. In 2013 total 
rainy days were more than hundred and spanned over eleven consecutive months from 
February to December.  Relative humidity was also correspondingly high during the rainy 
months of these years. The average per cent moisture content on the bark was measured and 
was close to the relative humidity prevailed in the location.  The percentage moisture content 
on the bark ranges from 94 to 98.5%. It is evident from the study that, there is a 
corresponding increase in the per cent mortality of early larval stages with rainfall and RH. 
The high moisture retention in the bark leads to the mortality and decay of eggs and early 
instars. Similar studies were also proved that the high rainfall is not congenial for the pest 
development. A study on red spider mites of tea also showed that high rainfall caused 
mortality of mites (Ahamed et al., 2012). Another study on tea mosquito bug, Helopeltis 

theivora also supports the present study that the rainfall above 1700mm and below 1000 mm 
infestation level becomes nil or low (Demoshmita and Sarma, 2011). The present study 
indicates that the high rainfall has direct impact on population dynamics of coffee white stem 
borer. 
Table 1: Rainfall, RH and mortality of WSB 2008 - 2013 
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Table 2 
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Fig: Impact of Weather parameters on WSB Mortality 
 Though female beetles lay large number of eggs during the life span, hardly few will 
emerge as adult. Probably, the climate will have a direct control on pest population. Either 
biotic or abiotic stress on pest development has kept the population under check. 
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THE ECDYSONE MIMIC, METHOXYFENOZIDE, ALTERS THE LEVEL OF 

MAJOR HAEMOLYMPH PROTEINS IN THE LARVAE OF SPODOPTERA 
MAURITIA BOISD.(LEPIDOPTERA: NOCTUIDAE). 

Resmitha.C, Reshma.R.M and Kannanvadakkadath Meethal, Departmentof Zoology, 
University of Calicut, Kerala, India-673635.1 Email:kannanvm@yahoo.com author for 

correspondance2 
ABSTRACT 
 Insect growth regulators (IGRs) belong to a class of compounds which interfere with 
normal growth, development and reproduction of insects. Through greater selectivity of 
action IGRs have less undesirable effects on man, wild life and environment. Many of the 
IGRs mimic the action of insect hormones ecdysone or juvenile hormone (jH). 
Methoxyfenozide is a potent non-steroidal ecdysone agonist developed as an insecticide and 
is effective against lepidopteran pests. when the protein profile of the haemolymph of the 
methoxyfenozide treated 6th instar larvae of Spodopteramauritia were analyzed by SdS-
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PaGE, there was an increase in intensity of the two major protein bands in the treated larvae 
compared to control. The most affected polypeptides are above the 66 kda region and 99 kda 
region and appear to be members of the storage protein family as they constitute the most 
abundant polypeptide in the last instar larvae. as storage proteins are crucial for insect 
development they may be targeted for developing better insect control agents.  
 
keywords: Spodopteramauritia, haemolymph protein, ecdysone agonist, methoxyfenozide 
 

Introduction 
 Insects are the largest groups in the animal kingdom. Some of them are pests and 
cause considerable economic loss. Hormones influence every aspect of insect’s life, 
especially molting and metamorphosis. Ecdysone and juvenile hormone (JH) play a crucial 
role in insect development.  Juvanile hormones are a group of acyclic sesquiterpenoids that 
regulate many aspects of insect physiology.  It has a wide range of functions in regulating 
development and physiological process such as metamorphosis, caste determination, ovarian 
maturation, diapause and migration in insects [1]. Ecdysone is a steroidal prohormone of the 
major insect molting hormone 20-hydroxyecdysone. Ecdysone is secreted from the 
prothoracic glands and it along with JH regulates the process of moulting and many other 
metabolic processes. 
                     Insect Growth Regulators (IGR's) belong to a group of compounds which 
interfere with normal growth, development and reproduction in insects by disrupting 
hormonally regulated physiological processes in insects. Several such compounds are known 
and their effects on metamorphosis and reproduction in a number of insect species have been 
extensively studied [2,3].These compounds are considered to be useful in pest control 
programs because they are target-specific, non-persistent, biodegradable and environmentally 
benign substances with less toxicity to non-target organisms. Many IGR’s are ecdysone or 
juvenile hormone agonists.  Diacylhydrazines (DAHs) are potent nonsteroidal ecdysone 
agonists, and four of them, tebufenozide, methoxyfenozide, chromafenozide, and 
halofenozide, have been developed as insecticides. Although these compounds are very toxic 
to insects, they are relatively safe for mammals and are environmentally benign. Their action 
on insects is also selective; the first three are effective against Lepidoptera but weakly active 
or inactive on Diptera and Coleoptera. On the other hand, halofenozide is effective on 
Coleoptera but mildly active on Lepidoptera [4]. Tebufenozide and methoxyfenozide possess 
strong ecdysone-like activity against last-instar larvae of the beet armyworm, Spodoptera 

exigua, and the cotton leafworm, Spodoptera littoralis, leading to precocious lethal moulting. 
Ecdysone agonists exert their toxicity by binding to the ecdysone receptor as does the natural 
insect molting hormone, 20-hydroxyecdysone [5, 6, and 7]. Most common effect of ecdysone 
agonist treatment is precocious lethal moult [8]. 
              Protein metabolism plays a key role in rebuilding adult structures during the 
transformation of larvae/pupae into adult. Hemolymph protein levels generally increase 
during each instar but decline during moulting. Several hemolymph proteins like insect 
hexamerins are thought to transport hormones, phenols /or some cuticular proteins to the 
hypodermis.  Typically two to four physico-chemically distinct storage protein species occur. 
The last larval instar of holometabolous insects has been characterized by active synthesis of 
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arylphorin (aromatic amino acids bearing storage proteins) and pupal storage proteins [9]. 
During metamorphosis larval plasma proteins were hydrolyzed to free aminoacids and major 
part being incorporate into new adult proteins. Thus haemolymph proteins are crucial for 
insect development. In this study we demonstrate the effect of methoxyfenozide, an ecdysone 
mimic, on larval protein profile of Spodoptera mauritia Boisd. (Lepidoptera: Noctuidae), or 
paddy army worm, a pest of paddy (Oriza sativa). 
 

Materials and methods 

 
Chemicals: Bovine albumin fraction V, Acrylamide and bisacrylamide was from Sisco 
Research Laboratories Pvt. Ltd., Mumbai, India and Protein Molecular Weight Markers from 
Genei Pvt. Ltd., Bangalore. Other reagents used were of analytical grade.   
 
Collection, Rearing and Maintenance of the Larvae of Spodoptera mauritia Boisd: The 
moths were attracted by fluorescent lamps during night.  They were collected using an insect 
sweep net. The adults were kept in glass chimneys closed at both ends with muslin cloth and 
fed with 10% solution of honey.  The adults were allowed to lay eggs on the cloth. The 
caterpillars were fed with fresh, tender leaves of grass Ischaemum aristatum. Larvae were 
maintained at room temperature (28oC.). 
 

Treatments: Sublethal concentration of methoxyfenozide (0.1µg/larvae) in 10µl of acetone 
was applied topically along the dorsal midline of meso and metathorax and to the abdomen of 
sixth instar larvae using a Hamilton Micro-Syringe. Control larvae received an equal volume 
of acetone. 
 
Collection of Haemolymph: Larvae were anesthetized in a specimen tube using diethyl 
ether. One of the prolegs of larvae excised with a pair of sterilized scissors and the exuded 
haemolymph from each larva were drawn into separate centrifuge tubes stored at -200C.   
 
Electrophoretic Analysis of Haemolymph proteins: The protein samples were subjected to 
SDS-PAGE under reducing conditions using 10% acrylamide in a mini slab gel according to 
the method described by the Laemmli [11]. 
 

Results and conclusions 

 
Effect of methoxyfenozide on haemolymph protein profile: When protein profile of the 

haemolymph of the methoxyfenozide treated larvae were 
analyzed by SDS-PAGE. There was an increase in intensity of 
the two major protein bands (one above 66 kDa and the other 
above 97 kDa) in the treated compared to that of control after 
24 hour exposure to methoxyfenozide (Figure 1). 
Figure 1.Polyacrylamide gel (10%) electrophoresis of 
haemolymph of 6th instar larvae of S.mauritia treated with 
methoxyfenozide and control. Haemolymph was collected after 
24 hours of treatment and equal volume of haemolymph (10 
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μl/well).from test and control loaded. (lane marked Std kDa= standard molecular weight 
marker with molecular weight in kDa represented on the left hand side of marker bands). 
             The most affected polypeptide is in the 66 kDa region and 99 kDa regions appears to 
be a member of the storage proteins as they constitute the most abundant polypeptide in the 
last instar larvae. The most abundant storage proteins that accumulate in the hemolymph or 
fat body are composed of six subunits and thus are also called hexamerins. Hexamerins are 
mainly synthesized by the fat body during larval development, stored in the hemolymph, and 
sequestered in the fat body, where they serve as sources of nitrogen and amino acids for 
pupae and adults during metamorphosis and reproduction. Three storage proteins named SL-
1, SL-2 and SL-3, the former two being synthesized only in the last larval instar, were 
purified from haemolymph of the common cutworm, Spodoptera litura [12]. All these three 
storage proteins have molecular sizes between 400 and 450 kDa, and are composed of 
subunit(s) which range in size from 70 to 80 kDa. Two storage hexamerins have been cloned 
and characterized from Spodoptera exigua [13]. Alteration in protein profile is also reported 
from methoxyfenozide treated Bomboxi mori larvae [14].The major polypeptides affected by 
methoxyfenozide in S.mauritia may be the subunits of the storage protein. Methoxyfenozide 
may be affecting the synthesis/degradation of the major haemolymph protein but elucidating 
the mechanism   of action needs further investigation. As storage proteins are crucial for 
insect development they may be targeted for developing better insect control agents. 
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ABSTRACT 
 Biofilms are of considerable concern in food hygiene leading as it does to serious health 
problems and economic loss due to food spoilage. The eight food pathogens from foods such as 
beef, seafoods, dairy products, spice powders and soft drinks producing biofilm were used in the 
study. Here the biocontrol of biofilm forming food pathogens was achieved using two bioactive 
compounds namely pyocyanin and rhamnolipids isolated from the strain Pseudomonas aeruginosa 
(bTRY1). Pyocyanin and rhamnolipids were characterized using fTIR and nMR analyses along 
with other quantitative and qualitative assays. Pyocyanin and rhamnolipids caused 80% reduction 
in the biofilm formation by the food pathogens even in minute quantities and thus show high 
antibiofilm activity. Scanning electron micrographs and Confocal Laser Scanning Micrographs 
showed the variation in the microbial mass and biofilm formation on treatment with the two 
bioactive compounds thereby recommending their use as preservatives in the food industry. 
 

Introduction 
 

 Biofilms are generally termed as microbially derived sessile communities characterized by 
many cells attached to an abiotic or living surface, and embedded in a matrix of extracellular 
polymeric substances produced by the cells (Maric and Vranes, 2007). Antony Von Leeuwenhoek 
is credited with the discovery of biofilm on his own tooth surface. The first published report on 
biofilms by Zobell in 1943, used buried slide culture method, where the slides buried in the soil 
had an attachment of microorganisms (Kokare et al., 2009). Angst (1923) observed that the 
marine bacterial load on hulls of ships was higher than the free floating cells, and also proposed 
that bacterial biofilms led to serious corrosion of these hulls. Biofilm formation is a very complex 
and dynamic process involving different steps (Costerton et al., 1994(b)) such as conditioning of 
the surface, adhesion of cells, formation of microcolony, biofilm formation, detachment and 
dispersal of biofilms. Biofilms due to spoilage and pathogenic microflora on surfaces of food like 
poultry, meat and in processing environments also pose considerable problems of cross 
contamination and post-processing contamination which leads to risk in public health. 
The present study focuses on the biofilm forming bacterial food pathogens in food available in the 
markets and their biocontrol using two different bioactive compounds from Pseudomonas 

aeroginosa strain. 
 

Materials and Methods 
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Biofilm producers 

 The eight food borne pathogens studied here were isolated from foods such as beef, 
seafoods, dairy products, spice powders and soft drinks, screened for biofilm forming ability and 
quantified;  molecular characterization, enzyme profiling and antibiogram construction, were all 
done previously (Laxmi and Bhat, 2014). The isolates used in the study are Bacillus altitudinis 

(KF460551), Bacillus pumilus (KF460552), Brevibacterium casei (KF573739), Staphylococcus 

warneri (KF573740), Micrococcus luteus (KF573741), Bacillus niacini (KF573743), Bacillus sp  
(KF573744) and Geobacillus stearothermophilus (KF573747). 
Extraction and Quantification of Pyocyanin and Rhamnolipids from the strain Pseudomonas 

aeruginosa (BTRY1) 

 The P. aeruginosa (BTRY1) strain was previously isolated in the authors’ laboratory. For 
the extraction of pyocyanin, P. aeruginosa (BTRY1) was inoculated in nutrient broth to optimize 
the production of pyocyanin, incubated at 37ºC for 18-24 h and observed for color change. The 
pyocyanin was extracted (Hayfa et al., 2012) and concentration determined (Aziz et al.,2012) . 
For the extraction of rhamnolipids, the micro organism was grown in nutrient broth and 
successively transferred to Kay’s minimal medium, PPAS medium and a Mineral Salts Medium 
and rhamnolipids extracted (Nereus et al., 2004) and quantified by orcinol method with L-
Rhamnose as standard  ( Abdel-Mawgoud et al., 2011) 
  Characterization of Pyocyanin and Rhamnolipids from the strain Pseudomonas 

aeruginosa (BTRY1)Proton Nuclear Magnetic Resonance spectroscopy (Proton NMR) and 
Fourier Transfer Infra Red spectroscopy (FTIR) was utilized for the characterization of pyocyanin 
and rhamnolipids. 
 Antibiofilm activity and determination of Minimum Inhibitory Concentration(MIC) 

The pyocyanin and rhamnolipids extracted from the strain P. aeruginosa (BTRY1) were analysed 
for their ability to control the biofilm production of different food pathogens isolated from 
different food samples available in the local market. The microtitre plate assay was done as per 
Christensen et al., 1988. The samples was serially diluted and checked for the antibiofilm activity. 
The Minimum Inhibitory Concentration can defined as the lowest concentration of the compound 
that yielded no visible growth. In the case of biofilm information, it can be defined as the 
minimum concentration by which it inhibits the biofilm formation. All experiments were carried 
out in duplicates and repeated thrice independently.Scanning Electron Microscopy (SEM) and 

Confocal Laser Scanning Microscopy (CLSM) 

 The effect of pyocyanin on the biofilm formation was studied by the Scanning Electron 
Microscopy (SEM).. Fixation procedure for SEM was done according to Lembke et al., 2006 
with little modifications. For CLSM, Biofilms were coated onto the microslide and fixation was 
done using Gluteraldehyde (2.5%). TOPRO-3 stain (diluted 1:1000 in PBS) was added and kept 
for 10 min in dark at room temperature. The sections were observed and photographed using 
confocal imaging system (Leica TCS SP 5) (Anju et al., 2013). 
 

Results and conclusions 
 
Biofilm producers 
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 The bioflm producers in this study were obtained from foods such as beef, fresh fish, dried 
fish ,dried prawn; dairy products like cheese, raw milk, pasteurized milk, curd; spice powders 
likechilly powder, turmeric powder, coriander powder, and soft drinks.  Thirty six isolates 
indicative of great threat in the food industry were obtained, wherein twenty isolates were 
characterized as strong biofilm producers (Laxmi and Bhat, 2014). The response of the eight  
strongest biofilm producers and the biocontrol of  biofims is central to this study. Multiple 
Antibiotic Resistance was observed in these bacteria. Enzyme profiling of the strong producers 
showed their ability to produce more than one hydrolytic enzyme, which is indicative of their 
competence in reduction the nutritional value of food and causing spoilage (Laxmi and Bhat, 
2014).   
 
Extraction and Quantification of Pyocyanin and Rhamnolipids from the strain Pseudomonas 

aeruginosa (BTRY1) 
Pyocyanin production was observed after 18 h of incubation and was indicated by change in color 
of production medium to bluish green by addition of chloroform to extract it. The concentration 
of pyocyanin was calculated to be 1.245 µg/mL. Brown coloured rhamnolipids was extracted and 
concentration was 75 µg/mL. 
 
Characterization of Pyocyanin and rhamnolipids from the strain Pseudomonas aeruginosa 

(BTRY1) 

 The isolated pyocyanin was subjected to 1H NMR analysis using cadmium 
chloride(CdCl3) as solvent. In 1H NMR (Figure 1), the peak at δ 2.7 to 3.4 ppm indicates the 
presence of methyl group linked to aromatic nitrogen atom. The peak at δ 7.5 to 7.7 ppm 
represents the condensed aromatic nitrogen ring. The 1H NMR analysis of isolated rhamnolipids 
(figure 2) showed different peaks. The long hydrocarbon chain and rhamnose ring were indicated 
by the appearance of the peak at δ 3.33 to 3.47 ppm, respectively. 1H NMR analysis showed 
anomeric signal at δ 4.κκ3, suggesting L-rhamnosyl-hydroxy fatty acid linkage. The rhamnosyl 
methyl protons are assigned to the two overlapping doublets at δ 1.44 ppm. The chemical shifts 
observed for hydrocarbon chains were 0.894 ppm (for -CH3), 1.54 ppm (for –(CH2)- chain), 2.17 
ppm (for –CH2-COO-), and 3.66 ppm (for –O-CH-) which is comparable to standards. 
 Further characterization of Pyocyanin and rhamnolipids was by analyzing the IR 
spectrum. The spectrum of pyocyanin shown in figure 3 indicates the presence of phenazine as 
specified by side chains of the molecule. The peak at 3448.59 cm-1 shows the presence of O-H 
Bond. The peak at 2951.18 cm-1 relates to the C-H- Aromatic Bond. The peak shown at 1637.34 
cm-1 represents C=N Bond and the peak at 130.7.02 cm-1 corresponds to C-O Bond. The spectrum 
of rhamnolipids shown in figure 4 a peaks at 3432.89 cm-1 (-OH free stretch due to hydrogen 
bonding), 1635.28 cm-1(C=O stretch due to the ester functional group), 1384.36 – 1068.17 cm-1 
(C–O–C stretching in the rhamnose), 612.28 cm-1 ( pyranyl sorption band). This is comparable to 
the reports of standard FTIR spectra for rhamnolipids. 
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   Fig.1 shows the NMR spectrum of pyocyanin  Fig.2 shows the NMR spectrum of 

rhamnolipids 
                    
 

 

 

 

 

 

 

 

 

Fig.3 shows the FTIR spectrum of pyocyanin    Fig.4 shows the FTIR spectrum of 

rhamnolipids       
 
Antibiofilm activity and determination of Minimum Inhibitory concentration 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
The antibiofilm activity was tested with the pyocyanin (1.245 µg/mL) and rhamnolipids (75 
µg/mL) with serial dilutions. However , biofilm formation by Micrococcus luteus, Bacillus 

niacini, and Geobacillus stearothermophilus could not be controlled by pyocyanin. Except for the 
strains Bacillus altitudinis, Bacillus niacini and Micrococcus luteus, all the other strains used in 
the study could be controlled by rhamnolipids. 

Fig 5 shows the effect of pyocyanin and rhamnolipids on biofilm formation of different 

food pathogens. Blue filled bars represent the reduction of biofilm on addition of 

pyocyanin while red bars represent that of rhamnolipids. 
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 The Minimum Inhibitory Concentration (MIC) for Pyocyanin was calculated to be 2X10-2 
ng/µL and that of rhamnolipids was 1.2 ng/µL. Thus pyocyanin had a profound effect on th e 
biofilm forming capability of six out of the eight isolates tested. Figure 5 shows the percentage of 
reduction of biofilm formation in different food pathogens by pyocyanin and it was clear that it 
could even cause 80% reduction. Rhamnolipids was also had remarkable effect on five of the 
isolates and the reduction of biofilm was also found to be around 80%. 
 
Scanning Electron Microscopy (SEM) and Confocal Laser Scanning Microscopy (CLSM) 

 To conclusively confirm the biofilm controlling ability of the two bioactive compounds 
scanning electron microscopy was used. The effect of pyocyanin and rhamnolipids on biofilm 
formation of the strain BTDF1 (Brevibacterium casei) is as shown in figure 6 (a), (b) and  (c).  
The scanning electron micrographs of an untreated (control) (6a), pyocyanin treated(6b) and 
rhamnolipid treated(6c) samples clearly show the  reduction in  biofilm formation by the strain 
due to the application of the two bioactive compounds. Confocal microscopy was also done with 
the strain BTDF1 (Brevibacterium casei) as an example (Figure 7 (a), 7 (b) and 7 (c)). The results 

show a great variation in the 
pyocyanin/rhamnolipid treated 
samples compared to the control 
sample.  
 

Fig.6 shows the Scanning electron micrographs. 6(a) shows the biofilm formation of control 

(compound untreated sample) , 6(b) shows the reduction of biofilm on treatment with 

pyocyanin and 6 (c) shows the biofilm reduction on treatment with rhamnolipids 

 

 

 

 

 

 

 

Fig.7 shows the Confocal Laser Scanning Micrographs. 7(a) shows the biofilm formation of 

control (compound untreated sample) , 7(b) shows the reduction of biofilm on treatment 

with pyocyanin and 7 (c) shows the biofilm reduction on treatment with rhamnolipids 
  
Thus two compounds-pyocyanin and rhamnolipids in minor quantities were shown to have 
bioactive properties and showed remarkable ability in control of biofilm formation by strong 
biofilm producers in food industry. The strain BTRY1 could be used to produce the pigment in 
large quantities and involved the simple purification method, hinting at great promise in the food 
industry. Further strain improvement may be performed to increase the pigment production and 
application may involve its use as a disinfectant in the food processing equipments and thus 
challenge the current scenario of the cleanliness of the food processing environment. Since the 
two compounds did not show cytotoxic, hemolytic and antioxidant activities (unpublished data), 
it is evident that both were safe to be used as preservatives in the food industry for prevention of 
biofilms and food spoilage. 
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ABSTRACT 
 The Giant african Land Snail Achatina fulica (bowdich, 1822) native to East africa, is an 
invasive pest species with an extensive global distribution. It is spreading into many parts of the 
world since 1800s. IUCn has listed a. fulica as one of the most 100 invasive species in the world. 
Human mediated dispersal is attributed to its current distribution ranging into Indian 
Subcontinent, South East asia, Indo-Pacific islands, Caribbean and Latin america. The snail also 
serves as the intermediate host of the rat lung worm Angiostrongylus cantonensis, which causes 
eosinophilic meningitis in human beings. The snail was introduced to India in 1847 in Calcutta 
and in kerala it was reported in the 1950s. There are records of the presence of the snail in South 
India in the early 1900s. The presentstudy attempted to track the invasion routes of the snail to 
kerala. The snail pest is still on the move and predictably will be established in many locations 
soon. The success in the invasiveness of a species depends on its rapid reproduction rate, high 
fecundity and generalist food and habitat requirements. The success of an introduced species in a 
new area can also be influenced by the genetic composition of its population. In many cases, 
introduced species are represented by a few individuals with lower genetic variation when 
compared to their source population, a phenomenon called a founder effect. Population 
bottlenecks reduce genetic variation and allele frequencies undergo massive shifts. This study 
attempts to find the extent of genetic variation of a. fulica in kerala and compares with the genetic 
make-up of the species from the global populations, both from the native and exotic range. 
Genetic analysis has been done using the partial sequence of the mitochondrial 16s rRna gene of 
approximately 300 base pair. PCR amplification and gene sequencing has been achieved for the 
16s rRna gene from the populations of three most infested sites in kerala and from one locality 
from the border sharing district in Tamil nadu. The sequences were subjected to bLaST search in 
nCbI and nine sequences showing the highest similarity were identified. These 14 sequences of 
the 16s rRna gene were assembled, aligned and analysed. The genetic distance was calculated. 
Haplotype analyses of the four sequences were done using dnasp version 5 shows that they 
belong to four distinct haplotypes. The genetic distance analysis shows that the sequences from 
Palakkad and Pollachi were more similar and that the four sequences show higher similarity with 
the Tanzanian population. This rule out the assumption that the population of the snail in the 
Indian sub continent came from the Mauritius stock through the first introduction in Calcutta. 
South India harbours major ports in India. Chances of the multiple introductions through the trade 
routes are a definite possibility which indicates fast widening of the genetic variability of within 
India populations. This indicates that active control operations are needed to control snail 
infestations since genetic bottlenecks are absent which could cause collapse of alien invasive 
populations in the kerala populations of Giant african Snail. 
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Introduction 
 The tropical Giant African Snail Achatina fulica (Bowdich, 1822), a protandrous 
simultaneously hermaphroditic land snail (Tomiyama, 1996) is one of the most extensively 
studied snails because of its economic, ecological and medical importance. A. fulica is a major 
crop pest in many parts of the world. Originated in East Africa, it has spread to many places 
across the globe from the year 1800 through human activities (Mead, 1961; Raut & Barker, 2002; 
Srivastava, 1992). The World Conservation Union (IUCN) has listed A. fulica as one of the 
world’s 100 most invasive species (Lowe et al., 2000). Apart from being an agricultural pest, it 
also serves as the intermediate host of the rat lung worm Angiostrongylus cantonensis, which 
causes eosinophilic meningitis in human beings. During 19th century the giant African snail 
moved slowly eastward across the Indian Ocean from East Africa. On reaching Southeast Asia, it 
moved at a very rapid pace, appeared simultaneously in many primary sites in East Asia and the 
Pacific Islands. The snail reached India in April 1847 from Mauritius and was reported from 
Kerala in 1950s (Srivastava, 1992). 
 The snail is still on the move and predictably will get established in many locations soon. 
The success in the invasiveness of a species depends on its rapid reproduction rate, high fecundity 
and generalist food and habitat requirements (Cowie, 2000). Organisms that become invasive are 
also most likely to possess traits that facilitate their transport by humans, the ability to withstand 
the problems of transport, the capacity to tolerate varying environmental conditions, and the 
predilection to thrive in human disturbed areas (Suarez & Tsutsui, 2008). The success of an 
introduced species in a new area can also be influenced by the genetic composition of its 
population. Invasion generally starts with a few individuals reaching an area outside its native 
distribution range. Since the numbers of individuals are small, genetic variation of the population 
would be very low compared to their source population. This genetic bottleneck causes allele 
frequencies to undergo massive shifts (Dlugosch & Parker, 2008). Man has always been drawn to 
the Giant African Snail for reasons including its large size, supposed medicinal properties and its 
potential as a human or animal food source (Mead, 1961; Kliks & Palumbo, 1992; Raut & Barker, 
2002). It is for these reasons A.  fulica has been spreading globally primarily through human 
factors. Its success as an introduced species can be attributed to several factors. The biology of 
Achatina fulica makes it eminently suitable as an invasive species. From a management point of 
view, it is important to know the genetic variability and the suspected pathways of invasions. If 
the genetic variability of the population is low owing to single event of invasion, the population 
will be susceptible to collapse due to a variety of reasons. But in case there are multiple 
introductions and the genetic variability with the population is high, management of the invasive 
species would require active efforts rather than waiting for population crashes (Arnaud et al., 
2001). 
 Phylogeography according to Avise, (2000) “is a field of study concerned with the 
principles and processes governing the geographic distributions of genealogical linkages, 
especially those within and among closely related species”. The evolutionary history of molluscs 
is relatively well studied (Lydeard & Lindberg, 2003; Ponder & Lindberg, 2008). The first study 
on the genetics of invasive populations of one of the most widely spread land mollusc species 
known in the world, the Cornu aspersum aspersum, using five microsatellite loci and 
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mitochondrial (Cyt b and 16S rRNA) genes attempted the detection of potential source 
populations, and for understanding the mechanism governing evolutionary changes involved in 
the process of invasion. The genetic structure of 21 populations of the land snail Helix aspersa 
was attempted using micro satellite molecular markers and allozymes (Arnaud et al., 2001). A 
partial sequence of the 16s rRNA gene has been involved in the phylogenetic study of the land 
snail Helix aspersa (Guiller et al., 2001). To trace back the origin of the aquatic snail 
Potamopyrgus antipodarum an invasive species in Europe, the mitochondrial gene segment 16s 
rRNA has been sequenced and analysed (Städler, et al., 2005). A molecular phylogeny and 
genetic variation of the global population of the giant African snail was attempted to trace the 
spread of the snail using haplotype approach of the 16s rRNA gene (Fontanilla, 2014). 
 The current study attempted to test the following propositions: The genetic structure of the 
population of an introduced species will affect the success of the population in the introduced 
area. Founder effects and genetic bottlenecks affect the genetic variation, but in many cases 
populations of invasive species do not exhibit loss of diversity. Multiple introductions may 
supplement the new genes to the established populations in the invasive range and increase the 
fitness. Using the invasive Giant African Snail Achatina fulica, the invasive events will be traced, 
and compare the genetic diversity and genetic structure in South India using molecular markers. 
In addition, population traits will be correlated with its environmental niche by potential 
distribution prediction and phyloclimatic modelling. The specific objectives of this study were to 
i) trace the invasion event and population genetic structure of Giant African snail in south India 
using DNA markers and ii) to trace the origin of invasion and find whether the invasion of 
Achatina fulica in south India is a single event or through multiple introductions. 
 

Materials and Methods 
 A preliminary survey was conducted in the snail infested sites of Kerala state.  A total of 
125 infested sites were identified all over Kerala. Representative samples were collected from all 
the snail infested sites and reared in a glass house. The dead samples were preserved in 80% 
ethanol solution. Four populations, three in Kerala viz., Cochin, Elapully Kunissery and one in 
the neighbouring border area of Pollachi in Tamil Nadu were chosen for the comparative analysis 
of haploforms. The Cochin population at Willington Island was chosen because of the presence of 
the busy timber trade through its port, which could serve as a source for the invasive pathway. 
The second population from Palakkad – Elapully was chosen because of the magnitude of 
infestation and a recorded history of earlier infestations in 1950s and 1970s. The infestation in 
Palakkad region was thought to be a result of accidental release of the snail brought either from a 
south East Asian nation or from an eastern coastal town in Tamil Nadu for research purpose. The 
third population from Kunissery in Palakkad-, was chosen because it has the higher infestation 
level at present and it is said that the snail has reached here from Kasaragode district through 
wood transport. The fourth site is in Tamil Nadu border area, adjacent to the high infested region 
of Kerala. This population is chosen to find whether the infestation has come from that region to 
certain portions in Kerala or vice versa. 
 

DNA Extraction 
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 Tissue from the foot muscle (approximately 10 mm3) cut from the live and preserved snail 
samples were subjected to using both NaOH direct lysis method (Fontanilla, 2014) and with a 
minor modification of the (Winnepenninckx et al., 1993) phenol: chloroform extraction method. 
The method has been modified as follows. Tissue slices were ground in microfuge tube with a 
homogeniser using CTAB buffer and 5% SDS solution and extended the lysis period in water bath 
to 2-3 hours in order to achieve complete lysis of the tissue. The complete removal of the 
mucopolysaccharides from the snail tissue has been achieved through repeated (4-5 times) 
phenol: chloroform wash. After the complete lysis of the snail tissue with CTAB and SDS, the 
tubes were centrifuged at 15,000 rpm for 10 minutes for the complete removal of tissue debris. 
The supernatant was separated and treated with an equal amount of phenol: chloroform: iso-amyl 
alcohol solution. The tubes were inverted several times to make the solution turbid and the tubes 
were centrifuged at 15,000 rpm for 10 minutes. This step was repeated several times to remove 
the mucopolysacharides completely, which may act as a PCR inhibitor. The presence of enormous 
quantities of mucopolysaccharides in all land snails has been observed to make the extraction of 
DNA from them very difficult (Skujiene & Soroka, 1993). The supernatant was then collected and 
centrifuged with ice cold chloroform and from the supernatant the DNA was precipitated by 
adding ice cold iso-propanol. The mixture was kept in a -20° C overnight for complete 
precipitation of DNA. The pellet was obtained by centrifugation and concentrated using 70% 
ethanol. Ethanol was completely removed by centrifugation and air drying and the pellet was re-
suspended in sterile water or TE buffer. 
 

PCR Amplification and Aligning 
 The PCR technique that involves the rapid amplification of the specific gene of interest 
has been used to amplify 16s rRNA genes of the snails. The primers used in this study was 
derived using the Softwares Primer 3, Primer BLAST and also by literature review. Among the 
designed primers, two were found to be effective in the amplification of two fragments of 16s 
rRNA gene, with the size lengths approximately of 300 and 500 base pairs. Primers used in this 
study are STY_16Sarm (sense)μ 5’–CTTCTCGACTGTTTATCAAAAACA–3’ STY_16Sbrm 
(anti-sense)μ 5’–GCCGGTCTGAACTCAGATCAT–3’ (Bonnaud et al., 1994) which amplified 
the 500 bp fragment and 16s aμ 5’–TGACTGTGCAAAGGTAGCATAA–3’ 16s bμ 5’–
CCTAGTCCAACATCGAGGTC–3’ that amplified the 300 base pair fragment. The PCR 
amplification was carried out with 1 l of each primer, 5 l of Taq BuferA, κ l DNTPs, 0.5 l 
Taq and 2 l template DNA making upto a final volume of 50 l. The PCR condition has been 
standardized by using different annealing temperatures and the following condition has been 
found to be more suitable for the 16s rRNA gene. 94° C for 2 minutes followed by 38 cycles of 
94° C for 30 seconds 45° C for 30 seconds and 65° C for 1 minute followed by final elongation of 
10 minutes. The PCR product thus obtained was separated on a 1.2% agarose gel visualised using 
ethidium bromide staining and purified by Genei pure gel extraction kit.  The purified product 
was sequenced by Sanger sequencing. The obtained sequences were assembled in ClustalX2, 
manually aligned and analysed using MEGA (Molecular Evolutionary Genetic Analysis) and a 
distance analysis was done. The haplotype and its nucleotide diversities were computed for the 
four sequences from Kerala using DNAsp version 5. 
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Results and Conclusions 
 Among the two different methods employed for the DNA isolation, NaOH direct lysis 
method was found to be less efficient than the modified method. The modified (Winnepenninckx 
et al., 1993) method was found to be more effective for the complete DNA isolation from fresh 
and preserved tissue samples of the snail. The quality of DNA obtained is of superior quality 
through the second method. This method has been followed for the DNA isolation for all the 
available snail samples. The two fragments of 16s rRNA gene of the snail were amplified well 
using the standardised PCR steps. The sequence of 16s rRNA gene from the Cochin population 
has been deposited in the GenBank of National Centre for Biotechnology Information (NCBI) 
with accession number (GenBank KM232636). 
 The sequences obtained were subjected to a BLAST search in NCBI.  The sequences 
showing the highest similarity were identified and downloaded in the FASTA format. A total of 
nine sequences in NCBI had shown highest similarities with the four sequences of Kerala. The 
nine global populations were from African mainland, Indian Ocean islands, South East Asia, 
South America and one from North India. The sequences were assembled in Clustal x2 and 
manually aligned in MEGA. The aligned sequences were subjected to distance analysis and a 
cladogram was built. The 16s rRNA gene sequences from Cochin, Palakkad and from Tamil Nadu 
showed the most similarity with the sequences of Philippines, New Caledonia and Mauritius  with 
100%, 99% and 99% similarities respectively. The Cladogram constructed using the phylogeny 
tool of MEGA showed the distinct haplotypes and their possible distance between populations. 
The four sequences analysed from Kerala using DNAsp showed that there are four distinct 
haplotypes. The haplotype diversity Hd was 1.00 whereas the nucleotide diversity (Pi) was 
0.05243. The Cladogram (Figure 1) also showed the presence of four distinct haplotypes in 
Kerala. The populations from Pollachi and Elappulli were in a similar cluster with maximum 
similarity followed by the population in Cochin. All the four sequences show the shortest genetic 
distance with Tanzanian population. Eighteen distinct haplotypes has been identified from the 
global snail populations so far. Majority of them are from the native range of East Africa and also 
from Indo-Pacific Islands. The Indo-Pacific Islands has been proved to act as the source for the 
spread of the snail across the world by Fontanilla (2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Genetic distance of the Achatina fulica global and Kerala populations 
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 The population in Nagpur, India is of the same haplotype in Mauritius.  It is also assumed 
that the population in Pune has a source from Calcutta, where the first introduction of the snail in 
India has occurred through Mauritius. Since South India harbours most of the important sea ports 
of the country, the introduction of the snail to South India might have occurred through another 
source either from African Countries or from South East Asia, from where a good lot of the 
import of the goods occurs at present. Our study reveals similarity of snail populations in Kerala 
with those in Tanzania and Indian Ocean Islands (Figure 2). The haplotypes in North India are 
mainly traced back to the type C of Mauritius. But our genetic distance analyses shows that there 
could be different haplotypes present in South India, especially in Kerala with that of the North 
Indian source populations. Complete and time scale screening of all the populations in Kerala and 
comparing it with the source populations will help us in tracking the precise invasion route of this 
snail in Kerala. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Haplotype similarities of the Achatina fulica 
 
 However, the current study leads to important management implications. It is evident that 
snail populations in Kerala are having affinity to snails from different global locations. This 
indicates wide genetic variability for the populations within Kerala, which is a cause of concern. 
A decline of the current expanding populations in Kerala could hardly decline owing to genetic 
bottle necks. Proactive increase in quarantine measures at the Seaports and simultaneous efforts to 
eradicate local populations are immediately proposed based on the results of this study.    
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ABSTRACT 

  
 The focus of vitamin E pertains to its properties as an important dietary constituent that 
helps in the defense against cellular damage. At the cellular level, the incorporation of vitamin E 
is responsible for its potential to confer antioxidant protective properties and prevent both the 
initiation and propagation of lipid peroxidation was evaluated in the present study. The gene 
expression studies, antioxidant and peroxidation assays  were done in the cerebral cortex to 
analyze the changes in muscarinic M1, M3 receptors, Bax, cAMP regulatory element binding 
protein (CREB) ,Caspase and Akt-1 and the enzymes involved in acetylcholine metabolism – 
choline acetyl transferase and acetyl choline esterase. Its impact on cellular processes is also 
multipurpose, from its involvement in preventing DNA damage to its influence in intracellular 
signaling. However; it is also becoming very clear that vitamin E has great potential in being used 
therapeutically in a number of diseases and conditions. The vitamin E supplementation reduced 
blood sugar levels in diabetes. The altered activity in primary antioxidant enzyme, superoxide 
dismutase augment lipid peroxidation and carbonyl protein content, thus ensuring the occurrence 
of oxidative stress in diabetic rats.  
 
Keywords: Diabetes, Vitamin E, Oxidative stress, Muscarinic, Gene expression  
 
1. Introduction 
 
 Diabetes Mellitus is a metabolic disorder associated with insulin deficiency, which not 
only affects the carbohydrate metabolism but also is associated with various central and 
peripheral complications. Chronic hyperglycemia during diabetes mellitus is a major initiator of 
diabetic microvascular complications like retinopathy, neuropathy, nephropathy (Sheetz & King, 
2002). Type 2 diabetes can be linked to be accounting for around 90 per cent of all cases, it is a 
chronic metabolic disorder, in which the body is unable utilize glucose from food because of the 
inability of the pancreas to produce insulin or produces insufficient insulin, or the insulin itself is 
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inactive (Naemiratch & Manderson, 2007). The number of people with diabetes worldwide is 
expected to rise to well over 366 million by 2030 (Wild et al., 2004). The treatment of diabetes 
mellitus is based on different potential compounds that works on different mechanism of actions 
including stimulation of insulin secretion, decrease of hepatic gluconeogenesis, augment in 
insulin receptor sensitivity and hindrance of digestion and absorption of carbohydrate, 
respectively. The identification of substances that mediate or mimic the action of insulin could 
lead to the development of novel structures which may be of clinical use in the treatment of 
persons having disorders of glucose metabolism, such as impaired glucose tolerance, elevated 
blood glucose associated with type II diabetes and insulin resistance (Larner et al., 1997).  
Acetylcholine, a major neurotransmitter from the autonomic nervous system,regulates the 
cholinergic stimulation of insulin secretion, through interactions with muscarinic receptors (Satin 
& Kinard, 1998; Ahren, 2000; Gilon & Henquin, 2001). The activation of muscarinic M1 
cholinergic receptors produced an increase of glucose utilization (Hosey, 1992). Activation of 
cholinergic muscarinic receptors in the periphery causes decrease in heart rate, relaxation of blood 
vessels, constriction in the airways of the lung, increase in the secretions and motility of the 
various organs of the gastrointestinal tract, increase in the secretions of the lacrimal and sweat 
glands, and constriction in the iris sphincter and ciliary muscles of the eye (Wess, 1993). In the 
brain, cholinergic muscarinic receptors participate in many important functions such as learning, 
memory and the control of posture. 
The diabetic rats that received vitamin E had lower glucose levels than the rats treated with STZ 
alone. This finding indicates that vitamin E may have a role in preventing hyperglycemia .The 
vitamin E reduces plasma glucose levels and they proposed that vitamin E may have a role in the 
modulating insulin action (Paolisso et al., 1993). These results along with the findings presented 
here indicate that vitamin E may modulate glucose metabolism. Abnormally high levels of free 
radicals due to an over production or inadequate removal and simultaneous decline in antioxidant 
defense mechanism can damage cellular proteins, nucleic acids and membrane lipids (Hashim and 
Zarina, 2007). The chronic hyperglycemia affects the normal turnover of free radicals by 
triggering the production of reactive superoxide radicals and inactivating the enzymes involved in 
their scavenging process by glycation, leading to oxidative stress and tissue damage (Nishikawa 
et al., 2000). 
The major focus of the study was to understand the cellular and neuronal mechanisms that ensure 
the prophylactic capability of Vitamin E. The mRNA expression of cholinergic enzymes such as 
ChAT , AchE  and muscarinic receptor subtypes M1 , M3 were determined using Real Time 
PCR.The cell signaling alterations in the cerebral cortex associated with diabetogenesis and 
antidiabetogenesis were assessed by examining the gene expression profile of Akt-1, Bax, CREB 
.The antioxidant and antiapoptotic actions of Vitamin E were examined by studying the 
expression of  SOD and caspase-8 and also estimate the activities of lipid peroxides.This study 
will establish the anti-diabetogenesis activity of vitamin E and will attempt to elucidate the 
cellular, molecular and neuronal control mechanism in the onset of diabetes. 
 
2. Materials And Methods 
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Bio chemicals used in the present study were purchased from Sigma Chemical Co., St. Louis, 
USA. All other reagents of analytical grade were purchased locally. Quinuclidinyl benzilate, L-
[Benzilic-4,4 -3H], ([3H] QNB), Sp. Activity 42 Ci/mmol was purchased from NEN Life 
Sciences Products Inc., Boston, U.S.A. Tri-reagent kit was purchased from MRC, USA. Real 
Time PCR Taqman probe assays on demand were from Applied Biosystems, Foster City, CA, 
USA.Adult male Wistar rats of 180-240g body weight purchased from Amrita Institute of 
Medical Sciences, Cochin and Kerala Agriculture University, Mannuthy were used for all 
experiments. They were housed in separate cages under 12 hour light and 12 hour dark periods 
and were maintained on standard food pellets and water ad libitum. All animal care and 
procedures were taken in accordance with the institutional, National Institute of Health guidelines 
and CPCSEA guidelines. 
 

2.1. Induction of Diabetes in Adult male Wistar Rats and Tissue preparation 
  
 Diabetes was induced in rats by intrafemoral injection of streptozotocin (Sigma chemicals 
Co., St. Louis, MO, U.S.A.) freshly dissolved in citrate buffer pH 4.5 under anaesthesia (Junod et 
al.,1969). Streptozotocin was given at a dose of 55mg/Kg body weight (Hohenegger & Rudas, 
1971; Arison et al., 1967).  The diabetic state of animals was assessed by measuring blood 
glucose concentrations at 72 hours after streptozotocin treatment. The rats with a blood sugar 
level above 250 mg/dl were selected as diabetic rats.  The rats with streptozotocin-induced 
diabetes were treated with oral tocotrienols (25, 50 or 100 mg/kg body weight) for 3 weeks, 
which significantly prevented behavioral, biochemical and molecular changes associated with 
diabetes, in part through suppression of activation of the NF- B signaling pathway (Kuhad and 
Chopra,2009).Wistar rats of body weight 180-240g were used for the experiments and were 
grouped into four as follows: (i) Control (given citrate buffer injection);(ii)Diabetic (iii)Diabetic 
rats treated with insulin received subcutaneous injections (1Unit/kg body weight) of insulin daily 
during the entire period of the experiment. A mixture of both Lente and Plain insulin (Abbott 
India) were given for the better control of glucose (Sasaki & Bunag, 1983). The last injection was 
given 24 hr before sacrificing the diabetic rats; (iv) Diabetic rats treated with Vitamin E. 
 
2.2. Total muscarinic Receptor Binding study in the cerebral cortex 
  
 The total muscarinic receptor binding assay in the cerebral cortex was done according to 
the modified procedure of Yamamura and Snyder, 1981. Total muscarinic binding parameter 
assays were done using 0.1-2.5nM of [3H] Quinuclidinyl benzilate (QNB) in a total incubation 
volume of 250 l with 200-250 g protein concentration. The non-specific binding was determined 
using 100 M muscarinic general antagonist, atropine. Bound radioactivity was counted with 
cocktail-T in a Perkin Elmer Tri-Carb 2810TR liquid Scintillation analyzer. Protein was measured 
by the method of Lowry et al, 1951. 
 
2.3. Receptor data analysis 
  
 The data was analyzed according to Scatchard, 1949. The binding parameters, maximal 
binding (Bmax) and equilibrium dissociation constant (Kd), were derived by linear regression 
analysis by plotting the specific binding of the radioligand on X-axis and bound/free on Y-axis. 
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The maximal binding is a measure of the total number of receptors present in the tissue and the 
equilibrium dissociation constant is the measure of the affinity of the receptors for the 
radioligand. The Kd is inversely related to receptor affinity. 
 
2.4. Analysis of gene expression using Real Time PCR 

  

 RNA was isolated from the cerebral cortex of experimental neonatal rats using the Tri-
reagent (MRC, USA). Total cDNA synthesis was performed using ABI PRISM cDNA archive kit 
in 0.2 ml microfuge tubes. The reaction mixture of 20 l contained 0.2 g total RNA, 10× RT 
buffer, 25× dNTP mixture, 10× random primers, MultiScribe RT (50 U/ l) and RNase free water. 
The cDNA synthesis reactions were carried out at 25 °C for 10 min and 37 °C for 2 h using an 
Eppendorf Personal Cycler. Real-time PCR assays were performed in 96-well plates in ABI 7300 
real-time PCR instrument (Applied Biosystems). The primers and probes were purchased from 
Applied Biosystems, Foster City, CA, USA. The TaqMan reaction mixture of 20 l contained 25 
ng of total RNA derived cDNAs, 200 nM each of the forward primer, reverse primer and TaqMan 
probe for muscarinic M1 receptor (Rn 00589936_s1), muscarinic M2 receptor (Rn 02532311_s1), 
muscarinic M3 receptor (Rn 00560986_s1), choline acetyl transferase (Rn 01453446_m1), acetyl 
choline esterase (Rn 00596883_ m1) and endogenous control β- actin and 12.5 l of Taqman 2X 
Universal PCR Master Mix (Applied Biosystems) and the volume was made up with RNAse free 
water. The following thermal cycling profile was used (40 cycles): 50 °C for 2 min, 95 °C for 10 
min, 95 °C for 15 s and 60 °C for 1 min.  
 Fluorescence signals measured during amplification were considered positive if the 
fluorescence intensity was 20-fold greater than the standard deviation of the baseline 
fluorescence. The ΔΔCT method of relative quantification was used to determine the fold change 
in expression. This was done by normalizing the resulting threshold cycle (CT) values of the 
target mRNAs to the CT values of the internal control β-actin in the same samples 
(ΔCT=CTTarget−CTβ-actin). It was further normalized with the control 
(ΔΔCT=ΔCT−CTControl). The fold change in expression was then obtained as (2-ΔΔCT) and the 
graph was plotted using log 2-ΔΔCT. 
 
2.5. Antioxidant assay  
  
 The total antioxidant capacity of cerebral cortex was determined spectrophotometrically at 
405 nm according to the protocol of antioxidant assay kit by Sigma, Saint Louis, USA. The 
concentration of total antioxidant was expressed in nanomolar. 
 
2.6. Lipid/Aqueous Peroxidation Assay 
 
The measurement of aqueous and organic/ lipid peroxides in the cerebral cortex was determined 
according to the protocol of peroxiDetect TM kit by Sigma- Aldrich, Saint Louis, USA. For 
aqueous peroxides, standard curve was plotted with nmoles of H2O2 against A560 and for organic/ 
lipid peroxides, standard curve was plotted with nmoles of tert- Butyl hydroperioxide against 
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A560. The nmoles of peroxide in the test sample was calculated as below: 
nmole peroxide/ml =  [A560 (sample) – A560 (blank)] X dilution factor  
                                    [A560(1 nmole peroxide)] X sample volume 
 
2.7. Statistical analysis 
  
 The equality of all the groups was tested by the 
analysis of variance (ANOVA) technique for different 
values of p. Further the pair wise comparisons of all the 
experimental groups were studied using Students-
Newman-Keuls test at different significance levels. The 
testing was performed using GraphPad Instat (Ver. 2.04a, 
San Diego, USA) computer program. 
 
3. RESULTS  
 
3.1. Body weight (gm) of Experimental rats. 

 
The body weight was significantly decreased (p<0.001) in the diabetic rats when compared to 
control group. After insulin treatment and Vitamin E supplementation for 21days, the body weight 
reversed to near the initial body weight. 

 
3.2. Blood glucose (mg/dL) level in Experimental 

rats. 
Blood glucose level of all rats before streptozotocin 
administration was within the normal range. 
Streptozotocin administration led to a significant 
increase (p<0.001) in blood glucose level of diabetic 
group when compared to control group. Insulin and 
Vitamin E treatments were able to significantly reverse 
(p<0.001) the increased blood glucose level to near the 
control level when compared to diabetic group. 
 
 
 

EXPERIMENTA
L GROUPS 

0 day 3rd day 7th day 10th 14th day 17th day 21th Day 

Control 220 221.8±1.4 223.3±1.7 225.2±1.4 228.3±1.7 231.5±1.5 233.3±1.7 
Diabetic 233.3±6.

7 
230.7±5.7a 226.7±8.3a 223.9±4.8

a 
221.7±8.3a,

b 
219.8±3.4a,

b 
216.7±8.3a,

b 
D+I 231.6±6 228.5±4.2b

,c 
225.6±5b,c 221.8±3a,c 223.3±4.4a,

c 
225.9±4.4a,

b 
228.3±4.4b

,c 
D+E 233.3±4.

4 
229.5±3.8b

,c 
226.3±4.4b

,c 
224.7±5a,c 226.2±2.8a,

b 
228.1±2.7a,

b 
229.6±4.4a,

b 
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3.3. Real Time PCR analysis of Choline acetyl transferase. 
Gene expression of choline acetyl transferase mRNA showed significant down regulation 
(p<0.001) in the cerebral cortex of diabetic rats compared to control. Treatment using insulin 
there was significant reversal (p<0.001) of the gene expression compared to control. In Vitamin E 
there was a significant down regulation (p<0.001) in the gene expression compared to control. 
(Table-3). 
 

 
 
 

 
 

3.4  Real Time PCR analysis of Acetylcholine esterase. 
Gene expression of acetylcholine esterase mRNA showed significant upregulation (p<0.001) in 
the cerebral cortex of diabetic rats compared to control. Treatment using insulin there was 
significant reversal (p<0.001) of the gene expression compared to control. In Vitamin E there was 
a significant down regulation (p<0.001) in the gene 
expression compared to control. (Table-4).  

 

 
EXPE
RIME
NTAL 
GROU
PS 

0 day 
(before 
STZ 
injectio
n) 

 
3rdDay 
(initial) 

 
7th day  

 
10th day 

 
14th day 

 
17th day  

 
21th day 

Control 
91.3±2.
6 

93±2.9 94.6±1.4 96.3±2.6 98.3±2.4 101.6±1.7 103±1.15 

Diabeti
c 

87.4±2.
3 

266.6±4.
1a 

289.5±3.5 
a 

320.3±2.9
a 

306.3±2.5a 290.2±2.8 a 
281.3±4.2
a 

D+I 
89.1±1.
8 

255±3.6a 
264.3±2.6
a 

251±1.7a,
b 

187.6±2.2a,
b 

143.5±2.5 
a,b 

102.3±1.5
c 

D+E 
91.6±2.
9 

262±2.6a 
271.8±3.1
a 

253±2.3a,
b 

194.2±1.8a,
b 

151.8±1.6 
a,b 

109.6±0.5
8c 

Experimental groups Log RQ 
Control 0 
Diabetic -3.27±0.18a 
D+I -1.91±0.31a,d 
D+E -1.61±0.10a,d 

 
 
 

Experimental groups Log RQ 
Control 0 
Diabetic 1.81±0.15a 

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. 
ap<0.001, b p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 when 

compared with diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- Vitamin 

E treated diabetic rats. 
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3.5. Real Time PCR analysis of Muscarinic M1 receptor. 

 
Gene expression of M1 receptor mRNA showed significant down regulation (p<0.001) in the 
cerebral cortex of diabetic rats compared to control. Treatment using insulin there was significant 
reversal (p<0.001) of the gene expression compared to control. In Vitamin E there was a 
significant down regulation (p<0.001) in the gene 
expression compared to control. (Table-5). 
Experimental groups Log RQ 
Control 0 
Diabetic -0.637±0.06a 
D+I -0.532±0.055a,d 
D+E -0.255±0.026b,d 

 
 
 
3.6. Real Time PCR analysis of Muscarinic M3 receptor. 
Gene expression of muscarinic M3 receptor mRNA showed significant upregulation (p<0.001) in 
the cerebral cortex of diabetic rats compared to control. Treatment using insulin there was 
significant reversal (p<0.001) of the gene expression compared to control. In Vitamin E there was 
a significant up regulation (p<0.001) in the gene expression compared to control. (Table-6). 
 

 

 

 

 

 

 

 

 

 

3.7. Real Time PCR analysis of Bax receptor. 
Gene expression of Bax receptor mRNA showed significant upregulation (p<0.001) in the 
cerebral cortex of diabetic rats compared to control. 
Treatment using insulin there was significant reversal 
(p<0.001) of the gene expression compared to control. In 
Vitamin E there was a significant up regulation (p<0.001) 
in the gene expression compared to control. (Table-7) 

D+I 1.05±0.14a,e 
D+E -0.48±0.10c,d 

Experimental groups Log RQ 
Control 0 
Diabetic 2.90±0.12a 
D+I 0.52±0.03b,d 
D+E 0.37±0.04b,d 

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. 
ap<0.001, b p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 when 

compared with diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- 

Vitamin E treated diabetic rats. 
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Experimental groups Log RQ 
Control 0 
Diabetic 1.27±0.13a 
D+I 0.74±0.03a,d 
 

 
 

 

 

 

 

3.8. Real Time PCR analysis of CREB receptor. 
 
Gene expression of CREB receptor mRNA showed significant down regulation (p<0.001) in the 
cerebral cortex  
of diabetic rats compared to control. Treatment using insulin there was significant reversal 
(p<0.001) of the gene expression compared to control. In 
Vitamin E there was a significant up regulation 
(p<0.001) in the gene expression compared to control. 
(Table-8). 
 
Experimental groups Log RQ 
Control 0 
Diabetic -0.765±0.07a 
D+I -0.301±0.05c,d 
D+E 0.225±0.04c,d 

 

3.9. Real Time PCR analysis of SOD receptor. 
 
Gene expression of SOD receptor mRNA showed significant down regulation (p<0.001) in the 
cerebral cortex of diabetic rats compared to control. Treatment using insulin there was significant 
reversal (p<0.001) of the gene expression compared to control. In Vitamin E there was a 
significant down regulation (p<0.001) in the gene expression 
compared to control. (Table-9). 
 

Experimental groups Log RQ 
Control 0 
Diabetic -0.829±0.03a 
D+I -0.507±0.02a,d 
D+E -0.361±0.033a,d 

 
 

 

 

 

 

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. 

ap<0.001, b p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 

when compared with diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- 

Vitamin E treated diabetic rats 

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. 

ap<0.001, b p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 when 

compared with diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- Vitamin E 

treated diabetic rats. 
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3.10. Real Time PCR analysis of Akt-1 receptor. 

 
Gene expression of Akt-1 receptor  mRNA showed 
significant down regulation (p<0.001) in the cerebral cortex  
of diabetic rats compared to control. Treatment using insulin 
there was significant reversal (p<0.001) of the gene 
expression compared to control. In Vitamin E there was a 
significant up regulation (p<0.001) in the gene expression 
compared to control. (Table-10). 

Experimental groups Log RQ 
Control 0 
Diabetic -1.226±0.06a 
D+I -0.379±0.04a,d 
D+E 0.275±0.02a,d 

 
 
 
 
 
 

3.11. Real Time PCR analysis of Caspase 8 receptor. 
Gene expression of Caspase 8 receptor mRNA showed 
significant up regulation (p<0.001) in the cerebral cortex of 
diabetic rats compared to control. Treatment using insulin there 
was significant reversal (p<0.001) of the gene expression 
compared to control. In Vitamin E there was a significant up 
regulation (p<0.001) in the gene expression compared to 
control. (Table-11). 
 

Experimental groups Log RQ 
Control 0 
Diabetic 0.65±0.06a 
D+I 0.374±0.03a,d 
D+E 0.256±0.02c,d 
 
 
 

 
 
 

3.12. Total Antioxidant level on experimental rats. 
 
Total antioxidant level showed significant up regulation (p<0.001) in the cerebral cortex of 
diabetic rats compared to control. Treatment using insulin there was significant reversal (p<0.001) 
of the gene expression compared to control. In Vitamin E there was a significant up regulation 

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. 
ap<0.001, b p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 when 

compared with diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- 

Vitamin E treated diabetic rats 

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. 
ap<0.001, b p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 
when compared with diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- 
Vitamin E treated diabetic rats. 
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(p<0.001) in the gene expression compared to control. 
(Table-12). 
 
Experimental groups Total Antioxidant 
Control 1771.33±4.91 
Diabetic 1157.33±7.22a 
D+I 1418±7.64a,d 
D+E 1651.66±7.36a,d 

 
 
 
 
 
 

3.13. Lipid peroxide level on experimental rats. 

 
Lipid peroxide level showed significant up regulation (p<0.001) in the cerebral cortex of diabetic 
rats compared to control. Treatment using insulin there was significant reversal (p<0.001) of the 
gene expression compared to control. In Vitamin E there was a significant up regulation 
(p<0.001) in the gene expression compared to control. (Table-13). 
 

Experimental groups Lipid Peroxide picomole/ml 
Control 8.36±0.29 
Diabetic 14.39±0.55a 
D+I 10.34±0.24b,d 
D+E 8.97±0.34b,d 

 
Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. ap<0.001, 
b p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 when compared 
with diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- Vitamin E treated 
diabetic rats. 
 
 4. DISCUSSION 
 Antioxidant substances, such as vitamin E, may play an important role in the decline of 
the neurological damage caused by diabetes mellitus. Vitamin E, a fat-soluble vitamin that 
prevent damage to lipids by oxygen free radicals (Parks and Traber, 2000). It may also be 
important in blood pressure and glucose homeostasis, reliable with the involvement of free 
radicals in both essential hypertension and diabetes mellitus. Vitamin E, a known antioxidant, 
inhibits lipid peroxidation and interferes with the process of cytokine-mediated cytotoxicity by 
acting as a free oxygen scavenger (Paredes et al., 2002). It is noteworthy that hyperglycemia 

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consists of 6-8 rats. ap<0.001, b 

p<0.01, cp<0.05 when compared with control, dp<0.001, ep<0.01,  fp<0.01 when compared with 

diabetic experimental rats. D + I- insulin treated diabetic rats, D+E- Vitamin E treated diabetic 

rats. 
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induces reactive oxygen species (ROS) generation (Lakshman et al., 2006).The levels of ROS are 
controlled by various cellular defense mechanisms (Aydin et al., 2001).Vitamin E (D-tocopherol), 
the well-known scavenger of free radicals, facilitates the reduction in ROS production and 
increases the antioxidant defense system (Jain et al., 2009).Vitamin E is a lipid-soluble 
antioxidant found in virtually all cell membranes. This vitamin neutralizes free radicals, 
preventing the chain reaction that contributes to oxidative damage (Aksoy et al., 2005). The effect 
of vitamin E on free radicals is mainly important for preventing or delaying many degenerative 
diseases, such as cancer, cardiovascular inflammatory diseases, cellular alterations attributable to 
the aging process, and neurological diseases (Bramley et al., 2000). Larger amounts of NADH 
and FADH are produced in hyperglycemic conditions owing to glucose auto oxidation .Because 
of this increased concentration of electron donors, the mitochondrial proton gradient is increased , 
resulting in leakage of electrons to facilitate the formation of superoxide radicals(Jay et al.,2006). 
 Diabetes-induced oxidative stress generates reactive oxygen species and an inbalance 
among antioxidants (Bhor et al., 2004).The altered activity in primary antioxidant enzymes (e.g., 
catalase, superoxide dismutase, and glutathione peroxidase) and an augment in lipid peroxidation 
and carbonyl protein content, thus ensuring the occurrence of oxidative stress in diabetic rats. 
Free radicals are involved in the onset of diabetes and more importantly in the development of 
diabetic complications (Lipinski, 2001).Free radical scavengers effectively prevent diabetes or 
atleast reduce the severity of its complications in animal models and also in type 1 and type 2 
patients. In vivo antioxidant effects of vitamin E compound have also been studied employing 
methods such as formation of thiobarbituric acid reactive substances and lipid hydroperoxide 
(Watkins et al., 1993).  
 
Diabetic rats showed a significant decrease in body weight when compared with control. 
Hyperglycemia and decreased body weight during diabetes are in agreement with the previous 
reports. (Junod et al., 1969; Kumar et al., 2010; Willsky et al., 2011). The decreased body weight 
in the diabetic rats is due to the excessive breakdown of tissue proteins (Salahuddin et al., 2010; 
Poongothai et al., 2011). The treatment of diabetic rats with insulin and Vitamin E improved body 
weight significantly which indicate prevention of muscle tissue damage due to hyperglycemic 
condition. The STZ diabetic rat serves as an excellent model to study the molecular, cellular and 
morphological changes in brain induced by stress during diabetes (Aragno et al., 2000). There 
was an increase in blood glucose level and a decrease in circulating insulin level in diabetic rats 
when compared to control group. The increased blood glucose level is due to the decreased 
circulating insulin level. The treatment using insulin and Vitamin E showed restorative effect on 
blood glucose level by increasing the insulin level in the serum. 
Acetyl choline esterase level has been used as a marker for cholinergic activity.During diabetes 
the expression was increased .In Vitamin E it is down regulated and near to control level. Acetyl 
choline esterase activation leads to fast degradation and subsequent down regulation of acetyl 
choline receptors causing undesirable effects on cognitive functions (Appleyard et al., 1990). 
Choline acetyl transferase showed decreased expression in cerebral cortex and decrease acetyl 
choline levels in the synaptic cleft contributing progressive cognitive impairment and other 
neurological dysfunctions (Biessels et al., 1994). Central muscarinic acetyl choline receptors are 
involved in many physiological brain functions, control of rapid eye movement, learning and 
memory. 
Real time PCR analysis revealed a down regulation of muscarinic M1 receptor and upregulation 
of muscarinic M3 level in diabetic condition. The activation of muscarinic M1 receptors produced 
an increase of glucose utilization (Hosey, 1992).The improvement of Vitamin E treatment is 
suggestive diverse mechanisms including increasing cholinergic activity by inhibiting acetyl 
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choline esterase activity. The effect of the cholinergic agonist blocked by the muscarinic atropine 
shows the involvement of muscarinic receptors in the central cholinergic glucose homeostasis 
(Bonner et al., 1987). 
Bax is a protein, identified as regulating molecules for programmed cell death. A possible 
relationship between the localization and expression of Bax protein and the cell vulnerability in 
central nervous system is reported (Hara et al., 2004). In the present study the gene expression of 
apoptotic factors upregulated in diabetic groups. The suppression of antioxidant enzymes 
glutathione peroxidase gene expression and superoxide dismutase m RNA reduction in diabetic 
condition could leads to increased oxidative stress and directly activates apoptotic pathways. The 
increased expression of Bax observed in cerebral cortex.The treatment using Vitamin E reverse 
these changes when compared with diabetic rats.The upregulated Caspase -8 expression in 
diabetes indicating apoptosis. The increased state of oxidative stress led to neuronal death which 
is indicated by enhanced expression of caspase -8. 
Akt-1 or serine threonine kinase is a member of an anti-apoptotic cascade of neurons (Endo et al., 
2006).Akt-1 gene expression was downregulated in the diabetic group.Akt-1 or serine threonine 
kinase is a member of active Akt over expressing neurons could survive potential cellular 
distresses.The upregulation of Akt-1 gene expression indicates the activation of neuronal survival 
pathway .It have vital role in cell survival , metabolism and neuronal function. 
cAMP response  element binding protein(CREB) play an important role in the formation of long-
term memory (Alcino et al., 1998). The agents that disrupts the activity of CREB specifically 
block the formation of long-term memory, where as agents that increase the amount or activity of 
transcription factor accelerate the process.The cholinergic receptor expression in relation with 
CREB phosphorylation in diabetes is an important step toward elucidating the relationship 
between molecular adaptations and behavioral consequences (Mayr & Montminy, 2001). 
 Hypoglycemia is shown to increase hydrogen peroxide production and decrease the 
activity of mitochondrial superoxide dismutase. Several other studies have also demonstrated 
increased oxidative stress following hypoglycemia in normal and diabetic conditions (Fioramonti 
et al., 2010).In a recent study we also observed that recurrent hypoglycemia results in increased 
mitochondrial reactive oxygen species production. The mechanisms by which hypoglycemia 
increases oxidative stress is not well explored. However ,Calcium-dependent pathways are 
suggested to play a role in hypoglycemia induced ROS production(Dave et al.,2011).It is also 
believed that imbalance between substrates and oxygen tension during hypoglycemia may be 
responsible for increased production (McGowan et al.,2006)).These studies that hypoglycemia 
may also contribute to increased oxidative stress in diabetes. 
 The reaction of Reactive Oxygen Species with lipids present in membranes and 
lipoproteins can lead to the highly deleterious chain reaction of lipid peroxidation.It has both 
direct and indirect effects that can adversely alter the cell and its functions. Lipid peroxidation can 
be induced by several reactive oxygen species and has been considered to contribute to many 
diseased conditions (Devasagayam et al., 2004).Tocotrienols are lipid lipid soluble, chain-
breaking peroxyl radical scavengers. Being structurally similar, tocopherols and tocotrienols are 
well-known for their antioxidant effects (Kamal-Eldin and Appelqvist, 1996).Tocotrienols show 
significant inhibition of lipid peroxidation in several animal model systems. The formation of free 
radicals such as the superoxide and hydroxyl radical will be illustrated, and antioxidant defences, 
such as superoxide dismutase, glutathione peroxidase will also be considered. 
 
5. CONCLUSION   
  
 We conclude from our studies that acetylcholine through muscarinic M l and M 3 
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receptors play an important role in the brain function during diabetes as a function of age. To 
summarize, down regulated muscarinic M1and up regulated M3 receptor subtypes expression   
was observed in the cerebral cortex of  vitamin E treated diabetic rats. The changes in down 
regulated ChAT and up regulated AChE also points to the reduction in cholinergic activity in the 
cortical regions of brain. The efficient and timely reversed cholinergic functional alterations 
observed in Vitamin E supplementation to diabetic rats. Vitamin E group of compounds are 
among the more visible of the vitamins due to their suggested health benefits including 
antioxidant and related protective properties. The defense systems against oxidative stress include 
enzymatic and non –enzymatic mechanisms to eliminate and convert Reactive Oxygen Species to 
stable and non-toxic substances, such as SOD, Glutathione peroxidase (GPx) are the key 
members of the enzymatic antioxidant defense system. However, it is also becoming very clear 
that vitamin E has great potential in being used therapeutically in a number of diseases and 
conditions. The different parameters used to validate the models will in the future be able to be 
functional to scientifically establish the anti diabetic effects and mechanisms under investigation. 
These findings have significant therapeutic importance in the management of diabetes. 
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Abstract 
 
 Bacteriocins are antibacterial proteins produced by bacteria that can kill or inhibit the 
growth of other bacteria. Though many bacteriocins have been characterized biochemically and 
basic understanding of their structure, function, biosynthesis and mode of action have been done; 
many aspects of these compounds are still unknown owing to their targeted cell lysis 
mechanisms, when compared to the non-targeted approach of antibiotics bacteriocins are 
considered as promising agents in food preservation. our work was aimed at isolating and 
characterizing bacteriocin producing strains from pineapple wine. Pineapple wines with good 
sugar proportions and high acidity favor the growth of most lactic acid bacteria and other 
microorganisms and thereby influence their antagonistic and commensalic interactions. The 
indicator organism used in the study was Listeria monocytogenes (MTCC 657), a common food 
borne pathogen. among the 25 isolates screened, two identified as Lactobacillus spp and Bacillus 
spp showed significant inhibitory activity against the indicator strain. Results were confirmed by 
cell viability assays and agar spot assays with the partially purified bacteriocin (PPb). Treatment 
with proteinase k confirmed the proteinaceous nature of the characterized peptide. optimization 
studies indicated that PPb was active over a wide pH range and was heat stable. one of the 
isolates (Bacillus sp) showed molecular weight around 25 kda which confirmed their 
classification under Class III bacteriocins. Inhibitory properties of the PPb were reconfirmed by 
gel overlay assay with the isolated peptide fragment. The present study provides evidence to the 
wide range applications of using fermented products in screening bacteriocin producers thereby 
promoting their targeted cell lysis mechanisms in food preservation, which in turn can eliminate 
the use of chemical preservatives to a greater extend.  
key words: bacteriocin, Listeria monocytogenes, cell viability assays, agar spot assay 
1. Introduction: 

 Most bacterial species have the ability to survive in diverse ecological niches utilizing 
their ability to produce bactericidal and bacteriostatic agents, such as organic acids, diacetyl, 
hydrogen peroxide, lytic agents and bacteriocins etc. Bacteriocins are defined as proteins or 
protein complexes antagonistic to bacteria, closely related genetically to the producer organism. 
[Todorov et al (2005)]. Bacteriocins isolated for Lactic acid bacteria have been tremendously 
studied in view of their probiotic property and well established applications in food preservation. 
Lactic acid bacteria are generally regarded as safe (GRAS) which enabled them to be established 
as major contributing agent for food preservation. Lactic acid bacteria have a significant role in 
the production of wines [Lonvaud-Funel, (1999)]. Significant studies have been made on 
bacteriocin producing LAB strains from grape wine and must. Pine apple wines are also reported 
to harbor many lactic acid bacteria with significant bacteriocinogenic activity. Pineapples contain 
good sugar proportion which makes it suitable for wine making [Adaikan and Ganesan, 2004)]. 
Wine, due to its diverse microbial diversity enables the commensalic, neutralistic and antagonistic 
interactions within the microbial flora which in turn may influence the bacteriocin activity among 
them. Our aim was to isolate partial purify and characterize bacteriocins from pineapple wine. 
The partially purified preparations were analyzed and inhibitory spectrum studies were done with 
Listeria monocytogenes (MTCC 657) as the indicator organism. Listeriosis was considered a rare 
disease in healthy adult humans earlier, but recent food-borne outbreaks involving 
L.monocytogenes have highlighted its public health importance [McLaughlin J (1987)]. 

2. Materials and Methods 
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2.1. Isolation and identification of bacterial strains from wine. 
 The bacteriocin producers were isolated from fermented wine by spread plate technique as 
per the conventional method using Lactobacillus MRS agar. Pineapple and grapes (250 gm each) 
procured from the markets were washed, peeled and grated /sliced and were fermented at 270 C 
for 21 days. 0.1 ml of the serially dilutes samples was spread on to de Man, Rogosa and Sharp 
(MRS) agar [de Man et al,(1960)] The isolates were identified to genus level by Gram staining 
[Harrigan and McCance, 1993)] Other tests included measurements of activities of catalase 
[Harrigan and McCance, (1993)], oxidase[Collins and Lyne, 1987)]. Gas production from glucose 
in sugar basal medium (SBM) broth containing 2% (w/v) glucose was also performed. 
Carbohydrate fermentation (Glucose, mannitol, xylose, sucrose and fructose) fermentation test 
was also performed. 

2.2.1. Determination of bactericidal property of cell free supernatant (CFS) 
 100 ml of MRS broth was incubated with 1 ml of bacteriocin producing strain and 
incubated for 24 hour at 370C . CFS was obtained by centrifuging the culture at 10,000 rpm for 45 
min at 40 C, filtered through a sterile 0.2 m pore size filter (Millipore) stored in vials, at -200 C. 
Determination of bacteriocin activity was performed by Spot on lawn assay[ Hoover and 
Harlander,(1993)]. 

2.2.2. Bacteriocin bioassay 
 Activity units of partially purified bacteriocin (PPB) of our isolates were calculated by 
serial ten-fold dilution method.PPB was diluted in phosphate buffer saline (PBS) (10-1, 10-

2,…..10-4). Each dilution was used to estimate arbitrary units/ml (AU/ml) by well diffusion 
method (WDA) and dilution corresponding to smallest detectable zone was marked for further 
calculation. One AU was defined as the reciprocal of the highest level of dilution resulting in a 
clear zone of growth inhibition [Rajaram et al., 2010)]. Zone of 1 mm and above was considered 
as inhibition. 

2.2.3. Partial purification of bacteriocin 
 Purification of bacteriocin was performed by ammonium sulfate precipitation. [Sambrook, 
et al (1989)].The suspension was desalted by dialysis with phosphate buffer at 40C during 12 hr 
by using dialysis cassettes with cut- off of 2000 to 3500 (sigma). Partially purified preparation 
was then used to determine the bacteriocin activity by well diffusion assay method. 

2.3. Determination of protein concentration 
 Concentration of protein in the PPB was determined by Bradford assay [Zor and Selinger, 
(1996)] Standard curve was plotted using the values obtained taking OD value on y-axis and 
concentration on x-axis. The protein concentration of those samples was obtained from the 
standard curve. 

2.4. Cell viability assay 
 To determine the antibacterial activity of bacteriocin produced from our isolated strains on 
Listeria monocytogenes (MTCC 657), the loss of cell viability was monitored. [Leonardo et.al, 
(2012)].  1ml of filtered 100x concentrated supernatant that was buffered to pH 7 was added to a 
culture of L.monocytogenes (maintained at logarithmic phase) and incubated at 30⁰C .The initial 
absorbance of the culture was 0.231A. As a control, a sample without bacteriocin (filtered 100X 
concentrated supernatant of bacteriocin non-producer) was used. Samples were taken every 2 hrs 
and absorbance was measured at 600 nm. 
2.5. Proteinase K activity 
 The supernatant were treated with Proteinase K (sigma 1mg/ml). Bacteriocin activity was 
determined by the well diffusion assay described above using food borne pathogens as indicator 
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strains. The enzymes used were at a final concentration of 1mg/ml and maintained in phosphate 
buffer saline. 

2.6 Characterization of bacteriocin: 
2.6.1.Effect of enzymes on bacteriocin activity: The supernatant were treated with lysozyme 
and α-amylase(1mg/ml). 5 l of enzyme solution were added to 100 l of cell free supernatant 
and phosphate buffer saline. Both samples and controls were incubated at 37⁰C for 2 hrs and 
heated in boiling water for 5 min to inactivate the enzymes. The remaining bacteriocin activity 
was determined by the well diffusion assay.The enzymes used were at a final concentration of 
1mg/ml and maintained in phosphate buffer saline. [Todorov and Dicks, (2004)] 
2.6.2. Effect of temperature on the production of bacteriocin: The isolates were selected to 
determine the effect of temperature in MRS as well as BHI broth. Growth and bacteriocin 
production were estimated at various temperatures, (30, 50, 70, 90 and 1100 C). 
2.6.3. Effect of pH on bacteriocin activity: To test the influence of pH, MRS cell free culture 
supernatant and BHI cell free culture supernatant was adjusted to various pH values 2, 4, and 
6,κ,10. Modified MRS and BHI was incubated with 1℅ Overnight cultures of isolated strains and 
incubated at 300C. Changes in bacteriocin production and pH were determined after 24 hrs of 
incubation. 
2.6.4. The effect of surfactants on the bacteriocin was tested by adding sodium dodecyl sulphate 
(SDS) at (0.1%, 1%, 3% and 5%, v/v, final concentration), respectively, to each of the cell-free 
supernatants and tested by WDM method. 
2.7. Estimation of molecular weight of partially purified bacteriocin by SDS PAGE 
 The molecular size of the purified bacteriocin was determined using SDS PAGE gel as 
described by [Sambrooke et al, (2006)]. One half containing the sample and molecular weight 
markers was stained. The other half of the gel was fixed immediately for 2 h in fixing solution. It 
was then washed in several volumes of distilled water for 3 to 4 h. The gel was placed in a sterile 
glass petri- dish and overlaid with 40 ml of soft tempered agar seeded with 400 l indicator strain, 
Listeria monocytogenes (MTCC 657). The plate was incubated overnight at 30⁰C and examined 
for inhibitory zones.[ Cornea et.al,(1999)] 
3. Results 
3.1. Isolation and identification of bacterial strains from wine.20 Isolates were gram stained 
and identified. Among them 2 isolates demonstrated bacteriocinogenic activity.The isolates were 
identified as Lactobacillus sp and Bacillus sp based on their cultural characteristics and 
carbohydrate fermentation patterns .(Table 1 ) 

Biochemical 

Tests 

Observation  

Isolate  1 

Citrate utilization test + 
Catalase + 
Oxidase - 
Gelatin hydrolysis + 
Starch hydrolysis + 
Motility + 
Maltose + 
Lactose - 
Mannitol + 
Glucose + 
Xylose + 
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Table 1: Biochemical Characteristics of isolated 

strains 
3.2.1. Inhibitory spectrum, inhibitory effect and quantitative determination of bacteriocin 

activity 
 The culture supernatant of the isolated Lactobacillus and Bacillus sp were used in 
performing the primary screening for antibacterial activity by WDM method. The crude 
bacteriocin demonstrated inhibitory activity predominantly against Listeria monocytogenes 
(MTCC657).Staphylococcus aureus (MTCC9542), Bacillus cereus (MTCC8312) was also found 
to be inhibited by the cell free supernatant. [Figure 1] 
 
 

Figure 1: Plate showing inhibition zones 
demonstrated by cell free supernatant of 
isolated strains 1 and 2 against  Listeria 
monocytogenes (MTCC 657). [a=CFS of 
Isolate 1, b= CFS of Isolate 2, c and d are 
replicates of isolate 2 and isolate 1 
respectively] 
 

 
 

Figure 2 : Graph representing comparison of 
inhibitory spectrum of CFS from Isolate 1, 2 and 
antibiotic Vancomycin  (10 µg/ml ) against 
L.monocytogenes (MTCC657). Arbitrary units of  
isolated Lactobacillus spp was 10000 AU/ml and 
Bacillus spp was 1000 AU/ml against Listeria 

monocytogenes . 
3.2.2. Confirmation of bactericidal effect of the partially purified peptide fraction 

 The partially purified preparations after 
dialysis was found to inhibit indicator strain even 
at 300 µg/ml concentrations indicating the in low 
concentration of inhibitory dose of antimicrobial 
peptide to demonstrate cell lysis. 
Figure 3(a): Inhibitory activities of the partially 
purified fractions of the isolated Lactobacillus 
spp and Figure 3(b) Bacillus spp against the 

indicator microorganism L.monocytogenes (MTCC657) by agar-well diffusion method. At 
concentrations (c=control I X PBS buffer, -1= 300 µg/ml, -2 =, 400 µg/ml ,-3=500 µg/ml, -4=600 
µg/ml). Results were plotted as triplicate experiments.  

3.3. Determination of protein concentration 
 The concentration of partially purified protein was determined by Bradford assay and 
Protein concentration of Isolate 1 (lactobacillus sp) was found to be 0.75 mg/ml and Isolate 2 
(Bacillus spp) to be 1.35 mg/ml 

3.4. Cell viability assay 

Fructose + 
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 PPB preparations demonstrated the inhibitory property within 30 minutes of incubation as 
indicated by the decrease in optical density of the indicator organism, in contrast to control which 
was not treated with the PPB. [ Figure 4 (a) and Figure 4 (b).] 
Figure 4 (a): Cell viability assay of Lactobacillus spp (isolate 1) against indicator strain 
Figure 4(b): Cell viability assay of Bacillus spp (isolate 2) against indicator strain 

3.5. Effect of Proteinase K on the inhibitory activity of PPB 
 Complete inactivation or significant reduction in activity was observed after treatment of the cell-
free supernatant with proteinase K at 1mg/ml concentration which confirmed the proteinaceous 
nature of the active agent. 

3.6. Characterisation of bacteriocin: Effect of pH, temperature, surfactants and enzymes on 

stability of the PPB preparation 
Maximum bacteriocin activity was exhibited at pH 2 for isolate 1 and at pH 8 for isolate 2. As 
isolate 2 showed significant bacteriocin activity at pH 8 it can be confirmed that compounds other 
than acids inhibited growth of indicator organism. [Figure 5] 
Figure 5: Graph showing effect of pH on PPB produced by isolate 1 and 2 
Stability of bacteriocin at a range of temperatures was compared and inhibitory activity was found 
to be stable at higher temperatures in the range of 1100C indicating the thermostable property of 
the bacteriocin like substance. [Figure 6] 

Figure 6: Graph showing effect of temperature 
on bacteriocin production from the isolates 1 
and 2 against L.monocytogenes (MTCC657) 
When the effect of surfactants on the stability 
of PPB was studied, results indicated that SDS 
exerted no effect on activity of bacteriocin, 
thereby it can act as a stimulant in bacteriocin 
production, providing evidence to the fact that 
they might function as cofactors in bacteriocin 

activity. [Figure 7] 
 

 
Figure 7: effect of 0.1%, 1%, 3%, 5% SDS on PPB 
of isolate 1: [fig 7 (a) and isolate 2: fig 7(b)] 
 

 

 

 

3.7.1. Determination of molecular weight of PPB from isolate 2 by SDS PAGE 

The molecular size of a crude bacteriocin produced by isolate 2 
was estimated to be in the range of 25KDa. Hence it might be 
concluded that the crude bacteriocin substance may belong to 
class III bacteriocins.[Figure 8] 
 
Figure 8: SDS PAGE of active fractions (Lane 1= standard 
molecular weight markers in KDa; Lane 2= Peptide bands from 
Isolate 1; Lane 3=  25 KDa  peptide of isolate 2) 
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3.7.2. Confirmation of bactericidal property of the isolated peptide fragment from isolate-2 

(Bacillus spp) 
 The bactericidal property of the peptide fragment of Isolate 2, Bacillus sp was confirmed 
by the inhibition zones around the peptide fragment by overlaying with the indicator strain 
(approximately 106 cfu/ml),embedded in BHI agar. [Figure 9(a)]. Protein band of interest when 
excised and placed on a BHI medium overlaid with the indicator organism also showed the 
inhibitory zones around the protein band. Controls used were small fragment of SDS gel. [Figure 
9(b)] 

 

Figure 9 (a) and 9 (b) demonstrating the 
bactericidal 
 property of the peptide isolated from Bacillus spp.  
Control used in fig 9 (b) was a small fragment of 
SDS gel. 

 
      

    Fig 9 (a)                               Fig 9(b) 

Discussion 
 Bacteriocins are most abundant and diverse bacterial defense system [Riley and Wertz, 
(2002)]. In our work, the proteinaceous compound isolated from the two different strains 
(Lactobacillus sp and Bacillus sp) showed inhibitory effects against Listeria monocytogenes. 
(MTCC 657), a major food borne pathogen. The fact that, the cell-free supernatants (neutralized 
and treated with catalase) inhibited the growth of the indicator strains gives evidence that the 
antimicrobial activity is due to the production of bacteriocins. Complete inactivation or 
significant reduction in activity was observed after treatment of the cell-free supernatant with 
Proteinase K (1mg/ml) which confirmed the proteinaceous nature of the active agent. The other 
enzymes (amylase 1mg/ml) did not exhibit activating property which confirmed that carbohydrate 
and lipid moieties if existing were not required for the inhibitory activity. The residual activities 
were significantly higher in the range of pH 6.0 to pH 8 for isolate 2 than at pH 2.0-4.0, 
suggesting that compounds other than acids inhibited growth of indicator organism. Isolate 1 
showed maximum activity at high temperature ranges of 1100C indicating the thermostable nature 
of Class III bacteriocins. The molecular size of the protein coincides with the expected migration 
of a protein of approximately 25 KDa. Thus, high thermo stability, wider range of pH stability, 
susceptibility to proteolytic enzymes and bactericidal mode of action confirm that the 
antibacterial substance secreted is probably a potent bacteriocin. 
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Abstract 
 Antimicrobial resistance is increasing worldwide and is of particular concern in gram-
negative bacilli where there is a paucity of new and effective antimicrobial agents. Pseudomonas 
aeruginosa infections are associated with increased mortality and morbidity, especially in 
immunocompromised and burnpatients respectively. The organism is capable of developing 
resistance to practically most classes of antibiotics and has always been considered a difficult 
target for antimicrobial chemotherapy because of the ability of bacteria to form biofilm. a biofilm 
is a structured consortium of bacteria, embedded in a self-produced polymer matrix consisting of 
polysaccharide, protein and dna. biofilm bacteria are a major concern in the treatment of 
infectious diseases. The objective of this work is to evaluate the efficacy of the combination of 
Tetracycline with different d-amino acids such as d-Leucine, d-Methionine, d-Tyrosine, and d-
Tryptophan against P.aeruginosa biofilm. Sub-inhibitory concentrations of Tetracycline (0.5 
MIC) along with different d-aminoacids were tested for its anti-biofilm activity. 5mM Methionine 
shows 30% reduction and combination with Tetracycline shows 38% reduction in biofilm 
formation of P.aeruginosa. 5mM Tryptophan shows a 45% reduction in biofilm formation of 
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P.aeruginosa, conversely combinatorial effect of 0.5MIC Tetracycline and 5mMTryptophan 
shows 87.3% reduction in biofilm formation. The synergistic interaction of cocktail of four d-
amino acids at a concentration of 5mM shows 70% reduction in biofilm formation of 
P.aeruginosa. The validations of these results were done in in vitro wound dressing and ex vivo 
porcine skin models. Tetracycline-d-tryptophan combination could reduce 76% reduction in 
biofilm formation in wound dress model and 66% reduction in porcine skin explants. The studies 
using porcine skin explant confirms the efficacy of this combination for inhibiting the biofilm 
formation even in biological substances. The Hemocompatibility study shows no significant 
hemolysis by this combination. Thus the significant anti-biofilm property of d-Tryptophan-
Tetracycline combination both in in vitro and ex vivo models may find commercial avenues in 
topical applications and treatment of wound infections by P.aeruginosa.  
key words: P.aeruginosa, biofilm, d-aminoacids, Tetracycline, in-vitro model, ex-vivo model 
Introduction 
 Multi-drug resistant gram negative organisms have appeared as a major threat to hospitalized 
patients and have been associated with mortality rate ranging from 30 to 70%. The abundant and 
inappropriate use of broad spectrum antibiotics contribute to the emergence of these multidrug 
resistant organisms (D. Tamma et al 2012). This problem has impelled efforts towards the 
development of effective alternatives with limited possibilities for bacterial drug resistance. 
Therefore to challenge such infections, combination therapy or poly-pharmacy which is the 
concurrent use of more medications in a single patient has increased progressively. It is known to be 
superior to monotherapy, is able to minimize side effects and may even be more effective in the 
treatment of resistant infections. (Singh A. P. et al 2013.) Pseudomonas aeruginosa is a ubiquitous 
Gram-negative, aerobic bacterium that causes opportunistic infections (L. Passador et al 1993). It 
is opportunistic because it seldom infects healthy individuals. Instead, it often colonizes immune-
compromised patients, like those with cystic fibrosis, cancer or AIDS (Ma L. et al 2009). 
P.aeruginosa causes either acute or chronic infections. During chronic infections P.aeruginosa 
adopts a biofilm lifestyle which causes recalcitrant infections. (Høiby N. et al 2011, Parsek M.R. 
and Singh P.K. 2003). Biofilm is an assemblage of microbial cells that is irreversibly associated 
with a surface and enclosed in a matrix consisting primarily of polysaccharide. P.aeruginosa 
biofilm formation progresses through different stages such as initial attachment, irreversible 
attachment, maturation and dispersal (Sauer K. et al 2002). The final dispersal stage is an essential 
stage of biofilm life cycle that contributes to biological dispersal, bacterial survival and disease 
transmission (Karatan E., Watnick P. 2009). Kolodkin-Gal I. et al (2010) reported that before 
biofilm disassembly, bacteria such as Bacillus subtilis  produce a factor that prevents biofilm 
formation and could breakdown prevalent biofilms. These factors were shown to be a mixture of 
D-leucine, D-methionine, D-tyrosine and D-tryptophan. Brandenburg S. et al (2013) reported that 
10mM, D-tryptophan inhibited P.aeruginosa biofilms by 71% at 24 hrs. Given that many bacteria 
produce D-amino acids; these amino acids may provide a general approach for biofilm 
disassembly. If so, then D-amino acids might be widely useful in medical and industrial 
applications for the prevention or eradication of biofilms. Although the in vitro studies have 
shown the anti-biofilm properties of D-amino acids in bacteria, its combinatorial effect with 
antibiotics have not been shown. Also the potency of this in cell culture or in animal models are 
not yet tested. Utilizing a porcine skin model can be helpful in understanding how the bacteria 
growing on the skin surfaces react to these combinations as porcine skin has remarkable 
similarities and offer the most appropriate model for all types of dermatological and surgical 
wound investigations (Sullivan,T. P. et al. 2011). Such ex vivo models can provide significant 
evidence prior to the in vivo animal model studies. The importance of optimizing therapy for 
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P.aeruginosa infections is highlighted by their prominent place among all pathogens especially 
with respect to their fatality rates. 
Materials and Methods 
Bacterial strains and treatments: P. aeruginosa wild type strain, PAO1 was treated with four 
different D-amino acids: Leucine, Methionine, Tyrosine and Tryptophan (Sigma). Distilled water 
was used as the solvent for Leucine, Tryptophan and Methionine whereas 1N HCl was used for 
Tyrosine. 
Antimicrobial activity and determination of Minimum Inhibitory Concentration of 

antibiotics:  
 Antibacterial activities of bacterial strains were assessed using the Kirby Bauer method. 
The minimum inhibitory concentration (MIC) of the antibiotic against PAO1 was determined by 
macro broth dilution method. The MIC was defined as the lowest concentration of antibiotic 
which not producing any visible microbial growth O. O. Olajuyigbe. (2012). To determine the 
MIC, 3 ml of MH broth inoculated with PAO1 was taken in test tubes and different 
concentrations of antibiotics were added to each tube and incubated at 37oC for 24 h. 
Uninoculated MH broth was used as the negative control. Bacterial growth was monitored by 
measuring the optical density at 610 nm. 
Assessment of biofilm formation in polyethylene microtitre plate:  
 This was done according to the method of Adonizio et al., 2008. Overnight culture of 
PAO1 in MH broth was diluted with fresh MH broth to obtain an optical density of 0.08 to 0.1 
which contains 1x108colony forming units/ml (CFU/ml). The diluted sample was aliquoted onto a 
96-well polystyrene microtitre flat bottom plate (Nest Biotech Co. Ltd) and incubated at 37oC for 
18-24 h. The suspended culture was discarded and the plate was washed with water to remove the 
unattached cells in the microtitre wells. The attached biofilm was then stained with 0.1% crystal 
violet for 5-10 min, after which the stained biofilm was washed with water to remove the 
unbound dye. The crystal violet bound to the biofilm was eluted using 33% glacial acetic acid and 
quantified by measuring OD at 600 nm using the microplate absorbance reader (Biotech Synergy 
HT). 
Hemolysis: This was done according to the method of Namrata et al., 2013. 1 ml of human blood 
samples were collected in an EDTA coated tube and diluted 10 times with Ringer buffer (155mM 
NaCl, 5mM KCl, 2mM CaCL2, 1mM MgCl2.6H2O, 2mM NaH2PO4.H2O, 10mM HEPES and 10 

mM Glucose). Test compounds were added to 200 µl 
of diluted blood. 0.01% Triton X 100 treated blood 
samples served as a positive control and 0.9% saline 
treated samples served as a negative control. Samples 
were incubated at 37oC for 24 h. The blood samples 
were centrifuged at 3,500 rpm for 15 minutes. The 
supernatants (100 µl) were collected in a 96 well plate 
and the optical densities of the supernatants were 

measured at 540 nm using a microtitre plate reader (Biotech Synergy HT). 
In vitro wound dressing model: The in vitro wound dressing model was used as previously 
described (Hammond, A. A., et al  2011). Briefly, overnight bacterial cultures were diluted in 
fresh LB broth to obtain 1x108c.f.u/ml. Sterile 1.5cm x 1.5cm polyethylene absorbent wound 
dressing were placed on the surface of freshly prepared LB agar plates. 100 µl aliquots of diluted 
bacterial culture were applied to each absorbent pad and the plates were kept undisturbed for 30 
min while the inoculum was allowed to dry. Normal saline and test compounds were added to two 
different gauze squares (2cm x 2cm) respectively and placed over the inoculated polyethylene 
pads. The plates were incubated at 37oC for 24 hrs, following which, the samples were removed 
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from the plates and the polyethylene pads or gauze pieces were separated and processed to 
determine whether there is any difference in biofilm formation on dressing. Each polyethylene 
piece was washed with normal saline to remove unattached bacterial cells. The polyethylene pads 
were vortexed in 1 ml saline for 1 min to determine the adherent biofilm. The bacterial 
suspension was then serially diluted tenfold and 1ml aliquots of each dilution were placed on LB 
agar plates. After 24 hrs of incubation at 37oC, the colonies were counted and the CFU per 
polyethylene pads was calculated. 
Ex vivo porcine skin model: This was done according to the method of Namrata et al., 2013. 
Hides from freshly killed adult pigs were obtained from a local slaughter house. The hides were 
thoroughly washed with sterile water and de-haired. The excess fat deposits were removed and 
were cut into sections of 1.5cm×1.5cm. They were immediately used or stored at -80oC for later 
studies. Prior to evaluation of the test compounds, the skin explants were first thoroughly washed 
in PBS and disinfected with 70% ethanol for 10 min. These disinfected sections were then placed 
on sterile petri-plates and allowed to dry following which, they were aseptically placed into 6-
well sterile plates. 3ml of bacterial suspension alone and with test compounds were added to each 
section in such a way that they were completely immersed. The sections were incubated at 37oC 
for 24 hours. After incubation, sterile saline was used to rinse the sections to remove the 
unattached bacterial cells from the explants. The explants were transferred to sterile test tubes 
containing autoclaved normal saline and vortexed. This liberates bacteria from biofilm in the 
suspension. Serial dilution was performed up to the 10th dilution. 100 µl of each of these dilutions 
were plated on LB agar and incubated at 37oC overnight. Colony counts were determined from 
serial dilution plates. 
Results and Conclusion 

Minimum inhibitory concentration: 
The antimicrobial activity of all the strains were tested using 8 different antibiotics such as 
Ciprofloxacin, Ceftazidime, Amikacin, Cotrimoxazole, Gentamycin, Streptomycin, 
Chlorampheniol and Tetracycline. Since Tetracycline was effective against the tested strain of 
P.aeruginosa it was selected as the drug of choice for further studies. The MIC value of 
Tetracycline against the tested strain of P.aeruginosa is in the range of 10 to 15µg/ml. To study 
the synergistic interaction of Tetracycline with D-amino acids, sub-inhibitory concentration 
(0.5MIC) ie 7.5µg/ml was selected. Tetracycline, is a broad spectrum antibiotic and exhibits 
activity against a wide range of bacteria. It is well established that Tetracycline inhibits bacterial 
protein synthesis by preventing the association of amino acyl t-RNA with the bacterial 
ribosomes.(94) 
Synergistic interaction of Tetracycline with D-amino acids. Sub-inhibitory concentrations of 
Tetracycline (0.5MIC) along with D-amino acids ranging from 100µM to 5 mM were tested for 
anti-biofilm activity. There was no significant anti-biofilm activity observed for D-leucine, and D-
tyrosine either by itself or in combination with 0.5MIC Tetracycline. 5mM Methionine shows 
30% reduction and in combination with Tetracycline shows 38% reduction in biofilm formation 
of P.aeruginosa. Though 5mM Tryptophan shows 45% reduction in biofilm formation of 
P.aeruginosa, a combinatorial effect of 0.5MIC Tetracycline and 5mM Tryptophan exhibits  
87.3% reduction in biofilm formation. The synergistic cocktail of all four D-aminoacids at a 
concentration of 5mM shows 70% reduction in biofilm formation of P.aeruginosa 
Validation of anti-biofilm activity of Tetracycline-D-Tryptophan combination in vitro 

wound dressing model and ex-vivo porcine skin model:  
The validation of the results of combinatorial effect of Tetracycline-D-Tryptophan by microtitre 
plate assay, was carried out by applying Tetracycline-D-Tryptophan combination in gauze squares 
and examining their ability to inhibit biofilm formation in polyethylene wound dressing which 
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had already been inoculated with P.aeruginosa. The untreated polyethylene wound dressing 
contained an increased amount of formed biofilm as compared to the Tetracycline-D-Tryptophan 
treated wound dressing. The biofilm formation was reduced by 76% in treated wound dressing. 
To further validate these in vitro results, Tetracycline -Tryptophan combinations were tested in ex 
vivo porcine skin model. There are diverse potential benefits for ex-vivo investigations: ethical 
approval is not required,  multiple replicate experiments are more easily performed, and toxic 
compounds can be evaluated. Bacterial biofilm formation was successfully restricted in porcine 
skin explants through the optimal concentration of Tetracycline-D-Tryptophan combination. It 
was observed that biofilm formation was inhibited by 66% compared to the untreated explants. 
All the previously mentioned studies established the potential of Tetracycline D-Tryptophan 
combination in abiotic surfaces. Additionally, the studies using porcine skin explant confirms the 
efficacy of this combination for inhibiting the biofilm formation even in biological substances. 
Hemocompatibility studies: Hemolysis assay using human whole blood showed no significant 
differences in hemolysis by D-Tryptophan alone or Tetracycline-D-Tryptophan combination. In 
conclusion, although there are theoretical reasons for why combinatorial antimicrobial therapy 
maybe superior to monotherapy for the treatment of infections with gram negative bacteria, the 
laboratory data supporting these theories are neither significant nor definitive. Our studies 
demonstrate for the first time, that D-amino acids can be very effectively used in combinatorial 
therapies in controlling P.aeruginosa biofilm formation. Additionally, we have also established 
that a combination of Tetracycline and D-Tryptophan was very effective in controlling bacterial 
biofilm formation in the ex-vivo porcine skin model, which is the closest representative of the 
human skin. In conclusion, Tetracycline-D-tryptophan combinations demonstrated excellent in-
vitro and ex-vivo synergism against P.aeruginosa. This study highlights the fact that D-tryptophan 
has the potential to act in conjunction with conventional antibiotics at much lower concentrations 
(as evidenced from in-vitro and ex-vivo results). Thus, in addition to having a better and quicker 
effect when using the combination, the reduction of concentration of the individual antibiotics 
may also reduce the chances of developing drug resistance. Additionally, it also reduces the 
associated side effects of high doses of drug therapy. Given the value addition potential of D-
Tryptophan, its combination with Tetracycline can thus be exploited and “fine tuned” for 
Pseudomonas aeruginosa infections. 
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Abstract 
 Solanum species were rich source of protease inhibitors (PI). PIs vary widely in their 
botanical origin, their cause and consequence among the reproductive organs, storage organs and 
vegetative tissues of most plant families. Two best characterized families of plant PIs were the 
kunitz-type and bowman-birk type inhibitors. Most PIs were low-molecular mass molecules that 
inhibit trypsin and/or chymotrypsin. These families differ from each other in mass, cysteine 
content and number of reactive sites.a potent protease inhibitor was isolated and characterized 
from the fruits of the tropical Solanum species, Solanum aculeatissimum(SaPI). four step 
purification by ammonium sulfate precipitation, ion exchange, gel filtration and affinity 
chromatography. The purity was checked by reverse phase HPLC chromatography. Purified SaPI 
showed a specific activity of 433.7 U/mg, with low protein content of 0.95 mg. overall, the 
specific activity increased about 129.5 fold with 8.5 % yield of activity. The molecular mass 
estimated by size exclusion chromatography was agreed fairly with the SdS-PaGE results i.e., 
22.2 kda.Native-PaGE showed four isoinhibitors(pI: 4.7, 5.2, 5.6 and 5.9) and, inhibited both 
trypsin and chymotrypsin in a 1:1 molar ratio. both dixon plots and Lineweaver-burk double 
reciprocal plots revealed competitive inhibition of trypsin and chymotrypsin activity, with 
inhi¬bition constants (ki) of ~1.6 x 10~10 and ~1.35 x 10~10M, respectively. High pH amplitude 
(2-12) and broad temperature optima 10 to 800C) were noted for SaPI, and time course 
experiments indi¬cated a gradual loss in inhibitory potency on treatment with dithiothreitol 
(dTT). Circular dichroism (Cd) spectrum of native SaPI revealed an unordered structure whereas 

195

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



exposure to thermal-pH extremes, dTT and guanidine hydrochloride (GHC) suggested that an 
abundance of β-sheets along with intramolecular disulfide bonds provide conformational stability 
to the active site of SaPI, and that severity of denaturants cause structural modifications 
promoting inhibitory inactivity. Lysine residue(s) present in the reactive site of SaPI are essential 
for the action of inhibiting the trypsin activity. PIs from a variety of plant and animal sources 
reduce the growth and survival of a range of insects when added to their diet. Many lepidopterans 
have serine proteinases as the major digestive enzymes. Serine PIs are effective against 
Lepidoptera group. Initial studies on the insecticidal properties of SaPI against Spodoptera litura 
indicate it to be potential as antifeedant, larvicidal, mortality and pupicidal. In addition, the mass 
and size of the larvae showed remarkable decrease suggesting its application as biopesticide. 
future studies are warranted at biochemical and molecular levels on the growth and development 
of the crop pests against SaPI to establish its full potentiality. 
  
keywords: Characterization; Chromatography; Solanum aculeatissimum; Inhibitors; kinetic 
studies; Protease inhibitors; Purification, insecticidal. 

Introduction 
 Solanum aculeatissimum Jacq. commonly known as the African nightshade or Dutch egg 
plant and are medicinally important. Protease inhibitors (PI) are small peptides capable of 
inhibiting proteolytic enzymes. PIs are ubiquitous in plants and have a multitude of roles such as 
regulating and controlling endogenous proteases and as insecticidal and/or microbicidal. Solanum 
PIs have a broad array of inhibitory activities, inhibiting serine, cysteine, aspartate and metallo 
proteases Jin-Young Kim et al., [2009]. 
Material and methods 
 Fresh healthy plants of Solanum aculeatissimum Jacq. was collected from Munnar hills, 
Kerala. All the steps related of purification such as crude extraction, salt precipitation (20 - 90% 
saturation), chromatography such as DEAE ion exchange, Sephadex G-50 superfine from 
Pharmacia and trypsin-sepharose affinity were carried out at 4°C [Macedo et al., 2002]. Trypsin 
inhibitory activity was determined by measuring the residual hydrolytic activity of trypsin and 
chymotrypsin towards the substrates BAPNA (N-benzoyl-L-arginine-p-nitroanilide) and BTPNA 
(N-benzoyl-L-tyrosyl-p-nitroanilide), respectively, at pH 8.0 after pre-incubation with inhibitor. 
The molecular mass and homogeneity was determined by SDS–PAGE and Native-PAGE. The 
mass was further substantiated by size elution chromatography. The protein was further 
characterized for temperature, pH, substrate specificities including kinetics. Chemical 
modification of amino acid residues was also carried. Similarly, residual activity was further 
evaluated using different concentrations of reducing agent such as DTT and also by CD 
spectroscopy.   
Results and discussion 

Purification of the Solanum aculeatissimum protease inhibitor (SAPI) 
 Crude protease inhibitor (Pl) was obtained by aqueous extraction from fruits of Solanum 
aculeatissimum showing trypsin (54%) and chymotrypsin (48%) inhibitory activities. S. 
aculeatissimum protease inhibitor (SAPI) was purified to homogeneity in four steps by 
ammonium sulfate precipitation (20 - 90% saturation), DEAE cellulose ion exchange 
chromatography, Sephadex G-50 and trypsin-sepharose affinity chromatography. DEAE ion 
exchange chromatography of the 0-90% (NH4)2SO4 precipitated inhibitor revealed one major and 
a minor protein peaks. The protein eluted with 0.2 M NaCl (fractions: 55-70) displayed 
significant trypsin inhibitory (15.4 TlU/A280) as well as chymotrypsin inhibitory (13.2 ClU/ A280) 
activity and was subsequently applied on Sephadex G-50 column, followed by affinity column 
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chromatography. In both cases, the elution pattern showed single leading peaks. The protein was 
further subjected to RP-HPLC where it showed single peak with retention time of 8.2 min in 50 
mM Tris–HCl buffer, pH 8.0 and coincided with the protein peak. Thus, the protocol yielded 
purified SAPI with specific activity 433.7 U/mg; with a low protein content of 0.95 mg. Overall, 
the specific activity increased about 129.5 fold with 8.5 % yield of activity (Table 1). 

Purification 
steps 

Total 
activity 

U/g tissue 

Yiel
d % 

Total 
protein  
mg/g tissue 

Specific 
activity 
U/mg 
protein 

Fold 
purifi
cation 

Crude inhibitor 4865 100 1450 3.35 0 

Ammonium 
sulfate 90% 

2960 60.8 450 6.57 1.96 

DEAE cellulose 
ion exchange 

1528 31.4 16.4 93.2 27.8 

Sephadex G-50 657 13.5 2.3 285.7 85.3 

Trypsin-
Sepharose 

412 8.5 0.95 433.7 129.5 

Table 1. Purification profile of S. aculeatissimum PI 
Molecular mass and isoinhibitor evaluation 
 Analyses of purified SAPI by SDS-PAGE gel electrophoresis yielded single thick polypeptide 
band with molecular mass of approximately 21.8 kDa. The molecular mass estimated by size 
elution chromatography (22.2 kDa) was marginally higher than the SDS-PAGE (Fig.1a). 
lsoelectric focusing of SAPI revealed the the presence of four isoinhibitors (Fig.1b) The 
isoinhibitors had pI of 4.7, 5.2, 5.6 and 5.9 respectively (Fig.1c) . Isoinhibitors with strong acidic 
trait were salient feature of Kunitz Pls. Physiologically, the presence of isoinhibitors may be part 
of the survival strategies evolved by the host plant [Laure et al.,2006]. The presence of multiple 
genes and the possibility of hydrolysis implicated for the existence of large number of 
isoinhibitors. 

Fig.1a. SDS page showing different 
purification fractions of SAPI Lane 1) 
Marker 2) Crude Extract 3) Ammonium 
sulfate precipitation 4) DEAE cellulose 
purification 5) Sephadex G-50 gel purified 
fraction 6) purified fraction from affinity 
column chromatography                                          
Fig.1b. Fig.1c. Isoinhibitors of2-D Gel 

showing iso-inhibitors of SAPI. SAPI on The     
     protein were separated in IEF using 3-11 pH      
    native page non linear strips 
Inhibitor kinetics and constant 
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SAPI inhibited both trypsin and chymotrypsin activities 
with similar manner. The titration profiles increased 
progressively up to 85% inhibition and linear extrapolation 
of the curve revealed 1:1 trypsin/chymotrypsin-SAPI 
complex. In addition, kinetic studies on the initial rates of 
reaction in the presence or absence of SAPI followed the 
Michaelis-Menten equation, and both the Lineweaver-Burk 
double reciprocal plots and Dixon plots indicated 
competitive mode of inhibition of both trypsin and 
chymotrypsin activity, respectively (Fig.2). The inhibition 
constants (Ki) against both trypsin (BAPNA hydrolyzing 
units) and chymotrypsin (BTPNA hydrolyzing units) 

activity were ~1.6 x 10~10 and ~1.35 x 10~10M, respectively.   

Fig.2 Titration Curve of trypsin andchymotrypsin inhibition by SAP   
Stability studies 
 In thermo stability studies, inhibitory activity of SAPI against trypsin and chymotrypsin 
were determined at temperatures ranging from 10 to 100 °C. Inhibitory activities of SAPI against 
trypsin and chymotrypsin were retained remarkably up to 70 °C. Further, at higher temperature 
there was decrease in the inhibitory activities i.e., retaining almost 65% and 60% inhibitory 
activities towards trypsin and chymotypsin at 80 °C. The inhibitory activity of SAPI decreased 
drastically above 80 °C with a loss of almost 80% to 90% inhibitory activities at 90 °C. The 
transition midpoint for SAPI lies close to 85 and 80 °C for trypsin and chymotrypsin respectively. 
In pH sensitivity analysis, SAPI was stable through a pH gradient of 2 to 12. SAPI showed 
maximum inhibition at pH 8.0 with trypsin and chymotrypsin and maintained over 80% of its 
inhibitory activities from acidic to alkaline range. The stability towards temperature and pH of the 
inhibitor may be due to its structural peculiarities including reversible denaturation via transient 
intermediate and also by the presence of aromatic aminoacid residues generally implicated in 
energy transfer and disulfide bonds. 
 The effect of DTT on the inhibitory activity of SAPI was evaluated. SAPI was also able to 
withstand reducing conditions of 10 mM DTT for up to 2 h. Further, the activity declined steadily 
with time was noticed. Intra molecular disulfide bonds have been ascribed to be the prime factor 
behind the functional stability of the inhibitor against denaturants. In addition, positions of the 
disulfide bonds within the molecule were also crucial for the overall stability of the inhibitor. 
These results suggest that the inhibitory activity of SAPI was not affected by the presence of 
disulfide bridges or the bond were far away from the active site involved in protease binding. 
CD spectroscopy 

 Secondary structural analysis and conformational stability of native SAPI as well as SAPI 
exposed to extreme heat, pH, 6 N guanidine hydrochloride (GHC) and DTT in solution was 
attempted using near and far-ultraviolet CD based studies. The far-UV CD spectrum of native 
SAPI was similar to that of β-II proteins, showing sharp minimum ellipticity at ~200 nm and a 
positive band at 192 nm with a minor shoulder at 230 nm. The detailed structural composition of 
the protein showed large fraction (~40%) of β-sheets. 
 CD-based conformational evaluation of SAPI following exposure to severe heat and acid-
alkali conditions showed gross deviations among the α-helix and β-sheets content which were in 
concurrence with the reduced inhibitory activity. 
 To examine the changes accorded by SAPI at a structural level following DTT exposure, 
far-UV CD measurements were performed. Noticeably, marked differences in the far-UV 
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spectrum of native and reduced SAPI were recorded which included loss in the negative band at 
200 nm in the latter. Also, a minor reduction in ellipticity of the 230 nm band was noted, which 
might have been due to the chirality of the cysteine bonds. Table displays the loss in the β-sheets 
and a concomitant enhancement in the helical content of the inhibitor. Conformational changes in 
SAPI due to disulfide bond reduction disrupted the protein stability, and partly affected the 
reactive site, as evidenced by the retention of ~20% trypsin and ~40% chymotrypsin inhibitory 
activity, respectively after 3 h of reduction by 10 mM DTT. 
 

 lt is interesting to note, that under extreme DTT conditions the magnitude of loss in 
inhibitory activity of Kunitz Pls varies from species to species. Upon exposure to 6 N GHC for 2 
h at 70 °C, SAPI showed gross conformational perturbations due to a total denaturation of the 
protein. In fact, the near UV spectrum recorded a significant decrease in amplitude for the broad 
negative ellipticity band between 290 and 250 nm in comparison to the native SAPI. Detailed 
examination revealed that the total loss of secondary structure was primarily due to a complete 
conversion of the β-sheets to helical and unordered contents. The severe effect of GHC on SAPI 
is in accordance with similar studies on other Kunitz PIs. 
 Amino acid modification studies 
 SAPI was inactivated by the lysine or tryptophan modifying agents TNBS and NBS, 
respectively. Fig shows that modifications of amino acid residues in SAPI significantly affected 
its inhibitory activity against trypsin by 68% and 100%, respectively. On the other hand, 
modification of arginine or tyrosine residues of SAPI had no impact on its inhibitory activity 
against trypsin. 
 
Modification of tryptophan residues of SAPI also caused complete loss of inhibitory activity 
against chymotrypsin. However, modification of lysine, arginine or tyrosine residues of SAPI did 
not cause any change in the activities on inhibitory activity against chymotrypsin (Fig.).The 
importance of lysine or tryptophan residues of SAPI in forming a stable complex with 
trypsin/chymotrypsin proteases was further strengthened by the activity staining studies using 
gelatin- SDS–PAGE. The modification of lysine residues showed faint bands against trypsin but 
not chymotrypsin indicating the importance of lysine residue(s) at the reactive site for trypsin 
inhibition, which is a characteristic feature of BBI. Corroborating with inhibitory activity studies, 
there was no change in trypsin or chymotrypsin inhibitor bands in gelatin-SDS–PAGE, when 
arginine or tyrosine residues of SAPI were modified. These results suggest that neither arginine 
nor tyrosine play role in the inhibitory sites active against trypsin and chymotrypsin. In the 
present study, modification of tryptophan residues of SAPI resulted in complete disappearance of 
bands against trypsin and chymotrypsin, which emphasize the presence of tryptophan at both 
trypsin and chymotrypsin reactive sites of SAPI. The presence of amino acid residues 
lysine/arginine at P1 position of first reactive site (N-terminal) and aspartic acid/glutamic acid in 
the carboxy terminus were suggested to be responsible for self-association of monomers to form 
stable dimers and any deviation in these residues resulted in the existence of BBIs as monomers 
in solution [Prasad et.al., 2010]. Replacement of lysine/ arginine at P1 position by alanine in the 
first reactive site of BBI restricted the formation of oligomers in G. soja and BBI was retained as 
monomers in solution. Therefore, future studies are warranted in this direction to completely 
elucidate the structural characteristic features of PI from S. aculeatissimum. 
Endogenous PI as Defense against insects 
  To determine whether endogenous PIs in S. aculeatissimum function as insecticidal 
against armyworm caterpillar and colonization preference were evaluated by leaf coat assay. 
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Armyworm feedent, larvicidal, pupal, mortality and mass were reduced significantly in the 
caterpillars fed with SAPI compared to control (Table 2). 

Treatment Percent  
antifeedant  

activity 

Larvicidal 
activity (%) 

Pucidal  
activity (%) 

Mortality 
 (%) 

Control 2.5 1 0.89 0.99 

25 µg 19 20.7 17.8 20 

50 µg 25.7 27.8 28.6 38 

100 µg 34.8 39.2 37 31 

150 µg 41.7 50.7 43 58.7 

F ratio I ID 3469.87** 1154.65** 879.5** 2158.92** 

CD(0.05) I ID 1.234** 1.56** 1.087** 1.55** 
Table 2. Bioefficacy indices in terms of antifeedent, larvicidal, pupicial and mortality of S.litura 

5th instar larvae against different concentrations of SAPI and control diet 
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Abstract 

 During functional studies of proteins, detection of the intracellular expression of the native 
target proteins could be difficult under live-cell conditions and usually demands the co-expression 
of a reporter gene to allow indirect detection. The methods widely adopted at present are to clone 
this reporter gene and the gene of interest under separate internal ribosome entry sites (IRES) or 
under separate promoters, or express as fusion proteins. The major shortcomings of these methods 
are that the expression level of the reporter may not correlate with the expression level of the 
protein of interest as they are independently regulated, or in the case of fusion proteins, the larger 
size of the reporter tags may affect the target protein function due to improper folding or 
trafficking. an alternate approach could be to link the protein of interest with the reporter using 
small peptide tags that are auto-cleaved co-translationally or get cleaved by cellular proteases, 
leaving the protein of interest tag- free. If such a fusion construct is expressed under the same 
promoter, the levels of the reporter and functional protein will be comparable making indirect 
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quantification of expression possible. Here we report the development of such a system for 
expression and functional studies of the proteins of dengue virus, a major mosquito-borne 
pathogen of the tropics which causes great morbidity and mortality.  
 We used a mammalian expression vector system (pCI-neo, Invitrogen) and a green 
fluorescent protein (GfP) reporter to make the constructs. Using gene cloning methods, the coding 
regions of the non-structural proteins of dengue virus was ligated with the coding region of the 
GfP using a linker region coding for the 16 amino acid 2a peptide of foot and Mouth disease virus 
that is auto-cleavable. The generated construct was validated by nucleotide sequencing followed 
by successful transfection in mammalian cells- HEk 293T human kidney epithelial cells. The 
expression of the proteins from the construct was viewed by live cell fluorescence microscopy 
with the help of the reporter GfP expression and by detection of the viral protein localization. It 
was further validated by western blotting for the expression of GfP and the dengue virus protein.  
 The construct with a co-translationally auto-cleavable reporter system (GfP) was 
generated successfully. The construct showed the expression of GfP in transfected cells as the 
reporter and the expression of the viral protein as well as GfP in vitro by western blotting. The 
dengue viral non-structural protein nS4b showed localization in the cytoplasm by 
immunofluorescence assay. The constructed viral protein expression system will be a valuable 
tool for further experiments on functional characterization of wild type and mutant dengue viral 
proteins to understand their biological function and role in host interactions. 
Introduction 
 During functional studies of proteins, detection of the intracellular expression of the native 
target proteins can be difficult under live-cell conditions and usually demands the co-expression 
of a reporter gene to allow indirect detection or selection of the transduced cells (de Felipe P, 
2002; Pfutzner W, 2008). 
 Various conventional approaches for co-expression of multiple proteins have been used 
such as the use of multiple internal promoters, internal ribosome entry site (s) (IRES), messenger 
RNA splicing, fusion proteins and post translational proteolysis. However, there are 
disadvantages associated with these approaches like, steric effects often lead to loss of function of 
the fused protein or lead to improper folding/ trafficking, the expression level of the reporter may 
not correlate with the expression level of the protein of interest as they are independently 
regulated. 
           An alternate approach could be to link the protein of interest with the reporter using small 
peptide tags that undergo co-translational auto-cleavage or get cleaved by cellular proteases, 
leaving the protein of interest tag- free. If such a fusion construct is expressed under the same 
promoter, the levels of the reporter and functional protein will be comparable making indirect 
quantification of expression possible.  The 2A and F2A sequence from Foot and Mouth Disease 
virus (FMDV) belonging to the family Picornavirus are now being widely used for the expression 
of multiples genes. The 16 amino acid 2A region of the FMDV encodes that mediates self 
processing and auto-cleavage via a translational effect referred to as ‘ribosome skipping’, ‘stop 
go’ and ‘stop carry on’ translation (Ryan MD et al., 1999; Atkins JF et al., 2007). The advantages 
of this system are: (i) co-expression of proteins linked by 2A is independent of the cell type used 
for the study, (ii) multiple proteins are expressed in equimolar amounts from a single ORF under 
the control of only one promoter, (iii) 2A peptide is smaller compared to IRES site (Ryan MD et 
al., 1991; Ryan MD et al. 1994; Donelly MLL et al., 2001; Ryan MD et al. 2004). 
 In this article,  we report the development of such a system for expression and functional 
studies of the non-structural proteins, NS4B of Dengue virus, a major mosquito-borne pathogen 
of the tropics which causes great morbidity and mortality (Kuhn et al., 2002). 
Materials and Methods 
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Cells and viruses 
 Human kidney cells, HEK293T were grown and maintained in DMEM medium 
supplemented with 10% Foetal bovine serum (FBS) and antibiotics in 37°C with 5% CO2. The 
mosquito cell line, C6/36 was cultured in L-15 medium with 10% FBS at room temperature.  A 
dengue virus serotype 2 strain isolated from Kerala, India was passaged in C6/36 cells by 
allowing to adsorb for 2hrs followed by addition of L-15 with 2% FBS for growth up to 3 days 
post infection. 
RNA isolation and reverse transcription PCR 
 A clinical isolate of Dengue virus serotype 2 was used for the studies and cloning the viral 
proteins. The RNA was isolated from the C6/36 infected cell culture supernatant by Trizol method 
as recommended in the user’s protocol. The isolated RNA was reverse transcribed to the cDNA 
for the viral proteins using specific reverse primers and AMV-RT polymerase (Promega, USA) 
following manufacturer’s protocol. (Table 1). 
Construction of plasmids 
 pCI neo DV2 NS4B-2A-GFP: The pCI neo vector was digested sequentially with 
MluI/SalI, SalI/NotI, NheI/MluI to ligate and isolate the plasmids pCI neo 2A, pCI-neo-2A-GFP, 
pCI neo-DV2 NS4B-2A-GFP upon ligation of FMDV 2A,GFP, DV2 NS4B respectively. The 
primers used for the amplification of the fragments are given in Table 1. 
 

Primer Sequence (5’ - 3’) 
NS4B Forward GAGCTAGCACCATGCAGAAAAGAGCAGCAGCG

G 
NS4B Reverse GAACGCGTCTTTATCGTCGTCATCCTTGTAATCCT

TCTCGTGTTGGTT 
GFP Forward CGGTCGACATGGTGAGCAAGGGCGA 
GFP Reverse GCGCGGCCGCCTTCTTGTACAGCTCGTCC 
FMDV 2A 
Forward 

CGCGTCAGCTGTTGAATTTTGACCTTCTTAAGCT
TGCGGGAGACGTCGAGTCCACCCTGGGCCCG 

FMDV 2A 
Reverse 

TCGACGGGCCCAGGGTTGGACTCGACGTCTCCC
GCAAGCTTAAGAAGGTCAAAATTCAACAGCTGA 

Table 1.  Primers used in the study for the construction of the plasmids. 
Transient expression 
The HEK 293T and were transfected with the pCI neo DV2  NS4B -2A-GFP construct at 80% 
confluency following the manufacturer’s protocol  with its recommended protocol Lipofectamine 
2000 reagent (Invitrogen). The cells were checked after 24 hours post- transfection for the 

expression of the reporter gene. 
Figure 1: Work plan for the construction of 
the plasmid. 
Western blotting 
 The transfected cells were checked for 
the expression of the reporter gene followed 
by harvesting the cells at 48 hours post 
transfection in ice-cold RIPA buffer. The 
isolated protein lysate was quantified by 
Bradford assay and 45ug of the protein lysate 
was used for immunoblotting. The expression 
of the viral gene was checked by FLAG- 
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epitope expression by mouse anti-FLAG antibody (Sigma-Aldrich) while the expression of the 
reporter gene (GFP) was quantified in the lysate with anti-GFP antibody and probed with anti-
mouse HRP conjugate (Sigma-Aldrich) antibody. 
 
Live cell and immunofluorescence Microscopy 
 Cells were imaged in DMEM supplemented with 10% FBS on a fluorescent microscope 
system (Nikon Eclipse Ti) with a 20X objective to assess the transfection efficiency of the 
constructs. The cells were fixed with 4% paraformaldehyde at 4⁰C for 15 minutes followed by 
permeabilization with 0.2% Triton X-100 in 1X PBS for 10 minutes at room temperature. The 
cells were probed with anti-FLAG antibody probed with anti-mouse RFP to visualize the 
localization of the FLAG tagged viral protein. Composite figures were prepared using Photoshop 
CS4. 
Results and Conclusions 
 The 2A peptide construct with a reporter system to generate tag- free protein for functional 
studies were accomplished. The cDNA prepared from the viral RNA was digested with NheI/MluI 
and ligated in frame to the 2A GFP segment in the pCI neo vector (Figure 1). 

 
 
 
 
 
 

 

Figure 2: a) Transfection of the pCI neo DV2 NS4B 2A 
GFP in HEK293T cells followed by fluorescence microscopy to detect the expression of the 
reporter gene, b) Western blotting to show the expression of the DV2 NS4B protein and GFP 
expression in the cells upon transfection. 

 

The simultaneous expression of the viral gene was confirmed in HEK 293T cells by 
immunofluorescence and western blotting which showed the presence of the protein in the 
cytoplasm (Figure 2 a, b). 
 

 The expressed protein band appeared to be multiple due to the presence of uncleaved 
proteins (DV2 NS4B-2A-GFP, DV2 NS4B) in the cell lysate. As seen clearly in Figure 3, the 
localization of the DV2 NS4B protein is in the cytoplasm while GFP signal could also be detected 
in the nucleus because GFP has a tendency to translocate to the nucleus as reported by Siebel NM 
et al. in 2007. The construct was seen to be working and expressing the viral and the reporter 

gene irrespective of the cell line used. Briefly, the 
generated construct expresses the reporter gene (GFP) 
as a reporter of transfection and expression analysis of 
the gene of interest was detected by immunoblotting and 
fluorescence imaging to release the free viral proteins 
for functional studies. 
Figure 3: Immunolocalization of the dengue virus 2 
NS4B protein in HEK293T cells with the help of 
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fluorescence microscopy. The FLAG epitope was visualized with a) RFP while the transfected 
cells were marked due to the GFP signal and (d) merged to show the cytoplasmic localization of 
the viral protein in the transfected cells. 
 
The constructed viral protein expression system will be a valuable tool for further experiments on 
functional characterization of wild type and mutant Dengue viral proteins to address their 
biological function and role in host interactions. 
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Ticks are considered second to mosquitoes as vectors of infectious pathogens to humans. Ticks 
and tick borne disease (TTBDs) pathogens affect 80 per cent of the world cattle population and 
are widely distributed throughout the world, particularly in tropical and subtropical countries, 
which cause significant production losses. R. annulatus, formerly Boophilus annulatus is the 
prevalent species found in southern India (Jagannath et al., 1979; Koshy et al., 1982; 
Rajamohanan, 1982). They are obligate haematophagous ectoparasites which affect the global 
cattle and small ruminant population by causing heavy burden and transmitting babesiosis and 
anaplasmosis in animals, thus resulting in decreased production and restricting the traffic of 
livestock. At present, control of tick and tick borne diseases (TTBDs) is mainly achieved by the 
wide spread use of acaricides, which lead to development of acaricide resistant ticks along with 
contamination of environment and animal products. Cytochrome p450 dependent 
monooxygenases are very important enzyme systems involved in the metabolism of a 
phenomenal number of endogenous and exogenous processes (Nelson et al., 1996).  Therefore, 
identification and characterisation of cytochrome p450 genes will be helpful in understanding the 
mechanism of resistance and also aid in developing novel methods for controlling these ticks.  
Materials and Methods 
The main objectives of the study involves Identification of Cytochrome P450 genes, Sequencing 
and its computational analysis. 
Tick Collection 
Adult engorged female ticks were collected carefully from Kerala veterinary and animal sciences 
university. The ticks were maintained in the laboratory for egg laying and subsequent hatching of 
larvae. Bottles were kept in a desiccator containing 10 per cent potassium hydroxide solution and 
kept in BOD incubator maintained at 28±10C and 85±5 per cent relative humidity (RH). 
Approximately 20 days were taken for egg laying while 10-15 days were needed for hatching of 
eggs into larvae. 
Isolation of total RNA from ticks and cDNA synthesis 
 Total RNA was isolated using TRIzol method. The quality and concentration of RNA was 
assessed using Nanodrop Spectrophotometer and was separated on 2% agarose gel .The RNA was 
reverse transcribed in a 20 l reaction using SuperScript™ III First Strand System for RT-PCR 
from Invitrogen. The components  in the kit was centrifuged and then 10 l RNA-Primer Mix 
containing 5ug total RNA, 50uM oligodT primer, 10mM dNTP mix and DEPC treated water was 
prepared. This solution was then heated for 5 min at 65°C and the chilled on ice for 1 minute. 
Then 10 l cDNA Synthesis Mix was prepared containing 10X RT buffer, 25mM MgCl2, 0.1M 
DTT, RNaseOut, SuperScript III RT in appropriate concentrations. This cDNA Synthesis Mix was 
added to the RNA-Primer Mix, mixed gently and collected by centrifugation. The mix was then 
incubated at 50°C for 50 minutes. The mixture was heated to 85°C for 5 minutes and then rapidly 
cooled on ice to terminate the reaction. The mixture was centrifuged for a short time. 1 l of 
RNaseH was added and kept for incubation for 20 min at 37°C. Single strand DNA synthesized 
and was used for subsequent steps. 
Based on the related sequences of species, primers were designed using Primer3-online primer 
designing tool and are currently being tested on Boophilus annulatus. The cDNA obtained was 
used to amplify a subset of designed primers. The PCR amplification was performed in an 
Eppendorf Master cycler in 30 ul volume.  PCR conditions was standardised and PCR products 
generated were then electrophoresed on a 1% agarose-TAE gel. The observed results from the gel 
were recorded. PCR Amplifications were analyzed and purified using Wizard® SV PCR Clean-
Up system Kit and the purified samples were sequenced. The sequences obtained were aligned 
using SEQUENCHER 4.1.2 (Gene Codes Inc). The sequences were analyzed for their identity 
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using NCBI-BLAST .  
  
Computational Analysis 
The Protein sequence provides us with copious numbers of sequence information. Translation of 
the identified nucleotide sequence were done using the translate tool of ExPASy. The predicted 
protein sequences were compared with other protein sequences in the UniProt database to find out 
similar sequence using Blastp at NCBI. Additional computational analysis involving sequence 
alignments and distance measurement was done in MEGA 5 (Molecular Evolutionary Genetic 
Analysis) (Kumar S et al, 2011). This software was used to align sequences and create a 
neighbour joining phylogenetic tree to deduce the sequence homology and evolutionary origins of 
the Rhiphicephalus annulatus protein sequence. The reliability of the tree was estimated by 
bootstrap consensus tree inferred from 10,000 replicates. The sequence were further analysed for 
predicting the iso-electric point, molecular weight and co-Post translational modification. 
 
Results and Conclusions 
 
CYP4w1 was identified and sequenced from Rhiphicephalus annulatus (Fig 1). Nucleotide 
sequences of identified CYP4w1 were translated and the sequence on 3rd reading frame was 
selected. The results of the Blastp revealed that the sequence showed 92% of sequence identity 
with Cytochrome P450 4w1 [Rhipicephalus microplus] indicating that the newly identified 
protein belongs to the Cytochrome P450 4w1 family. The presence of Cytochrome P450 signature 
motif and conserved regions in the identified gene further substantiate this fact. 

 
Fig 1: Chromatogram of CYP4W1 sequence using sequencher 4.1.2 
 The phylogenetic analysis of CYP4W1 protein showed 100% bootstrap support with 
Rhipicephalus microplus (Fig 2). Alignment of the CYP4W1 protein with other related proteins is 
shown in fig 3. Conserved regions were analyzed and evolutionary distance was calculated with 
the help of distance matrix. Distance matrix of CYP4W1 gene in Rhipicephalus annulatus shows, 
the gene is closely related to gene present in Rhipicephalus microplus (0.052) and the outgroups 
Homo sapiens and corvus brachyrhynchos showed higher degree of divergence (0.886) and 
(0.920) respectively (Table 1). 

 
Fig 2: Phylogenetic tree of CYP4W1 gene 
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Fig 3: Alignment of CYP4W1using ClustalW. A total of eight related sequence were selected 

for multiple alignment, selected regions of the sequence is shown, conserved regions are 

represented using similar colour in columns and asterisk above the columns 

 

 
Table 1: Distance matrix of CYP4W1 predicted protein is closely related to  

CYP4W1 in Rhiphicephalus microplus  
 
The CYP4w1 protein sequence contained 324 amino acid with a predicted molecular weight of 
37.61 kDa and a theoretical isoelectric point of 8.39. The estimated half-lives of the protein in 
mammalian reticulocytes, yeast and E. coli were 30, >20 and >10 h, respectively, and its 
instability coefficient was 43.32, which was characteristic of an unstable protein. The grand 
average of hydrophobicity of the protein was −0.444. Therefore, the protein is unstable and 
alkaline in nature. Sequence which is highly similar to the identified protein sequence was 
compared in detail to further analyse the residue wise changes. Several of the post-translational 
modification (PTM) site present in the Cytochrome P450 4w1 [Rhipicephalus microplus] are also 
present in the newly identified protein as shown in Table 2. The protein contains sites for N-
myristoylation which plays a vital role in membrane targeting; in addition to this the protein also 
contains Tyrosine kinase phosphorylation, Protien kinase C phosporylation, Casein kinase II 
phosphorylation. It is interesting to note that while all the PTM sites are present in both the 
homologous  sequences there exist only one Thyrosine kinase phosphorylation (TKP) site in the 
newly identified protein while the homologue have an additional TKP site with a sequence motif 
“Kqr.EtlvY”  located at residue 45-52. In addition, motif “SnqD” in the Casein kinase II 
phosphorylation site present in the homologue is also missing. These subtle differences in the 
PTM sites present on the newly identified Cytochrome P450 may have implication in the cellular 
localisation and signalling/ activation compared to that of its close homologue. Pairwise 
alignment of the two sequences as shown in fig 5 reveals several remarkable substitutions, to note 
one is the substitution of a positively charged amino acid (Lysine) with a polar Serine at residue 
18 and a substitution of polar Threonine with a nonpolar Alanine at residue 22.  Further analysis 
of the secondary and tertiary structure of the protein will help to understand the substrate 
selectivity and catalysis of this protein.  
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Fig 4: Representation of the PTM sites present on the newly identified protein (top), and  it 

close homologue (below) 

 
 

Modification sites 
Cytochrome P450 4W1 
Rhipicephalus microplus 

Cytochrome p450  
Rhiphicephalus  annulatus 

Residue No. motif Residue No. motif 
Tyrosine kinase 
phosphorylation 

45 - 52 Kqr.EtlvY   

 247 - 254 Rrl.EtplY 178 - 185 Rrv.EsplY 
N-myristoylation site 149 - 154 GLltSS 97 - 102 GLltSS 
 312 - 317 GLkgTA 243 - 248 GLkgTV 
 359 - 364 GMswAI 290 - 295 GMswAI 
Protein kinase C 
phosphorylation 

160 - 162 SrR 108 - 110 SrR 

 246 - 248 TrR 177 - 179 TrR 
 280 - 282 TlK 211 - 213 TlK 
 316 - 318: TaR 247 - 249 TvR 
 387 - 389: SdK 320 - 322 ShR 
Casein kinase II 
phosphorylation 

228 - 231: SnqD   

 293 - 296 ScpE 224 - 227: ScpE 
 300 - 303: SyeE 231 - 234: SyeE 
 304 - 307 TasE 235 - 238: TssE 
 306 - 309 SesD 237 - 240: SesD 
 
Table 2: Comparison of PTM sites present in Cytochrome of  Boophilus annulatus and it 

close homologue Cytochrome P450 4W1Rhipicephalus microplus:  The residues compared 

were in the range from 1- 324. 
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Fig 5: Pair wise alignment between the identified Cytochrome 4W1 and it close homologue 
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Abstract 
 Pogostemonquadrifolius(benth.) is a shrub coming under the family Lamiaceae. This plant 
is distributed in India and bangladesh. Previous studies only reported the antimicrobial and 
mosquito larvicidal activity of P.quadrifolius. The present study explored the antiproliferative 
effect of the isolated compound from plant leaf extract against human prostate cancer cell line 
PC-3. The isolated compound was characterized by UV, HPLC, ESI-MS and nMR anaylsis and 
identifies as ethylidene-4,6-dimethoxycoumaran-3-one (EdMC), a new terpenoid with molecular 
weight 220. Ethylidene-4,6-dimethoxycoumaran-3-one has shown a promising antiproliferative 
IC50 of 14.88±0.61 and 4.08±0.31µg/mL for 24 and 48 hour treatments respectively. Cell 
migrations of PC-3 cells were inhibited (96.7%) when exposed to EdMC at sublethal 
concentration, which indicating the invitro anti metastatic property of the compound. The 
clonogenic assay showed that only 31% colonies survived when cells were treated with 20µM/mL 
and the colony number was drastically reduced to 0.3% when concentration was increased to 
50µM. dna fragmentation assay revealed that, the EdMC can induce dna damage in PC-3 cells 
within 24 hours treatment with 50 and 100 M concentrations of EdMC. 
  Introduction 

 According to WHO cancer is a leading cause of death and accounted for 7.6 million 
deaths (around 13% of all deaths) in 2008. Prostate cancer is the fourth most common cancer in 
both sexes combined and the second most common cancer in men. With an estimated 307,000 
deaths in 2012, prostate cancer is the fifth leading cause of death from cancer in men (6.6% of the 
total men deaths). The major cause of the cancer deaths are metastasis and recurrence of cancer 
after treatment. 

 P. quadrifolius(Benth.) is a shrub coming under the family Lamiaceae. This plant is 
distributed in India and Bangladesh. This plant is also known in the synonyms Eusteralis 
quadrifolia(Benth) and Dysophylla qaudrifolia Benth [ Batti GR, (1997)].  Previous studies 
reported that this plant exhibit antimicrobial and mosquito larvicidal activity [Thoppil JE, (2003); 
Medicinal Plants: Traditional Knowledge, (2006)]. In the present study, we have identified the 
active compound and explored the invitro antiproliferative, apoptotic and antimetastatic activity 
of the compound isolated from the plant P. quadrifolius(Benth.) against human prostate cancer 
cell line PC-3. 

Materials and methods 

Plant Material: 
 The fresh leaves of plant Pogostemon quadrifolius(Benth.) were collected from the 
campus of  the University of Calicut, Kerala, India. The plant leaves were shaded dried and were 
powdered for extraction. 
Preparation of crude extract:  
 50 grams of dried leaf powder was extracted continuously with petroleum ether, 
chloroform and methanol in the order of increasing polarity. Soxhlet extraction with each solvent 
was continued for 24 hours and the extracts were concentrated by rotary vacuum evaporator. 
Isolation of cytotoxic constituents:  
 Column chromatography was performed to isolate the active constituents from the crude 
extracts. Aluminium oxide activated neutral column was prepared with petroleum ether. The 
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extract was fractionated using different combinations of petroleum ether and chloroform as 
solvent mixture.  Fractions were eluted with eleven solvent mixtures of petroleum ether: 
chloroform gradients - 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 
0:100. 
Phytochemical screening of the isolated compound: 
 Preliminary phytochemical analysis was done for the isolated cytotoxic constituent by 
performing analytical TLC. For detection of alkaloids TLC plates were sprayed with 
Dragendorff’s reagent followed by 10% aqueous sodium nitrite (NaNO)2. Presence of phenolic 
groups were detected using 5% ferric chloride, Presence of aminoacids, biogenic amines or 
ephedrine were detected using ninhydrine, vanillin-phosphoric acid was used for the detection of 
terpenoids [Wagner H and Bladst S, (1996)] The presence of flavonoid was analyzed using 
Shinoda’s test [ Krishanaswamy, (2003)] 
Characterization of the isolated constituent using UV, HPLC, ESI- MS and NMR analysis: 
 Analyses were performed by dissolving 1 mg of the active constituent in methanol. HPLC 
analysis was performed with isocratic solution of distilled water (3% formic acid) and acetonitrile 
in the ratio 8:4. ESI-MS (Positive ion mode) analysis was performed to identify the molecular 
weight of the compound. NMR analysis was carried out to confirm the structure of the compound. 
Cell culture: 
 Prostate (PC-3) cell line was used for the present study. The cells were obtained from 
National Centre for Cell Science (NCCS), Pune, India. PC-3 was maintained in F-12 Hams 
medium, supplemented with FBS and antibiotics. Cells were grown in 5% CO2 atmosphere in a 
humidified environment at 370C in carbon dioxide incubator. 
Cytotoxic assay (MTT assay): 
 PC-3 cells were seeded in a 96-well plate at a density of 1.5x104cells/well and incubated 
overnight at 370C in carbon dioxide incubator. After incubation the medium was aspirated and 
200µL of fresh medium containing the varying concentration of isolated fraction was added. Cells 
were incubated further for 24 and 48 hours in a CO2 incubator. At the end of incubation the media 
was aspirated and replaced it with fresh 200µL medium. Then MTT in PBS was added to each 
well (0.5mg/mL) and the plates were incubated for 3–4 hours at 37ºC in the dark in CO2 incubator. 
The medium was removed and formazan crystals formed were dissolved with DMSO and 
absorbance was taken at 570 nm. IC50 values were identified by using freely available ED50 plus 
v1.0 software program. 
Invitro migration assay: 
 PC-3 cells were plated on 35mm culture dishes to create a confluent monolayer. The 
monolayer is scraped in a straight line using 200uL micropipette tip. Debris was removed by 
washing the plate with media. The cell culture dishes were then incubated with 20µM for 24 hour. 
The images of the field were taken before and after the treatment. The number of cells migrated 
during the treatment was counted using the Image J software and it was represented in percentage 
with respect to control. 
Clonogenic survival assay: 
 PC-3 cells were seeded in tissue culture flasks and incubated for overnight. The attached 
cells were trypsinized, and the cells were treated with EDMC for 24 hour and vehicle as control. 
After incubation cell were plated onto cell culture dishes (35mm) at a density of approximate 
500cells/dish. The cells were incubated for 14 days by changing the media at regular intervals 
until colonies were formed in the control dish. Finally, the colonies were stained with Giemsa and 
counted. The experiments were done in triplicate. 
DNA fragmentation assay: 
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 This assay was performed as described earlier [Yiwei Li, (2002)]. Cellular cytoplasmic 
DNA from PC3 cells treated with IC50% concentration for  24h was extracted using 10mM Tris 
(pH 8.0), 1mM EDTA, and 0.2% Triton X-100. The lysate was centrifuged for 15 min at 13,000 g 
to separate the fragment DNA (soluble) from intact chromatin (nuclear pellet). Followed by SDS-
Proteinase K digestion, phenol chloroform extraction, and isopropanol precipitation. The DNA 
isolated is then treated with RNase. Then the DNA was separated through a 1.5% agarose gel. 
After electrophoresis, gels were stained with ethidium bromide, and the DNA was visualized by 
UV light. 

Results and conclusion 

Isolation of cytotoxic constituents 

 Crude extracts of petroleum ether, chloroform and methanol were prepared as described. 
The antiproliferative activities of the crude extracts were performed using MTT assay. The results 
showed that the petroleum ether and chloroform extracts are exhibiting the antiproliferative 
activity. Therefore the crude extracts of petroleum ether and chloroform were fractionated using 
aluminium oxide activated neutral column. The active constituents in both petroleum ether and 
chloroform crude extracts were isolated in the fraction eluted with the mixture of petroleum ether: 
chloroform (3:2) combination. The active constituent is further purified by preparatory TLC for 
characterization and for cell based assays. 

Characterization of the isolated constituent using Phytochemical, UV, HPLC, ESI- MS and 

NMR analysis: 
The isolated compound from the 
both petroleum ether and 
chloroform extracts were 
identified to be same since it has 
exhibited the same results for 
UV, HPLC and MS analysis.  
Phytochemical results of the 
compound showed positive 
results to alkaloid and terpenoid 
nature (table 1). However the 
detailed analysis confirmed that 

the isolated compound is a terpenoid and not an alkaloid. The active principle has exhibited the 
UV absorbance maxima of 316 and 270nm and absorbance minimum of 284 and 244nm (Figure 
1a). HPLC analysis showed that the retention time of the compound is 19.805minute, and the 
compound isolated is of high purity (Figure 1b). ESI-MS confirms that the major active 
constituent present in the isolated fraction is a compound with molecular mass 220 (Figure 1c). 
The structure of the isolated compound was determined as Ethylidene-4,6-dimethoxycoumaran-3-
one by detailed NMR analysis [Karel D Klika el al, (2014)]. The structure of the compound is 
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shown in the figure 2. 

Cytotoxic assay of Isolated extracts: 

The isolated active compound, 
Ethylidene-4,6-

dimethoxycoumaran-3-one from 
P.quadrifolius leaf extracts has 
showed potent cytotoxic effect on 
PC-3 cancer cell line. The IC50 
value of isolated compound against 
PC3 cell line for 24 and 48 hours 
treatment is 14.88±0.61 and 
4.08±0.31µg/mL respectively. The 
morphological changes the to PC-3 

cell line at respective IC50 concentration is shown in the figure 3. Treatment of EDMC markedly 
induced cell shrinkage and loss of anchorage of PC-3, which is assumed to be the preliminary 
characteristics of apoptosis [Pidgeon GP et al, (2002)]. The graph displaying the antiproliferative 
effect of EDMC on PC-3 cell line is shown in the figure 4. 

Invitro migration assay: 

The effect of the isolated compound on migration of PC-3 
cell line was studied by the scratch assay. The results show 
that EDMC at 20 µM concentration inhibited 95.3% after 
8 hour incubation and 96.7% after16 hour incubation when 
compared with the control (Figure 5). The effect of drugs 
on the migration of cancer cells indicates the anti-

metastatic property of the 
drug, as metastasis 
involves the movement of 
cancer cells from one 
tumor site to other tissues. 
Drugs that affect the cell 
migration in vitro are 
supposed to prevent the 
metastasis. 

Clonogenic assay: 
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The clonogenic survival assay was 
performed in PC-3. An exposure of the 
cells to the EDMC for 24 h was shown 
inhibition of the cells to make colonies. 
After treatment of cell with EDMC at – 
concentration around 31% colonies 
survived compared to the control. The 
colony number was drastically reduced to 
0.3% when concentration was increased to 

50µM (Figure 6). This result confirms that the EDMC is causing irreversible effect on the PC-3 
cells and the cells could not recover from the cytotoxic effect even if the compound is removed 
from the medium. The results indicate that the isolated compound caused irreversible damage to 
the cells  

DNA fragmentation assay: 

The induction of apoptosis, which is the fragmentation of DNA 
formed was identified using this assay. The cells were treated for 
24 hour with three different concentrations of EDMBC 20µM, 50 
µM and 100µM. The fragmented DNA was isolated and run it on a 
agarose gel.  Although a typical pattern of DNA fragment was not 
obtained, DNA damage could be observed by the form of smearing 
pattern in comparison 
with the control. The 
presence of a typical 
pattern of the DNA 
shown in the figure 7 
is highly correlated to 
the induction of 
apoptosis, observed in 
the cells treated with 
50µM and 100µM of 
EDMC treated for 24 
hour. The results 
obtained lead us to 
conclude that the 
compound Ethylidene-

4,6-dimethoxycoumaran-3-one, a terpenoid isolated 
from the plant P.quadrifolius is exhibiting an 
encouraging invitro antiproliferative effect on PC-3 
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cell line.  The IC50 values presented by the EDMC against PC-3 cells are very promising. EDMC 
displayed an invitro antimetastatic property and which reduces the capacity of the cancer cells to 
produce the colony after treatment.  The action of the compound is concentration and time 
dependant and it induces DNA damage on PC-3 cancer cells. Further the experiments are in 
progress to identify the anticancer effect on animal model. In addition researchers are ongoing in 
our lab to understand the cytotoxic molecular mechanism of EDMC on human cancer cell lines. 
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Abstract 
 Tinospora cordifolia belongs to the family Menispermiaceae which is known as 
‘chittamruthu’ or ‘Guduchi’. The emergence of resistant strains of microorganisms has 
undermined the effectiveness of existing antimicrobial agents and hence renewed the interests in 
the discovery of new plant derived antimicrobial compounds.when some compounds are added to 
the common antibiotics used, it can enhance the inhibitory effect on microbial growth. 
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Objectives: The study was conducted with objectives like biochemical profiling of the 
extract,inhibitory effect against gram positive and negative,drug resistant and clinical strains of 
microorganisms and also to understand the synergistic effect between the extract and antibiotics 
against microorganisms.  
Materials and methods: Plant leaves were collected from different geographical locations and 
extract was prepared.The inhibitory effect against different microorganism were tested using 
microdilution method. The synergistic effect of the extract along with standard antibiotics were 
also tested against gram positive and negative microorganisms.  
Results and discussion: The MIC values against bacterial ranged from 280 to 350 µg/ ml for the 
methanol extract. The MIC of the methanol extract was 2κ0 g/ml against both Staphylococcus 
aureus and Klebsiella pneumonia. It showed significant activity against the clinical strain with a 
minimum MIC value of 1κ7.5 g /ml. Aqueous extract was found to more effective than methanol 
extract against strains like Enterobacter, Acenetobacter, S,typhi and P.vulgaris. Extract has shown 
additive effect when used with the antibiotics - gentamicin and penicillin, against E.coli and S. 
aureus respectively.  
Conclusions: We can conclude that Tinospora cordifolia has the potential source to develop into 
an antimicrobial agent. 
Introduction: Plants, especially medicinal plants have been explored continuously for 
therapeuticals. The plant products are widely classified mainly according to their chemical 
structure. The biological activities are related to the structure of the compound to an extent. Most 
important classes of biologically active compound belong to phenolic, flavonoids, alkaloids, 
terpenoids etc. 
 Tinospora cordifolia belongs to the family Menispermiaceae. This is also known as 
‘chittamruthu’ or ‘Guduchi’. These are climbers and seen especially in deciduous and dry forests. 
Leaves, roots and the whole plant are used in the preparation of ayurvedic medicines. It is proved 
to be effective against diabetes and ulcer. Patel et al., 2009 reported the anti glycaemic effect of 
this plant. It was reported to be cardioprotective by Sivaparan et al., 2011. Plant material was 
collected from local areas and identified by the Department of Botany, University of Calicut. 
Antimicrobial activity and drug resistance 
 The emergence of resistant strains of microorganisms has undermined the effectiveness of 
existing antimicrobial agents and hence renewed the interests in the discovery of new plant 
derived antimicrobial compounds. A number of newly developed antimicrobials from plants 
appear to have structure and mode of action different from common antibiotics so that it is found 
to be effective against drug resistant microbes. Rhein from rhubarb, plumbagin, resveratrol, 
gossypol, coumsterol, isoflavone, rhamnoside and berberine etc are plant derived compounds 
which are reported to have antimicrobial properties against multidrug resistant organisms (An et 
al., 2011 and Ono 1997). Combating the different mechanisms of resistance is a potential remedy 
for treating the microbial infections caused by multidrug resistant pathogens. 
 Most of the common pathogens develop drug resistance. Multidrug resistant 
Staphylococcus aureus is one of the common among them. It is usually found in mucous 
membrane and human skin and extremely adaptable to antibiotics. Around 50% of infections 
were found to be due to MRSA in India. When some compounds are added to the common 
antibiotics used, it can enhance the inhibitory effect on microbial growth. This can reduce the 
quantity of antibiotic consumed (Kim et al., 2001). Use of mixture of extracts, plant derived 
compounds along with antibiotic etc is being studied at present to overcome the resistance 
developed by microbes. 
Materials and methods: Plant material was collected from the botanical garden, University of 
Calicut. The plant material was identified from the Department of Botany, University of Calicut 
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(No.BT/204). Plant materials were washed, rinsed with distilled water and dried in air. About 100 
gm of the dried materials were taken and powdered using a warring blender. This powder was 
then taken for extraction with different solvents (Harborne et al., 1989). 
Extraction of the plant material by Bioassay- guided fractionation 

 Extraction was done using the method as described Thara et al., 2013.In brief plant extract 
was prepared using different solvents sequentially according to their increasing of order polarity. 
10 gm of the powdered plant material (weight varies depending on plant material) was first mixed 
with the solvent of the least polarity (100ml) and the mixture was kept on an orbitory shaker at 
200 rpm for 18 hrs. Supernatant was collected by filtering and evaporated to dryness. The residue 
obtained after the separation of supernatant was then mixed with solvent of next higher polarity 
and the process was repeated for different solvents, depending on its order of polarity. The 
different fractions thus collected on evaporation were dissolved in respective solvents at required 
concentration or in dimethylsulphoxide (DMSO) or in sterile water (if soluble). Concentration of 
the prepared extract was 10mg/ml (stock solution). The extract was stored under refrigeration (-
200C) till its use for further analysis. The biological activities of the extract were tested after filter 
sterilization.   

Polarity chart: n-Hexane<Chloroform<Benzene<Diethyl ether<Ethyl acetate< 
Acetone<Ethanol<Methanol<Water 
The percentage yield of each extract was noted. 

Test for phenolic compounds: The presence of phenolic compounds was tested using Folin’s - 
Ciocalteu (FC) reagent. In this method 1ml of the extract (1mg/ml) was taken in a clean dry test 
tube and 5ml of FC reagent was added to it. 4 ml of 1.5% sodium carbonate was added and then 
kept for 30’, at room temperature for incubation. Development of blue colour confirmed the 
presence of phenolic compounds..The results were tabulated . 
 Tests for determining the presence of flavonoids 
 Ferric chloride method: The presence of flavonoid compounds in the extract was determined by 
ferric chloride method (Parekh et al., 2007). The presence of flavonoid compounds was indicated 
by the development of green colour. The intensity of the colour was noted using a colorimeter. 
Test for terpenoids 
 1.0 ml of the extract (0.2 %) was taken in a clean dry test tube and a few drops of 
concentrated H2SO4 were added to the test tube.  Lower layer of the above mixture was turned 
yellow to indicate the presence of terpenoids (Table 2). 

Biochemical estimation of total phenolic and flavonoid compounds 
 Biochemical estimations were done to determine the quantity of various secondary 
metabolites present in each extract. Determination of total phenolic content: Total phenolic 
content of the extracts were estimated using Folin-Ciocalteu method (Singelton et al., 1999). 
Chemicals used: Folin-Ciocalteu reagent, Sodium carbonate- (both were purchased from M/S. 
Merck, Mumbai), Gallic acid- (purchased M/S.SRL, Mumbai). 

  1ml of the extract in methanol was taken in a clean dry test tube.  0.0ml, 0.1ml, 0.2ml, 
0.4ml, 0.6ml, 0.8ml and 1.0ml of the gallic acid (standard 1mg/ml) were taken in separate test 
tubes and made up to 1ml with distilled water. 5 ml of FC reagent (1:2 diluted with distilled 
water) and 4 ml of Sodium carbonate solution (1.5% in distilled water) were added to each test 
tube including the extract in methanol.  Test tubes were then kept for incubation for 30’ at room 
temperature. Optical density (OD) was measured at 760nm using a UV-VIS spectrophotometer 
(UV-VIS 1604 SHIMADZU). 
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 A graph is plotted with concentration of gallic acid on X-axis and OD on Y-axis. The 
amount of total phenolic compound present in the extract was determined from the graph and it is 
expressed as gallic acid equivalents (Table 3). 

C= c x V/m where, C= Total phenolic (mg/ml), c = concentration of gallic acid (mg/ml), V = 
volume of the extract in ml, m = weight of the extract 

 This estimation was done in triplicate for each extract using gallic acid as standard . 
Average ± SD value was calculated. 

Estimation of total flavonoids: The total flavonoid content was estimated by the method 
described by Shichen et al., 1999 and Kessler, 2003. 

  0.0ml, 0.2ml, 0.4ml, 0.6ml, 0.8ml, 1.0 ml of the quercetin standard and 0.5 ml of 
the extract were taken in 7 separate clean dry test tubes. Total volume in each test tube was made 
up to 2.0 ml with distilled water and 2.0 ml of 0.15% NaNO2 was added in each test tube. Test 
tubes were kept in room temperature for 5min. Then 2ml of 5%NaOH was added to each test 
tube, mixed well and kept for 15’ at room temperature. OD of each sample was taken at 510 nm 
using distilled water as blank. The experiment was carried out in triplicate. Mean ± SD value was 
calculated. This procedure was repeated for each and every extract. 

A graph is plotted with concentration of the quercetin standard on X-axis and OD on Y-
axis. The concentration of the total flavonoid present in each extract was thus determined using 
the graph and expressed as quercetin equivalents. 

High pressure liquid chromatography (HPLC) 

 HPLC-profiling of the methanol extract of Tinospora cordifolia was done using general 
method, changing the solvent system according to the plant material. 

 HPLC SYSTEM: HPLC unit with dual pump, rheo dyne injector, SPD photodiode array 
detector in combination with 6.12 SP5 integration software were used.The mobile phase used was 
acetonitrile: methanol (50:50) for Tinospora cordifolia (methanol extract). 

1. The finger prints were recorded in different wavelength and shown as overlaid 
chromatogram. A PDA detector is used for recording. The number of peaks and area of the peaks 
were noted (Fig.2). 
Testing of antimicrobial activity 

Antimicrobial activity was tested using Bauer and Kirby Method. This method was developed by 
Heatley et al., in 1944. Bauer and Kirby modified it and it is being used as a standard method for 
antimicrobial assay. Antimicrobial susceptibility tests are approved by different agencies like 
National committee for clinical laboratory standard (NCCLS). 

Microbial cultures 

 The following standard microbial strains were used in the present study. 

 Escherichia coli MTCC 41, Proteus vulgaris MTCC 426,  Staphylococcus aureus MTCC 
87,  Pseudomonas aeruginosa MTCC 424,  Candida albicans MTCC 183. These cultures were 
purchased from Institute of Microbial Technology (IMTECH), Chandigargh. Klebsilla pneumonia 
and Aspergillus niger were collected from the Department of Life Sciences, University of Calicut. 

Clinical strains 
The following clinical strains were also tested. The strains were collected from Department of 
Microbiology, Govt. Medical College, Calicut. 
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 Proteus vulgaris, Staphylococcus aureus, Klebsilla, Enterobacter,  Acenetobacter,  Proteus 
mirabilis,  Shigella and Salmonella typii. 
MDR strains 
 MRSA (ATCC 43300) –Collected from Jubilee mission medical college, Thrissur. 

Preparation of inocula. 

 Cultures were revived in 2 ml of sterile nutrient broth and sub cultured to fresh medium 
and incubated at 360C. Growth curve were prepared by monitoring OD at 600nm.The culture at 
log phase (i. e optical density 0. 5 to 0.8 or 6 x 105 CFU/ml) were taken for further inoculation 
either in the nutrient broth  or plating on the nutrient agar plate. 

 Determination of Minimum Inhibitory Concentration (MIC) 
 MICs for each extract against each microbial strains were determined using nutrient 
broth.10 ml of the medium was taken in a 50 ml conical flask and sterilized. The extract (stock 
diluted to 10mg/ml in DMSO) was then added to 10 ml of medium in a series of conical flasks to 
get a concentration of 10000, 1000, 100, 10, 0 g/ml initially (10 times dilution). Then double 
dilution was used to determine the range of inhibitory activity (MIC value) of each extract. A 
loop-full of fresh culture at log phase (1 x 108 CFU/ml, turbidity equal to that of 0.5 MacFarland 
solution) was added to each flask so as to have concentration of 5 x 105CFU/ml. It was then 
incubated at 360 for 18 to 24 hrs. The OD at 600nm was monitored at different concentrations of 
the drug in the culture media. The least concentration at which the growth of the organism was 
completely inhibited was recorded as MIC of that extract, comparing the OD with that of the 
blank. It was then confirmed by inoculating to fresh agar plate. The experiment was done in 
triplicate and average value of MIC was then taken. It was then statistically analyzed and p< 0.05 
was considered as significant. The experiment was repeated for different strains and extracts. The 
values were compared for gram positive and negative bacteria (Table 7). The difference in 
inhibitory effect of the extract on the growth of clinical and standard strains was compared. 
Synergistic effect 

 The method was done using a 96-well micro-titer plate. In this 200µl of the sterile nutrient 
broth was added to each well. In the first well of series 1, ie A1, antibiotic at a concentration of 
100µg/ml was added. In the well B1 sample AS1 at a concentration of 500µg/ml was added.  In 
the well C1 both antibiotic and AS1 were added. The concentration of the antibiotic and AS1 
were the respective MICs or above the MIC values. All the wells were then serially diluted to 
next well.ie 100µl from first well has transferred to second and 100µl from second to third and so 
on so that a double dilution had obtained.  All wells were then inoculated with culture at log 
phase, mixed well, covered and incubated at 360C for 18hrs. The growth was observed and MICs 
were noted and Fractional inhibitory concentrations (FICs) were calculated (Karimcker at al., 
2007). 

Fractional inhibitory concentration (FIC) was calculated using the formula 
FIC= MIC of drug in combination/ MIC of drug alone   + MIC of extract in combination /MIC of 
extract alone. 
Statistical analysis: All data were analyzed using SPSS version 16.0. 
Results and Discussion 
On extraction with different solvents methanol is found give a maximum yield of 15% compared 
to ethanol, water and chloroform (Table 1). Different biochemical analysis shows that alkaloids, 
phenolics compounds and saponins are found to present in the methanol extract (Table2). On 
estimating total flavonoids and total phenolics compounds it is seen that 1.5QE and 25GAE 
flavonoids and phenolics compounds respectively are present in the extract (Table3). 
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 Both the methanol extract and aqueous extract of Tinospora cordifolia were found to have 
antimicrobial property (Table4). The latter had shown good inhibitory effect on both bacteria and 
fungi.  The methanol extract of the plant has shown good antimicrobial activity against all the 
microbes tested and this has been rated as one of the three best antimicrobial extracts against 
standard strains in this study. The MIC values against bacterial ranged from 280 to 350 µg/ ml for 
the methanol extract. The MIC of the methanol extract was 2κ0 g/ml against both 
Staphylococcus aureus and Klebsiella pneumonia.  The MIC values ranged from 1κ7.5 to 500 g 
/ml against the clinical strains tested. Shigella flexneri was also considerably sensitive. The effect 
against gram positive and gram negative organisms were not significantly different. It showed 
significant activity against the clinical strain with a minimum MIC value of 187.5 g /ml (Table 
5). Aqueous extract was found to more effective than methanol extract against certain strains like 
Enterobacter, Acenetobacter, S,typhi and P.vulgaris (Table 6). This result has to be studied and 
analyzed further. The better result shown against clinical strains can be an alternative against drug 
resistance. 

 Extract has shown additive effect when used with the antibiotics - gentamicin and 
penicillin, against E.coli and S. aureus respectively (Table 7). The methanol extract showed 
additive effect along with gentamicin against E.coli. Mahesh and Satish, 2005 and Swamy, 2005 
had previously reported the antimicrobial activity of T.cordifolia. Berberin is an antibacterial 
compound which present in Tinospora cordifolia as per their work. Methanol extract of Tinospora 
cordifolia showed the presence of phenolics (25GAE), alkaloids and saponins. It showed 
antioxidant activity (IC50 value 131.25 g / ml). 

 When HPLC was done at 210nm, a major peak with 75.8 % of the total area was obtained.  
The cardioprotective activity of this plant extract has been reported by Siwaporan in 2011. This 
plant is well studied for its activity against diabetes and ulcer (Patel et al., 2009). 

Conclusions: We can conclude that Tinospora cordifolia has the potential source to develop into 
an antimicrobial agent. Both methanol and aqueous and methanol extract showed significant 
effect against standard and clinical strains respectively. It has synergistic effect with certain 
antibiotics also against E.coli as well as S.aureus. This has to be further studied as a combating 
strategy against drug resistance. 
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Abstract 
 Autophagy, the process of “self-consumption” is a basic catabolic process. It plays a dual 
role in cancer, both in protecting against cancer as well as potentially contributing to cancer 
development. The orchestration of paradoxical and controversial involvement of autophagy in 
either survival or death of cancer cells is based on different factors such as stage of 
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carcinogenesis, the cell/tissue context, the molecular features of cell and; nature and magnitude of 
stressor. The role of autophagy remains as a controversial issue despite extensive investigation 
and different studies explore different modes by which autophagy is related to cancer progression. 
Several issues are to be underscored for the study of autophagy. one important issue is the lack of 
a proper tool for the spatiotemporal visualisation of autophagic response and interference of cell 
death signaling in cells with different stages of autophagy. The current study focuses on the 
development of a method for the visualisation of autophagy in live cells using real-time imaging 
approach that also allows for analysis of cell death. for this LC3, a widely studied autophagic 
marker was tagged with fluorescent proteins GfP. Then osteosarcoma cell line namely U2oS was 
transfected to stably express these modified proteins. The stable cell lines developed were then 
validated using different chemotherapeutic drugs and experimental compounds to dissect 
autophagic response and cell death. from the real-time imaging data, it was confirmed that the cell 
lines developed could be used for visualisation based studies of autophagic pathway and 
apoptosis. The study also helped in comparing the efficiency of the flavonoids analysed in 
inducing autophagy and autophagy-mediated death in osteosarcoma cells. Using these tools, 
several critical events of autophagy and cell death was scored in a kinetic mode using live cell 
imaging. we have observed resveratrol as a potential agent with both autophagic and cell death 
inducing capability in distinct time points. This was further confirmed by immunoblotting of the 
cells after treatment with resveratrol for the autophagic marker proteins such as LC3 I to LC3 II 
conversion and p62 status. after 40 hours of treatment the cells were showing indications of death 
which was evident from the chromatin condensation and rounding-up of cells. The studies 
highlight simultaneous induction of both the pathways in a time dependent manner and dissecting 
these two events in a kinetic mode will allow selecting a best pathway of cell killing by 
compounds. additionally, the developed tool can be helpful for cancer researchers in clarifying the 
involvement of autophagy in pro-survival and pro-death responses against various stress inducers. 
key words: autophaghy-osteosarcoma-LC3-p62-flavonoids 
Introduction 

Autophagy is an evolutionary conserved catabolic process in eukaryotes. It is a 
lysosome-mediated process that eliminates damaged organelles and misfolded proteins from the 
cell [Mizushima, (2007); Kroemer et al, (2010); Dokladny and Moseley, (2012)]. Recent 
research suggests it as one of the non-apoptotic pathways by which cancer chemotherapeutics 
act. But it is also proved that depending on the circumstances it may act as a “ double-edged 
sword”, having controversial and paradoxical involvement in both cell death and survival 
[Singletary and Milner, (2008); Shintani and Klionsky, (2004)]. Depending on the delivery route 
of cytoplasmic material the process is categorized into 3: macroautophagy (hereafter referred as 
autophagy), microautophagy and chaperone-mediated autophagy. Out of the 3 microautophagy, 
whereby the cytosolic components are degraded after being engulfed by invaginations in 
lysosomal membrane and chaperone-mediated autophagy, where selective delivery of soluble 
cytosolic proteins to degradation happens are rarely occurring pathways in a cell. 
Macroautophagy being a non-selective, bulk-degradation pathway is considered to be the major 
autophagic process and it is responsible for the degradation of majority of organelles and long 
lived proteins. The pathway involves the engulfment of cytosolic components into double-
membranous structures called autophagosomes which later fuse with the lysosomes and degrade 
the sequestered components. This pathway may be again sub-categorised into basal autophagy 
(constitutive turnover of cytoplasmic components) and induced autophagy (degradation of 
intracellular cargo upon appropriate stimulation). 

Two evolutionarily conserved protein systems are playing an important role in the 
formation of autophagosomes, the Atg12-Atg5 system and Atg8-phosphatidyl ethanolamine 
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conjugation system. Light Chain 3 (LC3) is the best studied Atg 8 homologue in mammal. LC3 
is considered to be an important marker for the identification of autophagic cell death by the 
localization of LC3 in autophagosomal membranes [Pankiv et al, (2007)]. 

The growing knowledge about the involvement of autophagy in health and disease 
progression has enhanced the interest of various research groups, especially the cancer 
researchers to examine the effect of various natural and chemical compounds on the relation 
between autophagy and cancer. But for the better understanding and investigation of 
autophagic process several issues has to be underscored. Out of them the important issue is the 
methodology used for the study of autophagic process. The occurrence of autophagy is studied 
by different methodologies. Visualization of autophagic vacuoles using transmission electron 
microscopy is the foremost one. Immunohistochemical evidences of the punctuate localization 
of LC3 is also performed along with immunoblot for various autophagic markers. But all these 
techniques have their own drawbacks which hinders in paving light to the complete study of 
autophagic process. In such a situation it is greatly encouraging to develop highly efficient 
tools for the analysis of autophagy in cells so that the molecular contributions of autophagy-
related signaling pathways and physiologic effect of autophagy on in vivo carcinogenesis can 
be studied. Keeping this as the goal we planned our objective as the generation of a stable tool 
in cancer cell line for the spatiotemporal and high-throughput analysis of autophagic response. 
Materials and methods 

 Cell culture 
U2OS cell lines were revived from freezed stocks and maintained in Dulbecco’s Modified 
Eagle’s Medium (DMEM, Gibco) containing 10% Fetal Bovine Serum (FBS) and antibiotics 
in a humidified CO2 (5%) chamber at 37˚C. 
 Generation of stable cell lines 
pBABE-puro-GFP LC3 vector was purchased from Addgene. Cell transfection was performed 
using Lipofectamine LTX with plus reagent™ (Invitrogen, Carlsbad, CA) as per the 
manufacturer’s instructions. Stably expressing clones were generated by selecting the cells in 
800 mg/ml of G418 (Invitrogen, Carlsbad, CA) containing medium for 30–45 days. Following 
clonal propagation, the multiple clones with different levels of transgene expression were 
expanded and further sorted based on quantitative green fluorescence, analysed by FACS Aria 
(Becton Dickinson) so as to obtain an enriched population of LC3 GFP expressing cells. 
Briefly, cells were excited with 488 nm laser and the GFP-high cells were identified from the 
scatter plot of GFP emission collected using 530 nm filter. 
 Drug addition 
For experiment, the stable cells were seeded in 96 well plates at 60% density. After an 
overnight culture, medium was removed and 100 µl fresh phenol-red free DMEM containing 
5% FBS with the flavonoids to be tested were added. Concentrated stocks of each flavonoid 
were prepared in either DMSO or water according to solubility and stored at -κ0˚C. The list of 
drugs used and the respective concentration used have been given in table (Table 1). 
Table 1: Concentration of compounds used in the study 

Sl.No Compounds Concentration used (µM) 

1.  EGCG 50 
2.  Resveratrol 50 
3.  Quercetin 100 
4.  Etoposide 50 
5.  Rutin 100 

 Fluorescence time lapse imaging 
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Treated cells were imaged in a live cell incubation chamber (Tokai Hit, Japan) that maintains 
optimum CO2, temperature and humidity. Imaging was carried out under a 20X Plan Apo 1 NA 
objective under an inverted fluorescence microscope (Nikon Eclipse, TE2000-E) equipped 
with an automated excitation and emission filter wheel. The images were captured using 
EMCCD camera Andor iXON 885 using NIS Elements software at regular intervals for the 
indicated time periods. 

 SDS-PAGE and western blotting 
60 µg protein sample was resolved electrophoretically in 10% SDS–polyacrylamide gel and 
electro transferred onto a Hybond CTM extra nitrocellulose membrane (Amersham 
Biosciences) by wet transfer procedure (Bio-Rad Mini Protean11). The membrane, after 
blocking with 5% skimmed milk in TBST was incubated with primary antibody overnight at 
4˚C. The primary antibodies used wereμ anti-LC3, anti-p62 and mouse anti-β actin at 1μ1000 
dilutions. The membranes were then incubated in horseradish peroxidase labelled anti-rabbit or 
anti-mouse secondary antibodies (Sigma) at 1:8000 dilutions for 1 hr and developed using 
Enhanced Chemi Luminescence assay (AmershamTM ECL Plus western blotting detection kit, 
GE healthcare, Buckinghamshire, UK) or DAB (Sigma). 

Results and conclusion 

 Development of U2OS cell line stably expressing LC3-GFP 
We selected osteosarcoma cell line U2OS and a fluorescently 
tagged autophagic marker namely LC3, which was tagged with 
GFP (vector purchased from Addgene) for the study. Cells 
expressing this fluorescent marker could be visualized and studied 
for the complete analysis of autophagic response under different 
conditions. U2OS cell lines stably expressing LC3-GFP probe was 
developed by the above mentioned procedure. The expression of 
the probe was confirmed by microscopic examination (Fig. 1(a)).   

 Validation of the cell line developed for the presence of functionally active LC3-

GFP by fluorescence time-lapse imaging. 
The cell lines developed were validated by a real time 
imaging performed for a period of 48 hours after treating 
the cells with different compounds. During autophagic 
induction, LC3-II is recruited to autophagosomes and it is 
said that it is characterized by a punctate pattern that 
reflects its subcellular localization. As the marker protein 
LC3 is fluorescently tagged it is expected to form GFP 
punctae in the cell if they are functionally active. As 
expected we could see the formation of GFP punctae in 
the cell when treated with autophagy inducing flavonoids 
(Fig. 1(b)).  
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 The cell lines were then used for comparing 
the efficiency of 5 flavonoids namely EGCG, 
resveratrol, quercetin, rutin and etoposide, which were 
already shown to have role in autophagy regulation 

[Singletary and Milner, (2008); Wang et al, 
(2011)]. Real time imaging data shows that 
resveratrol at the concentration used induces the 
formation of GFP punctae at the early hours of 
treatment itself (about 10 hours after treatment). 
Rutin, the glycosylated derivative of quercetin 
was found to be  
 
The action of resveratrol in inducing autophagy 

was further confirmed by immunoblotting of treated U2OS cells with autophagic markers LC3 
and p62 (Fig. 4).  
From the data the conversion of LC3-I to LC3-II along with the decrease in p62 level confirmed 
that the compound resveratrol was a strong inducer of autophagy in osteosarcoma cell lines. 
Further it was noted that by 40 hours after treatment the cells showed visual signs of cell death 
such as chromatin condensation, rounding up of cells etc. By this it was confirmed that the tool 
developed in osteosarcoma cell line could be used for the study of autophagic response under 
different stress condition and this could help in pointing out the role of autophagy in health and 
disease. 
  All these data highlights that the cell line developed is functionally active for study of 
autophagic response. It can be concluded that the developed tool can be helpful for cancer 
researchers in clarifying the involvement of autophagy in pro-survival and pro-death responses 
against various stress inducers. 
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Abstract 
 Cell adhesion is a complex process which involves contact between the bacterial cell 
membrane and interacting surfaces. adhesion to intestinal mucosa is an important criterion for the 
selection of probiotics. The physical and chemical characteristics of the cell surface can be 
assessed by studying the cell surface hydrophobicity. The bacterial adhesion to intestinal mucosa 
can be studied by monitoring the expression of genes involved in the adhesion of bacterial cells to 
intestinal mucosa. In this study the adhesion property of selected indigenous probiotic 
lactobacillus cultures were done based on their hydrophobicity and by monitoring the expression 
of mucus binding protein (mub) and mucus adhesion promoting protein (mapa). Lactobacillus 
plantarum cultures were assessed for hydrophobicity following the adhesion to hydrocarbons 
(MaTH) method and the in vivo gene expression of mub and mapa was quantified by Real time 
quantitative PCR in mice model. Mice were fed orally for 7 days with live cultures of 
Lactobacilli. after probiotic treatment, the animals were sacrificed, and the intestines were 
excised to remove the adhered bacteria. Rna was isolated and gene expression was monitored 
using Real time Quantitative PCR. L.plantarum Lp5276 showed a hydrophobicity of 33.43% 
followed by L.plantarum Lp91with 30.78%. Lp91 was able to express 33.25 ± 5.66 fold increases 
in .Mub expression which was lower than Lp5276 wherein the expression level was 100.53 ± 9.13 
which was almost three times higher than Lp91.Mapa. gene of both Lp91 and Lp5276 was neither 
up regulated nor down regulated after probiotic administration in the mice gut. The two strains of 
Lactobacillus plantarum demonstrated their ability to adhere to intestinal mucosa and exhibited 
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strong hydrophobicity under in vitro conditions and hence both the cultures have better prospects 
in colonizing the gut with extended transit. 
Introduction 
 Probiotics are oral supplement or a food product that contains a sufficient number of 
viable microorganisms to alter the micro flora of the host and has the potential for beneficial 
health effects. Adhesion to mucosa is important for proliferation of probiotic cells with extended 
transit especially in the lower part of the gut and immunomodulation and pathogen exclusion 
[Valeuret al., (2004)]. Therefore adhesion is considered as a potential probiotic marker along with 
other desirable attributes for screening of novel probioticcultures that can adhere to human 
intestinal cells.Screening of probiotic cultures for adherence can be studied by in vitro and in vivo 
trials. The in vitro study is based on the bacterial cell surface hydrophobicity which in turn is 
related to the chemical composition of the bacterial surfaces. Microbial adhesion is a complicated 
interplay of long range Vander waals and electrostatic forces and various other short range 
interactions [Duary et al., (2011)]. The bacterial cells adhering to the hydrocarbons are considered 
to be hydrophobic and those adhering poorly are considered hydrophilic. 

Understanding the nature of mucus-microbe interactions could be the key to elucidating 
the mechanisms of probiotic adhesion within the host.Mucus binding protein (mub, 353kDa) and  
mucus adhesion promoting protein (mapA, 26 kDa) are the two key surface proteins expressed 
differentially among different species of lactobacilli, that promotes their attachment to intestinal  
tissues [Buck et al., (2005); Ramiahet al., (2007); Kaushik et al., (2009); Duary et al., (2012)]. 
However, very little is known about the expression of genes involved in adhesion.  And hence 
goal of this study was to provide a framework for a better understanding of the role of bacterial 
adhesion in probiotic-host interactions both in vitro and in vivo. 
Materials and Method 
 Bacterial stains used and growth conditions: The bacterial cultures used were 
Lactobacillus plantarum Lp91 a laboratory isolate of human origin whose probiotic and 
colonization potential in Caco2 and HT-29 cell lines were established in vitro [Duaryet al., 
(2011)] previously in our lab as per FAO/WHO guidelines[FAO/WHO, (2002)] and Lactobacillus 
plantarum Lp5276 used as a reference strain was procured from Dr. N. P. Shah from Victoria 
University, Australia. The test and reference were propagated and maintained in MRS (de Man–
Rogosa–Sharpe broth, HiMedia, India) broth at 37°C for18 h. The active bacterial cultures were 
maintained in litmus milk (4o C) and also as glycerol stocks (- 70°C). 
 Cell surface hydrophobicity: Cell surfacehydrophobicity of isolates and standard culture 
wasdetermined by microbial adhesion to hydrocarbons (MATH) method described by 
[Geertsema-Doornbusch et al., (1993)] using hexadecane and toluene as solvents. The isolates 
and reference cultures were grown in MRSbroth for 16-18 h at 37ºC. Cultures were harvested by 
centrifugation (2000 X g, 15 min, 4oC), washed twice in PUM buffer (K2HPO4: 22.2 g/l; 
KH2PO4:7.26 g/l; urea: 1.8 g/l; MgSO4: 0.2g/l; pH 7.1±0.2) and finally suspended in the same 
buffer. The initial absorbance (A0) at 600 nm of the suspension was adjusted to 0.70±0.02 units. 
Five ml of cell suspensionin PUM buffer was dispensed in clean and dry roundbottom test tubes 
followed by addition of one ml of hexadecane. The contents were vortexed for 2 min. The tubes 
were left undisturbed for 1 h at37ºC to allow the phase separation. The lower aqueous phase was 
carefully removed with a sterile Pasteur pipette and absorbance (A1) was recorded at 600 nm.Cell 
surface hydrophobicity in terms of per cent (H %)was calculated using the following formula:H 
% = (1 - A1/A0) X 100 
 In vivo gene expression study: Four- to 6-week-old male Swiss Albino Mice weighing 20-
25 g on average were used in this study. Animals were fed normal diet and water ad libitum. Mice 
were fed orally for 7 days with live cultures of lactobacilli (Lp91 and Lp 5276) resuspended in 
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200 l of sterile phosphate buffer saline (PBS) and PBS alone as a negative control. After a 7-day 
probiotic treatment, the animals were sacrificed, and the intestines were excised and flushed with 
sterile PBS to remove the adhered bacteria. In order to lyse the bacteria, an aliquot of 10-15 l of 
lysozyme (50 mg/ml) and 200 l of Tris HCl were added and further processed for RNA 
extraction with TRI ReagentTM.  All the RNA samples were treated with DNase in order to 
remove the DNA.Confirmation of DNase treatment of RNA was done by PCR. Optimization of 
Real Time - quantitative PCR (RT-qPCR) annealing temperature was done. The relative amount 
of a target gene and a reference gene was determined for each sample and one calibrator, 
integrated in each LightCycler run. The house keeping gene Gapdh bacteria was used as the 
reference gene. 
 The primers used in the investigation are listed in Table 1. The GC content of the primers 
was in the range of 40 and 60% and Tm from 55 to 60°C. BLAST searches were performed 
against other bacterial genomes to determine the specificity of the primers. The total expression 
ratio of the two genes of interest, mub and mapA was tested for significance by a randomization 
test implemented in the relative expression software tool (REST 2009) and the same was also 
used in application for group wise comparison and statistical analysis of relative expression 
results in qRT-PCR [Pfafflet al., (2002)]. Statistical analysis was considered significant at P ≤ 
0.05.Data that emerged from this study was presented in the form of whisker-box plots. The 
vertical bars represent the minimum and maximum values that are not considered outliers. The 
data obtained from each animal experiment were expressed as mean ± standard deviationvalues 
and statistically analyzed with the Statistical Package for the Social Science (SPSS forWindows, 
version 10.1, SPSS, Chicago) 

Name Definition Forward primer Reverse 
primer 

Annealing 
temperatur
e 

Reference 

mub Mucus binding 
protein 

gtagtt act cag 
tgacgatcaatg 

taattgtaaagg 
tat aatcggagg 

54 Duary et al., 2012; 
Ramiah et al., 2007 

mapA Mucus adhesion 
promoting 
protein 

tggattctgctt gag gta 
ag 

gac tag 
taataacgcgac 
cg 

54 Duary et al., 2012; 
Ramiah et al., 2007 

Gadph-
bac 

Glyceraldehyde-
3- 
phosphate 
dehydrogenase 

act 
gaattagttgctatctta 
gac 

gaaagtagtacc 
gat aacatc 
aga 

54 Duary et al., 2012 

Table 1. Primer sequences of target and reference genes used for RT-qPCR 

Results and Conclusion 
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The hydrophobicity to 
hydrocarbons is an important feature of 
probiotic Lactobacillus cell surface. In 
this investigation, the hydrophobicity of 
our Lactobacillus culture was determined 
with one of the common hydrocarbon 
namely hexadecane and a maximum per 
cent hydrophobicity (33.43) towards 
hexadecane was recorded for Lp5276 
followed by Lp91 with (30.78%) which 
were almost comparable. Our results in 
this regard are in agreement with those of 
[Morata de Ambrosiniet al. (1999)] who 
also observed very high hydrophobicity 
of Pediococcuspentosaceus and 
Propionibacteriumacidopropinici and Lb. 
casei. However, [Conway and Reginold 
(1989)] reported lack of correlation 
between capacity for adhesion and 
hydrophobicity. Hence, utmost care needs 

to be taken to draw any conclusive inference from such studies. 
Expression of mub and mapA genes  in mouse gut: Both muband mapA of the two probiotic 
strains subjected to RT-qPCR in the mouse gut resulted into amplification of the desired PCR 
products of 150 and 156bp with specific melting  temperatures of 83.63 and 85.27o C 
respectively. The Gapdh bacteria resulted in an amplification of 147bp with specific melting 
temperature of 80.97oC(Fig.1). 

 
 
Fig.1 Confirmity of specificity of primers for target and reference strains 
Although, Lp91 was able to up-regulate the expression of mubgene significantly by 12.8 fold, it 
was lower than that recorded with the Lp 5276 wherein the level of expression was 22.7 folds 
over the control. The 
relative expression  
profile of mapA of 
both Lp91 and 
Lp5276 on the other 
hand was not 
significantly affected 
as the level of 
expression in both the 
strains were only 1.0 
and 1.3 fold 
respectively after 
probiotic 
administration in the 
mouse gut (Fig.2, Table:2).Fig.2  Relative expression of mub and mapA gene of Lp91 and 

Lp5276. 
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 Expression 
value 

P value Expression 

mub   
Lp 91 12.769* 0.047 Up regulated 
Lp 5276 22.701* 0.047 Up regulated 
mapA  
Lp 91 1.042# 0.341 No significant difference 
Lp 5276 1.285# 0.515 No significant difference 
*significantly different from control group p<0.05, # no significant difference from control. 

Table. 2 Relative expression of mub and map A gene of Lp91 and Lp5276 
 Our results in this regard are in partialagreement with those of [Ramiahet al., (2007)] who 
also recorded 80 fold higher expression in mub gene in L. plantarum423 in presence of 0.01% 
(w/v) mucin and 144 fold higher when grown in presence of 0.05% mucin under in vitro 
conditions. Duary et al. (2012) have recently reported tha tmubgene was expressed at different 
levels in L. plantarumLp9 under in vitro conditions at differentbile, pancreatin and mucin 
concentrations at pH 6.5. However, the mapA gene expression was not significantly affected in 
our study under the aforesaid conditions which was at variance with those of [Ramiahet al. 
(2007)] and [Duary et al. (2012)] who also reported enhanced expression of mapA gene in L. 
plantarum under different gut simulated in vitro conditions. This suggests that the expression of 
mub and mapA are characteristic of the species and may 400 be controlled by various factors like 
presence of mucin, pH, origin of species, etc. which promote adherence of probiotic strains on gut 
epithelial cells. Lactobacillus strains showed better hydrophobicity and ability to adhere epithelial 
cellsunder in vitroand invivo conditions. Thus the indigenous strain holdgreat promise and could 
serve as the ideal candidate probiotics and can be targeted as the subject for more intensive in 
vivo studies in humans  to explore their novel healthpromoting functions due to better 
colonization in the gut. 
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Abstract 
 Phycoremediation is the technology for removing surplus nutrient load from wastewater 
and subsequently diminish the pollution load using algae. The present study focused on treatment 
of sewage water using microalgal biofilms in consortium and as individually. Microalgal biofilms 
have many advantages over mechanical methods and are able to remove nitrogen and phosphorus 
to desired levels. Scendesmus obliquus and Chlorella vulgaris used in this study can grow to high 
densities by assimilating nitrogen and phosphorus, thus removing these inorganic nutrients from 
the wastewater. Results showed that these algae are very effective in the reduction of nitrite, 
ammonia, phosphate and various heavy metals. further it is observed that the consortium of both 
the algae established as a potential phycoremediate than the one when used alone. after 10 days of 
treatment, the amount of biofilm obtained was higher in secondary effluent when compared to 
control. The results of this study suggest that microalgae biofilm in wastewater provides a new 
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option for phycoremediation and thereby obtaining the high biomass yield for further application.  
keywords: Phycoremediation, biofilm, microalgae consortium, secondary effluent 
Introduction 

Bioremediation is considered as one of the safer, cleaner, cost effective and 
environmental friendly technology for decontaminating sites which are contaminated with wide 
range of pollutants. Various industrial and anthropogenic activities resulted in increased 
contaminated sites due to unawareness regarding production, use and disposal of hazardous 
substances. The process of bioremediation uses various agents such as bacteria, yeast, fungi, 
algae and higher plants as major tools in treating oil spills and heavy metals present in the 
environment. A continuous search for the new biological forms is required to regulate 
increasing pollution and environmental problems faced by man residing in an area. 

As microorganism shows wide range of mechanisms, there are still few mechanisms 
which are not known, therefore bioremediation is still considered as a developing technology. 
Thus, there is an urgent need to for us to review and modify the available options for 
environmental clean-up. Phycoremediation in a much broader sense is the use of micro or 
macro algae for the removal or biotransformation of pollutants, including nutrients and 
xenobiotics from wastewater and CO2 from air. 

In natural environments, algae play a major role in controlling metal concentration of 
lakes and oceans. It possess the ability to degrade or accumulate toxic heavy metals and 
organic pollutants such as phenolics, hydrocarbons, pesticides and biphenyls from the 
environment,   resulting   in   higher   concentrations   within   themselves   as   compared   to 
surrounding water [Shamsuddoha, (2006)]. Pollutant degrading mixotrophic algae are excellent 
agents for remediation and carbon sequestration [Subashchandrabose, (2013)]. 

Growing algal biofilms as a nutrient removal option for wastewater treatment may 
provide both an effective nutrient treatment technology and a source of algal biomass for 
bioproduct production [Christenson and Sims, (2011)].The term “algal biofilms” refers to 
microalgae dominated biofilm communities that colonize illuminated surfaces in the presence of 
moisture and nutrients [Leadbeater and Callow, 1992)]. 

However, the development of algal biofilm-based wastewater treatment technologies 
faces challenges due to limited information on algal growth needs, 
biofilm area requirements, nutrient removal efficiencies, and standard 
operating procedures (SOPs) for either bench or field scale operations 
and testing [Olguín, (2012); Boelee et al., (2012)]. Unlike the established heterotrophic attached 
growth systems used in wastewater treatment [Nicolella et al., (2012)], there is a need to 
understand the performance and processes involved with algal biofilm-based wastewater 
treatment technologies in order to design an effective nutrient removal system. The objective of 
the present work focuses on to develop controlled conditions for the formation of microalgal 
biofilms and to compare and evaluate the potential of Scnedesmus obliquus and Chlorella 
vulgaris biofilms in remediating wastewater individually and in consortium. 
Materials and Methods 

Microorganism selection 
The algal species used for the present study were Scenedesmus obliquus and Chlorella 

vulgaris. The microalgae were selected based on their ability to bioremediate wastewater and to 
form biofilms during stressfull conditions. The cultures were grown individually as well as a 
consortium of both organisms with equal volumes of inoculum. 

Algal cultures were maintained and grown on Bold‘s basal medium (Nichols and 
Bold, 1965). For experimental cultures, non-sterile, un-chlorinated secondary effluent was 
obtained from the Wastewater Treatment Plant maintained at Karunya Nagar, Coimbatore. 
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The experiment was conducted in three 500mL flask using 300mL of media with 10% 
inoculum of S.obliquus and C.vulgaris added individually and in another flask 10% inoculum 
of mixed culture of S. obliquus and C. vulgaris was added. All inoculations were done under 
aseptic conditions in a laminar air flow chamber. The culture flasks were kept at 23°C under 

artificial light of intensity 85±10 mol m
-2

s
-1

. The light: dark cycle was maintained at 16h: 
8h. 
Experimental set up 

Experiment was designed the different parameters during growth of microalgae in the 
medium using the following steps i) Wastewater   inoculated with S. obliquus. ii) Wastewater 
inoculated with C. vulgaris. iii) Wastewater inoculated with mixed culture. iv)Wastewater 
without microalgae used as a Control. All experiments were conducted in triplicates. 10% 
uniform suspension of C.vulgaris & S.obliquus and mixed culture (equal volumes of both 
cultures) as initial inoculum (10 days old culture) were added in each flask containing 300 mL 

wastewater sample. The initial count of C.vulgaris and S.obliquus were 7.30x10
4 

cells/mL & 

3.52x10
4
cells/mL respectively. The experiment was conducted under controlled conditions 

(Temp 27±2°C) for a total duration of 30 days. Samples were analyzed at regular intervals 
(every 3 days) for different parameters such as Electrolytic Conductivity (EC), Total Dissolved 
Solids (TDS) and pH. Absorbance of the solution was measured at 730nm on every 3 days to 
check growth of cells. 

10% of S.obliquus, C.vulgaris and mixed culture were inoculated in 100 mL of 
secondary effluent and BB medium and kept under controlled conditions (Temp 27±2°C) for a 
total duration of 10 days. Biomass was obtained after centrifugation and weight of biofilm was 
calculated to obtain total biomass weight under each medium. 
Tube test for Biofilm 

150 µL of  S.obliquus,  C.vulgaris  and  mixed  culture  each  were inoculated in 1.5ml of 
BB medium and secondary effluent in Eppendorf tubes. Tube test [Christensen et al., (1995)] 
was done every day from day 5 onwards to analyze the time taken for biofilm formation for 
different cultures in BB medium and secondary effluent. 
Bioremediation tests 

This test was done to study bioremediation of the wastewater by the microalgae 
biofilm. Metal analysis was carried out using Atomic Absorption Spectrophotometry (Agilent 
Technologies 200 series AA) prior and post treatment to check  metal  remediation  
capabilities  of  the  microalgae  individually  and  in  consortium. 
Analysis of Chemical parameters 

Nitrite, ammonia and phosphate contents in the wastewater were analyzed using 
standard techniques described by NIH. 

Results 

The physico-chemical parameters were analyzed on every 3 day interval. Initial pH of 
wastewater was 8.8 (Table 1). When wastewater was treated with 

C.vulgaris and S.obliquus 
and mixed culture, the pH increased as compared to control over the days. 
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Fig.1 
Analysis of pH of 
wastewater during 
treatment with 
microalgae 

EC and 
TDS levels 
showed a decrease 
with increase in 
time of treatment. 
The study showed 

a decrease in the electrolytic conductivity levels and the level of total dissolved solids in 
effluent when treated with microalgae. Among the three treatments, the effluent treated with 
mixed culture showed the maximum decrease in EC and TDS levels followed by that treated 
with C.vulgaris and S.obliquus. This indicated that S.obliquus and C.vulgaris  in  consortium  
was  able  to  utilize  the  dissolved  solids  far  more,  than  as individually, thus decreasing the 
conductivity of the medium. 

Optical Density 
The Absorbance was spectrophotometrically measured at 720nm every 3 days. The 

absorbance showed an initial increase followed by a decrease with the increase in time. The 
initial increase in the optical density was due to the increase in the cell concentration in the 
medium. The visible decrease in the optical density can be attributed to the biofilm formation.  
During  this  phase,  cells  shift  from  planktonic  dispersed  stage  to  forming aggregates and 
forming biofilms, attached to the sides and bottom of the vessel. Biofilm formation takes place 
due to the stress conditions in the secondary effluent. 
Biomass growth test 

The test was done to analyze the amount of free biomass and biofilm formed. Free 
biomass includes cells in aggregate as well as in sessile state. Total biomass after 10 days was 
observed to be higher in the 3 cultures when grown in secondary effluent than when grown in 
BB medium. The test also showed that when grown in secondary effluent, the cells would 
form more biofilm than when grown in BB medium. It could be said that the microalgae form 
biofilms when encountered with stress conditions to cope  efficiently  with  the  conditions  
and  thereby  bioremediate  the  wastewater  more efficiently. The test showed that in 
consortium, S.obliquus and C.vulgaris had the most biomass and forming the most biofilm thus 
having an increased efficiency in bioremediation. 
Tube Test 

The  tube  test  results (Table 2)  show  a  comparison  of  the  biofilm  formation  of 
S.obliquus and C.vulgaris and mixed culture when grown in secondary effluent as well as in 
BB medium. Biofilm formation was observed earliest by mixed culture when grown in 
secondary effluent. Also it was observed that microalgae formed biofilm much more readily 
when grown in secondary effluent than when in BB medium. Mixed culture was able to form 
biofilm at the earliest (day 8) followed by C.vulgaris and S.obliquus which form at  
a latter stage. 

Days Domestic waste water BB media 

 S.obliquus C.vulgaris Mixed S.obliquus C.vulgaris 
5 - - - - - 
6 - - - - - 
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7 - - - - - 
8 - - + - - 
9 - - + - - 
10 - + ++ - + 
11 + ++ ++ - + 
12 + ++ +++ + ++ 
13 ++ +++ +++ ++ +++ 
14 ++ +++ +++ ++ +++ 

Table 2: Biofilm growth analysis by Tube Test. - No biofilm formation;+ Low biofilm 
formation;++ Moderate biofilm formation;+++ High biofilm formation 
Bioremediation Tests 

Percentage removal of Phosphates and Nitrites by using S.obliquus, C.vulgaris and 
mixed culture was determined. In the present study, mixed culture showed maximum ability to 
remove phosphates, nitrite and ammonia. This indicated that while S.obliquus and C.vulgaris 
individually were able to remove a large amount of phosphates and nitrogen in wastewater, the 
removal was found to be highly efficient when they were grown in consortium. Removal of 
Nitrites was 83.78%, 91.89% and 94.52% by S.obliquus, C.vulgaris and mixed culture 
respectively. S.obliquus and C.vulgaris individually showed phosphate removal of 84% and 
96% respectively but in consortium showed maximum removal of 97%. Similar observation 
was seen in the removal of ammonia nitrogen. While 87% and 92% removal was observed 
in ammonia by S.obliquus and C.vulgaris respectively, in consortium, a 96% removal was 
observed. Thus S.obliquus and C.vulgaris in consortium 

are more efficient in bioremediation 
than individually.

 

Metals present in the secondary effluent were analyzed using Atomic Absorption 
Spectrophotometry prior and post treatment with S.obliquus, C.vulgaris and mixed culture. 

 
Metals Initial 

Conc. (ppm) 
Final Conc. 

(ppm) 
 

S.obliquus C.vulgaris 
Iron 0.142 0.043(69.71) 0.032(77.46) 

Copper 0.003 ND(100) ND(100) 
Nickel 0.038 0.031(18.42) 0.028(26.31) 
Zinc 0.106 0.009(91.5) 0.006(94.33) 

Manganese 0.048 0.007(85.41) ND(100) 
Table 3: Concentration of metals in effluent prior and post treatment with microalgae. Values 
in parenthesis indicate percent reduction over initial concentration. 

The study shows that consortium of both strains has the best reduction capacity of 
metals from wastewater compared to individual cultures (Table 3). Also zinc, manganese and 
copper show highest reduction by the microalgae. The microalgae are thus able to utilize 
these elements for its growth thus remediating the wastewater. 
Conclusion 

The selected microalgae species S. obliquus and C. vulgaris exhibited the bioremediation 
potential in domestic wastewater and also exhibited fast growth and high nutrient removing 
capabilities. Under given conditions, these species were able to shift their mode of growth from 
planktonic to sessile. The ability of these microalgal species to produce biofilms in response to 
given external factors and its capability to bioremediate wastewater proved favorable. From this 
study it was clear that the bioremediation of wastewater was directly proportional to the growth 
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of the microalgae. Results showed that microalgae formed biofilms for its efficient growth in 
stress conditions in the effluent medium and consortium of C.vulgaris and S.obliquus exhibited 
highest bioremediation capabilities. 
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       ABSTRACT 

  
      Bacterial Leaf Blight (BLB) of rice (Oryza sativa  L.), caused by Xanthomonas oryzae pv. 
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Oryzae, is known to occur in epidemic proportions in rice growing areas all over the world.  
Majority of the cultivated rice varieties are susceptible to this disease.  Since effective chemical 
and biological methods are not available, the preferred strategy for disease management is 
through varietal resistance. To develop BLB resistant varieties, identifying resistance genes in the 
available germplasm is an urgent need.  Molecular characterisation using microsatellite markers is 
a powerful tool for screening germplasm for resistance gene. Among the various resistance genes, 
Xa5 is an important recessive bacterial blight resistant gene, which is effective and important in 
Asian rice breeding programmes.  Earlier reports suggested that the microsatellite marker RM122 
is linked with Xa5 gene and this marker is located at a distance of 0.4 cM from Xa5.  Hence main 
objective of the present study was molecular characterisation of rice germplasm accessions for the 
BLB resistance gene Xa5, using RM122 microsatellite marker. Forty traditional rice genotypes 
from the germplasm of Division of Plant Breeding and Genetics, Regional Agricultural Research 
Station, Pattambi, were grown in pots for field screening for BLB resistance.  Out of them, only 
twenty genotypes which had either no or less symptoms of BLB disease were selected for 
molecular characterisation.  Tender leaves of the respective genotypes were utilised for molecular 
analysis by Plant Direct Gen Amp PCR kit method and the PCR products were subjected to gel 
Agarose electrophoresis (1.5%).  During the study, polymorphism could be observed among the 
rice genotypes for RM122 microsatellite marker, linked with Xa5 gene for BLB resistance.  
Among the thirteen genotypes which displayed marker specific bands during gel electrophoresis, 
five genotypes viz., Karuthakuruka, Kuruva, Kokkankoli, Kochuvithu (Thamarakulam) and 
Punjaparathu had no symptoms of BLB, indicating that BLB resistance in these genotypes is due 
to the gene Xa5.  Eight genotypes viz., Kadamakudi Pokkali, Cheriya Oorpandy, Karavala 
Kochuvithu (Shornad), Chuvanna IR8 (Thodupuzha), Arupatham Kuruva, Gandhasala-I, Pandi 
Chempan and Jeerakasala (Pottisseri), which showed the presence of band for Xa5 gene, 
exhibited symptoms of BLB also. This may be due to the breakdown of resistance to BLB by Xa5 
gene in these eight genotypes. Hence the five resistant genotypes which displayed band for RM 
122 marker linked with Xa5 gene during the study can be utilised for Marker Assisted Breeding, 
to develop BLB resistant rice varieties. 
Keywords: Rice, disease, gene, marker, Xa5, Bacterial leaf blight, microsatellite, resistance  
 
INTRODUCTION 

     Bacterial Leaf blight (BLB) disease, caused by Xanthomonas oryzae pv. Oryzae, is known to 
occur in epidemic proportions in most of the rice (Oryza sativa L.) growing areas around the 
globe.   The disease occurs in the host plant at the seedlings, vegetative and reproductive stages 
but infection at the tillering stage causes severe blighting of leaves resulting in yield loss 
(Shivalingaiah and Umesha, 2010).  The chemical control of this disease is impractical during 
monsoon season and limited due to the concern over health hazards (Guvvala et al., 2013).   
Therefore, the preferred strategy for disease management is through resistant rice varieties 
(Naveed et al., 2010).  
             In the case of BLB, more than thirty resistance genes had been identified and designated 
in a series from Xa1 to Xa32 (Shanti et al., 2010), among which Xa5 is an important recessive 
resistance gene. Marker assisted selection (MAS) using microsatellites or simple sequence repeats 
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(SSRs) in combination with PCR has become a practical breeding method to screen the 
germplasm for identifying resistant varieties.  SSR markers linked with BLB resistance in rice 
had been reported by many researchers like Wu and Tanksely (1993) and Chen et al. (1997). Xa5 
is an important BLB resistance gene located on chromosome 5 and the SSR marker, RM122 is 
located 0.4 cM away from Xa5 gene (Blair and McCouch, 1997). 
 
Hence the objective of the present study was to characterise rice germplasm accessions for Xa5 
gene for BLB resistance using RM122 microsatellite marker.  
 
Materials and Methods     

     Forty traditional rice accessions from the germplasm of Plant Breeding and Genetics 
Division, Regional Agricultural Research Station, Pattambi were subjected to field screening for 
BLB resistance.  Ten seeds each of selected varieties were germinated by top of the paper method.  
After fourth day, the seedlings were transplanted to disposable paper cups filled with soil.  Three 
seedlings were planted per cup and the seedlings were irrigated daily.  Natural occurrence of BLB 
disease was observed for these seedlings one week after planting onwards.  Presence of BLB 
disease in seedlings of various genotypes was confirmed by ooze test.  
Out of the total forty varieties, only twenty varieties which had either no or less symptoms of 
BLB disease, were used for molecular characterisation.  The selected genotypes were 
Karuthakuruka (T1),  Kadamakudi Pokkali (T2),  Pallipuram Pokkali (T3), Cheriya Oorpandy 
(T4), Karavala Kochuvithu (Shornad) (T5),  Chuvanna IR8 - Thodupuzha (T6), Chettivirippu 
(T7), Kuruva (T8), Vyttila-Thuravoor (T9), Chettivirippu - Thuravoor (T10), Arupatham Kuruva 
(T11), Kochuvithu - Thamarakulam (T12), Gandhasala-I (T13),  Punjaparathu (T14), Gandhasala-
II (T15),  PandiChempan (T16),  Karuthamodan (T17),  Jeerakasala - Pottisseri (T18),  
Kokkankoli (T19) and Pokkali (T20).  
The molecular analysis was done using tender leaves of various genotypes by Plant Direct Gen 
Amp PCR kit method. PCR products were used for gel electrophoresis on 1.5% Agarose gel and 
the gel product was photographed using UV Transilluminator. 
 
Results and Conclusions                                                                                                                                                           

The PCR products exhibited polymorphism between the BLB resistant and susceptible genotypes.  
Fluorescent bands could be observed in thirteen samples for the specific marker RM 122, 
indicating the presence of Xa5 gene (Plate1). 

 
Plate1. Molecular characterisation of Rice genotypes using RM122 

Lane 1 - 100bp Marker,  2 - T1, 3 - T2, 4 - T3, 5 - T4, 6 - T5, 7 - T6, 8 - T7, 9 - T8, 10 - T9,  11 - 
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T10, 12 - T11,                   13 - T12, 14 - T13, 15 - T14, 16 - T15, 17 - T16, 18 - T17, 19 - T18, 20 
- T19, 21 - 100 bp Marker,  22 - T20 
Rice genotypes which showed marker specific band for RM122 microsatellite marker, linked with 
Xa5 gene, were T1 (Karuthakuruka), T2 (Kadamakudy Pokkali), T4 (Cheriya Oorpandy), T5 
(Karavala Kochuvithu - Shornad), T6 (Chuvanna IR8 - Thodupuzha), T8 (Kuruva), T11 
(Arupathamkuruva), T12 (Kochuvithu - Thamarakulam), T13 (Gandhasala-I), T14 
(Punjaparuthu), T16 (Pandi Chempan), T18 (Jeerakasala - Pottisseri) and T19 (Kokkankoli).  
Hence it can be inferred that Xa5 gene is present in these thirteen rice genotypes. Specific bands 
were absent in DNA of the remaining seven genotypes indicating the absence Xa5 gene in them.  
Similar polymorphic survey of 88 rice lines was conducted earlier by Naveed et al. (2010), in 
which 45 rice lines along with IRBB-5 amplified 240 bp size fragments indicating the presence of 
Xa5 gene.   
Evaluation of BLB resistance in fourteen parental rice lines carrying multiple resistance gene was 
conducted by Swamy et al. (2006).  The rice lines were screened for the presence of Xa5, Xa13 

and Xa21 using linked DNA markers RM122 for Xa5, RG136 for Xa13 and pTA248 for Xa21 

respectively.  Two lines, MH2R and MH3R, showed the presence of Xa5 gene, whereas all other 
lines were negative for the presence of the three resistance genes.    
         During the present study, the genotypes Karuthakuruka, Kuruva, Kokkankoli, Kochuvithu 
(Thamarakulam) and Punjaparathu showed no symptoms of BLB and they showed bands during 
gel electrophoresis, indicating that BLB resistance in these genotypes due to the gene Xa5.  

However, the genotypes Kadamakudi Pokkali, Cheriya Oorpandy, Karavala Kochuvithu 
(Shornad), Chuvanna IR8 (Thodupuzha), Arupatham Kuruva, Gandhasala-I, Pandi Chempan and 
Jeerakasala (Pottisseri), which showed the presence of band for Xa5 gene, exhibited some 
symptoms of BLB also during subsequent stages.  This may due to the breakdown of resistance to 
BLB by the particular Xa5 gene, in these genotypes.   
Thus, the presence of Xa5 gene for BLB resistance could be confirmed in five BLB resistant rice 
genotypes viz., Karuthakuruka, Kuruva, Kokkankoli, Kochuvithu (Thamarakulam) and 
Punjaparathu, with the help of RM 122 SSR marker.  In future, these five rice genotypes, which 
displayed band for RM 122 marker linked with Xa5 gene, can be utilised for Marker Assisted 
Breeding (MAB) to develop BLB resistant rice varieties. 
 
References 

 
Blair M W and McCouch S R (1997). Microsatellite and sequence-tagged site markers diagnostic 

for the rice bacterial blight resistance gene Xa5. Theor. Appl. Genet., 95: 174-184 

 

Chen X , Temnykh S , Xu Y , Cho Y G and McCouch S R (1997).  Development of a microsatellite 

framework map providing genome-wide coverage in rice (Oryza sativa L.). Theor. Appl. Genet., 

95: 553-567 

 

Guvvala D , Lalitha , Pranitha K , Vinay S and Lalitha S M (2013). Improvement of resistance to 

bacterial blight through marker assisted backcross breeding and field validation in rice (Oryza 

239

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



sativa). Res. J. of Biol., 1 : 82-83 

 

Naveed S A , Babar M ,  Arif A ,  Zafar Y ,  Sabar M , Ali I , Chragh  M  and Arif  M (2010). 

Detection of bacterial blight resistant gene Xa5 using linked marker approaches. Afr. J. 

Biotechnol.,  9 (24): 3549-3554 

 
Shanti M L ,  Shenoy V V ,  Devi G L , Kumar V M M ,  Premalatha P ,  Kumar G N , Shashidhar 

H E  , Zehr U B and  Freeman W H  (2010).  Marker-Assisted Breeding for resistance to Bacterial 

Leaf Blight in popular cultivar and parental lines of hybrid rice.  J. Pl. Pathol., 92 (2): 495-501 

 

Shivalingaiah and Umesha S  (2011).  Characterisation of Xanthomonas oryzae pv. Oryzae from 

major rice growing regions of Karnataka.  Bioscan  6 (1): 5-10 

 

 

Swamy P , Ajay N  P , Dodiya P , Naik V , Panchbhai  S D , Usha B Z  , Azhakanandam K  and 

Bharat R C (2006).  Evaluation of bacterial blight resistance in rice lines carrying multiple 

resistance genes and Xa21 transgenic lines. Curr. Sci.,  90 (6) : 818-824 

 

Wu K S and Tanksley S D (1993). PFGE analysis of the rice genome: estimation of fragment sizes, 

organization of repetitive sequences and relationship between genetic and physical distances. 

Plant Mol. Biol., 23 : 243-254   
  
02-15 
 

BAX-DEPENDENT INITIATOR CASPASE ACTIVATION CONTIBUTES TO 
CELL DEATH INDUCED BY CHEMICAL HYPOXIA MIMETICS IN THE 

ABSENCE OF CASPASE-3  
Krupa Ann Mathew, Prakash R., T. R. Santhosh Kumar,M. Radhakrishna Pillai, CRP, 

Rajiv Gandhi Centre for Biotechnology, Thycaud Post,Thiruvananthapuram 
krupa@rgcb.res.in, prakashrgcb@gmail.com, trsanthosh@rgcb.res.in&mrpillai@rgcb.res.in 

Abstract 
 Cancer is a disease characterized by uncontrolled growth, invasion and metastasis of cells. 
Most solid cancers contain regions of low cellular oxygen concentrations, known as hypoxic 
regions which are associated with poor prognosis and resistance to chemotherapy or radiotherapy. 
Though many reports have demonstrated that hypoxia induces apoptosis in cancer cells, hypoxia-
induced apoptosis may also impose a selection pressure favoring growth of more resistant cells. 
Caspase-3 plays critical role as the primary effector caspase and initiates the proteolytic cascade 
resulting in cleavage of a variety of important cellular proteins. Various bcl-2 family proteins are 
also involved in the co-ordination of different apoptotic signaling events. bax, a pro-apoptotic bcl-
2 family protein, under an apoptotic stimulus, moves towards mitochondrial membrane, develops 
pores on it triggering the release of cytochrome c and subsequent apoptosis.  
 In this study, in order to study the involvement of bax and caspases in the apoptotic 
response to hypoxic stimulus, bax-GfP probe was over-expressed in a caspase-3 deficient breast 
cancer cell line, MCf-7. This also enabled easier visual monitoring of bax-translocation under 
apoptotic stimuli. MCf-7-bax-GfP cell population with a stable, uniform and high expression of 
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bax-GfP protein obtained by cell-sorting using faCS (fluorescence assisted cell sorting) was 
subjected chemical hypoxia mimetics namely, deferoxamine (dfo) and cobalt chloride 
(CoCl2).bax-translocation analysis as well as immunobloting was employed to study the apoptotic 
response of hypoxia treated MCf-7-bax-GfP cells. The study showed that dfo induces stronger 
and rapid apoptotic response in MCf-7-bax-GfP cell line, than CoCl2. dfo-generated hypoxia 
triggered a faster translocation of bax. In spite of the lack of caspase-3 in MCf-7-bax-GfP cells, 
dfo treatment resulted in the cleavage of Caspase-9 and PaRP, as evident from immunoblots. 
Caspase-8, an initiator caspase involved in the extrinsic pathway of apoptosis also got activated 
and aided apoptotic response. This work hence suggests that though caspase-3 is required in most 
cases of apoptosis, it is not an indispensable component in dfo-induced apoptosis in MCf-7 cells. 
It also hints that a deficit in caspase-3 is not sufficient to block bax-induced cell death initiated by 
dfo. Current study also checked the cell death response of MCf-7-bax-GfP cells subjected 
simultaneously to hypoxia mimetics and anti-cancer drugs. The results showed that hypoxia 
rendered MCf-7 cells less sensitive to anti-cancer drugs and monitoring bax-GfP translocation 
was enough to observe the trend. This confirms the vital function bax has in the apoptotic 
response of cancer cells to hypoxia. 
Introduction 

Cancer is systemic ailment identified by the presence of cells exhibiting uncontrolled and 
rapid proliferation, those which can invade other tissues or organs in close proximity as well as 
spread to distant locations of the body, ultimately threatening the existence of the individual. 
Many of the tumors originate as a result of genetic or epigenetic anomalies that lead to the loss of 
balance between pro-apoptotic and anti-apoptotic cellular signaling, ultimately leading to the 
evasion of apoptosis by the cell. Apoptosis is a highly co-ordinated event involving multitude of 
and pro-apoptotic and anti-apoptotic molecules; caspases and Bcl-2 family proteins to name a 
few. Most of the chemotherapeutic drugs used for the treatment of cancer kill cancer cells by 
inducing apoptosis. 

Apoptotic cascade of events can be initiated either by intrinsic (mitochondrial) pathway or 
extrinsic (death receptor) pathway, either of which leads to the actvation of the initiator caspases 
(caspase-9/caspase-8). They in turn activate the effector caspases (caspase-3/caspase-7) initiating 
a cascade of cleavage of a variety of cellular proteins and DNA critically affecting the integrity of 
the cell. The Bcl-2 family proteins act mainly in the mitochondrial branch of apoptotic signaling. 
The Bcl-2–associated X protein, or Bax is the first identified pro-apoptotic member of Bcl-2 
family and competes with the anti-apoptotic Bcl-2 proper. Under an apoptotic stimulus Bax 
ologomerizes with Bak in the cytoplasm, inserts into the outer mitochondrial membrane 
permeabilizing it, releases cytochrome c and other pro-apoptotic factors out of mitochondria 
leading to subsequent caspase activation. 

Hypoxia is a physiological condition in which cells, tissues or organs experience a less 
than adequate level of oxygen concentration. Solid tumors may possess hypoxic zones which can 
render more aggressive and malignant phenotype to them by regulating various cellular processes 
like apoptosis, genetic stability, angiogenesis and growth factor signaling (Harris, 2002). Though 
hypoxic environment can be toxic to cancer cells via induction of apoptosis [Weinmann M et al., 
(2004)], hypoxia-induced apoptosis may also impose a selection pressure favoring development 
of anti-apoptotic potentials and hence growth of more drug- resistant cells [Li C and Jackson RM 
(2002)]. Hence studying apoptotic responses of cancer cells to hypoxia is important for 
understanding cancer progression and cancer therapy. 

Materials and Methods 
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In order to study the role of Bax and the caspases in hypoxia-induced apoptosis, Bax over-
expressed in a caspase-3 deficient cancer cell line. Usage of Bax-GFP plasmid enabled easier 
visual monitoring of Bax translocation under apoptotic stimuli. 

Cell line and plasmids: Breast cancer cell line, MCF-7 was used for the study and maintained in 
DMEM (Dulbecco’s Modified Eagle Medium) with 10% FBS. The Bax-GFP construct was 
kindly provided by Dr. Clark Distelhorst (Case Western Reserve University School of Medicine, 
Cleveland, Ohio) [Distelhorst CW et al. (2003)]. The construct was transferred into MCF-7 via 
lipofection and maintained in medium containing G418 to positively select transfected cells. 
MCF-7-Bax-GFP cells with a stable, uniform and high expression of Bax-GFP protein were 
sorted out at 495nm using FACS (Fluorescence assisted cell sorting). 

Hypoxia treatment: Chemical hypoxia mimetics namely, deferoxamine (DFO) and cobalt chloride 
(CoCl2) were prepared as a stock solution of 100mM in autoclaved distilled water and stored at -
200C. DFO was used at a working concentration of 200 M and CoCl2 at a concentration of 
400 M in DMEM containing 5% FBS for required time periods. 

Time-lapse imaging of Bax-translocation: Cells were grown in imaging champers and subjected 
to hypoxia treatment. Following the addition of DFO, cells were kept for time-lapse fluorescent 
imaging from 0 to 16 hours. Since cell death induced by hypoxia was slower for CoCl2, cells 
subjected to its treatment were imaged for 22 hours. 

Immunobloting: A working concentration of 200 M, 400 M of DFO and 400 M, 600 M of 
CoCl2 was used. Protein lysates were prepared at time periods of 12h, 24h and 48h. 8% and 10% 
gel was used to carry out PAGE. 40 g of each protein sample was loaded into each well. Transfer 
was carried out at 100V for 3h and 80V for 2h onto a nitrocellulose membrane. 
Chemiluminescence and X-ray film developing was used to detect the signals after antibody 
incubation. Beta-actin was probed as a loading control and was developed using the chromogenic 
substrate DAB (Diamidino benzidine). 
Real-time imaging of fluorescently-tagged cells using BD PathwayTM 435 Bioimager: MCF-7 
cells expressing Bax-GFP were seeded on imaging plates and subsequently treated simultaneously 
with drugs (50 µg/ml camptothecin and 1 µM taxol) as well as hypoxia (either 200 M DFO 
or/and 400 M CoCl2). Fluorescent images were taken using BD PathwayTM 435 Bioimager (BD 
Biosciences) as 2X2 montages with a dry 20X objective with NA 0.75. The Bioimager enabled 
real-time monitoring of Bax-translocation by imaging same fields at multiple time points (6h and 
24h). 

Results and Conclusions 
Development of MCF-7 cells stably expressing Bax-GFP plasmid 

The cell population obtained after transfection with Bax-GFP plasmid, growth in selection 
medium and cell-sorting by FACS exhibited a stable, uniform and  high  expression of  Bax-GFP 
protein as evident from the fluorescent image (Fig 1). After sorting for high-expressing cells, all 
of the cells visible in the bright field was found to express GFP. This clone was assumed to 

contain  the plasmid of interest and 
hence used for further experiments. 

Fig 1: Bright field and fluorescence 
images of MCF-7 Bax-GFP cells 
before and after FACS sorting. 

DFO treatment resulted in enhanced 
Bax-translocation than CoCl2 treatment 
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Though Bax translocation was observed in case of both hypoxia mimetics, DFO treated 
cells showed faster Bax-translocation. Bax-translocation started by 8 h in case of DFO compared 
to 14h in CoCl2. Cells with Bax-translocation were identified by the change in the pattern of 
distribution of Bax-GFP protein within the cytoplasm. The homogeneous distribution of Bax-GFP 
was altered to a granular pattern (Fig 2). DFO treatment generated, more cells showing Bax-
translocation than CoCl2 treatment in a faster manner (Fig 3). 

DFO treatment initiated Bax-induced apoptotic response 

The exogenous expression of Bax-GFP in the transfected cells was again proved by 
immune-detection of GFP protein (Fig 4A). The initiation of apoptotic events after DFO 
treatment in MCF-7 Bax-GFP cell line, indicated by fluorescent images of Bax-translocation, was 
confirmed by immunoblot. PARP cleavage as well as cleavage of Caspase-9 could be observed in 
MCF-7-Bax-GFP cell line treated with DFO, conforming induction of apoptosis. 

Fig 2: Time-lapse fluorescence images of 
MCF-7 Bax-GFP cells subjected to 
hypoxia. Arrow heads indicate cells with 
Bax-translocation evidenced by granular 
pattern of GFP expression. 
Fig 3: Graphical representation of 

percentage of MCF-7 Bax-GFP cells showing Bax-
translocation after either DFO or CoCl2 treatment. 

Cleavage of Caspase-8 mother band was also 
observed after hypoxia treatment (Fig 4B). Similar 
results were obtained in untreansfected MCF-7 cells 
also with corresponding increase in cleaved bands. 
Increased rate of cleavage of PARP, Caspase-9 and Caspase-8 was observed after DFO treatment 
than CoCl2 treatment (Fig 4C). Though Caspase-3 is yet another important player in apoptosis, 
since MCF-7 is a Caspase-3 deficient cell line, its involvement can be ruled out. 

Fig 4: Western blots of 
key apoptotic molecules in 
transfected and 
untransfected MCF-7 
cells, post hypoxia 
treatment.   

Current study also 
checked the cell death 
response of MCF-7-Bax-
GFP cells subjected 
simultaneously to hypoxia 
mimetics and anti-cancer 
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drugs. Representative images of Bax-translocation after 6h and 24h of drug treatment with and 
without the presence of hypoxia mimetics are given in Fig 5A. Graph showing the percentage of 
cells showing Bax-translocation (Fig 5B) indicates that those cells subjected to both hypoxia 
mimetic and drugs exhibited lesser percentage of cells with Bax-translocation than those cells 
treated with drugs alone. 

 

 

Fig 5: Utilization of 
translocation of 
Bax-GFP protein as 
an indicator of 
apoptotic response 
of MCF-7 cells to 

chemotherapeutic 
drugs under hypoxia 
treatment. 

The present 
work shows that 
hypoxia generated 
by mediation of 
chemical mimetics, 
deferoxamine and 
cobalt chloride, in 
MCF-7 Bax-GFP 
cell line can induce 
the translocation of 
Bax protein from 
the cytosol to the 
mitochondrial outer 
membrane, an early 
event in the intrinsic 
pathway of 
apoptosis. This 
event was later 
found to have led to 
apoptosis of those 

cells involved. Cell death via apoptosis was observed in MCF-7 Bax-GFP cells treated with both 
CoCl2 and DFO, however greater cell death was observed in case of DFO treatment. Immunoblot 
showed that deferoxamine treated MCF-7 showed cleavage of key molecules of classical intrinsic 
pathway of apoptosis namely Caspase-9 and PARP. Observation of cleavage of Caspase-8, the 
initiator caspase involved in the extrinsic pathway of apoptosis, lead to a possibility that hypoxia 
generated by deferoxamine in MCF-7 can activate both the pathways of apoptosis. A similar 
result was obtained in MCF-7 cell lines subjected to Bax mediated apoptosis by Kagawa S et al. 
(2001). 

Since MCF-7 cells inherently lack caspase-3, this work shows that hypoxia treatment by 
deferoxamine can lead to apoptosis even in the absence of caspase-3. This work hence suggests 
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that though caspase-3 is required in most cases of apoptosis, it is not an indispensable component 
in DFO-induced apoptosis in MCF-7 cells.  It hints that a deficit in caspase-3 is insufficient to 
block Bax-induced cell death initiated by DFO. Similar results were earlier reported in MCF-7 
cells by Kagawa S et al. 2001, where exogenous overexpression of Bax induced cell death in both 
parental MCF-7 cells and MCF-7/Casp3 cells. But caspase-3 deficient MCF-7 cells didn’t exhibit 
morphological nuclear and DNA fragmentation under these conditions while MCF-7/Casp3 did. 
Bax induced levels of cleavage of effector molecules like PARP, Caspase-6, and lamin B was 
unaffected by Caspase-3 deficiency. Data from this work hence support the fact that apoptotic 
events differ according to different apoptotic stimuli and in different cell lines, involving 
activation of different caspases and mitochondrial changes [Mooney LM et al., (2002)]. 

Current study also checked the cell death response of MCF-7-Bax-GFP cells subjected 
simultaneously to hypoxia mimetics and anti-cancer drugs. The results showed that hypoxia 
rendered MCF-7 cells less sensitive to anti-cancer drugs and monitoring Bax-GFP translocation 
was enough to observe the trend. This confirms the vital function Bax has in the apoptotic 
response of cancer cells to hypoxia.   
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 EGCG (Epigallocatechin-3-gallate), is a major polyphenol found in green tea with 
antioxidant property and known to exert various biological effects including hepato protective, 
anti tumorogenic and chemo preventive effects in many in vitro and in vivo models. Several 
studies have shown that EGCG has pro-oxidant activities at higher concentrations and induces 
autophagy and celldeath. Even though the molecular mechanisms explaining the anticancer 
prorperty of EGCG and the exact signaling pathways activated by this bioactive compound are 
still remain un eluciated. P53 mutations are common in all most all type of human cancers. P53 
deficient cells usually escape from various apoptotic signals induced by chemotherapeutic and 
chemo preventive agents. In this study we tried to figure out the apoptotic potential of EGCG in 
colon cancer cell lines dLd and HCT116 wild type and their p53 knock out counterparts. It was 
observed that EGCG induced apoptosis in both wild type and p53 knock out cells in similar 
extent at 200 micro molar and above. Higher concentrations of EGCG induced cytosolic calcium 
and promoted calpain activity in all panel of cells. during flow cytometric analysis and chromatin 
condensation assay similar extent of apoptosis was observed in both wild type and knock out 
cells. These results indicate that EGCG induces apoptosis in colon cancer cell lines independent 
of the p53 status. Moreover this compound at higher concentration and sensitizes the cells to 
calcium calpain mediated apoptosis. This property of EGCG at higher concentrations makes it a 
promising chemopreventive agent as well as a chemosensitizer and this effect of EGCG can be 
utilized along with other potent anticancer drugs to improve the chemotherapeutic efficacy 
against p53 mutated cancers 
Introduction 
 Cancer chemoprevention is an area of extensive research through which several plant 
derived compounds have been identified as potential dugs and chemo preventive agents. Among 
these bioactive compounds flavnoids hold a key position, as many of the chemo preventive agents 
fall in the group of flavanoids. Green tea is a mixture of bio active compounds and used 
worldwide as a healthy beverage. Green tea poly phenols are found to have many biologically 
active compounds having the potential to exert impact on several human diseases including 
cancer , aging and neurodegenerative disorders [Stoner and Mukhtar (1995)].  Among the green 
tea poly phenols Epigallocatechin-3-gallate (EGCG) is found to be more potent bio active 
compound and responsible for the major health benefits of green tea. EGCG is found to exert 
many biological activities including anti oxidant, anti proliferative, anti-inflammatory, anti 
bacterial, neuro protective   etc, [Shi et al (2000), Valcic et al (2000)]. Many in vitro and in vivo 
studies suggest that EGCG prevents cancer through activating several signal transduction 
pathways and at higher concentrations EGCG has pro-oxidant activity [Chen et al (2003)]. Even 
after extensive research in the anti cancer property EGCG several signaling mechanisms remain 
undefined.  Moreover it has been reported that EGCG is found to increase cytosolic calcium in 
dose- dependent manner [Wang et al (2011)] and the biological effects of EGCG mediated 
calcium modulation is not well studied yet. 

P53, the master regulator of cellular activities such as cell cycle progression, DNA 
damage repair and apoptosis, is known to have importance in chemo resistance.  Most of the 
human cancers are associated with P53 mutation as an escape mechanism from programmed cell 
death [Keshelava et al (2000)]. Due to widespread mutations leading to loss of P53 function many 
anticancer drugs became in effective and more safe and efficient chemotherapeutic or chemo 
preventive agents has to be identified in order to fight against cancer. In the present study we are 
trying to figure out the apoptotic potential of EGCG in colon cancer cell lines DLD and HCT 
along with their P53 knocked out counter parts. Moreover the significance of EGCG mediated 
calcium modulation and its effect on apoptosis with respect to P53 status is analyzed. 
Materials and Methods 
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Cell culture and Reagents 
Colon cancer cells   DLD, HCT with P53 knock out cells are grown and maintained at an 
appropriate temperature and gas mixture (typically 37oC and 5% CO2 for mammalian cells) in a 
cell incubator with DMEM (Invitrogen)  as culture medium supplemented with 10% FBS and 
antibiotics were maintained in T-25 flasks(BD Falcon)  . EGCG purchased from Sigma Aldrich. 
 Fluorescence Imaging 
For imaging, cells were either grown on chambered cover glass or glass bottom plates and 
observed under Nikon inverted fluorescent microscope TE2000E ( Nikon, Japan )  and imaged 
with 10x objective after  EGCG treatment with Hoechst staining . 
Mitochondrial calcium analysis using Rhod-2 AM and Calpain activity analysis using t-BOC 
Cells were treated with desire concentrations of EGCG and tryapsinized and incubated with 
labeled fluorescent calcium indictor dye Rhod-2. Mitochondrial calcium level is analyzed using 
flow cytometric analysis. Cells treated with EGCG were trypsinized and incubated with t-boc ,a 
fluorescent substrate of enzyme calpain and extent of calpain activity was analysed by measuring 
fluorescence  by flow cytometric analysis. 
Cell cycle analysis using flow cytometry 
Cells  after  EGCG teatemnt,  trypsinised. The trypsinised cells were transferred to a FACS tube 
and centrifuged. Pellet was re-suspended properly in 10% FBS containing DMEM in the FACS 
tube. After fixing the cells were treated with Rnase followed by Propidium Iodide staining. Cells 
were filtered and the filtrate was collected in another FACS tube and then analysed. 
Western Blotting 
 0.5 x 10 6 cells were seeded in 60 mm culture dishes and (BD) and incubated over night. 
Cells were treated with various concentrations of EGCG and after 24 hours cells were lysed   
using phospholysis buffer and in ice.   40 micro gram concentration of   protein samples   were 
loaded in 10-15% of SDS Poly Acrylamide Gel  and blotted in PDF membrane, the membrane 
were incubated over night with primary antibodies of PARP and P53 (Cell signaling 
Technologies) and 1hour at room temperature with secondary antibodies (Sigma).The blots were 
subjected to Enhanced Chemi Luminescent Assay  (Amersham) for developing the bands. 

Results 
1. EGCG induces   apoptosis in 
both wild type and P53 knock out 
colon cancer cells 
Colon cancer cells DLD, HCT 116 
with their knock out forms were 
cultured and treated with 200 micro 
molar EGCG. Cells were incubated 
for 24 hours and treated with Hoechst 
and measured the extent of cell death 
by chromatin condensation assay. 
Fluorescent images were taken from 
each group and number of chromatin 
condensed cells was counted and %of 
condensed nuclei were calculated 
from three different experiments. A 
graph was plotted (Fig 1C) with % of 
chromatin condensed cells. EGCG 
treatment significantly increased 
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number of chromatin condensed or dead cells in all panel of cells as evident from the figure 1 A & 
B.  
 
Figure 1: Fig 1 A & B shows fluorescent images of cells treated with EGCG after staining with 
Hoechst and   fig C shows the representative graph. Figure 2 shows the flow cytometric analysis 
of EGCG treated cells.  Percentage apoptotic cells are almost similar in wild type as well as in 
knocked out cells. 
2. EGCG increases mitochondrial calcium level in both wild type and P53 knock out cells . 

Cells were flow cytometrically analysed for the 
release 

of 

cytosolic calcium from 
Endoplasmic reticulum stores and simultaneous increase in mitochondrial calcium level. Flow 
cytometric analysis using Rhod-2 AM, ( a calcium indicator)  and the fluorescent intensity pattern 
shows that EGCG invariably increases mitochondrial calcium in both colon cancer cell lines and 
their variants .  
Figure 3 shows fluorescence intensity shift proportional to the increase in the calcium indictor 
dye fluorescence .Graph is plotted with fluorescence intensity on Y axis and number of cells at X 
axis. Increase in the cytosolic calcium leads to peak shift to the  right. 
3. EGCG induces apoptosis through a calcium dependent enzyme calpain 

When DLD ,HCT both wild type and  their P53 knock out cells were  treated  with 200 
micro molar EGCG significant level of apoptosis was observed . Since EGCG increases 
cytosolic/ mitochondrial calcium,  the involvement of a calcium activated apoptotic enzyme in 
mediating cell death was suspected . So we checked the calpain activity through a functional 

assay based on  flow cytometry.  In this assay a 
fluorescent substrate called t-BOC (t-BOC-Leu-
Met (7-Amino-4-Chloromethylcoumarin, t-
BOC-L-Leucyl-L-Methionine amide) was given 
to cells and calpain cleaves the substrate .  The 
intensity of emitted fluorescence was measured 
which will be proportional to the activity of 
calpain.  EGCG induced calpain activity in all 
panel of cells indicating a p53 independent 
calcium mediated calpain activity . 
 
Figure 4 is the graphical representation of 
calpain activity through t-BOC analysis. Both 
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wild and p53 knock out cells were shown to have increased calpain activity upon EGCG 
treatment. 
4. EGCG induces  calpain mediated apoptosis leading to PARP cleavage. 
Poly (ADP-ribose) polymerase   (PARP) cleavage is   an important marker of apoptosis. In order 
to know the extent of apoptosis mediated by 
EGCG treatment cells were lysed and  subjected 
to western blot analysis using PARP. Significant level 
of PARP cleavage was observed confirming our 
previous experimental results that EGCG induces 
apoptosis in  colon cancer cells remarkably in p53 

independent manner. 
Figure 5 shows western blot analysis of PARP 
cleavage in EGCG treated cells   along with the p53 
status of these cells. EGCG treatment lead to 
calpain mediated apoptosis and PARP cleavage. 
Discussion 
EGCG, a potent antioxidant found in the green tea 
is known for its antitumor activity can be an 
excellent chemo preventive agent. Recent studies 
shows that EGCG  acts differently in normal as well 
as tumor cells. Unlike some anti cancer agents it can exerts its toxic effect to cancer cells without 
side effects.  Our study using two colon cancer cell lines DLD, HCT 116 and their p53 knock out 
counter parts suggest that this compound increases cytosolic /mitochondrial calcium and there by 
calcium mediated calpain activity which ultimately leads to apoptotic cell death .  All of these 
events in the calcium mediated apoptotic cascade are not dependent on p53 status of the cells. 
That means these cells whether they are   chemoreistant due p53 loss or not EGCG can lead them 
to death. The apoptotic effect of this compound in colon cancer cell lines at comparatively higher 
concentrations up to 200 micro molar concentration proves  that at higher concentrations it has 
pro-oxidant activity. Since most of human cancers including colon cancers attain chemo 
resistance via p53 mutations, EGCG having p53 independent mode of apoptotic activity is  found 
to be very beneficial in cancer chemoprevention  and enhancement of therapeutic efficacy of 
drugs.  Thus one more reason to include green tea, in our daily diet. 
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1.Abstract  
Coir pith is obtained from coconut husk during the process of extraction of coir fiber. Its 
demand is steadily increasing for horticultural purposes as a mulch material and soil 
conditioner. The pith has low density [0.2gm/cc] which makes it suitable for nurseries as a 
potting media. The coir pith also finds use in the field of geotechnical applications like 
erosion control blankets as filler. Although raw coir pith has a high water holding capacity 
(600-800%), farmers still do not accept coir pith easily mainly due to the high C:N ratio, 
presence of soluble tannin related phenolic compounds and its low biodegradability due to 
high lignin content. Composting leads to increasing  its manorial value when the lignin 
content is reduced. This paper reports the studies on degradation of coir pith by 
PITHPLUS, a basidiomycetes fungus which possess biopolymerizing enzymes which 
could be applied to biodegrade coir pith into organic manure. The composting of coir pith 
also proves to be an effective method for elimination of environmental pollution caused by 
hillocks of accumulating coir pith in the coir fibre production regions of India.  
This paper also reports on the development of “ COCOLAWN”, a lush green readymade 
lawn of grass prepared using coir geo-textile, coir needled felt /coir fibre, coir pith and Coir 
Pith Organic Manure (C-POM).  The lawn is encased in a composite comprising a single 
layer of coir fibre embedded in coir netting or coir geotextiles. A layer of coir pith is placed 
on the fibre.  Grass slips are planted on the coir pith bed so made and Coir Pith Organic 
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Manure (C-POM) is sprinkled thereon to form a thin layer. Grasses of choice can be grown 
to prepare the lawn. It is easy to shift the material from one place to another and it can be 
rolled for transportation. The open weave structure of supporting fabric ensures complete 
drainage of excess water and helps in supporting roots of the planted grass saplings and 
protects bare surface otherwise vulnerable to erosion by rain and wind while grass 
develops to provide long-term protection.  
 
Keywords: coir geotextiles, coir needled felt, coir pith, organic manure, grass lawn, soil 
erosion control. 
 
2.Introduction 
 
Coir is  100%  an organic naturally occurring fiber derived from the abundantly available 
renewable resource namely, coconut husk (cocos nucifera). Coir fibers are spun into yarn 
which is  woven into different forms of mesh mattings, floor coverings & diversified 
products. Coir geotextiles have been designed and developed in various forms depending 
upon the end uses of the material. Geotextile is used in ground and civil engineering 
applications for improving the soil behavior, preventing soil erosion and help consolidation 
of the soil. These permeable fabrics have the ability to separate, filter, reinforce, protect 
and drain. Geotextiles are available in different forms such as meshes, grids, needled felts, 
erosion control blankets [Bhatia, S.K. and Smith, J.L, (1996)]. Coir nettings and coir 
needled felt have been utilized for developing various end use products in the field of soil 
bioengineering which includes road embankment protection, river/canal bank protection, 
slope protection, application in rural unpaved roads and other non conventional end uses, 
besides erecting mud walls for protection of high velocity stream banks. Only 35% of 
available coconut husks in India are used for extraction of coir. Therefore there is enough 
scope to enhance its application. Coir geotextiles are found to provide protection against 
soil erosion to the various types of slopes.  Coir pith is another lignocellulosic biomass 
presents to the extent of 70% in the coconut husk that is obtained during the extraction of 
coir fiber in nearly double the quantity. The coir pith is a fluffy, light and spongy material 
with very high water-holding capacity [upto 800%]. It decomposes very slowly in soil, 
because its pentosan /lignin ratio is 1:0.30; the minimum required for moderately fast 
decomposition in the soil is 1: 0.5 (Ghosh et al. (2007). About 7.5x106 tons of coir pith is 
produced annually in India. The coir pith once considered a waste material has been found 
to be useful for horticultural purposes because of its high water holding capacity. It 
provides the soil less medium for growth of nursery plants and has been used extensively 
in various countries for the purpose.  
Coir pith when inoculated with PITHPLUS, and enriched with urea shows a definite 
reduction in lignin and cellulose content with an increase in total nitrogen and other 
nutrient elements after a period of 30 days. PITHPLUS is derived from Pleurotus sajor 

caju, which is a fast-growing, edible mushroom [Bisaria et al. (1987)]. A simple 
technology for accelerated composting of coir pith has been developed by Coir Board 
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using PITHPLUS, a lignolytic fungus (Pleurotus sajor caju) and the composting will be 
completed in 30 days. The composted pith is excellent organic manure, with a reduced C/N 
ratio of 20:1, pH of about 6.9, and electrical conductivity of 0.19 millimhos /cm, making it 
more desirable soil manure.  
The concept of Food for All in Green Revolution resulted in degradation of soil, which is 
mainly due to much importance given on nutrient management rather than on soil organic 
matter. Maintenance of soil health therefore assumes greater importance especially in 
tropics and subtropics. The main constraint  to  maintain  the soil organic matter is the non 
availability of the requirement of huge quantity of organic manure. There is an  increasing 
thrust for organic waste recycling in agriculture and  in such  a situation coir pith, which is 
still an  untapped source, could be used.  Conversion of this waste into manure will also 
result in the hygienic disposal of solid waste, which could otherwise cause environmental 
problem.  Composted coir pith can be applied as an ideal plant nutrient source for all plants 
(Moorthy, K.V; 1981). Sphagnum Peat Moss has been used for centuries in Europe, 
Canada and Australia for mainly horticultural purposes and energy. Exploitation of peat 
moss for horticultural purposes in European countries has been facing stiff opposition from 
the environmentalists, as it has resulted in destruction of wetland in these countries.  
 Removal of the vegetation has resulted in the erosion of the banks and the Middle 
East countries import grass turfs in large quantities for creating greenery. Grass turfs 
require frequent watering and are difficult to transport due to heaviness. Therefore, there is 
requirement of an eco-friendly readymade lawn which can change barren lands into green 
landscapes. The development of COCOLAWN using coir is a novel technology which 
needs to be harnessed to emphasize its importance as a cost effective substitute to synthetic  
turfs. Studies on the physico-chemical properties of Cocolawn reveal the advantage of  raw 
and composted coir pith in the field of soil less medium of plant growth.  
 
3. Materials and Method 

3.1  Coir pith 
 
Coir pith is obtained from coconut husk during the process of extraction of coir fiber. Coir 
pith was collected from the coir  fibre extracting units in Alappuzha. Pithplus was cultured 
in the laboratory using sorghum as a substrate for the development  of  the vegetative 
mycelia. The spawn was developed on sterilized sorghum filled in poly bags. The sterile 
substrate was then inoculated with the Pithplus  (Fig 1 a). Full grown polybags weighing 
400 gms together with  5 kilograms of Urea (Commercial grade) were used for the study.  
 
3.1.1. Method of composting. 
A schematic diagram of such a multilayered structure is shown in Figure 1(b). As shown in 
the figure, the first layer of pith is covered with a layer of PITHPLUS. The layer of 
PITHPLUS provides the necessary cellular organisms to biodegrade the coir pith. The layer 
of coir pith is covered by an additional layer of coir pith followed by urea. Urea provides 
the necessary nutrient media to proliferate the growth of the cellular organism that cause 
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the degradation of coir pith. The urea layer is finally topped off by a layer of pith and 
PITHPLUS respectively. The final assembly of a six layered arrangement, which is 
continued until the height of the heap reaches a maximum of 1.5 mtr. The moisture in the 
heap maintained at 200% by sprinkling water twice in a day for 30 days.  
                   
 
 
 
 
 
 
Fig.1. a. Pithplus                  b. sandwiching process of  composting  

 

Samples of coir drawn from different points within the coir pith heap were analyzed for 
Nitrogen, Phosphorous, Potassium (NPK), pH, Electrical Conductivity, Salinity, Lignin and 
C: N ratio to assess the rate of degradation of coir pith. 
3.2  Cocolawn 

The coir based lawn is made up of four distinct layers of coir  geotextiles, needled felt/coir 
fibre, pith and organic manure over which natural grass is planted in the form of slips or 
seeds. Lawns have been developed using different types of grass which include Korean 
Grass (Zoysia matarella), Mexican Grass (Zoysia teunifolia). 
3.2.1.  Coir Geotextiles 

Coir geotextiles are produced in ten specifications [H2M1-H2M10] (Figure 2) as per the 
Bureau of Indian Standards (BIS), which vary in weight from 400 to 1400 gms/meter and 
mesh sizes from 1 cm to 2.5 cm respectively (Table 1).  
Table 1.Constructional Details of Handloom Coir Mesh Matting 

Designati
on 

Type of warp 
yarn 

Approximate 
scorage of 
warp yarn 

Ends 
per dm 

Type of 
weft yarn 

Picks 
per dm 

Mass, 
kg/m
2 

(1) (2) (3) 
(4
) 

(5) (6) 
(
7
) 

Hand 
loom 
matti
ng 
H2M
1 
(MM
A1) 
H2M
2 

Anjengo 
Beach 
Aratory 
Anjengo 
Vycome 
Vycome 
Beypore 
Anjengo 
Anjengo 
Anjengo 

14 
9 
15 
12 
13 
12 
- 
12 
11 
11 

9 
8 
1
4 
1
9 
9 
4.
6 
4 

Vyco
me 
Beac
h 
Arat
ory 
Arat
ory 
Vyco
me 

8 
7 
14 
11 
8 
4 
6 
7 
7 
9 

0.
6
5
0 
0.
7
0
0 
0.
8
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(MM
B1) 
H2M3 
(MMR1
) 
H2M
4 
(MM
A2) 
H2M
5 
(MM
V1) 
H2M
6 
(MM
V2) 
H2M
7 
(MM
Y1) 
H2M
8(M
MA3
) 
H2M
9 
(MM
A4) 
H2M
10 
(MM
A5) 

1
1 
1
3 
1
8 

Vyco
me 
Bey
pore  
Arat
ory 
Arat
ory 
Anje
ngo 

7
5 
1.
4
0
0 
0.
7
4
0 
0.
4
0
0 
1.
2
5
0 
0.
7
0
0 
0.
9
0
0 
1.
3
0
0 

 
                                       

            
 
H2M6           H2M5                     H2M9 

Fig 2. Different types of Coir geotextiles 

 

3.2.2 Method of preparation of Cocolawn 
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The H2M5 netting [coir geotextile] is an open weave mesh structure to support the lawn 
and ensures complete drainage of excess water. It can also be usefully laid to adjust any 
contour with proper hugging due to its rugged and heavy construction. The open weave of 
the supporting fabric also helps in supporting the roots of the planted grass slips, which 
form a mat by entangling with the coir fiber and yarn. The H2M5 netting can therefore be 
laid on any arid surface or even concrete floor to act as a support material as the surface 
only forms a support for the blanket without contributing to the sustenance of grass. The 
netting also helps drain the excess water accumulated during irrigation. Coir non woven 
[needled] felt has been used as a semi-permeable membrane to retain the coir pith with C-
POM, and to give support to the readymade lawn. It helps in creating a microclimate which 
boosts plant development. A layer of coir pith is provided on the non-woven layer, which 
adds to the bulk properties of the lawn. Further, such a layer of coir pith forms a support or 
bed for grass. Coir pith has been used as a moisture retaining agent for the roots of grass 
due to its cylindrically opened foam cell like structure to provide an inexpensive and 
environment friendly matrix for diffusion controlled moisture release. Retention of as 
much as 800% of moisture on its weight supports the grass slips even during drought by 
providing adequate moisture which is released slowly creating the ideal conditions for the 
growth of plants. Because of the moisture retention capacity sprinkling of water can be 
minimized reducing cost and saving water. Grass is planted on the top most layer of Coir 
Pith Organic Manure, C-POM (Figure 3). 

 
Figure 3. Coir based lawn (4 distinct layers) 
 
4. Results and Discussion 
The nutrient status of raw and composted coir pith is indicated in Table 1. 
Table 1. Nutrient status of raw coir pith and c-pom 

PARAMETER 
RAW COIR 
PITH 

C-POM 

Nitrogen (%) 0.26 1.26 

Phosphorous (%) 0.01 0.06 

Potassium (%) 0.78 1.20 

Organic carbon (%) 29.3 24.4 
C:N   ratio 112:1 19:1 

Lignin (%) 30 4.8 

Moisture (%) 30 60 
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pH 5.4   6.9 

Salinity (parts per thousand) 3   0  

Electrical Conductivity 
(millimhos / cm) 

0.98 0.21 

 
It has been observed that addition of Pithplus  along with urea as a nitrogen source could 
result in the vigorous growth of the mushroom accelerating the rate of lignin degradation 
leading to an increase in the nitrogen, phosphorous and potassium content in coir pith. The 
composted coir pith obtained after 30 days was observed to have acquired a darker colour 
than its original form and the particle size was also reduced considerably. It was observed 
that coir pith is having a particle size of 400 microns was reduced to 10 -50 microns in 
respect to the volume reduction of from 1 to 0.58 cubic meter during composting. It was 
also found that the nitrogen content of the degraded coir pith was observed to increase 
from 0.26-1.26%, phosphorous from 0.01-0.06% and potassium from 0.78-1.20% after 30 
days (Figure  5 a). A significant finding from the foregoing studies reveals that coir pith 
compost prepared by the addition of urea after 30 days resulted in yielding 1.26% of 
nitrogen, 0.06% of phosphorous and 1.20% of potassium.  

                                          
                            a                                                                           b 
Figure 4 . a. Increasing trend in NPK during coir pith composting         b.  Decreasing 

trend in C: N ratio 
 
The principal change brought about in coir pith during composting is the breakdown of 
lignin which forms the chief constituent [Kadalli,G.G and Suseela Devi,L(2002)].  There 
was a drastic reduction in lignin content from initial 30% to 4.8% in the heap after 
composting. Treatment of mushrooms on coir pith showed variation in pH which was 
noted to increase to 6.9 from the initial value of 5.4. The variation in pH value indicated 
changes of acidic nature of coir pith to neutral during composting. Raw coir pith 
maintained as control indicated a value of 0.98 millimhos/cm for EC, which tends to 
decrease during composting resulted in lowering the same  to 0.21 millimhos / cm. Salinity 
of raw coir pith was found to range from 3 ppt which tends to decrease during composting 
(0 ppt). The rate of change of carbon: nitrogen (C: N ratio) in coir pith during the process 
of degradation was reported by Ghosh et al. (2007). Treatment on coir pith with 
PITHPLUS was observed to display the lowest values for C: N ratio as 19:1 from the 
control value existed in raw coir pith as 112:1 (Figure 5b ). The colonization of mushroom 
cause biochemical changes in pith by utilizing cellulose, hemicellulose and lignin that lead 
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to variations in nutrient status as reported by Wood (1979) and Moorthy (1981). 
Rajarathinam and Zakia (1998) and De Bertoldi et al. (1987) tested the four strains of 
Pleurotus for the degradation of lignocellulose and P. sajor caju showed maximum 
activities of polysaccharide degrading enzymes which could be correlated to weight loss 
and reduction in lignin content. 
An eco-friendly method has been adopted for faster development of ready-made grass 
lawns using natural coir products instead of using synthetic products, which are costly, non 
environment friendly and pose disposal problems. The H2M5 coir geotextile is an open 
weave mesh structure to support the lawn and ensures complete drainage of excess water. It 
can also be usefully laid to adjust any contour with proper hugging due to its rugged and 
heavy construction [Schurholz, H et al,(2000)]. The H2M5 netting can therefore be laid on 
any arid surface or even concrete floor to act as a support material as the surface only 
forms a support for the blanket.  The netting also helps drain the excess water accumulated 
during irrigation. Coir non woven needled felt has been used as a semi-permeable 
membrane to retain the coir pith with C-POM, and to give support to the readymade lawn. 
It helps in creating a microclimate which boosts plant development. 

              
                                      a                                                                                         b                           

Figure 5 (a &b).  Cocolawn  

 
A layer of coir pith is provided on the non-woven layer, which adds to the bulk properties 
of the lawn and forms a support for grass. Coir pith has been used as a moisture retaining 
agent for the roots of grass.  Retention of moisture on its weight supports the grass slips 
even during drought by providing adequate moisture which is released slowly creating the 
ideal conditions for the growth of plants. The open weave of the supporting fabric ensures 
complete drainage of excess water and helps supporting of roots of the planted grass 
saplings along with protection of bare surface vulnerable to erosion by rain, run-off and 
wind (Figure 5 a&b). Typical applications include ground cover, roof cover and vegetation 
restoration in any denuded area.  
5. Conclusion 
Environmental protection through the development of clean technologies and 
bioremediation of environmental pollutants is one of the main areas of biotechnology. 
Bioremediation of waste can be achieved through biodegradation and mineralization. It 
results in the conversion of waste in to useful materials as in the case of composting. 
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Composting is the bioconversion of waste into a hygienic soil conditioner and fertilizer. 
Restoration and maintenance of soil humus conserves the resources and represents one of 
the most essential and beneficial ecological process. Coir industry leads to the 
accumulation of coir pith hillocks which cause environmental pollution and hence 
biodegradation of coir pith is essential to control the pollution caused by its accumulation. 
Coir pith can be biodegraded into a rich plant nutrient source by PITHPLUS, a mushroom 
fungus whose vegetative mycelia branches out into the lignocellulosic coir pith substrates 
in period of 30 days. It can therefore be concluded that being a source of organic matter 
derived from a plant origin composted coir pith manure could improve the nutrient status 
of soil through its properties like higher soil moisture retention capacity resulting in an 
increased uptake of nutrients and thereby a higher crop yield. 
Coir based lawn is made available in the form of blankets. It is easy to shift the material 
from one place to another and can be rolled for transportation. It can be molded easily to 
the contours of any surface and creates a microclimate, which boosts plant development 
and fully decomposes once vegetation has been established. Soil can be improved by 
adding organic matter such as coir pith compost. Improved soil contributes to healthy 
plants that will be less susceptible to diseases or environmental stress.  
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Abstract 
 Synthesis of nanoparticles using plant extracts is a novel, cost effective and eco-friendly 
approach. In this paper, we report on the biosynthesis of zinc nanoparticles employing aqueous extract 
of dried leaves of soursop, Annona muricata. a sol-gel method of synthesis was used since it is known 
to generate homogeneous, high purity and high quality nanopowders. Structural, morphological and 
optical properties of the nanoparticles were characterized using UV–Vis spectrophotometer, fourier 
transform infrared (fTIR) spectroscopy, X-ray diffraction (XRd) and Scanning electron microscopy  
(SEM) analysis. The UV-Vis spectrum showed absorption maxima at 372nm. fTIR analysis of the 
nanoparticles was carried out to reveal the structural details of the adsorbed constituents from the plant 
extract. SEM analysis showed dispersed as well as agglomerates of nanoparticles of below 50 nm size 
which was confirmed from XRd data by debye-Scherrer’s formula. XRd analysis revealed hexagonal 
wurtzite structure with preferential orientation at (101) reflection plane 
Introduction 

Nanoparticles possessing sizes upto 100nm are known to exhibit completely new or improved 
properties compared to their bulkier counter parts in terms of size, distribution and morphology (Singh 
et al, 2011, Govindasamy et al, 2013, Sivakumar et al, 2014).   Physical and chemical methods of 
nanoparticle synthesis are not only expensive but also are unfit for medical applications due to the use 
and generation of hazardous chemical agents that are adsorbed to the nanoparticles.  Green synthesis of 
nanoparticles, in the presence of plant extracts, thus becomes an attractive alternative system 
(Nagarajan and  Kuppusamy, 2013).  We have used the sol-gel technique in this study to generate 
biogenic nanoparticles since it enables the controlled production of shape-modulated high purity 
nanoparticles (Samat and Roslan, 2013).  There are several reports published on biosynthesis of gold 
and silver nanoparticles (Krishnamurthy, 2012, Ponarulselvam et al, 2012, Padma and Dhara, 2012). 
  Zinc oxide is a highly attractive metal oxide which has vast applications in optical, 
piezoelectric, magnetic, and gas sensing areas in addition to high catalytic efficiency and strong 
adsorption ability (Wahab et al, 2010).   In this paper, we report on the biosynthesis of zinc 
nanoparticles in the presence of leaf extract of Annona muricata L., also known as soursop, a tropical 
tree with edible fruit.  Leaves of A. muricata have been found to possess chemopreventive potential 
against chemically-induced skin papillomagenesis in mice (Hamizah et al, 2012).  Traditionally, the 
leaves are used for ailments like headaches, insomnia, cystitis, liver problems, diabetes and as anti-
inflammatory, anti-spasmodic anti-rheumatic agent (Orlando et al, 2010).  Biosynthesis of silver 
nanoparticles from aqueous peel extract of Annona squamosa, using AgNO3 has already been reported 
(vivek et al, 2012).  Synthesis of zinc nanoparticles have also been reported from Aloe barbadensis  
(Sangeetha et al, 2011), Calotropis procera (Singh et al, 2011) as well as Citrus aurantifolia fruit pulp 
(Samat and Roslan, 2013).  This is the first report, to our knowledge, on the synthesis of zinc 
nanoparticles from aqueous extract of dried leaves of Annona muricata using sol-gel method.  
Characterization of these nanoparticles was carried out using UV-Vis spectrophotometer, FTIR, XRD 
and SEM. 
Materials and methods 
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Analytical grade zinc nitrate hexahydrate was purchased from Himedia Chemicals, India.  All 
glasswares were washed with sterile distilled water and dried in an oven before use.  Leaves of Annona 
muricata were collected from Thrissur district, Kerala.  The plant material was washed thoroughly with 
running tap water and then with distilled water to remove dusts.  The shade-dried leaves were then 
ground into a fine powder and kept in glass bottles for further use.   Preparation of nanoparticles was 
carried out as described by Hudlikar et al, 2012. 

10g of dried powder was boiled in 200 ml of deionized distilled water for 30 minutes in a glass 
beaker.  The cooled extract was filtered through muslin cloth and then with whatman No.1 paper.  50ml 
of extract was then heated and 5 grams of zinc nitrate was added on reaching 80oC.  The solution was 
allowed to boil for one hour till it became thicker and assumed a golden yellow color following which 
it was subjected to calcination in a ceramic crucible at 400oC for 2 hours in an air-heated furnace. The 
pale yellow nanopowder was finely ground before proceeding with its characterization.  The optical 
analysis of the nanopowder was carried out using a UV- Vis spectrophotometer, while the structural and 
morphological analysis was done using techniques such as FTIR, XRD and SEM. 
Results and conclusions 

UV-Vis absorption spectrum of biosynthesized zinc nanoparticles is shown in Fig. 1. The zinc 
nanoparticles were sonicated in deionized water (0.1% w/v) and a UV-Vis spectrum of the sample was 
obtained.  The spectrum revealed a characteristic absorption maxima at 372nm, attributable to the 
intrinsic band gap absorption of ZnO ( Darroudi et al, 2013) 

 
Fig.1. UV-Vis spectrum of biosynthesized zinc nanoparticles. 

The FTIR spectra of zinc nanoparticles synthesized from A. muricata has been shown in Fig.2.  
The peaks in the region below 1500 cm-1 are the ‘fingerprint region’ showing formation of zinc 
nanoparticles (Coates, 2000).  The sharp peak at 821cm-1 corresponds to the formed zinc nanoparticles.  
The peak at 3402 cm-1 shows O-H stretching mode of hydroxyl groups in water, alcohol, and phenols 
(Sivakumar et al, 2014).  The bands observed at 2923, 2852 shows C-H stretch in alkanes and O-H 
stretch in carboxylic acid while a -C=C- stretch in aromatic ring gives a band at 1632 and a C-N stretch 
of amide 1 in protein forms a peak at 1383 and 1321 (Sangeetha et al, 2011).  Thus, the FTIR spectrum 
of zinc nanoparticles from A.muricata showed the presence of carboxylic acid, polyphenols, 
polysaccharides, aminoacids and proteins.  The involvement of these biomolecules in the reduction and 
stabilization reactions is clearly evident from the IR spectrum of synthesized nanoparticles. 
 
Fig.2. FTIR spectra for biosynthesized zinc nanoparticles 
 

 XRD spectra of calcined zinc nanoparticles,  
given in Fig.3., showed prominent peaks 
corresponding to the diffraction planes (100), 
(002), (101), (102), (110), (103) and (112) 
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agree well with the JCPDS Card No.36-1451, thereby confirming the presence of hexagonal wurtzite 
structure of zinc nanoparticles (Gnanasangeetha and Sarala, 2014).  The average particle size, 
calculated using the well known Debye-Scherrer’s formula, D=0.κλ  /βcosθ, was found to be 34 nm. 
Fig.3. XRD spectra for biosynthesized zinc nanoparticles 

Further, SEM analysis was carried out to determine the structure of  the nanoparticles formed.  
It showed individual zinc particles as well as agglomerates having diameters in the range below 50nm.  
SEM image of zinc nanoparticles formed in the presence of aqueous leaf extract from A. muricata is 

shown in Fig.4. 
Fig. 4. SEM image of zinc nanoparticles It 
may be concluded that zinc nanoparticles 

were successfully synthesized from the 
aqueous leaf extract of Annona muricata 

using an eco-friendly, simple and rapid, sol-
gel technique, thereby circumventing the 
usage of harmful chemicals for synthesis of 
nanoparticles. The biosynthesized 
nanoparticles having the size of 34nm can 
be potentially utilized for various 
biomedical applications 
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Abstract 
 The need for a Staphylococcus aureus vaccine has been long recognized by the scientific 
community owing to the high morbidity and mortality rates associated with Multidrug resistant 
Staphylocoocus aureus infections. Methicillin resistant Staphylococcus aureus - a natural variant of 
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staphylococcus aureus characterized by the presence of Staphylococcal cassette chromosome mec 
(SCC mec) - demands an immunotherapeutic alternative to antibiotic treatment due to its manifestation 
of a plethora of difficult to treat infections in humans, both in community and health care settings. 
drawing inspiration from successful vaccine candidate antigens from gram positive human pathogens, 
many antigens from staphylococcus aureus were studied for immune protection in in-vivo models. none 
of such antigens translated into a clinically viable vaccine albeit a heightened antibody response in 
most of the cases. This is now explained based on the assumption that an antigen which can provide 
immune protection against staphylococcus aureus should activate a T-lymphocyte mediated adaptive 
immune response. Targeting Cd4+ T cell antigens is important because Cd4+ T cells are required for T 
cell-dependent immunoglobulin isotype switching to produce high-affinity, opsonizing IgG antibodies 
and for Ifn-gamma -mediated phagocyte activation. our lab had focused on the identification, 
purification and evaluation of immunogenicity of Cd4+ T cell antigens from Staphylocoocusaureus. 
Here we report the cloning, overexpression, purification and insilico functional characterization a 
putative metallopeptidase (nCTC MP1) from staphylococcus aureus. The genes coding for the protein 
was isolated using Polymerase chain reaction, cloned in pjET vector and transformed into E.coli ab5α 
competent cells. The sequence confirmed clones were recombined with pET 28(a) to produce an 
expression construct with a C –terminal hexa-histidine tag. Positive clones were used for over-
expression of nCTC- MP1in E.coli bL21 (dE3).The sub cellular localization of the recombinant protein 
was determined. Expression was induced by addition of IPTG. The recombinant fusion protein was 
purified from the lysate under non-denaturing conditions on a ni-Ida column. The purity of the protein 
was analyzed on a 12% SdS-PaGE.The protein was quantified using an automated biuret test and the 
efficiency of expression was determined in terms of the protein yield per ml of culture. The protein was 
obtained in native conformation enabling its use in determining immunogenicity in mice models. To 
derive clues about the role of this protein invivo we used a host of bioinformatics approaches to derive 
the function of the protein based on its sequence .The structure of the protein was modeled with low 
confidence using homology modeling. our results suggest that the protein belongs to a family of 
eukaryotic metallopeptidases with known functions in the establishment of microbial infections. This 
supports our hypothesis that the protein could be a possible immunogen,which would afford vaccine 
protection against staphylococcus aureus. 
Introduction: 
  
 Staphylococcus aureus is an opportunistic , gram-positive human pathogen of serious concern 
due to the wide range of diseases caused and the emergence of multiple antibiotic resistant strians 
(David and Daum, 2010; Easmon and Adlam, 1983; Lyon and Skurray, 1987). The organism is capable 
of inflicting diseases ranging from minor skin infections to life-threatening infections such as 
bacteremia, endocarditis, and toxic shock syndrome and has evolved with time to produce antibiotic- 
resistant strains that are virtually resistant to almost all antibiotics available (Daum, 2007; Petti and 
Fowler, 2003; Saxena and Gomber, 2010). This necessitates the development of a vaccine against 
staphylococcal infections (Foster, 1991; Proctor, 2012). Earlier attempts to develop a vaccine against 
Staphylococcus aureus focused on humoral immunity mediated by B cells. Unfortunately none of these 
strategies translated into a clinically viable vaccine (Schaffer and Lee, 2008). An effective immune 
response against microbial pathogens requires the coordinated action of primed macrophages and 
neutrophils mediating an inflammatory response along with antibodies capable of eliminating or 
neutralizing the infection (Spellberg and Edwards, 2001). Therefore any antigen or combination of 
antigens that can act as  vaccine against Staphylococcus aureus must be able to activate a CD4+ T cell 
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population along with inducing a robust IgG response  (Lin and others, 2009; Spellberg and others, 
2008). Identification and evaluation of immunogenicity of CD4+ T cell antigens from staphylococcus 
aureus becomes important in this context. Our lab focuses on the identification, purification and invivo 
evaluation of immunogenicity of Staphylococcal proteins. we had already reported the cloning and 
purification of an Alkaline shock protein (Asp 23) (Dileep F et al , 2013) and proved that the protein 
indeed act as CD 4+ T cell antigens in mice models . Here we describe the cloning, over expression and 
purification of a putative metallopeptidase, hereafter designated as NCTC MP-1, a probable CD4+ T cell 
antigen from Staphylococcus aureus strain NCTC3750. The cloning strategy described in this paper 
offers a rapid and reproducible   method to purify NCTC- MP1in its native form .The biological role of 
NCTC- MP1is not known .We attempted to decipher the biological role of this protein based on its 
sequence and structure using an in-silico approach. Proteins that play critical roles in the establishment 
of infection are the most probable vaccine candidates against an infection .We believed that the analysis 
of the biological role of the protein would provide some data in support of the view that NCTC- 
MP1would be a good vaccine candidate. 
 

Materials and Methods 

 

1. Bacterial Strains , Plasmids and Culture conditions: 
 Staphylococcus aureus strain NCTC3750 (MTCC No: 3160) was obtained from the Microbial 
Type Culture Center and Gene bank (MTCC), Chandigarh, India. The bacteria were routinely cultured 
in Nutrient broth at 370C. Escherichia Coli AB5 α strain and E.coli BL21 (DE3) were purchased from 
Amnion Biosciences, Bangalore, India. E.coli AB5 α was routinely grown on Luria Bertani (LB) Broth, 
Miller at 37 o C supplemented with. E.coli BL21 (DE3) was routinely grown on LB broth, Miller 
supplemented with 1% Kanamycin (35 mg/ml) at 37 oC. The vectors pJET (Thermo Fisher) and pET 28 
(a) (Novagen) were obtained from Amnion Biosciences, Bangalore, India. 
 

2. Genomic DNA Isolation 
 Genomic DNA was isolated from of NCTC3750 using GeneiUltra pure bacterial genomic DNA 
isolation kit (Bangalore genei,Bangalore) as per the instructions of the manufacturer. 
 
3. Isolation of gene of interest , cloning into pJET vector and sequence confirmation 
 The nucleotide sequence of NCTC- MP1of Staphylococcus aureus strain Newman was obtained 
from NCBI. This sequence was used to design primers (Table 1a).The primers were used in a 
polymerase chain reaction along with the genomic DNA isolated from Staphylococcus aureus NCTC 
3750 to isolate and amplify the gene for NCTC- MP1from NCTC3750 in a thermo cycler (Eppendorf, 
Germany). The PCR product was analysed on 1.5% Agarose gel.The gene coding for the alkaline shock 
protein was then recombined with the pJET vector using T4 DNA ligase.  The recombinant pJET vector 
was then transformed into AB 5α competent cells using standard procedures. The screening for 
positively transformed clones was performed using PCR. Both gene and vector specific primers were 
used. The PCR products were run and analyzed on a 1% agarose gel .One positive clone was sequenced 
using vector specific primers to analyze the integrity of the gene sequence. 
 
4. Sub-cloning   of NCTC MP-1 in pET 28 (a) and transformation into E.coli host 
 The sequence confirmed gene was sub cloned into pET 28 (a) vector and transformed into 
E.Coli BL 21 (DE3). PJET vector containing the insert and pET28 (a) were both digested with 
NcoI/XhoI. The gel eluted DNA were purified using silica based spin columns and recombined  with 
pET 28(a) in the presence of T4 DNA ligase .The ligation mixture was used to transform E.coli  AB 5α. 
Plasmids isolated from the transformed cells were screened for positive integration of NCTC MP-1 
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gene by PCR using both gene specific and vector specific primers. One of the positive clones obtained 
by the PCR screening was used to transform competent E.Coli BL21 (DE3). The transformation 
mixture was suspended in LB – Kanamycin broth and spread on LB –Kanamycin plates. The plates 
were incubated at 370C for 16 hours. 
5. Over-expression and Purification of protein of interest 

6.  
 The concentration of IPTG for induction, OD600 for induction and the duration of induction 
were determined empirically. The expression of NCTC MP-1  was induced by the addition of       1 mM 
IPTG to mid-log phase  (OD 600 = .4) grown cultures of BL21 (DE3) followed by incubation at 37 0C  
for 6 hours with vigorous shaking. The solubility of the recombinant protein was determined before 
proceeding to purification. The bacterial cells were lysed by sonication. The bacterial cell lysate was 
passed through a Ni-IDA column to purify the recombinant protein. The bound proteins were eluted 
either using 150 mM imidazole or a gradient of imidazole concentrations ranging from 50mM to 200 
mM.. The protein was dialyzed against phosphate buffered saline with buffer changes at 12 hours time 
interval. The purity of the protein was analyzed using SDS-PAGE. The amount of protein obtained was 
determined using an automated biuret test. A total of 150 ml culture was used to purify the protein 
.Based on the volume of the culture the yield of NCTC MP-1 per ml of OD 600 = .4 broth was 
calculated. 
7. In-silico functional characterization of NCTC MP-1   
 The sequence for the hypothetical protein (NCTC MP1) from the whole genome of 
Staphylococcus aureus, (NCBI protein ID: YP_001331398) was retrieved from NCBI GenBank. 
Theoretical pI and molecular weight was determined using the ExPASy (Expert Protein Analysis 
System) proteomics server of the Swiss Institute of Bioinformatics (Bjellqvist and others, 93; Bjellqvist 
and others, 94). The transmembrane regions were predicted using the web server HMMTOP (Tusnady 
& others, 1998). The signal peptide present was predicted by SignalP 4.1 server (Petersen & others, 
2011). A sequence similarity search was done using pBLAST (Altschul & others, 1990) The multiple 
sequence alignment between the homologous sequences obtained from pBLAST was done using the 
CLUSTAL Omega programme (Sievers & others , 2011). The structural motifs found in functionally 
important regions of the protein structure were obtained from Interpro server. The fingerprints, which 
are a group of conserved domains used to characterize a protein were obtained from pfam server (Finn 
& others, 2014). The Swiss - model workspace (Arnold, K. et al, 2006) and I-Tasser Server (Yhang 
Zhang , 2008) was used for the homology modeling of the protein using structurally homologous 
proteins from PDB (Protein Data Bank) 
Results & Conclusion 

 

1. The NCTC3750-NCTC- MP1construct in pET 28 (a) is moderately inducible: 
 The expression construct designed for NCTC- MP1 turned out to be a moderately inducible 
construct. The growth phase for induction of expression, the amount of IPTG to be used and the 
duration of Induction were empirically determined. The construct showed moderate levels of 
expression at all conditions tested albeit minor differences.  The SDS- PAGE analysis of non-induced 
control samples and induced samples revealed a moderate level of expression of the recombinant 
protein (Figure 2). The yield of protein form a total of 150 ml of culture was around 12 mg. 
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Figure 1: Agarose Gel electrophoresis Images 

of different steps in the cloning of NCTC-

MP1. 
(a) PCR amplified MP1 from NCTC 3750. (b) 
PCR screening for positive clones after insertion 
into pJET vector (c) Restriction digestion of 
recombinant pJET vector containing MP1 (d) 
Restriction digestion of pET 28 a vector (e) 
Screening for positive clones in pET 28 (a) 
 
2.  Hexa- histidine tagged NCTC- 

MP1enabled hassle free purification using a 

gradient of imidazole on a Ni-IDA column: 
The recombinant NCTC- MP1had a (C-

terminus) hexa histidine tag which enabled single step purification of NCTC- MP1on a Ni-IDA 
column. The purification took less than 2 hours time. Two purification approaches ,one using a single 
concentration of imidazole (150 mM) and another using a linear gradient of imidazole (50- 200mM ) 
was employed. Figure 2 shows the Images of different steps in the induction and over expression of 
NCTC-MP1.the first approach to purification could elute the desired protein but with some undesired 
proteins. The second approach improved the quality of eluted protein significantly compared to the first 
approach. 
 
3. Recombinant NCTC- MP1is secreted as soluble protein in E.coli enabling purification in 

Native form: 
 In general, recombinant proteins showing high levels of expression in the E.coli host tend to 
segregate in inclusion bodies. This will result in the usage of denaturing buffers like Urea for 
purification rendering the protein denatured. NCTC- MP1localized as a soluble cytoplasmic protein. 
This enabled us to purify the protein using non-denaturing buffers.  The purified protein, in this case 
can be expected to be in its native form .This has implications when the protein is used an immunogen. 
B-cells recognize conformational epitopes which are present only when the protein is in its native form. 
Even if a denatured protein elicits strong immune response, the memory B cells produced in the 
process might not recognize the corresponding antigen during a real infection as the conformational 
epitopes on a native protein would be different from those on a denatured protein. We could purify the 
recombinant protein in its native form owing to the presence a considerable fraction of the expressed 
protein in soluble form in E.coli. 

 
Figure 2: Over expression and 

Purification of NCTC- MP1(~ 23 KD 

with His tag) using IMAC :(a) 
Induction of Expression (1,3,5 –Pre 
induced controls,2,4,6 Induced controls) 
(b) Purification of NCTC- MP1using 
IMAC ( W-wash, 1-8 eluted fractions) (c) 
Purified MT 1(1 2 & 3represents 
fractions pooled based on purity as seen 
on PAGE.) 
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4. NCTC –MP1 is probably a metallopeptidase with a PepsY doamian 
 The sequenced based in-silico analysis of the hitherto functionally uncharacterized protein 
showed that the protein belongs to a family of peptidases known as the MEROPS peptidase family M4. 
These proteins are common eubacterial metallopeptidases that are involved in a range of functions from 
nutrient production to pathogenicity (Yeats Corin & others 2004) ). It was reported that PepSY domain 
acts as a regulator of peptidase activity in the microbial local environment and protects the cell from 
lysis. Braun et al (2000) proved that PepSY domain shows strong inhibitory activity, but it is specific to 
M4 peptidases. An intriguing idea is that PepSY domain-containing proteins could be used to block the 
progress of pathogens that use a M4 peptidase (e.g.Vibrio vulnificus and Pseudomonas aeruginosa) to 
invade host tissue.This shows that the protein has the potential to be a strong immunogenic. When a 
bacterium invades a host tissue, the innate immune system of human beings produces anti-microbial 
peptides. Komatsuzawa H et al (2006) demonstrated that exposure of S. aureus to host cells can induce 
the anti-microbial peptides beta-defensin-2 (hBD2), hBD3, and LL37/CAP18. Along with defensins, 
protegrins, and platelet microbicidal proteins are also produced (Peschel A et al; 2001). The PepSY 
domain which possesses peptidase activity may have the ability to cleave the anti-microbial peptides 
produced by the innate immunity, thereby showing a strong inhibitory activity. If, as evident from the 
in-silico analysis , this protein is a peptidase that helps in the process of infection of Staphylococcus 
aureus the probabaility of it being a strong vaccine candidate is very high. 
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ABSTRACT 
  
 Lepidium sativum Linn.commonly called ‘Chandrashoor’ in Sanskrit belongs to the family 
Cruciferae. It is a highly reputed drug in various ayurvedic texts of medieval India in the management 
of hiccough and diarrhoea. In the present paper methanolic extract of Lepidium sativum obtained  
through soxhlet extraction was examined for the preliminary chemical evaluation to determine the 
various phytoconstituents, development of a solvent system for TLC profiling and to evaluate the 
pharmacological relevance of the extract for antifungal activity. Methanolic extracted showed 
alkaloids, steroids and terpenoids as the major constituents. The solvent system ethyl acetate: methanol: 
water in the ratio 20:2.7:2 showed best separation of phytoconstituents. TLC profiling showed one 
alkaloid (Rf 0.36) and three steroid/terpenoids with Rf 0.45, 0.7, 0.88. The extract showed inhibitory 
action against human fungal strains like Aspergillus flavus, Aspergillus fumigatus, Candida albicans, 
Fusarium, Penicillum spsand Penicillium marneffi at a concentration of 100 g/ml Sda.  
key words: Lepidium sativum, methanolic extract, phytoconstituents, TLC, Rf , antifungal 
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INTRODUCTION 
 
Medicinal and aromatic plants are sources of diverse nutrient and non-nutrient molecules, many 

of which display pharmaceutical properties which can protect the human body against both cellular 
oxidative reactions and pathogens. Lepidium sativum Linn commonly called ‘Garden Cress’ belonging 
to the family Cruciferae is a small herbaceous glabrous annual herb about 15-45 cm high cultivated 
throughout India. 

Lepidium sativum (LS) is one of the highly efficacious herbal drugs in Unani and Ayurvedic 
System of medicine [Sharma, (2011)]. ). A number of recent studies pointed out the traditional uses of 
Lepidium sativum seed(LSS) extracts in controlling many clinical problems as anti-diabetic, laxative, 
hypocholesterolemic, fracture healing analgesis, coagulant, diuretic, hepatoprotective, antiasthamatic, 
antidiarrhoeal and antisplasmodic [Doke and Guha, (2014)]. It is supplemented in the diet of lactating 
women to increase the milk secretion during post natal period [Mandal et al.,(2008)]. The roots are 
bitter, acrid and useful in treatment of secondary syphillis and tenesmus and used as a condiment 
[Sharma et al., (2012)]. 

Preliminary phytochemical study of LS showed the presences of flavonoids, coumarins, 
glycosides, triterpenes, sterols and various imidazole alkaloids. The major secondary compounds of 
this plant are glucosinolates [Malar et al., (2014), Darwish and Aburjai, (2010)]. The present study was 
designed for the phytochemical screening, development of TLC profile and to evaluate the antifungal 
activity of methanolic extract of 
Lepidium sativum seed extract. 
 

Materials and Methods 

1. Preparation of seed extract 
Lepidium sativum seeds were commercially purchased, identified and voucher specimen 

(TSB.10.94.1.1.14) was deposited at Jawaharlal Nehru Tropical Botanical Garden and Research 
Institute (JNTBGRI), Kerala. The accurately weighed powdered LSS was taken in a soxhlet apparatus 
and extracted successively with organic solvents (100g in 350ml respective solvent) for 12 hours. The 
collected extracts were concentrated and stored in sterile containers for further analysis [Gupta et al, 
(2010)]. Of the different extracts, methanolic extract was chosen for the study. 
 

2. Phytochemical analysis of seed extracts 
Preliminary phytochemical screening was done to find out the identity of different 

phytoconstituents in the methanolic extract. The extract was dissolved in dimethyl sulphoxide (DMSO) 
prior to use [Harbone,(1998), Thankamani et al, (2011)]. 
 

3. TLC Profile 
The methanolic extract of LSS was subjected to thin layer chromatography (TLC) to find the 

presence of chemical constituents to support the chemical test. 
For TLC profiling the solution of the methanolic extract was prepared by dissolving the extract 

in methanol. The extract was applied on silica gel TLC plates of uniform thickness. TLC was 
developed in respective solvent system and visualized by the spraying reagents [Stahl, (1988)]. 
 

4. Antifungal activity 
The antifungal activity of LSS was tested against human pathogens by test tube method 

[Pandey, (1994)]. Sabouraud Dextrose Agar (SDA) was taken as the culture medium. The sample 
(100µl/ml SDA) was poured directly to the media taken in sterile test tube. After  solidification of slant 
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media, the fungal strains were inoculated. The results were recorded after 1 week of time. Imidazole 
(100µg/ml of SDA) and DMSO were the positive and negative controls respectively.  
 

4.1 Standard microorganism 
The cultures were obtained from the collections of standard microorganisms maintained at 

Department of Biotechnology, University of Kerala, Thiruvananthapuram. Fungal strains include 
Aspergillus flavus, Aspergillus fumigatus, Candida albicans, Fusarium, Penicillum sps, Penicillium 
marneffi. 
 

Results and Conclusion 
According to the study, the qualitative phytochemical screening (Table 1) of methanolic extract 

of Lepidium sativum seeds (LSS) revealed the presence of alkaloids, steroids and terpenoids as major 
constituents along with flavonoids, carbohydrates, saponins and oils as the minor phytochemical 
constituents. 

In the TLC profile (Table 2), the alkaloid and steroid/terpenoids fractions were separated from 
the extract to get a good resolution of compounds. Of the different solvent systems experimented, the 
spots were well identified in the solvent system of ethyl acetate : methanol : water in the ratio 20:2.7:2. 
Dragendroff’s reagent and anisaldehyde-sulphuric acid / ceric sulphate were chosen as the spraying 
reagents for alkaloids and steroids/terpenoids respectively. TLC resulted in the identification of an 
alkaloid (Rf 0.36) and and steroid/terpenoids with Rf 0.45, 0.7, 0.88. 

The methanolic extract had marked antifungal activity against human pathogens tested (Table 
3). Growth of all the pathogens on the methanolic extract-SDA slants was inhibited totally. 

Figure 1 : Lepidium sativum plant and seed 
 

 
 
 
 
 
 
 
 
 
 
 
 

            Alkaloid           Steroid/Terpenoids 
 

Table 1. Phytochemical screening of Lepidium sativum seeds 
 

Chemical Tests Observations Result 
   

Akaloids – Dragendroff Red spot + 
   

Flavonoids- Shinoda Red colour + 
   

Carbohydrates-Molisch’s Violet ring + 
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Phenolic – 5% FeCl3 Blue green colour + 
Steroids and Terpenoids-Libermann Bruchard Reddish brown colour + 

   
Fixed oils & fats Spot test + 

   
Saponins Form formation + 

   
Table 2. : Solvent System and Spraying Reagents 

 
Fraction Solvent System Spraying Reagent  

    

Alkaloid 
Ethyl acetate:Methanol:Water Dragendroff’s reagent  

   
 (20:2.7:2)   
    

Steroids and Ethyl acetate:Methanol:Water 
Anisaldehyde-
sulphuric  

Terpenoids 
(20:2.7:2) 

acid/Ceric Sulphate  
   

    
 
Figure 2 : TLC of methanolic extract of Lepidium sativum seed 
 
Table 3: Antifungal activity of Lepidium sativum seed methanolic extract 
 

Fungus G/NG 
  

Aspergillus flavus NG 
  

Aspergillus fumigatus NG 
  

Candida albicans NG 
  

Fusarium NG 
  

Penicillum marneffi NG 
  

Penicillum sps. NG 
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G: growth of fungus on the slant, NG: no growth of the fungus on the slant 

The study indicated that methanolic extract of Lepidium sativum contained alkaloids, steroids, 
terpenoids, saponins, flavonoids and fixed oils. The high antifungal activity of the extract might be due 
to the presence of these active secondary metabolites in the plant. The potential usefulness of Lepidium 
sativum seeds in the treatment of various fungal strains could be a promising ally in the development of 
medicines necessary to combat the increasing number of fungi that become resistant to conventional 
antibiotics. More extensive biological and chemical bioassay guided fractionation is required in order 
to isolate and characterize the bioactive compounds. 
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ABSTRACT 
  
 A novel strain of Chromo bacteriumsp. was isolated from sediment sample collected from a 
clay mine acid lake producing high level of purple blue bioactive compound violacein (3-(1, 2 dihydro-
5-(5-hydroxy-1H-indole-3-yl)-2-oxo-3H-pyrrol-3-ylidene)-1,3-dihydro-2H-indole-2-one). 
Fermantation conditions were optimized and an effective and inexpensive method for preparing 
crystalline, pure violacein was developed and the pure violacein produced was characterized by 
different spectrometric methods. The violacein was subjected to derivatization (modification) through 
semi-synthetic approach for novel preparing bioactive compounds of potential application. The tetra 
methyl violacein produced through reacting violacein with methy iodide and CsCo3 was purified and 
characterized. Compare to original violacein, methyl violacein was very effective against pathogenic 
Klebsiella pneumonia. The present study underlines the importance of chemistry-biology interface 
studies for novel bioactive compounds of having high application potential. 
 

INTRODUCTION 
 
The microbial bioactive compounds have great structural diversity and commercial interest due 

to their application in many industrial sectors (Duran and Menck 2001, Brown, 1987). Violacein (3-(1, 
2 dihydro-5-(5-hydroxy-1H-indole-3-yl)-2-oxo-3H-pyrrol-3-ylidene)-1, 3-dihydro-2H-indole-2-one) is 
a purple blue, high value bioactive compound first reported in Chromobacterium violaceum 
(Boisbaudran, 1882). Violacein (and its derivatives) was reported to have antibacterial (Nakamura et 

al., 2002), antioxidant (Konzen et al., 2006), antiviral (May et al., 1991), antiprotozoal (Lopes et al., 
2009), antitumor (Duran et al., 2007), etc. activities. The antifungal activity of pure violacein was not 
yet reported. However, violacein containing crude pigmented extract reported to have antifungal 
activity of against phytopathogenic fungi Rosellinia necatrix (Shirata et al., 1997). Moreover, violacein 
producing bacteria such as C. violaceium and J. lividium were reported to have biocontrol potential 
against fungi pathogenic to plants and amphibians respectively (Barreto et al., 2008; Becker et al., 
2008; Brucker et al., 2008). With this background the present study focus on the development of an 
efficient method to prepare pure violacein from an isolated Chromobacterium sp. producing high level 
of the compound and evaluation of antifungal activity of pure violacein produced against human and 
plant pathogenic fungi including yeast. 
 

Materials and Methods 

 

Bacterial Strain and its Maintenance 
The present bacterium was isolated from sediment sample collected from a clay mine acid lake 

in Thiruvananthapuram district in Kerala, India (Lat_long=85553  N 76κ577 E). The sediment 
sample (1-3 cm deep) was collected in sterile plastic bottles and brought to the laboratory. Subsamples 
after serial dilution were spread plated on Luria-Bertani (LB) agar media and incubated at 35C. After 
24hours, the purple blue colonies formed were subcultured on LB agar for pure culture preparations. 
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The culture was maintained in 0.1% peptone water media (0.01g peptone, 0.003g NaCl/10 ml distilled 
water) in room temperature in small vials. And subcultured bimonthly. 
 

Violacein Extraction, Purification and Characterization 
C. violaceum was grown in Luria Bertani (LB) media. 24hour old culture was harvested and 

extracted twice with ethanol. And the ethanolic extract was filtered through 0.22µm filter paper 
(Millipore, Fluoropore FGLP ) to avoid the cell detritus and then dried in the rotavapour. The violacein 
was precipitated by methanol water crystallization and then the precipitate was washed with hexane 
and demineralised water. Violacein obtained was then dried in an oven at 80ºC and kept in a dessicator. 

The purity of violacein retrieved was confirmed through Thin Layer Chromatography (TLC), 
Proton NMR, 13C NMR and Mass spectrometry. In TLC the solvent used was 1μ6 Methanol˗ 
Dichloromethane mixture and/or 2:8 ethyl acetate-hexane mixture. A saturated solution of violacein 
(1mg/500µl) in methanol was used for the liquid chromatography mass spectroscopy (Thermo 
scientific exactive). The proton NMR was also taken for the pure violacein (Bruker AVANCEII 
500MHz). 
 

Modification of Violacein 
Violacein was modified by reacting with methyl iodide in the presence of CsCO3 and the 

reaction mixture was kept in an ice bath with constant stirring. After 3 hrs, reaction was completed. The 
reaction mixture was then subjected to silica gel column chromatography ( 360-400 mesh size). Solvent 
used was hexane initially and then increased the polarity to 2% ethyl acetate (2ml Ethyl acetate + 98ml 
Hexane). 
 

Results and Conclusions 
 
peak in 366.085 which corresponds to C20H13N3O3Na.  The characterization data showed that 

through Aproaximately 300 mg of crude violacein was obtained from 1000ml of luria Bertani culture 
broth. The methanol˗water crystallization effectively precipitated the violacein from other 
contaminating compounds in the solution. Hexane washing step removed the low polar impurities 
attached to the crystals. Other contaminants are washed off in demineralised water. 10.5 mg of pure 
violacein was obtained from the initial crude violacein. So we can purify 35mg of pure violacein 
starting with 1g crude extract. This is the highest recovery of pure violacein ever reported (Rettori & 
Duran 1998; Tan et al. 2011). The thin layer chromatogram of violacein cospotted with pure violacein 
purchased (Sigma Aldrich) had the same Rf values and the chromatogram was devoid of any other 
impurities. The proton NMR spectra confirmed the purity of violacein obtained (Fig 1) (Hoshino et al. 
1987; Rettory and Duran 1998). The FTMS {1, 1} + p ESI Full lock ms [100.00-2000.00] was taken 
and got the major the new precipitation method of purification we can produce high amount of pure 
violacein. 

Fig 1: 
1H NMR spectrum of purified violacein 

dissolved in DMSO-d6.The modified compound started 
moving in 2% ethyl acetate hexane mixture in column 
chromatography. The eluent was collected and dried in a 
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rotavapour. The compound was then characterised using NMR spectrometry (Fig 2) and LCMS 
analysis. The compound produced was tetramethyl violacein. The anti bacterial effect of this compound 
was checked. And the results were promising. The compound was effective against (MIC˗ 2 µg/ml) K. 

pneumonia compared to pure violacein tested (MIC˗κ µg/ml) and the activity of tetramethyl violacein 
was comparable to the commercially available ciprofloxacin antibiotic which have the same MIC 
value.   

A novel strain of C. violaceum isolated from an acidic sediment found to produce the high value 
pigmented bioactive compound violacein. This study successfully established a novel and economic 
method for recovering pure crystalline violacein from the crude pigment. The violacein prepared was 
tested for its antimycotic activity and found highly promising activity against human and phyto 
pathogenic fungi including yeast so far not reported. And the compound obtained by the modification 

of violacein is also have therapeutic value. 
Fig 2: NMR spectroscopy of tetramethyl violacein 
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ABSTRACT 
 Klebsiella pneumoniae is an opportunistic human pathogen that can cause acute,life threatening 

infections and emerging as an important cause of nosocomial infections.Part of the virulence repertoire 
of this microorganism includes the ability to sequester iron from the host during infection by the 
synthesis and secretion of siderophores. Iron is an essential factor in bacterial growth participating in 
oxygen and electron transport processes, energy production, nucleotide synthesis, regulation of gene 
expression and essential for biofilm formation. aim of this study was to investigate the effect of plant 
extracts on reducing the availability of iron by inhibiting siderophore synthesis as a potent target for the 
treatment of multidrug resistance strains. Iron requirement and influence of synthetic iron chelators on 
growth and siderophoreproduction byk.pneumoniae were examined. Cynodondactylon, Emilia 
sonchifolia and Terminalia catappaplant extracts effect on siderophore production by klebsiella 
pneumonia were determined using a simple screening assay on growth of the organism in iron 
supplemented and iron limiting media.If an extract inhibited growth only in iron limited medium then 
the possible hit could be on the siderophore system, so its effect on siderophores production was 
determined using CaS assay. Methanol extracts of Cynodon dactylon and Emilia sonchifolia showed 66 
and 45 percentage reduction and chloroform extracts of Terminaliacatappashowed25 percentage 
reduction of siderophore production in Klebsiella pneumoniae. apart from showing antimicrobial 
activity, this study has shown that these plants can act as antivirulence agent and also reveals that 
siderophore system is a potent target for the treatment of multidrug resistance strains .The apparent 
multifaceted action of these plant extracts therefore make them both versatile and effective as an 
antimicrobial agent which is paramount in an age where antibiotics are becoming increasingly 
inadequate due to the emergence of multidrug resistant organisms. 
 

INTRODUCTION 
  
 Klebsiella pneumoniae is a Gram negative opportunistic pathogen responsible for causing a 
spectrum of nosocomial and community-acquired infections including pneumonia, bloodstream 
infections and wound or surgical site infections .Different factors are implicated  in the pathogenicity of 
Klebsiella, such as their capsular serotype, lipopolysaccharide, iron scavenging systems, fimbrial and 
nonfimbrial adhesions [Podschun R &UllmannU ,1998] [SylvainBrisse, Francine GrimontandPatrick 
A. D. Grimont,2006] . Iron is an essential factor in  bacterial growth participating in energy production, 
nucleotide synthesis, and regulation of gene expression. The tendency of iron to form complexes with 
iron binding proteins such as hemoglobin, transferrin, lactoferrin and ferritin in the host limits the 
availability of iron to bacteria [Barasch J, Mori K (2004) ][Schaible UE, Kaufmann SH (2004) 
]Therefore, to establish infection successfully in the human body, pathogenic bacteria require various 
iron acquisition mechanisms.Microorganisms may obtain iron by invading host cells or by releasing 
siderophores, which are low-molecular-weight compounds with high affinity to chelate iron from iron-
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binding proteins.[Miethke M, Marahiel MA (2007) ]. In this study  we therefore evaluate various 
extracts of three Indian plants widely used in the folklore medicine Cynodon dactylon, Emilia 

sonchifolia and Terminalia catappa for their ability to inhibit siderophore production in K.pneumoniae. 
The effect of plant extracts on siderophore production by K.pneumoniae was investigated using the 
Chrome Azurol Sulphonate assay (CAS) [Schwyn, B., and J. B. Neilands.1987]. 
 

Materials and Method 

Bacterial Strains and Growth Conditions 

 Klebsiella pneumoniae (MTCC 3384) was used in this study. Strains were routinely grown from 
storage on nutrient agar plates for 24 hrs at 37ºC . Growth and siderophore  assays were conducted in 
SM medium [Meyer, J. M. &Abdallah, M. A. (1978)] supplemented with 10 mM of iron (FeCl3) in a 96 
well microtitre plate and cultures were inoculated at 1μ100 dilution.[Che Y. O’May,1 Kevin 
Sanderson,1 Louise F. Roddam,1 Sylvia M. Kirov23 and David W. Reid (2009)]. 
 

Siderophore Production 

Qualitative Assay 

 Siderophore production were determined by universal CAS liquid assay (Schwyn, B., and J. B. 
Neilands.1987) which uses chrome azurol S (CAS) and hexadecyltrimethyl ammonium 
bromide(HGTMA) as indicator. The CAS/HDTMA complexes with ferric iron to produce a blue 
colour,when a strong iron chelator such as siderophore removes iron it changes from blue to 
orange.This was further confirmed by CAS agar method .The bacterial inoculum was spotted onto the 
centre of CAS agar plate and incubated at 28 ºC for 48 hrs and checked for the change in colour of the 
medium from blue to orange.[SujathaN,AmmaniK(2013)]. 
 

Quantitative Assay (CAS Shuttle Assay) 

 24 hrs old cultures were inoculated in iron free SM medium and incubated at 28 ºC for 24 hrs 
at 120 rpm. Following incubation the culture tubes were centrifuged and 0.5 ml of cell free 
supernatant was mixed with 0.5 ml of CAS reagent (Schwyn, B., and J. B. Neilands.1987) and 
absorbance was measured at 630 nm against a reference consisting of 0.5ml uninoculated broth and 
0.5 ml of CAS reagent.Siderophore production was calculated using the formula:  

 
Ar-Absorbance of reference at 630 nm (CAS reagent) 
As-Absorbance of sample at 630 nm 
 

Influence of Iron on Growth and Siderophore Production 

 In order to examine the effect of iron on growth and siderophore production different concentration of 
iron (FeCl3) (0,1,10,50,100,250,500,750µM ,1,10,100mM  and 1M)were supplemented to SM 
medium. Following incubation at 29ᵒ C and 120 rpm, growth and siderophore content were estimated. 
 

Effect of Synthetic Iron Chelators on Growth and Siderophore Production: 
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Synthetic iron chelators used in this study were 2,2'-Dipyridyl (2DP) and Ethylenediaminetetraacetic 
acid (EDTA). A range of (100,500,1000,1500,2000 and 2500 µM) of 2 DP and EDTA were added to 
SM medium and its effect on growth & siderophore production were determined after incubation at 29ᵒ 
C and 120rpm. 
 

Extraction of Plant Materials 

 Cynodon dactylon, Emilia sonchifolia and Terminalia catappa collected from vallikavu,   
Kollam (Kerala) were dried , powdered and successively extracted with different organic solvents like 
petroleum ether, chloroform, methanol and water in increasing polarity.All the extracts were  dissolved 
in  DMSO and used for further analysis. 
  

Effect of Plant  Extracts  on Growth and Siderophore Production 

 Plant extracts were added to iron supplemented  and iron limited SM medium and cultures were 
inoculated at 1μ100 dilution and  incubated at 2κᵒ C  for 4κ hrs and absorbance was read at 600nm 
.Plant extracts which inhibits growth only in iron limited medium were selected for  dose dependent 
studies. The highest concentration showing inhibitory effect was taken for siderophore studies using 
CAS assay as described earlier. 
 

Result and Conclusion 

Qualitative and Quantitative Determination of Siderophores in K.pneumoniae 
 After 48 hrs of incubation ,both the plates and tubes were checked for colour change, CAS 
assay can effectively differentiate between the siderophore producers and non producers by the change 
in colour of the medium from blue to orange or yellow. Development of orange colour in CAS tubes 
and plates indicated the presence  of siderophores (Fig 1.a,b&c) Quantitative determination shows that 
Klebsiella pneumoniae produced 84% units of siderophore as quantified by CAS shuttle assay in SM 
Medium. 

                              orange 
 a.                                                 b.                                                                      c. 

Figure.1,CAS plate assay shows yellowish orange color around the culture(1a) no orange 

coloration in the control plate(1b).CAS liquid assay shows orange color in test culture with 

K.pneumoniae with no orange color in control tube.(1c) 

 

Influence of Iron on Growth and Siderophore Production 
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 As shown in the figure(2 a) , Klebsiella pneumoniae growth increased with increasing 
concentration of iron till 10mM and above which there is a decline in growth whereas Siderophore 
production decreased as iron concentration increases (Fig 2b).Maximum growth was obtained at 10mM 
iron and  and around 74% siderophore units were produced at 1µM of iron. Increase in growth as the 
iron concentration increases reflects the significance of iron requirement of the organism and once the 

iron 
requirement of 
the organism is 

met 
siderophore 
production 

decreases. 
         

 

 
Figure .2  Influence of iron level on growth(2a) and siderophore production (2 b). 
 
 
 
Influence of Synthetic Iron Chelators on Growth and Siderophore Production 

 In the case of synthetic iron chelators it was observed that as the concentration of 2DP and 
EDTA increased there is a decrease in growth as observed in the Fig (3a).An increase in the 
siderophore production as the iron chelators concentration increases indicated that iron in the medium 
is removed by the chelator.(Fig 3b).The difference in the pattern of siderophore production by the 
synthetic iron chelators  is related to the difference in  iron binding coefficients [Che Y. O’May et 
al,2009]. 
 

Effect of plant extracts on growth and siderophore production 

 After 48hrs of incubation inhibitory effect of plant extracts on growth of K.pneumoniae in iron 
supplemented and iron limiting medium were determined (Table 1). Inhibition  of  growth in both the 
medium reflects that it is toxic to the organism, growth of K.pneumoniae in both the medium suggests 
that the plant extracts has no effect on the organism . Inhibition only in the iron limiting medium and 
not in iron supplemented medium suggests that the possible hit could be on the siderophore system. 
From Table 1,plant extracts inhibiting growth only in the iron limiting medium were selected and 
different concentration of plant extracts effect on growth was determined (Fig 4). 500µg/ml of all plant 
extracts were taken for siderophore studies and 500µM of 2DP was used as a control. Quantitative 
determination of % siderophore units were determined as mentioned earlier and percentage reduction 
was calculated. Methanol extracts of Cynodon dactylon , Emilia sonchifolia and chloroform extracts of 
Terminalia catappa showed around 66, 45 and 25 percentage reduction in siderophore production 
respectively (Fig 5). 
   
Figure 3 .Effect of 2DP,EDTA levels on growth(3a) and siderophore production (3 b). 

a b 
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Table1. Effect of plant extracts on  K.pneumoniae grown in iron supplemented and iron limited 

media. 
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Figure 4 .Effect of different concentration of plant extracts (CD- Cynodon dactylon,ES- Emilia 

sonchifolia,TC- Terminalia catappa,DP-2,2’ Dipyridyl )on growth of K.pneumoniae (4a) and effect 

of 500 µg/ml of plant extracts on inhibition of siderophore production . 

       
  Iron limitation is known to have an Inhibitory effect on the growth of many micro-organisms and is 
regarded as being part of the innate immune defence mechanism to prevent colonization by pathogenic 
bacteria in host. The loss of ability to scavenge iron would be detrimental to K.pneumoniae in the host 
environment , under conditions of iron limitation K.pneumoniae relay on siderophore production to 
sequester any available iron. It is evident from the data presented in this study that Methanol extracts of 
Cynodon dactylon , Emilia sonchifolia and chloroform extracts of Terminalia catappa impedes growth 
in the organism by reducing the siderophore production thus exhibiting antivirulence properties which 
is very essential in an age where antibiotics are becoming increasingly inadequate. 
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ABSTRACT 

 Polysaccharides are naturally occurring macromolecules which play a major role in our 
biological process. The medicinal properties of Callicarpa macrophyllahas been mentioned in the book 
of Chakradatta. Three different fractions of polysaccharides were isolated from Callicarpa 
macrophyllaVahl. leaves by using cold water (PC), hot water (PH) and hot alkali (Pa) methods. The % 
of sugar in the extracted samples was checked by phenol- sulphuric acid method. Lymphocyte 
proliferation assay was done to evaluate its immunomodulatory activity. dPPH and total antioxidant 
assay was done to evaluate its antioxidant property. The total polysaccharide content in PC, PH and Pa 
was found to be 88%, 14% and 87% by the phenol- sulphuric acid method. all the three 
polysaccharides showed in vitro growth stimulatory effect on isolated normal lymphocytes. The 
proliferative index of PC, PH, Pa was found to be 1.28 ± 0.03, 1.71± 0.04 and 1.12 ± 0.01 at a 
concentration of 500 g/ml indicating immunomodulatory activity. PC, PH, Pa showed a % inhibition 
of dPPH radical at 40.11±0.005%, 29.18± 0.01%and 16.82± 0.007 %. a dose- dependent activity was 
shown for the dPPH assay. Total antioxidant activity was found to be higher in Pa. both PC and PH 
showed almost equal antioxidant activity. The result of the present study indicates that polysaccharides 
from Callicarpa macrophyllaVahl. has the capacity to boost our immune system and help from the 
negative effects of oxidative stress, thus, contributing to the development to drugs. 
 
Introduction: 

 Indian traditional systems of medicines like Siddha and Ayurveda have suggested increasing the 
body’s natural resistance to disease. (Dashputre et al, 2010). Plant polysaccharides have traditionally 
been used as a folk remedy for various diseases due to their multiple biological properties including 
anti-inflammation, anti- hepathitis, anti-ulcer etc. They have attracted researchers because of their 
advantages as: (I) renewable character, (II) biodegradation, (III) relatively low cost and (IV) possibility 
of conversion into various derivatives due to their reactivity with many organic molecules (Zakaria 
Boual et al, 2011). Among the macromolecules, polysaccharides offer the highest capacity for carrying 
biological information because they have the greatest potential for structural variability (Vincent E. C. 
Ooi et al, 2000).Callicarpa macrophylla Vahl. (Family-Verbenaceae) commonly known as Priyangu or 
Daya which is globally distributed across India, Nepal, Bhutan, Myanmar, South East Asia, and China 
(Virendera et al, 2011). It is a perennial, deciduous shrub attaining 2.5 m in height (Vinay K et al, 
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2011). The plant is used in Ayurveda and other folk medicines for the treatment of different diseases 
and disorder such as polydipsia, diarrhoea, diabetes, dysentery, fever and as blood purifier (Yadav V et 

al, 2012). 
 

Materials and Methods: 

Isolation of Polysaccharide Fractions: Callicarpa macrophylla leaves were collected from local 
market, Kannur and identified from Dept. of Botany, Govt. Brennan College. It was washed in tap 
water, rinsed with distilled water and blotted gently between the folds of filter paper. 60 g of leaves 
were taken and grinded into a fine paste using mortar and pestle. For extraction, cold distilled water 
was added to the leave paste and centrifuged. Supernatant was taken and stored. Hot distilled   ater
 as added to t e debris obtained and agitated  or ater bat  set at   - C. It was then centrifuged 
and supernatant was obtained. To another 30 g of leave paste, ethanol was added and kept in a shaker at 
120rpm for overnight. After t  e et as been com letely e a  orated a as added and 
agitated at C for 4 hours. the three types of solutions were separately dialysed against double 
distilled water using 12-14,000 MW membrane. It was then subjected to ethanol precipitation. The 
precipitate was dissolved in hot water. It was again dialyzed, concentrated and precipitated with ethanol 
for 2-3 times. Polysaccharide precipitates soluble in cold water (PC), hot water (PH) and hot NaOH 
(PA) as collected by centri ugation at r m at 4˚C redissol ed in distilled ater and lyophilized. 
 

Estimation of Sugar Content: The sugar content in the extracted fractions was estimated using the 
phenol-sulphuric acid method (Dubois et al, 1956). The experiment was carried out in triplicates. 
Glucose was used as the standard. 
 

In vitro lymphocyte proliferation assay: The immunomodulatory activity was checked in isolated 

human lymphocytes from blood (Manu M. Joseph et al, 2011). Isolated lymphocytes were treated with 
various concentrations (10-5 g/ml) of PC, PH, PA. After 72 hrs incubation, cell viability was assessed 
by MTT assay. The proliferation rate (PR) was calculated. 
Proliferation rate = Absorbance of Test/Absorbance of control Proliferation Index 
= Proliferation Rate/ 100 
 

Total antioxidant assay (TAA): The total antioxidant assay is based on the reduction of molybdenum 
(VI) to molybdenum (V) to form a green phosphate complex (Prieto et al., 1999). TAA is expressed as 
the number of equivalents of ascorbic acid. 
 

DPPH Radical Scavenging Assay: DPPH is one of the powerful free radical which is used to evaluate 
the electron donating capacity of antioxidants. 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) is a stable free 
radical and is very popular for the study of natural antioxidants (Villano et al., 2007). 
Percentage of DPPH scavenging activity = (Acontrol- Atest)/ A control x 100 Acontrol and 
Atest represent absorbance of control and test respectively. 
 

Statistical analysis: One-way analysis of variance was used for repeated measurements and the 

differences were considered to be statistically significant if P<0.05. Data were expressed as the means 
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± standard deviations (SD). 
 

Results and Discussion: 

Polysaccharide Isolation: Three crude fractions of polysaccharides PC, PH and PA were obtained with 
a good yield of 1.944%, 1.742% and 1.722% respectively. All the three fractions were neutral in pH 
and soluble in water. PC was light brown in colour and the other two were light yellow in colour. 
 

Estimation of Sugar Content: The sugar content in the samples was determined by the Phenol-
Sulphuric Acid Method. The calibration curve for different concentrations of glucose is represented in 
figure -1. Using the proposed method, the calibration curve was found to be linear in the range of 0.1- 
0.7 mg/ml. The % Relative Standard Deviations (% RSD) lies between 0.23-0.53 indicating that the 
method is precise. The sugar content of PC, PH, PA was calculated using regression equation obtained 
from the calibration curve. 
Phenol- sulphuric acid method 

 
 
 
 
 
 
 
 
 
The absorbance shown by the different samples are mentioned in the table 1.  

Sl.No: Absorbance of PC Absorbance of PH Absorbance of PA 
1 1.065 0.186 1.026 
2 1.068 0.185 1.023 
3 1.063 0.184 1.020 
Mean 1.0633 ± 0.002517 0.18667 ± 0.001 1.023 ± 0.003 
% RSD 0.23 0.53 0.29 

From this, the total sugar content in PC, PH, PA was found to be 88%, 14% and 87% respectively. 
 

In vitro lymphocyte proliferation assay: 

 The immunomodulatory activity of the samples was determined by the lymphocyte proliferation 
assay. The samples were tested in the range of 10-5 g/ml. The highest activity was shown by P at 5 

g/ml. The proliferative index of PC, PH, PA was found to be 1.2κ ± 0.03, 1.71± 0.04 and 1.12 ± 0.01 
respectively. The proliferation rate of the three samples is represented in Fig: 2, 3 and 4. The 
proliferation index is given in table: 2. Proliferation was seen to be increasing with an increasing 
concentration. 

Lymhocyte ProliferationAssay of PH 
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               Fig. 2                Fig. 3  
 

 
 

Fig:4 
Concentration Proliferative Concentration Proliferative Concentration Proliferative 

of PC Index of PH Index of PA Index 

       
10 ug/ ml 0.78 ± 0.01 10 ug/ ml 0.88 ± 0.03 10 ug/ ml 0.97 
       
50 ug/ml 0.98 ± 0.01 50 ug/ml 1.10 ± 0.02 50 ug/ml 1.01  0.04 
       
100ug/ml 1.14 ± 0.01 100ug/ml 1.26 ± 0.04 100ug/ml 1.06  0.03 
       
500ug/ml 1.28 ± 0.03 500ug/ml 1.71 ± 0.04 500ug/ml 1.12  
       

 
From the above results it can be interpreted that all the three polysaccharides isolated are non-toxic to 
normal lymphocytes and have the capacity to modulate the immune system to an extent. 
 

Total antioxidant assay: 
 

 The total antioxidant assay is based on the reduction of molybdenum (VI) to molybdenum (V) 
to form a green phosphate complex. 0.5- 2 mg/ml of the samples were tested for their antioxidant 
activity. The absorbance shown by the three compounds at different concentration is represented in the 
fig: 5, 6, 7. All the three showed a dose- dependent increase in the antioxidant activity.  
PA  was  found  to  have  the  highest  antioxidant  activity. g/ml of  ascorbic  acid  was  found 
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equivalent to 2 mg/ml of PA.5 g/ml o  ascorbic acid was  found equivalent to   mg/ml o  PC and  . 
g/ml of  ascorbic acid as  found equivalent to mg/ml of PC.   

 

 
   Fig: 5                               Fig:6 

 
 

Fig.7  
DPPH Assay: 
DPPH is one of the powerful free radical which is used to evaluate the electron donating capacity of 
antioxidants. All the extracts were able to reduce the stable pink coloured free radical DPPH to yellow coloured 
diphenyl picrylhydrazine. Ascorbic acid was used as standard. PC was found to have the highest value of 40.11 
± 0.005% DPPH scavenging activity at a concentration of 2mg/ml. The % scavenging activity of PH and PA was 
found to be 2λ.1κ± 0.00λ% and 16.κ2 ± 0.007% respectively. 6 g/ ml 43.5 g/ ml 6.3 g/ ml o ascorbic acid 
were found to be equivalent to 2mg/ml of PC, PH and PA respectively. The IC50 values are given in table: 3 and 
the decrease in the optical density with increasing concentration in shown in fig: 8, 9, 10.   
 DPPH assay of PC 
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Fig. 8 

 

 
  Fig 9       Fig 10 
 
 

Concentratio

n 
of PC 

%DPPH 
scavenging 
activity 

Concentration 
of PH 

%DPPH 
scavenging 
activity 

Concentration 
of PA 

%DPPH 
scavenging 
activity 

0.5 mg/ml 11.18 ± 0.009% 0.5 mg/ml 13.53 ± 0.005% 0.5 mg/ml 6.82 ± 0.004% 
1 mg/ml 13.64 ± 0.005% 1 mg/ml 18.35 ± 0.005% 1 mg/ml 10.47 ± 0.004% 
1.5 mg/ml 19.65 ± 0.004% 1.5 mg/ml 24.00 ± 0.003% 1.5 mg/ml 13.5 ± 0.002% 
2 mg/ml 40.11 ± 0.005% 2 mg/ml 29.18 ± 0.009% 2 mg/ml 16.82 ± 0.007% 

In the DPPH assay, PC was shown to have the highest activity when compared to PA and PH. PA and 
PH had only slight DPPH scavenging capacity. 
 
Conclusion: 
 The present study investigates the immunomodulatory and antioxidant propertes of the three 
fractions of polysaccharides isolated from Callicarpa macrophylla Vahl. Polysaccharides can be used as 
a potent drug in the treatment of many diseases due to their non-toxicity and bio-degradability. The 
polysaccharide isolated from Callicarpa macrophylla Vahl. is water soluble and had a good yield. The 
immunomodulatory properties of the polysaccharides enable them to be used for many diseases like 
cancer, hyper-sensitivity, atheroscelorosis etc. Networking and interactions within the immune system 
are so complex that modulations of the immune response at will to achieve designed therapeutic success 
can be of great value in this modern world prone to many different diseases. All the three fractions 

289

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



136 
 

showed a good immunomodulating activty indicating that they have the capacity to modulate our 
immune system positively. Further studies are required to understand the detailed mechanism involved 
in their immunomodulatory mechanism. 
 Oxidative stress, induced by the oxygen radicals is believed to be a primary factor in the 
development of several degenerative changes in cells and tissues which ultimately lead to several 
degenerative disorders like arthritis, atheroscelorosis, cancer, neurodegeneration etc. Bodily defences 
are not completely capable of protecting from the negative effects of the oxygen radicals. So 
compounds with antioxidant properties are promising in the curing of such diseases. The PC, PH, PA 
fractions isolated have shown the capacity to scavenge DPPH and the PC fraction have 40.11± 0.05 % 
scavenging activity. It indicates that it can act as an efficient hydrogen- donar like ascorbic acid. The 
combination of antioxidant and immunomodulatory properties of the plant polysaccharides can make it 
a good candidate as a pharmacological drug. 
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ABSTRACT 
  
 The identification of biological specimens using short DNA sequences from either nuclear or 
organelle genomes is called as DNA barcoding. DNA sequence based markers like matK, rbcL, both 
from chloroplast genomic regions as a combination of two-locus barcode, has been proposed by 
Consortium for the Barcode of Life Plant Working Group (CBOL) for plant barcoding. The use of 
matK, rbcL loci for barcoding was reiterated by the China Plant BOL Group along with an additional 
nuclear ITS (Internal Transcibed Spacer) region in 2011. The advent of DNA barcoding to identify 
plant species in medicinal plants appears to be promising but remains to be fully utilized. The backbone 
of Ayurvedic industry is the availability of different plant species in sufficient quantity to cater to the 
ever increasing needs of not only Kerala but the whole of India. The Ayurvedic Pharmacopoeia of India 
has so far listed more than 370 plants with their different parts, utilized in various Ayurvedic 
formulations and only few published reports are available on the barcoding in Ayurvedic medicinal 
plants (AMPs). The present study aims to consolidate and quantify the available DNA barcodes namely 
matK, rbcL, ITS1 and ITS2 of plants used in Ayurvedic medicines. This necessitated a NCBI-wide 
search of DNA barcodes of AMPs of 3λ0 plant species listed in “The Ayurvedic Pharmacopoeia of 
India”. Till date, 14% Ayurvedic plant species listed have no previous records for any of the selected 
barcode locus. In terms of absolute numbers, the ITS region was the most prominent loci used as a 
barcode followed by the rbcL and matK. It was found that only ~47% of the AMPs have been 
sequenced for all the 4 loci, followed by ~15% sequenced for 3 loci, ~17% for two loci and ~7% for a 
single locus. The use of DNA barcode tool in AMPs will pave way for the identification of genuine raw 
plant material. The present study provides an overview on the deficiencies in the area of DNA 
barcoding of AMPs. The Ayurvedic industries is prone to substitution and adulteration of medicinal 
herbs with closely related species, the authentication at the DNA level will assure reliability, as the 
DNA is a stable macromolecule, unaffected by tissues or external factors. Therefore the development of 
DNA barcode of AMPs as DNA-based markers will be an important part of the strategy to curb 
adulteration in Ayurvedic Industry. 
 
INTRODUCTION 
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 Around 70% of healthcare needs of India are still catered by traditional systems of medicine 
including Ayurveda. There has been increased global interest in Ayurvedic medicine & efforts to 
monitor and regulate herbal drugs and traditional medicine are underway. Medicinal plants used in 
Ayurvedic drug preparation are often misidentified or adulterated with similar plant materials. The 
morphological keys, remain the basis of taxonomic identification, while, additional micro-
morphological, physicochemical characters and comparative study of chemical constituents using TLC 
and HPLC have been found to be useful in identification of adulteration in Ayurvedic Industry, wherein 
only different plant parts (dried root, bark etc) are presented for identification. This makes it all the 
more difficult for a foolproof taxonomic examination. Also these methods will have its limitations 
because of variable sources, chemical complexity and amount of secondary metabolites which are 
influenced by environmental factors. 
 In order to overcome these problems, DNA Barcoding uses state-of-the-art biotechnology to 
help identify plant material based on short, standardized gene sequences, in a rapid, accurate and cost-
effective manner. There is an urgent need for creation of a comprehensive reference library of standard 
loci sequences (Barcode) derived from herbaria specimens with authentic species names used in 
Ayurvedic preparations. Presently, DNA sequence based markers like matK, rbcL etc. are proposed to 
achieve maximum identification rates even in closely related species. Both are chloroplast genomic 
regions and this combination of two-locus barcode has been proposed by Consortium for the Barcode 
of Life Plant Working Group (CBOL) for plant barcoding (CBOL Plant Working Group, 2009). The use 
of matK, rbcL loci for barcoding was reiterated by the China Plant BOL Group along with an additional 
nuclear ITS (Internal Transcibed Spacer) region in 2011 (Li et al., 2011). The advent of DNA barcoding 
to identify plant species in medicinal plants appears to be promising but remains to be fully utilized. 
 Natascha et al., (2014) reviewed the work done in DNA barcoding in medicinal plants and 
discussed the use of loci like matK, rbcL, ITS, ITS2, psbA-trnH, atpF-atpH, ycf5, psbK- I, psbM trnD, 

rps16, coxI, nad1, trnL-F, rpoB, rpoC1, atpF- atpH, rps16. Based on reference literature the ITS region 
was the most prominent loci to be used followed by psbA-trnH, matK, rbcL,  ITS2, rpoC1, rpoB, trnL-

F in medicinal plants. The matK, rbcL are chloroplast genomic regions and this combination of two-
locus barcode has been proposed by Consortium for the Barcode of Life Plant Working Group (CBOL) 
for plant barcoding (CBOL Plant Working Group, 2009). The use of matK, rbcL loci for barcoding was 
reiterated by the China Plant BOL Group along with an additional nuclear ITS (Internal Transcribed 
Spacer) region (Li et al., 2011). The study was based on review of literatures and publications in the 
public domain and did focus on Ayurvedic medicinal plants. Only few publications are available from 
within India, related to DNA barcoding focused on Ayurvedic medicinal plants as is reported in Cassia 
sp. using trnH-psbA, matK, rbcL & ITS2, in Piper nigrum L. using psbA-trnH, rbcL, rpoC1, in Tribulus 

terrestris & Boerhavia diffusa using ITS1, ITS2, psbA-trnH, rbcL and atpB in Phyllanthus acidus &  P. 

fraternus using psbA-trnH. Thus indeed there was serious lacuna on information on DNA barcode of 
AMPs. Thus in order to ascertain this, NCBI-wide search was made to identify the quantum of work 
done in AMPs. 
 
Materials and Methods 
  
 The species listed in the “The Ayurvedic Pharmacopoeia of India (API)” was used extensively 
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for search in the NCBI database for searching DNA barcodes. A total of 390 species have been perused 
from the API, for the study. Some of the widely cultivated plant spp. listed in API was removed from 
the study, as they would have given highly skewed results, because of the very large number of 
sequencing done in those species (Table 1). 
 
Table 1. List of AMPs not selected for analysis of DNA barcode 
 
S.No Plant Name 
1  Cucumis melo var. utilissimus (Roxb.) Duthie & Fuller 
2  Cucumis sativus (L.) 
3  Lagenaria siceraria (Molina) Standl. 
4  Mangifera indica (L.) 
5  Mentha sps.  
6  Oryza sativa Linn. 
7  Ricinus communis (L.) 
8  Saccharum officinarum (L.) 
9  Saccharum spontaneum (L.) 
10  Vigna unguiculata (L.) 
11  Vitis vinifera (L.) 

 
 Thus the total species was reduced to 379 (Table 2 
https://drive.google.com/file/d/0B3rUf7RgqzP2Xzl4YkNDbUNCeFk/view?usp=sharing). The website 
“httpμ//www.theplantlist.org/” was used extensively for identification of the currently accepted name 
for the species, and wherever the changed names were used, they were incorporated for the NCBI 
search. The 37λ species were searched in the NCBI database, under the category “nucleotide” in 
combination with keywords 1. “matK” 2. “rbcL” and 3. “internal transcribed spacer”. 
 The results obtained were tabulated in MS-excel format for ease of interpretation and analysis. 
The number of sequence results in each category viz., matK, rbcL, ITS1 and ITS2 for each species, the 
country-wise distribution of sequencing/samples, presence/absence of voucher information were 
tabulated in the excel datasheet. The data was compiled & interpreted in MS-excel worksheet. Further 
the data was used to construct a live heatmap using online tool at "http://www.openheatmap.com/". 
Results and Conclusions 
 Among the total of 379 spp. used in the study 53 spp. did not have even a single barcode which 
was characterized (Figure 1). Around 178 spp. of AMPs were fully characterized for all the four loci. 
For identification of any species at least 2 loci are essential, hence the study could estimate a total of 81 
spp. which needs characterization to have at least 2 barcode loci sequenced. The CBOL's  
recommended matK and rbcL loci combination was estimated for the AMPs and 220 spp. was found 

having this combination sequence elucidated. 
Thus requiring the 159 more spp. that require 
characterization. 
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Figure 1. Pie chart showing the different combinations of barcodes used (%) among the 379 

AMPs 
 Also 271 spp. of the 326 spp. that had at least one barcode sequenced, had information on 
voucher specimens in at least one of the barcode sequence submissions. This indicated that there is 
awareness among the scientific community regarding the necessity of saving the voucher specimen for 
future reference. However, it was also noted that most of the references to these voucher specimens is 
scattered throughout different geographical locations and access to the specimen vouchers is rather 
difficult with the exception of "Kew Herbarium" which was accessible online. This is a serious 
handicap for Ayurvedic plant researcher because of the ambiguity persisting in correct identification of 
many Ayurvedic plants based on taxonomy. There is an urgent need for a reliable DNA barcode of 
AMPs along with ready reference to its taxonomic vouchers. The present study is an attempt to 
highlight the gaps in the barcode data generated around the world which overlaps in the AMPs and also 
throw some light on the direction for correcting some of the limitations of the present data. Also there 
is a need for creating a single database of barcode information on authentic AMPs and also its potential 
adulterants. 
 In terms of absolute numbers the ITS2 was most widely used barcode followed by ITS1, rbcL 
& matK (Figure2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Pie Chart depicting the distribution of all the 4 barcodes viz., matK, rbcL, ITS1 & ITS2 

used in AMP’s  
 
Note: The number in pie chart indicates the absolute number of barcode sequences in the NCBI 

database. 
 The country-wise distribution of all the barcodes were enumerated to know the regions where 
DNA barcode is being used for characterization of plant spp. in AMPs. Whenever the source of the 
plant material was mentioned, it was noted, while for others the country of sequence submission was 
taken as the place of origin of the plant material. The live data of the heat-map can be accessed at 
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"http://shar.es/1XjYo2" (Figure 3). The major countries where DNA barcode was used for 
characterization were China, India and USA. 
 In 2010, Chinese researchers constructed the first online DNA barcode database exclusively for 
medicinal plants, “The Medicinal Materials DNA Barcode Database”, for users to retrieve and analyze 
the DNA barcode sequences of medicinal materials (Lou et al., 2010, 
http://www.cuhk.edu.hk/icm/mmdbd.htm). At present the database contains approximately 51,375 
DNA sequences of 1661 medicinal species included in the Pharmacopoeia of the People’s Republic of 
China and The United States Pharmacopoeia. Such a resource is not available for AMP’s, and is a 

serious bottleneck for 
identification of botanicals 

of Ayurvedic medicinal plants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Heat-map of the world showing country-wise distribution of DNA barcodes (live heat-

map can be accessed online at http://shar.es/1XjYo2) 
  
An NMPB instituted study by KFRI, estimates over 700 Ayurvedic medicine manufacturing units in 
Kerala, who source the raw materials from within the state as well as from Tamil Nadu, Karnataka and 
Andhra Pradesh. The annual consumption of ~230 raw drugs by Ayurvedic Industry of Kerala is 
estimated to be 20,517 tonnes in 2006, and procured by over 700 manufacturers within the state 
(Sasidharan & Muraleedharan, 2009). To achieve the goal of health for all, the medicinal plant resource 
needs to be conserved and utilized more efficiently. Therefore, urgent and serious efforts are needed for 
the germplasm conservation at both Regional as well as State levels. Globalization, expansion of 
markets and new roles of Traditional medicine products and services are pointing to the need of 
constant updating of standards and practices. In China more recently, a publically accessible DNA 
barcoding system for identifying herbal materials has been established, based on the ITS2 and psbA–
trnH barcodes, which has been used for identifying herbal materials, and the principles and methods 
have been approved for incorporation into supplement 3 of the Chinese Pharmacopoeia (2010 edition) 
(Pang et al., 2012, [http://www.tcmbarcode.cn/en/]). This online database also contains barcode data 
for their adulterants, substitutes and closely related species. Similar efforts are needed to set up globally 
accepted quality benchmarks for Ayurvedic industry. 
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ABSTRACT 

  In the present study endophytic bacterial strains were isolated from mangrove species 
Rhizophora mucronata. A total of 26 endophytic bacterial strains were identified from the tissues of 
plant. Antimicrobial activity of ethyl acetate extract of endophytic bacteria was assessed by disc 
diffusion method. Five of the isolated endophytes were showed broad-spectrum of antimicrobial activity. 
all the extracts showed a broad spectrum activity against most of the tested bacterial and fungal 
pathogens and were identified as genus of Serratia, Bacillus, Pseudomonas, Micrococcus and 
Enterobacter through biochemical characterization. The mean zones of inhibition produced by the 

different extracts were found to be 05–20 mm (bacteria) and 11–25 mm (fungi).Minimum Inhibitory 
Concentration (MIC) and Minimum Microbicidal Concentration (MMC) of extracts ranged from 0.0625-
1.0mg/ml. based on the previous supportive works carried out by many other researchers, the present 
study can conclude that endophytic bacteria from mangrove plants have potential ability in drug 
discovery. detailed investigations on mangrove endophytic bacteria are needed to prove its potential 
further and it will lead to the discovery of numerous high value metabolites. 
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Introduction 
Mangroves are salt-tolerant, marshy plants, which act as primary producers in the estuarine 

food chain. They are the most fragile but highly productive ecosystems along the coastal areas forming 
an economic, ecological, scientific and cultural resource. They produce novel metabolites unique to the 
environment with various important economic and environmental functions (Bandarnayake, 2002). 
Microbes that inhabit asymptomatically in the living tissues of plants without causing any substantive 
negative effect are known as endophytic microbes (Bacon et al., 2000). Each plant species that exists 
on earth is considered to be a host for one or more endophytes. The study of endophytic bacteria is a 
challenging field of research even though the attempts to use endophytic bacteria for the production of 
bioactive compounds have been promising.   

Many bioactive compounds are produced from mangroves but reports on the usefulness of the 
mangroves as the source of microbial endophytes are scarce. Mangrove fungi constitute the second 
largest ecological group of marine fungi (Sridhar, 2004). Since the bioprospecting of microbial 
endophytes from mangroves is at the stage of infancy efforts should be taken for judicious and gainful 
utilization of mangrove endophytes. It is the need of hour to search for new antimicrobial agents 
because infectious diseases are still a global problem because of the development and spread of drug-
resistant pathogens. Major active compounds used in medicines are obtained from microbes. The 
endophytic microbes were well studied in terrestrial plants which are found to possess antibacterial 
antifungal, anticancer, antimalarial, antiviral, antioxidant and antidiabetic activities. Mangrove 
endophytic fungi are known to produce metabolites such as antraquinones, eniatin G, and xyloketals. 
But, isolation effort of endophytic bacteria for antimicrobial activity from mangrove plants is limited. 
Medicinal properties of different parts of mangrove plant may be fully or partially dependent on the 
endophytes. 

Present study illustrates the details of the isolation and characterization of endophytic bacterial 
strains of Rhizophora mucronata for antimicrobial activity. 
 
Materials and methods 
Sample Collection and Location 

Samples were collected from mangrove forest situated in chettuva backwaters, Thrissur, Kerala. 
Healthy leaf, stem and root samples of mangrove species Rhizophora mucronata were collected in 
sterile bags and transported to the laboratory aseptically. 
  

Isolation of endophytic bacteria 
Collected samples were washed in running tap water followed by 70% ethanol, 2% Sodium 

hypochlorite and distilled water respectively and air dried under a laminar-flow hood for surface 
sterilization. The outer tissues were removed and the inner tissues were macerated with distilled water 
using mortar and pestle. 1ml of macerated sample was serially diluted and 100µl of each dilution was 
inoculated on nutrient agar medium by spread plate method (Gayathri et al., 2010). Plating was done in 
triplicates and incubated at 37°C for 48 hours. After attaining visible growth, the heterotrophic bacterial 
colonies were selected. All the isolated colonies were sub cultured in nutrient agar plates and stored at 
4°C. 
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Assay of Antimicrobial Activity 

Test organisms: 
Bacterial and fungal pathogens used in the study were given in the table (1), obtained from the 

Culture Collection Centre, Department of Microbiology, PSG Medical College Hospital, Coimbatore, 
Tamil Nadu. The bacteria were maintained in Nutrient agar (NA) and Sabouraud’s dextrose agar (SDA) 
slants were used for the maintenance of fungi. 

Table1. Bacterial and fungal pathogens used in the study 

Sl.
No 

Test organisms 
Bacteria Fungi 

1 Escherichia coli Aspergillus  niger 
2 Shigella sp Candida albicans 
3 Yersinia enterocolitica Candida  tropicalis 
4 Vibrio cholerae Rhizopus sp 
5 Salmonella  typhimurium Trycophyton rubrum 
6 Streptococcus pyogenes Malassesia  furfur 
7 Pseudomonas aeruginosa  
8 Klebsiella pneumoniae  

Preparation of extracts: 
Endophytic bacterial strains were inoculated into 100 ml of sterile nutrient broth and kept at 

37±2°C for 24 hrs with continuous shaking. Then 20 ml of grown culture was transferred into 1000 ml 
of sterile nutrient broth and incubated at 37±2°C for 5 days under continuous shaking at 150 rpm/min. 
Mass cultivated cultures were centrifuged and the supernatant was mixed with equal volume of ethyl 
acetate (1:1) in a separating funnel and after vigorous shaking, the organic phase was collected and 
subjected for evaporation. 
 

Assay of antibacterial activity: 
 The antimicrobial activity was screened by agar well diffusion method (Azoro et al., 2002). 
Mueller Hinton agar plates (for bacteria) and SDA plates (for fungi) were prepared and swabbed with 
24 hours old broth culture of respective test organism. Using the sterile cork borer, the well (6mm) was 
made in to each Petri plate and added 10µl of ethyl acetate extract. Then the plates were incubated at 
37±2°C for 24hours (for bacteria) and 48 hours (for fungi). After the incubation period, the diameter of 
inhibition zones of each well was measured and the values were noted. Triplicates were maintained in 
each extract and the average values were calculated for the eventual antimicrobial activity. 
 

Determination of minimum inhibitory concentration (MIC): 
 The minimum inhibitory concentration (MIC) of all the extracts was determined for each of the 
test organisms in triplicates at varying concentrations of 1.0, 0.5, 0.25, 0.125, 0.0625mg/ml. To obtain 
these concentrations, 1 ml of varying concentrations of the extracts containing double strength of the 
concentrations (2.0, 1.0, 0.5, 0.25, 0.125 mg/ml) and 1 ml of nutrient broth was added into test tubes 
and a loopful of the test organism was introduced to the tubes. A tube containing nutrient broth only 
was seeded with the test organism to serve as control. All the tubes were then incubated at 37oC for 24 
hrs and then examined for growth by observing turbidity (Ajaiyeoba et al., 2003).  The MIC endpoints 
were the lowest drug concentrations that showed no growth. 
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Determination of Minimum Microbicidal concentration (MMC) 
The MMC of the extracts were determined as described by Espinel-Ingroff et al., (2002). After 

72 hrs of incubation, 20 l was sub cultured from each tube that showed complete inhibition onto NA 
and SDA plates for bacteria and fungi respectively. The plates were incubated until growth was seen in 
the positive control. The MMC was the lowest drug concentration that showed either no growth or 
fewer than three colonies to obtain approximately 99 to 99.5% killing activity. 
 

Characterization of Bacteria 
Endophytic bacterial strains BL6, BS7, BR7, BR1 and BS1 were identified based on gram 

staining, endospore staining and biochemical tests according to Cappucino and Sherman (2004). 
 

Results and conclusion 
The study was carried out to isolate and characterize endophytic bacteria for antimicrobial 

activities. In the study, a total of 26 heterotrophic endophytic bacterial colonies were isolated from the 
mangrove species Rhizophora mucronata. Gayathri et al. (2010) reported isolation of 102 endophytic 
bacterial colonies from 5 mangrove and salt marsh plants. Out of 26 colonies 5 strains (BL6, BR1, 
BR7, BS1 and BS7) were showed antimicrobial activity and they were characterized biochemically. 

Ethyl acetate extracts of 5 bacterial isolates (BL6, BR1, BR7, BS1 and BS7) showed broad 
spectrum antimicrobial activity (Table.3). The mean zones of inhibition produced by the different 
extracts were found to be 05–20 mm (bacteria) and 11–25 mm (fungi).  Extracts of BL6, BR7 and SR1 
showed high activity against most of test pathogens compared to extracts of BS7 and BS1. Maximum 
antibacterial activity was shown against Streptococcus pyogenes by BR1 (18mm) and BR7 (17mm). 
MIC and MMC of extracts ranged from 0.0625-1.0mg/ml (Table.4). The strain BL6 has MIC value at 
0.125 mg/ml against pseudomonas aeruginosa and BR1 has 0.125 mg/ml against S. pyogenes. 
Recently, one study reported 2 endophytes of 14 isolated bacterial strains showed promising 
antibacterial activity against human pathogens. The strain MB4 has MIC values at 250 g/ml against 
Bacillus subtilis, Vibrio harveyi and the strain MBκ showed MIC value of 250 g/ml against Bacillus 

subtilis and Serratia sp. (Ravikumar S et al., 2010). Another study reported that, the endophytic strain 
ENS3 from the sea grass Syringodium isoetifolium and the endophytic strain ENC5 from the sea grass 
Cymodocea serrulata possess MIC value 125 g/ml against Pseudomonas aeruginosa. The MIC of M. 

jodocodo against E. coli was 2.75 mg/ml while that of T. robustus against M. bourtardi was 15.75 
mg/ml. 

Table 2. Assay of antimicrobial activity 

Sl. 

 No 
Test organisms 

Zone of inhibition in mm (±SD)  

BL6 BS7 BR7 BR1 

1 E.coli 15±0.0 - 15±0.0 10±0.6 
2 Shigella sp - 6±0.0 - - 
3 Y. enterocolitica - - - -                                  
4 V.cholerae 12±0.0 - 14±0.0 14±0.0 
5 S. typhimurium 12±0.0 9±0.2 14±0.3 13±0.0 
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6 S.pyogenes 10±0.0 - 17±0.8 18±0.0 

7 P.aeruginosa 18±0.0 6±0.0 14±0.4 16±0.0 
8 K.pneumoniae 15±0.0 - 13±0.8 9±0.2 
9 A. niger 14±0.5 8±0.3 10±0.6 14±0.8 
10 C. albicans 20±0.7 6±0.6 17±0.0 19±0.6 
11 C.  tropicalis 14±0.0 - 16±0.6 18±0.6 
12 Rhizopus sp 21±0.0 - 17±0.6 17±0.8 
13 T. rubrum 23±0.0 7±0.0 20±0.5 20±0.5 
14 M.  furfur 18±0.5 - 26±0.0 19±0.0 

 
Present study showed high activity of endophytic bacterial strains against fungal pathogens 

compared to bacterial pathogens. The isolate BR7 and BL6 were more active compared to other 
extracts. Extract of BR7 showed lowest values of MIC and MMC against M.furfur (MIC 0.0625mg/ml, 
MMC 0.0625mg/ml) followed by extract of BL6 against T.rubrum (MIC 0.125mg/ml, MMC 
0.25mg/ml) and Rhizopus (MIC 0.125mg/ml, MMC 0.25mg/ml). Jalgaonwala et al. (2010) reported 
that bacterial isolates KB4 from roots of P.glabra, NB6 from stem of E.globulus and HB3 from 
rhizomes of C.longa have strong antifungal activity.  In the study the MMC and MIC values were 
comparatively less that will be helpful in the development of drugs with economic feasibility. 
 Zarin and Sharon (2009) isolated endophytic bacteria from sweet potato plants and identified as 
Enterobacter, Rahnella, Rhodanobacter, Pseudomonas, Xanthomonas and Phyllobacterium. In the 
present study, the isolated endophytic bacteria were identified as Serratia (BL6), Bacillus (BS7), 
Pseudomonas (BR7), Micrococcus (BR1) and Enterobacter (BS1) by biochemical characterization. 

Based on the previous supportive works carried out by many other researchers, the present study can 
conclude that endophytic bacteria from mangrove plants have potential ability in drug discovery. 
Detailed investigations on mangrove endophytic bacteria are needed to prove its potential further and it 
will leads to the discovery of numerous high value metabolites. 
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Abstract 
 R. Annulatus, formerly Boophilus annulatus are considered as the most important group of 
arthropods to transfer disease pathogens from one animal to another. It affects the global cattle and 
small ruminant population by causing heavy burden transmitting babesiosis and anaplasmosis on 
animals. acaricide resistance is a major problem which results in decreased production and restricted 
traffic of livestock. Enhanced enzyme detoxification and target site insensitivity are major causes of 
resistance. Cytochrome P450 monooxygenases are detoxification enzymes involved in the metabolism 
of acaricides. The ability of P450s to metabolize a wide variety of compounds makes them the subject 
of active research in many fields. There are several reported studies on the role of Cytochrome p450 in 
conferring resistance to acaricides. However, studies on the Cytochrome p450 dependent drug 
resistance in Rhiphicephalus annulatus have not been reported so far. among CYP familes, CYP4 is 
frequently associated with acaricide resistance. The present study obtains greater significance as 
CYP4w1 is the first gene of CYP family to be identified in Rhiphicephalus annulatus and only second 
to be identified in whole of the arachnid family. The identified nucleotide sequence was translated to its 
corresponding peptide using Expasy tool. Phylogenetic tree and distance matrix analysis deduce the 
sequence homology and thus revealed the evolutionary significance of the Cytochrome P450 genes 
inRhiphicephalus annulatus. further sequence analysis of Cytochrome P450 protein sequence helps us 
to understand better of the molecular mechanisms involved in the tick borne diseases contributing 
positively for the benefit of medical and veterinary professionals, farmers and common public. 
 

Introduction 
Ticks are considered second to mosquitoes as vectors of infectious pathogens to humans. Ticks 
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and tick borne disease (TTBDs) pathogens affect 80 per cent of the world cattle population and are 
widely distributed throughout the world, particularly in tropical and subtropical countries, which cause 
significant production losses. R. annulatus, formerly Boophilus annulatus is the prevalent species 
found in southern India (Jagannath et al., 1979; Koshy et al., 1982; Rajamohanan, 1982). They are 
obligate haematophagous ectoparasites which affect the global cattle and small ruminant population by 
causing heavy burden and transmitting babesiosis and anaplasmosis in animals, thus resulting in 
decreased production and restricting the traffic of livestock. At present, control of tick and tick borne 
diseases (TTBDs) is mainly achieved by the wide spread use of acaricides, which lead to development 
of acaricide resistant ticks along with contamination of environment and animal products. Cytochrome 
p450 dependent monooxygenases are very important enzyme systems involved in the metabolism of a 
phenomenal number of endogenous and exogenous processes (Nelson et al., 1996). Therefore, 
identification and characterisation of cytochrome p450 genes will be helpful in understanding the 
mechanism of resistance and also aid in developing novel methods for controlling these ticks. 
 

Materials and Methods 
 The main objectives of the study involves Identification of Cytochrome P450 genes, 
Sequencing and its computational analysis. 
 

Tick Collection 
 Adult engorged female ticks were collected carefully from Kerala veterinary and animal 
sciences university. The ticks were maintained in the laboratory for egg laying and subsequent hatching 
of larvae. Bottles were kept in a desiccator containing 10 per cent potassium hydroxide solution and 
kept in BOD incubator maintained at 28±10C and 85±5 per cent relative humidity (RH). Approximately 
20 days were taken for egg laying while 10-15 days were needed for hatching of eggs into larvae. 
 

Isolation of total RNA from ticks and cDNA synthesis 
 Total RNA was isolated using TRIzol method. The quality and concentration of RNA was 
assessed using Nanodrop Spectrophotometer and was separated on 2% agarose gel .The RNA was 
reverse transcribed in a 20 l reaction using SuperScript™ III First Strand System for RT-PCR from 
Invitrogen. The components in the kit was centrifuged and then 10 l RNA-Primer Mix containing 5ug 
total RNA, 50uM oligodT primer, 10mM dNTP mix and DEPC treated water was prepared. This 
solution was then heated for 5 min at 65°C and the chilled on ice for1 minute. Then 10 l cDNA 
Synthesis Mix was prepared containing 10X RT buffer, 25mMMgCl2, 0.1M DTT, RNaseOut, 
SuperScript III RT in appropriate concentrations. This cDNA Synthesis Mix was added to the RNA-
Primer Mix, mixed gently and collected by centrifugation. The mix was then incubated at 50°C for 50 
minutes. The mixture was heated to 85°C for 5 minutes and then rapidly cooled on ice to terminate the 
reaction. The mixture was centrifuged for a short time. 1 l of RNaseH was added and kept for 
incubation for 20 min at 37°C. Single strand DNA synthesized and was used for subsequent steps. 
 Based on the related sequences of species, primers were designed using Primer3-online primer 
designing tool and are currently being tested on Boophilus annulatus. The cDNA obtained was used to 
amplify a subset of designed primers. The PCR amplification was performed in an Eppendorf Master 
cycler in 30 ul volume. PCR conditions was standardised and PCR products generated were then 
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electrophoresed on a 1% agarose-TAE gel. The observed results from the gel were recorded. PCR 
Amplifications were analyzed and purified using Wizard® SV PCR Clean-Up system Kit and the 
purified samples were sequenced. The sequences obtained were aligned using SEQUENCHER 4.1.2 
(Gene Codes Inc). The sequences were analyzed for their identity using NCBI-BLAST . 
 

Computational Analysis 
 The Protein sequence provides us with copious numbers of sequence information. Translation 
of the identified nucleotide sequence were done using the translate tool of ExPASy. The predicted 
protein sequences were compared with other protein sequences in the UniProt database to find out 
similar sequence using Blastp at NCBI. Additional computational analysis involving sequence 
alignments and distance measurement was done in MEGA 5 (Molecular Evolutionary Genetic 
Analysis) (Kumar S et al, 2011). This software was used to align sequences and create a neighbour 
joining phylogenetic tree to deduce the sequencehomology and evolutionary origins of the 
Rhiphicephalus annulatus protein sequence. The reliability of the tree was estimated by bootstrap 
consensus tree inferred from 10,000 replicates. The sequence were further analysed for predicting the 
iso-electric point, molecular weight and co-Post translational modification. 
 

Results and Conclusions 
  
 
 
 
 
 
 
 
 

 
 
CYP4w1 was identified and sequenced from Rhiphicephalus annulatus (Fig 1).  
Nucleotide sequences of identified CYP4w1 were translated and the sequence on 3rd reading frame was 
selected. The results of the Blastp revealed that the sequence showed 92% of sequence identity with 
Cytochrome P450 4w1 [Rhipicephalus microplus] indicating that the newly identified protein belongs 
to the Cytochrome P450 4w1 family. The presence of Cytochrome P450 signature motif and conserved 
regions in the identified gene further substantiate this fact. 
The phylogenetic analysis of CYP4W1 protein showed 100% bootstrap support with Rhipicephalus 
microplus (Fig 2).  

 

 

 

 

 

 

 

Fig 2: Phylogenetic tree of CYP4W1 gene 

Fig 1: Chromatogram of CYP4W1 sequence using sequencher 4.1.2 
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Alignment of the CYP4W1 protein with other related proteins is shown in fig3 

 

 

 

 

 

 

 

 

 

Fig 3: Alignment of CYP4W1using ClustalW.  
 
A total of eight related sequence were selected for multiple alignment, selected regions of the 
sequence is shown, conserved regions are represented using similar colour in columns and asterisk 
above the columns 
 

Conserved regions were analyzed and evolutionary distance was calculated with the help of distance 
matrix. Distance matrix of CYP4W1 gene in Rhipicephalus annulatus shows, the gene is closely related 
to gene present in Rhipicephalusmicroplus  (0.052)  and  the  outgroups  Homo  sapiens  and  corvus  

brachyrhynchos  showedhigher degree of divergence (0.886) and (0.920) respectively (Table 1). 
 
Table 1: Distance matrix of CYP4W1 predicted protein is closely related to CYP4W1 in 

Rhiphicephalus microplus.The CYP4w1  
 
 
 
 
 
 
 
 
 
 
 
protein sequence contained 324 amino acid with a predicted molecular weight of 37.61 kDa and a 
theoretical isoelectric point of 8.39. The estimated half-lives of the proteinin mammalian reticulocytes, 
yeast and  
E. coli were 30, >20 and >10 h, respectively, and its instability coefficient was 43.32, which was 
characteristic of an unstable protein. The grand average of hydrophobicity of the protein was −0.444. 
Therefore, the protein is unstable and alkaline in nature. Sequence which is highly similar to the 
identified protein sequence was compared in detail to further analyse the residue wise changes. Several 
of the post-translational modification (PTM) site present in the Cytochrome P450 4w1 [Rhipicephalus 
microplus] are also present in the newly identified protein as shown in Table 2.  
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Modification sites Cytochrome P450 4W1  Cytochrome p450 

Rhipicephalus microplus Rhiphicephalus annulatus 
 
 
 

    

 
 

Residue No. motif Residue No. motif 

       
Tyrosine kinase 

45 - 52 Kqr.EtlvY 
   

phosphorylation 
   

      
 247 - 254 Rrl.EtplY 178 - 185 Rrv.EsplY 

N-myristoylation site 149 - 154 GLltSS 97 - 102 GLltSS 
 312 - 317 GLkgTA 243 - 248 GLkgTV 
 359 - 364 GMswAI 290 - 295 GMswAI 

Protein kinase C 
160 - 162 SrR 108 - 110 SrR 

phosphorylation       
 246 - 248 TrR 177 - 179 TrR 
 280 - 282 TlK 211 - 213 TlK 
 316 - 318: TaR 247 - 249 TvR 
 387 - 389: SdK 320 - 322 ShR 

Casein kinase II 
228 - 231: SnqD 

   

phosphorylation 
   

      
 293 - 296 ScpE 224 - 227: ScpE 
 300 - 303: SyeE 231 - 234: SyeE 
 304 - 307 TasE 235 - 238: TssE 

 
 

Table 2: Comparison of PTM sites present in Cytochrome of  Boophilus annulatus and it 

close homologue Cytochrome P450 4W1Rhipicephalus microplus:  The residues compared 

were in the range from 1- 324. 
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Fig 4: Representation 

of the PTM sites 

present on the newly 

identified protein (top), and it close homologue (below) 

 
The protein contains sites for N-myristoylation which plays a vital role in membrane targeting; in 
addition to this the protein also contains Tyrosine kinase phosphorylation, Protien kinase C 
phosporylation, Casein kinase II Fig 5: Pair wise alignment between the identified Cytochrome 4W1 
and it close homologue 

 
phosphorylation. It is interesting to note that while all the PTM sites are present in both the 

homologous 
sequences there exist 
only one Thyrosine 

kinase 
phosphorylation 

(TKP) site in the 
newly identified 
protein while the 
homologue have an 
additional TKP site 
with a sequence 

motif “Kqr.EtlvY” located at residue 45-52. In addition, motif “SnqD” in the Casein kinase II 
phosphorylation site present in the homologue is also missing. 
 
These subtle differences in the PTM sites present on the newly identified Cytochrome P450 may have 
implication in the cellular localisation and signalling/ activation compared to that of its close 
homologue.  
Pairwise alignment of the two sequences as shown in fig 5 reveals several remarkable substitutions, to 
note one is the substitution of a positively charged amino acid (Lysine) with a polar Serine at residue 18 
and a substitution of polar Threonine with a nonpolar Alanine at residue 22. Further analysis of the 
secondary and tertiary structure of the protein will help to understand the substrate selectivity and 
catalysis of this protein. 
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 OPTIMIZATION OF GROWTH HORMONES IN CULTURE MEDIUM TO IMPROVE 

CALLUS INDUCTION USING RESPONSE SURFACE METHODOLOGY 

 
Anu Jacob and Jibu Thomas  
Department of Biotechnology, School of Biotechnology and Health Sciences, Karunya University, 
641114 Email: jac.anu@gmail.com Phone: 8903521079 
 
INTRODUCTION 
 
Tea (Camellia) is the oldest non alcoholic caffeine containing beverage crop in the world.  The 
cultivation of explants derived from stems and leaves of tea plant retained the ability to synthesize 
flavanoid, catechin and proanthocyanidin (Yonemoto et.al., 2003). Recently polyphenols received 
much attention because of its antioxidant properties and their role in the prevention of various diseases 
associated with oxidative stress, such as cancer, cardiovascular and neurodegenerative 
diseases(Manach et al. 2004). And other therapeutic values like antibiotic/ antiviral activity, anti-
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inflammatory activity, anti- aging effects and antiallergic effects (John et al 2013).  
Polyphenols account for about 25-35% of total dry weight of freshly plucked tea leaves, of which two 
thirds is contributed by catechin alone (Thomas et. al 2005). The formation of polyphenol in intact tea 
plants and as well as in callus tissue was first reported by Forrest (1969) who found that synthesis of 
simplest catechins and leucoanthocyanine was highly dependent on the original explant and inversely 
co-related with the growth rate of cultured cells. 
Large scale cultivation of plant cells and higher production of these compounds is essential and this is 
initiated by callus culture in solid media. Current study is focused on the optimization of hormone 
concentration in tissue culture media to improve the callus induction of Camellia sp. using response 
surface methodology. Mathematical models were deduced using Minitab version 15 software to 
represent the effect of different hormones on callus induction. 
 
MATERIALS AND METHODS 
 
Plant materials 
Healthy plants of cultivated species of Camellia clone UPASI 3 were collected from Coonoor and were 
maintained in university campus. 
 
Callus induction 
Leaves were surface sterilized with 1% teepol for about 3-4 minutes followed by immersion in 0.1% 
mercuric chloride for 5 a minutes under laminar air flow. Explants were washed three times with sterile 
distilled water. The explants were aseptically cut into small pieces and were placed on solidified media 
in culture bottles (Singh et. al 2011). Media consist of half strength Murashig – Skoog (MS) medium 
fortified with 3% sucrose and different hormones in different levels. Table 1 shows the range and levels 
of the studies variables. The application of Central Composite Design (CCD) consists of 20 
experimental runs as given in Table 2. The pH was adjusted to 5.8 before sterilization. The inoculated 
bottles were incubated in growth room with temperature 22±2°C and 16h photoperiod. 18 replicates 
were established for each combination of hormones and media was changed on 15th day. The 
observations were made from 28 days old cultures. Response was calculated as percentage of callus 
formed in the inoculated explants. 
 
Table 1: Assignment of levels to the variables 
 

Hormone/ coded values -1.6817 -1 0 1 1.6817 

IAA (g/L) 0.5 0.75 1 1.25 1.5 

BA (g/L) 3 4 5 6 7 

GA (g/L) 3 4 5 6 7 

 
Table 2: Plan of Experiments 
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Run 
Order 

IAA BA GA 

1 -1 1 -1 
2 0 0 0 
3 1 -1 1 
4 0 -1.68179 0 
5 -1 -1 1 
6 0 0 0 
7 -1 1 1 
8 1 1 -1 
9 0 0 0 
10 -1.68179 0 0 
11 1 1 1 
12 0 0 0 
13 0 0 1.681793 
14 0 1.681793 0 
15 -1 -1 -1 
16 0 0 0 
17 1.681793 0 0 
18 1 -1 -1 
19 0 0 0 
20 0 0 -1.68179 

 
Results and Conclusion 
The callus obtained for all 20 combinations were of similar morphology. Calli were friable, globular 
and whitish in appearance.  
 
Table 3: Results of Central Composite Design for CallusInduction 
 

Run 
Order 

IAA BA GA 

% Callus Induction 
Predicted 
values 

Observed 

1 -1 1 -1 46.74 44 
2 0 0 0 66.79 66 
3 1 -1 1 34.22 33 
4 0 -1.6818 0 42.25305 38 
5 -1 -1 1 38.22 38 
6 0 0 0 66.79 66 
7 -1 1 1 38.88 33 
8 1 1 -1 37.14 33 
9 0 0 0 66.79 66 
10 -1.6818 0 0 42.41372 44 
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11 1 1 1 42.88 38 
12 0 0 0 66.79 72 
13 0 0 1.68179 40.18746 44 
14 0 1.68179 0 47.76925 55 
15 -1 -1 -1 48.84 50 
16 0 0 0 66.79 66 
17 1.68179 0 0 30.97743 33 
18 1 -1 -1 31.24 33 
19 0 0 0 66.79 61 
20 0 0 -1.6818 44.29112 44 

 
Global Predictivity of the Model 
 
The coefficient of regression, R2, measures the variability explained by the factors and their 
interactions in the observed response (Haaland 1989). In this model, R2 value is 93% which explains 
that 93% of the callus induction is attributed to the independent variables and only 7% of the total 
variability is not explained by the model. Predicted R2 (60.74%) reflects how well the model will 
predict future data. Adjusted R2  (84.56%) is a modified R2 that has been adjusted for the number of 
terms in the model.   
 
Analysis of the Quadratic model 
The p value shows that the model is statistically significant (table 4). The lack of fit is insignificant, 
which indicate that model fits well with the experimental data.  
 
Table 4: Analysis of Variance for % Callus induction (Results in bold are significant) 

 

Source DF Sum of squares P value 
Regression 9 3351.52 0.000 
    Linear  3 215.41 0.078 
   Square 3 3001.08 0.000 
   Interaction 3 135.03 0.191 
Residual Error 10 234.90  
  Lack-of-Fit     5 173.17 0.141 
    Pure Error 5 61.73  

 
Table 5: Analysis of terms in quadratic model (Results in bold are significant) 
 

Model 
terms 

Coefficient 
Estimate 

p- value 

intercept 66.79 0 

A: IAA -3.4 0.027 

B: BA 1.64 0.238 
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C: GA -1.22 0.374 

A*A -10.64 0 
B*B -7.7 0 
C*C -8.68 0 
A*B 2 0.252 

A*C 3.4 0.007 

B*C 0.69 0.694 

 
The application of response surface methodology yielded the following regression equation which is an 
empirical relationship between callus induction and hormone concentrations. 
% callus induction= 66.79-3.4(IAA) +1.64(BA)-1.22(GA)-10.64(IAA*IAA) -7.7(BA*BA)-       
8.68(GA*GA)+2(IAA*BA)+3.4(IAA*GA)+0.69(BA*GA) 
 
Diagnostic plot 
Residual analysis is done to evaluate the validity of the model. Residual is defined as the difference 
between the observed and predicted values obtained by the model. Graphical methods are used for 
residual analysis (Amdoun et al 2010). The Homoscedasticity hypothesis of errors is verified as the 
residuals are distributed horizontally on a horizontal band of graph (Fig 2). Figure 3 shows a normal 
distribution of residuals, which is independent of each other (Dodge 1993, Draper and Smith 1981). 
 

Fig 2: Residual Vs Predicted values 
 

 
 
 
 
 
 
 
 
 
 

 
 

 

Response Surface Analysis 
 

  
 
 
 
 
 
 
 

Fig 3: Normal Probability Plot 
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Response Surface is the graphical representation of the mathematical model in the experimental region. 
Fig 5 shows the response surface for the callus induction as the function of hormone concentration. 
From this graph, response for different combinations of the hormones can be predicted. In all the plots, 
optimum combination lies in the convex region and estimated as IAA-1mg/l, BA-5mg/l,GA-6mg/l. 
 
Conclusion 

 
This work has demonstrated the use of Central Composite Design in optimizing the hormone 
concentration in media to maximize the callus induction. This technique employed minimum number 
of experimental trials and considered the interaction between various parameters. 
The approach to optimize hormone concentration improved the callus induction. Hence statistical 
experimental designs are powerful tools for the rapid investigation of key variables from a 
multivariable system and minimizing the error in determining the effect of each parameter. 
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Fig 4C: surface plot of callus induction as a 

function of GA and BA 
 

312

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



159 
 

York, NY, USA. 
 
Forrest, G.I. and Bendall, D.S. (1969). The distribution of polyphenols in tea plant (Camellia sinensis 
L.). Biochem. J. 113, 741–755.  
 
Haaland PD (1989). Experimental Design in Biotechnology. Marcel Dekker; New York, NY, USA, pp. 
1–18. 
 
Jibu Thomas, Marimuthu Saravanan, Rajagopal Raj Kumar and Parekatil Kurian Pius (2005) Influence 
of age after pruning on the levels of flavanols and other bioconstituents in tea (Camellia sinensis) J Sci 
Food Agric 85:931–934  
 
Manach C, Scalbert A, Morand C, Rémésy C, Jimenez L (2004). Polyphenols: food sources and 
bioavailability. Am J Clin Nutr.,79:727–747. 
 
Maria John Muthaiya, Praveen Nagella, MuthuThiruvengadam and AbdulKalam Azad Mandal (2013) 
Enhancement of Productivity of Tea (Camellia sinensis) Secondary Metabolites in Cell Susoension 
Cultures Using Pathway Inducers, J.Crop Sci. Biotech. 16(2):143-148 
 
Naomi Shibasaki-Kitakawa, Junna Takeishi, and Toshikuni Yonemoto (2003).Improvement of Catechin 
productivity in Suspension Cultures of Tea Callus Cells, Biotechnol. Prog., 1λ, 655−65κ 
 
Satyapal Singh, Babeet Singh Tanwer and Moinuddin Khan (2011). Callus induction and in vivo and in 
vitro comparative study of primary metabolites of Withania Somnifera, Advances in Applied Science 
Research, 2 (3): 47-52 
 
 
 
02-28 

EVALUATION OF BIOREMEDIATION POTENTIAL OF BACTERIA COLONISED ON 

THE INERT MATERIAL 
 

                  Deepika .R and Sheethal Toress, Karunya University, Coimbatore , Tamil Nadu 
Abstract 
 Bioremediation is a remedial tool for improving aquaculture practice in shrimp pond. The use 
of beneficial bacteria in in-situ bioremediation helps in the removal of contaminated material from the 
brackishwater and improves the quality and productivity of shrimp. The major problem faced by farmer 
in brackishwater is cleaning and renewing the pond after cultivating shrimp, this is a technique called 
‘zero water exchange’ by which we can bioremediate the pond and also increase the shrimp yield. In 
this study the physico-chemical properties of brackishwater like pH, dissolved oxygen, salinity, total 
ammonia nitrogen and nitrite nitrogen were analysed. The bacteria was characterized by biochemical 
tests and molecular method and confirmed as Bacillus and Pseudomonas sps. These bacteria were 
colonized on the inert material. There was a tremendous decrease in ammonia and nitrate which 
reduced the sample effluent. This colonisation technique can be used to study the bioremediation in 
brackishwater aquaculture. 
 

Introduction 
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 Aquaculture: 
In a worldwide scenario aquaculture is seen as a fastest growing animal food producing centre 

and it outpace the population needs. The production in each area is diverse but the maximum value and 
quantity is delivered by Asia-Pacific region at about 89% according to a report given by the Fisheries 
and aquaculture Department of Food and Agricultural organization of the United Nations (2009). 

India’s frontier is divided in two regions were there exists a province of a brief coastline along 
the southern province of the country and the northern states mostly cover the landmass. Marine and 
freshwater catch fishing combined with aquaculture fish farming is a rapidly growing industry in India. 
In 2008, India was the sixth largest producer of marine and freshwater capture fisheries, and the second 
largest aquaculture farmed fish producer in the world. Fish as food both from fish farms and catch 
fisheries offers India one of the easiest and fastest way to satisfy   food security. 

Freshwater aquaculture involves the breeding of freshwater fish like carp, catla, rohu, magur, 
freshwater prawn, freshwater pearl culture and ornamental fish farming. 

Brackishwater aquaculture occurs mainly in the region where the sea meets the river. 
Brackishwater aquaculture  involves breeding of shrimp, prawn, crab etc.Brackishwater occurs in 
existence of estuaries, deltas of rivers ,lagoons and backwaters. Here, the sea water meets the fresh 
water and a habitat is created which forms a biodiversity of invariably a huge flora and fauna. In these 
habitats the salinity will vary between 35 ppt, depending upon the phase of tide and volume of fresh 
water discharged into the sea. Several species of shrimp , crab, shellfish and fin fish were seen. 

The Important parameters to be considered for maintaining the optimum growth includes 
temperature, pH, salinity, DO. 

Temperature       29-32 °C 
pH                         7.5-8.5 
salinity       15-25 ppt 
dissolved oxygen 4-7 ppm 
 

Penaeusmonodon (tiger shrimp): 
 

This is the largest available species of shrimp in the world that can  
grow up to 32cm long. They are most widely found in east and 
southwest coast of India. These species habitat in the estuaries, 
rivers and Brackishwater areas.Fig :Penaeusmonodon (tiger shrimp) 

 
 

 

 

Bioremediation: 
The current approach to improve water quality in aquaculture is the application of microbes or 

enzymes to the ponds is known as bioremediation. It involves many activities to mineralize to carbon 
dioxide, stimutaling the shrimp production by maximizing the primary productivity , nitrification, 
denitrification. Many micro and macro organisms and their products are used as additives to improve 
the water quality those are reffered as bioremediators (Moriaty, 1998). When the microorganisms and 
their products show a lower accumulation of slime and organic matter then there is better penetration of 
oxygen into the sediment and a better environment for the flora and fauna.(Rao and Karunasagar, 2000 
). When the optimising levels of nitrite and lower concentration of ammonia exists then it successfully 
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eliminates the excess nitrogen from pond, this marks a successful bioremediation. (Bratvold et al., 
1997). 
 

Materials and method 
The physico-chemical properties of brackish water like pH, DO, salinity, total ammonia 

nitrogen and nitrite nitrogen were analyzed. The bacterial isolates were characterized by biochemical 
tests and molecular method. The bacteria were colonized on the inert material as per standard 
procedure (Brodelius and Nilsson 1980). 
 

Physical Parameters: 

 pH was measured by pH meter 
 Salinity was measured using refractometer 
 Ammonia –N: Ammonia reacts with phenol and sodium hypochlorite to form indol phenol blue. 
The indol phenol blue is used in proportion to the concentration of ammonia. The blue colour confirms 
the presence of ammonia and was estimated spectrometrically. 
 Nitrite-N: The Presence of nitrite in water is determined by formation of a reddish purple azo 
dye by coupling sulphanilamide with NED. 
 Dissolved Oxygenμ DO can be determined by Winkler’s method. In this method divalent 
manganese solution, followed by strong alkali, is added to the sample. Any dissolved oxygen rapidly 
oxidizes an equivalent amount of divalent manganese to basic hydroxides of higher valency states. 
When the solution is acidified in presence of iodide ions, the oxidised manganese ions again reverts to 
divalent state and iodine, equivalent to the original dissolved oxygen content of the water, is librated. 
This iodine is titrated with standardized thiosulphate solution. 
Calculation: 

                                                8000N   x    V1 
 DO (ppm)    =        ------------------------------- 
                                                            V2  
 
 V1= Volume (in ml) of Na2S2O3 of normality N required for titration. 
V2 = Volume of water sample titrated. 
If N= 0.025N and   V2 = 50ml then     DO(ppm) =V1x4 

 

Microbial methods : 

 Culture medium : 
The survival and continous growth of microorganism depends upon required amounts of 

nutrients and favourable conditions of growth. The solution that contains these nutrients is called 
culture medium. 

 
 Media preparation: 

Zobell Marine Agar 2216 contains the nutrients, which are required for the growth of marine 
bacteria. These media have minerals as in seawater  and peptic digest of animal tissue and yeast extract 
as the sources of nutrients for the marine bacteria. 

 
Platting techniques: 

This technique is performed to obtain pure culture which includes preparation ofinoculums 
followed by streak-plate or pour-plate or spread plate method, 
after a pure culture is obtained the colonies are isolated to 
obtain a single colony. This technique is performed to obtain 
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pure culture which includes preparation of inoculum followed by streak-plate, pour-plate or spread-
plate, after a pure culture is obtained the colonies are isolated to get a single colony. 
 

 

 

 

 
Molecular characterisation :DNA Extraction : 

The DNA from two different isolates were extracted by phenol 
chloroform extraction method. Protein was degraded by using 
Proteinase K and DNA was precipitated using Isopropyl alcohol 
and the samples were analyzed for sequencing. Fig : Gel 
Documentation 
 

 

 

Biochemical analysis : 
The samples were analysed biochemically for : Gram Staining, Methyl Red,  Vogesproskaver, 

Oxidase ,Catalase, Indole, Urease , Triple Sugar Iron  Carbohydrate  Fermentation Test : Lactose, 
Mannitol, Sucrose, Glucose , Maltose, Nitrate Reduction. 

 
S.No Name of the 

tests 

Isolate 1 Isolate 2 

1 Gram staining + (rod shape and 
motile) 

-(rod shaped and motile) 

2 Methyl red + - 
3 Vogesproskaver + - 
4 Oxidase - + 
5 Catalase + + 
6 Indole - - 
7 Urease - + 
8 Triple sugar iron + - 

9 Carbohydrate 
fermentation test 

    

  a.lactose - - 
  b.mannitol + - 
  c.sucrose + - 
  d.glucose + - 
  e.maltose + + 
10 Nitrate reduction + + 

 
   Immobilisation of bacteria: 
 

 Entrapment Of Bacteria: 
Entrapment within calcium alginate is the most widely-used 

technique for immobilising cells. It is especially suited to living cells as 
it tends not to damage them. Applications of this versatile method 

Fig: Isolates Of Bacteria 
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include immobilisation of cells in bioreactors, entrapment of plant protoplasts and plant embryos 
(‘artificial seeds’) for micropropagation, immobilisation of hybridomas for the production of 
monoclonal antibodies, and the entrapment of enzymes and drugs. The cells or enzymes to be 
entrapped are first mixed with a solution of sodium alginate. This is then dripped into a solution 
containing multivalent cations (usually Ca2+). The droplets form spheres as they fall, entrapping the 
cells in a three-dimensional lattice of ionically cross-linked alginate. This is a primitive study where the 
bacteria is entrapped in the agar beads and coated on a inert material. The metabolite level will 
decrease if the beneficial bacteria was able to reduce the contaminants. 

 
 

Experimental set up: 
Three glass reactors each containing a working volume of  10L(100cm×20cm×50cm) were set 

up in the laboratory. Water samples were collected from pond in which  Peanaeusmonod sps. were 
grown from  Muttukadu , Chennai . These glass reactors were filled with a volume upto 5 L in each 
tank. The first tank will be maintained as control , second without the inert material and third with both 
the bacteria and the inert material. An artificial set up of the pond, was created in the tank with battery 
powered aerators. Initially all the parameters like pH, Salinity, temperature were optimized and then 
monitored with respect to time. 

The  effluent sample  were analysed and at the end of 10th day the experiment was concluded 
because the analysed water sample contained the lowest concentration of nutrients. The various 
parameters were analyzed, using the Standard Methods  such as  total ammonia nitrogen and nitrate 
nitrogen DO was measured by the modified Winkler method and pH by potentiometry. 
 

Percent of removal of metabolites in the bioreactors containing mats were calculated as follows: 

(initial concentration of metabolites-final concentration              )/(initialconcentration  
o                  )×100 
 

Results and discussion 
 The physico-chemical properties of brackish water like pH, DO, salinity , total ammonia 
nitrogen and nitrite nitrogen were analyzed. The pH 7.1 - 7.7, DO 5.2 -7.3 ppm,salinity 24-35 ppt, TAN 
0.13 – 0.31mg/L and nitrite-N  0.02-0.07 mg/L. The bacteria were characterized by biochemical tests 
and molecular method. 

The bacteria were Bacillus and Pseudomonas sps. These bacteria were colonized on the inert 
material. This colonization technique can be used to study the bioremediation in brackishwater 
aquaculture. 

The trends in percentages of the nitrate oxidation were similar as those for ammonia oxidation, 
the remarkable decreases occurred after 5 days for ammonia and nitrate oxidation. Removal 
efficiencies were 97% for ammonia and 95% for nitrates of the values that had reached in the control at 
the end of the experimental period. In this study, bioremediation by immoblised bacterial mats systems 
represent an efficient and environmentally sound alternative for the improvement of the environmental 
conditions of brackishwater aquaculture and over all effluent discharge. 

Earlier studies on similar treatment systems  have  reported as good percent of removal of solids 
and organics in constructed wetland and bacterial constorium. The  nutrient retention and constructed 
wetland performance is not so good, since only 30% of nitrogen is removed (Brix, 1994). Other 
treatments using combination of sediments and curtains seems good but, in long term basis (up to 40 
days) (Bratvold and Browdy, 2001). 

Further improvement is carried out by using some other waste meterials like baggase which is 
obtained from sugar cane waste and is environmentally inert. These are also considered good for the 
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bacteria to grow on as it contains essential nutrients for bacteria.The combination of microbes and inert 
material  utilized in our system can optimize the treatment performance as determined by the process 
that we wish to favor: organic matter oxidation, and nitrification fixation to the substrate. Our study 
confirms the uptake of inorganic nitrogen, not only ammonia but also nitrate, by a culture of mixed 
marine heterotrophic bacteria. 
 

Conclusion 
In the present study, the bacterial mats employed for the removal of effluent discharge from 

shrimp pond showed efficient results within 10 days and it serves as an environmentally sound 
alternative method. Limited works are available on similar treatment systems. Wetlands have been 
reported as good in terms of the removal of solids and organics. The future aspect of this project is to 
carry out this project in a shrimp field with zero water exchange within 10 days. 
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DIHYDRAZIDE FROM PET BOTTLE WASTE  
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Abstract 

 Global production and consumption of poly(ethylene terephthalate) (PET) products has 
increased dramatically over the past few decades. This tremendous increase in PET consumption 
especially in the packaging sector has resulted in the accumulation of an enormous quantity of waste. 
Thus the current scenario demands a simple, ecofriendly, and economical route for recycling PET 
wastes that may otherwise disrupt the balance of the ecosystem. This paper describes the 
chemolysisof PET bottle wastes through a single step aminolysis process using hydrazine 
monohydrate as reagent and non-toxic, easily available sodium carbonate as catalyst. The product 
was characterized by CHn analysis, fTIR spectroscopy and 1H nMR spectroscopy. The thermal 
properties of the aminolysed product was characterized by differential Scanning Calorimetry (dSC). 
The surface morphology of the synthesized product and of the PET bottle waste flakes before and 
during the catalyzed and uncatalyzedaminolysis process was investigated with the help of Scanning 
Electron Microscopy (SEM). The new process for PET bottle waste chemolysis reported in this paper 
results in significantly high yield (84%) of terephthalicdihydrazide (TdH) in a shorter reaction time of 
3 hours at a relatively lower temperature (650C) as compared to other PET chemolysis methods. TdH 
is a high value added chemical having extensive applications as plasticizer in PVC compounding, 
curing agent for epoxy resins, chain extender for polyurethanes and crosslinking agent for acrylics. 
TdH also serves as a raw material for the synthesis of photoluminescent and 
electrochromicpolyhydrazides, heterocyclic derivatives having antibacterial properties and disazo 
disperse dyes. 
 
keywords: poly(ethylene terephthalate); aminolysis; terephthalicdihydrazide. 
 

Introduction 
Polyethylene terephthalate (PET) is one of the most commonly used consumer plastics in the 

world, particularly in the textile and packaging sectors. PET accounts for 8% by weight and 12% by 
volume of the global solid waste [Atta et al., (2006)]. Postconsumer PET wastes are commonly 
recycled either mechanically or chemically. Mechanically recycled PET exhibits relatively low and 
heterogeneous intrinsic viscosity values and are used for non-food-contact applications, which do not 
always claim superiority in their properties. On the other hand, the fact that chemically recycled PET 
is well suited for food-contact applications has increased the attention of researchers to the various 
chemolysis possibilities of waste PET. Chemical recycling have opened newer pathways for using 
PET waste as a precursor in generating pure value-added products for various industrial and 
commercial applications [Dutt and Soni, (2013)].          
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Depending on the chemical agent used to break down PET, different chemical 
depolymerization routes like glycolysis, methanolysis, hydrolysis, ammonolysis and aminolysis may 
be used [Aguado and Serrano, (1999)]. The chemical recycling processes such as hydrolysis, 
methanolysis, glycolysis and ammonolysis occur under high pressure and temperature. On the 
contrary, aminolysis can be carried out over a temperature range of 20-100 °C under atmospheric 
pressure [Aguado and Serrano, (1999)]. Aminolytic chain cleavage of postconsumer PET yields a 
variety of terephthalic acid diamides depending on the type of amine used. The reaction is usually 
carried out using primary amine aqueous solutions such as methylamine [Soni et al., (2010)], 
ethylamine [Soni et al., (2010)], ethanolamine [Pingale and Shukla, (2009)],  anhydrous n-butylamine 
[Soni et al., (2010)], etc. 

This paper discusses the development of an effective and economically viable process for 
recycling bottle grade PET wastes into a high value added product (terephthalic dihydrazide (TDH)) 
through an aminolysis process. TDH finds extensive applications as plasticizer in PVC compounding 
[Soni et al., (2009)], epoxy resin hardener [Spychaj et al., (2001)], chain extender for polyurethanes 
and crosslinking agent for acrylics. Terephthalic dihydrazide may also be used as a raw material for 
the synthesis of novel photoluminescent and electrochromic polyhydrazides [Kung and Hsiao, 
(2011)], heterocyclic derivatives having antibacterial properties [Palekar et al., (2009); Yogesh and 
Sanjeev, (2013)], and disazo disperse dyes [Palekar et al. (2010)]. 
 

Materials and methods 
Materials: Post consumer PET bottles of same brand were collected. After removing the cap and 
labels they were cleaned thoroughly with soap water followed by distilled water. The cleaned PET 
bottles were dried at 80 0C for 16 hours. The dried bottles were chopped into small flakes of 
approximately 5mm x 5mm size. Sodium carbonate used as catalyst was obtained from S. D. Fine 
Chemicals (Mumbai, India) Ltd. Hydrazine hydrate and dimethyl sulphoxide obtained from Merck 
(Mumbai, India) Ltd were of Analytical Reagent (AR) grade. 
 
Synthesis of terephthalic dihydrazide: PET waste flakes (10g) and hydrazine hydrate (30 mL) 
were taken into a two-neck 250 mL round bottom flask. Sodium carbonate (1% w/w of total weight of 

PET) was used as the catalyst. 30 mL dimethyl sulphoxide was 
added to the reaction mixture to facilitate the smooth progress 
of the reaction. The reaction mixture was then refluxed with 
stirring at 65 0C for 3 hours.  At the end of the reaction, cold 
distilled water was poured in excess with vigorous stirring to 
precipitate out the product completely. The pale yellow 
precipitate obtained was filtered, thoroughly washed with 
distilled water until neutral pH and dried in an oven at 80 0C. 
The dried precipitate was purified by recrystallising from 
dimethyl sulphoxide solution. The white crystalline powder of 
terephthalic dihydrazide thus obtained was further washed, 
dried in an oven at 80 0C and weighed to calculate the 

percentage of yield as per the equation given below: 
Yield (%) = (Weight of TDH obtained/ Weight of PET waste flakes initially taken) x 100 
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Characterisation of the aminolysed product: The ATR-FTIR spectrum of the product of 
aminolysis of PET was recorded on Thermo Nicolet, Avatar 370 FTIR spectrometer with a resolution 
of 4 cm-1 in a spectral range of   400 to 4,000 cm-1.  The 1H spectrum of the end product dissolved in a 
solvent (d6-DMSO) were recorded on Bruker, AV 400-AVANCE III FT-NMR spectrometer operating 
at proton resonance frequency of 400 MHz.  The CHN analysis was done on Elementar Vario EL III 
C-H-N Analyzer to determine the percentage content of C, H, and N in the aminolysed product of 
PET. Differential scanning calorimetry (DSC) was performed with Mettler Toledo DSC 822e at a 
heating rate of 10 0C/min from room temperature to 400 0C under N2 atmosphere. SEM analyses of 
the aminolysed product and PET flakes before and during the catalysed and uncatalyzed aminolysis 
reaction were taken on Jeol Model 6390 LV. 
 

Result and discussions 

Mechanism of aminolysis of PET flakes: 
 In the aminolysis reaction of PET with hydrazine monohydrate, one of the amine groups of 
hydrazine attacks the ester linkage of PET forming a complex with the carbonyl group, thereby 
increasing its polarity leading to the formation of terephthalic dihydrazide and ethylene glycol as 
products.  The proposed mechanism of the aminolysis reaction of PET waste with hydrazine 
monohydrate is shown in Scheme 1. 
 

FTIR  characterization: 
Figure 1 shows the FTIR spectrum of the aminolysed product of waste PET flakes. The spectrum 

shows a carbonyl (> C=O) absorption peak at 1,620 cm-1 
known as amide I band and an NH2 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
HNMR spectroscopy: 

Figure 2 shows the 1H NMR spectrum of the product of aminolysis of the PET flakes. The spectrum 
shows peaks at 7.867 ppm (s, 4H, aromatic protons), 9.883 
ppm (s, 2H, NH of -CONHNH2) and a broad peak at 4.559 
ppm (s, 4H, NH2 of –CONHNH2). 
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CHN Analysis: Table 1 shows the results of CHN analysis. The theoretical values of CHN for  
terephthalic dihydrazide are in very good agreement with the CHN values obtained for the 
synthesized terephthalic dihydrazide by the aminolysis of waste PET flakes. 

 
 
 
 
 
 

 
 
 
On the basis of FTIR, NMR, and CHN analysis results, the structure of the aminolysed product of 
waste PET flakes (terephthalic dihydrazide) may be drawn as shown in Figure 3. 

 

 
 
Differential Scanning Calorimetry: The DSC thermogram of the aminolysed product is shown in 
Figure 4. An endothermic peak at 328 0C indicates the melting  point of the synthesized 

 
 

 

 

 

 

 

 

 

 

 
Scanning Electron Microscopy (SEM): Fig. 5(a) shows SEM photograph of PET bottle waste 
flake at magnification of 8000 before subjecting it to degradation by aminolysis. It presents a smooth 
and continuous flake structure, revealing the predominant crystalline nature of PET with the 
amorphous regions scattered in between the oriented chains. PET surface was found to be deeply 

fissured within an hour of 
sodium carbonate catalysed 
aminolytic degradation 
with hydrazine 
monohydrate, as evident 
from Figure 5(b). 

 

% of 

constituents 

Theoretical 

value 

Experimental 

value 

C 49.48 48.83 
H 5.15 5.08 
N 28.87 27.96 

Table 1: CHN Analysis result of the aminolysed product of 

PET 
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SEM photographs of the PET flakes after 3, 9 and 18 hours of uncatalyzed aminolysis of PET 
waste flakes with hydrazine hydrate reagent were also taken (Figures 6(a), 6(b), 6(c)). Initially, 
hydrazine hydrate was found to selectively attack the amorphous region leaving behind crystalline 
PET. After certain periods of time both crystalline and amorphous regions were attacked. This 
observation was in agreement with the earlier reported literature [Mittal et al.,(2010)]. Thus the SEM 
studies clearly depict tremendous increase in the rate of aminolysis of thePET waste flakes in the 
presence of catalyst as compared to a system without catalyst. Thepresence of the catalyst provides 
site for degradation of PET waste and enhances the rate of degradation. The monodispersed rod like 
structure of the synthesized TDH is also well evident from Figures 5(c) and 6(d). 

 
 

 

 

 

 

 

 

 

 

 

 

Conclusions 
 A convenient one-pot-one-step sodium carbonate catalyzed aminolysis process was developed 
to provide a prospective method for chemical recycling of waste PET under mild conditions. White 
crystals of terephthalic dihydrazide was prepared from PET waste in 84% overall yields within 3 
hours with a PET:hydrazine monohydrate ratio of 1:3(w/w) and  catalyst concentration of 1%. FTIR, 
1H NMR and the CHN analysis give credence to the structure of the synthesized terephthalic 
dihydrazide. DSC revealed good thermal stability (melting  point: 328 oC; decomposition 
temperature: 335 oC) of terephthalic dihydrazide synthesized from PET bottle waste. SEM 
photographs of the PET bottle waste flakes at various intervals of aminolysis with hydrazine hydrate 
shows early developments of fissures in comparison to the one in absence of sodium carbonate as 
catalyst. Thus the new process developed, besides providing a partial solution to the PET waste 
problem, can also contribute to the conservation of raw petrochemical products and energy. 
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Abstract 
 Pentafulvenes and their synthetic derivatives serve as starting points and key intermediates in 
the synthesis of many natural products and drugs. due to its prevalence in biologically active natural 
products and synthetic molecules, our efforts have been devoted to the synthesis of functionalized 
cyclopentenes and cyclopentenes fused to nitrogen and oxygen containing heterocyles. Herein we 
describe our efforts on the Lewis acid catalyzed stereoselective ring-opening of pentafulvene derived 
diazabicyclic olefins by using various ortho-functionalized aryl iodides such as 2-iodoanilines, 2-
iodophenols and 2-iodobenzene thiols to access trans-1,2 disubstitutedalkylidenecyclopentenes. 
furthermore, we have demonstrated both step-wise and one-pot Lewis acid/palladium mediated 
synthesis of highly functionalized spiropentacyclic frameworks consisting of a cyclopentene fused to 
an indoline / benzothiophene and pyrazolidine. Structure and stereochemistry of the products were 
unambiguously confirmed by IR, nMR, HRMS techniques and single crystal X-ray analysis. 
1.  Introduction 
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Diazabicyclic olefins have gained much attention in synthetic organic chemistry as a versatile 
candidate capable of furnishing a wide variety of carbocycles and heterocycles. These azabicyclic 
alkenes exhibit diverse reactivity patterns due to the presence of following characteristics (Figure 1): 
(a) Presence of the strained double bond which is very reactive towards electrophiles; (b) Feasibility 
of thermodynamically favoured ring fragmentations, via nitrogen-nitrogen bond reduction, carbon-
carbon oxidative cleavage, ring-opening metathesis or allylic carbon-nitrogen cleavage and (c) 
Possibility of skeletal rearrangements involving carbocationic intermediates that are typical to 
norbornene series. 

Synthetic modifications of these strained alkenes 
have been extensively studied by various research groups 
[Micouin et al. (2009)]. Transition metal catalysed ring-
opening of diazabicyclic olefins with various organometallic 
reagents, soft nucleophiles and aryl iodides represents an 
efficient method for the preparation of disubstituted 
cyclopentenes [Radhakrishnan et al., (2007, 2010)]. 
 

 

 

 

 

 

2.  Materials and Methods 

2.1. General Methods 
All the chemicals were of the best grade commercially available and were used without 

further purification. Dry solvents were obtained according to the literature methods and stored over 
molecular sieves. All reactions were monitored by TLC (Silica gel 60 F254, 0.25 mm, Merck) and 
visualization was effected with UV. Gravity column chromatography was performed on silica gel 
(100-200 mesh) using mixtures of hexane and ethyl acetate for elution. NMR spectra were recorded 
at 500 MHz (1H) and 125 MHz (13C) on a Bruker Advance DPX 500 MHz. Chemical shifts are 
reported in  (ppm) relative to TεS (1H) or CDCl3 (13C) as internal standards. IR spectra were 
recorded on series FT-IR spectrometer. 

 
2. General Procedure for the Lewis Acid Catalyzed Reaction of Pentafulvene Derived 

Bicyclic Hydrazines with o-Functionalized Aryl Iodides 
 Mixture of pentafulvene derived diazabicyclic olefin (2.0-3.0 eqiuv), o-functionalized aryl 
iodide (1.0 equiv), base (1.5 equiv., in case if o-iodophenol only) and Lewis acid (2-5 mol%) were 
weighed in a schlenk tube and degassed for 10 minutes. Dry solvent (2 ml) was added and the 
reaction mixture was purged with argon and allowed to stir at room temperature for 30 minutes to 2 
hours. The solvent was evaporated in vacuo and the residue on silica gel (100-200 mesh) column 
chromatography yielded trans-1,2-disubstituted alkylidene cyclopentene. 
 
3. General Procedure for the Intramolecular Heck Reaction 
 Mixture of trans-1,2-disubstituted alkylidenecyclopentene (1.0 equiv), Pd(OAc)2 (5 
mol%), PPh3 (10 mol%) and base (1.5 equiv) were weighed in a schlenk tube and degassed for 10 
minutes. Dry acetonitrile (2 ml) was added and the reaction mixture was purged with argon and 
allowed to stir at 80 oC for 12 hours. The solvent was evaporated in vacuo and the residue on silica 
gel (100-200 mesh) column chromatography yielded indoline / benzothiophene and pyrazolidine 
fused cyclopentene. 
 
2.4. General  Procedure  for  the  One-pot  Synthesis  of  Indoline-Pyrazolidine  Fused 

Figure 1: General reactivity pattern of meso bicyclic 

hydrazines 
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Cyclopentene 
A mixture of pentafulvene derived diazabicyclic olefin (3.0 eqiuv), o-iodoaniline (1.0 equiv), 

[Pd(allyl)Cl]2 (5 mol%), PPh3 (10 mol%), Sc(OTf)3 (2 mol%) and Cs2CO3 (1.5 equiv) were weighed 
in a schlenk tube and degassed for 10 minutes. Dry acetonitrile (2 ml) and toluene (0.5 ml) were 
added and the reaction mixture was purged with argon and allowed to stir at 80 

o
C for 12 hours. The 

solvent was evaporated in vacuo and the residue on silica gel (100-200 mesh) column 
chromatography yielded indoline-pyrazolidine fused cyclopentene. 

 
3.  Results and Discussions 

3.1. Lewis Acid Catalyzed Desymmetrization of Pentafulvene Derived Bicyclic Hydrazines with 

o-Iodoanilines 
We started our investigations with the reaction of diazabicyclic olefin 1a and 2-iodoaniline 2a 

in the presence of Sc(OTf)3 in CH3CN at room temperature for 12 hours (Scheme 1). The desired 
1,2-disubstituted alkylidenecyclopentene 3a was obtained in 45% yield and the structure of the 
product was established by various spectroscopic techniques. 

 

 

 

 

 

 

 

 

 

 

 
Scheme 1: Lewis acid catalyzed desymmetrization of fulvene derived diazabicyclic olefin Screening 

of a range of Lewis acids in different solvents proved that Sc(OTf)3 in toluene at room temperature 
for 30 minutes is the optimal catalytic condition for the formation of 3a in 93% yield (Table 1, Entry 
4). 
Table 1: Optimization studies for a suitable catalyst system 

 

 
 

 
 
 
 
 
 

 
 
To test the scope and 

generality of both the reaction 
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partners, a variety of bicyclic olefins were treated with different 2-iodoanilines under the optimized 
conditions (Figure 2). All reactions proceeded very smoothly and provided the corresponding 
alkylidenecyclopentene derivatives in good to excellent yields. The structure and stereochemistry of 
the products were unambiguously confirmed by IR, NMR, HRMS techniques and single crystal X-ray 
analysis of 3a (figure 3). Based on the results we propose a plausible mechanism for the Lewis acid 
catalyzed ring-opening of diazabicyclic olefins (Scheme 2). In the first step, Lewis acid is co-
ordinated to the carbonyl group of diazabicyclic olefin. The susequent cleavage of C-N bond leads to 
a transient allylic cation species B. Attack of the incoming nucleophile from the opposite face 
furnishes trans-1,2-disubstituted alkylidenecyclopentenes. 

 

 

Figure 2: Substrate scope of various diazabicyclic olefins and 2-iodoanilines 

 

          

 

3.2. Intramolecular Heck Reaction of Trans-1,2-Disubstituted Alkylidene 
Cyclopentene 

To further explore the synthetic utility of the synthesized 1,2-disubstituted 
alkylidenecyclopentenes derived by the ring-opening with 2-iodoanilines, we have carried out an 
intramolecular Heck cyclization. Our attempts commenced with the treatment of an 

alkylidenecyclopentene with Pd(OAc)2, PPh3 and Cs2CO3 in CH3CN at 80 
o
C (Scheme 3). To our 

delight, instead of the usual Heck cyclized product, a novel spiropentacyclic motif with a 
cyclopentene fused to an indoline and pyrazolidine 4h was formed in 72% yield. Structure of the 
products was unambiguously confirmed by IR, NMR, HRMS techniques and single crystal X-ray 
analysis. 

 

 

 

 

 

 

 

 

 

 

      Scheme 2: Plausible 
mechanism 

Figure 3: The single crystal X-ray, 

Structure of 3a 

    

Scheme 3: Synthesis of indoline dreivative by intramolecular Heck 
cyclization  
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Owing to the prominence of indoline and pyrazolidine motifs, the generality of the intramolecular 
Heck cyclization was proved by the reaction of various alkylidenecyclopentenes (figure 4). The 
proposed mechanism initiates with the oxidative addition of Pd(0) to the aryl iodide leading to the 
formation of an intermediate A. It is then coordinated to the double bond of cyclopentene followed 
by the generation of a π - allylpalladium complex, intermediate C.The intramolecular nucleophilic 
attack of the hydrazine moiety to the π-allylpalladium complex provides the polycycle (Scheme 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.  One Pot Synthesis of the Polycyclic Motifs 
To establish an easier route to the polycyclic motifs, we have performed the tandem reactions 

to investigate the one-pot synthesis of them. After an extensive screening of various reaction 

parameters, the best catalytic system was found to be [Pd(allyl)Cl]2 (5 mol%), Sc(OTf)3 (2 mol%), 

PPh3 (10 mol%) and Cs2CO3 (1.5 equiv) in 2:0.5 mixture of acetonitrile-toluene (Scheme 5). Under 
the optimized reaction conditions 
various pentafulvene derived bicyclic 
olefins and 2-iodo anilines were 
successfully employed for the 
synthesis of corresponding 
spiropentacyclic motifs in good yields 

(Figure 5). 
 
 
 
 

Figure 4: Substrate scope forthe 

intramolecular Heck cyclization 

Scheme 4:  Proposed mechanism 

forintramolecular Heck cyclization 

Scheme 5: One pot synthesis of indoline 

derivative 
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3.4.  Scope Of Other o-Functionalized Aryl Iodides 
Inspired by the successfull utilization of 2-iodoanilines towards the synthesis of polycyclic 

motifs from pentafulvene derived diazabicyclic olefins, we were eager to test the scope of other o-
functionalized aryl iodides such as 2-iodobenzene thiol and 2-iodophenol which were expected to 
yield benzothiophene and benzofuran cores respectively. Unfortunately, the developed one-pot 
method didn’t work with these substrates. When the two step method was employed, the first step 
went smoothly for both 2-iodobenzene thiol and 2-iodophenol yielding the corresponding trans-1,2 
disubstituted alkylidenecyclopentenes in good yields. The intramolecular Heck reaction occured in 
the case of 5a (Scheme 6), but our efforts to make a library of polycyclic molecules with 
benzothiophene and pyrazolidine core appeared to be unproductive. 

 
 
 

 

 

 

 

 
Scheme 6: Intramolecular Heck cyclization towards benzothiophene derivative The investigation 
with 2-iodophenols didn’t proceed well beyond the first step sofar. 
 

4.  Conclusions 
In conclusion, we have demonstrated a Lewis acid catalyzed stereoselective ring-opening of 

pentafulvene derived diazabicyclic olefins by using 2-iodoanilines to access trans-1,2 disubstituted 
alkylidenecyclopentenes, which on palladium catalyzed intramolecular Heck cyclization provided 
spiropentacyclic frameworks consisting of cyclopentene fused to an indoline and pyrazolidine. A one 
pot strategy towards the synthesis of these spiropentacyclic motifs was developed. Other o-
functionalized aryl iodides such as 2-iodobenzene thiol and 2-iodophenol were also used for 
exploring scope of the developed strategies. 
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Abstract 

 Catalytic aza diels-alder reaction provide one of the most powerful methods for the synthesis 
of chiral nitrogen containing heterocycles [1].Herein we report the development of a new catalyst 
which provides a straight forward and effective route to isoquinuclidines in remarkably high 
enantioselectivities [2]. Isoquinuclidines (azabicyclo [2.2.2] octanes) have n-bicyclic structures, 
which are the structural element of numerous naturally occurring alkaloids with interesting biological 
properties [3, 4]. The enantiomeric purity was determined by chiral HPLC analysis. our group 
havesynthesized Merrifield resin supported PaMaM (polyamidoamine) dendrimersfor catalytic 
applications [5]. Its amine capacity was found to be between 1 and 2 mmoles/gmfor G0 to G3 
generations. So we intended to increase the amine capacity even at the low generation level. for this 
purpose we have coupled polyepichlorohydrin(PECH) to the Merrifield resin and PaMaM polymer 
was made to grow on it. The highlight of our synthesis was that in contrast to dendrimers, large 
number ofamidoamine groups can be incorporated in a single generation. In this paper the synthesis 
of PaMaM dendrigraftedpolymer on PECH with pentaerythritolas core supported on Merrifield resin 
is reported. The synthesized polymerwas made chiral by modification with amino acid boc-L-Proline. 
The copper complex of the above synthesised polymer was used as a chiral acid catalyst for the 
synthesis of isoquinuclidines. 
 

Introduction  
 Polymer  supported  approaches  have  found  particular  favour  in  organic  synthesis,  
because,  they  simplify  product  isolation  and  allow  the  use  of  excess  reagents    to  allow  the  
reactions  to  completion .1,2  Dendrigraft  polymers  constitute  the  third  class  of  dendritic  
polymers  in  which  the  linear  polymeric  backbone  carries  dendrons.3,4,5  It  may  be  viewed  as  
semi- controlled  branched  polymer  architecture  intermediate  in  terms of  structure  control  
between  other  two  classes,  dendrimers  and  hyperbranched  polymers.6 Our  group  have  
synthesized  Merrifield  resin  supported  PAMAM  dendrimers  for  catalytic  applications.7  Its  
amine  capacity  was  found  to  be  between  1  and  2 mmolesgm-1  for  G0  to  G3  generations.  So  
we  intended  to  increase  the  amine  capacity  even  at  the  low  generation  level.  For  this  
purpose  we  have  coupled  polyepichlorohydrin  (PECH)  to  the  Merrifield  resin  and  PAMAM  
polymer  was  made  to  grow  on  it.  The  highlight  of  our  synthesis  was  that  in  contrast  to  
dendrimers,  large  number  of  amidoamine  groups  can  be  incorporated  in  a  single  generation.  
In  this  paper  the  synthesis  of  PAMAM  dendrigrafted  polymer  on  PECH  with  pentaerythritol  
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as  core  supported  on  Merrifield  resin  was  reported.  The synthesized polymer was made chiral by 
modification with amino acid Boc-L-Proline. Copper complex of amino acid modified dendrigraft 
polymer was used as catalyst for the synthesis of isoquinuclidines.  Catalytic aza Diels-Alder 
reactions provide one of the most powerful methods for the synthesis of chiral nitrogen containing 
heterocycles.8 Herein we report the development of a new catalyst which provides a straightforward 
and effective route to isoquinuclidines in remarkably high enantioselectivities. Isoquinuclidines 
(azabicyclo [2.2.2] octanes) have N-bicyclic structures, which are the structural element of numerous 
naturally occurring alkaloids with interesting biological properties.9 Furthermore, these products can 
be readily converted into the biologically active pipecolic acids.10 

 

2. Materials and Methods 

2.1. Coupling of PECH to the resin 
 The nitrated resin beads (1g) was added to a cooled reaction mixture containing 
polyepichlorohydrin (5ml), and sodium hydride (0.1g) in dried THF. Sodium hydride was previously 
washed with hexane three times, dried and used. After the addition, the reaction mixture was stirred at 
80oC for 1 day. The resin beads were washed with methanol, DCM and acetone. The unreacted PECH 
was removed by soxhlet extraction with DCM and dried under vacuum for 24h.   
 

2.2. Protection of hydroxyl group-Tosylation 
 The resin supported PECH (1.5g) was dispersed in pyridine and cooled to -5oC. The cooled 
solution of p-Toluene sulphonyl chloride (0.214g, 0.0011mol) in pyridine was added slowly. Upon 
complete addition the temperature was held at -50C for 30min, and allowed to come to 30oC 
overnight. The contents of the flask were quenched by pouring ice water. It was filtered and washed 
with ice water, methanol, ether and acetone.   
 

2.3. Synthesis of polyazide 
 The resin supported tosylated PECH (1g) was allowed to swell in DMF, sodium azide 
(0.455g, 0.007mol) was added and heated at 85-900C for one day. It was filtered and washed with 
water, methanol, DCM and acetone. It was dried under vacuum for 24 h.   
 

2.4. Synthesis of polyamine (G0, zero generation) 
 The azide substituted resin (1g) was suspended in dry THF taken in a RB flask and kept at 0oC 
in an ice bath. Slurry of LiAlH4 (0.304g, 0.008mol) in dry THF was added drop wise to the reaction 
mixture with stirring. The reaction mixture was kept at 0oC for 1h. The temperature was slowly 
brought to 50oC. It was stirred at 50oC for two days to ensure complete reduction. Excess LiAlH4 was 
removed by adding ethyl acetate. It was filtered under vacuum, washed with ethyl acetate, THF, ether, 
water, methanol and acetone. The resin was dried under vacuum for 24 h. Ninhydrin test was positive. 
In the IR spectrum the peak at 2096 cm-1 was completely disappeared and a broad peak due to 
hydrogen bonded amine at 3451cm-1 and a shoulder peak near 3000cm-1 showed the presence of 
amine functionality. 
 

2.5. Modification with Boc-L-Proline 
 Active esters of amino acid were prepared by adding 2.5meq of HOBt (1.69g) and 2.5meq of 
DCC (2.58g) to a solution of Boc-L-Proline (2.69g) in NMP. This was stirred for 5min. and the HOBt 
ester of amino acid was added to the amino resin, G2 (0.5g). The mixture was shaken for 24h until the 
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disappearance of blue colour with ninhydrin. DMSO was added to the mixture and shaken for 15min. 
At the end of 15min. DIEA was added. The solution was filtered after 5min. The resin was washed 
with DCM: MeOH (66:33 V/V), DCM & NMP. 
 

2.6. Deprotection 

 The resin was treated with 30% TFA in DCM for 5h.  The reaction was monitored using 
ninhydrin test and IR spectrum. The TFA solution was filtered and the resin was washed with DCM. 
This was then treated with 5% DIEA in DCM (5min) & 5% DIEA in NMP: DCM mixture (1:1 v/v) to 
get the desired product. 
 

2.7. Complexation with copper 
 The polyamine, chiral G2 (300mg) was added to a RB flask containing copper acetate (0.8g) 
and methanol (20 ml). The reaction mixture was stirred at a temperature of 50oC for 24 h. It was 
filtered, washed with water, methanol and acetone and dried. The resin became dark green or blue in 
colour. XRD pattern and EDAX spectrum confirms the incorporation of copper. 
 

2.8. Aza Diels alder reaction 
 The catalyst (0.01mmol), cyclohexen-2-one (0.01ml, 0.1mmol) and 1.2 ml of CCL4 were 
taken in a 50ml R.B flask. To the resulting solution after 2min of stirring, a Schiff base of aniline and 
benzaldehyde (0.1mmol) was added. The reaction mixture was stirred for 48 h at room temperature.  
The reaction mixture was passed through a SiO2 layer in ethyl acetate to remove the catalyst. The 
reaction was monitored using GC. 
 

3.0 Results and Discussion 
 Merrifield resin 1% crosslinked with DVB was gifted from Thermax India. Its chlorine 
capacity was found to be 6.7 mmoles/g. It was made photoactive by the introduction of a nitro group 
at the ortho position of chloromethyl group .11 The resin became yellow in colour. The branched 
hydroxyl terminated PECH (polyepichlorohydrin) was prepared by the ring opening polymerization 
of the oxirane group in ECH (epichlorohydrin) in the presence of pentaerythritol by activated 
monomer mechanism (AMM) 12. From GPC, the molecular weight of PECH was found to be 1037. 
1H NMR spectrum indicated that the hydroxyl groups at the terminal ends were secondary in nature. 
The PECH was coupled to the resin using sodium hydride.  After coupling, chlorine capacity was 
found to be 7.17 mmols/g. From the scanning electron micrographs, it was found that beads with low 
extent of grafting were spherical with an appearance similar to the precursor resin particles. SEM 
EDAX showed that 18 atom % of chlorine was present in the sample. The IR spectral band at 1110 
cm-1 corresponded to C-O-C stretching of ether linkage. In solid state 13C NMR, broad signal around 
50-85 included CH2-OH, CH-O-CH2 carbons of PECH. In the TG trace of PECH attached resin, two 
mass loss steps were observed. The first decomposition corresponded to nearly 54% mass loss in the 
temperature around 3230C.The second stage was completed around 4130C. The first step of mass loss 
in TG could be attributed to elimination of Cl2.The mass loss above 4000C was due to breakdown of 
the polymer backbone. 13 All these observations give clear evidence for the attachment of PECH to 
the resin. 
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The hydroxyl groups of PECH loaded resin was protected with p-toluene sulphonyl chloride (TsCl) in 
pyridine. After tosylation, percentage of sulphur was found to be 0.08% from CHNS data. The 
azidation of protected PECH was carried out using sodium azide in dimethyl formamide at 85-90oC. 
An intense peak at 2096cm-1 in IR spectrum indicated the presence of azide functionality. The colour 
of the resin changed to brown. The polyazide on reduction with lithium aluminium hydride in THF 
got converted to –CH2NH2. In the IR spectrum the peak at 2096 cm-1 had completely disappeared and 
a peak at 3451 cm-1 showed the presence of amine functionality. The quantitative estimation showed 
9.13 mmoles of amine per gram of the resin. This large amount of amine capacity compared with 
PAMAM could happen only if the resin was loaded with PECH. The Michael addition of the G0 
polyamine with methyl acrylate in methanol showed a peak at 1640cm-1 in the IR spectrum .7 A 
negative ninhydrin result confirmed the absence of free amino groups. The reaction of half generation 
polymer with ethylene diamine in methanol was carried out until the ester peak at 1640 cm-1 in the IR 
spectrum disappeared.7 A signal at 170 in Solid state C13NMR confirms the presence of carbonyl 
group. Both Michael addition and amination reaction takes prolonged time for completion because of 
the poor swelling of resin loaded polymer in methanol. The amine capacity of G1 polymer was found 

b c 

d 
e f 

a 

Figure 1 (a) SEM image of PECH loaded resin (b) DTG plot of PECH loaded resin (c) Solid 

state 13C NMR of PECH loaded resin (d) Solid state 13C NMR of G0.5 polymer (e) DTG plot of 

G1 polymer (f) powder XRD of Cu complex. 
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to be 18.75 mmoles/g from TG analysis which was very close to the expected value.   The first step of 
mass loss in TG can be attributed to elimination of molecular nitrogen in the form of amine. The mass 
loss above 4000C was due to the thermal degradation of the polymer backbone. The process was 
repeated to get the higher generation dendrigraft polymers.  In order to find the nature and mass of the 
dendrigrafted polymer, the resin loaded polymer was cleaved photolytically using 125W Hg lamp at 
340-350 nm.7 They were all brown liquids. They were characterized using 1H NMR, 13C NMR and 
MALDI.. From MALDI, we got the mass of G0 as 883, G1 as 2857 and G2 as 3966. 
 
 

 
 
 
 

                           
 
 
 
 
 
 
 

 
 

 
 

The prepared catalyst was found to be effective for Aza Diels alder reaction. The reaction of 
cyclohexenone 1 with 2 was carried out in different solvents, CCL4, DMSO and toluene and CCL4 
provided the product in good yield. Catalyst was tested by varying the substrate/catalyst ratios and 

a 
b 

c d 

Figure 2 (a) 1H NMR of G0 polymer (b) MALDI of G0 polymer (c) 1H NMR of G1 polymer 

(d) MALDI of G1 polymer (e) 1H NMR of G2 polymer 
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catalyst concentrations. But there was no change in the enantiomeric excess of the main product on 
varying the catalyst amount. However the best yield was achieved by using 0.01mmol of catalyst. 
 

 

 
 

 

 

 

 
 
 

 
 
 
 
1H NMR (CDCl3): 1.50-2.80 (m, 7H), 3.77 (s, 3H), 4.54 (br m, 1H), 4.61 (br m, 1H), 6.67 (d, 2H, 
J=8.4), 6.84 (d, 2H, J=8.4), 7.10-7.25 (m, 5H). tR (min) =12.60 and 12.85, Yield (%) = 75, ee (%) 
=94. 
 

 
 
 
  1H NMR (CDCl3): 1.66-1.81 (m, 1H), 1.95-2.35 (m, 3H), 2.46 (dd, 2H, J=18.8,2.5), 2.70-2.85 
(m,2H), 3.72 (s, 3H), 4.44 (br m, 1H), 4.58 (d, 1H, J=2.3), 6.62 (d, 2H, J=9.1), 6.76 (d, 2H, J=9.1), 
7.15-7.35 (m, 5H). tR (min) =5.16 and 5.74, Yield (%) =66, ee (%) =94. 
 

4.0 Conclusion 
Solid phase synthesis of G0, G1 and G2 dendrigraft polymers was done. In order to study the physical 
property of attached polymer, they were cleaved from the resin and characterised. Periphery was 
modified with amino acid L-Proline. Copper complex of the modified resin was used as an efficient 
reusable chiral catalyst for the synthesis of isoquinuclidines. 
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SYNTHESIS AND EVALUATION OF OPTICAL AND ANTIMICROBIAL PROPERTIES OF 
POLY (P- PHENYLENE VINYLENE) BASED 1, 3, 4- OXADIAZOLE CONTAINING NOVEL 

Π- CONJUGATED MACROMOLECULE 
Nimisha Kaippamangalatha, G. Unnikrishnan, E- mail address: nimisha.24387@gmail.com, 
unnig@nitc.ac.in Polymer Science and Technology Laboratory, National Institute of Technology, 

Calicut- 673601, Kerala, India. 
Abstract 
 A novel poly (p- phenylenevinylene) based pi- conjugated polymer bearing 1, 3, 4- oxadiazole 
unit with impressive optical and antimicrobial properties have been synthesized and characterized. 
Gilch polymerization technique using dihaloderivatives of 1, 3, 4- oxadiazoles gave poly (2- (p- 
vinylene-m- nitro)phenylene- 1, 3, 4- oxadiazole), (PVnPo) under mild reaction conditions with fast 
kinetics. The photophysical properties of the macromolecules have been investigated and compared. 
The novel macromolecule possesses excellent solubility, and high photoluminescence efficiencies. It 
showed bright luminescence in the blue- green region of the electromagnetic spectrum and possesses 
optical band gaps comparable to an emissive material in organic- light emitting devices. Polymer 
films have subsequently been fabricated by solvent casting method by blending with it appropriate 
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quantities of poly(methylmethacrylate) or polystyrene without scarifying the optical properties. 
Interestingly, the novel macromolecules also showed good anti- microbial activities with considerable 
zone inhibition area under the examination with E.Coli. and Staphylococcus. The increasing clinical 
importance of drug resistant microbial pathogens has additional urgency in microbiological and 
antifungal research. The results proved that the synthesized macromolecules are ideal materials to use 
as emissive layers in various light- emitting devices. The excellent antimicrobial activity is a key 
factor for the various everyday applications from food packaging and water treatment to medicine and 
healthcare. 
 

Introduction: 
 The discovery of electroluminescence of poly(p- phenylene vinylene) (PPV) opned a new area 
in organic polymer applications4. These polymers are promising organic analogs of inorganic semi- 
conducting materials for various optoelectronic devices2,5. However a common problem of PPV- 
based polymers used in polymer LEDs is poor electron accepting ability due to their low energy level 
(below the vacuum) of the lowest unoccupied molecular orbital (LUMO)3. This draw back can 
possibly be overcome by using highly electron deficient units throughout the macromolecular chain 
In this paper, we present a novel oxadiazole containing PPV- based macromolecule, PVNPO. The 

chemical structure of the macromolecule is 
illustrated in the Figure 1 

 

 

 

 

 

  
Interestingly the newly synthesized macromolecule showed good antibacterial activity against 
powerful pathogens, E.Coli. and Staphylococcus. There are various problems arising with the use of 
antimicrobials such as local tissue irritation, interference with wound healing process, 
hypersensitivity reaction, system toxicity, narrow antimicrobial spectrum and emergency of 
resistance1. It can also be considered as a potential candidate for different clinical applications5. This 
paper discusses the synthesis, optical properties, and antimicrobial properties of a novel 
macromolecule, poly (2- (p- vinylene- m- nitro)phenylene- 1, 3, 4- oxadiazole).   
 
Materials:- All chemicals used in this research were of analytical grade. Hydrazine monohydrate and 
DBDMH were purchased from sigma Aldrich, Bangalore, India. THF was distilled and dried over 
sodium. 
 

Methods:- :- New - conjugated polymers based on PPV- type chromophores in the main chain and 
incorporated chromophoric and solubilising side- group have been synthesized via Gilch 
polymerization, using dibromoderivatives of monomers, according to a previously reported procedure 
using the t- BuOK/ THF system6.  For characterization, 1H (400.13MHz) NMR spectrum was 
recorded on a Bruker Avance III spectrometer. The spectrum were recorded at 295.1K using DMSO 
as solvent and was referenced to the residual solvent peak at 2.5ppm. FT- IR spectra were recorded on 
a Perkins- Elmer Fourier- Transform infrared Spectrometer(FT- IR) after pelletization with potassium 

Figure 1: Chemical structure of PVNPO. 
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bromide. UV- VIS spectra were recorded on a Perkin Elmer 3100 spectrophotometer. Fluorescence 
spectra were taken by using a Perkin Elmer LS 45 spectrofluorometer. All fluorescence spectra were 
excited at 320 nm. The molecular weights of the polymers were examined by viscometry in DMF 
solution. The film forming ability of PVNPO was confirmed by mixing with PMMA and poly 
(styrene) in DMF followed by casting. All the melting points were determined by open capillary 
method. 
 

Results and discussion 
Synthesis of PVNPO is a four step process shown in Scheme 1. 

   (a) 

   (b) 
                    (c)       (d) 
 
Scheme 1. Synthesis strategy for monomer and PVNPO 
 
Synthesis of 4- methyl- 3- nitrobenzoic acid:- The starting material 4- methyl 3- nitrobenzoic acid 
was synthesized by the nitration of p- methyl benzoic acid in nitrating mixture. Yield= 88%. 
m.p=121oC. 
 

Syntheisis of 2, 5- di- p- tolyl- m- nitro- 1, 3, 4- oxadiazole:- To a stirring solution of 4- methyl- 3- 
nitrobenzoic acid in phosphoric acid, hydrazine monohydrate was added dropwise, temperature raised 
to 150 oC. After 15 hours reaction, the reacting mixture was cooled into room temperature, and 
neutralized with 5% Na2CO3 solution. White precipitate was separated, then recrystallized from 
methanol/THF. Yield=76%, m.p = 140oC. 1H NεR (DεSO, 400εHz)  (ppm)μ 8.6 (s, 1H), 7.2 (s, 
2H), 1.3 (s. 3H). FT- IR (KBr) cm-1: 3085 (Aromatic C-H str), 2990 (Aliphatic C-H str), 1620 (C=N 
str), 1539 (C=C str), 1332 (N-O asymmetric str), 1256 (N-O symmetric str), 1095 (C-O-C str).   
 

Synthesis of 2, 5- bis (4- bromomethyl)- m- nitro- phenyl)1, 3, 4- oxadiazole:- 

A mixture of 2, 5- di- p- tolyl- m- nitro- 1, 3, 4- oxadiazole (5 g, 20 mmol), DBDMH  (4g, 20 mmol) 
and carbon dichloride (70 ml) was refluxed for 15 hours until the disappearance of starting materials 
by TLC. The mixture was filtered while still hot. The residue was washed with ethanol and the 
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solvents were removed under reduced pressure. The obtained solid was recrystallized from 
THF/ethanol giving 2.8 g of the compound as white crystals. Yield= 75%, m.p. =180oC. 1H NMR 
(DεSO, 400εHz)  (ppm)μ 8.6 (s, 1H), 7.2 (s, 2H), 2.6 (s. 2H). FT- IR (KBr) cm-1: 3088 (Aromatic 
C-H str), 2990 (Aliphatic C-H str), 1688 (C=N str), 1579 (C=C str), 1342 (N-O asymmetric str), 1274 
(N-O symmetric str), 1098 (C-O-C str).   
 

Synthesis of poly (2- (p- vinylene- m- nitro)phenylene- 1, 3, 4- oxadiazole):- 

To a solution of 2, 5- bis (4- bromomethyl)- m- nitro- phenyl)1, 3, 4- oxadiazole (0.415 g, 0.760 
mmol) in THF was added potassium tert-butoxide (52.4 mg, 0.467 mmol) in THF (0.467 ml), the 
mixture was stirred for 3hours at room temperature. The reaction mixture was poured into methanol, 
and the precipitate was filtered and dried to provide a dark solid (0.16 g). Yield= 44%, Mw= 21, 000 
g/mol.  1H NεR (DεSO, 400εHz)  (ppm)μ 8.2 (s, 1H), 7.6 (s, 2H), 7.3 (dd, 2H), FT- IR (KBr) cm-

1: 3088 (Aromatic C-H str), 2990 (Aliphatic C-H str), 1688 (C=N str), 1579 (C=C str), 1342 (N-O 
asymmetric str), 1274 (N-O symmetric str), 1098 (C-O-C str).   
After structural identification, the plausible mechanism designed for the formation of PVNPO is 

shown in Scheme 2. 
 

 
Scheme 2: Plausible mechanism for the formation of macromolecule. 

 
Film Formation:- The film formation of PVNPO has been successfully achieved by the 
incorporation of 0.2% by weight of PMMA and poly (styrene) with sample in DMF solution. A fixed 
concentration of PMMA or PS  solution (0.2g/ 100ml) in DMF was used to prepare a polymer film 
with 50µm thickness. Films were prepared by casting technique at 80 0 C for 14 hours. Films with 
good mechanical strength are obtained without scarifying their optical properties. 
 

Optical Properties:- 
UV- Vis spectra:- The optical properties of the polymer was thoroughly examined. The newly 
designed macromolecule possessed reasonable solubility in common organic solvents in DMF, 
fomamide, and DMSO. UV- Vis absorption spectra of PVNPO alone, PVNPO/PS, and 
PVNPO/PMMA in DMF solvent are shown in Figure 2 (a). The absorption maxima have been 
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maintained in the visible, 502- 512 nm region of the electromagnetic spectrum, in all these cases. A 
slight red shift in the case of PVNPO alone is due to the absence of any interaction with  the foreign 
molecule. Figure 2 (b) shows the UV- Vis absorption spectrum of PVNPO film with PMMA with an 
absorption maximum of 502 nm. The band gap calculated from the absorption edge, 697.31 nm is 
1.17ev indicates its excellent electrochemical property and therefore, it can be used as an active 
material in OLEDs. 

Figure 2: UV- Vis absorption spectra of (a) PVNPO, PVNPO/PS, PVNPO/PMMA in DMF, (b) 

UV- Vis absorption spectrum of PVNPO film with PMMA. 

 

 

 

 

 
Fluorescence Spectra:- The fluorescence spectra of the polymer samples were recorded in DMF. The 
emission maximum of the new macromolecule is at 512 nm, in the blue- green region of the 
electromagnetic spectrum, as seen in Figure 3 (a). Poly (phenylene)s and poly (phenylene- 1, 3, 4- 
oxadiazole)s are well known blue emitting polymers. Increasing the proportion of phenylene and 
oxadiazole unit shift the fluorescence emission into blue region, eventhough, PPV- type polymer is a 
yellow- green emitter. As shown in Figure 3 (b), fluorescence maxima of the PVNPO with PMMA 
and PS In DMF were slightly blue shifted to 430- 450 nm region due to inter molecular interaction 
between the macromolecules. However, in both cases, the new macromolecule maintained its 
emission maxima in the blue region of the electromagnetic spectrum. A slight blue shift noted may be 
due to the weak interfacial interaction between macromolecules. Fluorescence quantum yield of the 
macromolecule, was computed using the formula, QYs = ( Absst/Abss) (ns

2 /n2
st) (Is/Ist) QYst ------------

---- (1) 
where, ‘Abs’ is the absorbance, ‘n’ is the refractive index, ‘I’ is the integrated area under the 
fluorescence emission spectrum, and the sub indices ‘s’ and ‘st’ corresponds to the sample and the 

standard, respectively.  The fluorescence quantum yield for the new macromolecule is 14%. The 

a b 
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results obtained through the present investigations indicate that the new synthesized conjugated 
polymer is an  ideal candidate for fabricating electron- transport layers in blue- light emitting 
optoelectronic devices. 
                                                                                                                                                                                                                       

 
 
 
 
Figure 3: a. Fluorescence spectrum of PVNPO alone in DMF and (b). PVNPO along with PS 

and PMMA in DMF solvent (c) Images of PVNPO solution in day light and in UV at 354nm                                                                  

 
Antimicrobial Properties:-  Interestingly the newly synthesized macromolecule showed good 
antibacterial activity with two powerful pathogens, E.Coli. and Staphylococcus. Antimicrobial 
activity of the synthesized macromolecule was determined against Gram- positive bacterium 
(Staphylococcus) and gram negative bacterium (Escherichia coli) in DMF on nutrient agar medium. 
The sterile medium (nutrient agar medium, 15ml) in each petri plate was uniformly smeared with 
cultures of Gram- positive and Gram- negative bacteria. The Plates were incubated at 37oC for 24 
hours and the zone of inhibition was determined in mm. It is observed that with increase in the 
concentration of the macromolecule solution, there is an increase in the value of zone of inhibition, as 
shown in Table 1.    

Figure 4 shows the inhibition of 
macromolecule against the bacteria. 
 
 
 
 
 
 

 
 

Figure4:  Antimicrobial activity of PVNPO with (a) Staphylococcus (b) E. Colli. 
 
Table 1: Zone inhibition area in mm of PVNPO against Staphylococcus and E. Colli.     

Staphylococcus E. Colli. 
 
Concentration (mg/ml)      0.2mg/ml          0.4mg/ml                           0.2mg/ml             0 .4mg/ml                           
ZIA (mm)                            2.3mm                 5.5mm                                 1.5mm                2.4mm 
 

Conclusion 

a 
b 

a b 
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 An efficient approach to for the synthesis of a conjugated polymer, poly (2- (p- vinylene- m- 
nitro)phenylene- 1, 3, 4- oxadiazole), (PVNPO) with well defined structure and high molecular 
weights has been developed. The novel macromolecule possessed excellent optical properties and 
antimicrobial features against Staphylococcus and E. Colli. Homogenous film formation was 
achieved by blending the new molecule with PMMA or PS (0.2 wt %) in DMF solvent. The 
absorption and emission spectra of the sample solutions revealed that the activated oxadiazole ring 
and vinylene unit provided the system with excellent fluorescent properties. The novel 
macromolecule has the potential to act as electron transport material and as a blue emission source, 
typically in optoelectronic devices such as OLEDs and has potential ability against powerful 
pathogens. 
 

Reference:- 
A. Burger, (2003, 6th edition) Burgers Medicinal Chemistry and Drug Discovery,  John Wiley and 
Sons, Hoboken, NJ, USA,. Available at http:// 
 www.theclockmag.com/oleds_2002/oleds_2002.htm 
 
Bhat KI, Sufeera K, Chaitanya Sunil Kumar P, (2011). Synthesis, Characterization  and 
Biological Activity Studies of 1, 3, 4- Oxadiazole Analogs, Journal of  Young Pharmacists.,3: 
310- 314. 
 
Burroughes, J. H, et al. (1990). Light Emitting Diodes Based on Conjugated  Polymers, Nature., 
347: 539. 
 
Kraft, A., A. C. Grimsdale, and A. B. Holmes, (1998). Electroluminescent  Conjugated Polymers – 
Seeing Polymers in a new light. Angew Chem Intl  E.d., 37:403. 
 

Yong-Jin Pu, Takashi Kurata, Minoru Soma, Junji Kido, Hiroyuki Nishide,  Triphenylamine- 
and oxadiazole-substituted poly(1,4-phenylenevinylene)s:  synthesis, photo-, and electroluminescent 
properties, (2004). Synthetic  Metals., 143: 207- 214.   

 

03-05 

FABRICATION OF ZNO/GRAPHENE THIN FILMS AND ITS PHOTOCURRENT 

GENERATION 
 

M. K. Kavitha
1
, Pramod Gopinath

2
, Honey John, Department of Chemistry, Department of 

Physics, Indian Institute of Space Science and Technology, Thiruvanthapuram-695547, Kerala. 
*honey@iist.ac.in 

Abstract 

 The wonder kid in carbon family, graphene has attracted tremendous interest in the field of 
material science due to its extraordinary physiochemical properties like high carrier mobility at room 
temperature, large specific surface area, good optical transparency and thermal conductivity. although 
graphene has many fascinating optical and electrical properties, its relative low light absorption 
coefficient and fast recombination rate, have limited graphene from practical optoelectronic 
applications. Combining graphene with active components to improve its performance and develop 
new functional applications has attained considerable attention recently. Photo-induced charge 
separation can be facilitated by combining Zno and graphene. Zno is a wide direct bandgap 
semiconductor with large exciton binding energy at room temperature. The absorption of Zno can be 
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tuned within the visible spectral region by controlling the intrinsic defect levels, which makes it an 
excellent photo detector in the sub-band-gap regime. Multilayer films are fabricated by electrostatic 
layer-by-layer self assembly technique, using polystyrene sulfonate mediated graphene sheets and 
Zno dispersed in polyacryl amide. UV-vis absorption and scanning electron microscopy is used to 
characterize the growth and morphology of these films. Combining the advantages of Zno with 
visible light absorption and graphene with extremely high carrier mobility, we present these Zno-
graphene thin films for photocurrent generation. due to the efficient charge transfer, the 
photoresponse of the film is significantly improved. 
 

INTRODUCTION 
 Graphene is a promising optoelectronic material due to its high carrier mobility and ultra 
stability. Although graphene has many fascinating optical and electrical properties, its relative low 
light absorption coefficient and fast recombination rate, have limited graphene from practical 
optoelectronic applications1. Combining graphene with active components to improve its 
performance and develop new functional applications has been attained considerable attention 
recently. Photo-induced charge separation can be facilitated by combining ZnO and graphene. ZnO is 
a wide direct bandgap semiconductor with large exciton binding energy at room temperature. The 
absorption of ZnO can be tuned within the visible spectral region by controlling the intrinsic defect 
levels, which makes it an excellent photo detector in the sub-band-gap regime. The intrinsic defect 
levels create localized states within the band gap, which influences the optical absorption and the 
carrier dynamics2. 
 In order to improve the photoconductivity of ZnO, we have fabricated multilayer films of ZnO 
and graphene by layer-by-layer technique. The electrostatic layer-by-layer self assembly technique 
provides an effective approach for the fabrication of ordered multilayer films with controllable 
properties. By means of this technique, multilayer system composed of graphene and ZnO is 
constructed. But poor dispersion of graphene in aqueous medium hinders the uniform growth of the 
film. It is overcome by preparing homogenous graphene dispersion by reduction of graphene oxide in 
presence of polystyrene sulfonate. Then the growth, morphology and photoconductivity of 
synthesized multilayer films are investigated. 
 

Material and Methods 

Materials 

 Graphite powder with particle size  20 m is purchased from Sigma Aldrich. λ8 % Sulphuric 
acid (H2SO4), 38 % Hydrochloric acid (HCl), 50 % Hydrogen peroxide (H2O2),  Potassium 
permanganate (KMnO4), Zinc acetate dihydrate (ZnAc2. 2H2O), Polyvinyl pyrrolidone (PVP, mol. 
wt 40000), Sodium hydroxide (NaOH), Polystyrene sulfonate (PSS, mol. wt 70000), Poly acrylamide 
(PAM, mol. wt 80000) and Hydrazine hydrate are purchased from Merck India. All chemicals were 
analytical grade and distilled water was used for all experiments. Synthesis of ZnO nanocones (h-
ZnO) ZnO is synthesized by hydrothermal method using polyvinyl pyrrolidone (PVP) as the capping 
agent. Zinc acetate dihydrate is stirred with 0.05 % PVP solution (in 1% acetic acid) for 24 h to form 
Zinc acetate-PVP complex. The pH of this solution is found to be 4 and ZnO is precipitated from this 
complex using sodium hydroxide (NaOH) solution. The molar ratio of Zinc acetate and NaOH 
solution is 1:6. When NaOH solution is added dropwise, pH of the solution slowly increases and 
turbidity starts to appear at a pH value of 6.4. The addition of NaOH is continued till the pH of the 
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final solution is raised to 11. The colloid formed is stirred for 30 min, after that it is transferred to a 50 
ml Teflon-lined stainless steel autoclave and heated in an oven for 7 h at 100 oC. After cooling to 
room temperature, the product was collected by centrifugation and washed with distilled water and 
dried at 100 oC. The as-obtained powder is designated as h-ZnO and it is characterized by XRD and 
TEM. The optical properties are evaluated by UV-vis absorption spectra and photoluminescence. 
Synthesis of PSS-Graphene (PSS-G) 
 Graphene oxide (GO) is prepared by the chemical oxidation of graphite at low temperature3. 1 
mg/ml of aqueous solution of GO is prepared by ultrasonication to form a colloidal suspension.  4 g 
of PSS is dissolved in this colloidal solution followed by the addition of 100 δ hydrazine hydrate 
and it is refluxed at 70 oC for 4 h. Finally a stable suspension of PSS-G is obtained; it is repeatedly 
washed with distilled water until the pH of the colloid become neutral. The reduction and exfoliation 
of graphene oxide in PSS-G is analysed by XRD and XPS.Fabrication of ZnO/graphene films by 
layer-by-layer assembly  Graphene/ZnO multilayer films is fabricated by electrostatic layer-by -layer 
self-assembly technique. The multilayer films were deposited on quartz and fluorine doped tin oxide 
(FTO) coated glass substrates by alternate spin coating of positively charged PAM solution (pH=4) 
containing 1 mg/ml of h-ZnO and negatively charge solution of PSS-G (0.5 mg/ml, pH=9).  After 
coating each layer the substrate is washed with distilled water to remove weakly adsorbed materials. 
This sequence was repeated to get desired number of layers, designated as (PAM-ZnO/PSS-G)n, 
where n is the number of bilayers. UV-vis absorption spectra of multilayer films on quartz are 
recorded after coating each bilayer in order to monitor its uniform deposition. The morphology of the 
films in FTO substrate is characterized by Scanning electron microscopy. 
 

Measurement of photocurrent 
 The photocurrent experiments were performed using Autolab electrochemical workstation 
model AUT83909 potentiostat/galvanostat. Multilayer films coated on FTO glass (with active area of 
0.25 cm2) is used as the working electrode. A 300 W incandescent lamp is used as the light source. 
Distance between the working electrode and the light source is adjusted in such a way that, the active 
area was irradiated with an intensity of 0.08 W/cm2.  A platinum wire and a Ag/AgCl electrode were 
used as counter and reference electrodes, respectively. The electrolyte was a 0.2 M aqueous solution 
of Na2SO4. The photocurrent was measured as a function of time at -0.5 V bias voltage with light on 
and off cycles in an interval of 60 s. 
 

Results and Discussions 

Morphology and optical properties of h-ZnO 
 The TEM (Transmission Electron Microscope) image of h-ZnO shown in Fig.1a indicate that 
individual ZnO has a cone-shaped morphology with rough surface and average size of 70 nm (base) × 
100 nm (height). The X-ray Diffraction (XRD) pattern (Fig. 1b) confirms that the ZnO has hexagonal 
wurtzite structure and the nanocrystallites formed are highly crystalline, oriented along (101) plane 
unlike along the commonly dominant (002) plane with lowest surface energy. This preferential 
growth exposing the high energy surface is due to the influence of the capping agent4.  
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Figure 1. (a) TEM image of h-ZnO (b) XRD of h-ZnO Characterization of PSS-G 

 In X-ray Diffraction Pattern (XRD), graphite shows a characteristic peak at 2θ = 26.7o. After 
the introduction of oxygen functionalities, the graphitic peak shifts to 2θ = 10.3o. When PSS is grafted 
the peak at 2θ = 10.3o disappears and a new broad peak appears at 2θ = 23.5o due to the decrease of 

intercalated oxygen functionalities  
 
 
 
 
 
 
 
 

(Fig 2). X-ray photoelectron spectroscopy (XPS) is employed to analyse extend of reduction of 
graphene oxide after the grafting of PSS.  
 
The C 1s spectra of GO clearly indicates considerable degree of oxidation with carbon in different 
functional groups (Fig. 3a). But in the C 1s spectra of PSS-G the oxygen functionalities are 
considerably reduced, indicating the deoxygenation of graphene oxide (Fig. 3b). In addition, there is a 
peak at 285.2 eV corresponding to sulphur bonded carbon in PSS. By the reduction of graphene oxide 
in presence of PSS, a stable aqueous dispersion of graphene nanoplatelets is obtained.Figure 2. XRD 
pattern of graphite, GO and PSS-G 

 
 
 
 
 
 
 

 
Figure 3. C 1s XPS spectra of (a) GO (b) PSS-G 

 
 
Growth and Characterization of multilayer films 
 The consecutive growth of multilayer films is monitored by UV-vis absorption spectra, after 
the deposition of each bilayer. Fig. 4a shows the UV-vis absorption spectra of (PAM-ZnO/PSS-G)n, n 
= 3-9 on quartz substrate. The ZnO and PSS-G exhibit two characteristic peaks at 360 nm and 270 
nm, respectively. The linear increase in peak absorbance at 360 nm and 270 nm with the number of 
bilayers (Fig. 4b) indicates that the deposition is uniform in terms of layer-by-layer. Fig. 5 show the 
SEM image of (PAM-ZnO/PSS-G)9 multilayer film coated on FTO substrate, the film has uniform 
and dense surface. 
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Figure 4. (a) UV-vis absorption spectra of (PAM-ZnO/PSS-G)n on quartz substrate. (b) The plot 

of absorbance at 270 nmand 360 nm vs the number of bilayers 

 
 
 
 
 
 
 
 
 
 

 
 
Figure 5. SEM image of (PAM-ZnO/PSS-G)9 on FTO substratePhotoconductivity of multilayer 

films  
 
The photocurrent experiments are performed using Autolab electrochemical workstation using a three 
electrode cell. Multilayer films coated on FTO substrate is used as the working electrode and Fig. 6 
shows the photocurrent measured for (PAM-ZnO/PSS-G)9 as function of time at -0.5 V bias voltage 
with light on and off cycles in an interval of 60s. The value of dark and photocurrent and on-off 
difference are summarised in Table 1. For comparison photoresponse of h-ZnO is also measured. The 
multilayer films have considerable improvement in photocurrent when compared to ZnO. In these 
multilayer films, ZnO nanocones will assist the absorption of light and electron get excited to the 
conduction band. These excited electrons can transfer to graphene layer due to its lower work 
function5. The excellent conductivity of this self assembled films indicate its scope as a transparent 
electrode as well as photoanode in solar cells.   Figure 6. Photocurrent of (PAM-ZnO/PSS-G)9 at bias 
voltage of -0.5 V 
 
Table 1. Dark current, photocurrent and on-off difference of samples 

Sample Dark current 
( A/cm2) 

Photocurrent 
( A/cm2) 

Difference 
( A/cm2) 

h-ZnO -35.72 -45.72 10  0.85 
(PAM-ZnO/PSS-G)5 -75.16 -87.2 12.36  0.65 
(PAM-ZnO/PSS-G)7 -73.96 -92.04 18.08  0.34 
(PAM-ZnO/PSS-G)9 -185.36 -219.16 33.8  0.58 

Conclusion 
The multilayer films containing ZnO and PSS-Graphene is constructed by layer-by-layer self 

assembly technique. The UV-vis absorption spectra show that the absorbance at 360 nm and 270 nm 
of the films are increasing linearly with the number of bilayers indicating the uniform growth of 

a 
b 

a 
b 
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multilayers by this technique. Combining the advantages of ZnO with visible light absorption and 
graphene with extremely high carrier mobility, we present this layer by layer self assembly technique 
to fabricate ZnO-graphene thin films for photocurrent generation. Due to the efficient charge transfer, 
the response of the thin film is largely enhanced. 
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FeCl3, L-Proline

K2CO3, DME
+

120 oC, 24 h
R1 R2

R1 R2

 
An improved, mild procedure for the Iron-catalyzedcoupling reactions of differently substituted aryl 
halides with thiols is reported. The catalytic system involving the environmentally benign feCl3 and 
the universal ligand L-proline is used for the coupling reaction. The versatility, low cost, and 
environmental friendliness, in combination with the high yields, make the procedure noteworthy and 
it can be utilized for both laboratory and large scale preparations. 
 

Introduction 
Carbon- sulphur bond formation reactions are of great importance in synthetic chemistry 

because of the prevalence of these bonds in many molecules which are widely used for biological, 
pharmaceutical, and material science applications.i Arylthioethers are common structural motifs in 
several drugs and exhibit activities against cancerii, HIViii, Alzheimer’s disease, inflammation, and 
asthmaiv.  Usually, the C(aryl)-S bonds were synthesized by nucleophilic attack on disulfides, 
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aromatic substitution reactions, and metal-mediated disulfide reductions. Most of these methods are 
inefficient, require harsh reaction conditions such as elevated temperature (200oC), use of toxic, high 
boiling polar solvents like HMPA etc., and have limited functional group tolerance.  Nowadays, 
the transition-metal-catalyzed cross-coupling reaction of aryl halides with nucleophiles is employed 
as one of the most powerful strategies for constructing C–heteroatom bonds.v However, the formation 
of C(aryl)-S bond is less studied with respect to the corresponding C-N and C-O coupling reactions. 
This may be due to the tendency of thiols to undergo oxidative homocoupling S-S reactions and their 
strong binding affinity for transition metals, which leads to catalyst modification or deactivation.vi 

In 1980, Migita et al. reported the first palladium-catalyzed cross coupling of thiols with aryl 
halides in refluxing ethanol.vii Several other transition-metal catalysts, such as those based on 
nickelviii, copperix, cobaltx, and  indiumxi with appropriate ligands have been developed for the 
synthesis of aryl thioethers. Recently iron salts have been considered as an efficient alternative to Pd 
and other metal catalysts because of its ready availability, inexpensive, and environmentally friendly 
nature.  In 2008, Bolm’s group reported the first iron-catalyzed S-arylation of aryl iodides with thiols, 
in which anhydrous FeCl3/ N,N-dimethylethylenediamine is used as the catalytic system.xii After 
Bolm’s protocol only two reports came up till date in which FeCl3 in combination with bisphosphine 
ligandsxiii and  cationic 2,2-bipyridyl ligandsxiv are used as the catalytic system. 

Although these results are promising, there is considerable scope for improvement. For 
example, the above-mentioned methods are limited in terms of the substrates for which they can be 
used; in particular, they are ineffective to aryl bromides and aryl chlorides. Therefore, iron-catalyzed 
C-S cross coupling reactions needs to be modified to expand the scope of these methods and to 
employ more universal ligands. 
 

Result and Discussion 
 In this study, we wish to report efficient FeCl3-catalyzed S-arylation of aryl halides with 

thiols using L-proline as the ligand. It is proven that in the absence of the ligand, the C-S coupling 
product was obtained in lesser amount, and diphenyl disulfide was the main product. When our 
proposed approach for the formation of C-S bond is compared with other existing methods, the 
following features are worth mentioning:  (i) the approach makes use of an environment-benign and 
inexpensive catalytic system that is a combination of readily available iron salt and a universal ligand; 
(ii) in this approach, a broader scope of substrates, various substituted aryl halides including bromides 
and chlorides, can be applied. 

Initially, we carried out a set of experiments using 4-iodoacetophenone (1equiv.) and thiol (1.2 
equiv.) as model substrates for optimizing the reaction conditions, and the results are summarized in 
Table 1. 

 
Table 1. C-S cross-coupling between thiophenol and 4-iodoacetophenone in different solvents and 
bases in presence of FeCl3 catalyst and L- Proline ligand. 

 
Entry Catalyst Ligand Base Solvent Yielda (%) 

1 FeCl3 L-Proline K2CO3 Toluene 34 

2 FeCl3 L-Proline Cs2CO3 Toluene <30 
3 FeCl3 L-Proline K2CO3 DMF 87 
4 FeCl3 L-Proline K2CO3 DME 98 
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5b FeCl3 L-Proline K2CO3 DME 43 
6 FeCl3 L-Proline NaOtBu Toluene 47 
7 FeCl3 L-Proline NaO

t
Bu CH3CN 96 

8b FeCl3 L-Proline NaOtBu CH3CN 44 
9 FeCl3 L-Proline K2CO3 3:2 Water/Ethanol 87 

10 FeCl3 L-Proline K2CO3 Water 38 
Reaction conditions: 1 (1.2 equiv), 2 (1.0 equiv), FeCl3 (0.1 equiv), ligand (0.2 equiv), base (2.0 equiv), 
solvent (3mL), 120 oC, 24 h. 
      a: isolated yield 
      b:  Performed at 80 oC  for 40 h 

 Only a small amount of the expected product was formed without the iron source and ligand. 
Hydrated FeCl3 resulted in low yield of  biaryl sulfide. However, the product was obtained in 34% 
yield when FeCl3 and L-proline were used as the catalyst and ligand respectively with K2CO3 as base 
at 120 oC in toluene. (Table 1, Entry 1) The presence of molecular ion peak at m/z 228 ([M]+ , 
C14H12OS) in MS and carbonyl absorption band at 1675 cm.-1 in IR spectrum suggest the formation of 
3. The 1H and 13C NMR of 3 also agreed with the structure.  It was also observed that when the 
coupling reaction was carried out in presence of air or in oxygen atmosphere, low yield of 3 was 
obtained. The decrease in yield may be attributed to the oxidative homocoupling of thiophenols. 

We then examined the influence of bases towards the coupling reactions was examined by 
conducting a series of experiments using FeCl3 as catalyst in toluene at 120 oC. When the reaction 
was carried out using Cs2CO3 as the base, less than 30 % of the coupling product 3 was isolated. 
(Table 1, Entry 2)  Other bases like NaOtBu improved the product yield to 40%. (Table 1, Entry 6) 

We then examined the influence of solvent was then tested by conducting the reactions in 
different solvents. Among the solvents screened, DMF,  acetonitrile and 1,2-dimethoxyethane (DME) 
were proved to be effective solvents. (Table 1, Entry 3,7,9)  The reaction showed  high water 
tolerence  and 3:2 water/ethanol biphasic system as solvent yielded 87% of the product. (Table 1, 
Entry 9). But the reaction carried out in water resulted in low yield. (Table 1, Entry 10). The reactions 
carried out at lower temperatures yielded lesser amount of the product(Table 1, Entry 5 and 
8)showing the importance of high temperature in this reaction. Thus the optimized condition for C-S 
cross coupling reaction involves the utilization of 10 mol % FeCl3 and 20 mol% L-Proline  as the catalytic 
system and 2 equiv of K2CO3 as the base in DME solvent at 120 oC for 24 h. 
 

Substrate Scope 
With the optimized reaction conditions, we then investigated the scope of this catalytic 

protocol for the cross-coupling of different halides with thiophenols. As shown in the Table 2, the 
coupling of thiophenol with aryl iodides was successful, leading to the desired products in good 
yields. 

Table 2. FeCl3 catalyzed C-S cross-coupling of thiophenol with aryl halides 
Entry R-SH Ar-X Product Yielda (%) 

1 
SH

 

I

O  

S

O  

98 

2 
SH

 

I

 

S

 
90 
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3 
SH

 

I

CN 

S

CN 
71 

4 
SH

 

I

Me 

S

Me 
69 

5 

SH

MeO
 

I

O  

S

O

MeO

 

51 

6 
SH

 

Br

O  

S

O  

60 

7 
 
 
 

SH

 

Cl

O  

S

O  

46 

 a: Isolated yield 
Electron-deficient, electron-neutral, and electron-rich  aryl iodides efficiently coupled with thiols and 
the desired products are obtained in moderately good yields. Furthermore, aryl iodides reacted with 
substituted thiols and the product is obtained in moderate yields. Notably, the earlier reported Bolm’s 
iron-mediated coupling methodology and other reports did not afford any S-arylated product with aryl 
bromides and aryl chlorides. Contrary to this, our catalytic system show good tolerance to both aryl 
bromides and aryl chlorides with 60% and 46% yield respectively. 
 

Conclusion 
 In summary, we developed a practical and promising protocol for the S-arylation of aryl thiols 
with differently substituted aryl halides including bromides and chlorides. The processes are 
efficiently promoted by a catalyst system that is a combination of a cheap and environment-friendly 
FeCl3 and the universal ligand L-proline. The versatility, low cost, and environmental friendliness of 
this method, in addition to the high yields it provides, makes it viable for use in synthetic organic 
chemistry. Currently, we are exploring the substrate scope, greener protocols and applications of the 
proposed iron-catalyzed S-arylation with regard to the synthesis of biologically active molecules. 
 

General Procedure for Preparation  
 Synthesis of 1-(4-phenylsulfanyl-phenyl)-ethanone (3): A sealed tube was charged with 1mmol of 
4-iodoactophenone (0.246 mg), 20 mol% of L-proline (0.023 mg) and 2 equiv. of K2CO3 (0.276 mg) 
followed by the addition of 10 mol% FeCl3 (0.016 mg) and 3 ml of DME under nitrogen. 1.2 mmol of 
thiophenol (0.12 ml) was added to it and the sealed tube was then heated in an oil bath which was 
preheated to 120 oC and the reaction mixture was stirred under the same conditions for 24 hours. The 
cooled reaction mixture was partitioned between saturated NaCl (10 ml) and  EtOAc (20 ml). The 
organic layer was separated, and the aqueous layer was extracted with EtOAc (3X10 ml).  The 
combined organic layer was dried using Na2SO4 and the solvent was evaporated in a rotary 
evaporator to get a residue. Purification of the residue by column chromatography using Hexane-
EtOAc as the eluent gave the desired product as a colourless solid (0.225g 98 %); Mp 65 oC. IR  : 
2994, 1675, 1586, 1555, 1472, 1397 cm-1.    1HNMR (CDCl3, 400εHz)  7.81-7.83 (d, J=8 Hz 2H), 
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7.48-7.51 (m, 2H), 7.39-7.41 (m, 3H), 7.20-7.22 (d, J=8 Hz 2H), 2.55 (s, 3H); 13CNMR (100 MHz, 
CDCl3) 1λ7.0λ, 144.λ1, 134.54, 133.86, 132.16, 12λ.68, 128.λ0, 128.7λ, 127.52, 26.45ν GCεS (EI) 
m/z 228 (M) +. 
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Abstract 
 Zno nanotubes were successfully fabricated between graphene sheets. Morphological analysis 
revealed Zno nanotubes act as a channel and homogeneously distributed between graphene layers. 
The fabricated hybrid materials became highly porous with high surface area. The hybrid materials in 
solid state exhibited superior supercapacitor performance and excellent photocatalytic properties. The 
superior properties of the hybrid materials could be attributed to the interfacial bond between 
graphene and Zno nanotubes, which in turn markedly contributes to preventing agglomeration of 
graphene layers and transfer of interfacial charges between graphene sheets and Zno nanotubes. 
 

Introduction 

 Graphene, an outstanding material in the carbon family is a monoatomic layer of sp2 
hybridized carbon atoms existing as a two - dimensional densely packed honeycomb crystal lattice1-2. 
Graphene exhibits some superior characteristics such as high carrier mobility at room temperature, 
high thermal conductivity, large specific surface area, high young’s modulus and higher fracture 
strength3-4.  Due to these unique properties, numerous applications of graphene based materials are 
considerably increases5-6.  But in practical, the high performance of graphene is significantly lost due 
to the strong agglomeration. Through the strong pi-pi interactions and van der Waals forces, graphene 
layers are restacked together which reduces the original characteristics of graphene. Several different 
methods, which include covalent functionalization and non-covalent functionalization, have been 
primarily used to maintain the large surface area of graphene layers with high performance7. In a 
covalent functionalization method, the functional groups bonded by destruction of unique sp2 moiety 
of graphene structure. It is therefore very difficult to maintain the exact characteristic properties of 
graphene through covalent functionalization8-9. Although the non-covalent functionalization methods 
such as using surfactants, polymers, biomolecules, doping of metal or oxides or hydroxides of metal 
nanoparticles have been an alternative to overcome these difficulties10-12.  Over the last few years, 
considerable reports have devoted in metal oxide nanoparticles based hybrid materials to prevent 
agglomeration of graphene.  Among the various metal oxide nanoparticles, ZnO nanoparticles have 
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recently received the tremendous attention due to its unique properties13-14.  ZnO is an n-type 
semiconductor. ZnO have some attractive properties such as wide band gap 3.37eV, large excitation 
binding energy 60meV at room temperature, high specific energy density, non-toxicity, low- cost 
synthesis and environmental friendliness. Graphene based metal oxide hybrid composites have widely 
used in many application fields such as catalysis, fuel cell applications, super capacitor, etc15-17. 
Graphene is non-covalently functionalized with ZnO nanoparticles make significant property tuning 
of graphene which may create the new horizon in the 2D electronic field and photocatalytic 
applications. 
        In this paper, introduction of ZnO nanotubes between graphene sheets by a simple method. ZnO 
act as a channel between graphene layers which prevent the self-aggregation of graphene sheets by 
increasing the distance between graphene layers to several nanometres.  As a result resultant hybrid 
material (Gr-ZnO) exhibits very high surface area and ensure significantly enhanced electrical 
conductivity and photocatalytic performance. Result attributed to the fact that the interface charge 
transfer between graphene and ZnO nanotubes is possible and these high performance properties 
exhibited by solid state of graphene without changing its unique sp2 moiety. 
 

Experimental section 

Materials 

  Natural graphite fine powder was purchased from sigma Aldrich. All other reagents were 
commercially available, analytical grade and were used directly without further purification. 
 

Methods 

(a) Synthesis of Graphene 

 Hummer’s method was utilized for the synthesis of graphene oxide from natural graphite fine 
powder. Graphene oxide was reduced with thermal reduction to get conductive graphene sheets. 
  

(b) Synthesis of Graphene- ZnO Hybrid nanocomposites (Gr-ZnO) 

Synthesized Graphene and zinc acetate were dispersed in deionized water and stirred for 30 minutes 
and it was sonicated for 12 hours. NaOH was added drop by drop and again stirred 30 minutes.  The 
mixtures were heated at 180 degree Celsius for 24 hours. The product was washed with deionized 
water, centrifuged and dried at 100 degree Celsius. 
 

Characterizations 

  Structure and morphology of synthesized pristine graphene, ZnO nanotubes and Gr-ZnO 
hybrid nanocomposites were characterized by High Resolution Transmission Electron Microscope. 
The crystal phase characterization of the samples were  analysed with Wide angle  X ray 
diffractometer (Bruker D8 ADVANCE) using Ni-filtered Cu Kα radiation at 40 kV and 40 mA in the 
2θ, ranging from 5° to 80° with a scan rate of 0.02° per second. The Fourier transformed infrared 
spectroscopy (FTIR) was performed on a Perkin Elmer Spectrum 400 FTIR spectrometer at a 
resolution of 4 cm−1. Photocatalytic properties of the samples were measured by a Shimadzu uv-vis 
spectrophotometer. Specific surface area, pore volume and pore size of the prepared samples were 
analysed by nitrogen adsorption in a Micromeritics ASAP 2020 apparatus. The electrical properties of 
the synthesized samples were analysed by Wayne kerr 6500B precision impedance Spectroscopy. 
Results and discussion 
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Morphology of the prepared Gr- ZnO hybrid nanocomposites are shown in the HRTEM images 
displayed in figure: 1. As shown in figure 1(a) the synthesized graphene exhibited individually 
separated, thin, and crumbled silk wave like sheets. Figure 1(b) and shows the different magnification 
HRSEM images of Gr–ZnO hybrid nanocomposites.  

 
 
 
 
 
 
 
 

 
 
The images also clear that ZnO nanotubes not only anchored on the graphene sheets but also 
uniformly dispersed between the graphene sheets. The powder XRD patterns of the synthesized ZnO 
nanotubes and Gr-ZnO hybrid composites are depicted in (figure: 2).Figure 2. X-ray Diffraction 
patterns of ZnO nanotubes and Gr-ZnO.   
 
 
 
 
 
 
 
 
 
 
 
 
 
However, Gr-ZnO exhibits the characteristic sharp diffraction peaks of ZnO nanotubes in the same 
position without changing the characteristic broad peak of graphene at 250.  The results attributed that 
ZnO nanotubes are strongly bonded on the graphene surfaces without changing the unique graphitic 
nature. The formation of Gr-ZnO hybrid nanocomposites are again confirmed with its Fourier 
Transform-Infrared spectroscopic (FT-IR) analysis (figure 3).Figure 3. 

 
 
 
 
 
 
 

Figure 1. HRSEM pictures of (a) Graphene and (b) Gr-ZnO 

nanocomposites 

Figure 2. X-ray Diffraction patterns of ZnO nanotubes 

and Gr-ZnO  

Figure 3.FTIR spectrum of graphene and 

Gr-ZnO  
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FTIR spectrum of graphene and Gr-ZnO.  In graphene the peak at 1536 cm-1 corresponds to skeletal 
vibrations of graphene, 2970 cm-1 assigned to be the stretching vibrations of -CH2. In addition to 
these characterization peaks, an additional absorption peak at 480 cm-1 is observed in Gr-ZnO. This 
additional peak can be attributed to the stretching vibration of Zn-O.  In Gr-ZnO the characterizing 
peak of Zn-O is shifting to the lower wavelength which ascribed to the bonding interactions of ZnO 
nanotubes and graphene.The Brunauer- Emmett-Teller (BET) specific surface area and porous 
structure of synthesized graphene and Gr-ZnO hybrid nanocomposites are analysed by nitrogen 
adsorption desorption method. The nitrogen adsorption desorption isotherm of graphene and Gr-ZnO 
are shown in (figure 4).    

 
 
 
 
 
 
 
 
 

 
 
Figure 4.Nitrogen adsorption – desorption isotherm curves of Graphene and Gr- ZnOore size 
distribution is an important parameter for predicting high performance of hybrid material in different 
application fields28. The pore radius of the synthesized samples is ranging from 1nm to 5 nm which 
reveals the samples contain mesopores. The BET specific surface area and pore volume of graphene 
is significantly enhanced by the addition of ZnO nanotubes, namely, from  954 m2g-1 to 1280 m2g-1 
and from 0.3021 cm3g-1 to 0.6059 cm3g-1. Enhanced specific surface area, pore volume and pore size 
distribution of Gr-ZnO hybrid nanocomposites revealed the fact that ZnO nanotubes are successfully 
preventing the self- aggregation of graphene layers.  

Figure 5.Nyquist plot of Graphene and Gr-ZnO. 

 Electrical conductivity is one of the most important intrinsic properties of graphene and Gr-ZnO 
hybrid nanocomposites. Electrical conductivity and charge transport of synthesised graphene and Gr-
ZnO hybrid nanocomposites are analysed by precision impedance analyser. Figure 5 shows the 
Nyquist plot of graphene, Gr-ZnO. At high frequency region Gr-ZnO exhibited a semicircle and a 

Figure 4.Nitrogen adsorption – desorption 

isotherm curves of Graphene and Gr- ZnO  
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vertical line in the low frequency region.  The vertical line of Gr-ZnO is sharply increases and is very 
close to 900  

Figure 6: UV-Visible Absorbance spectra showing the photocatalytic activity of graphene and 

Gr-ZnO over MO 

 

compared to graphene which indicates the ideal characteristics of a supercapacitor. Gr-ZnO hybrid 
nanocomposites exhibited a shortest Warburg region compared to graphene. This result indicates the 
better diffusion ability of Gr-ZnO hybrid nanocomposites due to its highest porosity. 
     The photocatalytic activity of the Gr-ZnO nanocomposites is measured for degradation of 
Methyl orange under UV irradiation. Photocatalytic efficiency is assessed by the monitoring the 
change in Methyl orange absorbance over time (figure 6).   
 The dye completely degraded within min for the Gr-ZnO sample, indicating rapid 
degradation. The enhanced photocatalytic activity of hybrid composite is due to the enhanced surface 
area and efficient charge separation.   
 

Conclusions 

 In summary, solid state Gr- ZnO hybrid nanocomposites for electronic  and photocatalytic 
applications was successfully synthesized by a simple, efficient and low-cost method. ZnO nanotubes 
were added for restricting the self-aggregation property of graphene. Morphology, structure, 
composition, specific surface area, pore size, electrical characteristic and optical properties of the 
synthesized samples were examined very well. HRTEM analysis revealed that ZnO nanotubes are 
uniformly distributed between graphene layers. FTIR analysis revealed the composition and bonding 
interaction of the synthesized samples. The Brunauer- Emmett-Teller (BET) specific surface area 
analysis shown that specific surface area of the synthesised graphene layers are significantly 
enhanced by hybrid formation which attributed to the fact that ZnO nanotubes well embedded 
between graphene layers which restrict the self-agglomeration tendency of graphene layers and 
strengthen the structural integrity. The enhanced super capacitance performance and improved 
photocatalytic property of the material revealed the electrical network of hybrid nanocomposites 
which allow the fast and efficient charge transfer between graphene and ZnO nanotubes. All these 
characteristics pointed that ZnO nanotubes are an excellent material for improving the properties of 
graphene. 
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Abstract 
 A simple and efficient devulcanization process assisted by a proprietary devulcanizing agent 
(dVa) is presented in this paper. Carbon black filled natural rubber (nR) vulcanizates were 
devulcanized at ambient temperature in a two roll mill with and without the addition of dVa. The 
effect of concentration of dVa (0-6 phr) and the effect of cure system i.e. CV, semi-EV and EV 
systems used for vulcanization of original sample on the efficiency of devulcanization was studied. 
The efficiency of devulcanization was estimated by determining the residual cross link density 
analysis of the devulcanized samples and the mechanical properties of the revulcanizates at various 
concentrations of dVa. In order to study the effect of the crosslink distribution of the original samples 
on the devulcanization efficiency, samples were prepared using CV, semi EV and EV cure systems. 
The crosslink distribution pattern of the original sample and the extent to which the different types of 
crosslinks, - i.e. poly, di and monosulphidic crosslinks- which have been debonded or broken during 
the shearing process was determined by chemical probe analysis. all the devulcanized samples were 
revulcanized and the mechanical and morphological properties were analyzed and correlated with the 
concentration of dVa, percent reduction of crosslink density and crosslink type. Estimation of cross 
link density of the devulcanized rubber showed a systematic reduction with increasing dVa content up 
to the optimum loading. The chemical probe analysis showed that in dVa assisted devulcanization 
better devulcanization efficiency is achieved probably through the prevention of re-crosslinking of 
cleaved bonds thereby increasing the net cleavage of majority crosslink type (polysulphidic crosslinks 
in CV and semi-EV cure systems while disulphidic crosslinks in EV samples). Chemical probe 
analysis of also revealed that under shear, polysulphidic crosslinks in vulcanizates undergoes chain 
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shortening reactions at ambient conditions similar to the post cross linking chemical reactions during 
curing temperatures to shorter crosslinks. Maximum retention of tensile and tear strengths was 
accomplished by Semi EV samples where as maximum processability and devulcanization percentage 
were associated with EV samples. 
 

Introduction 
 Cured rubbers have been a major disposal problem [Jana, Mahaling, Rath, kozlowska, 
Kozlowski and Das (2007)] due to the three dimensional structure and hence there are strong calls for 
the recycling of rubbers in order to protect the environment and save resources. Most material 
recycling methods end up in using it as filler [Kim and Burford, (1998)] whereas devulcanization 
aims in reuse of waste rubber. Although new technologies such as microwave devulcanization 
[Novotny, Marsh, Masters, and Tally, (1978)] and ultrasonic devulcanization [Tukachinskyl Schworm 
and Isayev, (1996)] and new chemical aids [  De, Maiti and Adhikari,  (1999); 
Thaicharoen,Thamyongkit and  Poompradub, (1963)] such as disulphides and thiols have been 
developed with shorter reaction times as substitution for the mainstream [Warner, (1994)] pan process 
of devulcanization, the properties of devulcanized rubbers are not satisfactory. In this study a new 
devulcanization process assisted by a proprietary devulcanization agent (DVA) with the help of a two 
roll mixing mill has been developed. The effect of concentration of DVA on the devulcanization 

efficiency of carbon black filled natural rubber for different cure systems
8
 and the crosslink 

distribution pattern of the original as well as the devulcanized samples were estimated by determining 
the residual cross link density and chemical probe analysis respectively.  
 

Materials and Methods 

Devulcanization 
Natural rubber (ISNR 5) was obtained from Piolot Crumb Rubber Factory(PCRF), RRII, 

Kottayam and other commercial rubber chemicals were used to prepare three sets of samples varying 
the cure systems [Rattanasom, (2005)] from CV through Semi EV to EV. 

Vulcanizates with known formulations and properties are prepared as per formulations given 
in Table.1. Devulcanization was done in a laboratory two roll mixing mill of 15cm X 30cm size at a 

friction ratio 1:1.2. Tensile sheets moulded from the original compound were cut into chips of 1cm
2
 

size was made into crumb by passing through the two roll mill. DVA was mixed with the crumb in a 
high speed mixer for uniform mixing and devulcanized by passing the crumb through the tight nip of 
two roll mill. 10g of virgin rubber was added per 100g of the crumb for consistency and easy 
handling after devulcanization. Curatives for revulcanization are added regarding the rubber content 
of the crumb to be 50 percent. 

 
Table.1. Formulations for original compounds and revulcanizates 

 
Original compound 

Revulcan 
ization 

Quantity (phr) Quantity 
 CV Semi EV EV (phr) 
Devulcanized rubber   - - 100 
Natural Rubber 100 100 100 10 
HAF black 40 40 40 - 
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Aromatic oil 4 4 4 - 
CBS 0.6 1.5 5 - 
MOR - - - 0.8 
Insoluble sulphur 2.5 1.5 0.5 1.5 

Common ingredients:Antioxidant - 1.5; Zinc oxide – 5; Stearic acid – 2 

 

Cure characteristics and Physical property Measurement 

 Rubber Process Analyzer RPA 2000 was used to monitor the cure characteristics at 150
O

C and 

strain sweep studies of the devulcanized raw samples at 70
O

C
9
. Test samples were moulded in an 

electrically heated hydraulic press for their respective cure times (t90). Tensile strength and tear 

strength measurements of the revulcanized samples were performed with a Zwick UTM at a test 
speed of 460 mm/min. 
 

Morphology 
 The tear fracture surfaces of the revulcanizates were observed by a scanning electron 
microscope (SEM). [Kim and Lee, (2006); Shi, Jiang, Ren, Zou, Wang, Lv and Zhang, (2013)]. 
 

Crosslink density and Percent Devulcanization 
 The crosslink densities (CLD) of the samples were determined by swelling method applying 
Flory Rhener equation [Meyasami, (2012)]. 

The percent devulcanization was calculated following ASTM D 6814-02 as, 
 

Crosslink Distribution 
 Crosslink distribution [Boochathum and Prajudtake, (2001)] of the various samples was 
determined using chemical probes viz. mixture of propane-2-thiol and piperidine (0.4M) in toluene 
and 1M hexane thiol in piperidine for cleaving polysulphidic and disulphidic crosslinks respectively. 
Crosslink densities for monosulphidic plus disulphidic crosslinks were determined using probe 
treated samples which cleaved polysulphidic crosslinks alone. Subsequently, crosslink density for 
polysulphidic bond was calculated from the difference between total crosslink density and crosslink 
density of monosulphidic plus disulphidic bond. 
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Results and discussion 

Cure Characteristics  

The cure curve of the CV Semi EV and EV samples followed the same trend as outlined in the 
cure curve of EV system (Fig.1.). The variations in important cure characteristics are graphically 

listed. MH-ML (torque) values (Fig.2) of EV samples are the least affected by devulcanization 

     10 
 
 
     5 
 
 
     0 
 
 
 
 
     

 0  10                20                 30 Time (minutes) Fig.1. Cure curve of EV sample                   
 

 

whereas CV samples are severely affected. The large reduction in MH-ML value of CV samples upon 

devulcanization is compensated by the presence of DVA. All the three samples possess almost the 

same MH-ML value at optimum DVA concentration for devulcanization, which might be due to the 

greater degree of devulcanization leading to better crosslinking during revulcanization. 
 On revulcanization, the scorch time of the devulcanized samples reduced considerably (Fig.3) 
which might be due to the accumulation of crosslink precursors in the devulcanized samples resulting 

from the mechanical rupturing of the crosslinks. Scorch time Fig.2. Variation of MH-ML 

 
 
 
 
 
 

 
 

  
 
 

 

Strain Sweep 
 Rubber, whether it is cured or uncured is both viscous and elastic. Elastic tor ue S’ relates to 
the pure elastic quality of the rubber and is in phase with the applied strain. Increasing chain 
entanglements and gel content cause S’to rise for uncured rubber where as formation of crosslinks 
causes S’ to increase during vulcanization. Viscous tor ue S” relates to the pure viscous  uality of 
rubber and is 90

0
 out of phase with the applied strain. It is related to the pure flow characteristics of 

rubber. Tangent Delta is the ratio of the viscous  uality to elastic  uality. The tan  ratio for a rubber 
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compound is always relatively high in the uncured state and low in the cured state. This ratio is 
related to processability of rubber in the uncured state and heat buildup in the cured state [Dick, 
(2003)]. As clearly evident from Fig.4, the samples devulcanized with DVA have a higher tan  value 
at lower strains than those devulcanized in the absence of DVA. The higher tan  value of EV samples 
points to better processability than the CV and Semi EV samples and it was true in practice also. 
 

Residual Crosslink Density and Percent Devulcanization 

 
 The efficiency of devulcanization was estimated by determining the residual crosslink density 
of the devulcanized samples at various concentrations of DVA (Fig.5). The considerable difference in 
the crosslink density reduction of devulcanized samples in the presence and absence of DVA can be 

regarded as a clear indication of the role of DVA in 
increasing the efficiency of devulcanization process. The 
crosslink density of the samples decreases gradually with 
increasing concentrationof DVA to a minimum and then 
increases just as the trend observed in revulcanizate 
properties. This particular DVA concentration corresponds 
to maximum devulcanization efficiency.  
 

 

 

 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The profound effect of DVA on percent devulcanization is obvious from Fig.6.The degree 
of81EV41.4SEVCVSemi EV samples.observed with EV samples closely followed 

by36.778.923.5CLD) isinreduction(highestpercentage70.1highest  devulcanizationwhereasof  

Fig.4. Processability variation of devulcanized samples based on 

tanδ values. 
 

Fig.5. Effect of DVA concentration on residual crosslink density of a) CV; b) Semi 

EV; c) EV samples.  
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DVA(higher CLD) both in the presence and absencesamplesCVleast  fordevulcanization  is It is 
observed that during pure mechanical devulcanization of CV and semi EV samples, the percent 
reduction of polysulphidic crosslinks (majority crosslink type) is lesser than that of disulphidic 
bonds. But in the presence of DVA, the percent of polysulphidic bond cleavage increased 
substantially and was well above the percent cleavage of disulphidic bonds. The percent cleavage of 
both di and monosulphidic bonds decreased in DVA assisted devulcanization of Semi EV samples 
whereas that of disulphidic bonds decreased and monosulphidic bonds slightly increased in case of 
CV samples. This may be because of the combined effect of, (i) the re-crosslinking blocking of some 
of the bonds cleaved during mechanical shearing in the presence of DVA and (ii) chain shortening 
reactions of polysulphidic crosslinks in vulcanizates under shear at ambient conditions similar to the 
post cross linking chemical reactions during curing temperatures. As the effective number of 
polysulphidic bonds (majority crosslinks) cleaved is high there is a significant reduction in total 
crosslink density irrespective all the variations upon devulcanization. 

But in the case of EV samples, in which disulphidic crosslinks is the majority crosslink type, the 
observed increase in the absolute number of polysulphidic crosslinks during devulcanization without 
DVA which might be due to the re-crosslinking of cleaved bonds (both the majority disulphidic 
crosslinks and polysulphidic crosslinks) which might have been checked in the presence of DVA just 
as in the previous cases. The absence of such an increase in other cases where polysulphidic 
crosslinks forms the major share might be because; the number of cleaved polysulphidic bonds is 
much more than those formed by recombination. Also the large difference in the percent cleavage of 
polysulphidic bonds in the absence and presence of DVA also support this. The almost the same 
(≈10%) percentage retention of both disulphidic and polysulphidic crosslinks are after DVA assisted 
devulcanization of EV samples further supporting the re-crosslink blocking argument. The absence in 
the increase in number of mono or disulphidic crosslinks after devulcanization of EV samples might 
be because of the lesser number of polysulphidic bonds in the sample which can undergo chain 
shortening reactions under the influence of shear. 
 

Revulcanizate Properties 
 The mechanical properties of the original as well as the revulcanizates are given in Table 2. 
The mechanical properties improved with the addition of DVA till a maximum and then decreased 
just as the trend observed with the devulcanization efficiency. The percent retention of tensile and tear 
strength of the revulcanizate with respect to the original value is given in Fig.10. The significant 
increase in retention of tensile and tear strength in DVA assisted devulcanization may be attributed to 
the better devulcanization. The modulus and elongation percentage approaches their original values in 
the presence of optimum DVA concentration. 

 
 
 

 

 

 

 

 

 

 
Fig.10. Percent retention of mechanical properties of revulcanizates 

SEM analysis of the tear crack surface (Fig.11,) shows that the 

presence of DVA helps to retain the roughness of the surface along 

with good homogeneity resulting in high tear strength 
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Table.2. .Revulcanizate properties 

   Properties       
  

Origi 
  Revulcanizate   

   DVA concentration (phr)   
  

nal 
   

  0 1 2 3 4  5 6     

 

Tensile Strength 

(N/mm
2
) 30 19.7 24.5 23.6 24.5 25.5  25 23 

 
Elongation at Break 
(%) 671 533 617 613 616 668  683 618 

CV 
M100 (N/mm

2
) 2.2 1.9 2 2 2.1 2.1  2 2 

2          

M200 (N/mm ) 5.1 4.3 4.4 4.5 4.7 4.6 
 

4.4 4.3   

 M300 (N/mm
2
) 9.4 7.8 8 8 8.2 8.3  7.9 7.7 

 Tear strength  (N/mm) 119 37 46 48 52 64  61 58 

           

 

Tensile Strength 

(N/mm
2
) 31.6 22.5 24.9 24.8 24.9 26.6  27 22. 

          4 

EV 

Elongation at Break 
(%) 634 579 627 637 637 634  662 634 

M100 (N/mm
2
) 2.6 2 2 2 2 2.1 

 

2 1.7 
Se

mi 

 

M200 (N/mm
2
) 6.2 4.3 4.4 4.4 4.4 4.5  4.4 3.8 

M300 (N/mm
2
) 11 7.7 7.8 7.7 7.8 8.2 

 

7.9 6.7   

 Tear strength (N/mm) 110 39 49 50 55 60  65 54 
   
           

           

 

Tensile Strength 

(N/mm
2
) 27 16 21 22.7 21.5 22  20 - 

 
Elongation at Break 
(%) 699 457 565 604 587 591  566 - 

EV 

M100 (N/mm
2
) 2 2.2 2 2 2 2  2 - 

M200 (N/mm
2
) 4.6 4.8 4.8 4.5 4.5 4.6  4.6 - 

 M300 (N/mm
2
) 8 8.5 8 8 7.8 8  7.8 - 

 Tear strength (N/mm) 110 48 55 58 59 59  57 - 

 
The study points to the fact that mechanical devulcanization alone can bring about 20 - 40 percent 
devulcanization which is well enough to retain 60 - 70 percent of the original tensile properties but 
only with 30 - 40 percent retention of original tear properties. With the incorporation of DVA, percent 

Fig.11. SEM images of tear fractured surface of semi 
EV samples. A:  

Original; B: evulcanizate without DVA; C: 
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devulcanization increased up to 70 - 80 percent with 0a simultaneous increase in percent retention of 
tensile strength to 80 - 86 percent and tear strength to 53 - 56 percent on revulcanization. 
 

Acknowledgement 
 The authors gratefully acknowledge the financial support provided by Council for Scientific 
and Industrial Research (CSIR) for carrying out the research work. 
 

References 
 
Jana G K, Mahaling R K, Rath T, Kozlowska A, Kozlowski M and Das C K, (2007). 

Mechanochemical recycling of sulphur cured natural rubber. Polimery, 52: 131-136. 
 
Kim J K and Burford R P (1998). Study of powder utilization of waste tyres as filler in rubber 
compounding. Rubber Chem. Technol.,71:1028-1041 
 
Novotny D S, Marsh R L, Masters F C, and Tally D N (1978). United States Patent No: 4104205. 
Tukachinsky A, Schworm D, and Isayev A I, (1996). Devulcanization of waste tyre rubber by 
powerful ultrasound. Rubber Chem. Technol., 69: 92-103 
 
De D, Maiti S and Adhikari B (1999). Reclaiming of rubber by renewable resource material 
(RRM).II. Comparitive Evaluation of Reclaiming Process of NR by RRM and Diallylsulphide, J. Appl. 
Polym. Sci.,73: 2951-2958. 
 
Thaicharoen P,  Thamyongkit P and  Poompradub S, (2010).Thiosalicylic acid as a devulcanizing 
agent for mechano-chemical devulcanization.  Korean J. Chem. Eng., 27: 1177-1183. 
Warner W C (1994). Methods of devulcanization. Rubber Chem. Technol., 67:559-566. 
 
Rattanasom N, Pooonsuk A and Makmoon T (2005). Effect of curing system on the mechanical 
properties and heat aging resistance of natural rubber/tyre tread reclaimed rubber blends. Polym. 
Test., 24: 728-732 
 
Wang P Y, Qian H L and Chen Y (2006). Characterization of the ageing behavior of raw epoxidised 
natural rubber with a rubber process analyser. J. Appl. Polym. Sci., 100:1277-1281.M.Meyasami. A 
study of Scrap rubber devulcanization and incorporation of devulcanized rubber into virgin rubber 
compounds. Thesis submitted to the University of Waterloo. 2012 
 
Meyasami M (2012). A study of Scrap rubber devulcanization and incorporation of devulcanized 
rubber into virgin rubber compounds. Thesis submitted to the University of Waterloo. 
 
Boochathum P and Prajudtake W (2001) Vulcanization of cis and trans polyisoprene and their blends: 
cure characteristics and crosslink distribution pattern. Eur. Polym. J., 37: 417-427. 
 
Kim J K, and Lee S H (2006). A comparative study of effect of compatibilization agent on untrated 
andultrasonically treated waste ground rubber tyre and poly olefin blends. Polymers: Science and 
Technology, 16: 263-268. 
 
Shi J, Jiang K, Ren D, Zou H, Wang Y, Lv X and Zhang L (2013). Structure and performance of 
reclaimed rubber obtained by different methods. J. Appl. Polym. Sci, 129: 999-1007. 
 
Dick J S (2003). Basic Rubber Testing: Selecting methods for a rubber test programme. ASTM 

365

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

http://www.springerlink.com/content/?Author=Pipat+Thaicharoen
http://www.springerlink.com/content/?Author=Pipat+Thaicharoen
http://www.springerlink.com/content/?Author=Patchanita+Thamyongkit
http://www.springerlink.com/content/?Author=Sirilux+Poompradub
http://www.springerlink.com/content/0256-1115/


International. USA. 40pp 
 

03-09 
 

CATALYTIC AMIDOLYSIS OF PEPTIDES BY CHYMOTRYPSIN MIMICS -

EFFECT OF METAL ION COMPLEXATION ON IMPRINTING 
Divya Mathew

1
, Benny Thomas

2
, K.S. Devaky

1 1School of Chemical Sciences, Mahatma Gandhi 
University, Kottayam - 686 560, 2Department of Chemistry, St. berchmans College, Changanacherry 

– 686 101 Email: divyabennythomas@gmail.com 
Abstract 
 Focusing on chymotrypsin mimic, highly cross linked enzyme mimic molecular imprinted 
polymers with high thermal stability, reusability and higher shelf-life were synthesized usingphenyl-
1-benzyloxycarbonylamino-4-methoxybenzyl phospohonate, the transition state analogue of 
amidolysis as the template, n- methacryloyl - L- histidine , methacrylic acid and allyl alcohol as the 
functional monomers, through Co(II) ion co-ordination. The enzyme mimic obtained after leaching 
out the template and Co (II) exhibited good catalytic activity and specificity in amidolysis of 
dipeptides comprising of phenylalanyl residues as a part of the carbonyl group of the peptide linkage. 
Like the original enzyme, the enzyme mimics exhibit substrate specificity. The role of metal ion co-
ordination to achieve the cooperative action amongst functional groups was demonstrated. The effect 
of molecular imprinting of phosphonate analogue as template in enhancing the substrate specificity of 
the mimic was demonstrated. The rigidity of 90% EGdMa crosslinked polymer matrix plays an 
immense role in maintaining the geometry of the recognition site. The catalytic activity of the enzyme 
mimics, synthesized in the absence of the template and the metal ion was found to be lower compared 
to that of the imprinted Co (II) coordinated enzyme mimics. 

 Introduction 

       The design of synthetic enzyme mimics by molecular imprinting has spanned the area of research 
over decades, to overcome the practical limitations of biological enzymes like denaturation in organic 
solvents, instability against high temperatures, drastic PH conditions, difficulties in isolation, loss of 
activity on recycling etc 1-3. In the molecular imprinting process, template and functional monomers 
can be brought in close proximity of one another by forming metal ion coordination complexes prior 
to polymerization. The proximity achieved can be retained by cross linking even after the removal of 
the metal ion4-5. The shape of the imprint is complementary to the structure of the template in size and 
shape and capable of recognizing this molecule among many other molecules 6-8. The hydrolytic 
studies indicate that, the metal ion co-ordination during the prepolymerisation stage has a great 
influence on the substrate recognition property of the imprinted polymer and its catalytic activity, 
because of its capability to orient different functional monomers in a definite geometry during the 
imprinting process9-10.Even though there are a lot of work reported on the TSA imprinted MIP 
catalyzed esterolysis, amidolysis by enzyme mimics remains less studied. In the present study, it is 
proposed to blueprint an efficient imprinted polymer, in the presence of a transition state analogue 
(TSA) phenyl-1-benzyloxycarbonylamino-4-methoxybenzyl phosphonate as the template, through Co 
(II) ion complexation. The amidolysis of Phe-Gly is taken as the model reaction. 

2. Materials and Methods 
2.1 Materials 
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      Dicyclohexylcarbodiimide (DCC) and ethylene glycol dimethacrylate (EGDMA) were from 
Aldrich. Methacrylic acid (MA), allyl alcohol (AA), Z/Boc/Nphth-L-Phenylalanine, L-Histidine, 
benzylcarbamate, triphenyl phosphite, and p-methoxybenzaldehyde and benzoyl chloride were from 
SRL. All chemicals used, other than listed above were from local suppliers, which were purified prior 
to use by following the standard procedures. 
 

2.2 Instrumentation and analysis 
     Mettler melting point apparatus was used for recording melting points. IR spectra were recorded 
on a Perkin-Elmer 1600 FT-IR spectrophotometer. For monitoring the kinetic studies, Shimadzu UV 
240 spectro photometer was used. JEOL JSM6390 SEM analyzer was used for SEM analysis.1H 
NMR spectra were taken using Bruker Advance DPX-300MHz FT-NMR spectrometer in CDCl3. 
 

2.3 Synthesis of TSA (Phenyl-1-benzyloxycarbonylamino-4-methoxybenzylphospohonate) 
       The transition state analogue was synthesized  by refluxing triphenyl phosphite (13.2ml), 

benzylcarbamate (13.2mmol), p-methoxybenzaldehyde (19.8mmol) and glacial acetic acid (2ml) for 
4hrs at  100 0 C   in an oil bath. The diphenylphosphonate formed was hydrolyzed with NaOH (0.4N) 
at room temperature for two days. It is then acidified with conc.HCl and the product formed was 
separated and purified by column chromatography using 9:1 chloroform-methanol mixture. FTIR:-

1300 cm-1 (P=O stretching), 946 cm-1 (P-OH stretching) and 1250 cm-1 (P-O-benzyl stretching). 
 

2.4 Synthesis of N-methacryloyl-L-histidine 
N-methacryloyl-L-histidine was prepared by treating methacryloyl chloride (1.95 ml in 3 ml 

DCM), L-histidine monohydrochloride (3.1g) and NaOH (0.8g) following the reported procedure11. 
 

2.5 Synthesis of molecularly imprinted (MIP) and non-imprinted polymers (NIP) 
The highly crosslinked Co(II) co-ordinated MIP C1 was prepared by radical initiated bulk 

polymerization of TSA, the functional monomers and CoCl2.6H2O in 1:1 molar ratio in DMSO  at 600 
C for 8hrs.The template and cobalt ion were completely leached out by washing with a mixture of 
95ml methanol and 5ml 35% HCl. The non-coordinated MIP C2, Co (II) co-ordinated NIP C3 and 
non-coordinated NIP C4 were also synthesized as per the same procedure.11 

 

2.6 Synthesis of the dipeptide Z/tBoc/Nphth-L-Phenylalanylglycyl methyl ester 
The dipeptide was synthesized by SPPS strategy using 2% BDDMA cross linked polystyrene 

support. The first amino acid attachment to the support was carried out using Boc-glycine by cesium 
salt method. The second amino acid phenylalanine was incorporated by DCC coupling. Finally the 
dipeptide was cleaved from the support by transesterification and the purity was checked by TLC. 
 

2.7Amidolysis of Phe-Gly using imprinted and non-imprinted polymers 
A suspension of chymotrypsin mimic (10mg) in 2 ml Acetonitrile-Tris HCl buffer (1:9) was 

taken in a stoppered test-tube and 100 molar excess of the dipeptide, Phe-Gly in 50 ml acetonitrile 
was added (pH 7.75) and stirred well. The amidolysis of the dipeptides was investigated by 
monitoring the absorbance at 280nm at room temperature. 
 

3. Results and Conclusion 

3.1 Synthesis of transition state analogue 
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The transition state analogue was synthesized by acid catalyzed condensation of p-
methoxybenzaldehyde, benzylcarbamate, 
and triphenyl phosphite followed by 
alkaline hydrolysis and is purified by 
column chromatography (Scheme 3.1). 

 

  Scheme 3.1 Synthesis of TSA 

 

3.2 Synthesis of TSA imprinted and non-imprinted polymers 

   The enzyme mimics were prepared by radical polymerization of the functional monomers, TSA as 
template, Co (II) as metal ion and EGDMA as 
the cross linker (Scheme 3.2).                                    
Scheme 3.2 Co (II) coordination during 
molecular imprinting. In the SEM photograph of 
the imprinted polymer, there are a lot of cavities 
on the removal of TSA molecule. But the surface 
of non-imprinted polymer is smooth without 
cavities. 

 

 

 

3.3 Catalytic amidolysis by TSA imprinted and non imprinted polymers 
       The amidolysis of Z-L-Phenylalanylglycyl methyl ester was carried out as a model reaction in 
1:9 Acetonitrile-Tris HCl buffer (Scheme 3.3). 

 
 
 
 
 
 

 
Scheme 3.3 MIP catalysed amidolysis 

3.4 Effect of Co
2+

 ion complexation on catalytic amidolysis 

                  Amidolysis is believed to proceed through a higher energy tetrahedral oxyanion 
intermediate and the electrostatic stabilization of the unstable intermediate leads to the rate 
enhancement of the proteolytic enzymes. The rate of catalyzed amidolysis is found to be much higher 
compared to the uncatalyzed amidolysis due to the presence of imidazole content in the polymer 
matrix. The lower rate of amidolysis shown by the non-imprinted polymers is due to the random 
distribution of functional monomers. 

                    In order to highlight the effect of Co2+ ion on catalytic amidolysis, enzyme mimics were 
prepared by utilizing the chelating property of imidazole, carboxylic and hydroxyl groups with the 
Co2+ ions. The Co2+ ion brings the functional monomers in close vicinity of one another to achieve 
cooperative action amongst functional groups. The metal ion co-ordination during the 
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prepolymerisation stage has an immense power on the substrate recognition property of the imprinted 
polymer by leading to monomeric complex rather than a random copolymer, because of its 
competence to orient different functional monomers in a crystal-clear geometry during the imprinting 

process. In Co (II) co-ordinated MIP C1, the alignment of 
functional monomers is in exact position to maintain the 
nucleophilic action of the hydroxyl group and shows 
saturation of amidolysis within a day compared to the non-
coordinated MIP C2, which takes 35hours to attain 
saturation. The Co (II) co-ordinated and non-coordinated 
NIP C3 and C4, attains saturation only after several days 
compared to MIPs (Fig.3.1).  
 

 

Fig.3.1 Variation of catalytic activity with time 

 

3.5 Specificity of chymotrypsin mimics in the amidolysis of Phe-Gly and Gly-Phe 
                Chymotrypsin exhibits specificity for esters and amides comprising of hydrophobic amino 
acids like phenylalanine or tyrosine residues as a part of the carbonyl group which is accommodated in 
its hydrophobic pocket. To study the specificity of the enzyme mimics, amidolysis of the dipeptides 'Z-
L-Phe-Gly-OCH3 and Z-L- Gly- Phe-OCH3’ was carried out.  The Co (II) coordinated MIP C1 shows a 
specificity ratio of 3.23, which is 2.70 fold greater than the non-coordinated non-imprinted enzyme 
mimic C4 due to the effective H-bonding between the functional monomers and the template through 
metal ion complexation. Moreover the higher specificity of C1 and C2 compared to C3 and C4 is most 
probably due to the tetrahedral complementarity provided by the transition state analogue (Table 3.1). 

 
Table 3.1 Evaluation of kinetic parameters in the amidolysis of Phe-Gly and Gly-Phe 

Chymotrypsin Mimics         Catalytic Constant kcat. x 10-2 
Z-L-Gly-Phe-OCH3 Z-L-Phe-Gly-OCH3 

Co(II) MIP  C1 46.1 149.0 
MIP  C2 42.0 88.8 

Co(II) NIP  C3 20.5 25.9 
NIP  C4 17.6 21.2 

 

3.6 Memory effect of Chymotrypsin Mimics in the amidolysis 

                  The amidolysis of dipeptides having different N-protected phenylalanyl residues were 
investigated to study the memory effect of the imprinted chymotrypsin mimics C1 and C2. The rate of 
amidolysis is found to be in the order: 

                           Z-L-Phe-Gly-OCH3 > Boc-L-Phe-Gly-OCH3 >Nphth-L-Phe-Gly-OCH3 

    

 

 

 

369

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



Fig.3.2 Amidolysis of the dipeptides with different amino protecting groups 
     
   The imprinted polymer could recognize the structure of the template phosphonate analogue and could 
selectively bind the structurally more related substrate Z-L-Phe-Gly. The higher memory effect of Co (II) 
coordinated MIP C1 is due to more accommodating shape complementarity produced by aligning the 
functional monomers and the template through metal ion co-ordination during the imprinting process, 
which makes greater number of contacts between the dipeptide and the binding site of the imprinted 
enzyme mimic leading to higher selectivity. The higher catalytic activity towards Z-L-Phe-Gly is mainly 
due to the structural similarity with the imprinted TSA (Fig.3.2). 
                             To investigate the thermal stability of the enzyme mimic we incubated the imprinted 
mimics for 4hours at a range of temperatures 900C-1500C. By measuring the catalytic parameters, it is 

found that, the enzyme mimics are stable up to 1300C and 
then the catalytic activity gets decreased (Fig.3.3). The 
biological enzymes get denatured above 550C. The enzyme 
mimics synthesized could regenerate and reuse even after five 
cycles of amidolysis without much loss in catalytic activity. 
More over the mimics show higher shelf-life and hence the 
enzyme mimics are very economic.                                                       
 
 

Fig.3.3. Thermal stability of chymotrypsin mimics 

 
4. Conclusions 
       Chymotrypsin mimics were synthesized fruitfully by incorporating Co(II)-template-monomers 
assembly highlighting their ease of preparation, high thermal stability, higher shelf-life and reusability, 
which makes the enzyme mimics highly economic compared to the original biological enzyme. The 
metal ion co-ordination together with the phosphonate analogue makes the enzyme mimic highly 
efficient for amidolysis. The polymer matrix with 90% EGDMA crosslinking could maintain rigid 
‘memorized cavity,

 to provide accommodation for the transition state of the reaction in exact position. 
Compared to many other hydrolytic reactions, which takes several days for the saturation, the Co (II) 
co-ordinated imprinted copolymer could attain saturation within a day, by the co-operative effect of the 
functional monomers. 
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NOVEL BLEND MEMBRANES FROM CHEMICALLY MODIFIED NATURAL RUBBER 

AND POLY (VINYL ALCOHOL) 
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Abstract 
 In this study, novel blend membranes were prepared from chemically modified natural rubber 
latex (nRL) and poly (vinyl alcohol) (PVa). Chemical modification was done by grafting 
(dimethylaminoethyl methacrylate) (dMaEMa) onto nR particle by using a redox initiator system viz; 
cumenehydroperoxide/tetraethylenepentamine (CHP/TEPa).The homopolymers, monomers and 
initiators were removed by dialysis and then the grafted latex was blended with PVa to make uniform 
membranes by solvent casting at 60 ±2 0 C. The blend membranes were characterized by using 
fourier transform infrared (fT-IR) spectroscopy, Thermogravimetry (TGa), Swelling ratio and 
Scanning electron microscopy. The developed membranes have been found to be ideal for controlled 
drug release applications. 
 

1. Introduction 

 Natural rubber latex (NRL) is a biomacromolecule, having cis-polyisoprene particles 
dispersed in aqueous medium [Lamb etal. (2001)]. It has by now grown as a favourite 
macromolecular system particularly because of environment friendly features. Eventhough it has 
extensive uses in its native state there have been many efforts to modify the properties of the NR to 
extend its applications [Wongthep etal. (2013)]. The properties of NR can be molecularly altered 
through graft copolymerisation [Arayapranee etal.(2008), Derouet etal. (2009), Lee etal.(2002), 
Oliveira etal.(2005)]. Grafting of a second polymer with NR latex using redox initiators has been 
used as a method for modifying NR both in solution [ Visconte etal.(1998)] and latex form [Lehrle 
and Willis (1997), Kawahara etal. (2003), Ragupathy etal.(2011)]. Such grafting results in enhanced 
colloidal stability at lower pH range, since the hydrophilic shell act as an electrosteric stabiliser. The 
enhanced colloidal stability makes latex susceptible to react with other reagents 
[Kangwansupamonkon etal. (2004)]. 
 Polyvinyl alcohol (PVA) is a water soluble synthetic polymer. It is a macromolecule of great 
interest because of its desirable characteristics such as hydrophilicity, good film forming ability, 
resistance to oxidation and excellent mechanical properties [Mathur etal.(1996)]. It has also been 
employed for different pharmaceutical and biomedical applications [DeMerlis and Schoneker (2003), 
Figueiredo etal. (2009)]. 
 In the present work NR latex was chemically modified with DMAEMA by a redox initiator 
system viz; CHP/TEPA. The modified systems were physically blended with PVA and casted into 
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films. The casted films were characterised in terms of FTIR, morphology, thermal and swelling 
studies. 
 

2. Materials and Methods 

2.1. Materials 

 
 Natural rubber latex (NRL) used in this study was a commercial sample purchased from a 
rubber plantation at Thekkumkutty, Calicut, Kerala. Dimethyl aminoethylmethacrylate (DMAEMA) 
monomer and tetraethylene pentamine (TEPA) co-initiator were purchased from Aldrich, Germany. 
Sodium dodecyl sulfate (SDS) and cumene hydroperoxide (CHP) were procured from Alfa Aesar, 
Briton. PVA used for blending with a molecular weight in the range 89,000 – 98,000 was purchased 
from Aldrich, USA. All the chemicals were used as such without further purification. 
 

2.2. Preparation of PDMAEMA-g-NR/ PVA blend Membranes 
The grafting and blending procedure for NR latex (NRL) are shown in Scheme 1(a) and 1(b) 
respectively.   

 

Scheme1: (a) Grafting of hydrophilic monomer DMAEMA onto NRL (b)  

 
Preparation of blend from modified latex and PVA 
The mixture of NRL, DMAEMA, CHP, and sodiumdodecylsulphate was agitated initially for 1 hour. 

TEPA solution was added shot wise over 1 h, at 5 min intervals, to initiate polymerization. The 
system was cooled in an ice/water bath during this process and held at a low temperature for the first 
8 h of reaction. After gradual warming to room temperature, another 16 h were given for the 
completion of the reaction. Separation of reaction products was then done by dialysis for 24 hours by 
changing the water after 5 hours and 17 hours. The modified latex was then blended with poly(vinyl 
alcohol) [2.5%-10% (wt/v)] in 1:1 proportion. The mixtures were poured onto glass moulds and dried 
in a hot air oven at 60± 2 ◦C overnight to construct blended membranes. 
 
2.3 Fourier transform infrared (FT-IR) spectroscopy: The grafted linkages and the compatibility 
of blended systems were examined by FTIR spectroscopy using the spectrometer (Thermo Nicolet 
5700, USA) in the range of 4000 to 500 cm-1. The graft and blend membranes were scanned as such 
in ATR mode. 
 

2.4. Thermogravimetric analysis (TGA): Thermal study of the sample was done using TGA Q50 
instrument at a heating rate of 10⁰C/min. The temperature range was from 25 ⁰C to 700 ⁰C. 
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2.5. Swelling studies: The percentage swelling ratios were determined by initially drying the 10 mm 
×10 mm films at 60±2 ◦C overnight. The films were weighed (W0) and immersed in 10 mL of 
distilled water at room temperature for 48 h [Bigi et al. (2003)]. After removal of excess water, the 
hydrated films were reweighed (Wh). The percentage of swelling ratio was calculated as the increased 
weight (Wh − W0), when compared to the initial film weight (W0). 
 
2.6. Scanning electron microscope (SEM): The samples were scanned after swelling studies using a 
Hitachi Su 66000 SEM for studying the morphology after swelling of the blended systems. 
 

3. Results and Discussion 

3.1 FTIR: Figure 1.shows the FTIR spectra of PVA, 2.5 PDMAEMA-g-NR (2.5PDNR) and blends 
(2.5PDNR+2.5PVA, 2.5PDNR+5PVA, 2.5PDNR+10 PVA) scanned in the range of 1000 to 4000 cm-

1.The peak at 2932 and 2923 cm-1 were due to C-H stretching in NR and the peak at 1637cm-1 
corresponds to the C-O stretching in PVA. Also, PVA produced a peak at 3342 cm-1due to the 
stretching vibration of -OH group. There occurs a peak in the range 3059-3567 cm-1 in grafted NR, 
which is due to the Hydroxyl group from PVA and the =NH group from the PDMAEMA. The peak 
at1738 cm-1 corresponds to =C=O stretching of the ester group derived from PDMAEMA grafted to 
NR. Thus the major peaks of NRL, PVA and PDMAEMA were found in the grafted and blended 
patches.   No additional peaks apart from those of the basic materials were found for the polymer 
blends. This shows the absence of any chemical interactions between NR and PVA.Figure 1: FTIR 
spectrum of blends and PVA 
 
 
 
 
 
 
 
 
 
 
 
3.2. Thermogravimetric analysis: Figure 2 shows the TGA thermogram of the grafted and 
blended membranes. After blending with PVA, there is an impressive change in the thermal stability 
of the membranes and this can be correlated 
with the crystallinity of the PVA. This 
crystalinity is mainly due to the 
intermolecular hydrogen bonding between 
PVA and grafted PDMAEMA part on NR. It has 
also been observed that the change in the 
amount of PVA in the membrane doesn’t 
affect the thermal stability since the blended 
systems show a same trend. 
 

Figure 1: FTIR spectrum of blends and 

PVA 

Figure 2: TGA plots of grafted and blended 

membranes 
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3.3 Swelling studies: From Figure 3 it is observed that the swelling percentage increases as the PVA 
content increases. This is due to the change in the hydrophobicity of the NRL membranes when PVA, 
a hydrophilic polymer was added into it. 
 
 
 
 
 
 
 

 

 

Figure 3: Change in swelling behaviour of blended membranes 

 
3.4. Morphology study: The SEM photomicrographs of grafted and blende membrane were 
shown in Figure 4. No pores have been found in the non-blended system (grafted system alone; 
Figure 4 (a)). However the number of pore, their dimension and distribution increases upon blending 
with PVA. This observation is complementary to the results from swelling studies. These pores have 
been employed to trap drugs typically nitroglycerin and lidocaine for the successful application of the 
blends as drug carriers. The results are currently being consolidated. 

 

 

 

 

 

 

 

 

 

Figure 4: SEM micrographs of (a) 2.5PDNR, (b) 2.5PDNR+2.5PVA (c) 2.5PDNR+5PVA (d) 

2.5PDNR+10PVA after the release study 

 

4. Conclusion 

Grafting DMAEMA onto NR has been done in the latex phase by using a redox initiators system. It 
was subsequently blended with PVA. The FTIR spectra of the blended systems show the 
compatibility of the system. TGA examination gave the evidence for the better thermal stability of the 
grafted and blended system. The swelling studies and morphology analysis clearly indicated that the 
membranes can be used as carriers for controlled drug release. 
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Abstract 
 The palladium-catalyzedcarboannulation of bicyclic and cyclopropane appended spirotricyclic 

olefins by employing 2-iodobenzonitrile is discussed in detail. The present strategy provides a facile 

route for the synthesis of biologically significant, carbocyclic ring system under relatively mild 

reaction conditions. The Indanones obtained can be synthetically manipulated easily to 

pharmaceutically important molecules. 
 
 
 
 
 
 
 
Introduction 

The development of new reactions that construct organic frameworks through carbon–carbon 
bond formation continues to be a prime issue in synthetic organic chemistry. In recent years, organic 
chemists have increasingly employed transition metal catalysts as instruments for C-C bond forming 
processes. Palladium catalysis has achieved the status of an indispensable tool for both common and 
state-of-the art in organic synthesis. Among various types of palladium-catalyzed transformations, the 
annulation reaction and related chemistry occupy a special place. Annulation is one of the most 
efficient and economical ways of creating cyclic molecules [Jung 1976; Posner 1986; Molander 
1998]. Combining two or more independent acyclic moieties to form several bonds in one process 
potentially provides an opportunity to rapidly synthesize complex molecules without having to spend 
time and resources on the isolation of intermediates and their reintroduction into subsequent steps. 
This is especially attractive in this age of high-throughput and combinatorial chemistry [De Frutos 
and Curran 2000; Miao and Yang 2000]. Equally important is the minimization of waste brought 
about by a decrease in the amounts of reagents and solvents required for a single-step operation as 
opposed to a multistep endeavor [Tietze 1996; Trost 1995]. The palladium-catalyzed annulation of 
alkynes is particularly effective for the synthesis of a wide variety of carbocycles and heterocycles 
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[Ojima et al. 1996; Rubin et al. 2003; Larock 1999]. The palladium-catalyzed synthesis of these 
carbo- and heterocycles has major advantages over traditional annulation methods. In these processes 
only catalytic amounts of palladium are employed, and the palladium catalyst is quite stable to air and 
moisture. Most important organic functional groups are readily accommodated. 

 
 Desymmetrization of meso compounds has attracted a lot of attention because one or more 
stereocentres can be easily generated by simple transformations. The reactivity of azabicyclic alkenes 
have been extensively investigated with monocentered nucleophiles under transition metal catalyzed 
conditions. [Radhakrishnan et al. 2005, 2006, 2007] These investigations resulted in the formation of 
either 3,4- or 3,5-disubstituted cyclopentenes. The heteroannulation and carboannulation of 
azabicyclic hydrazines with various aromatic species having orthobicentered reactive sites enabled 
novel and simple strategy for the synthesis of functionalized hetero and carbocycles.[Jijy et al. 2013; 
Joseph N. et al. 2011; John et al. 2009] During the course of our studies on the desymmetrization of 
diazabicyclic olefins with various nucleophiles under transition metal catalysis, we envisaged that the 
proper positioning of a cyclopropane ring on the strained diazabicyclic olefins may extend the 
reactivity of active palladium species initially formed from the cycloadduct. Along this line, we have 
synthesized spirotricyclic olefins bearing a cyclopropane ring. Our continued interest in the chemistry 
of bicyclic systems prompted us to carry out the reaction of 2-iodobenzonitrile with bicyclic and 
cyclopropane appended spirotricyclic olefins. 
 
Results and Discussion 

Synthesis of Azabicyclic Olefins 
 The azabicyclic olefins required for our investigations were prepared as per the literature 
procedures. [Diels et al. 1925] 2,3-Diazabicyclo[2.2.1]hept-5-enes 3(a-d) required for our studies 
were synthesized by the Diels-Alder cycloaddition of cyclopentadiene with azodicarboxylate 2(a-d) 
(Scheme 1). 

 

 

 
 

 

Palladium catalyzed cyanoannulation of bicyclic hydrazines with 2-iodobenzonitrile 
Our experiments started with the reaction of 2-iodobenzonitrile 4 with the bicyclic alkene 3a in 

the presence of Pd(OAc)2 as catalyst, PPh3 as ligand and Et3N as base in CH3CN/H2O solvent 
mixture. The reaction afforded product 5a in 40% yield (Scheme 2). 

 

Scheme 1. Synthesis of meso bicyclic 

hydrazines 

Scheme 2. Palladium catalyzed annulation of 

azabicyclic olefin 
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The structure of the product was assigned with the help of various spectroscopic techniques. Detailed 
optimization studies were carried out to find the best condition for this transformation. Among the 
different catalysts tried (Table 3.1, entries 1, 13-15), Pd2(dba)3.CHCl3/PPh3 was found to be the best 
catalyst system (entry 14). The next variable examined was the solvent (entries 1-6). A 9:1 mixture of 
CH3CN/H2O gave the best yield of the product compared to toluene, THF and MeOH. Then we 
turned our attention to find out the best base for the reaction. A series of organic and inorganic bases 
were examined (entries 1, 7-12) and Et3N was found to furnish the product in highest yield (entry 1). 
On the basis of these investigations, the optimal conditions for this reaction are as follows: 1:1 
mixture of iodobenzonitrile/olefin with 10 mol % Pd2(dba)3.CHCl3, 10 mol % PPh3, 2.0 equiv of Et3N 
and 3 mL of CH3CN/H2O (9:1) for 24 h (entry 14). The results are summarized in the following Table 
1.  

 

 

Under the optimized conditions, the reaction was extended to different bicyclic alkenes in 
CH3CN/H2O. Further the bicyclic olefins derived from spiro(2.4)hepta-4,6-diene and various dialkyl 
azodicarboxylates were employed for the palladium catalyzed annulation reaction. 

Synthesis of Aza Bicyclic Olefins with a Spiro Cyclopropane Ring: 

The hetero bicyclic olefin 7a was easily prepared from the Diels-Alder cycloaddition reaction of spiro 
[2.4] hepta-4,6-diene and diethylazodicarboxylate in excellent yield (Scheme 3). 
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Scheme 3. Synthesis of Aza Bicyclic Olefins with a Spiro Cyclopropane Ring 
 

Interestingly, bicyclic hydrazine 7a derived from spiro[2.4]hepta-4,6-diene and diethyl 
azodicarboxylate was also found to react with 2-iodobenzonitrile 4 in the same manner affording the 
indanone 8a in 71% yield (Scheme 4). 

 

 

 

 
 

Scheme 4 

 
The structure of the compound 8a was derived based on spectroscopic studies. The results obtained 
with different bicyclic olefins and iodobenzonitrile in CH3CN/H2O are summarized in Table 2. 
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On the basis of previous work on bicyclic annulations [Pletnev et al. 2002], the following mechanism 
is proposed for the formation of indanone. The first step of the catalytic cycle involves oxidative 
addition of aryl halide to form Ar-PdL2-X and subsequent coordination to the alkene. Next step is the 
carbopalladation (B) which is followed by hydration to form indanone. 

 

 

 

 
Scheme 5 Proposed mechanism of the reaction 

 
Conclusion 

In conclusion, we have developed a one pot strategy for the synthesis of highly functionalized 
indanones through palladium-catalyzed annulation of 2-iodobenzonitrile with various bicyclic and 
tricyclic hydrazines. The methodology provides an easy access to indanones which constitute the core 
structures of many biologically active compounds, synthetic intermediates for pharmaceuticals, 
ligands for olefin polymerization catalysts and discotic liquid crystals. The products are versatile 
molecules having multiple points for functionalization and can be synthetically manipulated easily. 
For example deprotection of the ester group and cleavage of N-N bond by platinum catalyzed 
hydrogenation can lead to the formation of cyclopentane fused diaminoindanones. 
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Experimental Section 

Spiro[2.4]hepta-4,6-diene 

 The solution of powdered KOH (780mg, 1eq) and TEBA (113mg, 1mol%) in 
dichloromethane (15mL) was cooled to 00c and added freshly cracked cyclopentadiene (0.4mL, 
1.25eq). The reaction mixture was stirred for 3-4 hours and the completion of reaction was monitored 
by TLC analysis. After complete reaction KOH was filtered off and liquor was used for cycloaddition 
reaction without further purification. 
 

Cycloaddition of spiro[2.4]hepta-4,6-diene with aza dicarboxylates 

 To the cooled solution of spiro[2.4]hepta-4,6-diene (1eq), azadicarboxylate (1.5eq) was added 
and stirred for 24hrs. Completion of the reaction was monitored by TLC and bicyclic hydrazine was 
purified by column chromatography using 100-200 mesh silica and 15% ethyl acetate in hexane 
afforded the cycloadduct in good yield. 
 
General experimental procedure for the palladium catalyzed carboannulation of bicyclic 

hydrazines with 2-iodobenzonitrile 

 

 Bicyclic hydrazine (1.0 equiv.), 2-iodobenzonitrile (1.0 equiv.), Et3N (2.0 equiv.), PPh3 (10 
mol %) and Pd2(dba)3.CHCl3 (10 mol %) were taken in a Schlenk tube and degassed. The mixture 
was dissolved in acetonitrile/water (9:1) (3 mL) and stirred at 80 oC for 24 h under argon atmosphere. 
After the completion of the reaction, the reaction mixture was diluted with dichloromethane (50 mL) 
and washed with water (2x25 mL) and saturated brine (25 mL) solution. The organic layer was then 
dried over anhydrous sodium sulfate and the solvent was evaporated in vacuo. The residue on silica 
gel (100-200 mesh) column chromatography using 30% ethyl acetate in hexane afforded the product 
in good yield. 
 

Spectroscopic data for new compounds 

Compound 5a: Yield: 68% as pale yellow viscous liquid; Rf: (40%  EtOAc/ hexane) 0.36; IR 
(Neat) max : 3016, 2997, 2926, 1711, 1606, 1466, 1325, 1255, 1169, 1040, 870, 727 cm-1; 1H NMR 
(500 MHz, CDCl3):  7.72 (m, 1H), 7.76-7.59 (m, 2H), 7.43-7.38 (m, 1H), 4.69 (brs, 2H), 4.23 (brs, 
4H), 3.71 (brs, 1H), 3.07 (brs, 1H), 1.48 (m, 1H), 1.38-1.11 (m, 7H); 13C NMR (125 MHz, CDCl3):  
203.1, 157.1, 156.5, 152.8, 138.7, 135.5, 128.7, 126.4, 124.4,  62.7, 61.0, 53.4, 45.5, 32.0, 14.6; 
HRMS (EI): calcd for C18H20N2O5 (M+): 344.1372, found: 344.1365. 

 
Compound 5b: Yield: 69% as pale yellow viscous liquid; Rf: (40%  EtOAc/ hexane) 0.46; IR 

(Neat) max: 3021, 2993, 2932, 1712, 1604, 1468, 1330, 1256, 1169, 1099, 855, 730 cm-1; 1H NMR 
(500 MHz, CDCl3)μ  7.76 (d, 1H, J = 7.5 Hz), 7.69-7.66 (m, 1H), 7.62 (s, 1H), 7.46-7.43 (m, 1H), 
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5.03 (brs, 2H), 4.78-4.62 (m, 2H), 3.73 (brs, 1H), 3.10 (brs, 1H), 1.49 (d, 1H, J = 11.0 Hz), 1.32-1.25 
(m, 13H); 13C NMR (125 MHz, CDCl3):  203.3, 157.4, 152.9, 138.7, 135.5, 128.6, 126.4, 124.3, 
70.5, 62.1, 61.8, 53.5, 45.5, 31.9, 22.0; HRMS (EI): calcd for C20H24N2O5 (M+): 372.1685, found: 
372.1675. 

Compound 5c: Yield: 61% as white solid; Rf: (40%  EtOAc/ hexane) 0.56; Mp. = 154 °C; IR 
(Neat) max: 3051, 2991, 2951, 1719, 1608, 1505, 1450, 1333, 1240, 1145, 966, 751 cm-1; 1H NMR 
(500 MHz, CDCl3):  7.69 (d, 1H, J = 8.0 Hz), 7.60 (t, 1H, J = 7.5 Hz), 7.54 (brs, 1H), 7.37 (t, 1H, J 
= 7.5 Hz), 4.75-4.67 (m, 1H), 4.55-4.51(m, 1H) 3.65 (brs, 1H), 3.00 (brs, 1H), 1.53-1.40 (m, 19H), 
1.12 (d, 1H, J = 8.5 Hz); 13C NMR (125 MHz, CDCl3):  203.3, 157.6, 153.1, 138.7, 135.5, 128.6, 
126.5 124.2, 81.9, 62.6, 61.0, 53.0, 45.4, 31.9, 29.7, 28.2; HRMS (EI): calcd for C22H28N2O5 (M+): 
400.1998, found: 400.1993. 

 
Compound 5d: Yield: 66% as pale yellow viscous liquid; Rf: 0.41 (6:4 hexane/EtOAc). IR (Neat) 

max: 3032, 2952, 2919, 1719, 1603, 1474, 1314, 1248, 1129, 1091, 970, 751cm-1. 1H NMR (500 
MHz, CDCl3):  7.76 (d, 1H, J = 7.5 Hz), 7.66-7.65 (m, 2H), 7.46-7.28 (m, 11H), 5.26-5.24 (m, 4H), 
4.77-4.70 (m, 2H) 3.69 (brs, 1H), 3.06 (brs, 1H), 1.52 (d, 1H, J = 11.0 Hz) 1.24 (d, 1H, J = 11.0 Hz). 
13C NMR (125 MHz, CDCl3):  203.4, 157.1, 153.1, 138.8, 135.8, 128.6, 128.5, 128.2, 128.0, 126.5, 
124.3,  62.3, 61.3, 53.3, 45.4, 43.6, 32.0. Mass Spectrometric Analysis: HRMS (EI) for C28H24N2O5, 
Calcd (M+): 468.1685, Found: 468.1689. 

Compound 8a: Yield: 71% as pale yellow viscous liquid; Rf: 0.38 (6:4 hexane/EtOAc). IR (Neat) 

max: 3004, 2998, 2927, 1712, 1604, 1538, 1456, 1328, 1250, 1112, 1041, 871, 727 cm-1. 1H NMR 
(300MHz, CDCl3): ):  7.75-7.72 (m, 1H), 7.65-7.58 (m, 2H), 7.44-7.40 (m, 1H), 4.70 (s, 1H), 4.26-
3.96 (m, 5H), 3.85 (s, 1H), 3.10 (s, 1H), 1.49-1.24 (m, 6H), 0.44-0.35 (m, 4H). 13C NMR (75 MHz, 
CDCl3)μ  203.3, 156.8, 156.6, 152.λ, 13λ.2, 135.5, 128.7, 126.3, 124.4, 67.7, 66.1, 62.6, 55.1, 46.4, 
30.5, 14.6, 14.2, 6.5, 1.5. Mass Spectrometric Analysis: HRMS (EI) for C20H22N2O5, Calcd (M+): 
370.1529, Found: 370.1520. 
 
Compound 8b: Yield: 68% as pale yellow viscous liquid; Rf: 0.47 (6:4 hexane/EtOAc). IR (Neat) 

max: 3012, 2991, 2922, 1710, 1606, 1507, 1456, 1320, 1251, 1050, 856, 757 cm-1 1H NMR (300 
MHz, CDCl3):  7.76 (d, 1H, J = 7.5 Hz), 7.65 (t, 1H,  J = 7.5 Hz), 7.54 (brs, 1H), 7.44 (t, 1H,  J = 
7.5 Hz), 5.06 (brs, 2H), 4.42-4.26 (m, 1H), 4.14-4.02 (m, 1H), 3.85 (s, 1H), 3.29 (brs, 1H), 1.31-1.26 
(m, 12H), 0.47-0.32 (m, 4H). 13C NMR (75 MHz, CDCl3)μ  203.6, 15λ.1, 158.6, 153.0, 13λ.2, 135.1, 
128.4, 126.4, 124.0, 70.6, 67.7, 66.0, 55.2, 46.4, 30.4, 22.0, 6.5, 1.5. Mass Spectrometric Analysis: 
HRMS (EI) for C22H26N2O5, Calcd (M+): 398.1842, Found: 398.1839. 
Compound 8c: Yield: 70% as pale yellow viscous liquid; Rf: 0.48 (6:4 hexane/EtOAc). IR (Neat) 

max: 3027, 2991, 2941, 1711, 1606, 1501, 1445, 1332, 1241, 1140, 950, 728 cm-1. 1H NMR (300 
MHz, CDCl3)μ  7.33-7.71 (m, 1H), 7.61-7.54 (m, 2H), 7.43-7.40 (m, 1H), 4.31-4.19 (m, 1H), 4.04-
3.95 (m, 1H), 3.82 (s, 1H), 3.20 (brs, 1H), 1.49-1.39 (m, 18H), 0.43-0.26 (m, 4H). 13C NMR (75 
MHz, CDCl3)μ  203.1, 158.7, 157.8, 153.0, 13λ.0, 135.5, 134.λ, 128.5, 126.4, 125.λ, 81.6, 67.5, 67.2, 
55.3, 46.4, 30.3, 29.0, 28.8, 6.5, 1.4. Mass Spectrometric Analysis: HRMS (EI) for C24H30N2O5, 
Calcd (M+): 426.2155, Found: 426.2150. 
 
03-12 
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Abstract 

 Nano-composites have gained much interest recently. Rubber/Titanium oxide nanocomposites 
might be considered as potential materials in medical and industrial applications due to the flexibility 
of the polymer and antibacterial properties of nano metric additive. Theaddition of mineral fillers into 
the rubber induces substantial changes in the physiochemical and mechanical properties. filler 
characteristics such as size and shape of particles size distribution, pattern of particle packing, 
specific surface area, porosity of surface, chemical nature, dispersability and tendency to agglomerate 
etc determines the effect on rubber compounds . In the Present research work, Tio2 nano particles 
were synthesized using precipitation method. Synthesized particles were characterized using XRd, 
fTIR and SEM. The nanocomposites have been prepared by mechanical blending using two roll mills. 
The nano composite prepared was based on polybutyl rubber as the matrix material and titanium 
dioxide as the filler. Its mechanical and transportation properties have been investigated. Scanning 
electron microscopy has been used to investigate the morphology of nanocomposites. Titanium oxide 
particles could enhance the properties of the rubber matrix due to appropriate properties of nano 
Titanium oxide particles.  
keywords: Titanium dioxide, Poly butyl Rubber, nano composites 

Introduction 

   The commercial importance of polymers has been driving intense applications in the form of 
composites in various fields. In these materials, based on the size of additives, there are some 
categories of these composites. If the size of additives to the polymeric based composites is less than 
100 nm, this category of composites named nanocomposites. There are different types of commercially 
available nano-particles that can be incorporated into the polymer matrix to form polymer 
nanocomposites. Polymer nanocomposites have attracted great attention because of their significant 
enhancement in mechanical strength and thermal properties at low filler contents [1-8]. This 
improvement is due to the unique characteristics of the nanofillers [9]. 

In Nature, titanium dioxide exists in three primary phases – anatase, rutile, and brookite – with 
different sizes of crystal cells in each case [10]. The popularity he popularity of titanium dioxide in 
materials sciences began with the first photo catalytic splitting of water in 1972 [11]. However, in 
recent years TiO2 has been used widely for the preparation of different types of nanomaterials, 
including nanoparticles, rods, nanowires, nanotubes, and mesoporous and nanoporous TiO2 - 
containing materials [12] Titanium dioxide nanoparticles with average size particle 100 nm was 
selected as a host matrix. It is a colorless fine powder, high glossiness, low oil absorption, high weather 
resistance and high dispersability. Nano titanium dioxide can be widely used on photo catalytic, solar 
battery, Environment Purification, catalyst carrier, lithium battery and gas sensors because of its big 
surface area and small particle size. 
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Materials and Methods 

2.1Materials 

 Poly butyl rubber is the material used for sample preparation.   Sulphur was the vulcanizing agent 
used throughout the investigation. It was obtained from Merck, Ltd (Mumbai, India) a) Tetra methyl 
thiuram disulphide (TMTD);- TMTD is a very active, sulphur bearing, non discoloring very fast 
organic accelerator. Widely used as a primary accelerator. TMTD is a white to light gray powder and 
was procured from local market.  b) MBTS: Dibenzothiazole disulphide: - The most widely used 
organic accelerator.  It is non-staining and very active at temperatures above 280F. MBTS is a 
reasonably safe processing accelerator. It was collected from Bayer India Ltd, Mumbai,    Zinc oxide 
and Stearic acid combination is used as activator system for this accelerated sulphur vulcanization. It 
was collected from Bayer India Ltd, Mumbai, India. Titanium dioxide (TiO2) used as nano range filler 
particles. TiO2 under the trade name KEMOX RC 800 PG was supplied by Kerala Metals and 
Minerals Ltd (KMML), Kerala, India. 

 
2.2 Solvents 

The solvents used for studies are Toluene, Xylene, Benzene, and Aniline of AR grade from 
(Merck India LTD, Bombay, India). The commercial 2T-oil used in the study obtained from IOCL, 
Chennai, India. The oil has light golden yellow color with density 0.858g/cc. 

 
2.3 Sample preparation 

                Rubber was masticated on a two roll mill for 4-5 mints and then stearic acid was added to 
give flexibility to the raw rubber  after complete addition of stearic acid, ZnO was added followed 
with addition of TMTD and MBTS which act as an activator and accelerators and further mixing was 
done for 1 to 3 minutes. After sufficient mastication sulphur was added. At last Titanium Dioxide 
nano powder was added very carefully. Different mixes were prepared according to the specified 
formulation given in the table.2.1. The mixing process was carried out using a laboratory two- roll 
mixing mill (150×300nm) at friction ratio 1:1:4 and 300g capacity.  The rollers were water cooled 
during the mixing operation. The compounding was performed at room temperature keeping the nip 
gap; mill roll speed ratio and the time taken (9 min overall time) were kept same in all the mixes. The 
fillers were made moisture free. The entire Poly Butyl Rubber samples were masticated for 3mintes 
before the addition of ingredients. 

Ingredients PBR(gum) PBR-3.75 PBR-7.5 PBR-11 

PBR 100 100 100 100 

ZnO 3.75 3.75 3.75 3.75 

Stearic Acid 2.75 2.75 2.75 2.75 

TMTD 0.75 0.75 0.75 0.75 

MBTS 0.375 0.375 0.375 0.375 

Sulphur 1.125 1.125 1.125 1.125 

Nano powder 0 3.75 7.5 11 

 

2.4 Moulding      
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         The mixes were kept overnight at low temperature  and then cured at 160ºC in an electrically 
heated hydraulic press to their respective cure time (t90) at a pressure of 150kg/cm2 to get sheets of 
1.5 mm thickness. These samples were kept in room temperature for 24 hours to ensure that all 
samples were subjected to the same thermal history prior to testing. From these sheets, appropriate 
samples were taken to make the test specimen for further studies 
 
2.5 Curing 

Cure characteristics of each mix was found out using an instrument Gottert Elastograph “Vario”-
67.98 rheometer by placing 7-10 gms of compound in the in the heating chamber of the rheometer 
operated at 1600 c.  . It is a moving die type machine (made by-Gottfert German Company,). Torque 
maximum, torque minimum, scorch time and cure time were obtained from the rheometer 
observations. Separate rheograph were taken for each composition to get the respective cure time. 
Rheometer is a microprocessor controlled cure meter with a quick temperature controlled mechanism 
and well defined homogenous temperature distribution in the die or test chamber. In this instrument, a 
specimen of definite size is kept in the lower half of the cavity which is oscillated through a small 
deformation angle (± 0.2). The frequency of oscillation is 50 per minute. The torque is measured on 
the lower oscillating die half 
 
2.6 MEASURMENT OF TRANSPORT PROPERTIES OF POLY BUTYL RUBBER 

2. 7 Diffusion studies 

                      Poly butyl rubber composites were cut into Circular samples of 1.97cm diameter by 
means of a sharp edged steel die. The thicknesses of samples were measured using a micrometer 
thickness gauge with an accuracy of ± 0.001 cm. The previously weighed circular samples were 
immersed in about 20-25 ml of the solvents taken in the different diffusion bottles having specific 
markings. These bottles were kept at a constant temperature. The samples were taken from the bottles 
adhering solvent was blotted off from the surface gently and immediately, weighted on highly 
sensitive electronic balance with an accuracy of ± 0.0001 mg at specific time intervals and 
immediately replaced it into the bottles. The time for each weighing was kept to a minimum of 20-30 
sec in order to minimize the error due to the escape of solvents from samples. The experimental 
procedure was repeated till equilibrium swelling was attained. The equilibrium solvent uptake (Qt 

mole %) was calculated using equation. 
 
                         (Qt mol %)    =    [[(W2 – W1)/ M]/ W1] × 100 

              Where, W1    =   Weight of rubber before immersion in solvent. 
                                      W2    =   Weight of rubber after immersion in solvent. 
                               W2-W1      =   Weight of solvent absorbed. 
                                     M      =    Molecular mass of solvent. 
 
The Diffusion Coefficient (D) 

                The kinetic parameter, the diffusion coefficient (D) for the different filled synthetic rubber 
penetrant systems was calculated using the equation 
                                      D        =    π (hθ/4Q∞) 

1/2 
                        Where,   Q∞      =    Diffusion at maximum (the equilibrium absorption) 
                                        h        =   Thickness of the samples. 
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3. Results and Discussion 

3.1. CURE CHARACTERIZATION 
                      The curing characteristics expressed in terms of vulcanization times, ts2 (scortch time) 
and t90 (optimum cure time), as well as the maximum and minimum vales of the torque, Tmax, Tmin, 
respectively, and delta tor ue ∆ T (∆T= Tmax -Tmin) are deduced from the curves. 
 

Table. 3.1Cure characteristics of polybutylrubber nanocomposites 

Sample Tmax 
(dNm) 

Tmim 
(dNm) 

∆T 
(dNm) 

Scortch 
time 
ts2(m:s) 

Cure 
time 
t90(m:s) 

PBR 0 0.29 0.08 0.21 9.98 11.98 

PBR 5 0.25 0.04 0.21 11.54 11.86 

PBR 10 0.26 0.05 0.21 11.54 12.34 

PBR 15 0.29 0.05 0.24 9.19 11.89 

                      
 
 

 

 

 

 

 

 

 

 

 

 

Fig.3.1.Variation of Optimum cure time with filer loading of polybutylrubber nanocomposites 

 
           Compared to the poly butyl rubber compound without filler (gum) the compound filled with 
TiO2 showed variation in cure characteristic. The optimum cure time, t90 values indicate vulcanization 
process. The lowest cure time in compound with 5 phr filer additions, and increase with further 
addition of TiO2 and maximum in PBR 7.5, this show in fig 3.1. This is attributed to the fact that 
better dispersion of TiO2 is in PBR 5, which makes vulcanization rate faster. However increasing the 
filler content agglomeration of filler starts and vulcanization rate decreases (SEM analyses support 
this assumption). There is also the chance to adsorb accelerators into the agglomerates. 
 
3.2 MORPHOLOGICAL STUDIES 

3.2. 1. X-ray diffraction (XRD) on poly butyl rubber nanocomposites 

                  XRD is a powerful technique to monitor the formulation and structure of polymer/ TiO2. 
Fig 3.2, 3.3 and 3.4, shows the X-ray diffraction pattern of TiO2, PBR7.5 and PBR11 
nanocomposites. No peck is observed for pure PBR, indicating its amorphous nature. TiO2 exhibits a 
single peak at 2θ of 27.500. When 10 phr TiO2 was incorporated in PBR, peak shifted to 26.8310 
which is an indication of intercalation at this particular filler loading. Again at 15 phr filler addition 

387

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



very slight decreased peak appeared at a 2θ of 26.7830 which is almost same that of the observed at 
10 filler addition. The peaks observed at different filler loading are an indication of intercalation of 
polymer matrix into TiO2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
                      
 
 
 
 
 
 
 

 
 
 
 
The possible strong interactions that occurred between filler and the polymer in the nanocomposites 
can be illustrated with the help of infrared spectra. Figure 3.5.shows the FTIR spectra of nanofiller 
over the frequency range of 1033.85- 403.62 cm-1. Hence it can be concluded that TiO2 is good filler 
and also enhancing the property of polymer matrix (PBR). 

 

Fig 3.2, The X-ray diffraction pattern of TiO2 

Fig 3.3, The X-ray diffraction pattern of PBR 10 

nanocomposites. 
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SCANNING ELECTRON MICROSCOPY 

Fig.3.6 The SEM micrographs of PBR,         Fig.3.7. The SEM micrographs of 

PBR10 
                                  
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3.6, 3.7and 3.8 shows the SEM morphology of polybutylrubber nanocomposites.  In all 
compositions small agglomerates are observed and numbers of such agglomerates are increased 
withfiller loading.  The lumping phenomena and agglomeration are high due to strong hydrophilic 
property and cohesion of TiO2 
 

3.3 MECHANICAL PROPERTIES 

Nanomaterials provides reinforcing efficiency because of their high aspect ratio [23,24]. The 
properties of the resulting nanocomposites are greatly influenced by the size scale of its component 
phases and the degree of mixing between the two phase. Depending on the nature of the components 
used and the method of preparation, significant differences in composite properties are obtained. 

Table 3.2. Mechanical properties of polybutylrubber nanocomposites 

sample Tensile 
strength 
(MPa) 

Elongation 
at break % 

Modulus 
at 100% 
(MPa) 

Modulus at 
200%(MPa) 
 

Modulus 
at 300%  
(MPa) 

Tear 
strength 
(N/mm) 

 PBR 2.781 333.064 0.529 1.205 2.021 11.151 

PBR 5 9.641 294.272 0.582 0.887 1.535 14.335 

PBR10 12.515 280.415 0.649 1.623 1.201 15.511 

PBR 15 5.212 286.621 0.591 0.871 1.408 12.105 

Fig.3.8. The SEM micrographs of PBR 15 
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3.3.1. Tensile strength 

Several studies have been reported on the effect of filler addition on the tensile strength of 
natural and synthetic rubber vulcanizates and it provides information about strength and toughness of 
a material. Fig 3.9. Indicates that the tensile strength.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
As compared with PBR the nanocomposites has good performance of TiO2 particles in PBR 

might be due to the nature of filler. But from the graph it can be seen that maximum tensile strength 
in 10 phr filler addition of nanocomposites, these due to the intercalation between the filler and the 
polymer matrix. But tensile strength decreased at 15 phr filler addition. The amount of filler increases 
the tensile strength of the materials increases up to a certain limit. Further addition of filler may lead 
to increase in agglomeration of the filler particle in the composite and hence the tensile strength 
decreases. As number of cross links increases, the tensile strength of the composite increases. But the 
amount of filler increases the possibility for extent of cross linking decreases. 

 
3.3.2. Elongation at break 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 The elongation-to-break is the strain on a sample when it breaks. This usually is expressed as a 
percent. The elongation-to-break sometimes is called the ultimate elongation [13]. The ability to stretch 
to several times of its original length is one of the important characteristic properties of rubber.  

Fig. 3.9. Variation of Tensile strength with TiO2 

filler loading. 

Fig 3.10.Variation of Elongation at break %with TiO2 filler 

loading. 
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Hence elongation at break is an important factor in rubber studies, which can be related to matrix – 
filler interactions in nanocomposites. Fig 3.10 represents the elongation at break with filler loading of 
PBR. The amount of filler is increased elongation at break decreased. Filler agglomeration at higher 
filler contents causes more filler – filler interactions than matrix –filler interactions. 

 
3.3.3. Modulus      
                Young's modulus is a measure of the stiffness of an elastic material and is a quantity used to 
characterize materials. It also helps in selection of materials for particular structural applications. Fig 
3.11. shows the modulus of the different amount of nanofiller loading. As compared with PBR (gum) 
the nanocomposites has good performance of TiO2 particles in PBR. The modulus enhancements of 
the composites can be attributed to the strong intercalation of the PBR with nanoparticles. The 
modulus showed an increase with filler loading especially at 10 filler loading. An improved stiffness 
can be predicted because of intercalation of filler matrix and its reinforcement. The effects of 
agglomeration of the filler are pronounced as strain percentage approaching the breaking point.   

 
Fig.3.11.Variation of modulus at 100% with TiO2 filler loading. 

 

3.3.4. Tear strength 
 

                  The initiation and propagation of tear strength is another important factor in the failure of 
rubber products. It is known that high tensile strength is an indication of good tear resistance and 
hardness. In all these cases the fillers resist the growth of crack and its propagation thereby increasing 
the tear resistance. The fig 3.12. Showed tear strength filler loading of PBR nanocomposites. As 
compared PBR with the nanocomposites of TiO2 particles in PBR increased values. The amount of 
filler increases tear strength also increases at certain limits. But from the graph we can be seen that 
maximum tear strength in 10 phr filler addition. 

Fig.3. 12.Variation of tear strength with TiO2 filler loading 
 
 
 

 
 

 

 

 

 

3.4.2 Swelling Behaviour 
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Molecular transport of organic liquids through polymer membranes has been the subject of 
investigations over the past several years.  Such studies are necessary due to the production of 
innumerable polymer membranes of commercial importance. Solvent resistivity of these membranes 
in an important factor in such applications, including protective coating, separation of liquid mixtures 
and chemical waste pondlings. An understanding of membrane transport properties such as sorption, 
diffusion and permeation of organic liquid is important before seeking their applications. Molecular 
transport phenomena are influenced greatly by physical and chemical nature, morphology, crosslink 
density of polymers as well as temperature, shape and size of the penetrant molecules. 

 

 
 

Fig. 3.13. Solvent uptake Qt of PBR nanocomposites in benzene 

Fig. 3.14. Solvent uptake Qt of PBR nanocomposites in xylene 
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Fig. 3.15. Solvent uptake Qt of PBR nanocomposites in toluene 
 

                                            The swelling process and its kinetics give an idea about the capacity of the 
cross linked polymer in different liquids and vapour media. The interaction of polymeric and material 
and solvent in a problem from both academic and technological point of view. The mass and 
dimensions of polymer systems may be changed due to the penetration of solvent into swollen 
specimens. When a cross- lined polymer is brought into contact with a solvent , the network absorbs a 
certain amount of solvent, which depends strongly on temperature, the cross-linking density of 
polymer and polymer /solvent interactions , besides the ingredients added. 
                      The mass solvent (toluene, xylene and benzene) sorbed by the PBR nanocomposites 
was traced as a function of time in the sorption kinetics studies .The samples with filler loading from 
0 upto15 phr were immersed in these three solvents and the solvent uptake was determined in each 
case. It was observed that all the samples observed that all the samples swelled upon immersion in 
each solvent. In fig 3.2 the solvent uptake to equilibrium swelling is plotted Vs time. It can see that 
for all compositions the uptake is rapid in the initial zone. After this the sorption rate decreases 
leading to a plateau corresponding to equilibrium swelling. The solvent resistant nature of TiO2 is 
dominated showing Qt mol % values close to PBR. The equilibrium solvent uptake of vulcanized SBR 
nanocomposites are reported in the table 3.3 

Table 3.3. Equilibrium solvent uptake of PBR nanocomposites in different solvents 

Solvent Sample Qα of SBR 

composites 
 
 

Benzene 

PBR 
PBR 5 
PBR 10 
PBR 15 

1.943 
1.893 
1.825 
1.705 
 

 
 

Tolene 

PBR 
PBR 5 
PBR10 
PBR 15 

2.404 
2.354 
2.219 
2.202 

 
 

Xylene 

PBR 
PBR 5 
PBR 10 
PBR 15 

2.345 
2.289 
2.206 
2.149 
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                From the table it is clear that the amount of solvent uptake at equilibrium decreases with 
increase in filler loading 

Conclusion 

                     Rubber nanocomposites based on Poly butyl rubber have been studied by varying the 
Titanium Dioxide loading. Poly butyl rubber nanocomposites were prepared using melt intercalation 
method. A detailed and systemic study of Poly butyl rubber nanocomposites is presented in this work. 
The effect of the incorporation of modified TiO2 on vulcanization reaction was analyzed. The studies 
demonstrated that the TiO2 hardly affected the cross-linking reaction. 
              The mechanical properties such as tensile strength, elongation of break, modulus at 100%, 
and tear strength nanocomposites were analyzed. In the case of mechanical properties, as compared 
with Poly butyl rubber the nanocomposites have good performance of TiO2 particles in Poly butyl 
rubber. The amount of filler mechanical properties increases the of the materials increases up to a 
certain limit. 
                           The morphology study by FTIR, XRD and SEM provided strong evidence for 
physical and micro structural changes surface treatment and chemical modification. 

 The swelling percentage decreases with increasing filler loading. The swelling measurement and cross 
linking density values supported the low filler/matrix interaction. The conclusions for the work by the 
major observations were, the filler geometry played an important role in the properties of the Poly 
butyl rubber Titanium Dioxide nanocomposites system. 
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ABSTRCT 

                Ferrite composites of conducting polymers have been attracted by the scientists in this field 
because of the easiness of synthesis and variety of technological applications of these materials. These composites 
have been conducive for fabrication of microelectronic devices. Conducting polyaniline-ferrite composites (PNCs) 
have been synthesized using an insitu deposition technique by suspending nickel ferrite nano particles in an acidic 
medium of aniline monomer followed by the polymerization of aniline. A series of PNCs with varying amount of 
ferrite and polyaniline are prepared by this method. Various techniques such as IR, XRD and SEM are adopted for 
the characterization of the samples. Electrical properties such as dielectric permittivity and ac conductivity of both 
pure nickel ferrite and PNCs are measured in the frequency range of 30Hz to 30MHz. Dielectric permittivity of the 
samples found to decrease with increase in frequency. Ac electrical conductivity increased with frequency and at a 
particular frequency show a maximum and then decreased. Magnetic properties such as saturation magnetization, 
magnetic remanance and coercivity are measured and found to decrease with increase in polymer content.  

1. INTRODUCTION 

  Magnetic spinel ferrites having unique quantum properties like super-paramagnetism 
tunneling of magnetization and spin injection are potential materials for modern electronic and 
biomedical applications. The spinel ferrites have enhanced magnetic properties and higher 
resistivities compared to their bulk counter parts. Functionalize such nanoparticles with 
functional materials like polymers are the trend in modern material research to incorporate 
synergic properties to the material. 
 Among the conducting polymers, polyaniline (PANI) has received considerable interest 
because of its ease of synthesis, solubility, high chemical and thermal stability of both its doped 
(conducting) and undoped (insulating) forms, which make PANI attractive for application as an 
electronic material.  
 It has been found that polyaniline can exist in three different oxidation states at the 
molecular level. They are the leucoemeraldine oxidation state, the emeraldine oxidation state and 
the pernigsaniline oxidation state. Other oxidation states are the result of physical mixture of 
these oxidation states.  
 Among the three oxidation states, only the polymer in the emeraldine oxidation state can 
undergo non-redox doping process to convert it to a highly conductive form. The emeraldine base 
form of polyaniline was the first example of the “doping” of an organic polymer to a highly 
conducting metallic regime by a charge transfer process in which the number of electrons 
associated with the polymer remained unchanged during the doping process. The conductivity of 
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the doped polymer is ~ 9 to 10 order of magnitude greater than that of undoped polymer (~1-5 
S/cm).  
 Ferrites are usually non-conductive ferromagnetic ceramic compounds derived from iron 
oxides such as hematite (Fe2O3) or  magnetite (Fe3O4) as well as oxides of other metals.    
 The last two decades have seen a significant growth in the study of nanomaterials such as 
ferrite nanocrystals. They have attracted much attention because of their surface effect and 
quantum confinement effect. These factors affect their physical and chemical properties. The 
spinel ferrite structure with formula of MFe2O4 can be described as cubic, closely packed 
arrangement of oxygen atoms and M2+ & Fe2+ ions that can occupy either tetrahedral or 
octahedral sites. Nickel ferrite is one of the versatile and technologically important soft ferrite 
materials of this class with typical ferromagnetic properties, low conductivity and thus lower 
eddy current loss, high electrochemical stability , catalytic behavior. This ferrite has inverse 
spinel crystal structure in which eight units of nickel ferrite go into a unit cell of spinel structure, 
Half of the ferric ions preferentially fill the tetrahedral sites(A sites) and the others occupy the 
octahedral sites (B sites ). Thus the compound can represented by the formula, (Fe3+) [Ni2+Fe3+ 

]O4
2.

  
Incorporation of ferrite materials can modify the electrical properties of polyaniline. Here the 
study is concentrated on the synthesis of Conducting Polymeric Ferrite Composite –PANI- 
NiFe2O4 composite [ PNCs]. 

2. MATERIALS AND METHODS 

 Ferric nitrate used for the synthesis of NiFe2O4  [NF] was purchased from Qualigens 
chemicals with 98% purity. Gamma ferric oxide is prepared by dissolving analytical grade ferric 
nitrate in ethylene glycol. The solution was heated to 600C and kept at this temperature till a wet 
gel was obtained. The gel is then heated to 1000C, when itself ignited and resulted in fluffy 
gamma ferric oxide. Final homogenization was carried out by grinding it into a fine powder in 
smooth agate mortar in the presence of acetone medium. 
 The synthesis of PANI involves the following steps. About 0.1M freshly distilled Aniline 
is dissolved in 100ml 1M HCl. 50ml of 0.2M ammonium persulphate solution is added drop 
wise to this reaction mixture with continuous stirring at 0-5oC. After the complete addition of 
the oxidant, the solution is kept undisturbed for 4-6 hours. The resulting product is filtered, 
washed with 0.2M HCl, and then with acetone to remove any unreacted aniline monomer. The 
green colured precipitate of polyaniline is then dried in an air oven at 50oC for overnight. 
[Mallikarjuna, S.k.manohar ,P.V.kulkarni, Venketaraman T.M.Aminabhavi, (2005)]. 
PANI- ferrite composite with varying amount of PANI (0.1, 0.2, 0.3, 0.4M) aswell as ferrite (5, 
10,15g) is synthesized in the same manner as discussed above. Here the polymerisation of 
aniline is allowed to takes place over fine graded NiFe2O4 particles.  
 The FTIR spectra was recorded on a Thermo Nicolate Avatar370 (Model) 
spectrophotometer in KBr medium in the region 4000-400 cm-1 having DTGS detector. 
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 The X-Ray diffractograms of the powder samples were recorded on a X-ray diffractometer 
using characteristic radiations. In the present study, the phase analysis of the samples was 
carried out using Rigaku D max-C, X-ray diffractometer using Cu K radiations. The 
wavelength of Cu K radiation is 1.5405 Ao and the scan rate used was 5o/minute. Dielectric 
properties of the samples are measured using precision impedance analyzer Wayen Kerr 6500B 
in the frequency range of 30Hz to 30MHz. For the dielectric measurements disc shaped samples  
of thickness ~ 2mm are prepared using a hydraulic press by applying a uniform pressure of 
about 5 ton.  
 

3. RESULTS & DISCUSSION 

 The structural characterization of the prepared samples is done with the help of FT-IR 
and XRD analysis. 
 Polymerisation of aniline and influence of ferrite in the polymerisation is characterized by 
the FT-IR spectra of pure PANI and PNCs. The IR spectrum of PANI, NiFe2O4 & PNCs are 
shown in figures 1 and 2. 
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Figure 1 FTIR spectra of PANI 
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Figure 2 FTIR spectra of NF and PNCs 

The characteristic absorption bands observed in the spectra of PANI and PNCs substantiate the 
formation of PANI in the emaraldine salt form. Characteristic absorption bands of PANI in the 
range 1110-2919 cm-1 is found to be shifted in PNCs. [Syed Khasim et.al (2011)] At the same 
time characteristic peaks due to nickel ferrite is found to be present in the PNCs without much 
shift in peak positions. This indicates a weak interaction either such as a hydrogen bond may 
occur with the ferrites and polyaniline chain. 

 XRD is used to determine the crystalline structure of metal oxide and polymer coated 
metal oxide by comparing the diffraction angle (2θ) with that of metal oxide of known 
composition. Figure 3 shows the XRD pattern of NiFe2O4, PANI, and PNC. In the pattern of 
PANI a broad 2θ peaks was observed at 2θ =25o(110plane) which is due to the periodicity 
perpendicular  to PANI chain and no sharp peak is observed which indicates the amorphous 
nature  and emeraldine salt form of PANI. XRD of NF represents sharp diffraction peaks at 
30.30(220), 35.70(311), 43.40(400), 57.40(511), 63.00(440), 75.20(622). [Nahid et.al,(1997)]. 
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Figure 3 XRD of PANI, NF and PNCs 

All PNC samples also give the above mentioned characteristics peaks of NiFe2O4, The 
peak intensity of the composites decreased compared to that of pure NF, due to polymerization of 
PANI on the surface of NiFe2O4.  

 Magnetic characteristics of nickel ferrite and PNCs with 10 g NF are studied from VSM 
analysis. Hystersis loops of the samples are shown in figure 4. Coercivity values can be obtained 
from the hystersis loop as shown in the insight picture in figure4. Characteristic properties of 
magnetic samples such as saturation magnetization (Ms), magnetic remanace (Mr) and 
coercivity (Hc) are calculated. 
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Figure 4 Hystersis loops for NF and PNC s 

Ms value of NF is 44.4 and that of PNCs are found to be lower than that of NF. [Simon 
Froner (1959)] At lower molar concentration of aniline monomer the decrease is less and that of 
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0.2PNC the value is even higher than that of 0.1PNC. However at higher monomer content 
significant decrease is observed which indicates presence of higher amount of polyaniline in the 
composite.[ Linda C Sawyer and David T. Grubb (1989)] 

The dielectric constant of NF and PNCs are evaluated from the capacitance 
measurements. The variation of the real part of complex permittivity ε′ (dielectric constant) of 
and PNCs as a function of logarithemic frequency is plotted in figure 5.1 and 5.2. 

Frequency dependence of dielctric permittivity of NF exhibit normal response as shown 
by the ferrites[D.J.Jeffrey (1976)]. This value is higher at lower frequencies and decreases with 
increase in frequency and finally reaches a constant value. PNCs prepared with different 
monomer content for a particular weight of  (X=5,10 g) are subjected to the dielectric studies. 
Response of dielectric permittivity of all these PNCs to the frequency is similar to that of pure 
ferrites and is shown in figure 5.1 and 5.2. For the PNCs high value of dielectric constant is 
observed with high monomer ratio especially at lower frequency. At higher frequency dielectric 
constant of all the PNCs of each series shows almost constant value. Frequency response of 
permittivity of PNCs can be explained due to interfacial polarization. In PNCs polarization may 
arise due to interfacial and space charge polaristion. At lower frequency the polarons or the 
bipolarons formed due to the doping of PANI can easily follow the applied field and polarization 
will be higher. Hence PNCs exhibit maximum dielectric permittivity at lower frequencies. At 
higher frequency the dipoles/polarons can not follow the applied field and polarization (space 
charge or interfacial) will be minimum and permittivity reaches a constant value. 
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Ac conductivity of NF and PNCs are measured in the frequency range of 30 Hz to 
30MHZ. frequency dependence of ac conductivity of NF and PNCs are shown in figures 6.1and 
6.2. As the frequency increases ac conductivity exhibit slight increase at lower frequencies. At 
higher frequencies large increase in the value is observed and reaches a maximum value and 
finally decreases. This is normal dielectric behaviour of polarized materials. At lower frequencies 
resistive grain boundaries are active, hence conductivity is less. As the frequency of applied field 
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increases, hopping conduction increases and reaches a maximum value. At very high frequencies 
this lags behind the applied frequencies, hence conductivity decreases at very high frequencies.    
[  Mallikarjuna, S.k.manohar ,P.V.kulkarni, Venketaraman T.M.Aminabhavi, (2005)] 

It can be observed that in each series of PNCs with different ferrite loading the PNC with 
higher amount of monomer has higher ac conductivity. At the same time conductivity decreases 
with the increase in the ferrite content. As the volume fraction of ferrite increases theconductivity 
decreases. This may be due to the fact that the ferrite may be distributed between the PANI chain; 
and number of grain boundaries which have low contribution towards conduction 
increases,thusdecreasestheconductivity.                          
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CONCLUSION 

Nickel ferrite nano particle have been synthesized, by sol-gel method using ethylene 
glycol as solvent. The pre characterised ferrite nano particles are used for the synthesis of 
polyaniline based composites (PNCs) by insitu polymerization technique. A chemical oxidation 
method wit ammonium peroxydisuphate (APS) as the oxidizing agent is adopted for the 
polymerization of aniline monomer.  

 XRD analysis of nickel ferrite and PNCs confirm the formation of crystalline nature of 
ferrite that agrees with the standard reports. The amorphous nature of PANI is envisaged from the 
XRD. Spectral analysis of PANI and PNCs confirm the formation of PANI in the prepared 
samples. Slight shift in the IR absorption peak of polyaniline indicate the interaction of ferrite 
with the polyaniline chain. Modification of dielectric properties of the ferrite in PNCs is observed 
with the measurements of dielectric permittivity. Both ferrites and PNCs exhibit high permittivity 
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at lower frequency. For a fixed amound of ferrite this value is found to increase with the PANI 
content. Optimum values are obtained for PNCs with 5g ferrite with 0.4 aniline monomer. 
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   ABSTRACT 

     The current methodology for the formation of C-C bonds in catalysis relies primarily on Pd-
catalyzed coupling reactions. Some important Pd-catalyzed coupling reactions are the Heck 
reaction, Suzuki coupling, Stille coupling, Kumada coupling, Sonogashira coupling etc. and are 
widely used in the C-C bond forming reactions in organic synthesis. Due to toxicity and high 
price of Pd, other metal complexes were investigated to replace it. In this context, Cu has 
emerged as a suitable metal. Sonogashira type C-C bond formation using Pd-Cu catalysts has 
been reported in literature mainly using triphenylphosphine as ligand. Since long time it is 
known that aryl halides couple with Copper(I)acetylide affording aryl acetylenes, known as the 
Stephens-Castro reaction.  Recent literature utilized some N, O and P ligands (such as dimethyl 
glycine, BINOL, DABCO and a few Copper complexes of triphenylphosphine, bipyridine and 
1,10-phenanthroline) for Cu-catalyzed Sonogashira coupling reaction. Eventhough a couple of 
N,N-bidentate ligands are investigated, a wide variety of N,N-bidentate ligands remain still un-
investigated. Herein we disclose a novel Cu catalyst system for Sonogashira type coupling 
reaction employing trans-1,2-diaminocyclohexane as the ligand. 

 

 INTRODUCTION          

     Carbon-carbon and carbon-heteroatom bonds are found in many compounds that exhibit 
important biological, pharmaceutical and materials properties. Due to the importance of these 
bonds, there has been a need to develop mild and general methods for their formation.         
Acetylenic compounds are constituents of   a variety of  natural products and compounds of 
biological and pharmaceutical importance.1  The Pd-catalyzed Sonogashira coupling reaction used 
to be the common method for constructing biaryl alkynes.2 It  involves cross-coupling of aryl 
halides with terminal  acetylenes.    Due to toxicity and high price of Pd, it became difficult to 
apply the Sonogashira reaction to industrial or pharmaceutical synthesis. So other metal 
complexes were investigated to replace Pd for developing cheaper and less toxic catalysts for the 
aryl-alkyne couplings. In this context, Cu has emerged as a suitable metal. 

404

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

mailto:ashas210@gmail.com
mailto:anilgi1@yahoo.com


Sonogashira type C-C bond formation using Pd-Cu catalysts has been reported in 
literature mainly using triphenylphosphine as ligand.3 Since long time it is known that aryl 
halides couple with Copper(I)acetylide affording aryl acetylenes, known as the Stephens-Castro 
reaction 4. However, only scant reports are known using copper alone as the catalyst for coupling 
of aryl halides and terminal acetylenes. Miura et al. used a combination of CuI-PPh3 system to 
effect the coupling between aryl and vinyl iodides with terminal alkynes 5. Another example 
where copper catalyst alone was used in the Sonogashira type coupling was reported by 
Venkataraman et al. wherein premade Cu(I) complexes of type Cu(phen)(PPh3)Br and 
Cu(neocup)(PPh3)Br were used for C-N, C-O and aryl-C coupling reactions 6. Other examples 
where copper catalysts were used in Sonogashira type coupling are CuI/N,N-dimethylglycine 
catalyst by Ma et al.7, Cu(OAc)2/1,4-diphenyl-1,4-diazabuta-1,3-diene by Li et al.8 CuI/DABCO 
by Li et al.9, Cu(acac)2/1,3-diphenylpropane-1,3-dione by Taillefer et al.10 and CuI/BINAM by 
Sekar et al.11 Moreover, some microwave assisted C-C bond formation of the Sonogashira type 
reaction are also reported 12. Herein we disclose a novel CuI/trans-1,2-diamino cyclohexane 
catalyzed coupling reaction of aryl halides with terminal alkynes, which worked at 130 °C to 
give the coupling products in good to excellent yields.  This procedure is very simple,  clean and 
works efficiently for a variety of aryl halides. 

Results and Discussions 

Optimization of Reaction Conditions 

        Initially, we employed CuI-catalyzed coupling reaction of 4-iodoacetophenone (1 equiv) 
with phenylacetylene (1.2 equiv) in DMF in presence of K3PO4 (2 equiv) as the base and trans-
1,2-diaminocyclohexane as the ligand at 130 °C. The corresponding coupling product 1-(4-
(phenylethynyl)phenyl)ethanone  was obtained in 30% yield, after 60h. Then a variety of 
solvents and bases were screened for the discovery of the best optimised conditions. We first 
screened different solvents and the results showed that 1,4-dioxane is the most suitable solvent 
for the coupling reaction. (Table 1) 
 
Table 1. Effect of bases and solvents on  CuI-catalyzed coupling reaction of 4-iodoacetophenone 
with phenylacetylene 
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Entry Base Solvent Yield (%)* 

1 K3PO4 DMF 30 
2 K3PO4 DME nd 
3 K3PO4 Toluene 78 
4 K3PO4 THF nd 
5 K3PO4 Acetonitrile 50 
6 K3PO4 1,4- dioxane 87 
7 K3PO4 DMSO 82 
8 K3PO4 t- butyl alcohol 36 
9 K2CO3 1,4- dioxane 70 
10 NaOH 1,4- dioxane 35 
11 Cs2CO3 1,4- dioxane 75 
*isolated yield 
 As summarized in Table 1, K3PO4 in 1,4 dioxane found to be giving the best yield. Lowering  of 
reaction temperature as well as reduction of  reaction time had a negative effect on the yield of 
the reaction. Then we tried to reduce the catalyst loading. It was that 5 mol% CuI and 10 mol% 
of ligand gave the maximum yield of 96%. Further reduction in catalyst loading resulted in a 
decreased yield.  
 

 Comparison of reactivity of  4-haloacetophenones 

 With optimal reaction conditions, we compared the reactivity of various 4-haloacetophenones 
and found that   4-iodoacetophenone is the most reactive one, whereas 4- chloroacetophenone, 
the least. 
Table 2. Comparison of reactivity of  4-haloacetophenones 

 
Entry X Yield (%)* 

1 I 87 
2 Br 54 
3 Cl nd 
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                 *isolated yield, nd-not detected 
 

 

Scope of the reaction 

   The substrate scope of the reaction  protocol was investigated using various aryl halides under 
the optimized  conditions. Various aryl halides reacted successfully with phenyl acetylene 
affording moderate to excellent yields of corressponding coupling products. It was observed that 
aryl halides containing electron donating groups gave better yield.( Table 3 ) 

 

Table 3. Substrate scope 

 

Entry Aryl halide Aryl acetylene Product Yield 

(%)* 

1 

   

96 

2 

   

96 

3 

   

95 

4 

   

54 

5 

   

nd 
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6 

   

 

7 

   

 

8 

   

 

9 

   

 

10 

   

 

*isolated yield, nd- not detected 

Materials and Methods 

Typical representative experimental procedure: 

     4-iodo acetophenone (123 mg, 0.5 mmol), phenyl acetylene (.066 mL, 0.6mmol),  K3PO4 
(212 mg, 2 equiv ), trans-1,2-diaminocyclohexane (0.036 mL, 0.1 mmol), CuI (19 mg, 0.1 
mmol)  and 1,4-dioxane (3 mL) were taken in a 25 mL sealed tube under nitrogen. The sealed 
tube was evacuated and back-filled with nitrogen. The  reaction mixture was heated to 130 oC for 
60 hours. After the completion of the reaction, the reaction mixture was allowed to cool to room 
temperature and partitioned between ethyl acetate and water. The organic layer was separated, 
and the aqueous layer was extracted with ethyl acetate twice. The combined organic layers were 
washed with brine, dried over anhydrous Na2SO4, and concentrated in vacuo. The residue was 
loaded on a silica gel column and eluted with hexane/ethyl acetate to afford the product 1-(4-
(phenylethynyl)phenyl)ethanone (104 mg, 96%) as a colourless solid ; 1H NMR (CDCl3, 400 
MHz) δ 7.94 (d, J = 8.4 Hz, 2H), 7.62-7.54 (m, 4H), 7.38-7.26 (m, 3H), 2.62 (s, 3H);  13C NMR 
δ 26.6, 88.6, 92.9, 122.7, 128.2, 128.3, 128.5, 128.8, 131.7, 131.8, 136.3, 197.3. 
IR (film) νmax, 2998, 2915, 2855,2217, 1678,1601, 1261 cm-1 ;MS m/z 220 (M+). 
 

Conclusion 

In summary, we have developed a novel and  efficient trans-1,2-diaminocyclohexane –CuI 
complex catalyzed C-arylation of terminal alkynes with aryl iodides through C(aryl)–C bond 
formation reaction. Both the electron-releasing as well as electron-withdrawing groups 
containing aryl iodides react with terminal alkynes to provide arylated alkynes . This protocol 
worked well with heterocyclic iodides also. Further investigations are underway. 
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Absract 

Dopamine being a neurotransmitter and chemical messenger plays a vital role in 
number of significant medical conditions like Parkinson’s disease, Attention Deficit 
Hyperactivity Disorder, Schizophrenia, and drug addiction. As turn on sensors have a 
greater level of selectivity than fluorescence quenching based sensors, we developed a 
fluorescence retrieval strategy for dopamine sensing. Here, highly fluorescent amino 
phenyl boronic acid (APBA) conjugated gold nanocluster (Au-BSA-APBA probe) has 
been synthesised from bovine serum albumin protected gold nanocluster (Au-BSA 
NC). Boronic acid forms boronate ester with disaccharides such as lactose due to its 
preferred affinity with polyols. Hence fluorescence of Au-BSA-APBA probe is 
quenched when it binds with lactose molecules through boronate ester formation. The 
fluorescence of Au-BSA-APBA-Lactose system can be retrieved (turn-on) with 
dopamine by the competitive displacement of lactose from the probe surface which 
suggests the higher affinity of boronic acid with catechol group of dopamine. 
Furthermore, real samples spiked with dopamine including human serum and urine 
was analysed using this turn-on sensor and showed excellent recovery percentage. The 
developed fluorescent sensor offered high selectivity for dopamine over other 
catecholamines and aminoacids with detection limit as low as 0.7 μM.  

 Introduction 

  The desire to analyse biological systems with environment friendly and 
biocompatible sensor entities have driven biosensor research attention towards gold 
nanoclusters (AuNCs). The extremely small gold nanoparticles( 2 nm) with size 
comparable to the Fermi wavelength of electron in  the conduction band of gold (ca. 
0.7 nm) exhibit discrete electronic energy levels and are termed gold nanoclusters 
(Au NC) (Lin et al. 2009). These artificial atomic clusters show molecule like 
properties such as photoluminescence, chirality, magnetism and localised charge are 
considered to be the missing link between atomic gold and gold nanoparticle (Qian 
et al. 2012). The size dependent fluorescence of molecule like Au NC originates from 
LUMO-HOMO electronic transition from the valence band (filled 5d10) to the 
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conduction band (6sp1)  and falls on visible to NIR region of electromagnetic 
spectrum ((Ho et al. 2012). 

  In spite of these appealing features, synthesis of AuNC is a challenging process 
due to its ultra-small size regime. The nucleation through the reduction of gold salt 
(HAuCl4) with a weak reducing agent such as glutathione, DNA, phosphonium salt, 
dendrimer, aminoacids, proteins  in the presence of a capping agent is the principle 
behind the ‘bottom-up synthesis’ of Au NC (Palmal et al. 2013). As said, AuNCs are 
blessed with properties like biocompatibility, photostability, tunable fluorescence 
spanning from visible to Near Infrared region are considered to be the ‘appropriate 
candidates’ for bioprobe synthesis.  These Au NC built bioprobes are employed in 
sensing (Ho et al. 2012), immunoassay (Peng et al. 2012), imaging (Palmal et al. 
2013), as photocatalyst (H. Imahori, and S.  Fukuzumi, 2001), as contrast agents (Su et 

al. 2013) and as biomarkers (Lin et al. 2009). To meet the challenges in preparing 
biocompatible AuNCs with constant size distribution, a protein (named BSA) directed 
‘green’ synthesis of homogeneous near infra-red fluorescent Au NC at pH~12 has 
been proposed in the year 2009 which finds application in sensing of Cu2+(Durgadas et 

al. 2011), trypsin (Hu et al. 2012), Hg2+ ( Cai et al. 2013) , biological thiols (Park et al. 
2013) and quercetin (Chen et al. (2012). These above cited literature reports has driven 
to the conclusion that NIR fluorescence emission of Au-BSA NC is efficient enough to 
act as a transducer component in proposed biosensor. 

  A relevant area of biosensor where researchers contribute their time and money is 
that of saccharide sensing. The saccharide detection in lower concentration range has 
great application in determination of food quality and clinical diagnosis. The 
estimation of lactose in milk using standard HPLC with corona charged aerosol 
detection as well as time consuming complicated enzymatic hydrolysis of lactose 
have been reported. These techniques are not so environment friendly as they use 
several hazardous reagents. 

  In this problematic scenario of unfriendly reagents, boronic acids emerged as a 
green alternative for saccharide detection (Hall 2005). This movement can be 
evidenced from the several reports regarding boronic acid immobilised inorganic 
nanoparticles for sensing and quantisation of saccharides (Zhang et al. 2013; Zhang 
et al. 2008; Li et al. 2013). To the best of our knowledge, no reports on saccharide 
sensing using boronic acid conjugated Au NC has been found. In this context, we 
felt that boronate ester formation by the interaction of boronic acid with 1,2 cis-diol 
is an attractive recognition platform not only for saccharides but also for catechol 
amines like dopamine. 

  Dopamine is a catechol amine neurotransmitter so that brain disorders like 
Schizophrenia, Parkinson's disease, Attention Deficit Hyperactivity Disorder, and drug 
addiction involves altered level of dopamine activity (Damier et al.1999).  The 
dopamine is also used as a drug for the treatment of severe hypotension or cardiac 
arrest. A major part of research regarding dopamine analysis concentrated on 
development of electrochemical sensors working on the catalytic oxidation of 
dopamine (Tsai et al. 2013). Unfortunately, electrochemical sensors are unable to 
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solve the problem of interference from coexisting ascorbic acid and uric acid to full 
extend. Also, the chromatographic techniques for dopamine analysis (Carrera et al. 
2007) cannot be an appealing platform for dopamine detection as these techniques 
required complicated time consuming expensive procedures, specific operating skills 
and specialised equipment. Alternatively, spectrophotometric method for dopamine 
detection such as sensor containing CdSe nanocrystals has been reported in which 
analysis is based on the quenching of fluorescent system (Ma et al. 2005). The use of 
toxic chemicals like Cd or Se is not a preferable approach while considering 
environmental safety and human health. Furthermore, sensing based on retrieval of 
fluorescence has a greater level of selectivity as well as easy and feasible detection of 
signal than quenching based sensing and will be a boon to dopamine analysis. In this 
context, it has become interesting to design simple fluorimetric turn-on assay for 
dopamine. 

  In this work we are introducing a fluorescent probe (Au-BSA-APBA probe) in 
which the fluorescence can be switched off by lactose (turn-off) followed by the the 
retrieval of fluorescence selectively with dopamine (turn-on). 

 Experimental 

Reagents and Materials 

 Gold chloride was purchased from Oxford Laboratory (Mumbai, India). Bovine 
serum albumin (BSA, fraction V) was from Merck Specialities Private Limited 
(Mumbai, India). 3-aminobenzene boronic acid monohydrate and Dopamine 
hydrochloride were obtained from Alfa Aesar (Heysham, England). Lactose 
monohydrate, Sodium Hydroxide pellets, Adrenaline, and Noradrenaline were bought 
from Central Drug House (New Delhi, India). EDC [1-ethyl-3-(3-dimethyl 
aminopropyl)carbodiimide], NHS [N-hyroxysuccinimide], L-Histidine, L-Arginine and 
L-Lysine monohydrchloride were purchased from Sisco Research Laboratories Pvt. 
Ltd. (Mumbai, India). D-Glucose Anhydrous, L-Ascorbic acid and Uric acid were 
obtained from Spectrum Reagents and Chemicals Pvt. Ltd. (Cochin, India).  All glass 
wares were thoroughly cleaned with aqua regia (HCl: HNO3= 3:1), rinsed with 
distilled water and then dried in an air oven prior to use. All reagents were of AR grade 
and used without purification or treatment. 
 Apparatus 

 Absorbance spectra and fluorescence spectra were recorded using Jasco FP-550 
UV−Vis spectrophotometer and Jasco FP-750 fluorescence spectrophotometer 
respectevily. The size distribution of particles was analysed using DLS equipment 
Delsa Nano S Particle Analyser of Beckman Coulter Company as well as with 
Transmission electron microscope JEOL 200 CH TEM. Fourier transform infrared 
(FT-IR) spectra were recorded using the Brucker alpha T-series FT-IR 
spectrophotometer while Time Correlated Single Photon Counting (TCSPC) 
measurements were carried out using IBH picoseconds single photon counting 
machine. 
Synthesis of Red Fluorescent Gold Nanoclusters (Au-BSA NCs) 
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 The preparation was performed according to the previously reported method with 
slight modifications (Xie et al. 2009). 
 Synthesis of Au-BSA-APBA Probe 

  57.5 mg EDC was added in to diluted 10.00 mL Au NC solution and stirred in dark 
for 10 minutes.  Subsequently 34.5 mg NHS (N-hydroxysuccinimide) was poured into 
the mixture under the same experimental condition.  After 2h reaction at room 
temperature with stirring in dark, 75.0 mg APBA was added in to the activated Au-
BSA NC solution and the new system was incubated for 12 h. The excess reagents 
were removed through ultracentrifugation. 
Synthesis of Au-BSA-APBA-Lactose Conjugate 

  Typically, 200 μL of 0.01 M lactose solution was added to 3.00 mL Au-BSA-
APBA probe solution and incubated for 30 minutes at room temperature for further 
characterization. 
 Results and discussion 

Synthesis and Characterisation of Au NCs and Au-BSA-APBA Probe 

 The Au NCs were synthesised through a protein directed green process where 
bovine serum albumin (BSA) act both as reducing and capping agent. The formation of 
Au-BSA NC was first found by the colour change from yellow to dark brown in visible 
light. The fluorescence spectrum of Au NC with excitation at 480 nm showed emission 
maximum at 622 nm as evident from Figure 1A 
 To prove the successful synthesis of Au NCs (Figure 1B), the size distribution of Au 
NC prepared was determined using Dynamic Light Scattering (DLS) and recorded as 
4.3 nm as shown in Figure 1C. This is the hydrodynamic diameter and the actual size 
of cluster will meet the sub-nanometer size regime of fluorescent gold nanocluster 
(Figure 1D) 
 To evaluate the fluorescent emission from Au NCs, we measured fluorescence life-time of 
Au-BSA NC prepared in our lab using Time Correlated Single Photon Counting (TCSPC). 
Figure 1E presents the fluorescence decay curves from Au-BSA NCs which got fit in bi-
exponential model to obtain one long  (1.81μs with 0.80 fractional contribution)  and one 
short  (560.3 ns  with 0.20 fractional contribution)  lifetime components. The average life time 
of Au NC was calculated to be 1.72 µs. 
 The as prepared Au NC contain group of gold atoms in nanometer dimension 
trapped inside the folding of BSA protein (Xie et al. 2009) so that  free carboxyl group 
on surface of BSA protected Au NC provides an opportunity to bind it with 3-
aminophenylboronic acid (APBA) through EDC coupling chemistry.  
 The surface modification of Au NC on probe fabrication can be inferred from the blue shift 
observed in the fluorescence spectrum of Au-BSA-APBA probe (Figure1A). Also, the 
fluorescence enhanced by 73% on boronic acid functionalization which can be correlated to  
the increased direct donation of delocalised electrons of the ligand to the metal core of Au NC 
via surface interaction (Wu et al. 2010). 

Fluorescence Quenching of Au-BSA-APBA probe by Saccharides 
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 Boronic acid functionalised probe can react with 1,2- or 1,3-cis diols in polyols like 
saccharides to form ester. The ester formation is favourable in solutions of high 
pH( 8) in which the boronate ion exist in high concentration(Hall 2005).  
  We investigated the fluorescence response of Au-BSA-APBA probe by different 
saccharides like glucose, lactose and galactose under optimal conditions (pH 12, room 
temperature, 30 minutes incubation). Interestingly we found that lactose exhibit highest 
sensitivity (Figure 2A).  As shown in Figure 2B, the fluorescence intensity of Au-BSA-APBA 
probe decreased gradually with a slight blue shift as the concentration of lactose increased. 
 The Stern-Volmer plot shown in Figure 2C depicts the relationship between the 
quenching effect (Io/I) on Au-BSA-APBA probe and different concentration of 
quencher molecules. The DLS data shows a size increase (54.7 nm) upon Au-BSA-
APBA-Lactose conjugate formation (Figure 1F) and support the possibility of 
aggregation induced static quenching (Lakowicz 2006). The whole mechanism is 

schematically represented in Scheme 1.  

  
Figure 1. (A) Fluorescence spectra of (i) Au-BSA nanocluster (ii) amino phenyl boronic acid 
conjugated gold nanocluster (Au-BSA-APBA). Excitation wavelength: 480 nm. (B) 
Photographs of Au-BSA nanocluster (i) under UV irradiation and (ii) under visible light. (C) 

DLS plot of gold nanocluster, Au-BSA NC. The size was recorded as 4.3 nm (D) The TEM 
image of gold nanocluster. (E) ) Fluorescence lifetime decay curve of Au-BSA nanocluster. 
(F) The DLS plot of lactose tailored boronic acid conjugated gold nanocluster, Au-BSA-
APBA-Lactose conjugate. The size was recorded as 54.7 nm.   
Figure 2. (A) Selectivity of the Au-BSA-APBA probe for lactose over other saccharides at a 
pH of 12. (B) The fluorescence response of the Au-BSA-APBA probe upon addition of 
various concentrations of lactose at a pH of 12 (from top: 0, 2, 5, 7, 10, 15, 20, 25, 30 µM).  
(C) The  Stern-Volmer plot of fluorescence quenching of Au-BSA-APBA probe by lactose. 
Scheme 1.  Mechanism of turn on sensor for dopamine 
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Turn on’ Sensing of Dopamine with Au-BSA-APBA-Lactose Conjugate 

 With the addition of series of concentration of dopamine, the fluorescence of 
system enhanced suddenly with a small blue shift as shown in Figure 3(A). This can be 
attributed to the displacement of lactose by dopamine, thereby rupturing the aggregates 
and recovering the fluorescence. It was found that the fluorescence intensity increased 
linearly with concentration of dopamine (Figure 3B). 

 Figure 3. (A) The fluorescence response of the Au-BSA-APBA-Lactose conjugate upon 
addition of various concentrations of dopamine at a pH of 12 (from bottom: 0, 2, 5, 7, 10, 15, 
20, 30, 40 µM.  The concentration of lactose is 10 mM. (B) Linear relationship between 
concentration of dopamine and fluorescence intensity. The selectivity of Au-BSA-APBA-
lactose conjugate in presence of: (C) other catecholamines (D) interfering bioanalytes. 

.Selectivity 
 We have investigated the fluorescence response of Au-BSA-APBA-Lactose 
conjugate in presence of other catechol amines. To our delight, the proposed nano-
sensor was specific for dopamine with respect to the other catechol amines as shown in 
Figure 3C. Furthermore we studied the influence of other possible interfering 
substances like ascorbic acid, uric acid, arginine, histidine and lysine on dopamine 
detection (Figure 3D). Among them, ascorbic acid presented notable response. 
However the sensitivity of dopamine remains immune to the combined influence of 
five interfering analytes present as a mixture along with dopamine. 

Application 

Table 1. Determination of dopamine in blood serum samples and urine samples by the 
proposed method. 
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Serum 
1 

20 20.4 ± 0.1 101.9 ± 
0.5 

Serum 
2 

30 30.5 ± 0.1 101.7 ± 
0.5 

Urine 1 20 20.5 ± 0.2 102.5 ± 
0.4 

Urine 2 30 30.7± 0.1 102.3 ± 
0.3 

 To evaluate whether the turn on sensor is applicable to natural system, 
determination of dopamine in spiked human blood serum and urine samples were 
conducted.  The proposed system gave rise to excellent recoveries in spiked real 
samples. Since less than 1 minute was required to run a single assay, this approach 
appears to be suitable for the rapid and simple analysis. 

Conclusions 

We have demonstrated lactose tailored boronic acid conjugated Au NC as an excellent 
platform for fluorescence turn-on sensing of dopamine in aqueous solution with high 
sensitivity and better selectivity. This simple method without a tedious and time-
consuming procedure would expect to have successful application in detection of 
dopamine in future medical diagnosis and therapeutics.  
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Abstract 

 

We report a series of mono and dibrominated BODIPYs, synthesized by the treatment of various meso-

arylboron dipyrrins (BODIPY) with N-bromosuccinimide (NBS) regioselectively. The 2- and 2, 6-positions of 

the BODIPYs were regioselectively brominated in excellent yield. The structures of the synthesized compounds 

were confirmed by 1H NMR spectroscopy and their photo-physical properties were also performed. The 

absorption and emission studies showed a bathochromic shift for brominated derivatives compared to their 

unbrominated BODIPYs. 

 
1. Introduction  

 4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) dyes are of widespread 

attention owing to their photophysical properties such as high absorption coefficient 

fluorescence quantum yield, long wavelength emission and photochemical stability [Wang L 

et al (2013), Lee P H (2008)]. Fine tuning of their fluorescence characteristics is possible 

through electrophilic substitutions, condensation reactions, transition-metal-catalyzed 

reactions through halogenated systems [Boens N and Leen V (2012), Li X and Huang S 

(2012).] etc. These dyes have found wide application in diverse fields like labeling reagents, 

fluorescent switches, chemosensors and laser dyes. [Wang L et al (2013)]. Biologically 

important BODIPYs absorbing at longer wavelength can be achieved by introducing halogen 

atoms at the 2- and 6- positions. Also, the 2,6- dibrominated BODIPYs are one of the most 

useful building blocks for the generation of long wavelength BODIPY dyes via transition-

metal-catalysed cross-coupling reactions. The novelty of the current work lies in the fact that, 
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the synthesis of pyrrolic unsubstituted BODIPYs are only least reported because of the 

synthetic difficulties in obtaining this compound as none of the pyrrole-based carbons are 

blocked from electrophilic attack. Moreover, the effect of halogen substitution at the pyrrole 

carbons of boron dipyrrin core on spectral, structure, and photophysical properties are 

remained largely unexplored [Ortiz M J and Agarrabeitia A R (2012)]. Herein, we report a 

series of mono- and di-brominated BODIPYs, synthesized by the treatment of various meso-

arylboron dipyrrins (BODIPY) with N-bromosuccinimide (NBS). 

2. Materials and methods 

All the chemicals employed here for the synthesis and in other processes are 

commercially available reagents of analytical grade and were used without further purification 

unless specified. Solvents used for the synthesis were purified using the available literature 

methods [Perrin D D and Armarego W L F (1988)]. UV-Vis absorption spectra were recorded 

at room temperature using a Systronics Double Beam 2202 spectrophotometer, Emission 

spectra were recorded on a PERKIN ELMER LS-45 Luminescence spectrophotometer and 1H 

NMR spectra were recorded on a Bruker 400 MHz FT-NMR spectrometer in 

CDCl3/CD3COCD3 using tetramethylsilane as the internal reference.  

2.1 Synthesis 

2.1.1 General procedure for the synthesis of meso-phenyl substituted dipyrromethanes, 

1-4. 

To a solution of corresponding benzaldehyde (1 equivalent) in pyrrole (25/50 

equivalent) under N2 atmosphere, was added catalytic amount of trifluoroacetic acid (TFA). 

The mixture was stirred at room temperature for 15 min. Upon completion of the reaction, 

dilute NaOH (0.1 M) was added to quench the reaction. The product was extracted with ethyl 

acetate or dichloromethane, dried over Na2SO4, and evaporated to dryness under vacuum. 
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This crude product was then purified by recrystallization in EtOH/water mixture or column 

chromatography on silica gel using CHCl3/hexane, unless otherwise noted. 

2.1.2 General procedure for the synthesis of BODIPYs, 5-8. 

To the corresponding dipyrromethane (1 equivalent) dissolved in dichloromethane, 

nitrogen was purged for 15 min. 3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (1 

equivalent) was then added and stirred vigorously for 30 minutes at room temperature. To this 

oxidized product, triethylamine (30 equivalents) was added and continued stirring at room 

temperature. After 20 minutes, boron trifluroetherate (40 equivalents) was added and allowed 

stirring until the dye was formed as observed with its fluorescence in the reaction mixture. 

This reaction mixture was extracted using dichloromethane, the combined organic fractions 

were then washed with water, dried over Na2SO4, filtered and the solvent was removed under 

reduced pressure to give the crude product. This was further purified by silica gel column 

chromatography using chloroform to afford the pure compound as reddish orange fluorescent 

solid in 50-84 % in yield. 

2.1.3 Regioselective bromination of BODIPYs, 9-16. 

To a solution of BODIPY in dry dichloromethane was slowly added calculated 

equivalents of N-bromosuccinimide (NBS) in dry CH2Cl2. The mixture was stirred at room 

temperature for 15-72 h. The reaction was tracked by TLC. The reaction mixture was washed 

with brine, and extracted with CHCl3. The organic layers were then combined, dried over 

Na2SO4, and evaporated to dryness under vacuum. The purification was performed by column 

chromatography on silica gel using CHCl3/hexane as eluent and afforded the two products, 

mono-brominated (9, 11, 13 and 15) and di-brominated (10, 12, 14 and 16) BODIPY 

derivatives. 
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5 
 

3. Results and conclusion 

The boron dipyrromethene precursors were synthesized by adopting the standard 

protocol [Lindsey J S et al (1999)]. In the first step, the corresponding dipyrromethanes were 

prepared by the condensation of substituted benzaldehyde with a large excess of pyrrole 

catalysed by TFA. The crude dipyrromethanes were purified by column 

chromatography/recrystallization technique, afforded meso-(4-substituted phenyl) 

dipyrromethanes, 1-4 in 30-64 % yield. The borondifluoride complex, 5-8 was obtained in 50-

84 % yields (except for compound 8, which yielded only 15 %). The oxidation of 

dipyrromethane was carried out using DDQ (2,3-dichloro-5,6-dicyano-p-benzoquinone) 

yields dipyrromethene or dipyrrin which on subjecting to triethylamine followed by the 

addition of boron trifluoride etherate afforded BODIPYs. The bromination of BODIPYs at 2- 

and 2,6-positions were carried out by treating the corresponding meso-substituted BODIPY 

with calculated equivalents of NBS in dichloromethane at room temperature or at slightly 

higher temperature. The progress of the reaction was followed by TLC analysis and 

absorption spectroscopy. In all cases, we obtained regioselectively the dibromo derivative as 

major product. The synthesized compounds were freely soluble in common organic solvents 

and characterized by 1H NMR, absorption, and fluorescence techniques. The synthetic route 

employed to prepare the meso-substituted BODIPYs and its mono and dibromo derivatives 

are outlined in scheme 1. 

N
H

+ TFA

N2, RT

O
HNNH

R
R

R = OH, Me,  tert-Bu , NMe2
Compound (9, 11, 13, 15) X= H
Compound (10, 12, 14, 16) X= Br

(i) DDQ
(ii) Et3N
(iii) BF3OEt2

DCM, RT

NN

R

B
F F

DCM, RT

NBS

NN

R

B
F F

BrX

1-4
5-8 9-16

  

Scheme 1. Synthesis of brominated BODIPYs. 
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The photo images of dichloromethane solutions of BODIPYs 5-6 were taken under 

normal light and UV light illuminations are shown in figure 1 and figure 2 respectively. The 

distinct colour between locally excited state (LE) and intramolecular charge transfer (ICT) 

states enables us to distinguish them with naked eye. Thus, such dyes may be utilized as 

fluorescent probes for surface polarity detection of biological species. 

 

Figure 1. Photoimage of compounds 5-16 under normal light. 

 

Figure 2. Photoimage of compounds 5-16 under UV light. 

All the synthesized dipyrromethane precursors were characterized by 1H NMR 

spectroscopy. The typical 1H NMR of one of the dipyrromethane, compound 2 is shown in 

figure 3. As inferred from the NMR spectrum of compound 2, the integrated intensities of all 

the proton signals are very well concordance with the expected structure which indicates the 

confirmation of the formed ligand.  

 

Figure 3. 1H NMR spectrum of compound 2 in CDCl3 at 25 oC. *Denotes the 
solvent/impurity peaks. 
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Bromination at 2- and 6- positions of 1,3,5,7-unsubstituted BODIPYs were achieved 

through the free radical-type halogenation approach using N-bromosuccinamide (NBS) in 

dichloromethane at room temperature. In these reactions, the mono- and di-bromo product can 

be the result of bromine source. Even with an excess amount of the brominating agent, none 

of regioisomeric products such as α-bromo-BODIPYs were detected in the reaction mixture. 

Upon bromination of BODIPYs, either one or two of the -pyrrole hydrogen(s) were replaced 

with the bromine group lead to mono- or dibrominated BODIPYs respectively which was 

further confirmed by the 1H NMR spectra of these compounds. The typical 1H NMR spectra 

(overlayed) of compounds 6 and its brominated derivatives (11 and 12) are shown in figure 4 

which clearly indicates that the proton signals correspond to one and/or two -pyrrole 

hydrogen(s) are disappeared.  

In 1H NMR spectra of pyrrole unsubstituted BODIPYs, the six pyrrole protons 

appeared as three sets of signals. In the case of mono-brominated product, the five protons in 

pyrrole ring were found to give five signals whereas the four pyrrole protons in dibrominated 

product appeared as two sets of signals. However, the number of pyrrole signals in 

compounds is either more or less depending on the symmetric/asymmetric nature of the 

compound. 

 

Figure 4. Overlayed 1H NMR spectra of BODIPYs, 6, 11 and 12 in CDCl3 at 25 oC. 
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When substituted with the bromine atoms, a significant red shift occurs in the 

absorption and emission spectra, and the quantum yield is quenched due to the heavy atom 

effect, which increases the intersystem crossing probability [Lakshmi V and Ravikanth M 

(2012)]. This influence is observed for both the monobromo and the dibromo derivatives 

respectively. 

3.1. Photophysical properties 

The absorption spectra of a typical BODIPY fluorophore shows a narrow and intense 

band due to the S0-S1 (π-π*) transition with λmax between 500-525 nm, a shoulder at high 

energy centered around 480 ± 5 nm assigned to the 0-1 vibrational transition, and a weak 

broad absorption band around 375 ± 5 nm attributed to the S0-S2 transition. When excited into 

either the S1 or S2 states, a narrow, slightly Stokes-shifted emission band of mirror image 

shape with λmax positioned between 530-560 nm is observed from the S1 state. The absorption 

spectra of all the compounds, 5-16 were recorded in three different solvents of varying 

polarity. The stock solutions have been freshly prepared in dichloromethane, tetrahydrofuran 

and methanol and used for absorbance measurements. Typical representative absorption 

spectra for BODIPY 6 and its brominated derivatives (11 and 12) were shown in figure 5. 

With the increase in number of bromine groups at the pyrrole carbons of BODIPY core 

resulted in a bathochromic shift compared to that of parent BODIPYs. The molar absorption 

coefficients were calculated. The compounds 5-16 showed typical BODIPY absorption 

features with a strong band of S0→S1 transition around 494-542 nm in CH2Cl2. The 

comparison of electronic spectra of 5-16 reveals that the shortest λmax was observed in highly 

polar methanol solution and the longest λmax in low polar CH2Cl2 solution. This red shift in the 

absorption spectra is may be attributed to the solvent’s refractive index [Sen P et al (2014)]. 

The fluorescence properties of compounds, 5-16 were studied in dichloromethane. The 

comparison of normalized fluorescence spectra of BODIPYs 6 along with the brominated 
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products (11 and 12) recorded at the same concentration is shown in figure 5. The 

fluorescence emission spectra were almost mirror-images of the corresponding absorption 

spectra suggesting similar vibrational levels in both electronic states. The compounds, 5-16 

showed one single broad emission band which shifts gradually to higher wavelength with the 

increase in number of bromine groups. The em observed for BODIPYs, 5-16 are in the range 

of 513-565 nm in DCM solution. It was observed that the fluorescence intensity of compound 

8 is less compared to other BODIPYs which may be attributed to the photo induced electron 

transfer mechanism. It was reported earlier that the transfer of electrons between nonplanar 

parts of fluorescent molecules modifies their fluorescence intensities. The electron transfer 

competes favorably with radiative decay to the ground state, substantially diminishing the 

fluorescence quantum yield. Also fluorescence intensity of mono-brominated BODIPYs was 

found to be higher compared to its parent BODIPY and dibromo derivative. But, this trend is 

not observed in compound 5 and its brominated products. It is observed that the stoke shift of 

dibromo derivatives are higher than its parent BODIPY as well as its mono bromo derivatives 

(except for 5 and its brominated derivatives). In comparison to parent BODIPYs, introduction 

of bromine atom induces a significant bathochromic shift in the absorption (11-34 nm) and 

emission maxima (12-34 nm).  

 

Figure 5. Comparison of absorption spectra of BODIPYs (6), their mono- (11) and di- (12) 
bromo derivatives in dichloromethane at the same concentration (10-6 M). 
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In summary, we have developed the various brominated meso-phenyl substituted 

BODIPYs regioselectively with NBS. 1H NMR spectroscopy was used in identifying the 

location of bromine group on the BODOPY core. These synthesized brominated BODIPYs 

can be used as synthons to prepare various novel BODIPY derivatives. Owing to the lack of 

steric hindrance of substituents on 1,3,5,7-positions, the 2,6-diaryl-substituted BODIPYs are 

expected to be almost coplanar orientation allowing effective electronic communication. 

Further, modifications of 2,6-dibrominated BODIPYs is currently underway in our group. 

References 
 

Boens N and Leen V (2012). Fluorescent indicators based on BODIPY. Chem. Soc. Rev., 41: 

1130- 1172. 

Lee P H (2008) Synthesis of 4,4-Difluoro-4-bora-3a,4a-diaza- s-indacene Dyes 

Bearing New Aryl Substituents at C3- and C5-Positions. Chem. Soc., 29: 261-264. 

Li X, Hu Y and Huang S (2012). Diversity-oriented derivatization of BODIPY based on 

regioselective bromination. Org. Biomol. Chem., 10: 2369-2372. 

Littler B J, Miller M A, Hung C, Wagner R W, O'Shea D F, Boyle P D and Lindsey J S 

(1999). Refined Synthesis of 5-Substituted Dipyrromethanes. J. Org. Chem., 64: 1391–1396. 

Ortiz M J and Agarrabeitia A R (2012). Synthesis and functionalization of new 

polyhalogenated BODIPY dyes: Study of their photophysical properties and singlet oxygen 

generation. Tetrahedron., 68: 1153-1162. 

Sen, P Yildiz, S Z,  Atalay Y, Dege N and Demirtas G (2014). The synthesis, characterization, 

crystal structure and theoretical calculations of a new meso-BOBIPY substituted 

phthalonitrile. J. Lumin., 149: 297-305. 

Wang L, Wang J, Cai X, Wan Y, Chen Q, He M and Zhang W (2013). Regioselective 2,6-

dihalogenation of BODIPYs in 1,1,1,3,3,3-hexafluoro-2-propanol and preparation of 

novel meso-alkyl polymeric BODIPY dyes. RSC Adv., 3: 9219-9222. 

Perrin D D and. Armarego W L F (1988). Purification of laboratory chemicals, 3rd ed., 

Pergamon, Newyork. 

Lakshmi V and Ravikanth M (2012). Brominated boron dipyrrins: Synthesis, structure, 

spectral, and electrochemical properties. Dalton Trans., 41: 5903-5911. 

427

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



NOVEL ZINC-CATALYZED C-S CROSS COUPLING REACTIONS OF ARYL 

HALIDES WITH ARYL THIOLS 

Amrutha P Thankachan and Gopinathan Anilkumar* 
School of Chemical Sciences, Mahatma Gandhi University, Kottayam, Kerala 686 560, India 

Fax: +91481 2731036; Tel: +91481 2731036 
Email: anilgi1@yahoo.com*, amrutha880@gmail.com 

 

Abstract 

 A novel and palladium-free protocol for the cross-coupling of Thiophenol and aryliodide using 
zinc as catalyst was developed. This method has given high functional group tolerance and 
experimental simplicity. Zinc catalysis has an undeniable significance over other catalytic 
systems due to its non-toxic, easily available, cheap and environmentally benign properties. 
Among the various carbon-heteroatom bond formation reactions, the C-S bond forming have 
achieved more importance due to its applications in the synthesis of molecules having great 
pharmaceutical and biological impact. 

SH

+

I

Zn-catalyst
S

R2R1 R1 R2
 

R1 & R2 = electron donating or electron withdrawing groups 

Introduction 

Over the last few years momentous growth has been observed in the field of carbon-heteroatom 
bond formation. In this context, a large amount of literature is known for C-N and C-O bond 
formations while that on C-S bond formation is moderate. This is due to the deactivation of the 
metal catalyst by organosulfur reactant because of the strong coordination capacity of sulfur with 
the metal catalysts.1 This limitation increased the interest in the area of transition metal-catalyzed 
C-S coupling reactions. The usual methods for C-S bond formations are highly inefficient due to 
the requirement of extremely harsh reaction conditions such as elevated temperature, extensive 
reaction time and use of more polar solvents etc.2 The commonly used methods for C-S coupling 
are nucleophilic attack on disulfides, aromatic substitution reactions, reduction of sulfones or 
sulfoxides and metal-mediated disulfide reactions .3 Many of the aryl sulfide compounds and 
their derivatives are biologically and pharmacologically active. 4 

There are large number of reports on Palladium, Copper, Nickel, Cobalt, Iron and Indium 
catalyzed C-S coupling reactions.5 To the best of our knowledge there are no reports on Zn-
catalyzed C-S bond formation. There are some reports on zinc mediated transition metal-
catalyzed C-S coupling reactions where zinc is used only as a reducing agent.6 While using Zinc 
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as a catalyst in C-C coupling reaction it showed great tolerance towards many functional groups. 
The bio-catalytic ability of zinc is proved in the catalytic cycle of type-II aldolase which  gives 
an idea of using zinc as a catalyst in synthetic organic chemistry. In our study we used L-proline 
as ligand along with zinc in a perspective manner that it may also concert chemical 
transformations similar to enzymatic catalysis.  One of the major challenges with the transition 
metal-catalyzed carbon-sulfur bond formation is the unavoidable formation of disulfide side 
product. This should be avoided by carrying out reactions under extreme inert atmosphere. 

Results and Discussions 

Optimization of reaction parameters 

SH

+

I

O

S

O

Zn-L-proline(X: Y)

Base, Solvent
Temp:, Time

1 2 3  

Scheme 1. Optimization of Zn-proline catalytic system 

Optimization studies of catalyst to ligand ratio, effects of solvents, bases, time and 

temperature 

We herein report a novel and efficient zinc-catalyst for C-S cross-coupling reaction between aryl 
halides and thiophenols. For the optimization of reaction parameters we choose thiophenol and 
4-iodoacetophenone as coupling partners. The reactions are carried out in a previously dried 
sealed tube under nitrogen atmosphere. First we optimized the ratio of catalyst loading to ligand 
for better yield. We observed that on increasing the amount of catalyst, the product yield is also 
increased and found that optimum amount of the catalyst to ligand is 2:5 (Table 1, Entry 3).  

Sl. 
No. 

Catalyst: ligand Solvent  

(3 ml) 

Base  

(2 equivalent) 

Temperature 

    ( oC) 

Time 

(h) 

Yield* 
(%) 

1 1:10 DME K2CO3 80 40 16 

2 3:10 DME K2CO3 80 40 36 

3 2:5 DME K2CO3 80 40 54 

Table 1. Optimization of catalyst:ligand ratio for Zn-catalyzed coupling reactions 

After finding the optimum catalyst ratio, we examined the effect of bases on the coupling of 
thiophenol with 4-iodoacetophenone. The results revealed that inorganic bases such as K2CO3, 
Cs2CO3, NaOtBu and NaH (Table. 2, Entries 1, 2, 3, 4) are better compared to triethylamine 
(Table. 2, Entry 5). 
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Sl. 
No. 

Catalyst 

(8 mol %) 

Ligand 

(20 mol %) 

Base 

(2 equivalent) 

Solvent 

(3 ml) 

Temperature 

(oC) 

Time 

(h) 

Yield* 

(%) 

1 Et2Zn L-proline K2CO3 DME 80 40 54 

2 Et2Zn L-proline Cs2CO3 DME 80 40 75 

3 Et2Zn L-proline NaOtBu DME 80 40 64 

4 Et2Zn L-proline NaH DME 80 40 62 

5 Et2Zn L-proline Et3N DME 80 40 nd 

Table 2. Optimization of bases for Zn-catalyzed coupling reactions 

Next we examined the solvent effect on thiolation reaction. We observed that both DME (Table 
2, Entrries 2, 3, 4) and CH3CN (Table 3, Entries 4, 5, 6) are the preferred solvents . Lower 
conversion is observed for THF (Table. 3, Entry 2) and t-BuOH as solvents (Table. 3, Entry 7). 
On decreasing the equivalence of base only trace amount of product is detected (Table. 3, Entry 
6).  

Sl. 
No. 

Catalyst 

(8 mol %) 

Ligand 

(20 mol %) 

Base 

(2 equivalent) 

Solvent 

(3 ml) 

Temperature 

(oC) 

Time 

(h) 

Yield* 

(%) 

1 Et2Zn L-proline K2CO3 DMF 80 40 nd 

2 Et2Zn L-proline K2CO3 THF 80 40 34 

3 Et2Zn L-proline K2CO3 CH3CN 80 40 81 

4 Et2Zn L-proline NaOtBu CH3CN 80 40 90 

5a Et2Zn L-proline NaOtBu CH3CN 80 40 trace 

6 Et2Zn L-proline Cs2CO3 CH3CN 80 40 83 

7 Et2Zn L-proline NaOtBu t-BuOH 80 40 36 

*isolated yield, nd: not detected, a1.5 equivalent of base,  

Table 3. The solvent Optimization studies of Zn-catalyzed coupling reactions 

Next we examined the effect of temperature on thiolation. The results showed that no reaction 
had taken place at 0 oC and room temperature. But at 80 oC the product could be isolated (Table. 
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4, Entry 1). On further increasing the temperature the yield of the coupled product decreased 
presumably due to the decomposition of the product at the increased temperature (Table. 4, Entry 
2 ). 

Sl. 
No. 

Catalyst 

(8 mol %) 

Ligand 

(20 mol %) 

Base 

(2 equivalent) 

Solvent 

(3 ml) 

Temperature 

(oC) 

Time 

(h) 

Yield* 

(%) 

1 Et2Zn L-proline NaOtBu CH3CN 80 40 90 

2 Et2Zn L-proline NaOtBu CH3CN 125 40 58 

Table 4. The temperature Optimization studies of Zn-catalyzed coupling reactions 

Finally the optimization of time was carried out which revealed that the reaction get completed 
in 20 hours (Table. 5, Entries 1). As a part of control experiment, the reaction is performed at 
optimized conditions in the absence of base, ligand and catalyst. In the absence of base no 
product could detected (Table. 5, Entry 2). In the absence of catalyst and ligand only trace 
amount of product were detected (table. 5, Entry 3,4). 

Sl. 
No. 

Catalyst 

(8 mol %) 

Ligand 

(20 mol %) 

Base 

(2 equivalent) 

Solvent 

(3 ml) 

Temperature 

(oC) 

Time 

(h) 

Yield* 

(%) 

1 Et2Zn L-proline NaOtBu CH3CN 80 20 95 

2 Et2Zn L-proline - CH3CN 80 20 nd 

3 - L-proline NaOtBu CH3CN 80 20 traces 

4 Et2Zn - NaOtBu CH3CN 80 20 traces 

Table 5. The time Optimization studies of Zn-catalyzed coupling reactions 

Substrate scope of the reaction under optimized conditions 

To explore the scope of the reaction we performed the thiolation reaction of electronically and 
structurally diverse aryliodides and thiols with Zn-proline catalytic system at 80 oC in 
acetonitrile. The presence of electron donating groups on the phenyl ring of both thiol and aryl 
iodide shows a decrease in the yield of the product (Table. 6, Entries 2,3 ). The coupling of 
thiophenol with 4-iodoacetophenone, 4-bromoacetophenone and 4-chloroacetophenone 
demonstrates higher reactivity of iodide over bromide and chloride and the yields are 95 %, 58 % 
and 33 % respectively (Table. 6, Entries 1). The electron with drawing substituents on the aryl 
iodide furnished diaryl sulfides in excellent yield (Table. 6, Entries 1).  The analysis of the 
product obtained is done by NMR, FTIR and mass spectrometric analyses. 
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SH

+

I

SZn-L-proline(2:5)

NaOtBu, CH3CN
R1

R2 R1 R2

80 oC, 20 hrs

R1,R2 = electron donating or electron withdrawing groups  

Scheme 2. The substrate scope of Zn-catalyzed C-S cross coupling reactions 

       Entry R-SH                    R-I   Product  Yield*(%) 

 1  
HS

  
I

O  

S

O3

95 % (Ar-I)
58 % (Ar-Br)
33 % (Ar-Cl)

    

 2 
HS

  
I CN

  

S

CN4       97  

 3 
HS

  
I OMe

 

S

OMe5          86  

 4 
HS OMe

 
I

O  

S

MeO

O
6 83  

   Table.6 The substrate scope of Zn-catalyzed C-S cross coupling reactions 

Conclusions 

 We have successfully developed the first Zn-catalyzed C-S cross coupling reactions of aryl 
iodide and thiophenols under mild conditions. This new protocol finely substitutes the existing 
methodologies for coupling aryl halides with thiols. The present methodology offers an easy 
access to a variety of sulfides from thiophenols and aryl iodides. The reaction is also feasible 
with aryl bromides and aryl iodides. Further studies of this zinc catalyzed reaction of C-S 
coupling are in progress. 
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General Procedure for Preparation  

 Synthesis of 1-(4-phenylsulfanyl-phenyl)-ethanone (3): A sealed tube was charged with 
1×10-3 mol (0.246 g) of 4-iodoactophenone, 20 mol% of L-proline (0.023 g) and 2 equiv. of 
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NaOtBu (0.1922 g, 2×10-3 mol) under nitrogen. Et2Zn (8.0×10-5 mol, 8.0×10-5 L) and 3×10-3 L of 
acetonitrile were then added to the reaction mixture followed by the addition of thiophenol 
(1.2×10-3 mol, 12×10-5 L) under nitrogen. The sealed tube was then heated in an oil bath which 
was preheated to 80 oC and the reaction mixture was then stirred under the same conditions for 
20 hours. The reaction mixture was then cooled and partitioned between saturated NaCl (10×10-3 
L)and EtOAc (20×10-3 L). The organic layer was separated, and the aqueous layer was extracted 
with EtOAc (3×10×10-3 L). The combined organic layer was concentrated and the residue was 
purified by column chromatography to get the 0.217 g (95 %) of the colourless solid. Mp: 67 oC, 
IR: 2994, 1675, 1586, 1555, 1472, 1397 cm-1, 1HNMR (CDCl3, 400MHz) δ 7.81-7.83 (d, J=8 Hz 
2H), 7.48-7.51 (m, 2H), 7.39-7.41 (m, 3H), 7.20-7.22 (d, J=8 Hz 2H), 2.55 (s, 3H); 13CNMR 
(100 MHz, CDCl3) δ197.09, 144.91, 134.54, 133.86, 132.16, 129.68, 128.90, 128.79, 127.52, 
26.45; GCMS (EI) m/z 228 (M) +.  
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Abstract 

 The present study aims to develop galactosylatedpullulan- curcumin conjugate (PU-LanH2-
Cur Sa) for targeted delivery of curcumin to hepatocarcinoma cells. The enhancement in cytotoxicity 
offered by the targeting group was evaluated in comparison with the activity of non 
galactosylatedpullulan-curcumin conjugate (PU-Cur Sa). The conjugate could self assemble to 
micelle when it was dispersed in water with a hydrodynamic diameter of 355 nm and critical 
aggregation concentration of 0.013 mg/ml. The morphology of the conjugate was analyzed by 
scanning electron microscopy and the conjugate shows spherical morphology. The self assembly of 
the conjugate into micelle in aqueous medium enhances the stability of curcumin in physiological pH. 
bare curcumin shows a solubility of 2.792 µg/ml, whereas more than 30 mg of the conjugate which is 
equivalent to 2460µg of curcumin could be dissolved in 1 ml of water i.e. . we could achieve 900- 
fold increase in solubility than that of bare curcumin. Compared to Pu-Cur Sa micelle, Pu-LanH2-Cur 
Sa micelle exhibits enhanced toxicity toward HepG2 cells indicating target specific curcumin delivery 
by galactosylated conjugate. Cellular uptake studies of the conjugate indicated that the micelle could 
selectively recognize HepG2 cancer cells and showed higher internalization than that of non 
galactosylated conjugate. all these results proved that Pu-LanH2-Cur Sa conjugate is a promising drug 
delivery carrier for target specific delivery of curcumin to hepatocarcinoma cells. 
 
Introduction 

Curcumin is a yellow spice derived from the roots (rhizomes) of the plant Curcuma longa. It is 
widely used as anti-oxidant, anti-inflammatory, anti-microbial and anti-cancerous agent over the past 
three decades (Maheshwari, Singh, Gaddipati & Srimal, 2006). Less solubility, deficient absorption 
and moderate stability in aqueous medium counter therapeutic benefits of curcumin. Conjugation of 
curcumin to a hydrophilic polysaccharide provides an amphiphilic conjugate, which improves its 
solubility in aqueous environment. In this nanosized conjugate, curcumin is present in the inner core 
and hence is protected from degradation in physiological conditions. Nanosized micelles could pass 
through the cell membranes and exhibit long duration in blood stream benefited from their tiny 
volume (Brannon-Peppas & Blanchette, 2012). 
Polymer drug conjugates prepared from biocompatible, water soluble polymers have received 
tremendous interest for targeted cancer therapy(Zhan et al., 2011). Here we have prepared polymer 
drug conjugate from galactosylated pullulan and curcumin. Pullulan is a linear polysaccharide 
produced by aureobasidium pullulans.  Hepatocarcinoma cells have over expressed 
asialoglycoprotein receptor (ASGPR) on its surface in high density and exhibits receptor mediated 
endocytosis. ASGPR can bind to terminal galactose and N-acetylgalactosamine residues on serum 
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glycoproteins(Wang, Deng, Xu, Wu, Qiu & Chen, 2006) hence these ligands have been validated as a 
potential target for selective drug delivery to the liver cells. 
Here we have developed pullulan- curcumin conjugate decorated by galactose moiety on its surface 
for the selective and specific delivery of curcumin to hepatocarcinoma cells. All the results proved 
that Pu-LANH2-Cur SA conjugate could be a suitable candidate for targeted delivery of curcumin to 
hepatocytes. 
 
Materials 

Pullulan, dimethylaminopyridine (DMAP), lactobionic acid (LA), ethylenediamine, 
dicyclohexylcarboiimide (DCC) and borax were purchased from Sigma Aldrich, Saint Louis, USA. 
Dialysis tubing (3500 MWCO) was procured from Spectrum Laboratories Inc.CA, USA. Curcumin 
was obtained as a gift from Synthite industries, Kerala. 
 

Preparation of oxidised Pullulan and Modification of Lactobionic Acid. 
 
Pullulan was oxidized to pullulan aldehyde (Pu) based on the previously reported procedure using 
sodium metaperiodate(Bruneel & Schacht, 1993). Oxidized pullulan was obtained in high yield of 90 
%. Lactobionic acid was modified with ethylenediamine by a reported procedure(Yang, Goto, Ise, 
Cho & Akaike, 2002). 
 
Preparation of Pu -LANH2. 

Pullulan aldehyde (1.3 g) was dissolved in 0.1M borax (13 mL) and LANH2 (3.8 g) was dissolved in 
water (38 mL). Both solutions were mixed and stirred for 4 h at room temperature. The conjugate was 
purified by dialysis. The purified conjugate was lyophilised to obtain Pu- LANH2. 
  
Modification of Curcumin (Cur-SA). 

Cur-SA was prepared by a previously reported procedure with slight modification(Yang, Zhang, 
Kong, Gao, Zhao & Wang, 2012). Curcumin (1 g), Et3N (1.388 mL), DMAP (0.4022 g), and 
tetrahydrofuran (THF) (80 mL) were dissolved in THF in a 250 mL Rb, followed by the addition of 
succinic anhydride (0.6604 g) dissolved in THF. The mixture was stirred and refluxed under nitrogen 
for 17 h at 50°C. The solvent was removed under vacuum; the crude product was re-dissolved in ethyl 
acetate (60 mL), and then extracted with 1 mol/L HCl (20 mL) to remove Et3N. 
 
Synthesis of Pu-LANH2-Cur SA conjugates. 
Cur SA was conjugated to Pu-LANH2 by DCC/DMAP coupling reaction. Briefly, Cur SA (0.121 g) 
was dissolved in anhydrous DMSO and 0.25 g of Pu-LANH2 was dissolved in anhydrous DMSO and 
DCC (0.055 g) and DMAP (0.026 g) was added to this solution. Pu- LANH2 dissolved in DMSO was 
added to the reaction mixture and stirred at 60 C for 6 h. The unreacted curcumin was removed by 
dialysis in DMSO   followed by dialysis in distilled water for 3 days. Purified dialysate was freeze 
dried and kept under refrigeration. Pu- Cur SA was also prepared by the same procedure. 
 

 Characterization. 
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FT-IR spectrum of LA, LANH2 and Cur SA, Pu-LANH2-Cur SA was recorded on Perkin Elmer FT-IR 
spectrometer. CHN analysis was performed by PerkinElmer 2400 Series II CHNS/O Elemental 
Analyzer.  NMR spectrum of LA, LANH2, curcumin and Pu-LANH2-Cur SA was recorded in 
DMSO-d6 using 500 MHz spectrometer (Bruker Avance DRX 500). Size and zeta potential of Pu-
LANH2-Cur conjugate dispersion in water was measured by particle size analyser (Malvern Zeta 
sizer). Scanning electron microscopy was performed by FEI Quanta FEG 200 HR Scanning Electron 
Microscope. Concentration of curcumin in the conjugate was estimated by measuring the absorption 
intensity at 436 from the standard curve.  Stability of Pu-LANH2-Cur SA and curcumin at 
physiological pH (pH 7.4) was analysed at varied time intervals by measuring their absorbance. 
 
Determination of critical aggregation concentration. 

The critical aggregation concentration (CAC) of the Pu-LANH2-Cur SA conjugate was determined by 
fluorescence spectroscopy using pyrene as the fluorescence probe(Guo et al., 2013) (F-2500 
fluorescence spectrophotometer, HITACHI, Tokyo). The emission spectrum was recorded from 350 to 
600 nm with an excitation wavelength of 334 nm.   
 
Cytotoxicity Studies. 

MTT assay was performed to evaluate the cytotoxicity of Pu-LANH2-Cur SA towards Human 
Hepatocellular Carcinoma (HepG2) cells. Cells were procured from National Center for Cell 
Sciences, Pune. Cells were seeded on a 96-well plate with a density of 10000 cells/well and incubated 
at 37 C for 24 h. When the cells reached subconfluency, e ual volumes (100 l) of Pu-LANH2-Cur 
SA (dissolved in water) and free curcumin (dissolved in DMSO) at four different concentrations (25, 
12.5, 6.25, 3.125 and 1.5625 g/ml) were added and incubated for a period of 24 h at 37 C.  
Percentage cell activity was determined by MTT assay and analyzed statistically. 
 
Cell uptake studies 

Pu-LANH2-Cur SA, Pu-Cur SA and free curcumin (1.5625 g/ml of DMSO) were added to HepG2 
cells cultured on glass cover slips at a density of 1x104 cells/ cm2 and incubated for 24 h. The uptake 
was visualized using confocal laser scanning microscope (LSM Meta 510 Carl Ziess, Germany) under 
multichannel mode using excitation wavelengths of 434 nm (Blue Diode for Curcumin). 
 
RESULTS AND DISCUSSION 

Synthesis and characterization of Pu-LANH2-Cur SA conjugates. 
We synthesized Pu-LANH2-Cur SA conjugate as shown in scheme 1. In the first step, vicinal diols 
present in pullulan was oxidized by periodate oxidation to introduce aldehyde functionality. LA was 
modified with ethylenediamine to introduce amino groups re uired for Schiff’s base reaction with Pu.  
In the FT- IR spectrum of lacto bionic acid (Fig.1a), gluconic acid carbonyl peak was seen at 1737 

cm-1 and it was vanished after modification with ethylenediamine. Besides,  new amide ।and amide ॥

band at 1639 cm-1 and  1574 cm-1  respectively were observed in the IR spectrum of LANH2 (Fig.1b) 
indicating the successful conversion of LA to LANH2. Chemical shift values of LANH2 (Fig. 2b) and 
LA (Fig. 2a) was almost similar in 13C NMR spectrum except the peaks seen at 39-41ppm, 
corresponding to the -CH2 groups of EA.  Followed by modification, LANH2 was attached to pullulan 
aldehyde.  Conjugation of LANH2 to Pu results in an increase of 5.8 % in nitrogen content. 
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Scheme 1. Synthesis of Pu-LANH2-Cur SA conjugates  

 
Fig. 1. FT-IR spectrum of LA(a) and 

LANH2(b) 

 

Fig. 2. NMR spectrum of LA(a), 

LANH2(b),Pu-LANH2-Cur (c)and 

curcumin(d) 

 
 
 
 
 
Curumin was modified with succinic anhydride to introduce acid functional groups needed for 
conjugation to pullulan. In the FT-IR spectrum of Cur SA (Fig. 3b), –OH peak of curcumin (Fig. 3a) 
is seen at 3511 cm-1. After modification this peak was broadened (3397 cm-1) and corresponds to acid 
hydroxyl. In addition to that, a new acid and ester carbonyl peaks are seen at 1768 cm-1 and 1708 cm-1 
respectively. In the final step, Cur SA was conjugated to galactosylated pullulan by DCC/DMAP 
coupling reaction.  Fig.4b represents IR spectrum of Pu-LANH2-Cur SA and the peak at 1739 cm-1 
corresponds to the ester carbonyl formed Cur SA and Pu-LANH2 Peak at 1629 and 1579 corresponds 
to keto -C=O stretching of curcumin. In the 1H NMR spectrum of Pu-LANH2 –Cur SA characteristic 
curcumin (Fig. 2d) peak was seen in the region between 6.5–8 ppm (Fig 2c). In addition to that, 
distinctive singlet –CH2 proton peak of succinic group was seen at 2 and 2.5 ppm.  Because of 
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hydrophobic and hydrophilic interaction, the polymer drug conjugate could easily self assemble into 
micelle in an aqueous environment. The conjugate exhibits unimodal distribution with hydrodynamic 
diameter in the range of 355 nm. In the representative SEM image, Pu-LANH2 –Cur SA conjugate 
shows size in the range of 90-250 nm with spherical morphology (Fig. 4C). 
 

 
Fig. 4. Stability(A and B),SEM(C), Cytotoxicity (D) 

and Cellular uptake(E-G) of Pu-LANH2-Cur SA 
Self assembly of Pu-LANH2-Cur SA was again confirmed by analyzing critical aggregation 
concentration using fluorescent probe pyrene.   From the plot of intensity ratios (I373/ I 384), the CAC 
value was estimated to be 0.013 mg/ml. The main aim of conjugation of curcumin to hydrophilic 
polysaccharide is to increase its stability in physiological pH, since curcumin undergoes complete 
degradation and metabolism under these conditions within 30 minutes(Fig. 4B)(Manju & 
Sreenivasan, 2011). The increment in stability after conjugation is owing to the micellar structure. We 
observed only a slight change in the absorbance of Pu-LANH2 –Cur SA(Fig. 4A) even after 5 h of 
incubation at 37 C in PBS (pH 7.4).The main disadvantage that restricts curcumin’s use as an 
anticancer drug is its less solubility in aqueous medium.  Bare curcumin displays an aqueous 
solubility of 2.792 g/ml (Kim et al., 2011)  and it is deficient to provide anti tumor activity.  We 
found that 1 mg of the conjugate contains 82 gm of curcumin and  more than 30 mg of the conjugate 
could be solubilised in 1 ml of water which corresponds to 2.46 mg/ml of curcumin, significantly 
higher (900-fold increase) than that of bare curcumin. 
 
Cytotoxicity studies. 

Cytotoxicity results are shown in Fig.4D and the cell viability was dose dependant. Pu-Cur SA 
conjugate shows 50 % cell death at curcumin concentration of 11.7 g/ml which is greater than IC50 
values of free curcumin (5.6 g/ml) in dissolved in DMSO. Since curcumin was dissolved in DMSO, 
it’s bioavailability to cells were more and reaches to the cells by endocytosis.  The anti-tumor activity 
of pullulan-curcumin conjugate was enhanced significantly after galactosylation. This might be 
resulted from the increased uptake of Pu-LANH2-Cur SA via receptor mediated endocytosis. IC50 
values were decreased to 4.8g/ml after galactosylation and it is lower than that of IC50 of free 
curcumin. These results demonstrated that at a same equivalent curcumin dose range, Pu-LANH2-Cur 
SA conjugate was more effective than that of nongalactosylated Pu-Cur SA and proved the ability of 
galactose moiety to induce enhanced toxicity to Hepg2 cells.   
 

In vitro cell uptake studies. 

 Cell uptake of Pu-LANH2-Cur SA and Pu-Cur SA was performed in HepG2 for a period of 24 h. The 
fluorescence properties of curcumin allow analysis of biodistribution of conjugates in HepG2 by 
CLSM (Fig.4E-G). The fluorescent intensity of curcumin was very less in HepG2 (Fig.4E) compared 
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to Pu-LANH2-Cur SA (Fig. 3G) and Pu-Cur SA (Fig. 4F). Pu-LANH2-Cur SA conjugate exhibits 
higher fluorescence intensity in HepG2 cells than that of Pu-Cur SA since galactosylation enhances 
cellular internalization and accumulation in HepG2 via ASGPR mediated pathway. Pu-Cur SA 
conjugate also exhibits internalization in both cells via a passive entrapping pathway.   
 
CONCLUSIONS 

In conclusion, we have successfully designed galactosylated pullulan- curcumin conjugate to 
overcome limitations and improve therapeutic index of curcumin and evaluated its selective toxicity 
to HepG2 cells. Benefited from the amphiphilic structure, Pu-LANH2-Cur SA conjugate could self 
assemble to micelle with spherical morphology and a hydrodynamic radius of 355 nm. Being present 
in the inner core of the micelle grafted curcumin exhibit improved stability in physiological pH. We 
could achieve 900-fold increase in solubility of curcumin after pullulan coupling. Pu-LANH2-Cur SA 
showed enhanced and selective toxicity towards HepG2 cells compared to Pu-Cur SA manifesting the 
targeting efficacy of galactose moiety. Cellular uptake studies of Pu-LANH2-Cur SA and Pu-Cur SA 
by CLSM demonstrated ameliorated accumulation of the galactosylated conjugate in HepG2. All 
these results indicated that Alg-LANH2-Cur conjugate is a suitable candidate for targeted drug 
delivery of curcumin towards hepatocarcinoma cells. 
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Abstract 

 Liver disease, particularly hepatocellular carcinoma (HCC) is one of the most common 
diseases in the world and causes approximately 600,000 deaths every year. Liver targeting is achieved 
by using specific liver targeting moieties on a drug loaded carrier system. The main objective of the 
study is to synthesise a dextran based liver targeted nano sized drug carrier (GHdx) for the delivery of 
curcumin (Cur) by free radical graft copolymerization technique. In the present study, we use 
glycyrrhetinic acid as a liver targeting ligand and were coupled with allylamine using dCC-nHS 
coupling reaction and act as a new vinyl monomer (Gaam). GHdx was synthesized from 2-
hydroxyethylmethacrylate and Gaam onto dextran using ceric ammonium nitrate as initiator and 
ethylene glycol dimethacrylate as crosslinker. fTIR and SEM analyses were used for the stepwise 
characterisation of GHdx. The particle size was 17.79 nm for GHdx and 61.31 nm for drug loaded 
carrier by dLS techniques. nano particle drug delivery systems are known to be optional for tumour 
treatment via the Enhanced Permeation and Retention (EPR) effect. Cur release in simulated 
intracellular pH was analysed using different kinetic models. In vitro cytotoxicity analysis on L929 
and Hep G2 cells shows that GHdx is safe drug carrier. The presence of Cur in GHdx exhibit high 
toxicity with slow drug release. Thus, the synthesized stimuli sensitive nano sized drug carrier assures 
to be an excellent vehicle for the release of a model drug Cur. 
 

 Introduction 

The metabolic and secretory activities of the liver are controlled by hepatocytes. Hepatocellular 
carcinoma (HCC) is one of the most common threats in the world and causes approximately 600,000 
deaths per annum. Liver transplantation and chemotherapy are the conventional treatment used for the 
HCC. But these methods fail due to the lack of donors for liver transplantation and toxicity offered by 
non specific activity of anticancer drugs used in chemotherapy. So the recent years scientific 
researchers give more importance for developing targeted drug delivery systems for treating HCC [1]. 
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    Targeted or site specific drug delivery is a universal approach to enhance the concentration of 
therapeutic molecule on infected site of the body. Such systems consist of a drug, a targeting ligand, 
and drug carrier [2]. Recent developments in the field shows that nanosized particles are suitable for 
tumour targeted drug delivery. Nanoparticles can be prepared from wide variety of materials but for 
drug delivery application the materials used should be biocompatible and biodegradable.   
  Dextran (Dx), a Food and Drug Administration approved water soluble branched homo 
polysaccharide of glucose. Dx  used as drug delivery vehicle for variety of drugs due to its excellent 
biocompatibility, high biodegradability, wide availability, ease and relative low cost modification 
through its reactive hydroxyl chemistry. Dextran 1,6-glucosidase (found in liver, spleen, lungs, brain) 
and dextranase (produced by bacteria found in colon) are the enzymes responsible for splitting of 
polysaccharide bonds of Dx. Modification of Dx is important because of its uncontrolled rate of 
hydration and low mechanical strength, which limits its long term application [3-5]. 
  The homo- and copolymer formed from 2-hydroxyethyl methacrylate (HEMA) have 
physicochemical properties similar to that of living tissues which imparts wide variety of applications 
in biomedical field [6]. Glycyrrhetinic acid (GA) has highly specific binding sites to stick on the 
surface of liver cells.  GA has anti-inflammatory, anti-gastric, anti-hepatitis, anti-allergic and anti-
hepatotoxic activity [7]. 
  The goal of the present study is to develop a Dx based nanoparticles for the targeted delivery 
of Curcumin (Cur) to the liver. Cur can inhibit cancer in variety of cell lines. The low solubility in 
aqueous solution and rapid degradation at physiological pH limits the bioavailability and clinical 
efficacy of this safe drug [8]. Encapsulation of Cur in Np DDS is the apt solution to overcome this 
problem. 
 
Materials and Methods 
a. Materials: Cur, GA, FBS, MTT and EGDMA were obtained from Sigma-Aldrich.  Dx and ally 
amine were purchased from Otto Chemie Pvt Ltd. All other chemicals were procured from E-Merck 
(Worli, Mumbai, India). Cur stock solution was prepared in ethanol and diluted to desired 
concentration. 
b. Synthesis of GHDx: 

 
 

Scheme 1. Synthesis of GAAm                             Scheme 2. Synthesis of GHDx 
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   Cur (75 mg/L) loading was carried out by shaking 2 g/L of GHDx at pH 5.0 and room temperature 
for 1 h. 
 
c. Equipments and methods of characterization: FTIR spectra were recorded with a Thermo 
Nicolet, Avatar 370 spectrophotometer in transmission mode. XRD patterns were studied using 
Bruker AXS D8 Advance. Dynamic Light Scattering (DLS) measurements were carried out in a laser 
scattering particle size distribution analyzer from Malvern Instruments Ltd. Absorbance of Cur in the 
drug carrier was determined by UV-visible spectrophotometer (JASCO V-530) at 430. ELIASACAN, 
Erba microplate reader was used for the absorbance detection in the MTT assay for cell viability.   
 
d. In Vitro Drug Release: In vitro release of Cur from GHDx was investigated in pH 7.4 and 5.8. 
Weighed quantity of each sample was placed in 500 mL of the dissolution medium maintained at 37 
oC. At regular intervals of time, 5 mL of sample aliquots were withdrawn and analyzed by UV 
spectrophotometer. The utilized solvent media was replenished by adding 5 mL of fresh solvent. With 
the aid of the calibration curve of Cur measured in the same condition, the percentage of Cur release 
was calculated and plotted versus time according to the equation. 
 In vitro release data were analysed using different empirical equations and release kinetic parameters 
were calculated to explain the release mechanism. 
 
e. Cell viability analysis of GHDx on Cultured L929 and Hep G2 Cell Lines: L929 cells were 
maintained in DMEM supplemented with 10 % FBS and grown to confluency at 37 °C with air and 5 
% CO2 in an incubator. The cells were trypsinized and passed to T flasks. Cells were incubated for 24 
h with 10-200 µg/mL of GHDx. The wells were washed with PBS and stained with 50 µL MTT 
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solution. After 3 h, MTT was removed and the formazan crystals were eluted with isopropanol. 
Incubated for 30 min and the solution were centrifuged. Optical density was measured at 570 nm 
using a Microplate reader. The percentage viability was calculated asx, Cur and Cur-GHDx using four 
different concentrations (10-200 µg/mL) on HepG2 cells.  
 
2. Results and discussions 

a. Physical Characterization: FTIR analysis is used to confirms the formation and stability of 
GHDx (data not shown). The FTIR spectrum of pure Dx shows following peaks: 3885 and 1348 (O-
H), 1644 (H2O), 2927 and 1424 (aliphatic C-H), 1157 and 915 (glycosidic linkage), and 1009 cm-1(C-
O). GAAm have characteristic peaks of GA along with some additional peaks at 3123 and 3034 cm-1 
correspond to (N-H stretching), 1625 cm-1 (C=O stretching in –CONH), 1575 (N-H bending 
vibration) [9]. The presence of such additional peaks confirms the formation of new amide bond by 
the amino group of ally amine and carboxyl group of GA. GHDx have the characteristic peaks of 
HEMA (1724 of ester C-O and 3379 cm-1 of β-hydroxy O-H), GAAm and EGDMA (1480 cm-1 CH2 

scissoring, 1160 cm-1 symmetric stretching of O-R). Almost all peaks of Dx were present with small 
shift to higher wavelength while decrease in intensity of O-H band indicate that the utilization of 
these site for free radical polymerisation. The FTIR spectrum of Cur-GHDx contains almost all peaks 
of Cur and GHDx indicate the structural stability after drug loading. 

Fig. 1. shows the XRD pattern for Dx, CUR and Cur-GHDx. Pure Dx shows characteristic peak at 
2θ =16.5λ o. Cur shows a series of peaks at 8.89, 14.9, 17.26, 20.18, 21.58, 23.33, 25.52, and 28.87 o, 
suggests that Cur posses highly crystalline nature [8]. In contrast, the decrease in intensity or even the 
absence of characteristic peaks of Cur in Cur-GHDx, suggests the presence of Cur on the surface and 
interior cavities of GHDx. 

 
Fig.  1. XRD pattern of Dx, GHDx and Cur-GHDx.     Fig. 2. DLS (A) GHDx and (B) Cur-

GHDx 
 

The particle size of GHDx and Cur-GHDx was measured by dynamic light scattering in DMSO 
(Fig. 2). GHDx prepared from Dx has an average diameter of 17.79 nm, while that of Cur loaded 
GHDx has a particle size of 61.31 nm. The increase in particle size after adsorption of Cur confirms 
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the encapsulation of Cur in GHDx. Np DDS are known to be optional for tumour treatment via the 
Enhanced Permeation and Retention (EPR) effect. 
3.3  In vitro release of Cur from GHDx: Using nanosized drug carriers for the delivery of Cur is the 
easiest way to improve the solubility and stability of this safe anticancer drug. The release data of Cur 
from GHDx for in vitro studies was modelled with various kinetic equations for the prediction of 
release mechanism. Peppa’s e uation is decision parameter used in many studies. 
 
 The release profile of Cur from drug loaded GHDx at 7.4 and 5.8 pHs are given in Fig.3. It is 
clear from the figure that the amount of Cur released from GHDx is higher in pH 5.8 buffer. Rapid 
release of Cur in the initial stage is due to the presence of poorly entrapped drug molecule on the 
surface, thereafter a slow release was observed. The graph of pH 5.8 is good fit with compared to 7.4 
(Table 1). The n value at pH 5.8 indicates that the release mechanism of Cur from GHDx is the 
combination of drug diffusion and polymer relaxation. Thus the release of Cur from GHDx involve 
three step: the loosely bound surface drug molecules get released at the initial stage, followed by 
diffusion of CUR from the interior of drug carrier and finally the complete degradation of the 
polymer. 
 

Table 1. Release kinetic parameters for the release of Cur from GHDx 

pH  n  k  R2  

7.4  
0.6
71 

 0.192  0.96  

5.8  
0.7
82 

 0.185  0.99  

 
Fig.  3. In vitro release profile for GHDx 

 
Table 2. R

2
 value calculated from different drug release kinetic models at pH 5.8. 

Models Equations Parameters R2 

Zero   0.97 

Higuchi   0.99 
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First   0.75 

Hixson   0.84 

Kopcha   0.99 

 The data were analysed by zero-order, first-order, Higuchi model, Hixson Crowell model and 
Kopcha model.  From Table 2, it is clear that the drug release follows Kopcha and Higuchi model. 
The ratio of diffusion term (A) to erosional term (B) in the Kopcha matrix model is used to predict 
the relative contribution of diffusion and polymer relaxation on drug release mechanism. In the 
present study, (A/B) > 1 indicates that the drug release is controlled by diffusion process than 
swelling or erosion of polymer. Thus, the diffusion of Cur from GHDx is the rate limiting step. GHDx 
drug carrier system never follows Hixson Crowell model confirms that there is no change in surface 
area with time. 
1 In vitro cytotoxicity analysis on L929 cells: The cytotoxicity analysis is a prerequisite for 
ensuring the biocompatibility of a potential drug carrier. Fig. 4 shows the viability of cells exposed 
with 10 µg/ml, 50 µg/ml, 100 µg/ml and 200 µg/ml of GHDx for 24 h and their cell viabilities were 
98.47, 99.21, 96.23, and 79.24 %, respectively. The above results show that no significant loss in cell 
viability because, for all concentration tested the viable cells was greater than 50 %.  The above 
results confirm that GHDx is a safe liver targeted drug carrier. 

 
   Fig.  4. In vitro cytotoxicity of GHDx on   Fig.5. In vitro cytotoxicity of  HepG2Cells after 24 h 

  GHDx on L929 Cells after 24 h 
               .       
Morphological image with (A) 10 µg mL -1, (B) 50 µg mL -1, (C) 100 µg mL -1, and (D) 200 µg mL -1 
and (E) control. 
2 In vitro Cell Growth Inhibition Assay: The in vitro cellular antiproliferation of Cur, GHDx 
and Cur-GHDx on HepG2 cells was estimated by MTT assay and shown in Fig. 5. The GHDx 
nanoparticles do not exhibit significant toxicity for HepG2 cells. In contrast, Cur and Cur-GHDx 
exhibit higher inhibition efficiency for Hep G2 cells. Cur-GHDx shows slightly lower inhibition 
efficiency than free Cur. This is due to the slow release of Cur from Cur-GHDx in intracellular pH.  
The amount of Cur in Cur-GHDx is somewhat lower than that of free Cur. The cell viability of free 
Cur and Cur-GHDx, both having concentration of 200 µg mL -1,  is about 27.5 and 38.4 % 
respectively after 24 h. Lower cell viability of Cur-GHDx relative to free Cur can be explained by 
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considering the release profile of Cur from Cur-GHDx at pH 5.8 within 24 h. Only 48.8 % Cur was 
released from Cur-GHDx. Hence Cur-GHDx can be considered as a safe drug carrier for slow release 
of drug to liver. 
 
3.1.2 Conclusions: 

A liver targeting ligand, glycyrrhetinic acid, incoprated drug carrier was synthesized   from 
Dx. Drug carrier was well characterized by FTIR, XRD, and DLS analysis. Release profile at 
intracellular pH was fitted with Peppas model, Kopcha and Higuchi model confirms the diffusion 
controlled release. In vitro cell viability analysis on L929 and Hep G2 cell lines confirms the 
biocompatibility of GHDx and higher tumor inhibiting nature of Cur-GHDx on hepatic cells. 
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Abstract 
 
 Semiconductor mediated advanced oxidation Processes (aoPs) have been investigated as 
potentially viable tool, for the removal of chemical and bacterial pollutants from air/water/soil. 
Reactive oxygen Species such as .oH, Ho2., o2-. etc., formed during the aoP processes interact with 
the pollutant resulting in ultimate mineralization to harmless Co2, salts and water. H2o2 is identified as 
an essential byproduct of the reaction. However the concentration of H2o2 does not increase 
corresponding to the pollutant degradation and reaches a plateau or varies in a wave-like fashion 
(oscillation) with well-defined crests and troughs, indicating concurrent formation and 
decomposition. The critical concentration of H2o2 at which decomposition overtakes formation or 
formation overtakes decomposition is sensitive to the reaction conditions. The present study aimed at 
twin objectives of identifying suitable aoP for the degradation of trace amounts of phenol pollutant in 
water and tracing the fate of concurrently formed H2o2 compares the results under sono, photo and 
sonophoto catalytic conditions. The sonophotocatalytic degradation of phenol is more than the 
individual sono or photocatalytic degradation or even their sum, thereby demonstrating a synergistic 
effect. The effect of different parameters on the degradation rate as well as on the concentration of 
H2o2 has been investigated in detail. The complexity and inconsistency in the quantity of H2o2 formed 
under various conditions and its lack of correlation with the degradation of phenol is explained for the 
first time by invoking the phenomenon of oscillation.  
keywords: Zinc oxide; Phenol; Ultra sound; Ultraviolet light; H2o2; oscillation 
 

Introduction 

 Water contaminated with organic pollutants such as pesticides, petrochemicals and dyes is a 
major threat to the environment. Advanced oxidation processes (AOP), which involve the insitu 
generation of highly potent chemical oxidants such as the hydroxyl radical (•OH), have been 
emerging as important class of technologies for accelerating the destruction of these pollutants from 
water. Introduction of suitable heterogeneous catalysts enhances the destruction efficiency of the 
AOPs compared to their counterparts without catalysts. Most commonly used catalysts in this context 
are semiconductor oxides and their modified versions such as metallized, doped, coupled and 
immobilized. The sources of irradiation include ultrasound (US) [Hartmann et al, (2008)], 
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Ultraviolet/Visible light (UV/VIS) [Kritikos et al, (2007)] and their combination (US+UV/VIS) 
[Torres et al, (2007), Joseph.et.al, (2009) Anju et al, (2012)]. Coupling of US with UV irradiation 
enhances the efficiency of semiconductor mediated degradation of aqueous pollutants synergistically 
[Anju et al, (2012), Joseph et al, (2009) Gogate, (2008)]. 
 US produces cavitation in liquids which consists of nucleation, growth and collapse of 
bubbles. The collapse of the bubbles results in localized supercritical condition such as high 
temperature, pressure, electrical discharges and plasma effects [Nepiras, (1984) Suslick and Crum, 
(1997)]. The temperature of the gaseous contents of a collapsing cavity can reach ~55000C. The 
temperature of the liquid immediately surrounding the cavity reaches up to 21000C. The localized 
pressure is estimated to be around 2000 atmospheres resulting in the formation of transient 
supercritical water. The cavities are thus capable of functioning like high energy micro reactors. 
Under these extreme conditions dissolved oxygen and water molecules get cleaved into radicals such 
as .H, .OH, HO2

. and .O and eventually form H2O2. In this highly reactive nuclear environment, 
organic pollutants can be decomposed and inorganic pollutants can be oxidized or reduced. This 
phenomenon is being explored in the emerging field of sonocatalysis for the removal of water 
pollutants. 
 In photocatalytic systems photo excitation of the semiconductor promotes valence band 
electrons to the conduction band thereby creating electron deficiency or hole in the valence band. 
Dioxygen provides a sink for conduction band electron forming superoxide O2

-. which leads to the 
formation of hydro peroxide HO2

-.. Holes in the valence band can react with water molecules or 
hydroxide anion to form OH radicals. The holes can also be filled by an adsorbed organic donor. 
 Similarity in the mechanisms of photocatalytic and sonocatalytic reactions opens up the 
possibility of combining the techniques for enhancing the degradation of organic pollutants in water. 
In the present study, this possibility is experimentally investigated using phenol as the representative 
pollutant. 
Materials and Methods 

 
ZnO (>99% purity, BET surface area ~ 15m2/g, average particle size ~ 10x 10-2 m) used in the study 

was supplied by Merck India Limited. Typical XRD, SEM and particle size distribution images of 
ZnO are shown in fig 1(a), (b) & (c) respectively. 

 
 
(a)                (b)        (c) 

Fig. 1. Typical SEM (a), XRD (b), and Particle size distribution image (c) of ZnO 
Phenol AnalaR Grade (99% purity) from Qualigen (India) was used as such without further 
purification. All other chemicals were of AnalaR Grade or equivalent. The sono, photo and 
sonophotocatalytic reactions were performed as reported earlier [Anju et al, (2012)]. The 
concentration of phenol left behind was analyzed periodically by Spectrophotometry at 500 nm. H2O2 
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is determined by iodometry. Mineralization was identified by Total Organic Carbon (TOC) 
measurements and the evolution of CO2.   
              
Results and conclusions 

 Preliminary studies carried out on the degradation of phenol in presence of ZnO under US, 
UV and (US+UV) show that the efficiency of the process is in the order (US+UV) > UV > US. 
Degradation of ~90% achieved in sonophotocatalysis is more than the sum of the degradation under 
photocatalysis (~55%) and sonocatalysis (~13%) which confirms the synergy of the combined 
process. 
 
Effect of catalyst loading    

The effect of catalyst dosage on the degradation of phenol under sono, photo and sonophotocatalysis 
is investigated in detail. The degradation increases with increase in loading and then stabilizes in all 
cases. The enhanced degradation efficiency can be attributed to the increased availability of catalyst 
sites for adsorption of the reactant molecules, better absorption of radiation and generation of reactive 
free radicals and their interactions. However, beyond the optimum, increased catalyst concentration 
can result in light scattering and reduced passage of light through the sample resulting in shrinkage of 
photo activated volume of the suspension. Another reason may be the aggregation of the catalyst 
particles causing decrease in the number of exposed active surface sites. The particles cannot be fully 
and effectively suspended beyond a particular loading in a particular reactor which also causes 
suboptimal penetration of light and reduced adsorption of substrates on the surface. The optimum 
range of ZnO is in the order sonophotocatalysis (0.10-0.15g/δ) ≥ sonocatalysis (0.10-0.15 g/L) > 
photocatalysis (0.075-0.10 g/L). 
 
Kinetics 

Kinetic study of the degradation by varying the concentration of the substrate illustrated by the plot of 
ln [C/C0] vs time (fig. 2) shows that the reaction follows first order kinetics in sono, photo and 
sonophotocatalysis in the concentration range < 30 mg/L. At higher concentration the reaction 
follows almost zero order kinetics. 

 
 

Fig. 2. Kinetics of ZnO mediated sono, photo and sonophotocatalytic degradation of phenol. 
  
The first order kinetics at lower concentrations is understandable from both photocatalytic and 
sonocatalytic angles. In photocatalysis, with increase in concentration, more reactant molecules will 
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get adsorbed on to the catalyst site, get activated and interact with correspondingly more OH radicals. 
This will continue until all the sites are occupied. In sonocatalysis, at lower concentration of phenol, a 
considerable part of OH radicals will recombine to produce H2O2. The degradation takes place in the 
bulk of the solution where the concentration of OH radicals is relatively lower because only about 
10% of the OH radicals generated in the bubble can diffuse into the bulk solution [Goel et al, (2004)]. 
With increase in concentration of phenol, the probability of interaction between phenol and OH 
radicals in the bulk increases leading to increased degradation.  At higher concentrations, the sites on 
the catalyst surface always remain fully occupied and the conversion will be optimum resulting in 
zero order. It is also possible that some of the reaction products and intermediates may remain 
attached to the surface for relatively longer period resulting in unavailability of sites for fresh reactant 
molecules. Similarly in the presence of US irradiation, when phenol concentration reaches a 
saturation limit at the bubble surface during the persistence time of the bubble, an almost constant 
degradation rate is reached. From then on it can be either stabilization of the rate and zero order 
kinetics or decrease in the rate and further lowering of the order of the reaction. The dominant 
photocatalysis or the combined sonophotocatalysis also follow similar path way and hence identical 
kinetics. 
 
Effect of pH 

 Studies on the effect of pH in the range 3-11 on the degradation of phenol under sono, photo 
and sonophotocatalytic conditions showed that the degradation is more efficient in the acidic region 
compared to the alkaline region. The optimum pH with maximum degradation of phenol for US, UV 
and US+UV is ~5.5. This is understandable since the pH of the reaction medium has a significant 
effect on the surface properties of ZnO, including the surface charge of the particles, size of the 
aggregation of the particles and the band edge position. Hence pH can affect the adsorption – 
desorption properties of the pollutant on the surface of the catalyst. The Point of Zero Charge (PZC) 
of ZnO is 9±0.3. This means that ZnO surface is positively charged when the pH is lower than this 
value and negatively charged when the pH is higher. Solution pH influences the ionization state of 
ZnO surface according to reactions (1) & (2): 
---Zn – OH + H+     ↔   ZnOH2

+  (1) -- Zn – OH + OH-   ↔     Zn-O- + H2O (2) 
Hence in the acidic range, strong adsorption of phenol takes place on ZnO as a result of electrostatic 
attraction of positively charged ZnO with ionized phenol. In the alkaline region the anionic phenol 
will find it difficult to approach the negatively charged ZnO thereby resulting in decreased 
adsorption. This will result in higher conversion in the acidic pH range. However at extreme acidic 
pH, corrosion of ZnO is possible leading to decrease in the number of active surface sites and reduced 
degradation. Thus the optimum pH is around 5-6 and all further studies were carried out in this range. 
 
Fate of H2O2 

 Formation of H2O2 is observed in all three cases of degradation of phenol; sono, photo and 
sonophotocatalysis as shown in fig. 3. 
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Fig. 3. H2O2 during the sono, photo and sonophotocatalytic degradation of phenol in presence of 

ZnO. 

 The concentration of H2O2 increases and then decreases in a wave like fashion resulting in 
well-defined crests and troughs in the case of sonocatalysis and photocatalysis. In the case of 
sonophotocatalysis, the concentration of H2O2 tends to stabilize rather than oscillating. Since H2O2 is 
an essential byproduct of phenol degradation its concentration was expected to increase and 
ultimately stabilize when the phenol degradation is complete. The oscillation/stabilization in the 
concentration shows that H2O2 is generated/decomposed/consumed simultaneously depending on the 
reaction conditions, in particular its concentration. When the concentration reaches a particular 
maximum, the decomposition dominates bringing its net concentration down. Similarly when the 
concentration reaches a critical minimum, the formation gets precedence. This process happens many 
times over again and again. The degradation of phenol continues unabated even when the 
concurrently formed H2O2 shows stabilization in the case of sonophotocatalysis or oscillation in the 
case of sono and photocatalysis.Oscillation in the concentration of H2O2 begins only after certain 
minimum quantity of H2O2 is built up in the system. Thereafter the periodic increase and decrease in 
its concentration occurs. This is further verified by following the net concentration of H2O2 in sono, 
photo and sonophotocatalytic systems with externally added H2O2 (fig.4). In this case H2O2 initially 
undergoes decomposition to reach critical minimum value before formation process starts dominating 
again. 

 
Fig. 4. Effect of in between addition of H2O2 (after 60 min) on the oscillation in the 

concentration of H2O2. 
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Similarly extra addition of ZnO and/or phenol in between also affects the net concentration of H2O2 
and the maxima and minima. In the case of sonocatalysis with distinct oscillation in the concentration 
of H2O2, the number of maximum and minimum in the curve increases with increase in concentration. 
Similarly the concentration of H2O2 at the maximum and minimum are also higher as the 
concentration of phenol increases, even though the trend is not strictly adhered to with respect to the 
minima at higher concentration. When phenol concentration is increased from 10 to 20 mg/L, the rate 
of degradation is almost doubled. At the same time the maxima and minima in the H2O2 oscillation 
curve also increased indicating its correlation with phenol degradation. However at very high 
concentration of phenol (50 mg/L) where its degradation is much faster, the correlation is not 
maintained. This is probably because, with too many reactive free radicals generated at higher phenol 
concentration, the recombination as well as other interactions competes with phenol degradation 
resulting in multitude of unpredictable reactions leading to many intermediates. Similar results are 
obtained in the case of photo and sonophotocatalysis. 
 
Mechanism of the process 

 In semiconductor mediated sono, photo and sonophotocatalysis, electron from the valence 
band is promoted to the conduction band (ecb 

-) leaving positively charged hole in the valence band 
(hvb

+). 
ZnO + UV/US/(US+UV) → ecb + hvb  (3) 
The electrons are then free to migrate within the conduction band. The holes may be filled by 
migration of electrons from an adjacent molecule leaving that with a hole and the process can be 
repeated [Gogate, (2008), Gerischer and Heller, (1991)]. The electrons and holes can recombine with 
no productive result or they can give ROS such as O2

-., .OH and HO2
.
 and eventually H2O2. 

O2 + ecb   →   O2
-.  (4) hvb

+ + H2O → .OH + H+
aq (5) 

O2
-. + H+ → HO2

.  (6) HO2
.
 + HO2

.  → H2O2+ O2 (7)  
2 .OH  → H2O2  (8)           
Further they can interact with phenol resulting in its degradation and eventual mineralization. 
ROS (.OH, HO2

.
 etc.) + phenol → Intermediates+ H2O2 →→ H2O2 +H2O + CO2 (9) 

In addition to the US initiated sonoluminescence effect which makes ZnO behave like a 
photocatalyst, sonolysis of water by itself is known to produce active radicals H.

 and OH.
 via 

cavitation which attack organic compounds in solution. The microbubbles generated by US tend to 
break up into smaller ones in presence of particles thus increasing the total number of regions of high 
temperature and pressure [Suslick and Crum, (1997), Sekiguchi et al, (2011)]. 
H2O + >>>    →       H. + .OH  (10) >>> refers to ultrasound 
Dissolved oxygen serves as a source for nucleus cavitation which leads to the generation of more 
reactive species as follows [Sekiguchi et al, (2011)]: 
O2  → 2.O    (11) O2 + .O  → O3   (12) 
O2 + .H  → .O2H (or O + .OH) (13) O + .O2H → .OH + O2  (14) 
.O + H2O → 2.OH   (15) 
The overall process is summarized as in fig. 5. 
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Fig. 5. Sono, Photo and/or Sonophotocatalytic activation of semiconductor oxide 
 
Since the amount of H2O2 generated in the absence of phenol is insignificant, it is reasonable to 
assume that the degradation of phenol and the formation of H2O2 are interrelated. The H2O2 formed is 
consumed insitu or is undergoing parallel decomposition into H2O and O2 as follows: 
H2O2 + h  ( <380 nm)   →  2 .OH   (16)  2 hvb

+ + H2O2 → O2 + 2 H+  (17) 
2 ecb

- + 2 H+ + H2O2  →  2 H2O  (18)  H2O2 +
 .OH→ H2O +HO2

.
  (19) 

H2O2 + HO2
.    →  H2O + .OH + O2 (20) 

When the rate of formation and decomposition balances, the plateau is reached. When one process 
dominates the other cyclically that results in oscillation. 
 

Conclusion 

The present study unravels the mystery of ‘missing’ H2O2 formed insitu during the decontamination 
of organic pollutants in water by Advanced Oxidation Processes. Experimental evidence is presented 
to show that the H2O2 formed in the reaction is decomposing simultaneously. Thus at least some of 
the Reactive Oxygen Species such as .OH, HO2

. etc. which are responsible for the formation of H2O2 

are regenerated. This leads to accelerated rate of formation of H2O2 only to start decomposing again 
once a critical maximum is reached. The same reactive species responsible for the creation of H2O2 

are also guilty of initiating its destruction. Various factors responsible for this phenomenon leading to 
oscillation in the concentration of H2O2 are experimentally tested and analyzed. The study thus 
provides a convincing evidence for the transition of H2O2 from the role of a promoter to that of an 
inhibiter in many Advanced Oxidation Processes. 
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Abstract 

 In the present study, superior nanodielectric XLPE/al2o3 nanocomposite with 2 wt % 
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nanofiller concentration is designed and introduced. The designed nanocomposite could attain 
enhancement in all the specific requirements, i.e. high dielectric strength, mechanical strength, 
thermal stability and water resistance compared to the most accepted dielectric insulation matrix 
XLPE and thus it is a superior nanodielectric material which could exploit the wonders of nanoeffect. 
The controlling factors of nanoeffect, nanoassembling in XLPE matrix and very low concentration 
percolation limit of nanophase and its role in positive property variation of the present system of 
XLPE/al2o3 nanocomposite is investigated. 
 
1. Introduction 

 Nanodielectrics of polymer nanocomposites have received considerable attention due to their 
expected potential benefits as dielectrics [Cao, Younsi, Irwin, (2004)]. The major requirements for a 
dielectric material are high dielectric strength to prevent the early dielectric breakdown, mechanical 
strength to provide stability to the system, thermal stability to overcome the thermal breakdown and 
water resistance to surmount water tree initiated breakdown of the dielectric insulative material [Li, 
Yin, Li, Bai, Zhong, Zhang, and Lei, (2010)]. Cross-linked polyethylene is the potential candidate for 
dielectric insulation applications, but it should be further enhanced in all the above specified fields for 
very high voltage transfer cable applications, which is expected to attain by the incorporation of 
nanofillers in XLPE and thus fabricate a dielectric nanocomposite material. To address the thermally 
induced breakdown limitations of XLPE system, inorganic oxide nanofillers, having high thermal 
conductivity are the proper candidates for dielectric nanocomposites. In literature one investigation 
could be found to increase the dielectric strength of XLPE system with SiO2 nanoparticles by Smith 
et al. [Smith, Liang, Landry, Nelson, and Schadler, (2008)]. In their study, only dielectric strength of 
the system is investigated and also higher filler loading of 12.5 wt % is used to increase the dielectric 
strength. The first determining factor in nanocomposites for dielectric applications is the nanofiller 
concentration and it has a major role in improving the dielectric characteristics of polymer 
nanocomposites. This is because of low nanoparticle percolation threshold [Xu, Feng, and Cao, 
(2007)] particularly for the three dimensionally nano spherical inorganic oxides. The second 
determining factor is the effective dispersion of nanofillers in XLPE system and proper interaction 
between nanofiller and polymeric matrix. The surface treated inorganic nanofiller, which have an 
organic tail to interact with the organic polymer, can address this problem, which is documented in 
our previous paper [Jose, Mhetar, Culligan and Thomas, (2013)]. 
Current research problem is an attempt to modify XLPE polymeric system with inorganic oxide 
Al2O3 nanofiller to develop a superior nanodielectric material.  As XLPE is the core candidate for 
electrical insulation applications, the designing of  nanocomposite aiming further improvement, 
should be mechanically strong, thermally stable, water resistant and having high dielectric strength. 
 

2. Experimental 

2.1 Materials 

 Low density polyethylene (PETROTHENE NA951080), with a density of 0.94 g/cm3 was 
obtained from Equistar, USA. The cross linking agent dicumyl peroxide (DCP) and antioxidant 
Irganox 1010 were used. The nano Al2O3 of 100 % silane, trimethoxyoctyl-reaction product, having 
around 25 nm in diameter were obtained from Evonik Industries, United States. 
 

456

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



                                                                                                                                                                                                    

2.2 Fabrication of XLPE/Al2O3 Nanocomposites 
 XLPE nanocomposites were prepared by melt mixing using dicumyl peroxide as the curing 
agent. The nanocomposites with 0, 2, 5 and 10 wt. % Al2O3 were prepared. The cross linking agent, 
DCP 1.5 wt. % and antioxidant 0.5 wt. % were used. The mixing was done in a Haake mixer at 160 
0C and 60 rpm for 12 minutes. The mixed nanocomposites were compression molded in a SHP-30 
model hydraulic press with a maximum pressure of 200 kg/cm2 at 180 °C for 5 minutes. 
Nanocomposites with 2, 5 and 10 wt. % Al2O3 content were designated as A2, A5 and A10. 
Composite of XLPE without nanofiller, designated as X was also prepared for comparison. 
 
2.3 Characterization of XLPE/Al2O3 Nanocomposites Transmission Electron Microscopy (TEM): 

The dispersion of nanofillers in polymer nanocomposites was investigated using TEM. The 
micrographs of the nanocomposites were taken in JEOL JEM transmission electron microscope. 
Ultrathin sections of bulk specimens (about 100 nm thickness) were obtained at -120 oC using an 
ultra microtome fitted with a diamond knife. Dielectric Strength: Breakdown electric field testing 
was performed on an ac dielectric strength tester. The specimens were immersed in the pure silicon 
oil, between 25 mm and 20mm diameter copper ball electrodes. The lower electrode was connected to 
earth and an increasing ac voltage (60 Hz) with a rate of 1 kV/s was applied to the upper electrode 
until the sample failed. The breakdown strength is calculated using Weibull distribution method.  
Tensile Tests: Tensile tests were performed at room temperature using EOLEXOR 500 N/Auto 
sampler (ASSS) (GABO Qualimeter Testanlagen Gmbh) machine. The span length and cross head 
speed used for the testing were 40mm and 50mm/min, respectively.  
 
Thermo Gravimetric Analysis (TGA): The thermal stability and decomposition characteristics of 
nanocomposites were tested using Netisch TG209 F3 Tarsus at N2 atmosphere. The heating rate was 
10 oC/minutes from 25 oC to 800 oC.  
 

Contact Angle Studies: Contact angle measurements were carried out in a SEO Phoenix instrument. 
Measurements were carried out with water (triply distilled) on samples of size 1×1×2 cm3 at room 
temperature. 
 
3. Results & Discussion 

3.1 Dielectric Strength 
 Table 1 presents the different parameters of dielectric strength measurement. Nanocomposite 
of 2 wt % Al2O3 (A2) exhibits the best value of dielectric strength followed by neat XLPE. As the 
filler concentration increases dielectric strength value shows a decreasing trend. At the lowest filler 
loading of A2 filler dispersion is effective and it leads to the best value of dielectric strength. 
The nanoparticles can be seen to act as barriers to the flow of electric current which restricts the 
breakdown mechanisms and thus higher voltage is needed to initiate the charge carrier multiplication 
[Nelson, and Hu, (2006)]. Due to the massive interfacial volume fraction, the overall density and 
depth of trap sites in the material volume may be increased, which limits the mobility and energy of 
free charge carriers. Generally, the reduced space charge also increases the breakdown strength, as the 
adverse distortion of the applied field due to the reduced local field. On the other hand, if free charge 
carriers are trapped in trap sites near the electrodes forming homo charge, the field near the electrodes 
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is mitigated, which increases the voltage required for charge injection from the electrodes especially 
under DC voltages [Pitsa, Michael, and Danikas, (2011)]. Interface plays a critical role in all multi 
component materials [Aulagner, Guillet, Seytre, hantouche, and Gonidec, (1995)]. The nanoparticles 
act as a sort of hindrance to the propagation of electron avalanche found during dielectric breakdown, 
below the percolation threshold limit and this hindrance tends to be short circuited above the 
threshold limit. So as filler concentration increases, filler aggregates formation occurs and act as a 
short circuited system. This explains the decreasing trend of values at higher filler loading. 
Nanoparticles tend to form large aggregates because of their high surface energy and large surface 
area, which can lead to a highly inhomogeneous system, which adversely affect the dielectric strength 
of the nanocomposites [Kim, Doss, Tillotson, Hotchkiss, Pan, Marder, Jeffery, Calame, Perry, 
(2009)]. For the present system the Al2O3 particles are silane surface treated explains the better 
dispersion and the highest value dielectric strength of A2 system. It is known that degradation in 
materials leads to undesired insulation failure. It is therefore critical to manufacture defect-free or 
defect-tolerant materials. It appears that nanoparticles in a nanodielectric help to create defect-tolerant 
regions [Roy, Nelson, MacCrone, and Schadler, (2007)].  When particles are in nanoscale, the 
interfacial fraction becomes dominant, which might result in interesting physical phenomena. 
Anisotropic fillers with high aspect ratios can self assemble into superstructures, even at low 
concentrations [Nelson, Fothergill Dissado, and Peasgood, (2002)].   
It is remarkable to attain a superior nanodielectric material having high dielectric strength at a very 

low filler concentration of 2 wt % nano Al2O3. 

Table 1: Different parameters of dielectric strength measurement of XLPE and nanocomposites 
Sample X A2 A5 A10 

(kV/mm) 3269 3800 3184 2550 

Mean value 
(kV/mm) 

3147 .13 3655.64 3065.87 2514.93 

Correlation 0.9207 0.9706 0.8421 0.9783 

 

3.2 Morphology: TEM & SEM 

TEM images provide information about the state of dispersion of Al2O3 particles in the 
nanocomposites. A typical surface treated nanocomposite dispersion micrograph is shown in Figure 1. 
As the amount of nanoparticles increases from 2 wt. % to 10 wt. % the tendency for agglomeration 
also increases. The TEM images suggest that dispersion level is effective at 2 wt. % nanofiller 
concentration when filler-filler interactions are reduced relative to filler-matrix interaction. The 
presence of alkyl group on nanoparticle act as a bridge between filler and polymer as the -OCH3 part 
of trimethoxyoctyl silane will be chemically bonded to Al2O3  and the octyl part will form linkage 
with polymer and this leads to the enhanced interaction between polymer and filler and this leads to 
an efficient dispersion at lower filler concentration of 2 wt % [Jose and Thomas, (2014)]. As the filler 
concentration increases the dominant filler-filler interaction over filler-matrix interaction negatively 
agffect the proper dispersion and thus the morphology and microstructure of the system. 
The morphology strongly supports the dispersion level, homogenity and uniform microstructure of the 

nanocomposite with 2 wt % nanoconcentration. 
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Figure 1: Transmission electron micrographs of (a) XLPE/2 wt. % Al2O3 nanocomposite, (b) 

XLPE/ 5 wt. % Al2O3 nanocomposite, and (c) XLPE/10 wt. % Al2O3 nanocomposite. 

 

3.3 Mechanics 

 The tensile behaviour of the composites are investigated to analyse the mechanical response 
of the system.  Young’s modulus of XδPE and nanocomposites are given in Figure 2. At the lowest 
filler loading of 2 wt % nanocomposite exhibit 100 % increase in Young’s modulus followed by a 
decreasing trend with an increase in nano Al2O3 content. Young’s modulus value is a direct indication 
of polymer chain dynamics. During solidification from the melt, gradients of mass transport occur 
near the filler surface caused by the potential field at the surface of the filler and fluctuation in local 
temperature. As a result, both the super molecular structure and the chain mobility of polymer in the 
thin layer near the filler surface is altered compared to the bulk, i.e. the formation of a high modulus 
region occurs, to the extent that the change is proportional to the surface activity of the filler and the 
topology of the surface. Surface affinity is defined as the ratio between adhesive and cohesive 
energies of the filler and matrix, greatly influenced by the surface treatment on nanoparticles and 
more surface active fillers cause greater changes in polymer morphology. The thickness of such a 
layer of immobilized polymer ranges from 10 to several hundred nanometres [Berg, Sengers, Jager, 
Picken, Wu, (2004)]. Yield strength of XLPE and nanocomposites are compared as a function of filler 
concentration in Figure 3.  While considering the different nanocomposites, upto 5 wt. % the yield 
strength increases and then it decreases by further addition of nanofillers. Composites containing the 
modified Al2O3, within its threshold limit concentration, have good dispersion and interfacial 
adhesion, so when under tensile stress, the force was transferred to Al2O3 particles through the 
interphase and the Al2O3 particles became the receptor of the tensile force [Guo, DiBenedetto, Tewari, 
Lanagan, Ratner, Marks, (2010)].  A good interface will restrict the deformation of the polymer, hence 
get a higher tensile strength [Pandey, Kim, Chun, Lee, Ahn, (2009)]. 
The nanodileclectric candidate composite of 2 wt % nanofiller concentration could attain higher 

mechanical response too. 

 
3.4 Thermo Gravimetric Analysis 

 Thermal degradation bahavior of  nanocomposites has been investigated by employing TGA 
analysis in N2 atmosphere. TGA profiles of nanocomposites are presented in Figure 4. We can see that 
nanoparticles contribute to the rise of thermal degradation temperature. The maximum thermal 
stability has been achieved by introducing 10 wt. % nano Al2O3. The thermal stabilization effect is 
mostly connected with the high thermal stability of Al2O3 nanoparticles and thus the property 
enhancement is in direct correlation with the amount of nanofiller added [Bohning, Goering, Schartel, 
(2005)]. Since XLPE decomposition is through random chain scission, the cross linked structure 
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formed by DCP during melt processing speculated as an explanation for the improved thermal 
stability. Alumina possesses higher heat capacity and thermal conductivity (40W m−1 K−1) than 
polyethylene (0.32W m−1 K−1), which means that the alumina preferably absorbs heat, resulting in 
polymer chains starting to degrade at higher temperatures. During the thermal degradation of polymer 
the nano particles will accumulate to the suraface of molten polymer creating a sort of shield that acts 
as physical protection from heat for the remaining polymer and slowing down the volatilization of the 
polymer fragments generated by the pyrolysis [Barus, Zanetti, Lazzari, Costa, (2009)]. 
The thermal stability of XLPE/Al2O3 2 wt % filler concentration is higher compared to the neat 

system and it again confirm that it is fit for a nanodielectric system. 

 
3.5 Water Resistance:  Contact Angle Studies 

 XLPE shows non wetting behaviour by the addition of Al2O3 nanofiller and the increase in 
contact angle value is in perfect correlation with increase in filler concentration. The hydrophobic 
nature of the composites is found to increase with the addition of fillers. Figure 6 exhibits the contact 
angle values vs. filler concentration. By the addition of Al2O3 nanofillers, polymer surface becomes 
more non polar, i.e. hydrophobic and the contact angle increase accordingly. With water, the contact 
angle of XLPE (85 o) increases to 102 o for XLPE/Al2O3nanocomposite, i.e. it becomes a non wetting 
surface. The nanofillers are surface treated and the organic tail of surface treatment, interact well with 
the polymer chain and decrease the surface free energy of the system. The intrinsic properties of 
nanofillers and its effective dispersion answer to the non wettable surface of nanocomposites 
[Thomas, Thomas, Sreekumar, Bandyopadhyay, (2011)]. In nanocomposites, the high packing density 
of the macromolecules on the supermolecular level (with marked ordering even in quasi-amorphous 
regions) create steric and kinetic hindrances for penetration of solvent molecules, which may result in 
high degree of hydrophobicity [Thomas, Abraham, Bandyopadhay, (2008)]. 
 
Conclusions 

 Cross-linked polyethylene/Al2O3 nanocomposite at a very low filler concentration of 2 wt % 
could attain all the required parameters of a nanodielectric material: high dielectric strength, 
mechanical strength, thermal stability and water resistance and thus it is a superior nanodielectric 
material which could exploit the wonders of nanoeffect. 
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Abstract 

 Drug delivery system (ddS) is used to administer a pharmaceutical compound to achieve an 
optimal therapeutic effect. This technology involves improvement of therapeutic index, control of 
drug release rate, minimization of drug degradation and reduction of drug toxicity in the body 
offering means of optimizing therapy with established drugs. basically, numerous types of carriers can 
be used providing a variety in design and development of advanced ddS. Self-assembled systems 
from biodegradable amphiphilic polymers at the nano-meter scale as a new class of the polymer-
based carriers and polymersomes (Ps) has attracted with rapidly growing interest. a number of Ps has 
been developed for new possibilities and applications in drug delivery, medical imaging, electronics 
and nanoreactors. In particular, biodegradable and pH sensitive block copolymers can be used for 
preparation of Ps, which are of great interest for such applications. pH-triggered and biodegradable 
polymersomes based on poly (ethylene glycol)-b-poly ( -caprolactone)-grafted poly(β-amino ester) 
(PaE-g-PCL-PEG) were prepared without the use of organic solvents to minimize the biological 
problems and investigated for an efficient drug-delivery system. The graft copolymers were 
synthesized via the reactions between carboxyl group-terminated PEG-PCL and hydroxyl groups of 
PaE and characterized. The molecular weight of PaE-PCL-PEG was controlled by adjusting the feed 
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ratio of PCL-PEG. The synthesized copolymer showed biodegradability and low cytotoxicity. To 
avoid the use of organic solvents, the self-assembly behaviour of these copolymers were examined in 
water by controlling the pH. The synthesized copolymer id characterized by using fT-IR and proton 
nMR spectroscopy. The molecular weight and poly dispersity index was calculated by using GPC. 
The morphological structure confirmed by using TEM. The study on in vitro release of chlorambucil 
loaded polymersomes showed that this pH-dependant transition triggered the release of encapsulated 
cytarabine in a weakly acidic environment. based on the biocompatible characteristics and release of 
drugs in acidic condition, it would be a useful drug carrier for cancer therapy. The choice of block 
copolymers-the building blocks of a polymersome introduce features like biocompatibility, inherent 
or induced permeability and triggered release 
 
Introduction 

   Polymersome are the carriers recently because of their physical features such as mechanical 
stability and functionality. Polymersomes are made up of amphibilic block copolymers ie. 
hydrophobic head and hydrophilic tail group [Ahmed F. Pakunlu R. I. Brannan A. Bates F. Minko T. 
and Discher D. E (2006)]. Both hydrophobic and hydrophilic part is containing same system which 
enhances the carriers of DNA, enzymes, proteins, peptides and hydrophobic and hydrophilic drugs 
[Christian D A. Cai D. Bowen M.  Kim Y. Pajerowski JD and Discher DE (2009)]. Polymersomes are 
stimuli responsiveν the responsive stimuli’s are pH, temperature, light, ultrasound, and oxidation. At 
present stimuli responsive polymersomes are provide the potential application in biomedical 
application. In biomedical application controlled drug delivery is moving on great interest. Because 
the fast release of drugs to the target sites take place. One of the best stimuli is pH because the aim of 
controlled drug delivery in cancerous cells which possess environment acidic in nature. 
 Biodegradable and biocompatible amphiphilic block are required to introducing 
polymersomes, also the hydrophobic and hydrophilic [Borchert U. Lipprandt U. Bilang M. Kimpfler 
A. Rank A and Peschka-Suss R (2006)]. Aliphatic polyesters are the main hydrophobic copolymers 
were reported, such as poly caprolactone, polylactic acid etc [Kong G, Braun RD, Dewhirst MW 
(2006)]. This increases the biodegradability of the copolymer. The hydrophilic part well known is 
polyethylene glycol. Polyethylene glycol helps to reduce the precipitation of protein and enhances the 
blood circulation [Liu G. Ma S. Li S. Cheng, R. Meng F. Liu H and Zhong Z (2010)]. 

The main intension of this work was to synthesize biodegradable polymersomes with pH-
triggered vesicle. This can release the drug rapidly at the tumour site. Copolymers were synthesized 
by grafting PEG-PCL onto pH-sensitive and biodegradable PAE. In order to determine the rapid drug 
release ability of polymersomes at acidic pathological regions, here chlorambucil is used 
encapsulated into the polymersomes, and the pH-triggered drug release tendency was investigated. 
 

Materials and Methods 
Succinic anhydride, N,N-dicyclohexyl carbodiimide (DCC), 4-(dimethyl amino) pyridine (DMAP), 
anhydrous dioxane, anhydrous dichloromethane (DCM), 3-amino-1-propanol (AP), 1,6- hexanediol 
diacrylate, stannous octoate (Sn(Oct)2), chlorambucil , -caprolactone , Poly(ethylene glycol) (1000 
and 2000) was purchased from Aldrich . 
 The structure of the polymer was confirmed by using 1H NMR in tetrahydrofuran containing 
trimethylsilane as reference. The molecular weight and the polydispersity index were measured by 
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using as tetrahydrofuran as the reference. The morphology of the synthesized polymer was confirmed 
by JEOL-GEM 2100 transmission electron microscope. The FT-IR studies were carried out using 
Perkin-Elmer spectrum 400 FT-IR spectrophotometer. Absorption spectrum of 5-fluoro uracil was 
recorded by Shimadzu UV-Vis. 2450 spectrophotometer. 
 
Synthesis of copolymers 

Synthesis of poly- β-amino ester 
1, 6-hexanediol diacrylate (14 g) and 3-amino-1-propanol (3 g) were mixed together in round 
bottom flask. The reaction was carried out in room temperature for 4 h and the temperature were 
directly increased 100 oC for 9 h. After that the mixture is dissolved in dichloro methane then 
precipitated in ice cold diethyl ether. The precipitate is the dried using vacuum for 4 days. 

 

Synthesis of PEG-PCL 

 Polyethylene glycol and stannous octoate were mixed together in a round bottom 
flask and dried under vacuum for 2 h at 50 oC. Then directly added caprolactone. The reaction was 
carried out 120 oC for 24 h under magnetic stirring. After cooling the reaction mixture was dissolved 
in dichloro methane then precipitated using ice cold diethyl ether. The precipitate was dried under 
vacuum 
. 
Synthesis of PEG-PCL-COOH 

 PEG-PCL, succinic anhydride and 4-DMAP (4 g) were dissolved in 1, 4-
dioxane (20 mL) in a round-bottom flask. The reaction was allowed to stand for 24 h at room 
temperature. PEG-PCL-COOH was obtained as white solids by precipitation with ice cold diethyl 
ether and then vacuum dried at room temperature for 24 h. 
 

Synthesis of PAE-g- PEG-PCL 

  The synthesis was briefly PAE, PEG-PCL-COOH, DCC as the coupling 
agent, and DMAP as the catalyst in a round-bottom flask and dissolving in DCM. The reaction 
was carried out at room temperature for 24 h in the dark. The reactant solution was precipitated 
ice cold diethyl ether and vacuum dried at room temperature for 2 days. 
 

Preparation of polymeric particles 

     The presence of the organic solvents can be removed by the pH dependence method. The 
copolymer was dissolved in the deionised water at pH is 2 with continues stirring for 1 h. Then the 
pH is increased 2 to 5 by using 0.5N NaOH with stirring. And the pH increased 5 to 6.4 by using 0.05 
N NaOH kept it for 20 minutes with continues stirring. The solution was treated with 0.01 N NaOH 
by changing the pH 6.4 to 7.4. Finally the polymer particles were dried and it is free from organic 
solvents. 
 
In vitro degradation 

In vitro degradation of copolymer was (ie. 1:2 ratio) analyzed by using the copolymer is 
agitated with the PBS solution at the physiological pH 7.4 for 2 h with continuous sonication. The 
polymer solution is collected and dissolved in tetrahydrofuran and undergoes GPC measurements. 
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Cytotoxicity of the copolymer 

 Cytotoxicity of the copolymer is measured by using MTT assay. Here normal fibroblast cell 
and cancerous cell under investigation. The cells are seeded in the flat bottom plates and it is 
incubated. The different concentration of polymer solution are kept in PBS solution and it id added to 
the seeded cell undergo MTT assay and the cell viability is calculated. 

 
In vitro drug loading and drug releasing of 5-fluoro uracil 

  The water soluble anticancer drug 5-fluoro uracil is dissolved in deionised water of the pH is 
kept 2. After that the copolymers is introduced in this with a vessel. The polymersome encapsulated 
with 5-fluoro uracil is kept in PBS solution with different pH such as 6.4 and 7.4 for 15 h. The PBS 
solution is change periodically. The drug loading and the corresponding cumulative release was 
determined by using UV.vis spectrophotometer at 266 nm. 

 
Results and discussions 

Fourier transform infrared spectroscopy (FT-IR) 
The functional group incorporation was confirmed by using FT-IR. In the Poly (β-amino ester) 

the main characteristics peaks are 3442, 2859, 1727,1170, 1049 and 1463cm-1 are the stretching 
frequencies of N-H,C-H,C=O,C-O (symmetric and asymmetric) and the bending frequency of C-H 
respectively. In PEG-PCL the main peaks are 3534, 2932, 1721, 1213 and 1191 cm-1 is O-H, C-H, 
and C-O symmetric and asymmetric stretching vibrations respectively. In the case of PAE-g-PCL-
PEG all the prominent peaks are present and it is confirmed the synthesis was successful (Figure 1).    
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Figure 1. FT-IR spectra of PAE, PEG-PCL and PAE-g-PCL-PEG 

 

Proton nuclear magnetic spectroscopy (
1
H NMR) 

PEG-PCL was synthesized by a ring-opening polymerization. The molecular weight was 
determined by 1H NMR from the integral ratio of the CH3 proton of PEG and the CH2 proton of PCL. 
The main peaks are at  2.0 (OH, s),  3.54 (CH3, s),  4.25 (CH3, s),  2.25 (CH2, m), 168 (CH2, m), 
 1.2λ (CH2, m),  3.53 (CH3, s, t). These results confirmed that successful polymerization held 
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between PEG and PCL. PAE was synthesized Aza-Michel addition polymerization, and the structure 
was identified by 1H NεR. The main peaks are  2.λ0 (CH3, s),  2.λ6 (CH2, m),  4.08 (CH2, m), 
1.57 (CH2, m),  2.0 (OH, m),  0.λ6 (CH2, m),  1.2λ (CH3, m). In the case of PAE-g-PCL-PEG all 

the prominent peaks are observed in order to coupling is take place. 
 

Gel permeation chromatography (GPC) 
The molecular weight and polydispesity index were obtained from using gel permeation 

chromatography using tetrahydrofuran as eluent at room temperature and the flow rate is 1 mL/min. 
Poly styrene is used for the calibration over the molecular weight range 3000-70000. From the result 
it is cleared that the highest molecular weight polymer eluted first ie., PAE-g-PCL (1)-PEG(2). Then 
next two polymers eluted which is observed in the Figure 2.                  
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       Figure 2.  GPC of PAE, PAE-g-PCL (1)-PEG (1) and PAE-g-PCL (1)-PEG (1) 

 

 

Transmission Electron Microscope (TEM) 
The morphological changes of the synthesized copolymers are determined by using transmission 
electron micrograph. In this the copolymers shows the vessel like structure but in the case of PAE-g-
PEG shows only micelle formation without the presence of hydrophobic PCL. 

 
 
      Figure 3. TEM images of PAE-g-PEG and PAE-g-PCL(1)-PEG(2) 
 
Some characteristic behaviour of copolymers 

Degradation characterization of copolymers (in vitro) 

 In order to determine the biodegradability of the synthesized copolymers, the determination 
of degradation is more important. The absence of PCL there is no aggregation is take place in the case 
PAE-g-PEG. So it shows degradation within hours only ie. 10 h. But in the case of PAE-g-PCL (1k)-
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PEG (2k)  the degradation shows within two days this is because of the biodegradable PCL leads to 
aggregation take place which improve the biodegradability. . Also in the case of PAE-g-PCL(1)-
PEG(1) it also contain PCL but more biodegradability and biocompatibility observed in the case of 
PAE-g-PCL (1k)-PEG (2k) only (Figure 4). 
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            Figure 4.  Degradation of PAE-g-PCL (1k)-PEG (2k) and PAE-g-PCL(1k)-PEG (1k) 
                                        
Cytotoxicity of copolymers 
In order to reveal the biocompatibility of the synthesized copolymers the cell viability is assigned. 
The cell viability is determined by using MTT assay. To confirmed the cell viability two types of cells 
are take one is cancerous cell and later is normal cell. The different concentration of the copolymer 
PAE-g-PCL (1k)-PEG (2k) solution is prepared in PBS with physiological pH. The results cleared 
that in both cells the copolymer shows cell viability and exhibit low cytotoxicity.    
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Figure 5.  Cytotoxicity of PAE-g-PCL (1k)-PEG (2k) solution toward cells                      

 

Drug loading and drug release using PAE-g-PCL-PEG copolymer 
Drug loading and in vitro drug releasing was determined by using the anticancer drug chlorambucil. 
Chlorambucil is the water soluble drug. Chlorambucil is loaded with the polymersome which is 
encapsulated. The release was obtained in the two different pH ie., one is physiological(7.4) and later 
is acidic(6.4). In vitro release is faster in the case of acidic pH than physiological pH It shows the 
rapid release of encapsulated 5-fluoro uracil at low pH because the intracellular wall of the all the 
cancerous cells acidic in nature.       
             
Conclusion 

The pH dependent biodegradable polymersomes are synthesized without using organic solvents. The 
PAE-g-PCL-PEG polymersome are biodegradable and show low cytotoxicity. In the physiological pH 
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the polymersomes are stable and in acidic environment it dissolves. Obviously encapsulated 
chlorambucil could release very rapidly in acidic environment to the target sites as cleared in vitro 
release. Moreover the biocompatible and biodegradable polymersomes shows more therapeutic 
efficiency and used for clinical purpose in cancer therapy. 
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INTRODUCTION 

  
 Hypercholesterolemia  is  a  condition  characterized  by  very  high  level  of  cholesterol in  
blood,  have  a  high  risk  of  developing  heart  disease  and  also  cause  angina,  tendon xanthomas,  
xanthalasmata,  achilles  tendons.  HMG-CoA  reductase  inhibitors  or  statins  are a  category  of  
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drugs  applied  to  lower  the levels  of  cholesterol    by  inhibiting  the  HMG-CoA  reductase,  which  
plays  a  key  role  in  the  production  of  cholesterol.1,3  However,  statin drugs  have  small  serious  
toxicity  such  as  skeletal  myopathy  or  hepatotoxicity.8,5  The  most  common  adverse side  effects  
elevated  liver  enzymes  and  muscle  disorder.  Other potential  adverse  effects  include  cognitive  
loss,  neuropathy,  pancreatic  and  hepatic dysfunction,  myalgias  and  muscle  cramps.2  
Oxidosqualene  cyclase  (OSC)  is  involved  in  the  conversion  of  squalene  to  lanosterol  in  
cholesterol  synthesis  pathway. Identifying  drug  drug  interactions  involving  OSC  is vital  for  
improving  therapy  of  hypercholesterolemia,  thus  would  lead  to  the  development  of  more  
effective ,  less  toxic  drug  regimes.6 
 
Materials and Methods  

             The  experimental  structure  of  human  oxidosqualene  cyclase (OSC)  (PDB id: 1W6J) as  
shown  in  figure (1)  was  retrieved  from  the  RCSB  Protein  Data  Bank  as  a  PDB  file.  Beta  
sitosterol  is  a  plant  sterol  with  chemical  structure  similar  to  that  of  cholesterol.  Sitosterols  are  
white  waxy  powders  with  a  characteristic  order.  Beta  sitosterol  reduces  cholesterol  level  in 
blood  and  is  sometimes  used  in  treating  hypercholesterolemia. Some modifications  introduced  
in  the  beta  sitosterol  helps  to  increase  the  binding  affinity  with  the  1W6J  protein.  The  
structure  of  beta  sitosterol  and  the  scaffold  used  for  this  study  were  as  shown below  (figure 2 
& 3).  Fifty  beta  sitosterol  derivatives  were  analyzed  and  out  of  them  the  following  structures  
were  selected  as  best  molecules  for  the  target  specific  inhibition  of  lanosterol  synthase  
enzyme  (Table.1).     

                                 HO                            
X1

X9

X2

X3

X4

X6

X5

X7

X8

  
   (Figure 1). Crystallographic                            (Figure 2)                                    (Figure 3) 

   structure of  Lanosterol  synthase               Beta sitosterol                Scaffold :- 
Hexadecahydro-     
     with PDB ID 1W6J                                                                   cyclopenta[a]phenanthrene 
1 
(Table 1) Finally  selected  ligand  molecules 

 
No. X1 X2 X3 X4 X5 X6 X7 X8 X9 

  1. OH NH2 H H H H H OH   -O-CH2-CH=CH-CH2-
N,N(dimethyl)amine 

   2. NH2 H H H H OH H OH   -O-CH2-CH=CH-CH2-
N,N(dimethyl)amine 

   3. OH SH H H H H H OH  -O-CH2-CH=CH-CH2-
N(methyl)(propyl)amine  

   4. OH H H H OH H H OH  -O-CH2-CH=CH-CH2-
N(methyl)(propyl)amine 
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   5. OH SH H H H H H OH  -O-CH2-CH=CH-CH2-
N,N(dimethyl)amine 

   6. OH OH H H H H H OH  -O-CH2-CH=CH-CH2-
N,N(dimethyl)amine 

   7. OH NH2 H H H H H OH  -O-CH2-CH=CH-CH2-
N(methyl)(propyl)amine  

   8. NH2 H H H H OH H OH  -O-CH2-CH=CH-CH2-
N(methyl)(propyl)amine  

   9. OH OH H H H H H OH  -O-CH2-CH=CH-CH2-
N,N(dimethyl)amine 

  10. OH CH2OH H H H H H OH  -O-CH2-CH=CH-CH2-
N,N(dimethyl)amine 

           Docking  is  an  important  tool  in  the    study  of  protein-ligand  interaction7.  Degree  of  
affection  in  between developed  ligand  molecules  and  1W6J  protein  in  terms  of  structural  and  
chemical complementation  was  explored  by  defining  binding  energy  (ΔG)  using  the  software 
Autodock.  The  Lamarkian  Genetic  Algorithm  (LGA)  was  chosen  to  search  for  the  best 
conformers9.  During  the  docking  process  a  maximum  number  of  10  conformers  were 
considered  for  each  compound.  The  Autodock  scoring  function  is  a  subset  of  AMBER force  
field  that  treats  molecules  using  the  United  Atom  Model. 
           Bio-safety of the developed new molecules was also explored.  Pharmacodynamic  and  
pharmacokinetic  behavior  of  the  developed  molecules  were  studied  over  insilico tools  like  
“OSIRIS  Property  Explorer”  and  “εolinspiration”  to  understand  the  behavior of  newly  
developed  molecules  inside  the  human  body.4  
 
 Results and Conclusion                                   

           Molecular  docking  was  applied  to  describe  and  find  out  the  binding  interactions  
in  lanosterol  synthase.  The AutoDock 4.2  force field  is  contrived  to estimate  the  binding  
free  energy  of  inhibitors  to  protein.  It includes an updated charge-based desolvation term, 
2 
advances  in  the  directionality  of  hydrogen  bonds  and  various  improved  models  of  
unbound  state. AutoDock 4.2  applies  a  semi-empirical  free  energy  force  field  and  grid  
based  docking  to  assess  conformations  during  docking  process.  Equation 1 represent  the    
estimated free  energy  of  binding ,  this  formula  automatically  was  computed  by  
AutoDock 4.2 .   
 
Equation 1   

Estimated free energy  

  For   binding,   ΔGbinding   =     GunboundGtorsernalGrermoleculaG  intint  
  In  the  above  formula  the  final  intermolecular  energy  is  calculated  with  equation 2. 
 

Equation 2 
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 Final  intermolecular   

          Energy,  ΔGintermolecular  =     GelecGdesolvGhbondGvdw   
In  addition  to  the  above  values,  other  informations  such as  inhibition  constant (Ki)  and  
the  RMSD  value  for  drug  like  molecules were  also  obtained. 
 
(Table 2.) AutoDock’s binding free energy derived from the docking studies on 
lanosterol synthase.  
Comp.     
   No 

ΔGbinding       Ki 

  (pM) 

ΔGinter ΔGSum ΔGelec ΔGinternal ΔGTors ΔGunbound RMSD 

    1 -13.76   81.42 -14.48 -11.42 -3.06 -1.48  2.20    0 72.79 
    2 -13.41 147.11 -14.09 -11.59 -2.50 -1.52  2.20    0 73.13 
    3 -13.29 180.05 -14.84 -13.30 -1.55 -1.19  2.74    0 75.82 
    4 -13.27 186.59 -13.97 -12.60 -1.37 -2.04  2.74    0 71.46 
    5 -13.21 208.49 -14.09 -12.28 -1.81 -1.31  2.20    0 74.67 
    6 -13.15 228.15 -13.96 -12.21 -1.75 -1.66  2.47    0 76.24 
    7 -13.04 274.53 -14.19 -11.80 -2.39 -1.60  2.74    0 73.75 
    8 -13.00 296.56 -14.01 -11.85 -2.16 -1.73  2.74    0  72.30 
    9 -12.92 341.28 -13.58 -11.88 -1.70 -1.53  2.20    0 75.21 
   10 -12.62 566.30 -13.86 -11.89 -1.97 -1.23  2.47    0 75.85 
ΔGbinding = Estimated Free Energy of Binding (kcal/mol)ν  Ki =  inhibition constant (pε)ν  ΔGinter  
=  Gibbs free energy of binding (kcal/mol)ν ΔGelec= electrostatic factor of binding free energy 
(kcal/mol)ν  ΔGtors = torsional energy of binding (kcal/mol) νΔGunbound = unbound System's energy 
(kcal/mol) ν     RεSD = reference root mean s uare deviation ν ΔGSum= ∑{(vander Waals or δennard–
Jones potential factor of binding free energy (ΔGvdw) + H - bonding  free energy (ΔGhbond)  + 
Desolvation  free energy  (ΔGdesolv) + electrostatic factor of binding free energy  (ΔGelec) 
}(kcal,mol). 
            Negative  values  of   binding  energies  of  binding  shows  that  all  inhibitors  binds  strongly  
to  the  crystal  structure  of  1W6J  protein.  Docking  results  also  indicate  that  the contribution of 
van der waals  interaction  which  is  greater  than  that  of  electrostatic   interactions. 
             Fifty  beta  sitosterol  derivatives  were analyzed  and  out  of  them   Compound  1   shows  
the  lowest  binding  free  energy  (-13.76 kcal/mol).  In other  words,   compound number 1  has  the  
highest  interaction  and  the  more  potential  binding  affinity  for  binding  site.  From  table 2 ,  it   
is  also  clear  that the  compound  1  has  the  lowest  inhibition  constant (Ki = 81.42 pM) .  
3 
             The  docking  results  indicate  that  all  inhibitors  bind  to  lanosterol  synthase  (PDB id: 
1W6J)  active site. The  binding  sites  were  nearly  identical  hence,  proposing  that  all  the  
inhibitors  have  similar  interactions  with  the  enzyme  and  occupied  a  common  cavity  in  the  
receptor.  In  both  of  the  active  sites  ( ASP455  and  TYR98 )  all  the  molecules  have  
comparable  docking  scores.  Figure 4  and  figure 5  show  the  best  docking  pose  of   compound  
1  with  1W6J  protein.  

(Table - 3)    Molecular properties calculated by OSIRIS Property Explorer 
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Compound C Log 
P 

Solubility Molec.Weight Drug 
likeness 

Drug 
Score 

Toxicity 

       1 1.48 -3.06 392.584  2.34 0.79 NO 
       2 1.48 -3.06 392.554  2.21 0.78 NO 
       3 3.58 -4.54 437.690  0.13 0.47 NO 
       4 2.76 -3.50 421.622  4.01 0.74 NO 
       5 2.71 -3.97 409.636 -1.44 0.43 NO 
       6 2.28 -3.28 407.595  3.3 0.77 NO 
       7 2.34 -3.63 420.638  3.85 0.74 NO 
       8 2.34 -3.63 420.638  3.73 0.74 NO 
       9 1.87 -2.98 393.568  1.81 0.76 NO  
     10 2.07 -3.04 407.595 -1.22 0.49 NO 
(Table - 4)  Bio-activity scores calculated by Molinspiration 

Compound 
    No. 

GPCR 
ligand 

Ion 
channel 
modulator 

Kinase 
Inhibitor 

Nuclear 
receptor 
ligand 

Protease 
inhibitor  

Enzyme 
inhibitor  

     1 0.47 0.42 0.24 0.49 0.73 0.58 
     2 0.40 0.22 0.17 0.49 0.59 0.56 
     3 0.32 0.18 0.07 0.50 0.52 0.42 
     4 0.39 0.28 0.00 0.58 0.28 0.56 
     5 0.28 0.15 0.07 0.52 0.51 0.44 
     6 0.34 0.26 0.11 0.47 0.38 0.44 
     7 0.50 0.43 0.22 0.47 0.72 0.56 
     8 0.43 0.24 0.16 0.47 0.59 0.54 
     9 0.32 0.26 0.11 0.50 0.39 0.45  
    10 0.32 0.22 0.12 0.44 0.40 0.48 
               
              A  positive value  of  drug  likeness  indicate  that  the  fragments   incorporated  in  
the  molecule  possess  druggable  properties.  All  molecules  were predicted  to  be  safe  
regarding  mutagenicity,  tumourogenicity,  irritant effect,  and  effect on  reproductive  
system  (Table 3).  This  is  probably  due  to  the  presence  of  dialkyl  amino  moiety in  the  
molecule.  All  molecules  showed  greater  drug  scores  indicating  the  importance  of 
structural  features  like  hydroxyl,  amino  and  methyl  groups  present  in  them.  Bioactivity 
against  different  human  body  receptors  were  calculated  by  Molinspiration  
cheminformatics.  Most  of  the  beta sitosterol  derivatives   exhibit  non  toxic effects. 
Calculated distribution  of  activity  scores  for  GPCR  ligands,  Kinase  inhibitors, Ion  
channel  modulators,  nuclear  receptor  ligands  and  protease  inhibitors  compared  with  
scores  for  about  100’000  “average  organic  molecules”.  The  scores  allows  efficient  
separation  of  active  and  inactive  molecules(Table 4).     
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4 

                                                                                                       
                                          Figure 4                                       Figure 5 

                                 Interaction between 1W6J protein and compound   1           
Conclusion 

          
   In  this  study,  we  employed  computational  approaches,  such  as  molecular  docking  to  
estimate  the  binding  free  energy  of   fifty  beta  sitosterol  derivatives  with  lanosterol  synthase. 
Our  results  clearly  show  that  non  polar  interactions  play  a  significant  role  in  determining the  
binding free  energy.  The   results  also  indicate  that  the  binding  site  is hydrophobic  in  nature  
which  is  completely  surrounded  by  the  hydrophobic residues.  The  docking  and  insilico  
ADME/Toxicity  results  will  be  useful  for  structure  based  drug  design  and  the  development  of  
the  pharmaceutical  agents  for  the  treatment  of  hypercholesterolemia. 
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Abstract 
 This paper mainly investigates the effect of traditionally used local fibers as reinforcement in 
Polypropylene (PP) composites through a novel technique called commingling. Coir, sisal and banana 
fibers belong to traditional fibers and were used as reinforcement in PP matrix composites. Thermal 
and tensile properties of polypropylene/ coir- sisal composite with polypropylene/ banana fibre 
composite were studied. we designed a winding machine for commingling and the technique was 
used for the fabrication of the composites.Chemical treatments with potassium permanganate 
(kMno4), maleic anhydride grafted polypropylene (MaPP), toluene diisocyanate (TdI) and vinyl 
trimethoxysilane were done to improve the compatibility between the natural fibres and polymer 
matrix. Chemical treatments on PP/ coir- sisal composite shows a better impact on the thermal 
properties, whereas chemical treatments had only a little influence on the thermal properties of the 
PP/ banana composite. among the various chemical treatments MaPP treatment has been proved to be 
an effective surface treatment in both the composites. In both cases, the thermal stability of the 
composites was found to be in between that of PP and the respective reinforcement fibres. Chemically 
treated samples especially MaPP treated samples showed better thermal stability than the other treated 
ones. Tensile properties of both the composite samples were studied. The results reveal that chemical 
treatments had a much greater influence on the tensile properties of PP/ banana composite when 
compared with PP/ coir- sisal composite. The surface morphology and fibre/matrix interface were 
characterized by SEM and fT-IR spectra. SEM images and peak in fT-IR spectra are used to 
differentiate the fractured surface of untreated and treated samples and to identify the changes of the 
functional group after chemical treatments. 
 

Introduction 
Many researches have been taking place in the field of natural fibre reinforced composites. 

Natural fibres own many advantages including low cost, biodegradability, non- abrasiveness, easy 
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availability, high specific strength and stiffness, generation of rural/agricultural economy etc. But 
their inherent incompatibility with polymer matrix made them disadvantageous. This incompatibility 
can be overcome by the application of various surface treatments [Hong CK et al. (2008) & Ochi S 
(2008)]. 

Traditional fibres such as coir and banana can be used as reinforcement in polypropylene 
matrix composites. Coir and banana fibres are easily available in our locality. Coir is very strong as it 
contains crystalline alpha cellulose and lignin in appreciable level. Also it provides greater 
employment opportunities for rural people. Coir fibre can be blended with other natural or synthetic 
fibres to improve functional properties of the yarn as well as fabric. Central coir research institute has 
developed a blend of coir and sisal fibres which can be used as the reinforcement in polymer matrix 
composites [Ravi PK (2007)]. 

Banana fibres can also be used in composite as reinforcement. The conventional way of 
banana fibre extraction is through a cumbersome manual process, wherein the pseudo stem sheaths 
are scarped and the fibre is separated by using a metal scraper. This is a tedious process and an 
alternate route is by mechanical process that may lead to heavy damage to the fibres. CSIR – NIIST 
has developed a new technology for banana fibre extraction which is through an anaerobic process. 
The brilliant white coloured fibres can be used as reinforcement in PP matrix composites.  

Composite fabrication can be done in many ways. The conventional methods such as 
injection moulding, internal mixer etc which causes damage to natural fibres and the consequent 
reduction of properties can be avoided by adopting an entirely new fabrication technique called 
‘commingling’. In this method the matrix fibre and the reinforcement fibre are intermingled together 
at the filament level. The commingled composites were then compression moulded during which the 
low melting polymer matrix will melt and fills the space between the matrix and the reinforcement. 
This method is more advantageous than the other conventional methods, as it does not involve high 
shear forces and it requires fewer quantities of reagents during the processing stages. Also it resulted 
in a uniform distribution of the matrix and reinforcement, i.e. they can be blended intimately. The 
cost effectiveness of the technique also makes it advantageous [George G et al. (2013)]. 

 This presentation covers the effect of traditional fibers such as coir and banana fibers as 
reinforcement in PP matrix composites. The thermal and tensile properties of polypropylene/ coir- 
sisal yarn and polypropylene/ banana fibre commingled composites were made. 

 
Materials and Methods 

Materials 
 Polypropylene supplied by Superfil products Ltd., Chennai, India was used as the matrix. The   
supplied PP was in a monofilament form and is having a diameter of 0.5 m, denier value of 1609 and 
25% elongation. Coir – sisal yarn supplied by Coir research institute, Alleppey, India. Banana fibre 
was supplied by NIIST Trivandrum were used as the reinforcement fibres. The other chemicals used 
were of analytical grade. 
 
Extraction of Banana Fibre 

Banana fibre can be used as an efficient reinforcement in PP matrix composite. An entirely 
new extraction technique has developed by CSIR- NIIST and it involves an anaerobic process. 
Banana pseudo stems and empty bunches are soaked in a tank and for four to six days and the soaked 
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liquor is circulated through an attached anaerobic reactor. The fibres are separated by enzymes 
produced in- situ through microbial action in an anaerobic reactor. 

 
 Fabrication of Composites 

Commingled composite fabrication can be done by using a specially designed winding 
machine. A metal plate onto which the polypropylene and coir-sisal blended yarn was wound in a 
particular pattern and the plate was then compression moulded. 

 
Fibre Surface Treatments 

 Various surface treatments with maleic anhydride grafted PP, KMnO4 and VTMO have been 
done in order to improve the compatibility between the polymer matrix and the natural fibre 
reinforcement. 
 
Thermogravimetric and Tensile Studies 

  The thermal stability of the commingled composite was studied using TGA. Both treated and 
untreated samples were analysed. The instrument used here is Perkin Elmer (STA 6000) TG 
Analyzer.  The tensile test was done using universal testing machine. The selected cross head 
speed is 2mm/ min. Rectangular specimens having 10 cm length and 1.5 cm width is used for the 
analysis. 
 
Result and Discussion 

  On comparing the thermal properties of PP/ coir - sisal composite and PP/banana fibre 
composite, we can say that in both cases the thermal stability of the composite was in between that of 
PP and natural fibre. Fig.1 (a) & 1 (b) shows the TGA plot of PP/ coir- sisal composite and PP/ 
banana fibre composite respectively. Fig. 1 (a) clearly shows that the thermal stability of neat PP is 
higher than that of coir-sisal blended yarn. Chemically treated composites shows a thermal stability in 
between that of PP and coir-sisal blended yarn. Among them MAPP treated composites has much 
higher thermal stability than other treated ones. 
 

The single stage decomposition of PP shown in the figure is due to the breaking of saturated 
and unsaturated carbon bonds present in it. All the composite and coir-sisal blended yarn shows a 
three stage decomposition. Natural fibres mainly contains cellulose as it major constituent. The 
thermal stability of cellulose is due to hydrogen bonding, which can distribute the thermal energy 
over many bonds. At a temperature range of 75-1750C, dehydration as well as degradation of lignin 
occurs. In the second stage i.e.; at 3250C, a gradual degradation occurs and may due to 
depolymerisation of hemicelluloses and cleavage of glycosidic linkages of cellulose. In the third stage 
i.e.; 3600C and above, rapid volatilization happens and products formed are levoglucosan and a char 
[Jose TL et al. (2010)]. 

 
 TGA curve shows two stage decomposition for banana fibre. The weight loss below 1000C is 
due to the evaporation of moisture. Further degradation of the fibre appears to be a single step 
process. A temperature around 252 0C, a major weight loss happens which is due to the degradation of 
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hemicelluloses and the cleavage of glycosidic linkage of cellulose. Beyond this, all the volatile 
materials are driven off from the sample resulting in the residual char [Qiu W et al. (2008)]. 

 
Fig. 1 TGA curves of PP/banana fiber and PP/coir-sisal yarn composites 

 
Both the thermo grams clearly shows that MAPP treated composite is much stable than the other 
treated composites. MAPP has the ability to reacts with both the PP and natural fibre surface that 
makes the PP segment of MAPP to form compatible blends with the bulk PP in composite through 
co- crystallisation process during the treatment with commingled PP and natural fibres. These 
compatible blends react with natural fibre and forms covalent bonds across the interface between the 
natural fibre and PP surface thereby increasing the interfacial adhesion between them, which in turn 
increases the thermal stability of the composite. 

On studying the tensile properties it was found that all the chemically treated composite shows 
improved tensile properties than the untreated ones. In PP/ banana fibre composite the tensile strength 
and tensile modulus of MAPP treated composite increases to a considerable extent, but only marginal 
increase was observed in the case of PP/ coir- sisal composite. Fig.2 (a) shows the variation of tensile 
properties by various chemical treatments on pp/coir-sisal composites. It is clear from the graph that 
chemically treated composite exhibit improved tensile properties than the untreated done. 

The tensile strength and modulus of untreated composite was found to be 27.2 and 1249 MPa 
respectively, whereas chemically treated composite shows much greater value. The tensile strength 
and modulus of MAPP treated composite was found to be 29.24 and 1330MPa respectively. 

 
Fig. 2 Tensile properties of PP/banana fiber and PP/coir-sisal yarn composites 

 
Fig.2 (b) shows the variation of tensile properties by various chemical treatments on 

pp/banana fibre composites. The tensile strength and modulus of untreated composite was found to be 
32.8 MPa and 1864 MPa respectively, whereas chemically treated composite shows a much greater 
value. The tensile strength and modulus of MAPP treated composite was found to be 38.6 MPa and 
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1726 MPa respectively. As a result of MAPP treatment, a reduction in the hydrophilicity of banana 
fibre occurs and consequently improves the incompatibility between polymer matrix and 
reinforcement thereby increases the tensile properties to a greater extent. 

 
 Conclusion 

The effect of fiber content and various surface treatments on the thermal and crystallization 
behaviour of natural fiber based polypropylene composites was investigate by many researchers. In 
most cases, it was reported that the thermal stability of chemically treated composite was higher than 
that of untreated ones. From the TGA plots we obtained it can be concluded that both the composite 
follows a similar trend in their thermal properties. In both cases, MAPP treatment was found to be a 
better one among the various treatments. On studying the tensile properties it was found that all the 
chemically treated composite shows improved tensile properties than the untreated ones. In PP/ 
banana fibre composite the tensile strength and tensile modulus of MAPP treated composite increases 
to a considerable extent, but only marginal increase was observed in the case of PP/ coir- sisal 
composite. 
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Abstract 

 The examination of the mechanical and transport properties of macromolecular system is a 
potential area of research. The wide range of properties of millable polyurethane (MPU) and natural 
rubber (nR) have made them preferred candidates for the development of many appliances in 
industrial and automotive fields. In the present work, blends of millable polyurethane (MPU) with 
natural rubber (nR) have been developed using accelerated sulphur vulcanisation strategy. The cure 
characteristics and the processabilityof MPU/nR blend systems have been studied from the torque– 
time profiles. The morphology analysis has been done by using scanning electron 
microscopy(SEM).The mechanical features of polyurethane have been found to be favorably 
modified upon blending with nR, with a better morphology. Transport properties of kerosene through 
the blends of millable polyurethane (MPU) and natural rubber (nR) have been investigated to 
understand the transport phenomena. 
 
1. Introduction 

 Two or more existing polymers may be blended together to achieve a material that has a 
combination of the properties of the constituents. The practice  also helps to save costs and  time  for 
the creation of polymeric materials with new properties. The improved properties of polymer blends 
than its individual components have made it a material of great use in the field of aerospace, 
transportation, packaging, and food industries.Membrane separation is one of the most important 
separation strategies due to lower energy consumption, higher performance insurance and less space 
and initial cost requirements. Polymers in different applications are exposed to a variety of chemical 
environments during their lifetime. The presence of solvents in polymers or blends cause a reduction 
in the properties of polymer[Chen et.al(2001) , Di Y et.al(2006)].  Solvent sorption and diffusion 
change the mechanical properties and sometimes cause destruction in polymer structure, are the 
limiting factors of polymer in application purposes [Krzysztof and Ian (2000)]. 

 Polyurethanes(PU) are an important and versatile class of man-made polymers used in a wide 
variety of products in the medical, automotive and industrial fields. PU is  derived from the 
condensation of polyisocyanates and polyalcohols. A variety of polyurethanes are available in the 
market with their unique features. Millable polyurethane(MPU) is an interesting variety which has a 
lot of technological advantages. It can be vulcanized via sulfur, peroxide or blocked isocyanates.  
Natural Rubber (NR) is a macromolecular system having excellent abrasion resistance, high 
resilience and good resistance to fatigue[Di.Y et.al(2006)]. 

 A number of research reports are available in the literature  on the preparation of blends of 
polyurethane with various types of polymers including polypropylene, polystyrene ,  
polyimide[Puyvelde et.al(2001)], poly(vinyl chloride)[Palanivelu et.al(2002)] ,poly(butalylene 
terephthalate) [Radhakrishnan et.al (2008)], polyolefins [Minnath et.al (2011)] etc. The main aim of 
blending of polyurethane with other polymers is to reduce cost and to improve thermal stability. The 
aim of the present work is to investigate the cure, mechanical,  morphological and transport features 
of the blends of MPU and NR developed through  accelerated sulphur formulation. 
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2 Materials and Method 

2.1 Materials 

 Indian Standard Natural Rubber (ISNR-5) was supplied by Rubber Research Institute of  
India, Kottayam, India. Millable polyurethane   was supplied by West Coast Polychem, Mumbai 
India.  The additives such as sulphur, zinc oxide, stearic acid and mercapto benzothiazol (MBT) used 
were of commercial grade. 
 
2.2 Preparation of Blends 

 The blending was done on a two-roll mixing mill (150× 300 mm2) at a nip gap of 1.3 mm and 
at a friction ratio of 1:1.4. The nip gap, mill speed ratio of mixing were maintained  constant, for all 
compositions. The temperature of the rollers was maintained constant by circulating water through 
the rolls. 
 
2.3 Cure characteristics 

 The cure characteristics of the blends were studied by a Monsanto moving disc rheometer. 
The compounded blends were then compression moulded using a hydraulic press at 150 °C and under 
a pressure of 6.7 MPa for the optimum cure. 

 
2.4 Mechanical properties 

 Tensile strength was examined on a Universal Testing Machine(Tinius Olsen, Model H10K-S 
UTM). Tensile properties of the blends were examined according to ASTM D-412. Hardness was 
examined using shore A durometer. 

2.5 Morphology 

 The morphological analysis of the  blend samples was done using scanning electron 
microscopy (SEM). The samples were sputter coated with gold and the photographs were taken using 
a field emission scanning electron microscope (FESEM) (Variable pressure Hitachi SU6600 
FESEM). 
 
2.6. Solvent sorption experiments 

 Circular samples of diameter 1.94 cm were punched out from  vulcanized TPU/NR blend 
sheets using a sharp steel die, and were used in sorption experiments that monitored liquid sorption 
gravimetrically. The original weight and thickness of the samples were measured before sorption 
experiments. They were then immersed in penetrants (15-30 L).Periodically, the samples were 
removed from the bottles and damp dried between filter papers to remove excess solvent on their 
surface. They were then weighed immediately using an electronic balance (Sartorius, BSA224S-CW) 
that measured reproducibly within ±0.0001 g. The samples were immediately placed back into the 
test bottles. The process was continued until equilibrium swelling was achieved. To avoid the possible 
error due to the removal of samples from the solvents, the weighing was carried out within 40s. 
 
3. Results and Discussion 

3.1 Cure characteristics 
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 The cure characteristics and thus the processability of   MPU/NR blend systems have been 
studied from torque–time graphs. Figure 1 shows the typical  torque–time graphs of the  systems 
under investigation. An optimised composition MPU(60)/NR(40) has been used as the representative 
of the different MPU/NR blends.   
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Figure 1: Rheograph of MPU/NR blend systems. 
 
Typical optimum cure time t90, induction time, maximum and minimum torque value of NR-PU 
blends are given in Table 1. 

Table 1: Cure characteristics of  MPU/NR blend systems. 

Sl 
No: 

Sample 
Name 

Optimum 
Cure 
time(tc90) 
 

Induction 
time(t02) 
 

Cure 
rate 
Index 
 

1 MPU(100)/
NR(0) 

32.54 14.18 5.45 
 

2 MPU(60)/ 
NR(40) 

11.93 4.72 13.87 
 

3 MPU(0)/  
NR(100) 

4.81 2.66 46.51 
 

The  cure rate index (CRI) was  calculated using the equation: 

                 where t90  is the optimum cure time, i.e., the vulcanization time to get optimum physical 
properties and it is the time corresponding to optimum cure torque ; t02 is the rheometric scorch time 
or the premature vulcanization time, i.e., the time taken for minimum torque value to increase by two 
units. The higher the CRI values the higher the vulcanization rate. 

 
3.2 Mechanical Properties 

 The typical force-elongation plot of natural rubber-polyurethane system is given in Figure 
2.Tensile strength and hardness of the MPU/NR  blends are given in Table 2. 
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Figure 2: Force-elongation plot of  MPU/NR blend system systems. 

 

Table 2: Mechanical Properties of MPU/NR system 

Sl 
No. 

Sample 
Name 

Max 
Force 
(N) 

Elongati
on (mm) 
 

Hardness 
(shore A) 

1 MPU(100)/
NR(0) 

30 239 42 
 

2 MPU(60)/ 
NR(40) 

41.7 324 21.66 
 

3 MPU(0)/  
NR(100) 

50 255 41.23 
 

 
The variation in the  mechanical properties depends on various factors like curing temperature, phase 
morphology and blend composition. Besides, the mechanical properties of the polyurethane blends 
would be decided by the structures and phase structures of PUs. Natural rubber is having a more 
coiled structure and polyurethane possesses hard segments of cyanate group. It is found that the hard 
segment of PU influences the elongation and the load bearing capacity of the blend. 
 
 3.3 Morphology 
 The morphology of the samples was analysed by scanning electron microscope. SEM 
experiments usually allow a clear observation of the phase morphology in blends and also provide 
information about the interfacial adhesion. Figure 3  shows the SEM images of   MPU/NR blend 
systems. 
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Figure 3 : SEM images of MPU/NR blend system (a) MPU alone (b) NR alone (c) 

MPU(60)/NR(40)The SEM image of MPU/NR blend systems shows the dispersed blocks of  
macromolecular aggregates which is complementry to the observation with rheometry and 

mechanical properties evaluation. 
 

3.4 Transport properties 
 The sorption behaviour of MPU/NR blend membranes in kerosene is given in Figure (4). 
Sorption coefficient and intrinsic diffusion coefficient have been calculated and given in table (3).  
The equilibrium solvent uptake of the MPU/NR blend is found to be intermediate between the pure 
polymers. 
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Figure 4 : Sorption curves of MPU/NR blend system (a) MPU alone (b) MPU(60)/NR(40) 
 
(c) NR alone 
The kinetics parameters like sorption coefficient and intrinsic coefficient were calculated using the 
following formula.  The sorption coefficient, that is related to the equilibrium sorption of the 
penetrant is calculated using Eq.(2)                                                                                                   
where W∞ is the mass of the solvent at equilibrium swelling and Wp is the mass of the polymer 
sample. The diffusion coefficient D can be calculated  using Eq. (3) 
                                      D = π ( hθ/4Qα)2                                         (3) 
where h is the sample thickness, θ  is the slope of the linear portion of the sorption curves before 
attaining 50% of equilibrium, and Q∞ is the mol% sorption at equilibrium. 

Srl 
No
: 

Sample Name Sorption 
Coefficient 

Diffusion 
Coefficient (x 
10-6 cm2/sec) 
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1 P 100/N0 0.34 
 

8.83 
 

2 P60/N40 1.10 9.56 
 

3 P0/N100 2.24 19.58 
 

Table 3: Values of sorption coefficient (S), and  diffusion coefficient (D) . 
 
The values of S, and D*  of  MPU(60)/NR(40) blend composition were found to be intermediate 
between the pure polymers. Blending of millable polyurethane with NR introduces rigid regions in 
the NR matrix, which reduces the solvent sensitivity of NR. The degree of swelling of  MPU/NR 
blend system  is shown in Fig. 5. The  swelling behavior is in the order 
MPU(0)/NR(100)>MPU(60)/NR(40)>MPU(100)/NR(0). 
 
4. Conclusion 

 Polyurethane- natural rubber system have been prepared using accelerated sulphur 
vulcanisation strategy. The rheology, morphology and mechanical properties of polyurethane and 
natural rubber blend were analysed. The transport characteristics of MPU/NR blend system  have 
been studied. The solvent transport of MPU(60)/NR(40) blend composition has been found to be 
intermediate between the pure polymers. The MPU/NR blends are currently being examined for their 
potential automobile and biomedical applications. 
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Abstract 

 Polymeric hydrogels with cross–linked three dimensional network structure have drawn 
considerable attention as adsorbents for heavy metal ion removal from polluted water as it is a 
problem of worldwide concern since the last few years. Heavy metals accumulate in organisms are 
significantly toxic to human beings, some even in relatively low concentrations.Hydrogels possess 
lots of functional groups and unique network structure, so it could adsorb and trap metal ions or ionic 
dyes from polluted water more efficiently. They have acquired great interest due to the facility of the 
incorporation of different chelating groups in to the polymeric networks. Such polymeric hydrogels 
are promising materials in the field of water purification and drug delivery due to their chemical 
stability, especially hydrolytic and thermal stability. we report the synthesis of a series of novel 
polyacrylamide – polymaleicacid copolymer hydrogels , by copolymerization of acrylamide and 
maleic acid in aqueous medium using methylene bis acrylamide as cross linker and potassium per 
sulphate as initiator, for adsorption of fe(III) ions from aqueous solution. The water uptake capacities 
of the hydrogels at different pH values, effect of contact time and the initial metal ion concentration 
on adsorption were studied. The highest water uptake capacity was noted for the sample with maleic 
acid composition as 4mol%, at the optimum pH range of 7 to 9. Increasing crosslinker content in the 
hydrogel showed decreased water uptake capacity. The adsoption equilibrium was found to attain 
within 90 minutes with effective removal of more than 90% of the initial metal ion content (96% ) 
within the initial 100minutes . 
 
1.Introduction 
          Pollution of water bodies due to indiscriminate disposal of heavy metal containing wastes has 
been causing worldwide concern since the last few years. Heavy metals accumulate in organisms and 
are significantly toxic to human beings, some even in relatively low concentrations (Magyar J.S. et al, 
2005). For example, lead which has been used by man for years is a longstanding environmental 
pollutant. Lead poisoning causes damage to liver, kidney, reduction in haemoglobin formation, 
mental retardation, infertility and abnormalities in pregnant women. Long term intake of cadmium 
lead to its build up in kidneys, damage to lungs, bones become easily fragile, high blood pressure and 
low levels of haemoglobin in blood. High concentration of iron and manganese in drinking water 
causes bad taste, staining of water, discolouration of clothes and precipitation that can clog water 
distribution valve (Hegazy E. A. et al, 1999). There are several techniques for removal of heavy metal 
ions from polluted water. The most commonly used adsorbent is activated carbon with large surface 
area and high thermal stability, but the high cost and low adsorption efficiency limits its large scale 
use for the purpose.(Giraldo-Gutierrez L. et al, 2008). Recently polymeric           hydrogels with cross 
– linked three dimensional network structure have drawn considerable attention as adsorbents for 
heavy metal ion removal from polluted water (Li X.G. et al, 2009). Compared with other adsorbents 
hydrogels possess lots of functional groups and unique network structure, so it could adsorb and trap 
metal ions or ionic dyes from polluted water more efficiently (Zheng Y. et al, 2009). Their  chemical 
stability, especially hydrolytic and thermal stability along with the facility of the incorporation of 
different chelating groups in to the polymeric networks, makes it attractive as a  promising candidate 
for water purification and for other applications.  (Yamasaki A. et al, 2001.  Hoffman A.S., 2002).                                           
We report the synthesis of poly(acrylamide -co- maleic acid) hydrogels  by copolymerisation of 
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acrylamide (AAm) and maleic acid(MA) in aqueous medium using methylene bisacrylamide(MB) as 
crosslinker and potassium persulphate(KPS) as initiator. 
   The water uptake capacity (percentage of swelling), the effect of pH and contact time on water 
adsorption ,its  binding ability towards Fe (III) ions were  investigated in detail.       
                  
2.Materials and Methods 

2.1 Materials 

 Acrylamide(AAm), maleic acid(εA),    N,N’- methylenebisacrylamide(MB)  and anhydrous 
ferric chloride were purchased from SRL Pvt. Ltd., Mumbai and ammonium persulphate(APS) was 
purchased from Merck, Mumbai. 
 
2.2 Synthesis of hydrogels 

 The poly(acrylamide -co- maleic acid) hydrogels were synthsised by copolymerisation of 
mixtures of acrylamide and maleic acid of different molar ratio in aqueous medium using methylene 
bisacrylamide as crosslinker and potassium persulphate as initiator. 
The resulting transparent hydrogels were cut in to small cylindrical pieces, washed with excess 
distilled water to remove unreacted  materials , and then dried in a dust free chamber at 400C till they 
attained constant weight 
. 
2.3 Swelling studies 

 Completely dried pre-weighed hydrogel samples were placed in 400ml distilled water at room 
temperature. The swollen gels were taken out at regular time intervals, wiped superficially with filter 
paper to remove the suface water, weighed out and then put in the same bath. The mass measurements 
were continued until constant weight was attained for each sample. The percentage mass of swelling 
was determined using the following expression.Where  m0 and mt  are masses of the dry and swollen 
hydrogels respectively. 
 
2.4 Adsorption Equilibrium Experiments 

 The effect of contact time, rate, initial concentration and pH dependence of metal ion 
adsorption was studied in detail. The cylindrical pieces of transparent hydrogel were fully neutralised 
to ionic form by adding an excess of 1M sodium hydroxide solution. After 24hours the gels were 
transferred to distilled water, then replaced the water daily for one week and finally dried in a 
desiccator till constant weight. Batch mode adsorption equilibrium studies were carried out by 
agitating 50ml of Fe (III) ion solution of desired concentration with 30mg of the hydrogel. At the end 
of predetermined time intervals, the adsorbent was separated by filtration and the filtrate was 
analysed for the remaining Fe(III) ion concentration colorimetrically at 490nm using a Systronics 
photoelectric colorimeter. 
 
3. Results and Conclusion 

3.1. Effect of MA content in the hydrogel on its swelling behaviour 

 The swelling behaviour of hydrogels depends on the composition of the feed solution. The 
effect of maleic acid content on the swelling behaviour of the prepared AAm/MA copolymer hydrogel 
was studied and the results are presented in Fig. 1.  It can be seen that the swelling behaviour is 
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greatly influenced by its composition. Initially the swelling degree increases and then decreases as the 
MA content in the copolymer gel increases. As the maleic acid content increases the number of 
carboxylic groups associated through intermolecular hydrogen bonds increases and so the degree of 
swelling decreases.         

 

 

        
3.2. Effect of pH of the surrounding medium 

 The swelling behaviour of hydrogels depends on the nature of the functional groups present. 
For a given hydrogel, the percentage of swelling usually depends on the pH and ionic strength of the 
solution. pH of the solution can influence  the protonation and hydrolysis of the functional groups on 
the hydrogel. The effect of pH on the swelling behaviour of the hydrogel at 150 minutes and 24hours 
are shown in fig.2 and fig.3 respectively.          

 

 
 
 
 The swelling mostly occurred from pH 4 to 8. Below pH 4 the change in swelling with pH 
was less because the carboxylic acid groups on adjacent polymer chains are associated  through 
hydrogen bonds. As the pH increases the carboxylic groups on the polymer backbone are gradually 
converted to the salt (carboxylate anion) form and the hydrogen bonds are broken. Consequently the 
degree swelling increases. Above pH 8 the amide NH2 groups are free and they form hydrogen bonds 
with carboxylate groups on adjacent polymer chains. Therefore water uptake and degree of swelling 
decreases. 
 
3.3. Effect of cross-linker content on degree of swelling 
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 The swelling behaviour of hydrogels depends on the amount of cross-linker in the feed 
solution. The effect of cross-linker content on the swelling behaviour of the prepared AAm/MA 
copolymer hydrogel was studied and the results are presented in Fig.4. It can be seen clearly that as 
the crosslinker content increases the degree of swelling (water uptake) decreases sharply. The highest 
degree of swelling observed corresponds to across linker content of 0.1mol% in the hydrogel. 
 
3.4. Metal binding properties of the hydrogel 

 Metal binding properties of the hydrogel were investigated for adsorption of Fe (III) ions in a 
non- competitive manner. The effect of contact time on Fe (III) ion uptake is given in fig. 5.                                        
As can be seen from fig.5, the amount of Fe(III) ions adsorbed rapidly increased with time at the 
beginning because adsorption sites were free and Fe(III) ions easily interacted with these sites. More 
than 80% of the adsorption occurred within 1 hour. The metal ion uptake almost remained constant 
after 90 minutes and with prolonged time the adsorption capacity hardly increased. So 90 minutes 
could be considered as the equilibrium time for the adsorption. 

 

 
3.5. Effect of initial concentration on efficiency of metal ion removal 
Initial concentration plays an important role in determining the amount of metal ion adsorbed by an 
adsorbent and thus the effect of initial concentration on adsorption was investigated, as given in fig.6. 
The figure shows that on increasing the initial concentration the amount of metal ion uptake also 
increases to reach a maximum at a certain concentration, and then it  increases  slowly  which 
indicated that there were only few empty adsorption sites remaining on the hydrogel and suggests that 
the adsorption almost reached equilibrium. 
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   Fig.7 shows the efficiency of the prepared hydrogel to remove metal ions from aqueous solution. 
The graph shows that the efficiency of the hydrogel is dependent on the initial concentration of the 
metal ion. The efficiency of the copolymer decreases on increasing the initial concentration of the 
metal ion solution.  The efficiency of the prepared AAm/AA copolymer hydrogel was found highest 
when the initial feed solution concentration was about 100mg/l. 
 
  3.6. Conclusions 
 A series of novel polyacrylamide-polymaleic acid copolymer hydrogels were prepared. The 
water uptake capacities of the hydrogels at different pH values were studied. The gel was used for the 
adsorption of Fe(III) ions from aqueous solution. The results showed that the water uptake capacity 
was highest when the maleic acid content in the copolymer was 4mol%. Increasing cross-linker 
content in the hydrogel decreased water uptake capacity. The optimum pH range for maximum water 
uptake was 7 to 9. The prepared hydrogels were found to be very efficient for the removal of Fe(III) 
ions from water. The removal efficiency was highest (96% removal) when the feed solution 
concentration was 100 mg of Fe(III) per litre. 
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Abstract 

 A highly crosslinked enzyme mimic molecular imprinted polymer was synthesised using 
transition state analogue (TSa) of phenyl 1-benzyloxycarbonyl amino-3-methoxybenzyl phosphonate 
as the template and imidazole as the catalytic centre with the use of n-methacryloyl L-histidine as the 
functional monomer. The catalytic activities of TSa imprinted polymer and non-imprinted polymer 
towards the hydrolysis of p-nitrophenyl esters of Z-L-phenylalanine were investigated. Substrate 
hydrolysis was measured under pseudo first order conditions and compared with those of non-
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imprinted and uncatalysed reactions. The catalytic activity of the TSa imprinted polymer is found to 
be substrate stereospecific, solvent, concentration and pH dependent. The second order rate constant ( 
) was evaluated. 
 
keywords: molecular imprinted polymers, transition state analogue, hydrolysis 
 
1. Introduction 

 
Molecular imprinting is a technology providing a new methodology to synthesise materials 
containing artificial receptors that can be employed in a variety of applications, such as separation, 
sensors or catalysis(1-3). MIPs are synthesized in the presence of specially introduced target template 
molecules, which are intended for imprinting(3). An important prerequisite for the preparation of 
these polymers is the formation of a stable prepolymerization complex between the monomer and 
template molecule. During the formation of the prepolymerization complex, the molecules of a 
functional monomer are arranged and fixed around the template molecule in the course of the entire 
process of polymerization, whereas polymerization in the presence of a high amount of a crosslinking 
agent gives a strongly crosslinked polymer with a rigid structure. Because of the super crosslinked 
nature, molecular imprinted polymers are stable to physical and chemical treatment, including 
heating, organic solvents, acids and bases(4). 

The high catalytic activity and specificity of the natural enzymes are the result of a complex three-
dimensional arrangement of the functional groups responsible for catalysis(5). However, the practical 
application of these biocatalysts faces many difficulties due to their instability against high 
temperature, organic solvents and drastic pH conditions. The technique of molecular imprinting can 
applied for much more stable polymeric mimic of biological enzymes(6). To prepare enzyme like 
polymers by molecular imprinting a stable TSA of a reaction must be selected as template(7). The 
imprint of TSA acts as an active center and shows catalytic effect by reducing the activation energy of 
the specific reaction. In the present study transition state analogue (TSA) imprinted (MIP) and non 
imprinted polymers (NIP) of DVB-crosslinked N-methacryloyl L-histidine were prepared and its 
catalytic activity was investigated towards the hydrolysis of   p-nitrophenyl esters of Z-L-
phenylalanine. 

 
2. Materials and Methods 

Methacrylic acid (MAA), 4-vinyl pyridine (4-VP), divinyl benzene (DVB), benzyl carbamate, 
dicyclohexyl carbodiimide (DCC) and ,’-azoisobutyronitrile (AIBN) were from Sigma-Aldrich, 
USA. Triphenyl phosphite, p-methoxy benzaldehyde, and thionyl chloride were purchased from 
Merck, India. Hydroquinone, L-histidine monohydrochloride, and Z-L (D)-phenylalanine and p-
nitrophenol were from SRL, Mumbai. All solvents were of reagent grade and purified. 

Infrared spectra were recorded on a Shimadzu FTIR-8400S spectrophotometer. Kinetic 
determinations were performed using a Shimadzu UV-2450 spectrophotometer equipped with a 
thermostated cell. 1H NMR Spectra of the samples were taken using Bruker Avance DPX-300MHz 
FT-NMR spectrometer in CDCl3. SEM analyses were performed on JEOL JSM 6390 SEM analyzer. 
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2.3 Synthesis of Transition State Analogue (phenyl 1-benzyloxycarbonyl amino-3-

methoxybenzyl phosphonate) 
The transition state analogue was synthesised with condensation of p-methoxy benzaldehyde, 

benzylcarbamate, and triphenyl phoshite catalyzed by acetic acid giving diphenyl phosphonate ester, 
which was monohydrolyzed by the base to the monoester. IR: 1300 cm-1 (P═O stretching), λ45 cm-1 
(P─OH stretching), 1250 cm-1 (P─O─benzyl stretching). 1H NMR (CDCl3)  ppm: 1.73(s, 2H, CH2), 
3.77 (s, 3H, OCH3), 6.5-7.5(m, 14H, aromatic CH), 5.05(d, 2H, CH2), 6.13(d, 1H, NH), 6.09(m,1H, 
CH). 

 
2.4 Preparation of Z-L-Phenylalanine and Z-D-Phenylalanine p-Nitrophenyl Ester 

Z- L-phenylalanine  p-nitrophenyl esters were synthesised by DCC coupling. The ester melts 
at 126-127oC. IR: 1520cm-1 (NO stretching), 3355cm-1 (NH stretching), 1697cm-1 (ester carbonyl). 

 
2.5 Preparation of N-Methacryloyl Histidine 

N-Methacryloyl histidine was prepared from methacryloyl chloride, L-histidine 
monohydrochloride, and NaOH following the reported procedure [8].  FTIR: 1612 cm-1 (methacryl 
double bond), 1651 cm-1 (amide carbonyl), 1705 cm-1(acid carbonyl). 1H NMR (CDCl3)  ppm: 1.82 
(s, 3H, CH3), 5.33(s, 2H, CH2), 7.36(d, 1H, NH), 3.02(m, 1H, CH), 7.36(s, 1H, imdazole NH), 7.59(s, 
1H, aromatic CH). 

 
2.6 Synthesis of TSA Imprinted Polymer 

The TSA imprinted polymer was prepared by bulk polymerisation method using N-
methacryloyl L-histidine and 4-vinyl pyridine as the functional monomers and TSA (phenyl 1-
benzyloxy carbonyl amino-4-methoxy benzyl phosphonate) as template. The polymerization was 
carried out in DMSO at 80oC using AIBN as the initiator.  The polymer formed was collected by 
filtration, washed with acetone, Soxhlet extracted with chloroform and dried. The non-imprinted 
polymers were synthesised in the same molar ratios of monomer and EGDMA. The amino capacity of 
imprinted polymer was estimated by ninhydrin [8]. FTIR cm-1: 3417 (NH), 1728cm-1 (carbonyl) ,  
3020 cm-1 ( aromatic C-H) 709 cm-1 (C-H bending). 

 
2.6 Catalytic Hydrolysis of Esters by TSA Imprinted and Non-imprinted Polymers 

 Catalytic activities of imprinted and non-imprinted polymers towards the hydrolysis of the p-
nitrophenyl esters of Z-L phenylalanine were investigated with ACN-Tris HCl buffer mixture (1:9 by 
volume) at room temperature and the reaction was followed by monitoring the absorbance of released 
p-nitrophenolate anion spectrophotometrically at 400nm. A blank reaction without any polymer was 
also carried out. The conditions of catalytic hydrolysis were optimised. 
 
3. Results and Discussion  
 The morphology of the imprinted and non-imprinted polymers was assessed by SEM analysis 
(figure1). SEM photographs clearly show the morphological difference between the imprinted and 
non imprinted polymer specifically. In the SEM picture of imprinted polymer it can be seen there are 
lot of cavities formed by the removal of TSA molecule. But the surface of non-imprinted polymer is 
seems to be plane surface without cavities. 
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Figure1: SEM analysis of (a) TSA imprinted and (b) Non imprinted polymers 
 
 

3.2 Catalytic Activity of Imprinted and non-imprinted Polymers 
Scheme 1: Catalytic hydrolysis by TSA imprinted polymer 
 

 
Figure 2: variation of catalytic activity with time by TSA imprinted polymer (MIP), non-

imprinted polymer (NIP) and uncatalysed reaction 

 
The catalytic activity of molecular imprinted polymer was found to be very much higher compared to 
that of uncatalysed reaction. The catalytic activity is enhanced by the presence of imidazole group in 
the polymer matrix and both the imprinted and nonimprinted polymer contains the imidazole moiety. 
The rate of hydrolysis catalysed by TSA imprinted polymer is higher than that of the non-imprinted 
polymer. During imprinting procedure the phospshonate function provides a site complimentary to 
transition state of ester hydrolysis and H-bonding between imidazole group and the substrate were 
responsible for the binding selectivity. This leads to an enhanced release rate of the p-nitro phenolate 
ion from the imprinted polymer. In the non-imprinted polymer the imidazole groups are expected to 
be randomly distributed in the polymer and tetrahedral complimentarity of the TSA is absent. Hence 
rate of reaction is found to be lower than that of TSA imprinted polymer. 
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. 
3.3 Evaluation of the Rate of Catalytic Hydrolysis 

 
Figure 3: Evaluation of the rate constant for the hydrolysis of esters with TSA imprinted (MIP) 

and non-imprinted polymer (NIP) and uncatalysed reaction 

 
The rate constant for the hydrolysis of p-nitrophenyl esters of Z-L-phenylalanine were calculated by 
the equation ln(A-A

t
) = lnA 

– kt. A 
= absorbance at infinite time; A

t
 = absorbance at time t; k rate 

constant. Hydrolysis was found to be psuedo first order (Figure 3).  The second order rate constant ( ) 
was evaluated by the equation   = kcat/[Im] where [Im] represents concentration of imidazole in the 
polymer catalyst. 

 
3.5 Effect of Substrate Concentration 

In order to investigate the effect of substrate concentration on the catalytic hydrolysis by TSA 
imprinted polymer hydrolysis was carried out using different molar concentrations of Z-L-
phenylalanine p-nitrophenyl ester. The rate of hydrolysis was found to increased within the lower 
range of concentration of substrate and as the concentration of substrate is increased the rate 
decreased (Figure 4). This is due to the excess substrate inhibition of the TSA imprinted polymer. 
Substrate inhibition happens in enzyme when two substrate molecules bind to the active site at the 
same time. 

 Figure 4: The effect of substrate concentration on the 
hydrolysis 
 
3.6 Substrate Selectivity of TSA Imprinted Polymer 

In order to investigate the memory effect of the TSA imprinted polymer for the hydrolysis of 
structurally related esters, the hydrolysis of various N-protected esters were carried out. The catalytic 
activity of the TSA imprinted polymer follows the order: Z-L-phenylalanine > N-t-Boc-L-
phenylalanine > N-phth-L-phenylalanine p-nitrophenyl esters (Table 1). This is due to different size 
and shape of the protecting group. The higher activity observed for the Z-L- phenylalanine p-
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nitrophenyl ester whose structure is most similar to that of the imprinted TSA. The enzyme mimic 
polymer recognised the structure of imprinted molecule and selectively catalysed the substrate that 
has a similar structure of the imprinted TSA molecule than the non-imprinted molecule. 

Substrate 10
3
kuncat 10

3
kcat kcat/ kuncat 10

2
kcat/[Im] 

Z-L-Phe-PNP 0.55 7.50 13.63 81.96 

t-Boc-L-Phe-PNP 0.45 3.46 7.69 30.89 
N-Phth-L-Phe-PNP 0.32 1.43 3.22 12.77 

Table 1: Kinetic parameters for hydrolysis of various N-protected L-Phe-PNP 

 
 kcat= rate constant of catalysed reaction, kuncat = rate constant of uncatalysed reaction, 
[Im] = concentration of imidazole in polymer matrix (mmol/g) 

 

3.7 Substrate stereo specificity of TSA imprinted polymer 

The substrate stereospeicificity of the imprinted polymer catalysed hydrolysis was studied using p-
nitrophenyl Z-L-phenylalanine and p-nitrophenyl Z-D-phenylalanine. Upon evaluation of the rate 
constant the imprinted polymer catalysed the hydrolysis of p-nitrophenyl Z-L- phenylalanine 
considerably larger than the hydrolysis of p-nitrophenyl Z-D- phenylalanine. This shows that the 
imprinted polymer catalysed the hydrolysis reaction stereo specifically. 

Table 2: Kinetic parameters of imprinted polymer for the hydrolysis of Z-(L)/(D)-Phe-PNP 

Substrate 103kuncat 103kcat kcat/ kuncat 102kcat/[Im] 
Z-L-Phe-PNP 0.55 7.50 13.63 81.96 
Z-D-Phe-PNP 0.34 1.72 5.06 18.12 

 

3.8 Optimization of the Hydrolytic Reaction 

Hydrolysis of p-nitrophenyl Z-L-phenylalanine was carried out in the pH range 6.0 – 7.6. The 
catalytic activity of the imprinted polymer showed an optimum pH condition. The variation of pH 
produces change in number of protonated imidazole residues in the polymer accompanied by the 
shrinkage or expansion of the polymer matrix. The catalytic activity of the polymer arises due to the 
neutral imidazole group and as the pH of the reaction medium decreases protonation of imidazole 
take place and catalytic activity decreases. As the pH increase the rate of uncatalysed reaction 
increases due to the increased concentration of alkali (Figure 5). 

 
 

Figure 5: The effect of pH on the catalytic hydrolysis of TSA imprinted polymer 
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The catalytic hydrolysis was carried out with different ratios of acetonitrile-Tris HCl buffer at 
pH 7.25 at room temperature. The catalytic activity was found to decrease with increasing amount of 
acetonitrile in the acetonitrile-Tris HCl buffer (Table 2). The imprinted polymer interacts strongly 
with acetonitrile and the polymer tends to swell. The catalytic activity of swelled polymer was found 
to be relatively low due to the deformation of the catalytic active site and the functional molecules 
may be removed. 

 
Table 3: Catalytic activity of imprinted polymer with different ratios of solvent –buffer system 

ACN-Tris HCl 

ratio 

10
3
kuncat 10

3
kcat kcat/ kuncat 10

2
kcat/[Im] 

1:9 0.55 7.50 13.63 66.96 
3:7 0.53 3.99 7.53 35.63 
5:5 0.87 3.87 4.45 34.55 

kcat= rate constant of catalysed reaction, kuncat = rate constant of uncatalysed reaction, 
 [Im] = concentration of imidazole in polymer matrix (mmol/g). 
 
4. Conclusion 

In this work an enzyme mimic molecularly imprinted polymer was synthesised using 
transition state analogue of phenyl 1-benzyloxy carbonyl amino-4-methoxybenzyl phosphonate, as 
template. The TSA imprinted polymer exhibits higher catalytic activity towards the Z-L-
phenylalanine p-nitrophenyl ester as compared to the non-imprinted polymer. The enzyme mimic 
molecular imprinted polymer was found to be substrate selective and concentration dependent. The 
morphological studies using SEM provided important evidences providing the catalytic activity 
difference between the imprinted and nonimprinted polymers. 
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ABSTRACT 

Polymer-metal complexes have been attracting interest in many scientific and technological fields in 
recent years. Coordination polymers have found wide applications in bioinorganic industry, 
wastewater treatment, pollution control, hydrometallurgy, preconcentration, anionic polyelectrolyte 
hydrogels, cation-exchange resins, etc1. In recent years, insoluble polymeric sorbents having different 
functional groups that can be complexed with metal ionshave received increased interest in various 
branches of chemistry, chemical technology and biology in areas such as separation of transition 
metal ions as well as alkali and alkaline earth metal ions, separation, preconcentration and recovery of 
trace metal ions, catalysis, organic synthesis, nuclear chemistry, water- and waste water-treatment, 
pollution control, and polymer-drug grafts.2 In addition, polymer-metal complexes are also used as 
mechanochemical systems and as models ofbioinorganic systems. 
Polymeric hydrogels incorporated with different chelating groups are promising materials. Hydrogels 
are polymeric materials containing a large number of hydrophilic groups capable of absorbing and 
retaining water in their three dimensional network structure. They swell by absorbing water and 
shrink on drying.3,4 Recent examples are the crosslinked polymeric materials containing functional 
groups such as carboxylic acid, amine, hydroxyl, amidoxime, and sulphonic acid groups.5-10 
a polymer-metal complex is a coordination complex formed between a ligand function anchored on a 
polymer matrix and a metal ion. The metal ion is attached to the polymeric ligand by a coordinate 
bond. Polymeric ligand contains coordinating groups or atoms mainly n, o and S. Polymer-metal 
complex possesses a specific structure since the metal ion is surrounded by a structured polymer 
chain. These complexes show unique properties which are distinctly different from their low-
molecular weight analogues. These unique properties originate from the properties of the polymer 
backbone. 
The main advantages of polymeric sorbents are easy loading and, in most cases, stripping of cations 
with simple chemicals, reusability, and the possibility of semi-continuous operation. The adsorption 
of metal ions by a polymeric sorbent depends on the macromolecular characteristics such as extent of 
crosslinking, hydrophilic/hydrophobic balance of the macromolecular matrix, structure of the 
attached ligand function and the stability constants of the resulting polymer- metal complex11-13. 
In the present study, an attempt is made to use nR/PEo block copolymer hydrogels as chelating agents 
for the complexation of metal ions from aqueous medium under diferent conditions. 
 
INTRODUCTION         

    Polymer-metal complexes have been attracting interest in many scientific and technological 
fields in recent years. Coordination polymers have found wide applications in bioinorganic industry, 
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wastewater treatment, pollution control, hydrometallurgy, preconcentration, anionic polyelectrolyte 
hydrogels, cation-exchange resins, etc1. In recent years, insoluble polymeric sorbents having different 
functional groups that can be complexed with metal ions have received increased interest in various 
branches of chemistry, chemical technology and biology in areas such as separation of transition 
metal ions as well as alkali and alkaline earth metal ions, separation, preconcentration and recovery of 
trace metal ions, catalysis, organic synthesis, nuclear chemistry, water- and waste water-treatment, 
pollution control, and polymer-drug grafts.2 In addition,  polymer-metal complexes are also used as 
mechanochemical systems and as models of bioinorganic systems. 
 Polymeric hydrogels incorporated with different chelating groups are promising materials. 
Hydrogels are polymeric materials containing a large number of hydrophilic groups capable of 
absorbing and retaining water in their three dimensional network structure. They swell by absorbing 
water and shrink on drying.3,4 Recent examples are the crosslinked polymeric materials containing 
functional groups such as carboxylic acid, amine, hydroxyl, amidoxime, and sulphonic acid groups.5-

10 
 A polymer-metal complex is a coordination complex formed between a ligand function 
anchored on a polymer matrix and a metal ion. The metal ion is attached to the polymeric ligand by a 
coordinate bond. Polymeric ligand contains coordinating groups or atoms mainly N, O and S. 
Polymer-metal complex possesses a specific structure since the metal ion is surrounded by a 
structured polymer chain. These complexes show unique properties which are distinctly different 
from their low- molecular weight analogues. These unique properties originate from the properties of 
the polymer backbone. 
  The main advantages of polymeric sorbents are easy loading and, in most cases, stripping of 
cations with simple chemicals, reusability, and the possibility of semi-continuous operation. The 
adsorption of metal ions by a polymeric sorbent depends on the macromolecular characteristics such 
as extent of crosslinking, hydrophilic/hydrophobic balance of the macromolecular matrix, structure of 
the attached ligand function and the stability constants of the resulting polymer- metal complex11-13. 
       In the present study, an attempt is made to use NR/PEO block copolymer hydrogels as 
chelating agents for the complexation of metal ions from aqueous medium under diferent conditions. 
 
 MATERIALS AND METHODS 

Reagents and instruments 
Natural crumb rubber(NR) was purchased from Ruber Research Institute India,Kottayam. 
Polyethylene oxide (PEO), sodium chloride (NaCl) and potassium chloride (KCl) were obtained from 
Merck. 
 
 Preparation of NR/PEO block copolymers 
NR/PEO block copolymer was prepared by Two-shot method. 
 
Determination of Metal Ion Removal Capacity 

 The polymer was added to Na+ and K+ ion solutions containing single ion (40ml). All 
adsorption experiments were carried out at room temperature. The amount of metal ions in the 
solution was determined by atomic absorption spectroscopy after 24h.The amount of metal ions 
absorbed, qe(mmol/g) was calculated from the following equation: 
     qe = (C0-Ce)V/W          
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where C0 and Ce(mg/l) are the initial and equilibrium metal ion concentrations in the adsorption 
medium, respectively, and V (l) and W (g) are the volume of the metal ion solution used in the 
adsorption experiment and the weight of the hydrogel, respectively. 
 
RESULTS AND DISCUSSION 

 

Effect of contact time 
Effect of contact time on metal ions removal by NR/PEO block copolymer were studied by variation 
of the contact time for constant initial concentrations (20 mmol/L). Figure 1 shows the removal 
percentages of Na+ and K+ ions as a function of contact time. 
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Fig.1. Effect of contact time on the adsorptiol of Na

+
 and K

+ 
ions by NR/PEO block copolymers 

 

 Effect of initial concentration 

  The adsorption experiments were carried out using metal ion concentration ranging from 5- 20 
mmol/L. Adsorption isotherms (Fig.2) show that the metal ion adsorption capacity increased with 
metal ion concentration. An increase in metal ion concentration accelerates the diffusion of metal ions 
from solution to the adsorbent surface due to the increase in driving force of concentration gradient. 
Hence, the amount of adsorbed metal ion increased as the concentration increased from 5- 20mmol/L. 
 As the initial metal ion concentration increases more and more metal ions are available for the 
polymer binding site and adsorption capacity increases. 
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Fig.1. Adsorption isotherms of NR/PEO block copolymer for Na

+ 
and K

+
 ions 

 

Adsorption isotherms 

 In order to have a quantitative means of comparing metal adsorption capacity and to design 
adsorption process effectively, it is useful to employ mathematical models predicting the metal 
adsorption. The Freundlich and Langmuir adsorption isotherm models were applied in the present 
study.       
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          The Langmuir isotherm (Fig.3a and 3b) represents the equilibrium distribution of metal ions 
between the solid and liquid phases.  This model assumes that the uptake of metal ions occurs on a 
homogenous surface by monolayer adsorption without any interaction between adsorbed ions. To get 
the equilibrium data, initial metal concentrations were varied while the adsorbent mass in each 
sample kept constant. The linearized Langmuir isotherm allows the calculation of adsorption 
capacities and Langmuir constant by the following equation: 
                (Ce/qe) = (1/Q0b) + (Ce/Q0) 
 where Q0 and b are the Langmuir constants related to the capacity and energy of adsorption, 
respectively. These constants were evaluated from the intercept and the slope of the linear plot of  
Ce/qe  vs. Ce based on experimental data. 
 The Freundlich sorption isotherm (Fig. 4a and 4b), one of the most widely used mathematical 
description of adsorption, usually fits the experimental data over a wide range of concentrations. This 
isotherm gives an expression encompassing the surface heterogeneity and the exponential distribution 
of active sites and their energies. The linearized form of the Freundlich isotherm is 
           log qe = log K + (1/n) log Ce 
where K is a Freundlich constant related to the adsorption capacity, and 1/n is related to the 
adsorption intensity of an adsorbent. The values of K and 1/n were evaluated from the intercept and 
slope, respectively, of the linear plot of log qe  vs log Ce based on experimental data. 

Freundlich isotherm describes monomolecular layer coverage of adsorbent by the solutes. 
Adsorption is said to be favorable when the Freundlich constant 1/n is between 0.1 and 1 and 
represented a heterogenous surface structure of the adsorbent. Meanwhile, smaller value of 1/n 
indicates stronger interaction between the adsorbent and the metal ions, while 1/n equal to 1 implies 
linear adsorption leading to identical adsorption energies for all sites.   

 
                                         (a)                                                                     (b)       
  Fig.3. Langmuir isotherm  of NR/PEO block copolymer for (a) Na

+
 and (b) K

+

 ions  
1.                                                              (b) 
Fig.4. Freundlich isotherm of NR/PEO block copolymer for (a) Na

+
 and (b) K

+
 ions 
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TABLE 1 

Constants of Freundlich and Langmuir isotherm models for Na
+
 and K

+
 ions 

 
Metal 
 ions 

Freundlich constants Langmuir constants 
K 1/n R2 Q0 b 

Na+ 3.9290 0.8657 0.9953 6.5763 0.0375 
K+ 5.9233 1.0191 0.9575 -18.3116 -0.0089 

 
    Here from the correlation values it is found that Freundlich equation was best fit for all the 
metal ions and the 1/n value is approximately equal to 1 indicating linear adsorption leading to 
identical adsorption energies for all sites.    
 
CONCLUTIONS 
 The NR/PEO block copolymer hydrogel was prepared from PEO having molecular weight 
6000.These hydrogels were used for adsorption of Na+ and K+ ions under noncompetitive condition.   
It was found that adsorption capacity increased with initial metal ion concentration. The Freundlich 
model was used to fit the experimental equilibrium data for both the metal ions. 
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Abstract 

The introduction of micro/mesopores in zeolites, to enhance their catalytic activity, has been achieved 
using polymer macrotemplates. The modification of commercial ZSM-5 zeolite using silicone rubber 
and PMMa as macrotemplates has been done. The structure evolution and the associated property 
changes of modified ZSM-5 zeolite examined by X-ray diffraction, IR spectroscopy and SEM 
technique. XRd and SEM examination confirmed that the attractive crystalline properties of ZSM-5 
have been retained in the modified form. Catalytic tests show that the modified ZSM-5 catalyst 
possesses better performance, for different reaction; typically alkylation of toluene. a new approach 
has been developed to reduce the synthesis time and to improve the catalytic performance. 

 

Introduction 

ZSM-5 zeolite with a Mordenite Framework Inverted (MFI) structure is being widely used as a 
catalyst for many reactions because of its special pore structure, good stability and high acidity 
[Attard G.S. etal (1995), Corma. A (1997)]. The structure of zeolite is well documented in literature 
[Corma. A. etal (2002), Che. S (2004)]. The zeolite structure mainly consists of two kinds of 
channels: straight channel with a pore opening of 0.54 nm×0.56 nm and sinusoidal channels with a 
pore opening of 0.51 nm×0.55 nm [Davis M.E, (2002)]. The pore size is in the diameter range of 
many industrially important molecules such as xylene isomers, benzene, toluic acid isomers, 
cyclohexane, phenol, aniline, and their derivatives [Hartmann. M, (2004), Inagaki. S, etal (2002), 
Inagaki.S, (1993)]. Due to its unique microporous structures, ZSM-5 has been extensively used in 
various chemical industries which include acid catalysis, sorption and membrane synthesis [Knops-
Gerrits. P.P etal, (1994)]. However, relatively small individual micropores in zeolites strongly 
influence mass transport to and from the active sites located in them, severely limiting the applied 
scope in large molecular reactions [Kresge. C.T, etal (1992)]. To overcome this problem, some recent 
research efforts have been concentrated on introducing mesopores or macropores linked to the zeolite 
micropores. Compared to conventional zeolites, these hierarchical zeolites can combine the benefits 
of all pore-size regimes which can impressibly contribute to the better catalytic activity [Kirschhock. 
C.E.A etal,  (2005)]. 

Various attempts have been used to synthesize mesoporous zeolites. Generally there are two 
basic routes: one is to generate mesopores by treating synthesized zeolites, such as steaming, acid or 
alkaline leaching. This method is very simple, but lack of control in generated mesopores. The other 
is to synthesize by templating method. A variety of organic species have been used as templating 
agent for the effective synthesis of ZSM-5, tetrapropylammonium cation (TPA+) being the most 
effective and the majority of commercial ZSM-5 products are currently synthesized using this organic 
template [Lee. H etal(2003), Landskron. K, (2004)].  [Mann et al. (2002)] fabricated zeolite materials 
with a hierarchical micro/meso/macrospore organization by using silicalite nanoparticles and starch 
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gel as templates. [Bao et al. (2008)] reported the synthesis of mesopore-modified ZSM-5 zeolites with 
hierarchical porous structure via adopting tetrapropylammonium hydroxide and starch as co-
templates. [Lifeng Wang et al (2009)] obtained hierarchical mesoporous ZSM-5 by using starch-
derived bread as a meso-template. They found that the synthesized mesoporous ZSM-5 exhibited 
good hydrothermal stability, high catalytic activities in the cracking of bulky molecules and high 
storage capacity for hydrogen. 

The present research programm focuses on the successful modification of commercial ZSM-5 
zeolite using polymer macrotemplates (PMMA and silicone rubber). The obtained mesoporous zeolite 
has been characterized by X-ray diffraction, IR spectroscopy and SEM techniques. The main 
highlight of the work involves, low complexity in synthesis steps and easy removal of templates. 

 
Materials 

The commercial ZSM-5 zeolite (Si/Al ratio 80:1) was purchased from Alfa Aesar (USA). Poly methyl 
methacrylate (PMMA) was obtained from Alfa Aesar (USA) and Silicone rubber was procured from 
Krishna Rubber Products, Bangalore (India). 
 
Synthesis 

Commercial ZSM-5 was modified by simple mixing techniques. The commercial ZSM-5, (2-6g) was 
dispersed in 10ml of toluene and stirred for 2-4 hrs at room temperature. (1-4g) each of 
macrotempaltes (PMMA or Silicone rubber) dissolved in 10ml of toluene was added to ZSM-5 
dispersion and mixed for 3-4 hrs. The mixture was then aged at 70-80 0C for 12 hrs, the product was 
collected by filtration, washed with distilled water, dried in air, and calcinated at 550 oC for 5 h. 
 
Characterization 

The morphology and crystallinity of the obtained materials were investigated using a  field-emission 
scanning electron microscope (FE-SEM; Hitachi Su 66000), and an X-ray  diffractometer (Regaku 
2000 diffractometer) using Cu-Kα radiation from 2θ = 5 to λ0° at a scan rate of 2°/min. FTIR spectra 
were recorded in a Shimadzu IR Affinity-1 Fourier transform infrared spectrophotometer. 
 

Catalytic reactions 

Alkylation of toluene with benzyl chloride 

The catalytic reactions were carried out in N2 atmosphere in a three necked flask equipped with a 
reflux condenser, a thermometer and a sampling system. The whole system was kept in an oil bath 
which was placed upon a magnetic stirrer. In a typical run, 0.92 g of toluene, 1.28 g of benzyl 
chloride and 0.05g of zeolite were mixed with continuous stirring, the reaction temperature raised to 
70oC, and then kept for 5 hrs. The reaction mixtures were separated by centrifugation and analyzed by 
a Perkin–Elmer Clarus 500 gas chromatograph. The product was further confirmed by GC–MS. 
 

Results and discussion 
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Fig. 1 XRD patterns of samples (a) ZSM-5/PMMA (b) ZSM-5/Silicone rubber (c) Commercial ZSM-5 
XRD patterns of ZSM-5 zeoite synthesized with and without the macrotemplate shown in Fig.1 (a-c). 
The intrinsic crystalline structure of ZSM-5 has no new phase emerged after the treatment using 
macrotemplates. They all exhibit same characteristic peaks occurred at 2ϴ of 7.λ2, 8.8, 23.18, 23.λ0, 
24.40, which are exclusively indexed to the structure of MFI topology (JCPDS no. 42-0024). The 
XRD patterns (wide-angle 5–350C) of the samples show five distinct peaks indexable as (101), (020), 
(501), (303), (133) reflections, which are the characteristics of ZSM-5 zeolite. On adding 
macrotemplates, like silicon rubber or PMMA the crystallinity of ZSM-5 is not lost which is a 
complementary feature for better catalytic activity. 
 

 
Fig. 2 FTIR spectra of samples (a) ZSM-5/PMMA (b) ZSM-5/Silicone rubber (c) Commercial ZSM-5 
 
The zeolite framework vibrations and silanol groups were characterized by FTIR spectra.The 
absorption bands at 1230 cm−1 (external asymmetric stretch), 1100 cm−1 (internal asymmetric stretch), 
798 cm−1 (external symmetric stretch) and 459 cm−1 (T-O bend) are corresponding to siliceous 
materials. The ZSM-5 zeolites display the characteristic bands at 3682 cm−1 due to isolated silanol 
groups and at 3474 cm−1 due to framework Al–OH (Brønsted acid sites). The characteristic band of 
the double five rings of the MFI-type zeolites is located at 549 cm−1, which can be used to determine 
the crystalline degree of the samples.The FT-IR spectra of ZSM-5 zeolite with and without 
macrotemplates is shown in Fig. 2(a-c). The identical features shown that both the treated and pre-
treated samples have identical chemical structure. The band at 950 cm-1is due to localized Si-OH 
stretching mode. This reveals that the prepared sample has the characteristic structure of MFI and the 
added macrotemplate does not affect the MFI structure of ZSM-5 zeolite. 
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Fig.3 SEM images of 
samples (a) ZSM-5/PMMA (b) ZSM-5/Silicone rubber (c) Commercial ZSM-5 
SEε observations (Fig. 3) indicate uniform crystallite size distributions in the range of 50 nm to 1 m 
respectively. Relatively uniformed sphere-like particles were observed in the sample. 
 
Catalytic activity examination 
Alkylation of toluene with benzyl chloride was performed to verify the catalytic activity with ZSM-5 
catalysts. In this reaction involving large molecules, modified ZSM-5 catalysts with micro/mesopore 
structures were found to be highly active compared to unmodified ZSM-5. The higher toluene 
conversion was achieved with ZSM-5 modified with PMMA/silicon rubber catalyst, than with the 
reference sample commercial ZSM-5. Table 1 shows the data related to this. 
 
Table .1: Alkylation of toluene (temp: 70 oC, catalyst: 0.05g, Molar ratio: 1:1, time: 5hrs) 
 

Sl. 

No 

Samples Conversion 

1 Commercial ZSM-5 25.03 

2 ZSM-5/PMMA 40.82 

3 ZSM-5/Silicone rubber 43.53 

 
The results confirm that hierarchical zeolites are promising candidate in catalysis. 
 
Conclusion 

  

Hierarchical zeolites have been generated using polymer macrotemplates. The prepared catalyst was 
characterized by XRD, FT-IR and SEM analysis. From the XRD and FT-IR analysis, it is clear that 
the fundamental chemical structure and crystalline nature of the ZSM-5 structure have not been 
altered by the treatment with macro templates. SEM analysis revealed the presence of both micro and 
meso porous structures in macrotemplate incorporated samples. Macrotemplate, incorporated samples 
show better catalytic performance than commercial ZSM-5 samples. 
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Abstract 
 
In this paper, the cooperative catalytic activity of Ti(IV)-incorporated polyamidoaminedendirtic silica 
hybrid catalyst was examined by performing one pot three component biginelli reaction under solvent 
free condition. Combining the property of lewis acid and lewis basic nature on the silica surface 
facilitates and accelerates the synthesis of the desired products in high yields. The presented protocol 
is very efficient in terms of environmental benign, low amount of catalyst loading, shorter reaction 
time, high yield, easy work-up , purification of products by crystallization and the reusability of the 
catalyst. 
 
keywords-1,3bis (trimethoxy) silyl benzene, polyamidoamine,3,4-dihydropyrimidin-2(1H)-one, 
cooperative catalytic activity 
1.Introduction 

              Catalysis for green chemistry has become more and more interesting in recent years since 
green chemistry is the design of chemical products and processes that reduce or eliminate the use and 
generation of  hazardous substances. MCR condensations involve three or more compounds reacting 
in a single event, but consecutively to form a new product, which contains the essential parts of all the 
starting materials.It comply with principles of green chemistry such as atom economy,safe, one 
step,environmentally acceptable and simple purification techniques.1Solvent-free reactions usually 
need shorter reaction times, simpler reactors, resulting simpler and more efficient work up 
procedures, more improved selectivities and easier separations and purifications than conventional 
solvents.2-4 
                 Periodic mesoporous organosilicas (PMOs) represent an exciting new class of organic-
inorganic nanocomposites targeted for a broad range of applications such as catalysis and sensing, 
separations,and microelectronics.Several PMO materials have been successfully prepared for 
catalytic applications. Dendrimers are a new class of polymeric materials. They are highly branched, 
monodisperse macromolecules. Several groups have promoted the synthesis and characterization of 
metal encapsulated dendrimers on inorganic and organic supports.5,6The high surface area of the 
PMO materials together with strong covalent attachment of catalytic acive metal centers at the 
mesopore surface can make them promising candidate for heterogenous catalysts together with good 
reusability and a minimum possibility for leaching of the grafted metals.7 
                            Recently, interest in synthesis of 3,4-dihydropyrimidin-2(1H)-ones and their 
derivatives is increasing tremendously because of their diverse range of  biological activities such as 
antibacterial and antiviral,antitumor analgesic, and anti-inflammatory ,antiplatelet aggregation ,and 
antihypertensive activity . The first report of the Biginelli reaction was in1893, which is one of the 
most important reactions for the synthesis of dihydropyrimidinones based on acid catalyzed three-
component condensation of 1,3-dicarbonyl compounds, aldehydes and urea 8.The conventional 
protocol involving high amount of catalyst loading, high temperature, non seperable catalyst, toxic 
acid catalyst,solvent mediated reaction and low yield of the products. 
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                The use of multifunctional systems, in which multiple parts of a catalyst or multiple 
catalysts work together to promote a specific reaction is promising. As a result, several syntheses 
using the cooperative combination of Lewis base with Lewis acid have been reported and have 
proved to yield the desired products in more efficient formation9,10 Boudjemaa Boumoud .et.al have 
reported the the synthesis of 3,4- Dihydropyrimidin-2(1H)-ones, via one-pot three-component 
Biginelli condensation, in the presence of Lewis acid/ tertiaryamine 11Although this method is 
effective in terms of high yield, but suffer for several draw backs such as use of toxic base, organic 
solvents, longer reaction time and non recoverable catalyst.In this context, we report a simple, rapid 
and high yielding one pot three component reaction protocol for the synthesis of 3,4-
dihydropyrimidin- 2(1H)-one derivatives using Ti-grafted polyamidoamine dendritc silica hybrid 
materials.The cooperative catalytic activity of hybrid catalyst has enhanced the rate of reaction by 
activating the formation of intermediates. The main significance of this method is low amount of 
catalyst loading (0.1mol%) and the reaction was carried under solvent free condition. 
 
2.MATERIAL AND METHODS 

Powder X-ray Diffraction (PXRD) patterns of the corresponding mesoporous silicas were 
obtained using Bruker AXS D8 Advance diffractometer. Infrared Spectroscopy was performed using 
JASCO FTIR 4100 Spectrometer as KBr pellets. Solution 1HNMR Spectra were taken on Bruker 400 
MHz instrument with TMS as internal standard in a CDCl3.  Nitrogen adsorption–desorption 
experiments were performed on a Micromeritics Tristar 1000 Surface Area Analyzer. XPS spectra 
were recorded in an indingenously developed electron spectrometer equipped with Thermo VG 
Clamp-2 Analyzer and εg Kα X-ray source (1253.6 eV, 3mA X 8kV). 

   2.1   Synthesis of benzene mesoporous silica and functionalized benzene mesoporous silica 

hybrids              

                 The periodic mesoporous benzene-silica with crystal-like pore walls (BS) was prepared 
using the 1,4-bis(triethoxysilane)benzene monomer precursor as described earlier.12Polyamidoamine 
upto second generation was developed on benzene silica according to  a procedure described in 
literature.13 
 
3.RESULTS AND DISCUSSION 

 
                       Mesoporous benzene silica was synthesized using cetyltrimethylammonium bromide 
(CTAB) as  surfactant under basic condition. The precursor used for the synthesis of mesoporous 
benzene silica is 1,4-bis(triethoxysilyl)benzene (BTEB).Mesoporous silica was prepared by the 
hydrolysis and condensation of the precursors in the presence of surfactant under basic condition.It 
was  functionalized with 3-aminopropyl trimethoxysilane. The product was designated as BS-NH2 
.The propylamine group grafted onto the mesoporous silica can easily undergo a Michael addition 
with methyl methacrylate to yield an aminopropionate ester which in turn on  amidation  with 
ethylenediamine under nitrogen atmosphere resulted in the formation of the first generation 
mesoporous silica dendrimer (BS-1G). Repetition of the two reactions produced the desired 
generation of the mesoporous silica dendrimers (BS-2G). It was complexed with Titanium 
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(IV)isopropoxide in DCM under nitrogen atomosphere for 24h.(BS-2G-Ti) .Schematic representation 
of the prepared catalyst is shown in the Fig.1. 
 

 
 
                                   Figure. 1 
3.1 Characterization of periodic mesoporous dendritic silica hybrids 
    The structural order of the samples was studied by PXRD.Low angle reflection in low angle region 
confirms the mesophase presence of the synthesized sample.Diffraction patterns are typical of 
ordered mesoporous materials.After functionalization, this periodicity was diminished(Fig.2) 
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Fig.2  Low angle XRD of  BS and BS-2G-Ti               Fig.3 Wide angle XRD pattern of BS and 

BS-2G-Ti    

 
  Wide angle X-ray diffraction analysis was performed in order to investigate the texture properties of 
mesoporous silica.Strong peaks were observed between 10 < 2θ <50 angles,indicating crystalline 
nature of synthesized materials.After functionalization there was no considerable decrease in intensity 
which showed the crystalline nature was maintained (Fig.3) 

 
Nitrogen sorption measurements were performed to examine the porosity of the different materials 
are shown in Fig.4 The materials exhibit high specific surface area (SBET) ranging from 580 to 185 
m2/g.Bare BS silica has a large total pore volume around 0.77 cm3/g. The SBET, pore volume and pore 
diameter decreases when the material is functionalized from lower generation to higher 
generation.The pore filling step at the relatively low pressure range of 0.16–0.25,is indicative of the 
formation of dendritic species inside the mesopores resulting in a significant reduction in the pore 
size. 
     Further, the dendritic functionalization was monitored using Infrared spectroscopy (IR) at every 
step of preparation. The FTIR bands due to the primary amino groups get shifted from 3389cm-1to 
3441cm-1after complexation with Titanium isopropoxide.This shows that the complexation was 
taking place with primary amino groups of the dendrimers.The carbonyl-stretching band of the amide 
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groups remain unaltered at 1654 cm-1which proves that the amide was not involved in the complex 
formation (Fig.5). 
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       Fig.4 Nitrogen adsorption–desorption isotherms and pore size distributions of the BS and 

BS-2G-Ti materials 
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Fig.5 IR spectra of BS-2G and BS-2G-Ti materials 
                                     
The thermal stability of periodic dendritic silica system was studied by thermogravimetric analysis.As 
shown in Fig.6 TG plot of these showed a weight loss below 100 oC, due to loss of physically 
adsorbed water . Weight loss of 3.1% in BS-1G,6.2% in BS-2Gand  2.1% in BS-2G-Ti was observed 
between 100 and 150 oC which is due to elimination of amine moiety.In addition,a weight loss was 
observed above 450 oC corresponding to decomposition of organic fragments. In  BS-2G-Ti it may 
correspond to the formation of TiO2 .These results revealed the incorporation and integrity of 
designed functional groups in the mesoporous silica hybrids. 
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Fig.6 Thermogravimetric analysis of the BS-1G,BS-2G and BS-2G-Ti materials                                                               
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The content of functionalized amino (–NH2) groups and the textural properties are listed in Table 1 
and Table 2 respectively. 
 

Sample BETsurface 
 area (m2/g) 

Pore 
volume 
 (cm3/g) 

Pore 
diameter 
     (nm) 

 BS     580  0.77     4.0 
BS-1G     321   0.29     3.6 

BS-2G- 
Ti 
 

    185    0.19     2.0 

Table 1.Amine capacity of Functionlaized BS silicas   
       

 Table 2.Structural Properties of the BS,BS-1G&BS-2G-Ti 
Sample NH2contenta/ 

(mmol/g) 
NH2contentb

/ 
(mmol/g) 

NH2contentc/ 
(mmol/g) 

BS-
NH2 

0.774 0 .763 - 

BS-1G 1.82 1.90 1.80 
BS-2G 3.05 3.68 3.42 
BS-2G-
Ti 

1.26 1.31 1.21 

                        aTitration method .   bBy  UV method .   c By TG/DTA 
 
                             Further investigation was done using X-ray photoelectronspectroscopy, used to 
characterize the elemental composition on the silica surface (Fig.7). In high resolution spectra, Ti 
shows a Ti(2p3/2) and Ti(2p1/2) doublet with a separation of 5.72 eV .The lower binding energy values 
of 2p3/2and 2p1/2  from the acceptable value reveals that titanium exists in Ti4+ state and also 
coordinated to amine moiety on the silica frame work which confirms the incorporation of titanium 
species. Based on the results from XPS, it was clear that titanium is tetrahedrally co-ordinated in the 
matrix.The percentage of Ti content  from XPS measurement agree with the result obtained from 
AAS.The results are shown in Table.3. 
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Fig.7 XPS spectra of BS and BS-2G-Ti materials    
                                 
                                                    Table 3. Amount of Ti on BS-2G-Ti 

  Ti(mmol/g)    0.54a            
0.58b 

                       a AAS        b XPS 
 

3.2 Biginelli reaction 

               
Here, we have attempted to synthesize 3,4-dihydropyrimidin-(2)-one under solvent free condition, 
since the use of organic solvents decreased the catalytic activitiy and selectivitiy.Typical experimental 
procedure was as follows: Aldehyde (25.0 mmol), β-dicarbonyl compound (25.0 mmol), urea (37.5 
mmol) and BS-2G-Ti (5-10mg)were successively charged into a 50 ml round bottomed flask with a 
magnetic stirring bar. The reaction proceeded at 70 °C for 30 min during which time a solid product 
was gradually formed. After the reaction,the resulting solid product with pale yellow color was 
crushed and  washed with water, filtered and dried in vacuo to afford the primary product. The pure 
product was obtained by further recrystallization of the primary product with ethyl acetate.The 
products were characterised by GC-MS and 1H-NMR 
             The results of optimised conditions are summarised in Table 4(a-b). Firstly, no desirable 
product could be detected in the absence of the catalyst, indicating that a catalyst must be needed for 
the Biginelli reaction. Conversion of reactant was increased with increasing amount of catalyst 
upto10mg (0.1mol%).These results are summarised in Table 4(a). 
 
                            Table 4(a).Effect of catalyst loading on Biginelli reaction 

Catalyst amount(mg)      7             10             13 
      Yield (%)                85             96             95 
Reaction conditions: C6H5CHO 25.0 
mmol,CH3COCH2COR125.0mmol,   urea 37.5 
mmol,70°C, 0.5 h. 

 
              Effect of solvent was studied by selecting different solvents at 70 oC, good result was 
obtained in water and solvent free conditions. Reaction was also carried out under ambient 
temperature which gave the desired product with low yield and required more time, Table 4(b). 
 
                                Table4(b).Effect of solvent on Biginelli reaction 

Entry      Solvent         Yield(%)     Temp(0C) 

    1          Ethanol       82                70oC 
    2            THF          86                70oC    
    3            DMF         86                70oC 
    4           Water         90                70oC 
    5       Solventless     96                70oC 

 Reaction conditions: C6H5CHO 25.0 mmol,                                                     CH3COCH2COR1 25.0 
mmol, urea 37.5 mmol, 70°C, 0.5 h. 
 

510

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



                                                                                                                                                                                                    

 
                                      Table 4(c) .BS-2G-Ti catalyzed synthesis 
                                                            of DHPMs. 
 

Entry         R                X                  Yield%      

 
   1           Ph                 O                    96          
   2      2-OH-Ph           O                     92          
   3     4-OCH3-Ph        O                     95          

                         4      - C6H11               O                    85            
                         5     4-Cl-Ph             O/S                 85/80 
                         6        Ph                     S                     86             
                         7     4-Br-Ph               O                     85              
                        8       Ph-CH=CH       O                     96              
                        9       4-NO2-Ph         O                     85 

Reaction conditions: C6H5CHO 25.0 mmol, 
CH3COCH2COR1 
            25.0 mmol,   urea 37.5 mmol, 70°C, 
0.5 h. 
 

        The generality of the activity of BS-2G-Ti was established by applying the optimised condition 
into various aldehydes with different substituents.The results are tabulated in Table 4(c). It can be 
seen that yields achieved from the aromatic aldehydes with electron-donating substituents were 
slightly higher than aromatic aldehydes with electron withdrawing substituents. 
        A dual activation mechanism was shown in Scheme 1,The primary amine group on the side 
chain of the catalyst activates acetoacetate through the formation of an enamine. The imine formed 
between benzaldehyde and urea is attacked to Ti activated enamine complex to form intermediate 1, 
which, after hydrolysis, intramolecular cyclization, and dehydration reaction, yield the desired 
product. 

                            
                                      Scheme.1 Mechanism of Biginelli reaction 
 
4. Conclusion 
 In summary, we have successfully developed Ti incorporated dendritic mesoporous silica hybrid 
catalyst with bifunctionality.Using this hybrid catalyst 3,4-dihydropyrimidin-2(1H)-ones,was 
synthesized in excellent yield through Biginelli-type reaction of β-ketoester, aldehydes and urea under 
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solvent free condition.A conventional heating method was adopted here.Also it is a greener protocol 
avoiding hazardous metal-based catalysts and solvents. The bifunctional nature of the hybrid catalyst 
played a vital role in the mechanism of synthesis of DPHMs. It was found that the catalyst can be 
efficiently recycled and reused for 3 repeating cycles without much loss of efficiency. This indicates 
that the present Ti incorporated dendritic mesoporous silica hybrid material is an efficient catalyst for 
this reaction. 
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Uranium, U(VI) is considered to be one of the important sources of energy as nuclear fuel. The effort 
for recovering U(VI) from natural sea water, river water, back water and industrial waste water is also 
very important. The U(VI) in waste water and air can cause acute toxicological efforts and harmful 
diseases for human. Excellent efforts have been formulated to development of new technologies for 
separation of hazardous materials from waste water stream .The present study reveals methods of 
preparation of a novel adsorbent, poly(itaconicacid)-poly(methacrylicacid)-grafted-nanocellulose/ 
nanocomposite composite [P(Ia/Maa)-g-nC/nb], using cellulose extracted from cotton for the 
effective removal of Uranium(VI), [U(VI)] from aqueous solution. The absorbent composite polymer 
was synthesized by graft copolymerization reaction of methacrylic acid (Maa) and itaconic acid (Ia) 
on nanocellulose/nanobentonite (nC/nb) composite using ethylene glycol dimethacrylate (EGdMa) as 
cross linker and potassium peroxydisulphate (kPS) as initiator. The adsorbent was characterized using 
fTIR, XRd, TG and potentiometric titrations. The ability of adsorbent was studied and optimized. The 
optimum pH was found to be 5.5. The kinetic data followed the pseudo-second-order model. The 
equilibrium attained at 120 min and freundlich model fits well. The adsorbed U(VI) is desorbed 
using0.1n HCl The adsorption–desorption studies conducted over 6 cycles illustrates the feasibility of 
repeated use of the composite for the extraction of U(VI) from aqueous solution. 
 

Introduction 

            Uranium U(VI)  is  one of the major resources for the production of energy  and increased   
amount of the same in the water can cause toxicological  effects and harmful diseases 1for humans, 
extensive works  have been reported  towards the development of substances which could  effectively  
remove U(VI) from aqueous solution Many works were reported with synthetic adsorbents, but are 
non  bio degradable2. Biomaterials like cellulose, Cellulose(Cell) is considered to be second abundant 
natural polymer can form bio degradable polymers3  In the present study cotton whiskers produced 
from cotton plant easily available in our surrounding is used or the extraction of cellulose, cotton 
fibers contain 88-96 % cellulose. Cellulose in the native form adsorption capacity is not constant and 
varies according to its origin. By converting to NC surface area can be increased along with 
crystalline nature and number of hydroxyl groups on the surface. Incorporation of nano fillers into the 
polymer matrix has been proved to be powerful tool to increase the polymer properties. Bentonite is 
one of the clay that commonly used to prepare organoclay because of its high ion exchange capacity, 
adsorption capacity and high specific area4. Cell can be grafted with polymers by attaching previously 
formed polymer chains to the back bone of cell by growing new polymer chains from radical sets on 
back bone or introducing monomers to cell and co polymerize the resulting macro molecules. The 
polymers can be fabricated by the addition of vinyl carboxylic monomers, introducing MAA and IA 
which give three carboxyl functionalities which enhances surface functionalities and adsorption 
efficiency.5In the present study, we prepared a new carboxylate functionalized graft co polymer of 
MAA and IA on to NC/NB composite using EGDMA as a cross linker and KPS as initiator 

     

 2. Materials and methods 

2.1. Preparation of Adsorbent 

About 5g of cotton fibers was dispersed in 100 ml of 6.5 M sulphuric acid at 60oC and under 
vigorous stirring at and 75 min. NC is prepared on hydrolysis with 140 ml 98% H2SO4 with the 
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cellulose, at 50oC under vigorous shaking for 4 hrs heated mixture diluted with 10 times distilled ice 
cold water6. Bentonite converted to (NB) by ethanol by stirring 48 hrs maintained temp at 170 
0C.Synthesis of [P(IA/MAA)-g-NC/NB] is according to the following steps.   

 
2.2. Materials 

Analytical grade chemicals were used throughout the investigation. Cellulose extracted from 
cotton. Bentonite obtained from M/S Ashapura clay miners. MAA, IA, KPS, EGDMA procured from 
E-Merk stock solution of U(VI) (1000 mg/L) was prepared by dissolving an accurately  weighed 
amount of UO2(NO3)2.6H20 (Fluka) in distilled water 
 
2.3. Adsorption experiments and Desorption 

Batch experiments were performed by equilibrating 0.05 g of adsorbent with 25 ml adsorbate U(VI), 
solutions of predetermined initial concentrations. The initial pH of the solutions was maintained at the 
required pH value by adding 0.1 M NaOH and HCl. The U(VI) concentrations determined by UV 
spectroscopy.  (1)   (2) In the aspect of economical technology regeneration of the adsorbent is 
most important7. 100mg/L U(VI) is loaded P(IA/MAA)-g-NC/NB was filtered and washed. 
Desorption studies were carried out with different concentration of HCl solution  .There by check out 
the long term adsorption performance of P(IA/MAA)-g-NC/NB 

 3.Results and discussion 

a.  FTIR Analysis : New peaks appeared P(IA/MAA)-g-NC/NB at 1300 and 1420 cm-1 in the spectrum 
of U(VI) – loaded P(IA/MAA)-g-NC/NB composite indicating the fact that O=U=O get attached to 
the COOH moiety by replacing the H+ ion7.Two peaks observed at 698 and 665 cm-1 which are absent 
in P(IA/MAA)-g-NC/NB, indicated the presence of U(VI) attachment. 
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Fig.1. FTIR spectra of NC/NB, P(IA/MAA)-g-NC/NB, U(VI)- P(IA/MAA)-g-NC/N 

3.2 XRD Analysis : The XRD patterns of NC/NB, PIA-PMAA-g-NC/NB and U (IV)-PIA-PMAA-g-
NC/NB are shown in Fig. 2.The absence of characteristic diffraction peaks of NB, suggested that the 
NB had been exfoliated and dispersed in the polymer matrix to form NC/NB composite. sharp hump 
in the P(IA/MAA)-g-NC/NB reduced U(IV) loaded in the adsorbent.

   

Fig.  2. XRD patterns                 Fig. 3.  TG curves 

3.3Thermogravimetric Analysis: TG curves for NC/NB, and P(IA/MAA)-g-NC/NB are shown in 
Fig.3. it could be seen that adsorbent material was having high thermal stability8 than parent 
materials. 

3.4 Effect of pH on U(VI) Adsorption: The pH of the aqueous solutions containing the adsorbent 
P(IA/MAA)-g-NC/NB is an important parameter in adsorption. The ion exchange process was the 
major mechanism for the removal of U(VI) ions from solutions within this pH range. At pH 5.5, 
could adsorb about 99.2% and 94.42 % of U(VI) from an initial concentration of 100 mg/L and 200 
mg/L Fig.5.Adsorbent doze ound to be2 mg/L. 

a. Kinetic Study: The effect of contact time on the adsorption of U(VI) ions onto 
P(IA/MAA)-g-NC/NB was studied in the concentration range 100 - 250 mg/L and the results are 
shown in Fig. 4.  The equilibrium time was found to be 120 min. The adsorption was higher in the 
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beginning due to greater number of reaction sites available for the adsorption of U(VI) ions. The 
initial concentration had no significant effect on the time to reach equilibrium. 

        (7) (8) 

With the increase of initial U(VI) concentration from 100 to 250 mg/L, the adsorption 
capacity increased from 49.736 to 121.025mg/g, indicating that U(VI) adsorption depended on the 
initial metal concentration, results were presented in Table 1. lines using constants were drawn and 
shown in Fig4.The pseudo-second-order equation indicated a good correlation of the experimental 
results,9 the values of R2 and 2 listed in Table 1 reflect a better correlation for the pseudo-second-
order model .qe, agreed very well with both the experimental and calculated values. The values of k2 
decreased with increasing metal concentration. These results implies that chemisorption like 
mechanism. 

Concentration 
 

qe pseudo-second-order-kinetics 

 

pseudo-first-order-kinetics 

 (mg/L)   (mg/g)  

  
 

exp. 
k2  

(min-1) 
 qe  
 (mg/g) 

R2 χ2 
 

k1 

(min-1) 
qe 

(mg/g) 
R2 

  

100  49.736 0.03442 49.97657 0.9923 0.00117  2.142 57.016 0.955 

150  74.325 0.06909 74.967 0.9869 0.00383  0.001 82.317 0.935 

200  99.872 0.06858 98.072 0.9825 0.00442  0.0009 107.8711 0.932 

250  121.025 0.07075 115.651 0.9822 0.00454  0.0008 127.297 0.950 

Table1.  Kinetic parameters 

                           
Fig. 4. Adsorption kinetics of U(VI) 

on P(IA/MAA)-g-NC/NB in various concentration 
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3.6 Isotherm studies:  The experimental data of equilibrium adsorption were analyzed using the non-
linear forms of Langmuir, Freundlich &Redlich-Peterson isotherm equations., (9)  (10)     (11). Fig.6 
explains for homogenous monolayer adsorptionat higher concentration it favors Freundlich isotherm 
10 The values of isotherm constants were calculated using non linear regression analysis and the 
results are listed in Table. 2. Equilibrium data had agreed well with the Freundlich model3.7.  The 
values of R2and χ2 showed that the adsorption of U(VI) ions onto P(IA/MAA)-g-NC/NB was best 
fitted with Freundlich isotherm model over the concentration ranges studied Earlier studies also 
showed that the adsorption of U(VI) ions was best fitted with Freundlich isotherm model. 

 
Fig.5. Comparison of the experimental and estimated isotherms of U(VI) adsorption on 

P(IA/MAA)-g-NC/N. 

 

Tem
p. 
(oC) 

 Lan
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L) 
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40  131.6
8 

0.661 0.92
1 

0.21
6 

 52.47 0.29
9 

0.9
8 

0.02
3 

 87.77 0.666 0.9213 0
.
2
1
7
8 

50  146.5
5 

0.550
6 

0.84
2 

0.23
5 

 55.96 0.31
3 

0.8
4 

0.23
5 

 80.72
7 

0.5509 0.8423 0
.
2
3
7 

Table 2. Isotherm parameters 

3.11. Reuse of the Adsorbent:                

Recovery of the adsorbed cations and repeated usability of the exchanger is important in reference to 
the practical applications of treatment of waste water effluents adsorbent 11 Cycle was repeated with 
HCl solution having different concentrations six times with after regeneration for the removal and 
recovery of U(VI) from aqueous solutions ,surface and adsorption capacity maintained in different 
cycles therefore it could be included in the list of very effective adsorbent for U(VI) in real process 
such as nuclear industry waste water. 

 
Fig.6. Adsorption –Desorption Studies. 

 Conclusions 

 (P(IA/MAA)-g-NC/NB) was prepared and characterized .The U(VI) adsorption process, equilibrium 
was achieved within 120 min,. Pseudo-second-order equation was well correlated with the 
experimental kinetic data. Freundlich adsorption isotherm model gave good correlation with the 
experimental equilibrium data, P(IA/MAA)-g-NC/NB can be effectively used as an adsorbent for the 
removal and recovery of U(VI) from aqueous solutions. 
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Abstract 
Over the past few decades, nanoscale particles have elicited much interest due to their distinct 
chemical, physical and biological properties and its wide applications. The properties of nanoparticles 
differ from their bulk counter part because of the quantum size effect. Gold and silver nanoparticles 
are characterized by their localized surface plasmon resonance. for imparting optical properties at the 
nanoscale involves the integration of noble metals and their associated localized surface plasmons 
into the structure. The growth of a thin gold or silver layer around a functional nanoparticle core 
provides a practical and highly general approach for adding optical characteristics to any type of 
nanoparticle. There are many available approaches for the synthesis of gold and silver nanoparticles. 
of these, green synthesis has much importance. folic acid, a kind of vitamin, is used to reduce a gold 
precursor salt(HauCl4) and silver precusor salt (agno3) for producing their nanoparticles and also to 
act as a stabilizing agent. folic acid attracted much attention because of its targeting ability in cancer 
therapy. folic acid receptors isupregulated in many cancers as compared to normal tissues and hence 
foic acid acts as a site-specific targeting agent (davis et al. 2008). In these work, we synthesized fa-
protected au nanoparticles and ag nanoparticles by a simple one-pot method. This noble metal 
nanoparticles are allowed to grow around a functional nanoparticle. Pluronic, f127, amphiphilic block 
copolymer finds many application including drug delivery systems. The critical micelle 
concentration(CMC) of f127 is about 0.26-0.8wt% which is very low and can be improved by 
coupling it with stearic acid. The hydroxyl group of f127 coupled with carboxyl group of stearic acid 
to form a novel copolymer named as Sa(Stearic acid)-coupled f127 having appropriate CMC. above 
the CMC 6.9 × 10-5 wt%, Sa coupled f127 form micelle with hydrophobic inner core and it is loaded 
with 5-flurouracil as a model drug (attia et al. 2010). The functionalized Sa-coupled f127 particles are 
surrounded by au or ag shell which arises by the affinity of pluronics towards noble metal 
nanoparticles (Qiheet al.2011). The results suggest that gold conjugated Sa-coupled f127 potentially 
could be applied as a nanotechnology based drug delivery system.  
key words: Gold nanoparticle, Silver nanoparticle, targeted drug delivery, folic acid, Pluronic f127 
 
1. Introduction 

Nanotechnology refers to the branch of science which focuses on materials having dimensions 
in the order of 100nm or less. Nanoparticles exhibit a number of special properties relative to bulk. 
Metal nanoparticles having quantum size effect are evidenced by a dramatic change in the electronic 
and optical properties of material. Noble metal nanoparticles exhibit a special property called surface 
plasmon resonance. When a metal nanoparticle is exposed to light the oscillating electromagnetic 
field of the light induces a collective coherent oscillation of the free electrons (conduction band 
electrons) of the metal. This electron oscillation around the particle surface causes a charge separation 
with respect to ionic lattice, forming a dipole oscillation along the direction of the electronic field of 
the light. This property of metal nanoparticles is made use of the study of functionalized nanoparticles 
on which it forms like a shell. The most widely used synthesis method of Au nanoparticle causes Au3+ 
ions to be reduced to gold atoms and Ag+ ions to be reduced to silver atoms. To prevent the particles 
from aggregating, some stabilizing agent that sticks to the nanoparticle surface is usually added. Over 
the past decade, many kinds of biomolecules such as chitosan, sucrose, starch and protein have been 
used to prepare Au and Ag nanoparticles. Here folic acid is used to synthesize Au and Ag nanoparticle 
which also acts as a capping agent. 
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Folic acid can act as optimal targeting ligand for cancer therapy. Cancer cells overexpress 
folic acid receptors as compared to normal cells and thus act as a targeting agent which increases 
uptake of drug by cancer cells (Antony et al. 1996). Furthermore, its attractive properties including 
stability, small size, low cost poor immunogenicity and nontoxicity make it a promising therapeutic 
agent for cancer treatment (Ali et al. 2010). In this work, we synthesized Folic acid protected Au 
Nanoparticle by one-pot method. It is characterized by UV-Visible spectrum. 

Pluronic F127 belong to the family of poly(ethylene oxide) (PEO)-poly(propylene oxide) 
(PPO)-poly(ethylene oxide) (PEO) triblock copolymers. The PPO segment of pluronic is hydrophobic 
compared to the PEO segment on the two ends. It is an amphiphilic polymer and can aggregate to 
form self-assembled micelle structures above its critical micelle concentration (CMC) in an aqueous 
medium. The micelle can be used in drug delivery system (Tyrrell et al. 2010).  Previous studies 
comprised of the use of pluronic for loading anticancer drug doxorubicin. Pluronic F127 has 
relatively high CMC which leads to the dissociation of nanoparticle upon dilution and inorder to 
reduce its CMC, it can be coupled to stearic acid. Stearic acid can form ester linkage with pluronic 
F127 (Matsumura et al.1986). It is characterized by IR spectrum. 5-Flurouracil is loaded in the 
modified pluronic F127 as a model drug. 

Gold nanoparticle synthesized using Folic acid is mixed with drug loaded SA-coupled F127 
by making use of the affinity of pluronics for gold nanoparticle. However,to the best of our 
knowledge, this is the first time that incorporates targeting ability of Folic acid, plasmonic properties 
of gold nanoparticle and effective drug loading characteristics of modified pluronic F127 
 

2. Materials and Methods 

2.1. Materials 
HAuCl4 and pluronic F127 was purchased from sigma-Aldrich. AgNO3 and Stearic acid was 

purchased from Merck and Folic acid from Himedia. 
2.2. Synthesis of Gold Nanoparticle 

For the synthesis of gold nanoparticle, Folic acid (0.2mL, 1mM) was added to HAuCl4 (5mL, 
0.8mM) solution under magnetic stirring. Due to the poor solubility of Folic acid in acidic HAuCl4 

solution, some precipitate appeared. It is dissolved by adding 1molL-1 NaOH dropwise. The solution 
is sonicated for 2 hours at a temperature of 700C. The resulting solution turns wine red indicating the 
formation of gold nanoparticle. 
2.3. Synthesis of Silver Nanoparticle 

For the synthesis of silver nanoparticle, Folic acid (0.2mL, 1mM) was added to AgNO3 (5mL, 
0.8mM) solution under magnetic stirring. The solution is sonicated for 2 hours at a temperature of 
700C. The resulting solution turns slight yellow indicating the formation of silver nanoparticle. 
2.4. Synthesis of Stearic Acid Coupled F127 

About 10g stearic acid is mixed with 10g pluronic F127 in an RB flask. It is heated at 1500C 
with continuous stirring for 5 hours. The unreacted stearic acid is removed by dropping the mixed 
solution in 1:1 mixture of petroleum ether/ethyl acetate and filtering. It is then rotary evaporated and 
dried under vacuum. 
 

2.5. Synthesis of 5-Flurouracil Loaded SA Coupled F127 
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About 100mg of 5-Flurouracil and 100mg of SA coupled F127 is dissolved in 10mL 
Chloroform in a RB flask and it is rotary evaporated at 250C. The matrix obtained is kept in vacuum 
overnight at room temperature. The resulting thin film is dissolved in 10mL water, centrifuged, filter 
and lyophilized. 
2.6. Synthesis of Gold Conjugated 5-Flurouracil Loaded SA Coupled F127 

The synthesized gold/silver nanoparticle solution  (3mL) is mixed with 1mL 1%  5-Flurouracil 
loaded SA coupled F127. It is then sonicated for about 30 minute and dried for getting IR spectrum. 
The final product is due to the affinity of pluronic for gold nanoparticle. 
3. Result and Conclusion 

3.1. Synthesis of Gold  and Silver Nanoparticle 

 
The appearance of wine red colour indicates the formation of gold nanoparticle and yellow 

coloured solution  indicates silver nanoparticle. It is further indicated by UV-Visible spectrum the 
peak at peak at 531nm for gold and 452 nm for silver which is due to surface plasmon resonance. 

 
 
3.2. Synthesis of SA Coupled F127 

The peak at 1697 shows the presence of C=O (stretching) group which indicates the formation 
of ester group between Stearic acid and Pluronic F127 co-polymer. All other peaks are consistent with 
the stearic acid and pluronic F127. 
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3.3. Synthesis of 5FU Loaded SA Coupled F127 

Here the broad peak at 2926 is due to N-H stretching, peak at 1647 is due to N-H bending of 
the drug carrier. The sharp peak at 1109 is due to C-F stretching of 5-Flurouracil which indicates the 
effective loading of the drug. The peak of the drug carrier that is stearic acid coupled F-127 is 
retained in the IR spectrum. 

 
3.4. Synthesis of Au and Ag Conjugated 5FU Loaded SA Coupled F127 
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The surface plasmon resonance peak is retained for both Au and Ag which is clear from the 
Uv-Visible spectrum. IR spectrum shows the effective conjugation of both gold and silver with 5FU 

loaded SA coupled F127  

 
 
4. Conclusion 

We report the synthesis of Folic acid protected gold and silver nanoparticle. Uv-Visible 
spectrum confirms its formation. We confirm the synthesis of 5Flurouracil loaded Stearic acid 
coupled F127 and its effective conjugation with Au and Ag Nanoparticles. Since this newly 
synthesized complex nanoparticle contains folate, it can be used for the targeting of folate receptor 
positive cancer cells which over expresses folate receptor on their surfaces. 
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ABSTRACT 

Aryl ethers are important structural motifs which are prevalent in pharmaceuticals, 
agrochemicals, natural products like thyroxine, vancomycin and in anti HIV agents like 
chloropeptin. Cu-catalyzed Ullmann arylation of phenols has been extensively used for the 
construction of diaryl ethers. Even though Ullmann developed diaryl ether synthesis in the early 
20th century, its applications were limited due to high reaction temperature (above 150 oC), high 
catalyst loading and long reaction time. However the discovery of promoting effects of ligands in  
coupling reactions was a breakthrough in catalysis and it helped to extend the scope of the 
Ullmann reaction in research as well as in industrial applications. But most of the reactions 
reported in the presence of ligands were done in highly inert conditions in the presence of excess 
ligand/addtives which are economically less affordable. Thus there is need for more practical and 
flexible protocols for diaryl ether synthesis. Herein we report a novel C-O coupling reaction in 
aerobic conditions using an efficient, cost effective Cu(OAc)2/Pyridine catalytic system.                   

Cu(OAc)2,Pyridine

t-BuOH, 130 0C, air

OH

R1

+

I

R2

O

R2R1
 

 INTRODUCTION          

     Aryl ethers are important moieties which are prevalent in many biologically active 
compounds and other material precursors1. One of the early developed method for the synthesis 
of aryl ethers is the Cu-mediated Ullmann coupling reaction in which a phenol reacts with an aryl 
iodide or aryl bromide in the presence of copper salt under basic conditions. But this method was 
hampered by harsh reaction conditions (125-220 °C), stoichiometric quantities or more of the 
copper salt, large excess of phenol, and low yield of the product2. Nevertheless despite these 
problems, even after 100 years of its discovery, the Ullmann diaryl ether synthesis still remains 
the reaction of choice for large- and industrial-scale formation of the diaryl ether bond in 
pharmaceutical, agrochemical,  and polymer chemistry3 
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         Although recent progress in Pd-catalyzed ether formation provides an interesting option for 
the synthesis of aryl ethers,4 it has some inherent limitations such as moisture sensitivity, high 
cost, and environmental toxicity. The Cu-catalyzed route still offers the advantage of potentially 
lower cost for larger scale productions and less toxicity. Thus, the development of improved 
methods for the generation of diaryl ethers under relatively mild conditions using Cu catalysts 
has gained increasing attention.5,6 During the past decade Cu-assisted Ullmann C-heteroatom  
coupling reactions have made considerable progress. Recently, several reports showed that 
additives enhance the rate of the coupling reaction by possibly acting as a ligand to the copper 
centre and thus allowing the coupling to be carried out under mild conditions. Following this idea 
several ligand assisted C-O coupling reactions were reported7. In general, these additives are 
assumed to increase the solubility of the copper salts and prevent their aggregation.8 Moreover, 
they might enhance the reactivity by increasing electronic density on the catalytic centre.  
However because of the poor nucleophilicity of oxygen nucleophile fewer reports are available 
on the C-O coupling reactions compared to other C-heteroatom cross coupling reactions. Most of 
the reported reactions in presence of additives were done in the presence of Cu(I) salts in 
extremely inert conditions and the arylation of phenol in aerobic condition is seldom reported in 
literature9. With this background we tried to perform Ullmann coupling reaction under aerobic 
conditions using cheap, readily available catalytic system. It is reported that Cu(OAc)2/Pyridine 
catalytic system can be used for the coupling of pyrroles with phenyl boronic acids in aerobic 
atmosphere at room temperature10. Inspired by this result we examined the possibility of using 
this catalytic system for C-O coupling reaction. 
RESULTS AND DISCUSSION 

        4-iodotoluene and phenol were chosen as the model substrates with Cu(OAc)2/Pyridine as 
the catalytic system. Initially we carried out the reaction at room temperature and  found that no 
product was formed. Since most of the C-O coupling reactions reported were done at high 
temperatures we decided to increase the reaction temperature to 130 oC using DMF as the 
solvent. To  our delight the required product was formed in 13% yield. When the same reaction 
was done in inert atmosphere no product was formed indicating that O2 was essential for this 
reaction. Then we screened other Cu salts such as Cu(II)Br, CuI etc. and found that these are 
unsuitable suitable for the conversion. After the preliminary screening experiments we explored 
the effect of addition of different bases and solvents  in the reaction between 4-iodotoluene and 
phenol. 

Table 1. Effect of different solvents additives on the coupling of 4-iodotoluene with phenol. 
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Cu(OAc)2,Pyridine

CH3

CH3t-BuOH, 130 0C, 68h, air
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Entry Solvent  Yield(%) Entr

y 

Solvent Yield(%) 

1 DMF 13 1 Cs2CO3 15 

2 Dioxane 33 2 K3PO4 17 

3 Toluene 25 3 K2CO3 41 

4 CH3CN 30 4 NaOtBu 13 

5 t-Butyl alcohol 48 5 KOtBu 30 

6 Water Trace 6 NaOH 5 

7 DMSO 22 7 Triethylamine 22 

8 DME 35 8 L-Proline 20 

9 THF 25 9 BINOL n.d 

10 Ethylene Glycol 43    

11 EtOH 7    

12 Isoamyl alcohol 9    

a: isolated yield, n.d-not detected 

 After screening different solvents we found that t-butyl alcohol is the best choice which gave 
48% yield of the product and is therefore chosen as the optimal solvent for this reaction. Then we 
tried to optimize the base by adding different bases to the reaction mixture. Unfortunately all the 
commonly used bases tried decreased the yield of the product . Moreover addition of ligands also 
did not promote the reaction. Shortening the reaction time and lowering the reaction temperature 
also caused negative effects.  

In order to find the mechanism of the reaction we have done some control experiments. First we 
have done the reaction under inert atmosphere and found that no product is formed. This 
confirms the fact that presence of Oxygen is essential for this reaction. Also the reaction in the 
absence of pyridine was also not successful implying that pyridine stabilizes the catalytic species. 
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Based on the above observations we proposed a plausible mechanistic pathway for this C-O 
coupling reaction. 

Scheme 1. Plausible mechanistic pathway for C-O coupling reaction 
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The first step involves the coordination of pyridine to the Copper center to form a four 
coordination copper complex followed by addition of aryl halide. The formed Cu(II) complex can 
be oxidized to Cu(III) complex and these two forms can exist in equilibrium. The Cu(III) 
complex which is more facile to reductive elimination gives the required product. Thus pyridine 
act as a base in the first step by generating the OAr-  nucleophilic species and then it acts as the 
ligand by stabilizing the Copper complex. 

Since oxygen is essential for the reaction, we expect that the yield of the reaction can be 
increased by adding some oxidants such as TBHP, oxone etc. to the reaction or doing the reaction 
exclusively in presence of oxygen. Although Cu(OAc)2 is cheap we can further reduce the cost 
and waste by recycling it by treating the Cu residue formed after the reaction with bubbles of air 
in acetic acid solution and subsequent vacuum drying11. The regenerated Cu(OAc)2 could 
smoothly promote the coupling reaction.  

Scheme 2. Regeneration of Cu(OAc)2 

Copper residue
AcOH, air

90 0C, 4h

vacuum drying Cu(OAc)2

 

 MATERIALS AND METHODS 

General procedure for the O-Arylation of Phenols: A sealed tube was charged with 4-
iodotoluene (109 mg, 0.5mmol), Phenol(.088ml, 1mmol), pyridine (.080ml, 1mmol), Cu(OAc)2 
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(136mg, 0.75 mmol) and t-BuOH (3ml) under aerobic condition. The reaction mixture was then 
stirred for 68 h at 130 0C. After being cooled to room temperature, the mixture was  poured into 
25 ml of water and extracted with ethyl acetate (3*10ml). The combined organic layer was 
washed with water (1*10ml), brine(1*10ml), and dried over anhydrous Na2SO4, and the solvent 
was removed in vacuum. The residue was purified by column chromatography on silica gel using 
Hexane/EtOAc as the eluent to afford the desired product as a colourless oil(22 mg, 48% yield) . 
1H NMR (CDCl3, 400 MHz) δ 7.32-7.28 (m,2H,), 7.23-7.14 (m, 2H), 7.12-7.05(m, 2H), 6.98-
6.87 (m, 2H), 2.3 (s, 3H);  13C NMR (CDCl3, 100MHz)  δ 20.6, 118.3, 118.6, 122.7, 129.6, 
130.2, 132.4, 154.7, 157.8. MS m/z  184 (M+). 

CONCLUSION 

In summary, we have developed a cost-effective, easily accessible method for Ullmann C-O 
coupling reaction under aerobic atmosphere using recyclable Cu(OAc)2 without using any ligands 
or additive. Further efforts to increase the yield of the reaction and extend the scope of the 
reaction are currently underway. 
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Abstract 

 When the solar wind, which is the supersonic flow of charged particles from the Sun and 
which carries the solar magnetic field also (interplanetary magnetic field), interacts with Moon, a 
cavity (wake) is formed on the nightside of Moon. The interplanetary magnetic field lines pass 
through the Moon to the nightside due to the poor electrical conductivity of Moon. Since the 
thermal speed of protons (~50 km/s) in the solar wind are much smaller than their bulk flow 
speed (~400 km/s), it was believed that no solar wind protons reach the nightside (wake region) 
of the Moon. a new group of protons have been discovered in the lunar wake by the in-situ 
observations by the Indian lunar mission Chandrayaan-1. These observations were made by the 
SwIM (Solar wind Monitor) sensor of the SaRa (Sub-keV atom Reflecting analyzer) experiment 
on Chandrayaan-1. SaRa observed these protons when the solar wind flow was almost parallel to 
the interplanetary magnetic field, a special condition where the field lines do not allow any 
movement of protons in to the wake. The existing theories could not explain this new population 
of protons in the lunar wake. by back-tracing these proton trajectories, it was found that they 
belong to the high energy tail of solar wind and get access to the near-lunar wake region due to 
their larger gyro radii (the gyro radius being bigger than the radius of Moon). The presence of 
these protons on the nightside of the Moon has significant implications on the plasma dynamics 
in the lunar wake environment including the electrical charging of nightside surface and may 
contribute in generating nightside exosphere. 
Introduction 

 Solar wind is a magnetized plasma flow from the Sun at supersonic velocities of ~400 
km/s on average and a typical composition of  ~96% of H+, ~4% He++ and <1% heavier ions and 
equal number of electrons [Wurz (2005)] . Solar wind carries with it (frozen in) the magnetic 
field of Sun known as interplanetary magnetic field (IMF). During its flow through the 
interplanetary medium, solar wind interacts with the various objects in the solar system. The 
resulting dynamical processes varies depending on the size of the object as well as whether the 
object posses atmosphere and magnetic field.  
Moon is planetary body with a surface bound exosphere [Killen, (1999) and references therein] 
and with regions of localized magnetic fields on the surface known as magnetic anomalies 
[Halekas et al., (2001); Richmond et al., (2008)]. Due to the lack of a substantial atmosphere and 
global magnetic field, Moon is exposed to the surrounding space environments such as solar 
radiation, solar wind, meteorites, solar energetic particles etc. The surface of the Moon is 
covered with a powdered layer of soil known as regolith [Crider and Vondrak, (2002)]. Moon is 
exposed to the solar wind for more than half of its orbital period, while in the upstream of Earth's 
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magnetosphere. This enables the direct interaction of solar wind with the lunar surface. Only 
~1/3rd of its orbital period, Moon passes through Earth's magnetotail, a different plasma region. 
Having a porous regolith covered surface, conventionally, Moon was thought to be a passive 
absorber of solar wind on the dayside. On the nightside, a cavity known as 'plasma wake' was 
anticipated where no charged particles exist. The interplanetary magnetic field lines pass through 
the Moon to the nightside due to the poor electrical conductivity of Moon. The plasma wake was 
expected to close at larger distances of the order of few lunar radii (lunar radius ~1738 km) 
downstream of Moon due to the diffusion of solar wind plasma in to the wake along IMF. 
Chandrayaan-1, the Indian lunar mission, has discovered a new population of protons in the 
plasma wake of Moon.  
 One of the objectives of Chandrayaan-1, the first Indian lunar mission, was to study the 
solar wind-lunar interaction. Chandrayaan-1 has changed the perspective of lunar science by 
several discoveries, including H2O/OH in the lunar soil [Pieters et al., (2009), Clark (2009)], 
mini-magnetosphere [Wieser et al., 2010], mineralogy [Staid et al., (2011)] etc. One of the 
experiment on Chandrayaan-1 was Sub-keV Atom Reflecting Analyzer (SARA), the 
observations of which revealed that of the solar wind proton flux (108 cm-2 s-1) impinging on the 
lunar surface, around 20% of the proton flux come out from surface as neutral atoms having 
energies close to that of solar wind (energetic neutral atoms: ENAs); around 0.1-1% of the 
proton flux scatters back to space preserving their charge state [Holmstrom et al., (2010)],  the 
localized magnetic fields present on the lunar surface shield those regions from the solar wind 
impact thereby forming a mini-magnetosphere as mentioned before [Wieser et al., 2010] and 
thereby protecting the surface from space weathering; acceleration of protons scattered from 
surface and magnetic anomalies under different IMF conditions [Futaana et al, (2010)] and much 
more. All these gave an insight in to the dynamical processes initiated by solar wind 
bombardment on Moon. In this paper, we report the discovery of a new population of protons in 
the near lunar wake by SARA on Chandrayaan-1. 
Instrument and observations 

 The SARA (Sub-keV Atom Reflecting Analyser) experiment on Chandrayaan-1 
[Bhardwaj et al.(2005)], with the objective of studying the interaction of solar wind with the 
Moon had two sensors - an ion-mass analyzer namely SWIM (Solar WInd Monitor) and one 
neutral particle sensor namely CENA (Chandrayaan-1 Energetic Neutrals Analyzer). Both 
sensors had fan shaped field of view (FoV). The mounting of the sensors on Chandrayaan-1, and 
their FoV orientation in the orbit are shown in Fig. 1.  SWIM FoV had 16 angular pixels with an 
angular resolution around 10°x4.5°. SWIM was operated in the energy range 100-3000 eV and 
had an energy resolution of ΔE/E~7%. CEσA had energy coverage of 10 eV - 3300 eV and the 
mounting of CENA was such that its FoV scans the lunar surface (nadir viewing) with 7 angular 
pixels with a resolution of around 6.5°x45°. Chandrayaan-1 was in a polar orbit at an altitude of 
100-200 km from lunar surface. In the analysis reported in this paper, only SWIM data has been 
used. 
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Figure 1. (a) The location of 

the sensors – SWIM and CENA 

of SARA on Chandrayaan-1. 

The sensors were mounted on 

the top deck of Chandrayaan-1 

(CH-1) (b) The Field of View 

(FoV) of SWIM and CENA 

when they are mounted on CH-1 (c) The orientation and its coverage of  FoV of SWIM and 

CENA as    CH-1 orbits around Moon, shown for a sample orbit. 

The SWIM observations provide differential flux of ions in a specific energy and angular 
(direction) bin every 31.25 ms.  The time taken for a full angular and energy scan was 8s. Due to 
the polar orbit of Chandrayaan-1, SWIM had observations on the dayside as well as on nightside 
in one orbit. Only those observations in lunar wake when the Moon was located in the upstream 
solar wind (outside Earth's bow shock) have been considered in the analysis.  We have used the 
co-ordinate system known as 'aberrated Lunarcentric Solar Ecliptic co-ordinates' (aLSE) for the 
analysis. The origin of aLSE is at the centre of the Moon and the x-axis is along the anti-solar 
wind velocity direction, the z-axis is normal to the solar wind velocity vector towards the ecliptic 
north, and the y-axis completes the right handed co-ordinate system For the upstream solar wind 
parameters, such as solar wind velocity, density, and IMF orientation, the level-2 data from the 
SWEPAM and MAG instruments on the ACE (Advanced Composition Explorer) satellite has 
been used. The solar wind flow is considered as magnetic field aligned flow when the angle 
between solar wind velocity (Vsw) and IMF is within 10°. 
Results and Conclusions 

 The energy-time spectrogram of the proton counts observed by SWIM at 200 km altitude 
above the lunar surface on 18 July 2009 is shown in Fig. 2.  The two populations of protons 
observed in this orbit are marked as A and B in the Fig. 2. ur emphasis here is on the population 
‘A’ observed in the wake when the solar zenith angle (SZA) was close to 140° (middle panel of 
Fig.2) which is closer to anti-subsolar point and hence deeper inside the wake. From the 
orientation of IMF shown in the bottom panel in Fig. 2, it is clear that IMF was aligned with 
solar wind velocity within 5°. For a perfect magnetic field aligned flow, the convective electric 
field of solar wind (Ec = -Vsw x IMF) is zero. For an angle of ≤10° between IMF and solar wind 
velocity, the convective electric field would be negligible. Hence any transport of dayside 
surface scattered protons to nightside by convective electric field would not be efficient during 
aligned flow condition. Since the solar wind velocity and IMF are parallel, the diffusion of 
protons in to the wake parallel to IMF [Futaana et al., (2010)] is also not possible. Classical 
theory [Spreiter et al. (1970)] and the recent hybrid simulations [Holmstrom et al. (2012)] show 
that the entry of solar wind protons is inhibited when the IMF is aligned with the solar wind flow 
resulting in an elongated wake. However, these models emphasise on the far-wake and hence 
have limited applicability in the near-wake because of the complicated plasma dynamics in near 
wake due to the presence of processes such as lunar surface charging [Halekas et al. (2011)]. 
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Figure 2. SWIM 

Observation on 18 July 

2009 when the orbit of 

Chandrayaan-1 (CH-1) 

was at an altitude of 200 

km. The top panel is the 

energy-time spectrogram of 

proton counts with the 

black boxes overlaid 

representing the time 

interval when CH-1 was in the lunar plasma wake. The population marked as ‘A’ represents 
protons observed in the wake and ‘B’ represents the solar wind protons observed on dayside. 
The middle panel represents the solar zenith angle (SZA), and the bottom panel represents the 

orientation of IMF in terms of azimuth and elevation angles. The azimuth angle B is the angle 

between projection of IMF in the x-y plane and the x-axis, whereas the elevation angle θB is the 

angle between the z component of IMF and the x-y plane, so that +90° refers to orientation 

towards north and -90° towards south (all in aLSE frame). 

 To investigate the origin of the nightside 
ions, the proton trajectory were back-traced 
from the location of their detection. The back-
tracing was carried out with uniform (constant 
in time and position) upstream solar wind 
parameters. Fig. 3 shows the projections in two 
planes (x-y and x-z) of the back-traced 
trajectories of the observed protons.  

Figure 3. (a) Back-traced trajectories of 

observed protons projected onto the x-y plane. 

The black curves show trajectories which goes back to solar wind direction, when back-traced, 

indicating that they are originated from solar wind , and the blue curves show trajectories which 

hit the dayside lunar surface  when back-traced, indicating that they originated from the lunar 

surface (solar wind scattered from lunar surface). The unit of horizontal and vertical axes are in 

lunar radii RL (b) Same as (a) with trajectories projected onto the x-z plane 

 These trajectories show that the majority of observed protons have originated from the 
solar wind (as seen from the higher number of black curves). Some particles come from the lunar 
surface (blue curves) which are basically the solar wind particles scattered from lunar surface, 
but their fraction is small. The protons which are originated from solar wind (black curves) are 
from the higher energy tail of solar wind and hence they have larger gyro-radii which is bigger 
than the radius of Moon. Thus, these protons could enter the wake due to their larger gyro-radii 
even when the flow is aligned to IMF.  
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The presence of these protons can alter the electrodynamics in the near-wake region. The lunar 
surface charging on the nightside can get affected due to these protons, which otherwise is 
negatively charged to potentials of around few hundred volts. These protons can cause sputtering 
and hence contribute to nightside lunar exosphere, if they hit the lunar nightside surface. 
According to Wurz et al., 2007 the total sputter yield per incident solar wind ion for the lunar 
surface is typically in the range 2x10-5 to 0.07. For an incident solar wind flux of ~108 cm-2 s-1, 
the sputtered flux is around ~107 cm-2 s-1 corresponding to a total contribution to the exospheric 
density of up to 10 cm-3. The estimate of the flux of the protons in our observation is ~106 cm-2   
s-1. Assuming that all of them hit the nightside surface, a crude estimate of the for contribution to 
the exospheric density is ~0.1 cm-3 which is not insignificant in view of lunar exosphere. 
These results have implications to other atmosphereless planetary bodies in the solar system such 
as Mercury, asteroids, some of the satellites of the outer planets as well as exo-solar systems. 
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Abstract 

 The south-western region of the Indian peninsula is the gateway of Indian summer 
monsoon. This region experiences continuous monsoon rain for about six months from june to 
november. The variability of atmospheric water vapor (the column content as well as its vertical 
distribution) is one of the most important parameters related to the asian Summer Monsoon 
(aSM) and is useful to study the onset, active and break phase of the monsoon. a multi frequency 
Microwave Radiometer Profiler (MRP) which has the potential to measure the vertical structure 
of atmospheric humidity continuously has been made operational at equatorial coastal station 
Thiruvananthapuram (TVM). The capability of MRP for precipitable water vapor (PwV) 
estimation over tropical region particularly during a prolonged monsoon period has been 
examined by comparing with the water vapor derived from collocated GPS measurements based 
on regression model between PwV and GPS wet delay component which has been developed for 
TVM station. The PwV derived from MRP observations for multi- years has been analyzed to 
study the diurnal, seasonal and inter-annual variability of water vapor. There is large inter annual 
variability in water vapor (10-12 mm) during pre monsoon months, owing to the frequent local 
convection. However, during monsoon period, the inter- annual variability in PwV is not 
significant and it is independent of the rate of rainfall. The vertical variability of specific 
humidity (g/kg) shows that maximum variability in water vapor occurs at 2 to 6 km altitude and 
just before the onset of monsoon the specific humidity (5- 10 g/kg) increases with altitude and 
reaches ~ 5 km altitude level and it is consistently maintained throughout the active spells. 
during break spells dry conditions occurring at this level. The intra seasonal oscillations 
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manifestated in PwV measurements showed positive correlation with the precipitation. 
 
1. Introduction 

Water vapor plays a major role in many of the atmospheric and geophysical phenomena 
that include exchange of energy, radiation budget, formation of clouds and weather systems, 
besides being a major greenhouse agent. Water vapor exchanges energy in the form of latent heat 
during evaporation and condensation. Hence the information of its vertical distribution in the 
atmosphere and its temporal variability is essential in understanding regional weather system as 
well as global climate system. 

Precipitable water vapor (PWV), which is the height of the liquid water column when the 
entire water vapor in a vertical column of the atmosphere is condensed, represents the variability 
of the water vapor in the atmosphere. Weather forecast models demand water vapor information 
with high temporal resolution over a wide geographical region. But atmospheric water vapor 
content undergoes large variability in short spatial and temporal scales which makes its mea-
surement rather difficult. Remote sensing techniques have the potential to monitor the temporal 
and spatial variation of PWV continuously as well as its altitude structure. 

Ground based passive microwave radiometers have been used experimentally in the past 
for measuring the PWV. The application of Global positioning system (GPS) technology to 
measure water vapor with a high temporal resolution in all-weather condition has been recently 
demonstrated (Bevis et al. [1992]) and well established [Rocken et al. [1993]. The advantage of 
GPS based water vapor measurement is that it does not require periodic calibration, besides 
being a low-cost, all-weather (including precipitation) technique (Ware et al. [2000]). 

 
2. Data and Methodology 

In this study measurements from Microwave Radiometer Profiler (MRP) and collocated 
GPS are used. Brief discussion of MRP and GPS receiver are given below. 
 

2.1. Microwave Radiometer Profiler (MRP) 

The MRP measures brightness temperatures through a sequential scan of 5 frequencies in 
the K band (22.23 GHz-30.0 GHz) and 7 in the V band (51.2 GHz-58.8 GHz). The bandwidth 
for each channel is 300 MHz. The beam width is 5°-6° at 22-30.0 GHz and 2°- 3° at 51-59 GHz. 
MRP measurements of the thermal emission from the atmosphere at 22- 30 GHz channels are 
used to retrieve humidity profiles and PWV. Neural network technique is used to invert the 
radiances measured at the different channels and to retrieve the vertical profiles of temperature 
and water vapor up to height of 10 km at 58 levels with decreasing resolution of 0-500 m with 50 
m resolution, 550 m-2 km with 100 m resolution and from 2-10 km with 250 m resolution. 
Besides these measurements, system also provides the cloud base height, integrated water vapor 
and integrated liquid water. 
2.2 Global Positioning System (GPS) 

A triple frequency GPS receiver, Leica GRX1200/GNSS has been installed at the 
radiometer site and operational since May 2010 and it receives radio signal at L1 (1.57GHz), L2 
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(1.227GHz) and L5 (1.110GHz). The net tropospheric delay in the zenith direction called the 
Zenith Tropospheric Delay (ZTD) which has two parts; one part is governed by the non-polar 
gases (hydrostatic), usually referred to as zenith hydrostatic dry delay (ZHD) and the other 
component delay contributed by polar molecules (non-hydrostatic) like water vapor which is 
referred to as the zenith wet delay (ZWD). While the hydrostatic (dry) component constitutes 
about 90% of the total delay, the non-hydrostatic (wet) part constitutes the remaining 10%. Fi-
nally ZWD was derived by subtracting ZHD from the ZTD and is linearly related to PWV. 
2.2.1. Retrieval of atmospheric columnar water vapor (PWV) from Ground based GPS 

receiver 

The GPS data were processed using GAMIT software package developed collectively by 
Massachusetts Institute of Technology (MIT) and Scripps Institute of Oceanography (SIO) to 
estimate 3-Dimensional relative positions of ground points and satellite orbits from GPS data. 
For the retrieval of ZWD from the GPS data the daily phase observations in the Receiver 
Independent Exchange (RINEX) format are collected at our station along with eight other IGS 
stations, which are chosen based on a thorough optimization study (Tregoning et al. [1998]). The 
GAMIT estimates the propagation delay mapped to zenith direction (Niell [1996]). The 
hydrostatic component (ZHD) is then estimated by substituting the pressure values measured at 
the GPS antenna position and using station based models developed for TVM (Saha et al. 
[2007]) which employs on the mean atmospheric pressure measured at the antenna position. The 
ZHD component is then subtracted from ZTD to estimate ZWD. 

The empirical relation for Trivandrum, connecting PWV and ZWD obtained through a 
regression analysis and is given as,PWV=(0.157±0.0047)×ZWD The empirical relation yields a 
correlation coefficient of 0.97 and has been used in the present study for estimating PWV from 
the GPS derived ZWD. 
3. Results and Discussion. 

3.1. Validation of MRP measurements during monsoon period 

The water vapor estimation from MRP and GPS are based on two different physical 
processes that are involved during the microwave propagation through the atmospheric medium. 
The attenuation and thermal emission are the basic physical processes involved in the MRP 
based PWV estimation while in case of GPS, PWV is mainly due to the refraction and 
retardation processes due to the polar water vapor molecules. A one to one comparison of PWV 
obtained from MRP (PWVMRP) and from GPS (PWVGPS) has been made. The regression 
analyses between PWVMRP and PWVGPS, to quantify the comparison which shows a good 
correlation of 0.98 and RMS error of 1.5 mm. These analyses imply that the microwave 
radiometric measurements of PWV over the tropical station is consistent throughout the 
measurement period and hence this measurements have been used to study the seasonal and 
inter- annual variability of PWV and the effect of monsoon on PWV distribution 
3.2. Seasonal and Inter annual variability of water vapor 

The information on the seasonal and inter annual variability of water vapor over the 
station is important to understand the PWV variability and its impact on the monsoon. The inter 
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annual variability of PWV in terms of monthly mean with the standard deviations for four years, 
from April 2010 to December 2013 is shown in Figure1. PWV is large during May to November 
in all years. During December to March, PWV is less and it ranges between 30 to 45 mm with 

large standard deviations (10 to 12mm), which 
indicates that water vapor is highly variable during 
this period due to local convective processes. From 
June to October, the range of PWV is between 50 to 
60 mm with least standard deviation (2 to 5 mm) 
which indicates that during the monsoon period the 
PWV variability is less due to continuous advection 
of moisture. 
Figure1. The inter annual variability of PWV with its 
standard deviation for the period April 2010 to 
December 2013 

3.3 Vertical variability of specific humidity 

An analysis is carried out to examine the vertical variability of water vapor and its 
significance during the onset, active and break spells of monsoon. The inter annual vertical 
distribution of specific humidity during different seasons has been studied for the consecutive 
four years (2010 -2013). TVM being an equatorial coastal station, the lower atmosphere (below 2 

km) is highly humid (18 -20 
g/kg) throughout the year 
irrespective of the season. 
The variability in PWV 
mainly resides in the altitude 
level of 2 to 6 km. 
Figure 2. The vertical 
distribution of specific 
humidity from 2 to 8 km 
during June to September 
(monsoon period) from 2010 
to 2013. 
 

3.3.1. A low pressure system over Arabian Sea 

In 2011, from 7th to 11th of May the region experienced extremely dry condition due to 
the low pressure system over Arabian Sea and wind pattern during this period showing the 
drifting of the moist air from land to sea resulting in convergence of dry air from land. The 
specific humidity distribution at the altitude of 2 to 4 km shows low value as shown in Fig. 3. 
The cloud base height is also higher (> 7 km) measured by the IR radiometer attached to MRP 
during this period showing clear sky conditions. The humidity building up started soon after this 
dry stage. 
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Figure 3.  The temporal variation 
of specific humidity in the month 
of May during three years 2010-
2012. The wind condition (using 
NCEP/NCAR data) on May 11th, 
2011 (during depression period) 
and on May 13th 2011 (after the 
event) 
3.3. Intra-seasonal Timescale 

analyses of PWV 

Intra-seasonal time scales are 
influenced by a broad range of 
processes ranging from 
synoptic to global disturbances. 
These processes have been shown 
to impact on precipitation, 

convection and atmospheric circulation. To understand its signature in water vapor availability of 
TVM we made wavelet analyses for the period 2011 to 2013. 

Figure 4. The wavelet 
analysis for three 
years of period with 
amplitude indicated 
by the colors. 
A prominent 
periodicity is seen at 

the 40 day period during pre monsoon and post monsoon period during 2011 and 2013 whereas it 
is weak during 2012. These are mainly Madden Julian oscillations. It is found from our analyses 
that these waves are strong during good monsoon years whereas weak during rainfall deficit year 
over this station. Moreover 15 to 25 day periodicity and 5 to 10 day periodicity, that is Kelvin 
and Rossby waves are present during winter and pre monsoon periods and absent during peak 
monsoon periods but in the year 2012 these wave signatures are found throughout the year. 
3.4. Seasonal variations of the diurnal cycle 

The diurnal variations in water vapor could affect the surface and atmospheric long wave 
radiation and absorption of solar radiation. It is also related to diurnal variation in convection, 
precipitation, surface wind convergence and surface evapotranspiration. The diurnal variability 
of water vapor over this equatorial coastal station has also been studied. The winter 
period(December to February) and pre- monsoon period (March and April) show clear diurnal 
variability in PWV. The figure shows the monthly mean diurnal anomaly of PWV with monthly 
mean and standard deviation. Once monsoon sets over the station, the diurnal variability has 
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been vanished, owing to the advection of water vapor, the persistence of clouds and rain. A 
distinct diurnal variation in water vapor is observed over this region. PWV increases during day 
time reaching its maximum in the late afternoon between 1600 and 1900 1ST, which varies with 
the month and minima reaching between 0600 and 0900 1ST. The Fast Fourier Tranform (FFT) 
analyses also shows 24 hr period during pre monsoon and winter period. 

Fig. 5. Mean diurnal 
anomaly of PWV with 
monthly mean and 
standard deviation and 
monthlyFFT plots 
Conclusion 

The information of water 
vapor variability over a 
tropical coastal station is 
very important as it has 
great influence on small 
scale weather phenomena 
like convection as well as 

on complex phenomena like monsoon. The accuracy and consistency of microwave radiometric 
measurements of water vapor over equatorial coastal station during monsoon period has been 
studied. The PWV has been validated using GPS measurements. The results show that prior to 
the onset of monsoon, the specific humidity (5- l0 g/kg) ~7g/ kg reaches to above 5 km altitude 
level. The large gradient in humidity at the upper altitude level indicates the rainfall deficit year 
over this station. The vertical wind patterns for monsoon period shows that the strength of LLJ 
governs the transport of humid air in the lower altitude level and hence determine the humidity 
availability over this site. The wavelet analysis shows that an oscillation during pre monsoon 
period has impact on the effectiveness of precipitation over this region. 
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Abstract 
 
 Tropospheric carbon monoxide (Co) is an air pollutant as well as secondary green house 
gas and plays important role in tropospheric chemistry involving oH (hydroxyl) radical. Co 
concentration level and its temporal changes vary region to region. a comprehensive study on 
lower-tropospheric, upper-tropospheric and columnar Co is carried out over kerala using ~ 14 
years (2000-2014) of satellite data of MoPITT (Measurements of Pollution in the Troposphere). 
The lower-tropospheric Co maximises (~215 ± 25 ppb) during winter and minimises (~ 60 ± 10 
ppb) during summer-monsoon season over kerala. The seasonal variation in upper-tropospheric 
Co is feeble. The seasonal pattern of columnar Co almost follows the same pattern that of lower-
tropospheric Co. However, columnar Co maximises (~ 2.5 ± 0.15 x 1018 molecules cm-2) 
during pre-monsoon season. The main controlling factors for seasonal variation of tropospheric 
Co found to be anthropogenic Co emission (rather than Co emission from open-biomass burning) 
and monsoonal circulation. Long-term trend analysis shows that while the lower-tropospheric Co 
is decreasing (1.4 % year-1), the upper-tropospheric Co is increasing (2.3 % year-1) over kerala. 
The decreasing trend in columnar Co is not statistically significant. The analysis of error, arising 
due to temporal changes in averaging kernels of MoPITT, shows that magnitude of trend may 
vary depending on error but the sign (positive or negative) of trend remains the same. The 
reasons for decreasing trend in lower-tropospheric Co could be increase in lower-tropospheric 
water vapour and/or ozone. being a pollutant, decrease in lower tropospheric Co is good 
indication for air quality. but it points to the possibility of increase in lower tropospheric ozone 
which is not good for health as lower-tropospheric ozone is another pollutant. a reason for 
increasing trend in upper-tropospheric Co could be strengthening of convective activity, uplifting 
the Co to higher altitudes.Co, being is a major consumer of oH radical, increasing trend in upper-
tropospheric Co would cause less availability of oH for the removal of other greenhouse gases 
like methane. This could affect the lifetime of greenhouse gases in the upper troposphere which 
would have greater climatic implications. 
Introduction 

Carbon monoxide (CO) is a major air pollutant having adverse effect on humans and 
animals. It is also an indirect (secondary) greenhouse gas as it can increase the concentration of 
methane by removing the hydroxyl (OH) radical which would otherwise destroy them. The 
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indirect radiative forcing due to CO is estimated to be 0.23 (0.18 to 0.29) Wm-2 through the 
production of ozone, methane and carbon dioxide [IPCC (2013)]. The major sources of 
tropospheric CO are incomplete burning processes which include fossil fuel combustion, 
biomass burning, industrial activities and oxidation of CH4 and non-methane hydrocarbons. 
Approximately 66% of CO is of anthropogenic origin [Seinfeld & Pandis, (2006)]. CO plays a 
major role in atmospheric chemistry involving OH radical [Seinfeld and Pandis, (2006)]. In fact, 
major sink of CO is its reaction with hydroxyl (OH) radical. In the presence of other pollutants 
like NOx and solar radiation, it also takes part in the formation of tropospheric ozone which is 
also a pollutant. 

The measurement of CO is essential in assessing pollution and understanding 
atmospheric chemistry. Over Indian region, in-situ measurements of near-surface CO are 
available at few sites for a limited study periods. These observations are limited in terms of time 
and space and hence a comprehensive picture of CO over a given region cannot be brought out. 
In this context, satellite observations are highly useful in deriving the temporal and spatial 
features. Satellite-based measurement of tropospheric CO is being carried out by Measurements 
of Pollution in the Troposphere (MOPITT) on board Terra spacecraft 
(https://www2.acd.ucar.edu/mopitt). In this study, MOPITT retrievals were used as dataset is 
available for the longest period of ~ 14 years. This paper presents a comprehensive study on the 
temporal variation of tropospheric CO using latest retrievals of MOPITT over Kerala and its 
association with anthropogenic activity and meteorology (synoptic winds). In addition, the 
region specific long-term trend in CO is also investigated in detail. 
Datasets and Method 

 The present study is based on 1°×1° gridded monthly averaged CO concentrations 
retrieved from MOPITT. The retrieval algorithm version 6 (V6) provides higher quality 
retrievals. In addition, V6 provides improved long-term consistency of retrieval products 
resulting from use of climate quality reanalysis [MOPITT Version 6 Product User's Guide by 
Merritt N. Deeter]. Basically, MOPITT makes use of the strong absorption lines of CO in the 
Thermal-infrared (TIR) 4.7 m for its retrievals employing the technique of gas correlation 
radiometry. The V6-TIR data, used in the study, is available for all scenes (day/night, 
land/ocean). The CO mixing ratios are retrieved at 10 pressure levels (surface, 900, 800, 700, 
600, 500, 400, 300, 200 and 100 hPa levels). These data were obtained from the website 
http://eosweb.larc.nasa.gov/ and/or https://wist.echo.nasa.gov/api/. Moeover, the V6-TIR (and 
V5) product showed reduced retrieval bias-drift associated with long-term instrumental changes 
(less than 1% year-1 at all levels) which is negligible in total columnar CO (Deeter et al., 2013). 
Due to these reasons, V6-TIR data were selected for the present study. 
 To minimise the uncertainty in the analysis, we have taken following precautions. 
Monthly averaged data has been spatially averaged for 6 grids (1° × 1°) and used for the 
analysis. When averaging over an ensemble, retrieval errors associated with random radiance 
errors (such as geophysical noise and instrumental noise) decrease as the square root of the 
number of retrievals in the ensemble [MOPITT Version 5 Product User's Guide by Merritt N. 
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Deeter]. Since the degrees of freedom are higher during daytime as compared to that of nighttime 
values, especially over tropics, only daytime retrievals were used. In order to get more accurate 
results, the daytime retrievals with degrees of freedom greater than 1 were considered in the 
analysis. For the lower-tropospheric analysis, mixing ratios available at 900 hPa are utilised to 
represent the broad featurs of the lower tropospheric CO and for upper-tropospheric CO, mixing 
ratios available at 200 hPa are utilised to represents the broad features of upper tropospheric CO. 
 The monthly gridded (1° × 1°) level-3 data of fire pixel counts from the MODerate 
resolution Imaging Spectrometer (MODIS) on board Terra spacecraft has been used for 
identifying the open biomass burning activity. In addition to fire counts, The monthly gridded 
(0.5° × 0.5°) CO emissions from fire were used in the study as obtained from Global Fire 
Emissions Database, version 3 (GFED3),  http://www.globalfiredata.org/Data/index.html. The 
data were obtained from http://disc.sci.gsfc.nasa.gov/neespi/data-holdings/myd14cm1.shtml. The 
MACCity data [Granier et al., (2011)] of anthropogenic CO emission were utilised in the study. 
MACCity emission inventory is an extension of ACCMIP (Atmospheric Chemistry and Climate 
Model Intercomparison Project) under the projects of European Union, namely, MACC 
(Monitoring Atmospheric Composition and Climate) and CityZen.  
Results and Conclusions 

 As shown in Figure 1, 6 grids of 1° × 1° size covering the Kerala were considered for the 
analysis. Emission of CO (base year - 2008) from Kerala and surrounding regions is shown in 
the colour map of figure (bottom-right corner). The CO emission data were obtained from REAS 
(Regional Emission inventory in Asia) emission inventories [Kurokawa et al., (2013)]. The CO 
emission from Kerala is on higher side (> 20 Gg year-1) as compared to that from other nearby 
regions. Before the analysis, it was confirmed that MOPITT retrievals have significant sensitivity 
to represents the true mixing ratios. (The MOPITT averaging kernels quantifies the sensitivity of 

the retrieved profile to the true profile. The 
mean magnitude of averaging kernels at 900 
and 200 hPa were ~ 0.12 and 0.25 respectively 
which represent the significant sensitivity of 
MOPITT retrievals over Kerala) 
Figure 1: The study region, Kerala on India 
map. The black boxes are the grids of 1° × 1° 
size covering the Kerala. A colormap on the 
bottom-right corner of the figure shows the CO 
emission over southern part of India along with 
the grids marked over Kerala region. 
 Figure 2 shows the seasonal variation in 

lower-tropospheric (900 hPa, black curve), upper-tropospheric (200 hPa, blue curve) and 
columnar CO (red curve) averaged over ~14 years (March 2000 to May 2014) over Kerala as 
obtained from MOPITT retrievals. The lower-tropospheric CO maximises (~215 ± 25 ppb) 
during winter (December-January-February) and minimises (~ 60 ± 10 ppb) during summer-

547

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



monsoon (Jun-July-August) season over Kerala. The seasonal variation in upper-tropospheric 
CO is very weak showing lower values during Jun and July month. The seasonal pattern of 
columnar CO almost follows the same pattern that of lower-tropospheric CO. However, 
columnar CO maximises (~ 2.5 ± 0.15 x 1018  molecules cm-2) during pre-monsoon season. The 
columnar CO minimises (~ 1.4 ± 0.08 x 1018  molecules cm-2) during summer-monsoon season 
over Kerala. 

Figure 2: Mean seasonal variation of lower-
tropospheric (at 900 hPa), upper-tropospheric (at 
200 hPa) and columnar CO correspond to ~14 
years (March 2000 to May 2014) over Kerala as 
obtained from MOPITT retrievals. The error bars 
represent the standard deviations. 
  In order to investigate the controlling 
factors for seasonal variation in columnar CO, CO 
emissions from anthropogenic activity and open-
biomass burning are studied. Figure 3a shows the 

monthly columnar CO along with anthropogenic CO emission as obtained from MACCity data 
set. It is clearly seen that the curves of columnar CO and anthropogenic CO emission (which 
ranges ~40-70 Gg month-1 from Kerala) moves one over the other. Fire counts and CO emission 
from fire correspond to open biomass burning over Kerala. Figure 3b and 3c show the columnar 
CO along with CO emission from fire as obtained from GFED3 dataset and fire counts as 
obtained from MODIS, repectively. The contribution of CO emission from biomass burning is 
mainly during premonsoon season and magnitude is below 20 Gg month-1 (except for years 2004 
and 2009). Thus, anthropogenic CO emission, rather than emission from biomass burning, is a 
major factor contolling the seasonal variation of columnar (and lower-tropospheric) CO over 
Kerala. Note that a few other regions of India (for example, northeastern region) where biomass 
burning is a significant contibutor for tropospheric CO. Apart from emission, transport of CO 
through winds is another important factor for the seasonal variation of CO. Monsoonal 
circulation also plays an important role for the observed seasonal minimum in lower-
tropopsheric and columnar CO. Synoptic wind pattern during mosoon is southwesterly which 
brings relatively clean marine airmass from Indian ocean/ Arabian sea during monsoon causing 
lower concentration in CO over Kerala. 

Figure 3: Monthly averaged columnar CO over 
Kerala along with (a) anthropogenic CO emission (b) 
CO emission from fire and (c) fire counts. 
 Analysis on long-term trend in lower-
tropospheric (900 hPa), upper-tropospheric (200 hPa) 
and columnar CO is carried out utilising the MOPITT 
retrievals. In order to get realistic trend, anomalies in 
CO were used. The CO anomaly is the de-
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seasonalized CO, obtained by subtracting the mean seasonal variation from monthly mean CO 
values. Linear regression analysis on the anomaly versus time (in months) provides a quantitative 
estimate of the long term trend. The CO anomaly versus months over the period of ~14 years 
over Kerala is shown in Figure 4 for 900 hPa, 200 hPa and columnar CO. The lower-
tropospheric CO shows decreasing trend of 2.4 ppb year-1 (1.4 % year-1) and the upper-
tropospheric CO shows increasing trend of 1.8 ppb year-1 (2.3 % year-1) over Kerala. The 
decreasing trend in columnar CO is 6.5 x 1015 molecules cm-2 year-1 which is not statistically 
significant as seen from the p-value. As these trends are satellite based and there could be error 

in the magnitude of trend. The analysis of 
error, arising due to temporal changes in 
averaging kernels of MOPITT, was carried 
out (not shown here) which showed that 
magnitude of trend may vary depending on 
error but the sign (positive or negative) of 
trend remains the same. 
Figure 4: Monthly CO anomaly for (a) 900 
hPa representing lower-tropospheric CO, 
(b) 200 hPa representing upper-
tropospheric CO and (c) columnar CO over 

Kerala from March 2000 to May 2014 as obtained from MOPITT retrievals. The correlation 
coefficients, R and slopes labelled in the figure correspond to linear fit. Figure (d) shows the 
annual mean of daytime surface ozone over Thiruvananthapuram during 2005 to 2010. 
 The reasons for decreasing (increasing) trend in lower (upper) tropospheric CO are 
proposed here. As seen from Figure 3a, anthropogenic CO emission over Kerala has increased 
over 14 years and hence reduction in source strength cannot be a reason decreasing trend in 
lower-tropospheric CO. Hence removal/depletion mechansms of CO should be active to cause 
decrease in lower-tropospheric CO. Moreover, increase in lower-tropospheric water vapour 
and/or ozone (which is a source of OH radicals in the presence of solar radiation) could also be 
another reason for decreasing trend. The increasing trend in tropospheric water vapour is 
observed on the global scale [IPCC, (2013)]. Annual peak in tropospheric ozone showed 
increasing trend over Trivandrum [David and Nair, (2013)]. Being a pollutant, decrease in lower-
tropospheric CO is good indication for air quality. But it points to the possibility of increase in 
lower-tropospheric ozone which is not good for health as lower-tropospheric ozone is another 
pollutant and also known as “bad-ozone”. In fact, increasing trend (3.3 ppb year-1) in surface 
ozone is clearly evident over Thiruvananthapuram during recent years as shown in Figure 4d. 
The increasing trend in the upper-tropospheric CO could be attibuted to increased convective 
activity, pumping up the lower tropospheric CO to higher altitudes. The increase in convective 
activity can also partially explain the decrasing trend in lower-troposphere and increasing trend 
in upper-troposphere. The CAPE (Convective Available Potential Energy) values have been 
systematically increasing over most parts of the Indian region during last 25 years (1984 to 2008) 
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[Murugavel et al., (2012)]. The increased number of aircrafts (as aircrafts are generally flown in 
the upper troposphere) could be another possible reason for increasing trend in upper-
tropospheric CO. Since CO is a precursor gas for ozone and a tracer of polluted airmass, 
increasing trend in upper-tropospheric CO imply that CO chemistry may play important role in 
the production/destruction of ozone (which is a greenhouse gas) in the upper troposphere. Since 
CO is a major consumer of OH radical, increasing trend in upper-tropospheric CO would cause 
less availability of OH for the removal of other greenhouse gases like methane. This could affect 
the lifetime of greenhouse gases in the upper troposphere which would have greater climatic 
implications. 
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Abstract 

 The effect of global climate change on Indian summer monsoon has been analysed with 
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special emphasis on active-break cycle. The changes in intensity and duration of active and break 
monsoon conditions towards end of the century are studied. The analysis is carried out for 
normal (june to September), active and break conditions of Indian summer monsoon for twenty 
years (1986-2005). The model results for the above period were simulated as part of Coupled 
Model Inter comparison Project phase 5 (CMIP5) is compared with nCEP/nCaR reanalysis data. 
The active and break conditions are defined according to the speed of low level jet (LLj). It has 
been shown that, in the current situation, the general circulation models (GCMs) still have 
difficulties in properly simulating the active- break conditions of Indian summer monsoon. 
Taylor diagrams are used to assess the capability of the model to simulate the active and break 
monsoon conditions. The model CanESM2 is found to match closely to the observation in all the 
three conditions and is considered for the further analysis. The future projection (2080-2099) of 
the model is analysed for RCP 4.5 scenario. an increasing intensity of circulation over 10on– 
20on latitude and a decreasing intensity of circulation at south of 10on latitude can be seen during 
all the three conditions. The number of active and break days of CanESM2 model is found to be 
comparable with nCEP/nCaR reanalysis. The future projection of CanESM2 model indicates a 
decreasing trend in number of active days and no trend in number of break days. 
Introduction 

Indian summer monsoon brings in more than 71% of the total annual rainfall of the 
country. The monsoon system plays vital role in all aspects of life and hence it has profound 
influence on the economy of the country (Webster et al., 1998; Turner and Annamalai, 2012). 
The climate change has a profound effect on the Indian summer monsoon and rainfall. Joseph 
and Simon (2005) reported a significant decreasing trend of the mean June to September 
monsoon flow through India from surface to 1.5 km altitude between latitudes 12.5N and 17.5N 
and a significant increasing trend between 2.5 N and 7.5 N during 1950 to 2002. 

The possible changes in Indian monsoon rainfall due to global warming has been started 
analysing with Coupled Model Inter comparison Project 3 (CMIP3) simulations since 2007 
(Rupa Kumar et al., 2006; Kripalani et al., 2007; Moetasim et al., 2009; Krishna Kumar et al., 
2011). Then CMIP5 (Taylor et al., 2012) simulations has been released with several 
improvements in terms of physics and resolution. Jian Ma and Jin-Yi Yu (2014) described the 
weakening of the upper tropospheric circulation and strengthening of the lower level and surface 
winds based on Representative Concentration Pathway 4.5 simulations by 18 CMIP5 models.  

While many studies directed towards developing general circulation models (GCMs), this 
effort has not been directed towards obtaining a proper simulation of the monsoon or its 
associated variability (e.g., ISO). There has been considerable interest in model simulations and 
predictions of monsoon variations focused on monthly or longer time scales. But the studies for 
sub-seasonal time scales are not properly focussed (e.g., Fennessy et al. 1994; Liang et al. 1995; 
Sperber and Palmer 1996; Lal et al. 1997; Soman and Slingo 1997; Goswami 1998; Webster et 
al. 1998; Martin 1999; Kang et al. 2002a, b). To assess the performance of CMIP5 models 
towards capturing the actual circulation pattern of active- break spell in the Indian region, a 
comparison is made. The future changes in the duration and intensity of active-break cycle is 
also studied using the models. 
Model, Data and Methodology 
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The zonal wind data at 850 hPa during monsoon season over Indian region simulated 
from 20 CMIP5 models were extracted for carrying out the analysis. The different conditions 
(normal, active and break) of the model simulations during 1986 to 2005 (historical) are 
validated in comparison with the daily NCEP/NCAR reanalysis wind data. The details of the 
historical as well as future projections are given in Taylor et al (2012).  

We classified the active and break days of monsoon according to the criteria given by 
Joseph and Sijikumar (2003). The normal condition (June to September), active and break are 
considered separately and compared with the observations using Taylor diagram metric (Taylor, 
2001) to assess the overall performance of each model against observation. Table 1 shows a brief 
description about the models. 

The best model simulation is considered for future projection. Representative 
Concentration Pathway (RCP) 4.5 simulation by the selected model in one realization (r1i1p1) is 
used in this study. This model provides various lengths of simulations with the future radiative 
forcing stabilized at 4.5 Wm-2 in 2100 (Thomson et al., 2011). The projected changes in duration 
and intensity of circulation at 850 hPa during normal monsoon, active and break conditions 
climatology that may happen towards the end of the 21st century has been brought out. 

Model 
 

Institution  
 

Horizontal 
Resolution (latitude 
x longitude) 

BCC-CSM1.1 
 

Beijing Climate Center, China Meteorological 
Administration, China  

T42L26 
 

CanESM2 
 

Canadian Centre for Climate Modelling and Analysis, 
Canada  

T63L35 
 

BNU-ESM 
 

College of Global Change and Earth System Science, 
Beijing Normal University, China  

T42L26 
 

CNRM-CM5 
 

Centre National de Recherches Meteorologiques/ Centre 
Europeen de Recherche et  
Formation Avancees en Calcul Scientifique, France  

T127L31 
 

CSIRO-
Mk3.6.0 
 

Commonwealth Scientific and Industrial Research 
Organisation in collaboration with the  
Queensland Climate Change Centre of Excellence, 
Australia  

T63L18 
 

GFDL-
ESM2G 

Geophysical Fluid Dynamics Laboratory, USA  
 

20x 2.50 L24 
 

GFDL-
ESM2M 

Geophysical Fluid Dynamics Laboratory, USA  
 

20x 2.50 L24 
 

INM-CM4 Institute for Numerical Mathematics, Russia  1.50x 2.00 L21 

IPSL-CM5A-
LR 

Institute Pierre-Simon Laplace, France  1.8750 x 3.750 L39 
 

MPI-ESM-LR Max Planck Institute for Meteorology (MPI-M), T63L47 
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 Germany   

CMCC-CESM Centro Euro-Mediterraneo sui Cambiamenti Climatici, 
Italy 

T31L19 

CMCC-CMS Centro Euro-Mediterraneo sui Cambiamenti Climatici, 
Italy 

T63L95 

HadGEM2-CC Met Office Hadley Centre, UK N90L60 

MIROC5 Atmosphere and Ocean Research Institute (The 
University of Tokyo), National Institute for 
Environmental Studies, and Japan Agency for Marine-
Earth Science and Technology, Japan 

T85L40 

MIROC-ESM Japan Agency for Marine-Earth Science and Technology, 
Atmosphere and Ocean Research Institute (The 
University of Tokyo), and National Institute for 
Environmental Studies, Japan 

T42L80 

MIROC-ESM-
CHEM 

Japan Agency for Marine-Earth Science and Technology, 
Atmosphere and Ocean Research Institute (The 
University of Tokyo) and National Institute for 
Environmental Studies, Japan 

T42L80 

MRI-CGCM3 Meteorological Research Institute, Japan T159L48 

NorESM1-M Norwegian Climate Centre, Norway 1.8750 x 2.50 

CMCC-CM Centro Euro-Mediterraneo per I Cambiamenti Climatici, 
Italy 

T159L31 

MRI-ESM1 Meteorological Research Institute, Japan T159L48 
Table1. Details of the CMIP5 Models used for the study 

Selection of Models 

Fig.1 indicates the Taylor diagram of 850 hPa zonal 
wind climatology of normal monsoon season. It is 
obvious from the figure that all the models have good 
correlation with the observation (more than 0.90), but 
normalised standard deviation varies from model to el. 
The normalised standard deviation close to 1 are 
considered as good models. The models BNUESM, 
GFDLESM2G, INMCM4, IPSLCM5ALR, MRICGCM3, 
MRIESM1 and CMCCCM which are far away from the 
normalised line and are not comparable with the 
observation. 
  Fig. 2 describes the Taylor diagram of 850 hPa  
zonal wind climatology of active spell.  All the models 
have correlation coefficient greater than 0.9 and varying 
normalised standard deviation from 0.75 to 1.25. Models 
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having normalised standard deviation close to the normalised line (thick dash line) are selected 
and others (BCCCSM11, BNUESM, CNRMCM5, IPSLCM5ALR, MIROCESM, NORESM1M 
and CMCCCM) are omitted. 
 

 
 

Fig.3 indicates the Taylor diagram of 
850 hPa zonal wind climatology of break spell. All 

models have correlation coefficient greater 
than 0.90 and widely varying normalised 
standard deviation. Nine models which are 
having normalised standard deviation far away 
from the normalisation line are omitted from 

the further analysis. They are:  BCCCSM11, 
CMCCCESM, CMCCCMS, HADGEM2CC, 
INMCM4, MPIESMLR, MRICGCM3, 
MRIESM1 and CMCCCM. The model 

CANESM2 which is more comparable to the observation in all the three conditions is selected. 
Comparison of Models with Observational Data 

 The zonal wind climatology of 
the CANESM2 model at 850 hPa from 
1986 to 2005 (which is considered as 
historical scenario) is compared with 
that of NCEP data. The climatology of 
normal monsoon, active spell and 
break spell are analysed separately so 
that the changes in the zonal wind 
circulation pattern associated with the 
three conditions and the difference 
between model climatology and NCEP 
is found out. Fig.4 indicates the 

comparison of zonal wind climatology of 
CANESM2 model and NCEP during normal 
monsoon, active and break spells. The model 
follows similar pattern as that of NCEP in all 
three conditions with slight variation. 
Projected Changes of Active and Break Spells 

The future projection of CANESM2 
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model for the years 2080 to 2099 (far future) in the RCP 4.5 scenario is utilized for analysing the 
changes in monsoon circulation towards future. The normal monsoon, active and break spells are 
analysed separately. Fig.5 indicates the climatology of 850 hPa zonal wind of CANESM2.  

The monsoon circulation is found to be strengthening in the Indian sub continent with a 
weakening of zonal wind to the south of 10o N in the order of 0-2 ms-1. There is a major 
weakening in the region 60oE-100oE, 0oN-100N in the order of 2 to 4 ms-1. In the case of active 
spell, there is strengthening of low level zonal wind in the Arabian Sea as well as in the core 
zone of LLJ, i.e. about 15oN. The strengthening is also observed in the 20oN-30oN belt, which 
can result increased rainfall in the central India. A major weakening of zonal wind is observed in 
the region 5oN-15oN, 900N-1100N. In the case of break spell, the change towards the future is the 
same as that of normal monsoon (June to September). The wind is found to be strengthening in 
the Indian sub continent and a weakening of wind can be seen in the maximum wind speed 
region of break days, near Sri Lanka (60oE-100oE, 0oN-10oN). The model predicts strengthening 
of zonal wind over Indian region, especially in peninsular India and weakening towards the 
equatorial region. The result could be increased rainfall over India. 
The Change in number of Active and Break days 

 

 The number of active days and break days in the future describes the behaviour of 
monsoon in that year. The changes that happened due to the global warming in the moderate 
RCP scenario is analysed in this study. Fig.6 and Fig.7 describes the number of active days and 
break days of NCEP and CANESM2 models 

in the historical scenario (1986-2005). 
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CANESM2 has almost the same type of variation as NCEP. Even though the number of 
active/break days of same years has difference, the model follows the variation as in NCEP with 
a lag or advance of one year. The number of active days and break days in the historical as well 
as future projection simulated by CANESM2 model is described in Fig.8 and Fig.9 respectively. 
From the figure, it is clear that, there is a prominent decreasing trend in the number of active 
days towards end of this century and does not possess any particular trend in the case of break 
days. 
Summary 

CANESM2 model is able to capture the zonal wind pattern at 850 hPa during monsoon, 
active and break spells properly. The monsoon circulation, in the lower level is strengthening 
towards future. The 850 hPa zonal wind speed has an increasing trend during active days, 
especially in the maximum wind core region which may result an increase in rainfall. The wind 
strength has a decreasing trend during break spell (also in active spell) at south of 10oN. The 
CANESM2 model predicts a decrease in the number of active days, where as in the case of break 
days, CANESM2 model does not show any trend. Hence an increase in neutral monsoon 
condition with moderate wind speed and rainfall and active spells with extreme events can be 
expected towards far future.   
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Abstract 

 The night time f-layer base height information from ionosondes located at two equatorial 
stations TRV and SHaR (13.7°n, 80.2°E) spanning over two decades are used to derive the 
climatology of nocturnal thermosphericmeridional winds prevailing during high and low solar 
activity epochs. The important inferences from the analysis are 1) Significant differences in 
winds are observed between mean winds in the pre midnight hours during the two solar epochs 
with consistently higher equator ward winds during low solar activity years. 2) Parameterization 
of mean wind response to solar flux performed for all seasons 3) Longitudinal differences in 
winds are evident in comparison with american sector. 4) Equinoctial asymmetry in 
thermosphericmeridional winds observed, with more equatorward winds during autumnal 
equinoxes 5) Ion drag forcing have been identified as a major factor influencing equatorial 
thermospheric wind. These observations lend a potential to parameterize the wind components 
and effectively model the equatorial thermosphericmeridional winds catering to solar activity 
variations.  
keywords: meridional wind, EIa, thermosphere, equatorial ionosphere Running title: 
Climatology of nighttimemeridional winds Earth and Space Sciences oral Presentation 
1.0 Introduction 

 Thermospheric neutral winds have been a subject matter of intense theoretical as well as 
experimental studies in recent years. Measurements of thermospheric winds have been albeit 
scarce owing to the complexities involved in the process. Nighttime meridional wind reversal 
and its linkage to Midnight Temperature Maximum (MTM) were studied using optical and radar 
instruments (Harper 1973; Sastri et. al., 1994). Thermospheric winds play a major role in 
modulating almost all the major geophysical phenomena in the equatorial regions such as EIA, 
ESF and ETWA (Manju et al., 2005; Raghavarao et al., 1994) . It is therefore essential that a data 
base of the thermospheric meridional winds under different geophysical conditions is generated 
especially in view of the fact that there is a scarcity of wind measurements in the equatorial 
region Investigations are few till date that addresses solar cycle variabilities in night time 
thermospheric winds in the Indian longitude sector. Burnside and Tepley 1989 performed wind 
measurements using FPI and failed to detect any solar activity dependence. Hedin et. al., 1994 
carried out experiments at various stations around mid latitudes and detected varied responses to 
solar activity at different stations which were also not fully accounted for, using available 
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models. Later works from the American sector using an extended database of three solar cycles 
by Brum et. al., 2012 and Tepley et. al., 2011 hints at solar activity dependences. The present 
work addresses the solar activity variability aspect of thermospheric meridional winds, which has 
been hitherto unexplored till date in the Indian longitude sector. By using a vast database of 
ionosonde data from the two stations located at Trivandrum and SHAR, conclusive evidence of 
solar cycle dependence of the night time meridional winds are brought out. This study also 
brings out the need to improve upon the existing wind models that do not account for the 
observed solar activity variabilities in thermospheric meridional winds. The possible 
mechanisms involved in the reduction of wind magnitudes are also looked into and the role of 
the ionization distribution through the ion drag locally modulating the thermospheric meridional 
winds, is found to be a significant factor contributing to the observed solar flux differences.  
2.0 Data and method of analysis 

 The meridional wind estimation is done using ionosonde data from TRV and SHAR 
following the method developed by Krishna Murthy et al., 1990. The observed vertical drift 
velocities (Vo) are initially derived from the rate of change of h’F (d(h’F)/dt). The true vertical 
drift is obtained from Vd=Vo−βH, where β is the effective recombination coefficient and H is the 
scale height. 
 VD is the vertical drift over TRV and V, that over SHAR. I is the dip angle at SHAR and 
WD, the plasma drift velocity due to plasma diffusion and is given by g/ in, where g is the 
acceleration due to gravity and in is the ion-neutral collision frequency. A mammoth effort was 
undertaken to scale each individual ionogram of 15 minute cadence for the years spanning 1988 
to 2008, and a sum total of ~1300 days of data have gone into the mean for low solar activity 

years (SFU< 150) and ~ 900 days for high solar activity years (SFU>=150) making it a cognitive 
database of meridional wind. Contamination due to spread F is eliminated by removing durations 
of height ambiguity from all the data. The random error in the height determination by the 
ionosonde is ±1.5 km in the case of KEL ionosonde. We have estimated the standard errors 
depicted in all the figures, in the light of the fact that the random errors reduce through increased 
number of measurements (Bevington 1969).  
 In order to obtain the mean seasonal mean of electron density, the level 2 product from 
the Planar Langmuir Probe (PLP) onboard the CHAMP satellite has been employed. The total 
mass density, number density and the exospheric temperatures has been obtained from the MSIS 
model. 
3. Results and discussion 

3.1 Observations  

 Early work related to meridional wind in the Indian sector was carried out by Hari and 
Krishna Murthy (1995) during high solar activity years of 1989-90 and addresses the seasonal 
pattern of nocturnal thermospheric winds.  
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Solar heating around the sub solar 
point causes thermal expansion of the 
atmosphere forming the ‘diurnal 
bulge’ giving rise to horizontal 
pressure gradients that drive 
horizontal winds towards the anti solar 
point situated at nighttime longitudes. 
They blow across the polar regions 
and zonally around the Earth near 
equatorial latitudes under the 
dominant influence of viscous force 
and ion drag unlike the winds in lower 

altitudes where the winds roughly follow the isobars under geostrophic balance (Rishbeth 1972). 
Fig. 1 (bottom panel) shows the mean nocturnal meridional wind pattern obtained for low solar 
activity obtained by averaging ~1300 days of measurements from years with mean solar flux less 
than 150 SFU. Contamination due to ESF is removed. The time in IST from 1800 hr to 0400 hr 
is plotted along y-axis while the day number is shown on the x axis. The color bar indicates the 
magnitude of mean meridional wind, with positive values indicating (north) poleward and 
negative values indicating (south) equatorward directions respectively. A 61 point running mean 
is performed along the abscissa for each time step to obtain the representative seasonal mean 
value of wind for each day of the year. Maximum equatorward winds of ~65 m/s are observed 
around 2200 IST during the autumnal equinox season and ~50 m/s for vernal equinox season. 
The prevalence of an asymmetry in the thermosphere between the wind magnitudes during the 
two equinoxes may have implications over the observed equinoctial asymmetry in ESF. The 
contribution to vertical wind at magnetic equator, which has a bearing on the growth rate of 
irregularities, can also come from the southern hemisphere, over which we do not have 
observations at present, and needs to be addressed in future. Fig 1 (top panel) is the mean wind 
pattern for high solar activity years obtained in the same manner as for low solar activity. Wind 
magnitudes are less overall, compared to low solar activity. Maximum solar activity dependence 
is seen in winds around the time of midnight for all seasons. Peak equatorward winds during 
equinoxes around this time have values around -20m/s. The magnitudes of equatorward winds 
are greater by ~ 40 m/s during equinoxes and ~20 m/s during summer. Also, there exist increased 
magnitudes of poleward winds during early night winter, during low solar activity years. 
Maximum difference of about 40 m/s in wind amplitudes between solar epochs are observed 
during the pre midnight hours of vernal equinox.  Equatorward winds reach a peak of ~50m/s for 
vernal equinox, summer and autumnal equinox seasons. Optical observations of thermospheric 
winds at Arecibo, in the American sector carried out by Burnside and Tepley 1989 using a 
limited dataset, revealed no significant solar activity differences in meridional winds. Later, 
Tepley et. al., 2011 undertook a detailed examination of the nocturnal thermospheric wind using 
an extended dataset from the same region and hints at the presence of solar activity dependence 
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in meridional winds, very small 
in magnitude, during the pre 
midnight sector during 
equinoxes and in a lesser 
degree, in summer. Our present 
observations indicate a higher 
magnitude of thermospheric 
winds as well as a higher 
magnitude of response to 
changes in solar activity in the 
Indian sector. The availability 
of data throughout the span of 
solar cycle allows us to examine 
the rate of change of meridional 
wind magnitude with solar flux. 
For this, the entire dataset of 
~20 years of winds are first 

divided into three time sectors and three seasons (Equinox, summer and winter). The average of 
meridional winds available for each season during each of these time sectors is plotted against 
their corresponding mean solar fluxes in figure 2. A linear correlation is observed for all seasons 
during the pre midnight time sector. The correlation coefficients obtained for the linear fit is 
~0.81 for equinoxes, ~0.55 for summer and ~0.65 for winter.  
3.2 Theoretical estimation 

 In the thermosphere the air may be regarded as a single fluid subject to hydrodynamic 
equations of motion owing to its characteristic collisional frequencies and the fact that 
differential motion of any of its various constituents is very much less than the overall wind 
speed. The continuity equation for the meridional wind that includes these parameters has to be 
satisfied locally. The pressure gradient, which is a function of neutral density and exospheric 
temperature, is estimated for a typical magnetically quiet day of vernal equinox season (at 2400 

LT at SHAR) using input 
from the MSIS model. Fig 3 
(top panel) shows the typical 
global pressure gradient 
forcing existing during low 
solar activity epoch and Fig 3 
(bottom panel) shows the 
same for high solar activity 
epoch. During high solar 
activity the magnitude of 
pressure gradients at each 
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point is only slightly higher, by around 0.01 m/sec2 at both the sub solar point and anti solar 
point.  The ratio of Pressure gradient forcing F, and the ion drag forcing ni, gives the estimate of 
the meridional wind acting under the influence of the latter (Rishbeth 1972).The ion drag forcing 
on the meridional wind is estimated from the following expression, 

                                             
][

*

O

Nein
ni


    {2} 

Where in is the sum of ion-neutral collision frequencies of each constituent in the thermosphere, 
which in turn is a function of their number densities and atomic polarisabilities (Rishbeth 1969). 
The estimation has been done for the time period around local midnight for all the grid points 
where data is available from CHAMP passes for the autumnal equinox months of 2002 and 2005. 
The ion drag forcing exceeds maximum Coriolis force experienced by the winds around 400 km 
(Rishbeth 1972). Hence neglecting the latter, the wind term could be obtained from the ratio of 
F/ in. Figure 4 (top panel) shows the wind obtained at local midnight for autumnal equinox 
season during low solar activity. The positive magnitudes represent a poleward directed wind. 
The regions around subsolar point have diverging wind fields, as the pressure gradient in these 
regions are diverging. It can be seen that the winds are predominantly equatorward throughout 
the regions around local midnight. The magnitude obtained at SHAR is around -80 m/s, quite 
close to the value obtained from the mean of observed winds in low solar activity years. 

Figure 4 (bottom panel) 
represents the meridional wind 
vector for the same time and 
season but for, a high solar 
activity year. At the sub solar 
point the diverging winds around 
±20° latitude are seen to have 
lesser magnitudes during high 
solar activity. This is due to the 
enhanced ion drag imparted by 
the EIA. Again the magnitudes 
around Indian longitudes in the 
anti sub solar region have lesser 
magnitudes of equatorward 

winds. Mean value of around -20 m/s obtained at SHAR matches quite closely to the mean high 
solar activity year in figure 1b. Hence the observed reduction in winds during high solar activity 
years is consistent with the estimated ion drag imparted effects. Ion drag imparted by the 
increased magnitudes of electron density and equatorial ionization anomaly during high solar 
activity play a major role in the reduction of equatorward meridional winds around equatorial 
and low latitudes. An integrated approach using the existing models as well as satellite based 
observations are used to understand the underlying causative mechanisms behind the observed 
solar activity responses of thermospheric winds. Future directions include realization of a 
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realistic model including the viscous forces and MTM induced pressure gradient changes that 
reflect observations. 
4. Summary 

 A comprehensive analysis of nocturnal thermospheric meridional wind pattern 
encompassing two solar cycles is accomplished at the Indian longitude sector. Significant 
difference is seen in winds between high and los solar activity epochs, with more equatorward 
winds during pre midnight hours for low solar activity years. The solar flux relationship of mean 
winds during pre midnight hours is established. Major components driving the wind vector is 
estimated using the available neutral density models and electron densities from satellite 
observations. The increased ion drag forcings existing during high solar activity years has been 
identified to be the major factor causing the observed differences in the nocturnal thermospheric 
winds in the Indian longitude sector.  
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Abstract 
 Artificial neural network (ann) models are well suited to environmental modelling as they 
are nonlinear, relatively insensitive to data noise, and perform reasonably well when limited data 
are available. There are numerous types of artificial neural networks for addressing many 
different types of problems, such as modelling memory, performing pattern recognition, and 
predicting the evolution of dynamical systems. In the present study, the concepts of artificial 
neural network (ann) are utilized to develop a model for predicting ionospheric critical frequency 
(fof2) during geomagnetic storms, by using solar flux, day of the year, local time, and arithmetic 
planetary (ap) index as input. for training the network, we have selected 10 geomagnetic storm 
events. based on these observations, it is found that ann model with 8 hidden neurons has 
reasonably good performance, if number of iteration is chosen as 750. To develop the ann model 
for major storms, hourly values of input parameters and critical frequency of ionosphere, fof2 as 
output observed at bekkescba (Geographic latitude 46.70n, Geographic longitude 21.20E), kiev 
(Geographic latitude 50.50n, Geographic longitude 30.50E), and Moscow (Geographic latitude 
55.50n, Geographic longitude 37.30E), belonging to various seasons of 1988-1989 were analysed. 
1. Introduction 

Artificial neural network is a mathematical model which has some kind of distributed 
architecture, that is, consist of processing nodes (analogous to neurons) with multiple 
connections (analogous to dendrites and axons). These connections generally have adaptable 
parameters which modify the signals that pass along them. There are numerous types of artificial 
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neural networks for addressing many different types of problems, such as modelling memory, 
performing pattern recognition, and predicting the evolution of dynamical systems. Most 
networks therefore perform some kind of data modelling, and they may be split into two broad 
classes: supervised and unsupervised. The former refers to networks which attempt to learn the 
relationship between a data and a parameter domain, while the latter refers to networks used to 
find “natural” groupings with a data set independently of external constraints. 

ANNs are well suited to environmental modelling as they are nonlinear, relatively 
insensitive to data noise, and perform reasonably well when limited data are available. When 
ANNs are used for the prediction of environmental variables, the modelling philosophy 
employed is similar to that used in the development of more conventional statistical models. In 
fact, it has been suggested that ANNs represent variations on common statistical themes. In both 
cases, the purpose of the model is to capture the relationship between a historical set of model 
inputs and corresponding outputs. This is achieved by repeatedly presenting examples of the 
input/output relationship to the model and adjusting the model coefficients (i.e., the connection 
weights) in an attempt to minimise an error function between the historical outputs and the 
outputs predicted by the model. An advantage of using neural networks is that they often can be 
quickly constructed using available data at a very low cost when compared with developing 
conventional expert systems. The saving in time and cost is achieved by replacing the process of 
knowledge acquisition and knowledge base construction with the process of training networks. 
Another, perhaps more significant, advantage is that neural networks can learn from examples 
and make predictions for new situations. Therefore, neural networks can often be trained to solve 
a problem once a sufficient amount of representative data becomes available to constitute a good 
training set, even before the problem is fully understood or before human experts are able to 
formulate their knowledge in an organized, complete and consistent manner to allow an expert 
system solution [eg. Koons, and Gorney, (1991); Lundstedt, (1992); Unnikrishnan (2014)]. 

It has been known for decades that solar activity influences the near-Earth environment 
through the solar wind variable flow and energetic particles emissions. The description of such 
influences and the development of tools for their nowcasting and forecasting is the subject of 
space weather. It is now widely accepted that space weather effects may damage critical 
equipment, such as communication satellites or power lines and pipelines on the ground, and 
disrupt HF communications and GPS links, etc. As such, the prediction of space weather effects 
has both scientific and economical reasons. 

In the framework of space weather, an important role is played by 
geomagnetic/ionospheric storms, which are comprised of processes occurring in near-Earth 
space. Effects of sub storms and major storms on the equatorial ionosphere/thermosphere system, 
the turbulent upwelling of ionosphere, anomalies, irregularities etc. can make the situation more 
and more complex [eg. Balan and Rao, (1987); Fukao et al., (1991); Unnikrishnan, (2012); 
Unnikrishnan, and Phill Richards    (2014)]. 
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In the present study, the concepts of Artificial Neural Network (ANN) are utilized to 
develop a model for predicting ionospheric critical frequency (foF2) during geomagnetic storms, 
by using solar flux, day of the year, local time, and arithmetic planetary (Ap) index as input. 
2.  Data, Methodology and the Analysis  

 For an input data vector, {Ik
μ ; k=1,2,….m }, with m components, the network output is 

given by equation (1) 

















  

j
k

kjk
j

HjO
IwWO gg   (1) 

where gH (x) and go(x) are the activation functions of input and output neurons, respectively. 
Functional aspect indicates the activation function of the input or output layer. Each input-output 
sample {Ik

μ , Oμ } is labeled by super script μ. Index  j refers to a hidden layer node, index k 

refers to an input layer node, and in the output layer there is only a single node. The weight Wj  
thus connects a hidden layer node with an output layer node, while wjk connects input and hidden 
layer nodes. The terms өj and ө are the weights associated with the bias input I0.   

To develop the ANN model for major storms, hourly values of input parameters and 
critical frequency of ionosphere, foF2 as output observed at Bekkescba (Geographic latitude 
46.70N, Geographic longitude 21.20E), Kiev (Geographic latitude 50.50N, Geographic longitude 
30.50E), Moscow (Geographic latitude 55.50N, Geographic longitude 37.30E), belonging to 
various seasons of 1988-1989 were analysed. 

For validating the model, hourly values of the input parameters and critical frequency of 
ionosphere, foF2 for the period 09-12 October 1998, observed at three stations, Bekkescba, Kiev 
and, Moscow were used. 

For confirming the efficiency and functional aspects of the model, the hourly values of 
the inputs and outputs during the period 05-08 May 1988 observed at the above three stations 
were employed. The ionospheric critical frequency (foF2), and list of geomagnetic storm days 
were provided by National Geophysical Data Centre, NOAA, Boulder, USA. 
2.1. Choice of Network Geometry - ANN Model Development Process 

.  The most common method for training neural networks is back propagation, a statistical 
method for updating weights based on how far their output is from the desired output. To search 
for the optimal set of weights, various algorithms can be used. The most common is gradient 
descent, which is an optimization method that, at each step, searches in the direction that appears 
to come nearest to the goal. In this study, we used basic back propagation of error learning 
algorithm and the network that used here has tan h hidden neurons and a linear output neuron. 

Network geometry is generally defined by the number of hidden layer nodes and the 
number of nodes in each of these layers. The optimum number of hidden layer nodes, generally 
has to be found using a trial and error approach. However, there are some general guidelines 
which may be followed. Hecht-Nielsen3 suggests the following upper limit for the number of 
hidden layer nodes in order to ensure that ANNs are able to approximate any continuous function  
              NH ≤  (2NI+1)                                        (2) 
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where NH is the number of hidden layer nodes and NI is the number of input nodes (= number of 
inputs). 
3. Results 

By changing the number of hidden neurons from 2-10, the model performance is closely 
observed as part of network designing. Figure 2a represents the comparison between the modeled 
and observed values of foF2, when the hidden neuron is chooses as 2 and iteration as 300. As the 
number of hidden neurons and iterations increase, deviation of the modeled values form 
observed values decreases, up to hidden neuron=8, and iteration=750 (Figures 1 a, b, c & d). If 
we further increase the number of hidden neurons or iterations, it is seen that the performance of 
the model begin to decrease. Based on these observations, it is evident that ANN model with 8 
hidden neurons has reasonably good performance, if number of iteration is chosen as 750. 
Table 1: Geomagnetic storm periods used for training. 

IS No. Events Dst Maximum 
1. 
2. 
3. 
4. 
5. 
6. 
7.  
8. 
9. 
10. 

21-24 February 1988 
20-24 April 1988 
27-30 November 
1988 
09-12 January 1989 
18-21 January 1989 
08-12 March 1989 
13-16 March 1989 
17-19 March 1989 
25-28 March 1989 
22-25 April 1989 

-130 nT 
-109 nT 
-111 nT 
-129 nT 
-120 nT 
-101 nT 
-472 nT 
-119 nT 
-109 nT 
-101 nT 

          
 
 
 
 
 
 
 
 
 
 

Figure 1a                                                        Figure 1b 
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              Figure 1c                                                                                    Figure 1d 
Figure 1: Plot of modelled values and observed values of foF2, by using ANN model with (a) 
number of hidden neurons=2, and iterations=300, (b) 2, 600, (c) 4, 750, and (d) 8, 750 
respectively. 

Figure 2: Variation of Root Mean Square error 
(RMSE) between the ANN modeled and observed 
values of foF2, by giving different choice of hidden 
neurons and iterations. Based on this analysis, it is 
observed that ANNmodel with 8 hidden neurons and 
750 iterations has reasonably good performance. 
4. Validation and Confirmation of the Model 

To validate the efficiency of ANNs, hourly 
values of input and critical frequency of ionosphere, 

foF2 (output) observed at stations namely Bekkescba (Geographic latitude 46.70N, Geographic 
longitude 21.20E), Kiev (Geographic latitude 50.50N, Geographic longitude 30.50E), and 
Moscow (Geographic latitude 55.50N, Geographic longitude 37.30E) during 09-12 October 1988 
were considered. To confirm the functional aspects of this model, similar investigations were 
carried out by considering the above stations for another period 05-08 May 1988. It is found that 
the ANN developed here could be capable of predicting ionospheric critical frequency foF2. 

  
                                            

Figure 3a                                                           Figure 3b 
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Figure 3c 
Figure 3: To validate the performance of the ANN 
model, comparison of modelled and observed 
values of critical frequency of ionosphere, foF2 
during 09-12 October 1988 for stations (a) 
Bekkescba (b) Moscow and (c) Kiev were  
   

 
                                  Figure 4a                                                   Figure 4b 

    
 
 
 
 
 
 
 
 

Figure 4c 
  Figure 4: To confirm the functional aspects of ANN model, the comparison of modelled and 
observed values of critical frequency of ionosphere, foF2 during 05-08 May 1988 for stations (a) 
Bekkescba (b) Moscow and (c) Kiev were presented 
 
 
5. Summary 

In the present study, an Artificial Neural Network (ANN) model is designed for 
predicting ionospheric critical frequency (foF2) during geomagnetic storms, by using solar flux, 
day of the year, local time, and arithmetic planetary (Ap) index as input. For training the 
network, we have selected 10 geomagnetic storm events and back propagation error learning 
algorithm is employed here. Based on these observations, it is found that ANN model with 8 
hidden neurons has good performance, if number of iteration is chosen as 750. To develop the 
ANN model for major storms, hourly values of input parameters and critical frequency of 
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ionosphere, foF2 as output observed at Bekkescba (Geographic latitude 46.70N, Geographic 
longitude 21.20E), Kiev (Geographic latitude 50.50N, Geographic longitude 30.50E), and 
Moscow (Geographic latitude 55.50N, Geographic longitude 37.30E), belonging to various 
seasons of 1988-1989 were analysed. To validate the efficiency, and confirm the functional 
aspects of ANN model, hourly values of input and critical frequency of ionosphere, foF2 (output) 
observed at stations mentioned above during 09-12 October 1988, and 05-08 May 1988 were 
considered. It is found that the ANN developed here is capable of predicting ionospheric critical 
frequency foF2 during geomagnetic storms.  
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Abstract 

 The study presents the possible linkage between the daytime upper mesosphere and lower 
E region of the ionosphere; over a dip equatorial station, Trivandrum (8.5o n, 77o E, 0.5o dip 
lat.). The analysis based on the mesopause temperature estimated using 
Multiwavelengthdayglow Photometer, sporadic E layer base height obtained from the collocated 
digital Ionosonde and EEj induced magnetic field measured using a Proton Precession 
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Magnetometer, revealed certain interesting connections between these two regions. It has been 
observed that, in general, the base height of the sporadic E layer exhibits an upward movement 
when mesopause temperature shows cooling associated with the Counter Electrojet (CEj) events. 
It is suggested that the enhanced gravity wave associated vertical winds during the CEj events 
can push the ionization associated with sporadic E layer upward, which in turn manifest as the 
height rise in sporadic E layer. The study discusses these aspects in detail. 
Introduction  

 The E region of Earth’s ionosphere is replete with a number of neutral-plasma processes, 
viz., the sporadic E layer, blanketing E layer, plasma irregularities, Equatorial Electrojet (EEJ), 
and Counter Electrojet (CEJ). The EEJ/CEJ is an equatorial process confined to a narrow belt of 
+/-3 degree latitude around the dip equator (Marriot et.al., 1979). The type 1 and type 2 
irregularities and instabilities existing in the Equatorial Electrojet (EEJ) region are responsible 
for the generation of sporadic E. At times, the altitudinal shears present in the wind cause the 
ionization in the E layer to get confined in a narrow altitude region. The ionization density in 
such cases enhance so much that it completely reflects all the radio frequencies probing 
ionosphere using ground based ionosondes.  These extremely dense layers are known as 
Blanketing E layer (Devasia et. al., 2006). While the Sporadic E in the equatorial latitudes is 
almost a permanent feature, the blanketing Es feature that obstructs the higher lying F region is 
less frequent on Equatorial latitudes when compared to other latitudes (Rangarajan ,1953). 
Meteor ablation is yet another major process occurring in this region which also contributes to 
the increase in the ion concentration prevailing therein (Haldoupis et. al., 2007, Chandra et. al., 
2000). The waves and tides of lower atmospheric origin are also known to modulate the sporadic 
E layer (Lastovicka, 2005). The existing theories which explain the sporadic E variability in the 
mid latitude regions, are not found to be directly applicable over the equatorial region. In 
addition, there have been very few studies dealing with the sporadic E layer in the dip equatorial 
region. A few specific case studies have dealt with the long term variability of sporadic E layer 
over the equatorial latitudes and its connection to meteor shower events. It has been found that 
during the CEJ onset the type 2 irregularities are absent and, correspondingly the Sporadic E 
layer changed to normal E layer. The sporadic E layer is found to be controlled by various 
neutral and electrodynamic forcing and this makes the study of the sporadic E layer particularly 
interesting. 

In this context, the present study aims at understanding the physical mechanism working 
behind the observed simultaneous variability of the sporadic E layers, instabilities in the EEJ 
region and mesopause energetics.   
Dataset used for study 

 The unique Multiwavelength Dayglow Photometer (MWDPM) (Sridharan et. al., 1998) 
has been used to measure the intensities of three different dayglow emissions (630.0, 731.6 and 
740.2 nm) nearly simultaneously (Vineeth et al., 2005, and references therein). The daytime OH 
emission intensity hence obtained were used to estimate the daytime mesopause temperature by 
following the ratio method (Meriwether, 1984). The measurements at every 10 sec interval 
typically span ~ 8-10 hours during daytime between 0800 to 1800 hrs every day. The EEJ/CEJ 
strength is estimated by subtracting the night time mean value from the magnetic field 
measurements, obtained from a Proton Precession Magnetometer and base height of the sporadic 
E layer is scaled down using a collocated KEL Ionosonde. Since the location of the 
measurements is right over the geomagnetic dip equator; the variation of the daytime ground 
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magnetic field essentially represents the horizontal component and is a measure of the strength of 
the EEJ/CEJ current. 

This study was carried out for nine quiet days during 2005-2006. The dates and the 
prevailing EEJ conditions are mentioned in the table given below. As can be seen, the first two 
days were EEJ days, next four Full CEJ days and last three days were Partial CEJ days. Only 
afternoon CEJ has been considered for this study.  

Normal Electrojet April 26, 2005 ; April 27, 2005 

Full Counter Electrojet 
March 25, 2005; January 30, 2006 

 February 10, 2006; February 28, 2006 

Partial Counter Electrojet 
February 14, 2005; February 23, 2005 

  January 31, 2006 

 Table 1:- The days selected for study 
Observations 

The Figure (1) shows time evolution of the EEJ induced magnetic field on ground as 
measured using the PPM over Trivandrum for all the days mentioned in the table. First two 
panels(a,b) shows the Normal Equatorial Electrojet (NEEJ) days and panels from three to seven 
(c,d,e,f) shows the fully developed Counter Electrojet days (FCEJ) and remaining three panels 
(g,h,i) shows the Partially developed Counter Electrojet days(PCEJ).Typically on EEJ days 
magnetic field maximizes at 12.30 hours, on the other hand on fully developed CEJ days field 
maximizes at around 10.30 hours to 12.00 hours, and field minimizes at around 14.00 to 16.00 

hours. 
Figure 1:- Time variation of magnetic 

field strength (HTRV), on different days 
represents EEJ, Full CEJ and Partial CEJ events. 

The Figure (2) shows the time variation of 
simultaneously measured base height of sporadic 
E layer and mesopause temperature (MT) for 
normal EEJ days. It can be seen clearly from the 
figure that the variability in base height of 
sporadic E layer and mesopause temperature 
(MT) corroborate well with each other. On April 
26 as well as April 27, a gradual increase is seen 
in both the parameters. However, the rate of 
enhancement appears to be more beyond 14:00 
IST. In general, though there exist short scale 
variability in both the parameters, the overall 
trend on these days is same.  
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Figure 2: Mesopause 
temperature and sporadic E layer base 
height (h’ES) are shown for normal 
EEJ days. 

The figure (3) shows the 
temporal evolution of mesopause 
temperature and base height of 
sporadic E layer on fully developed 
CEJ days. As can be seen, the 
mesopause temperature on all these 
days responded well to the CEJ effect. 
It is clear that the mesopause shows a 
cooling especially during the period 
EEJ exhibits a reversal. This particular 
feature has been seen and reported 
earlier (Vineeth et al., 2007). 
Interestingly, on these CEJ events 
when mesopause temperature shows a 
cooling, it is observed that the base 
height of sporadic E layer also shows 

a marked height rise of ~08 to 15km. On all 
the four days, in response to the mesopause 
cooling in the post noon periods, the 
sporadic E layer base height also undergoes 
an excursion to higher altitudes nearly 
simultaneously. On the whole it appears that 
more the cooling higher is the excursion in 
the sporadic E layer base height.  
Figure 3: Mesopause temperature and 
sporadic E layer base height are shown for 
normal fully developed CEJ days. 

The nature of variability appears to 
be similar even during the partial CEJ days. 
Figure (4), presents the temporal variation 
of the mesopause temperature and sporadic 
E layer base height for three partial CEJ 
days.  

On the whole, all the observations 
presented here reveal that the sporadic E 
layer base height makes an upward 
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excursion almost simultaneously to the lowering of the mesopause temperature during the 
reversal phases of EEJ.   

 
 

 
Figure 4: Mesopause temperature and sporadic E layer base height are shown for normal 
partially developed CEJ days. 
Discussion and Conclusion 

The observations presented here in the present study can be understood in context of the 
vertical coupling between the mesopause and the thermosphere-ionosphere system. It is clear 
that the simultaneity of three processes namely (a) reversal of EEJ (b) lowering of mesopause 
temperature and (c) base height rise of sporadic E layer indicates towards a common physical 
mechanism which can explain all the three appropriately.  In this context, role of prevailing 
electric field can be ruled out as it will have very little bearing on the mesopause temperature 
change. On the other hand, the height increase of E region base can be attributed to wind.  In this 
context, this study validates and supports the proposition of  gravity wave associated vertical 
winds given earlier which explains the lowering the mesopause temperature and the reversal of 
EEJ (Vineeth et al., 2007). It has been postulated that the gravity waves associated vertical winds 
would lead to (1) cooling in mesopause through the inhibition of downward diffusion of atomic 
oxygen, and (2) reversal of vertical polarization field through ion drag. Further, another 
manifestation of the presence of the vertical wind in the lower ionosphere would be an upward 
movement of the overall ionization, including that associated with the sporadic E layer. Since, 
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the major excursion of sporadic E layer height has been observed to be in association with the 
other two processes mentioned above; it clearly indicates that it is yet another manifestation of 
the same vertical wind in the lower ionospheric region.  

The above inferences are of significant importance, as they lend credence, by providing 
observational evidence, to the propositions which have highlighted role of the vertical wind in 
modulating a lot of processes in the atmosphere ionosphere system. It must be mentioned that 
there has not been any direct measurement of these vertical winds in the upper atmosphere.     
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Abstract 
 Tropical cyclone (TC) is low pressure system in the tropics when the central pressure 
falls by 5 to 8 hPa from the surrounding and maximum sustained wind speed of about 62 kmph. 
There are seven tropical ocean basins around the world are conducive for the genesis of tropical 
cyclone with maximum frequency over the tropical pacific ocean. Tropical cyclone will not form 
all the seasons over the north Indian ocean unlike in other ocean basins, but more frequent during 
the pre and post monsoon season. during monsoon season due to high vertical wind shear over 
the north Indian ocean, the low pressure system (Monsoon depression) will not intensify into the 
level of Tropical Cyclones even though the oceanic conditions are favourable. Very Severe 
Cyclonic Strom (VSCS) PHaILIn, which formed over bay of bengal during 8th -14th october, 
selected for the intensity study of Tropical storm over the north Indian ocean. Tropical cyclone 
intensification depends on the oceanic as well as atmospheric condition prevailed over the warm 
ocean waters and above the surface. Here emphasis are given to the essential oceanic parameter 
namely Sea surface Temperature (SST), Satellite derived parameters such as Tropical Cyclone 
Heat Potential (TCHP in kjcm-2), depth of 26oC SST isotherm (d26 m) and Sea Surface Height 
anomaly (SHa cm ) obtained from the oceanographic & Meteorological Laboratory of national 
oceanic and atmospheric administration (aoML/noaa) used for the intensification study of bay 
Cyclone PHaILIn. It is noted that the value of TCHP should be greater than 90 kjcm-2, SST 
should be greater than 26o C, and depth of 26o C SST isotherm exceeds above 90 m required 
over the north Indian oceanic basins for the sudden intensification of Tropical Cyclones in to the 
category of Very Severe Cyclonic Storm as in the case of PHaILIn. 
1. Introduction 
 A tropical cyclone is a rotational low pressure system in tropics when the central pressure 
falls by 5 to 6 hPa from the surrounding and maximum sustained wind speed (3 minutes average) 
reaches about 62 kmph. It is a vast violent whirl of 150 to 800 km, spiralling around a centre and 
progressing along the surface of the sea at a rate of 300 to 500 km a day. As the earth's rotation 
sets up an apparent force (called the Coriolis force) that pulls the winds to the right in the 
Northern Hemisphere (and to the left in the Southern Hemisphere). So, when a low pressure 
starts to form over north of the equator, the surface winds will flow inward trying to fill in the 
low and will be deflected to the right and a counter-clockwise rotation will be initiated. The 
opposite (a deflection to the left and a clockwise rotation) will occur south of the equator. There 
are two seasons (pre-monsoon & post monsoon season) of formation of Tropical Cyclones over 
the North Indian ocean (Arabian Sea and Bay of Bengal ) with peaks in May and November 
Months. During south west monsoon period the low pressure system (monsoon depression) 
which will not grow in to the level of cyclonic storm due to the high vertical wind shear 
prevailed over the monsoon wind regime. The annual frequency of formation of TC over 
Arabian Sea and Bay of Bengal is 1: 4. The low pressure system over Indian region is classified 
based on the maximum sustained wind speed associated with the system and the pressure deficit/ 
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number of closed isobars associated with the system. The pressure criteria are used, when the 
system is over land and wind criteria is used, when the system is over the sea. The system is 
called as low if there is one closed isobar in the interval of 2 hPa. It is called depression, if there 
are two closed isobars, a deep depression, if there are three closed isobars and cyclonic storm if 
there are four or more closed isobars. Considering wind criteria, the system with wind speed of 
17-27 knots is called as depression and the low pressure system with maximum sustained 3 
minutes surface winds between 28-33 knots is called a deep depression. The system with 
maximum sustained 3 minutes surface winds of 34 knots or more is called as cyclonic storm. 
Tropical Cyclone can be compared to a heat engine. The energy input is from warm water and 
humid air over tropical oceans. Release of heat is through condensation of water vapour to water 
droplets/rain. Only a small percentage (3%) of this released energy is converted into Kinetic 
energy to maintain cyclone circulation (wind field). A mature cyclone releases energy equivalent 
to that of 100 hydrogen bombs. A necessary condition for the genesis of tropical cyclones is that 
the sea surface temperature be above approximately 26°C. Subsequent intensification involves a 
combination of different favorable atmospheric conditions such as low vertical wind shear, 
leading to good outflow aloft and inflow in the near-surface boundary layer. As a result, inflow 
conditions in the near-surface layer are enhanced.There are seven basins where Tropical 
Cyclones (TC) occurs on a regular basis .According to National Oceanic and Atmospheric 
Administration’s (στAA)'s, σational Hurricane Center, approximately 6λ% of all TC occur in 
the Northern Hemisphere, while only 31% can be found in the Southern Hemisphere. 
Approximately 12% of TC occurs in the Atlantic Ocean, 57% in the Pacific Ocean and the 
remaining 31% in the Indian Ocean. 
 Tropical Cyclone intensification involves several mechanisms, including TC dynamics, 
upper ocean interaction, and atmosphere circulation. Leipper and Volgenau (1972) first 
recognized the importance of ocean thermal structure in TC intensification. Although sea surface 
temperature (SST) plays a role in TC genesis, the ocean heat content contained between the sea 
surface and the depth of the 26°C isotherm (D26), also referred to as Tropical Cyclone Heat 
Potential (TCHP), has been shown to play a more important role in TC intensity (Shay et al , 
2000). Tropical cyclone heat potential shows high spatial and temporal variability associated 
with oceanic mesoscale features. Therefore, ocean features become critical for 
 Tropical Cyclone intensification to category 5 because they can effectively deepen the 
warm layer (D26 reaching 100 m and the TCHP ~ 110 kJ cm -2 ) to restrain cyclone self-
induced ocean cooling. The link between TC intensification and TCHP has also been identified 
in the North Indian Ocean, showing that TCs intensify (dissipate) after travelling over anti-
cyclonic (cyclonic) eddies. Results obtained for tropical cyclone 01A in the Arabian Sea in 2002 
show a correlation of 0.92 between the intensity and the sea height anomaly (SHA) values under 
the track of the tropical cyclone. However, the correlation value is only 0.07 between the 
intensity and SST values (Ali et al.2007).  
2.  Materials and Methods 
 Sea surface temperature (SST) provides a measure of the surface ocean conditions, 
Tropical Cyclone intensification has been linked with high values of TCHP contained in these 
mesoscale features; particularly Warm Ocean eddies, provided that atmospheric conditions are 
also favourable. An operational satellite-altimetry-based TCHP analysis was implemented at the 
National Oceanic and Atmospheric Administration (NOAA) National Hurricane Center (NHC) 
in 2004 (Mainelli et al ., 2008). This approach uses sea surface height anomaly fields derived 
from altimetry and historical hydrographic observations in a statistical regression analysis to 
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determine the depth of the main thermocline, usually the 20°C isotherm in tropical regions (Goni 
et al., 1996). Climatological relationships are used to determine D26 from the depth of the 20°C 
isotherm. Several studies have shown that observations of sea surface height (SSH) are strongly 
correlated with the thermal structure of the upper ocean (e.g. Goni et al. 1996). In the present 
study satellite imagery and other history of the cyclone PHAILIN is obtained from the India 
Meteorological Department Website ( www.imd.gov.in).Ocean parameters such as Sea Surface 
Temperature (SST), Depth 26.C Isotherm (26D) , Sea Surface Height Anomaly(SHA) and 
Tropical Cyclone Heat Potential (TCHP) were taken from the 
 Atlantic Oceanographic & Meteorological Laboratory of  National Oceanic and 
Atmospheric  Administration (AOML/NOAA) ( 
http://www.aoml.noaa.gov/phod/cyclone/data/ni.html). 
3. Results and Conclusions 
 A brief history of PHAILIN is given in Table 1 and Figure 1 shows the Satellite Imagery 
for the level of intensification of PHAILIN. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Source: India Meteorological Department) 
3.1 Analysis of Oceanic thermal parameters of PHAILIN 
 The formation and intensification of TC depends on both ocean and atmospheric 
conditions. Present study made emphasis on the necessary oceanic conditions for the 
intensification of North Indian Ocean cyclones with a case study of Bay cyclones PHAILIN. 
Figure 1: Intensification of PHAILIN. A) Level 2.5 on 9th October b) level 5.5 on 11th October 2013 

Monthly Sea Surface 
Temperature (SST) analysis it is 
evident that before pre monsoon 
months SST values is below 

(26
o
C) in both ocean basins, 

which inhibits the low level 
convection. During pre-
monsoon (April-May) months 
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and post monsoon months (October-November) SST increases to above the critical value > 26
o
 

C, required for the TC formation over the north Indian Ocean. Monsoon season depression will 
not reach the level of cyclonic storm in the Bay of Bengal even though the SST is above the 

critical value. Similar variations are observed in the monthly values of depth of the 26
o
C SST 

isotherm which is expressed in meter (D26) over both Arabian Sea and Bay of Bengal regions. 

The depth of 26
o
C SST isotherm 

deepens to a value above 90 m during 
the pre and post monsoon months 
support the formation of tropical 
cyclones over the warm ocean waters. 
All other months except the cyclone 

prone month’s 26o
C SST isotherm 

(D26) shows a value less than 40 meter, 
which will not support the formation of 
TC. Figure 2 shows the SST and depth 

of 26
o
C isotherm (D26) in the month of 

February and 8
th

 October 2013 when 
PHAILIN attain the cyclonic intensity. 
Sea Surface Temperature variations and 

depth of 26
o
C isotherm (D26) variation are very evident from the figures 2 (a-b) and figure 2(c-

d) for the above period respectively. 

Figure 2: (a &b) represents SST (
o
 C) and figure (c & d) shows the (D26) in meter during the 

month of February and 8
TH

 October 2013 respectively. 
Tropical cyclone Heat potential (TCHP) and Sea surface Height anomaly (SHA) are another 
important oceanic thermal parameter required for the intensification of TC. Monthly value of 

TCHP is greater than 80 KJcm
-2

 observed over the north Indian Ocean during the pre and post 
monsoon season, which support the intensification of TC to Very Severe Cyclonic Storm 
(VSCS) when the tracks moves over the very high TCHP region. Except the cyclone frequent 

months TCHP shows a value less than 40 KJcm
-2

 over North Indian Ocean. The TCHP value 
varies both spatially and temporally with different ocean basins. Pacific ocean TCHP keeps 
higher value most of the months and Pacific Ocean contribute to higher frequency of TC when 
we take the global annual average of Tropical Cyclones. Sea surface Height Anomaly (SHA) 

also shows a positive correlation with 26
o
C 

SST isotherm (D26) over both ocean basins 
during the TC intensification. Whenever 
the depth of D26 increases, corresponding 
positive height anomalies are noticed in the 
Bay of Bengal and Arabian Sea which is an 
indication for the intensification of 
Tropical cyclones over the north Indian 
Ocean. During the cyclone prone seasons 
D26 shows a value above 100 m and 
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corresponding SHA shows a positive anomaly greater than 5 cm noticed over the North Indian 
Ocean. Figure 3 represents the TCHP (a & b) and SHA (c & d) during the month of February 

and 8
th 

October 2013 over the north Indian Ocean. Figure 4 shows a clear variation of TCHP 

over the Bay Bengal at the different levels of intensification of PHAILIN during 9
th

 , 19
th

 and 

11
th 

October 2013.Figure 3: (a &b) represents TCHP (KJcm
-2

) and (c & d) shows the SHA (cm) 

during the month of February and 8
TH

 October 2013 respectively Figure 4: Values of TCHP 

(KJcm
-2

) for the day 9
th

, 10
th

, 11
th

 and 13
th

 October 2013 with intensities T2.5, T3.5, T5.5 and 
after Land fall  

 
 
 
 
 
 
 
 
 
 
 

 

Figure 4 (a-d) represents the TCHP variation on 9
th

 October (T2.5), 10
th

 October (T.3.5) and 

11
th

 October (T5.5) respectively. It is noticed that TCHP value drops to below 40 KJcm
-2

 values 

on 13
th

 October 2013 over the Bay Bengal after the land fall of PHAILIN (see table1). Figure 5: 

Observed track of VSCS PHAILIN during 8
th

 -14
th

 October 2013. 
4. Conclusion 
 Studies of oceanic parameters are of paramount importance for understanding the 
intensification study of TC over Arabian Sea and Bay of Bengal. It is noticed that TCHP needs 

to be higher values (>90 KJcm
-2

) 
over the oceanic basins for the 
sudden intensification of TC to 
Very Severe Cyclonic Storms 
(VSCS) as in the case of PHAILIN. 
Sea surface Temperature should be 

above the critical value (26
o
C) 

required for the genesis of cyclones. 
It is also noticed that depth of the 
26oC SST isotherm (D26) should be 
greater than 100 m and the 

corresponding SHA anomaly above 5 cm shows the indication of intensification of TC to VSCS 
and the intensity of the storm tide. From the study it is concluded that the oceanic thermal 
parameters along with the atmospheric condition are also taken into account for the proper 
understanding of the genesis and intensification of TC over North Indian Ocean. 
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Abstract 
 Wave climate studies along the kerala coast are of great importance due to the change in 
coastal morphology, considering the population density and various developmental / 
anthropogenicactivities along the coast. The present study is based on data obtained from the 
wave rider buoy deployed at the nearshore depth for the two locations, kollam in the south and 
kozhikode in the north of the kerala coast. The half hourly spectral wave data directly obtained 
from the buoy was processed and converted into monthly average spectrum and was analysed for 
both the locations for monsoon and non-monsoon periods. from the analysis of the spectral 
density, it is evident that there is a strong influence of local wind in the kozhikode coastal sector 
than that of kollam. The influence of north-westerly winds (i.e. Shamal winds) are also observed 
up to the kozhikode coastal region. The present study deciphers the coexistence of wind seas and 
swells along with the Shamal wind effect along the kerala Coast.  
key words: Spectral density, Shamal winds, wave steepness, Swell 
Introduction: 

 Offshore wave measurements from two wave rider buoys deployed at around 20m water 
depth off Beypore and Ponmana coasts in Kozhikode and Kollam districts of  Kerala in the 
southwest coast of India are studied to understand the wave climate of the region.the present 
study was a result of MoES sponsored project carried out by the NCESS in collaboration with 
the INCOIS, Hyderabad. The main objectives of this project initiated during July 2010 are to 
establish and maintain wave gauges at selected locations along the Kerala coast for the collection 
of site specific real time wave data for the validation of the daily Ocean State Forecast (OSF) 
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given by INCOIS. As part of this programme the first Wave Rider Buoy (WRB) was deployed 
off Valiathura coast in Trivandrum during May 2011 and this was later shifted to Kollam in May 
2012. The second station was established in North Kerala by deploying another WRB off 
Puthiyappa in Kozhikode on 26th, April 2013. At both the locations land based Shore Stations 
have been setup for the reception of HF data from the WRB and for further transmission of data 
at regular interval through FTP to INCOIS server at Hyderabad. 
                       The study of sea surface waves in many countries started before the Second World 
War by both empirical and theoretical methods. But in earlier studies there were lots of 
difficulties in gathering observations of adequate precision. All the requirements of the user were 
not easily solved because of technical, operational and fundamental difficulties. As far as the 
west coast of India is concerned, detailed wave studies are limited to a few locations (Baba, 
1985). The available literature reveals that there is considerable variation in the wave 
characteristics at different locations (Baba et al., 1987). Earlier studies made by NCESS was 
limited to shallow water locations, But present study on wave climate based on the data obtained 
by buoys at 20m depth locations. So, we get data on deep water locations, but coastal shelf slope 
influences much on bathymetry locations. Data obtained is utilised for Research studies at 
NCESS. 
Data Measurement and Analysis:  At both locations, we are using DWR-Mk3 buoy 
manufactured by Data well BV, Netherland. At kollam, buoy is deployed at 8˚58.7λ’’σ(lat) & 
76˚26.71’’E(lon) which is λ m from the shoreline and at  ozhikode buoy is deployed 
at11˚14.45 ’’σ(lat) & 75˚40.05’E(Lon). The data availability at kollam is from 26th April, 2013 to 
5th Nov, 2013.At Kozhikode; it is available 16th Feb to 19th Aug 2013.                     

Monthly Averaged Spectrum  

Kollam: the monthly average spectra are computed to explore the 
information of the monthly average wave characteristics. The 
secondary peaks with lesser energy levels are obtained only in fair 
seasons (Fig.).  
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 Fig. (a)                                                                                   Fig (b)  

                                    Fig(d)                                Fig(c)                                                                                    
 The waves are of lower heights associated with comparatively higher periods 
and spectral widths (Fig. a) during fair seasons. Fig (d) is the JONSWAP SPECTRUM obtained 
from WAFO a tool box of matlab for statistical analysis and simulation of random waves. During 
the rough seasons (June, July and august) all the monthly spectrums are more or less following 
JONSWAP spectrum with gamma parameter 3.3, during the rough seasons spectrum is the single 
peak with no secondary peaks Fig(b). 
Conclusion:  The effect of local generated winds at Kozhikode on monthly average scale is 
higher than at kollam. The effect we can be seen in the monthly spectrum. During the rough 
season monthly spectrums are following JONSWAP spectrums. This is not full paper, an 
extended abstract only. So, here we are sending only fraction of our work. 
 

04-10 
EXPANSION OF HADLEY CELL IN CLIMATE CHANGE SCENARIO: A 

STUDY USING REANALYSIS AND GLOBAL RADIOSONDE 

OBSERVATIONS 
Sneha Susan Mathew, Karanam Kishore Kumar and Kandulavenkata Subrahmanyam, 

Space Physics Laboratory, Vikram Sarabhai Space Centre, Thiruvananthapuram- 695022, 
India k_kishorekumar@vssc.gov.in 

 
Abstract 
 The large scale ascent of the moist air at the equatorial latitude, meridional transport 
towards the poles and descent of dry air over subtropics constitute the general circulation of 
atmosphere and thereby control the climate zones of the earth. one such planetary scale 
circulation spanning one-third of the globe from tropics to subtropics is the Hadley circulation, 
whose variability will have explicit impact on the established temperature and precipitation 
patterns of the earth. a detailed study on the Hadley cell edges and their expansion using 35 years 
of four re-analysis datasets is carried out. an algorithm is developed to estimate the meridional 
mass stream function from which the Hadley cell edges are characterized. The results show the 
consistent pattern of southern hemispheric and northern hemispheric edges of the Hadley cell 
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including its centre. for the first time, an attempt is made to validate the four reanalysis datasets 
using global radiosonde network observations. The interannual variations of the Hadley cell 
edges observed in the present study clearly indicate the expansion of the cell, which has 
profound implications on the precipitation and hence, climate, on global and regional scales. The 
significance of the present study lies in tracing the Hadley cell edges using four reanalysis 
datasets and verifying their consistency using global radiosonde network observations. Thus the 
present study provides unambiguous climate change indicators in terms of Hadley cell expansion 
in both northern and Southern hemisphere, which is envisaged to have profound climate 
implication especially over subtropics. 
1. Introduction 
 Differential heating of the Earth’s surface by the Sun as well as the topography of the 
lithosphere are the two major factors that pave way for the potential consequences of water in its 
all three forms on the earth and its climate. Air parcel rising at equatorial latitude, due to this 
differential heating, has enough of moisture that condenses out due to the cooling produced by 
adiabatic expansion of the parcel during its lift. Exactly the opposite happens when this parcel 
descends. The large scale ascend, transport and descend of air parcels over the globe constitute 
the general circulation of atmosphere and thereby control the climate zones of Earth. One such 
circulation is Hadley circulation which is a thermally driven meridional circulation that spans the 
region from tropics to subtropics in either hemisphere, and is responsible for the wet, humid 
climate of the tropics and the dry, parched climate of the subtropics.  
 Of late, sinking latitudes of Hadley circulation has gained importance because of the 
fluctuations they exhibit, mainly due to the changes in meridional temperature gradient arising in 
response to the changing concentrations of greenhouse gases and other anthropogenic sources. 
Interannual variability in the poleward extent of Hadley circulation has been observed by Oort 
and Yienger (1996), but long term studies on the tropical width as such has been initiated by 
Roesenlof  (2002) in a study on Brewer Dobson circulation . The studies on Hadley cell have 
been carried forward by many researchers  across the globe, which showed  the  changes in the 
horizontal scale and strength of the circulation, in fact, a poleward expansion, over the past few 
decades  [Hu and Fu, (2007);  Johanson and Fu, (2008); Liu et al, (2012); Nguyen et al, (2012)]. 
Several indicators both dynamical and physical- were utilized in these studies, some of which 
includes mass stream function (MSF), tropopause height, total ozone, OLR, clouds and 
precipitation. For instance, tropopause height was used as an indicator to find an expansion of 
~0.4⁰-0.7⁰ latitude/decade by Reichler and Held (2005); Hudson et al (2006) used total ozone as 
an indicator and estimated an expansion of ~1⁰ latitude/decade (for NH alone); Hu and Fu (2007) 
made use of both OLR datasets and MSF as indicators to obtain expansions of ~1.5⁰ 
latitude/decade and ~1⁰ latitude/decade, respectively. Data from various reanalysis datasets and 
observational platforms over a period of ~30 years were the first cut source for these studies. 
Taking into consideration the uncertainty in observations, differences in methodology and 
excluding the outliers, a widening close to 1⁰ latitude per decade has been found [Reichler, 
(2009)]. Observed expansion is also reproduced by climate models, but to a lesser extent than 
observations [Seidel et al (2008)]. The general circulation models which simulated the influence 
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of increased greenhouse gases produced weakening of the tropical overturning circulation and 
this affected the Walker circulation more strongly than the Hadley circulation [Lucas et al, 
(2014)].  
 Even though there are differing theories in explaining the possible mechanisms for the 
observed expansion of the Hadley cell, almost all the studies agree on its expansion. As observed 
by Seidel et al (2008), this expansion will have serious consequences due to associated shift in 
precipitation patterns, poleward movement of jet streams and storm tracks, changes in 
distribution of climatically important trace gases (such as water vapour) in the stratosphere as 
well as changes in the ocean circulation, thus affecting the whole ecosystem of the earth and 
leading to an ‘irreversible climate change’. The impact of such changes on the global economy is 
also crucial, thus emphasizing the need for better management of resources for industrial and 
human development. 
 The studies on decadal Hadley Cell dynamics based on observations are very few and the 
use of reanalysis datasets for study of climate trends is still a topic of debate [Stachnik and 
Schumacher, (2011)]. There have been studies which compared the available reanalysis datasets 
among each other with regard to the HC expansion [Nguyen et al, (2012); Stachnik and 
Schumacher, (2011)], however only a few of them [Waliser et al, (1999)] have compared 
reanalysis datasets with observations. Thus it has become the need of the hour that reanalysis 
datasets are validated for global circulation studies using observations. The present study focuses 
on the analysis of long term changes in the Hadley cell by means of four reanalysis datasets, viz. 
NCEP, ERA-I, JRA-55 and MERRA for a period of 35 years (1979-2013), as well as their 
validation using daily global upper air observations obtained from the Integrated Global 
Radiosonde Archive (IGRA). Section 2 provides data and methodology, results are discussed in 
the section 3 and section 4 provides summary. 
2. Data and Methodology                     Of the several methods in practice to characterize the Hadley cell and 

their interannual variability, we have adopted the stream function method which is the most 
popular. Meridional mass stream unction (MSF) has great physical significance at zero and 
maximum [Nguyen et al, (2012)]. A value of zero kgs-1 for MSF at 500hPa gives the edge of the 
Hadley cell [Johanson and Fu, (2008)], whereas a maximum in value for MSF between 0⁰ to 30⁰ 
latitude in the northern hemisphere is indicative of the strength of the cell [Liu et al, 2012]. 
Poleward expansion of the Hadley cell is estimated from MSF by the calculation in linear trend 
of the edge latitudes from 1979 onwards, and the total expansion by the summation of these 
trends in the northern and southern hemispheres [Hu and Fu, (2007)].  In the present study, 
monthly meridional wind data product over a given period is zonally averaged to calculate the 
MSF at a given pressure level using the equation                                                     
  where ‘a’ is the earth’s radius, φ is the latitude and  is the zonally averaged v-wind. 
is assumed to be zero at TOA (which is 10hPa for reanalysis and 5hPa for in-situ estimates 
[Waliser et al, (1999)] ). Circulations are taken to be clockwise if MSF is positive and 
anticlockwise if it is negative [Hu and Fu, 2007; Oort and Yienger, 1996]. At 500hPa, the first 
latitude poleward of the cell centre where MSF becomes zero is taken to be the edge of the 
Hadley cell [Stachnik and Schumacher, (2011)]. These latitudes are determined for each 
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hemisphere using a linear interpolation scheme, and monthly variability of the edges as well as 
centre is estimated. The process is applied to the monthly meridional wind data of all the four 
reanalysis datasets- NCEP (1.25⁰ x 1.25⁰ x 37 levels), ERA-I (2.5⁰ x 2.5⁰ x 37 levels), JRA-55 
(1.25⁰ x 1.25⁰ x 37 levels) and MERRA (1.5⁰ x 1.5⁰ x 42 levels). As the year 1979 marks the 
beginning of inclusion of satellite observations also into the reanalysis dataset production thus 
making them more reliable, the period of present study is from 1979 to 2012 for JRA55 and up 
to 2013 for rest of the datasets. 
 Though their globally complete spatial and temporal coverage provide information in the 
otherwise data sparse regions, the differences in the physics of underlying models used within 
the reanalysis can result in different representation of the circulation [Lucas et al, (2014)]. Thus 
the reanalysis datasets are validated by observational data using a method called subsampling 
[Waliser et al, (1999)]. In this technique, the in-situ data taken from the Integrated Global 
Radiosonde Archive (IGRA) for the same period (1979-2013) is manually gridded to match with 
the grid size of the reanalysis dataset in use. Those data points in reanalysis data are selected 
where in-situ observations are available and MSF is calculated. The MSF calculated from 
reanalysis datasets and IGRA observations are thereafter used for further analysis. 
3. Results and Discussion: 

 The MSF are estimated using the procedure outlined in section 2 and segregated in 
terms of four seasons viz., winter solstices, vernal equinox, summer solstices and autumn 
equinox. All the seasons are defined with respect to northern hemisphere hereafter. MSF in terms 
of pressure-latitude section for each season and for all the four reanalysis datasets are estimated 
and all the datasets reproduces evidently the gross features of the mean meridional circulation. 
Figure 1 shows the mean MSF calculated from the MERRA reanalysis data for the solstice 
periods (DJF and JJA).  
 

 
 
 
 
 
 
 
 

Figure 1: Mean meridional stream function calculated from MERRA data for northern 

hemispheric (a) winter and (b) summer during the period 1979 to 2013. 

 

The cell centre is located at ~7⁰S for winter and ~15⁰N for summer. The first latitude poleward 
of the cell centre lies between 40⁰N and 40⁰S latitudes. It can also be seen that the winter 
hemispheric cells are considerably stronger. As discussed in section2, using the MSF at 500 hPa 
the edges of the Hadley cell and its centre are estimated. Figure 2(a-c) shows the monthly 
variability of NH, SH edges and centre of the cell using NCEP, ERA-I, JRA-55 and MERRA 
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respectively. These figures depict the annual cycle of the Hadley cell variation. The vertical bars 
indicate the interannual variability of the edges/centre. It can be seen from figure 2a that all the 
four reanalysis data trace the northern edge of the Hadley cell precisely and is consistent with the 
present understanding of the annual cycle of the Hadley cell. A careful examination of the same 
figure shows that MERRA data differs from other reanalysis datasets, especially during the 
boreal winter months.  
 
 
 
 
 

 
 
Figure 2: Monthly variability of the (a) NH edge, (b) SH edge and (c) centre, respectively, 

of the Hadley cell. 

The centre of the Hadley cell, where the ascending limb is located, is also traced out (figure 2c). 
All the four reanalysis datasets show consistent annual variation of Hadley cell centre with very 
less interannual variability. The centre is far north ~15⁰N during boreal summer compared to its 
location in southern hemisphere during austral summer ~13⁰S. The transition from southern to 
northern hemisphere can be seen clearly in this figure. The annual cycle of southern hemispheric 
edge of Hadley cell in figure 2b also show the variations that are consistent among the datasets, 
except for MERRA. Scarcity of observations in the southern hemisphere forces the reanalysis to 
depend heavily on the model forecasts; this might be one of the reasons for the observed 
discrepancies between MERRA and the other reanalysis datasets. Comparison of MSF estimated 
using global radiosonde dataset and subsampled reanalysis dataset for the boreal summer (JJA) is 
shown in figures 3a and 3b, respectively. The reanalysis datasets reproduce most of the features 
observed by radiosonde measurements, thus proving the validity of these datasets. The sub-
sampling technique is used for rest of the datasets and the consistency of all the reanalysis 
datasets is evaluated.  
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Figure 3: Estimated MSF from (a) IGRA and (b) JRA55, respectively, for NH summer 

After validating the reanalysis datasets, a time series data is generated to investigate the 
expansion of Hadley cell. Figure 4 shows the interannual variability of the edges as well as the 
centre of the Hadley cell over a period of 35 years made using MERRA data. From this figure it 
is evident that both NH and SH edges show the expansion towards the poles in both the 
hemispheres. The trend analysis carried out using the time series further confirmed this aspect. 
Thus using 35- years of reanalysis and observations an unambiguous signature of climate change 
is brought out in the present study.Figure 4: Time series of MSF from MERRA data 1979-2013. 
4. Summary 

 The long term variations in the edges of Hadley cell over a 35 year period has been 
analyzed using the MSF computations and considerable interannual variability is observed. The 
annual cycle of Hadley cell edges validate the algorithm developed for the present study. 
Validation of reanalysis datasets has been carried out using radiosonde observations by means of 
the subsampling technique; except for magnitudes, all the other features of HC are found to be 
consistent among these datasets which strengthens our assertion that reanalysis datasets can be 
used for investigating the large scale circulation dynamics. The results emphatically showed the 
expansion of Hadley cell. As the descending branches of the Hadley cell will affect the vertical 
development of clouds and subsequently the rainfall, poleward shift of descending branch will 
modify the precipitation distribution, especially over the subtropical region. Thus the expansion 
of Hadley cell will have far reaching consequences in hydrological cycle and shifting of climate 
zones and the present study signifies its importance. 
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Abstract 
 Gradient Richardson number (Ri), which is the ratio of squared brunt-Väisälä frequency 
(n2) to squared wind shear (| U/ h|2), is widely accepted parameter to indicate presence of 
turbulence in the atmosphere. Hence, altitude structure of stability parameters such as Ri, n2 and 
| U/ h|can be able to reveal the structure and generation mechanisms of atmospheric turbulence. 
In the present study an attempt has been made to delineate the altitude structure of turbulence 
from the stability parameters over two tropical locations, Trivandrum (8.5 n, 76.9 E) and 
Gadanki (13.5 n, 79.2 E), using GPS-radiosonde observations during the period december 2010 
to March 2014 conducted as part of the Tropical Tropopause dynamics (TTd) Experiment under 
CawSES-India program. altitude structure of occurrence frequency of n2< 0 shows a broad peak 
in the altitude region 10-15 km with relative fewer occurrences in the 3-8 km altitude region. 
above 15 km, while the occurrence of n2<0 sharply decreases (in tropical tropopause layer, 
TTL), occurrence of | U/ h|> 30 m/s/km is found to be relatively high in the altitude region of 15 
to 20 km with relatively negligible occurrence in the lower altitudes. These features are similar at 
both stations. Largest percentage of occurrence of Ri<0.25 and Ri< 1 is encountered very close 
to the surface and a broad peak is observed in the 10-15 km altitude region with 15-20% 
occurrence for Ri< 0.25, and 40-60% for Ri< 1. This study indicates that, the mechanisms 
responsible for the generation of turbulence in the respective altitude regions are same in both 
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stations. while the turbulence in the 10-15 km region is mainly governed by the convective 
instabilities, the turbulence in the TTL region arises from a combination of both dynamic and 
convective instabilities. In the LS region, the stability parameters indicate that generation of 
turbulence could be due to wind shear. 

Introduction 

 Turbulence is an irregular condition of flow of a fluid where measured quantities vary 
randomly with space and time. As far as turbulence in the atmosphere is concerned, it is highly 
intermittent in space and time. Atmospheric turbulence   plays a vital role in atmospheric 
dynamics, as it is the end product of many dynamical motions in the atmosphere. It not only 
heats the atmosphere but also causes mixing of momentum, heat, and matter. Hence it is strongly 
associated with the energy budget and thermal structure of the atmosphere. Atmospheric 
turbulence depends largely on background atmospheric parameters such as wind, temperature, 
and humidity. In the free atmosphere, convective instabilities, mean shear and associated shear 
instabilities, as well as internal wave breaking, drive turbulence [Clayson and Kantha, 2008]. A 
widely accepted parameter to indicate presence of turbulence is the gradient Richardson number 
(Ri), defined as the ratio of squared BV frequency to squared vertical wind shear, given by Ri= 
N2/ | U/ h|2 = N2 / [(du/dh)2+(dv/dh)2], where N is the BV frequency, | U/ h|is the vertical  
gradient of horizontal vector wind U, du/dh and dv/dh are the vertical gradient of zonal (u) and 
meridional (v) velocities, and h is the altitude. For the static instability, N2 will be negative and N 
will be indeterminable. If the value of Ri is less than 0.25 it is considered that turbulence can be 
present from energy considerations. In general, following are the conditions for the onset and 
maintenance of turbulence (i) Ri < 1 is generally considered as the necessary condition to sustain 
the wind-shear driven turbulence (Vinnichenko et al 1973; Murphy et al., 1982), (ii) Ri < 0.25 is 
considered as the critical condition for the onset of turbulence (Miles and Howard, 1964) (iii) Ri 
< 0 indicates the occurrence of convective instabilities. 
2. Experiment, Data and Analysis 

GPS-Radiosondes are launched simultaneously from Trivandrum (8.5N, 76.9E) and 
Gadanki (13.5N, 79.2E) at 3 hourly intervals for 3 consecutive days (as a campaign) in each 
month to study the sub-daily variations of winds and temperature in the troposphere and 
stratosphere since December 2010 as part of the TTD Experiment. Trivandrum is located in the 
Peninsular India very near to the Arabian Sea Coast. Gadanki is an inland station located in the 
eastern side of peninsular India which is about ~120 km from the coast. Totally 40 campaigns 
were conducted during December 2010 to March 2014; the data collected during these 
campaigns are used in the present study. GPS-Radiosondes provide accurate sampling of 
temperature, relative humidity and wind components (zonal and meridional wind) with a basic 
vertical resolution of 4-6 m (~1 s interval) from surface up to an altitude of ~35 km depending on 
balloon bursting. The accuracy in the wind measurement is ~0.15 m s-1 and that in temperature 
measurement is ~0.5 K. The data sampled at ~1 s interval are subjected to strict quality check 
before further analysis. A few radiosonde sounding data carried out during convective unstable 
conditions are totally discarded for the present study. Each profile has been sub-sampled to 20 m 
to avoid the error due to undulation of balloon.  Brunt-Väisälä frequency (N), Wind shear 

590

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



( U/ h), and Richardson number (Ri) are calculated using standard methods. From the 
temperature profile, the cold point Tropopause (CPT) is identified as the altitude of minimum 
temperature and the convective tropopause (COT) is calculated from the minimum potential 
temperature gradient altitude (Mehta et al., 2008). In the present study, the Brunt-Väisälä (BV) 
frequency and Richardson number were calculated by taking into account the impact of moisture 
(saturation of water vapour and clouds) on the static stability (Wilson et al., 2013, 2014) as well 
as the impact of instrumental noise on the measured temperature and pressure (Kantha and 
Hocking 2011).  
3. Results and discussion 

Figures 1 shows the altitude profiles of T, N2, | U/ h|and Ri  respectively derived from 
radiosonde observations on 10 December 2011 at 14:30 IST  from Trivandrum. Altitude profiles 
of N2 and Ri derived from * (moisture effect added profile). The altitudes of CPT and COT are 
marked in these figures using horizontal lines. The region between COT and CPT is taken as the 
thickness of TTL which is ~3 km in this case. N2 is confined to within 2.5x10-4 s-2 below COT 
and starts increasing above. There are a few multiple regions of negative values of N2 in the TTL 
and at altitudes below COT. These regions are statically unstable and indicate local overturns. In 
general, N is ~ 0.01 s-1 in the troposphere and shows a general increase in the stratosphere. 
Altitude profile of vertical gradient of horizontal wind shear shows relatively small values below 
COT and large values above COT. In the TTL region, the wind shear gradually increases from its 
base with values exceeding 20 m s-1 km-1 around 16 km. Altitude profile of Ri shows large 
variability in the troposphere within the turbulent layers  (Ri<0.25) clustered around the altitude 
of 7 km, from 10 to 15 km and within the TTL region. In general, the values of N2 are either 
negative or very close to zero in the altitude region of 10-15 km. The Ri values fall below 0.25 
and even become negative in this altitude region, indicating that the region is statically unstable 
and favorable for the onset of turbulence.  

Altitude structure of percentage of occurrence of | U/ h| > 30 m/s/km and N2 < 0, were 
computed with a range resolution of 20 m in the altitude region 0 to 25 km for different seasons 

from the subset of radiosonde profiles 
available in the respective season. These 
are presented in Figure 2 for Trivandrum 
and Gadanki, after subjecting the 
profiles to a 9-point running mean. 
Figure 1:  Altitude profiles of 

temperature (T), square of buoyancy 

frequency (N2), wind shear (|U/h|), 

Richardson Number (Ri) derived from 

Radiosonde data obtained on 10 Dec 

2011 at 14:30 IST at Trivandrum 

While the occurrence frequency of N2 < 
0 shows a broad peak in the altitude region 10-15 km, the occurrence of | U/ h|> 30 m/s/km is 
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found to be relatively high in the altitude region of 15 to 20 km with relatively negligible 
occurrence in the lower altitudes. This feature is found to be similar at both stations. The 
occurrence of N2<0 also shows seasonal variation with relatively high values during June-July-
August-September (JJAS) and October-November (ON) period. Above 15 km, the occurrence of 
N2<0 sharply decreases. Relatively high occurrence of N2 < 0 and | U/ h|> 30 m/s/km is also 
found very close to the surface. The altitude pattern of occurrence of | U/ h|> 30 m/s/km in the 
altitude region 15-20 km is found to be similar to that of the mean profile of | U/ h|with 

relatively high occurrence during the 
JJAS period. During this period their 
percentage occurrence (in 15-20 km) is 
found to be relatively small at Gadanki 
(~15 % at peak altitude) compared to 
that at Trivandrum (~35 % at peak 
altitude); which is similar to that 
observed in the mean wind shear. 
However, during the rest of the period, 
mean frequency is ~12% at 
Trivandrum and ~5 % at Gadanki. The 
seasonal variation in the percentage of 
occurrence of | U/ h|> 30 m/s/km in 
this altitude region is found to be 
similar to that observed for the mean 

wind shear at the respective stations. Figure 2: Altitude profiles of percentage occurrences of 

N
2
 < 0 and |U/h| > 30 m/s/km in the altitude region of 0 to 25 km for different seasons at 

Trivandrum and Gadanki  

In order to examine the probability of occurrence of turbulence in the troposphere and 
lower stratosphere, the occurrence frequency of Ri < 0.25 and <1 were estimated for the altitude 
region 0 to 25 km for different seasons. Altitude profiles of the percentage of occurrence thus 
obtained for different seasons at Trivandrum and Gadanki are presented in Figure 3, after 
subjecting the profiles to a 9-point running mean. As expected the largest percentage of 
occurrence of Ri <0.25 and Ri < 1 is encountered very close to the surface. In addition, a broad 
peak is observed in the 10-15 km altitude region with 15-20% occurrence for Ri < 0.25, and 40-
60% for Ri < 1. This is the altitude region where the occurrence of N2 < 0 is very frequent. Note 
that, strong wind shear seldom occurs in this region. This indicates that the onset of turbulence in 
this region is mainly due to static instability caused by the convection, cloud microphysics and 
water vapour influencing this region. . Murphy et al (1982) studied the percentage occurrence of 
Ri with values below 0.25 and 1 in the altitude region 0 to 25 km at different locations and found 
a consistent peak in the occurrence of Ri < 1 around 10 km with a rapid decrease in the 
occurrence of Ri < 1 near the altitude approaching the tropopause. In the present study, the 
height profiles of Ri <0.25 and Ri <1 show similar altitude structures at Trivandrum and 
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Gadanki, though the occurrence frequency is almost three times as reported. In the TTL region, 
though the percentage occurrence of Ri< 0.25 is not significant (~10 to 3 %), the occurrence of 
Ri<1 is found to be significant (50 to 20%).  In this region, the occurrence of N2 <0 rapidly 
decreases and occurrence of high wind shear sharply increases. This indicates that while the 
wind shear plays a dominant role in the generation of turbulence in the TTL region, static 
instability plays a minor role. The observed static instability in this region would be caused by 
the overshooting of convection across the base of TTL. However, the contribution of dynamic 
instability is relatively high in the TTL region during JJAS at both the stations. Above the CPT, 
at both these stations while the occurrence of Ri < 0.25 is found to be insignificant (<3%), the 
occurrence of  Ri < 1  is ~20-30%. In the lower stratosphere, just above CPT, the occurrence of 
N2 < 0 is negligible and occurrence of wind shear > 30 m/s/km is very large. Very strong wind 
shear (mechanical energy) is required to over ride the strong stability in the lower stratosphere 
region (and TTL) to generate turbulence.  

 
Figure 3: Altitude profiles of percentage occurrences of Ri< 0.25 and Ri<1 in the altitude 

region of 0 to 25 km for different seasons at Trivandrum and Gadanki  

4. Summary and Conclusions 
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 Mean structure of  stability parameters  in the troposphere and lower stratosphere during 
different seasons are examined using the high resolution radiosonde data collected as part of 
TTD experiment under CAWSES-India program for a period of 3 years. The impact of moisture 
and instrument noise on the static stability was taken into account in the calculation of stability 
parameters such as N2 and Ri. Altitude structure of occurrence frequency of N2 < 0 shows a 
broad peak in the altitude region 10-15 km with relative fewer occurrences in the 3-8 km altitude 
region.  Above 15 km, while the occurrence of N2<0 sharply decreases (in TTL region), 
occurrence of | U/ h|> 30 m/s/km is found to be relatively high in the altitude region of 15 to 
20 km with relatively negligible occurrence in the lower altitudes. These features are similar at 
both stations. This study indicates that, though the small scale features of stability parameters 
during different seasons are different at Gadanki and Trivandrum, the mechanisms responsible 
for the generation of turbulence in the respective altitude regions (lower troposphere, 10-15 km 
region, and TTL region) are same. While the turbulence in the 10-15 km region is mainly 
governed by the convective instabilities, the turbulence in the TTL region arises from a 
combination of both dynamic and convective instabilities. In the LS region, the stability 
parameters indicate that generation of turbulence could be due to wind shear.  
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Abstract 
 The geoeffectiveness of Halo CMEs have investigated by comparing the properties of 
halo CMEs with the respective SSC events during 1997-2005. for this, we divide the Halo CME- 
storm pairs, into Magnetic clouds (MCs) and non-magnetic clouds or Ejecta (Ejs) which is the 
subset of Interplanetary CME (ICME). Halo CMEs can be subdivided based on its shock driving 
capability such as, Radio Loud shocks (RL shocks) and Radio Quiet shocks (RQ shocks). The 
solar latitude range is limited to ±30o for all category shocks and the solar longitude is widely 
distributed for all shocks and limited to ±70o for RL shocks and ±40o for RQ shocks. The 
majority of the Halo CME-SSC event pairs are occurred during high solar active period for all 
halo CME events, MC, Ej, RL and RQ shock categories.  
keywords: Coronal Mass Ejection, Geomagnetic storms, Interplanetary shocks, Solar activity, 

auroralelectrojet, Polar Cap Index. 

Introduction 

Coronal mass ejection (CME) is a massive burst of plasma and magnetic field 
expanding outwards from the sun’s corona to the interplanetary space through, which large 
amount of materials are emitted into the solar wind. If the CME is directed towards the earth as 
an Interplanetary CME (ICME), it can cause intense geomagnetic storm.   

We studied the properties of Halo CMEs with the corresponding storm sudden 
commencement, SSC events during the period 1997-2005. For this, we selected halo CME-storm 
pairs with Dst ≤ -25nT and investigated the geoeffectiveness of halo CMEs, by analyzing the 
dependence of the parameters of CME such as speed, location and earthward direction parameter 
with that of magnetospheric parameters like Dst, auroral electrojet (AE) and polar cap index 
(PC). 

1. Data analysis 

The halo CME list is extracted from the SOHO-LASCO halo CME catalog 
http://cdaw.gsfc.nasa.gov/CME_list/index.htm and the list of principal storms are available at 
‘ftpμ//ftp.ngdc.noaa.gov/STP/SτLAR_DATA/SUDDEσ_CτMMEσCEMEσTS/PSTτRM/’.   

2. Results and Discussion 

In this work, 93 Halo CME-SSC event pairs are selected during the period 1997-2005, out of 
which 69 pairs are categorized based on ICME type: MC and EJ type. Percentage occurrence of 

events in each category is shown in Figure 1. 
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         Figure 1a                                                      Figure 1b 

Figure 1:  Percentage of occurrence of events considered in a) MC & EJ 

category b) RL & RQ shocks category during the period 1997-2005. 

In Figure 1a, 46% of the total events (93 Halo CME- storm pair) are grouped into MC and 28% 
are under EJ category. The remaining 26% of halo CMEs are not considered in our work, in 
which 13% are S-type CME and 13% are CMEs, as they do not associate with the Type ll radio 
burst. Figure 1b shows that, 62% are under RL shocks category and 38% are under RQ shocks 
category. It is very well known that, there exist a strong correlation between IMF Bz and Dst 
(Burton et al., 1975; Tsurutani et al., 1998; Tsurutani, 2001; Kane, 2008; Mujiber et al., 2010). In 
the present work, we have estimated the correlation of Dst and Bz for all halo CMEs, MC and EJ 
types separately. Figure 2 shows the correlation between (a) Dst and Bz for all the 69 SSC events 
considered here (b) between Bz and Dst under MC category (26 events) and (c) between Bz and 
Dst under EJ category (43 events). The correlation of Bz and Dst is 0.66 if we consider all events. 
However, for EJ and MC categories these correlations are 0.77 and 0.55, respectively. 
Figure 2a                                                                                  Figure 2b 
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Figure 2:  The scatter plot with the maximum 

value of Dst and Bz for (a) all the 69 halo CME-

SSC event pairs studied (b) MCcategory (26 events) and (c) EJ category (43 events).  
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Figure 3 shows the plot of Dst variation with solar latitude and longitude for all shocks (3 a & b), 
for RL shocks (3 c & d) and for RQ shocks (3 e & f) with the sub division of MCs and EJs. The 
solar latitude range for all shocks, RL and RQ shocks are limited to ±30o, this indicates that more 
energetic CMEs are originated within this limit due to the presence of high magnetic field in this 
active region. The solar longitude is widely distributed for all shocks and limited to ±70o for RL 
shocks and ±40o for RQ shocks. Michalek et al. (2007) stated that  
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
      

 

                                                                                               
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure3a Figure3b 

Figure3c Figure3d 

Figure3e 

Figure 3: The relationship between the Dst max with solar latitude and 

longitude for (a & b) all shocks, (c & d) RL shocks and (e & f) RQ shocks with 

separation of MCs (black pulses) and EJs (red pulses). 
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RL shocks are 2 times wider than RQ shocks. Gopalswamy et al. (2008a) found that the sources 
of RQ shocks are located near the limbs, whereas that of RL shocks occurs in central west 
regions of the solar disk. Also it is observed that, majority of the shocks are located on the west 
side of the central meridian showing an asymmetry in the distribution. These results are 
consistent with other studies (Wang et al., 2002; Kim et al., 2005; Michalek et al., 2007; Kim et 
al., 2010; Veenadhari et al., 2012).   

The distribution of the number of halo CME-SSC event with solar activity (monthly average of S 
10.7) is shown in Figure 4. The majority of the events are occurred for 150-199 range of S 10.7 
for all halo CMEs, MC, RL and RQ shocks. However, for EJ type of CMEs, number of CME-
SSC events is more for 100-149 range of S 10.7. The occurrence rate of CMEs is more during 
solar maximum period and the storms during this period tend to be CME-driven storms (Webb, 
1991; Richardson et al., 2001; Yashiro et al., 2004). We could identify only one halo CME- 
storm pair during the year 1999 because the rate of geoeffectiveness is low in this period 
(Gopalswamy et al., 2007), which is due to the low number of magnetic cloud events (Riley et 
al., 2006) and solar energetic particle events (Gopalswamy et al., 2003).  
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Figure 4: The graph showing the association of the number of events and solar activity 

(monthly average of S 10.7) for (a) all halo CMEs (b) MC (c) EJ (d) RL shocks and (e) RQ 

shocks respectively. 
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Conclusion 

 This paper deals with the study of Halo CME- SSC event pair by analyzing Dst with the 
properties of CME during 1997-2005. Halo CMEs are classified based on ICME type such as 
MC and EJ type and IP shock type such as RL and RQ shocks. The results obtained through the 
analysis are as follows. 

1. Better correlation is obtained between Dst and Bz for all halo CME events and correlation 
is much more better for EJ category. 

2. The halo CMEs considered in this study are located within ±30o latitude for all halo CME 
events, RL and RQ shocks. 

3. The solar longitude range is wider for all shocks but RL shocks located within ±70o and 
RQ shocks within ±40o. 

4. The halo CMEs are highly solar activity dependent, the majority of the events are 
occurred during high solar active period for all halo CME events, MC, EJ, RL and RQ 
shocks. 
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ROLE OF JET STREAMS OVER INDIA IN MODULATING THE SOUTHWEST 
MONSOON 
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Abstract 

 The influence of jet streams on the intensity and spatial variability of Indian summer 
monsoon rainfall was studied. The low level jet (LLJ) and tropical easterly jet (TEJ) are the two 
main components of southwest monsoon. The zonal and meridional wind data at 850 hPa and 
150 hPa for months June –September from 1979 to 2011 has been considered for the study. 
Drastic decrease in kinetic energy per unit mass in tropical easterly jet (TEJ) and a slight increase 
in Low level jet (LLJ) was seen. The core speed of LLJ is intense with higher spatial extension 
was observed during strong monsoon composite years compared to that of weak monsoon. The 
magnitude of rainfall amount over India was also found to be slightly increase. On the other 
hand, the core of TEJ was seen to decrease spatially as well as in wind speeds. The LLJ and 
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summer monsoon rainfall were positively correlated. It appears that LLJ and TEJ plays a 
significant role in the prediction of monsoon over Indian region. 
Introduction 

  India receives rainfall mainly during south-west monsoon season extending from June to 
September. India being an agro based country; the knowledge of variation, amount and 
seasonality of rainfall is of utmost importance. Better understanding the mechanism and the 
accurate prediction of  monsoon rainfall is a major challenge to the atmospheric community. The 
southwest monsoon rainfall depends on six independent components, viz., low level jet, tropical 
easterly jet, monsoon depression, monsoon trough, Tibetan anticyclone and offshore trough.  
 Jet streams are fast flowing narrow air currents. A low level jet stream (LLJ) exists in the 
monsoon field over peninsular India and neighbourhood (Joseph and Raman, 1966).It has been 
seen that over Eastern Africa and Western Indian Ocean major low level wind  circulating at 
about at 1.5 km in the western periphery of the monsoon regime. The cross equatorial current 
originate in the southern hemisphere and penetrates progressively further north until it reaches its 
maximum development in July (Findlater, 1λ77). Low level jet has one branch at around 16˚ σ 
during active phase and in break phase two LLJ axes are seen, one around 5˚ σ and other around 
25˚ σ (Joesph et al, 2004). The core speed of LLJ often attains 15-20 ms-1. 
 Koteswaram (1958) identified the existence of the upper tropospheric tropical easterly jet 
(TEJ) during the summer monsoon season and it is one of the major components of Asian 
summer monsoon circulation. The tropical easterly jet is the return flow of the summer monsoon 
(thermally direct circulation) in the tropical Asian region (Tanaka, 1982). During active 
monsoon, axis of TEJ is found along ~5˚ σ and during break phase it is along ~15˚ σ 
(Sathiyamoorthy et al, 2007). 
 The strength of southwest monsoon and its precipitation is seen to be influenced by the 
intensity and spatial variability of jet streams. The north-south movement of the jet axis also 
controls the spatial distribution and variability of rainfall over the country. This interesting 
feature motivated us to select the topic to study how the two jet streams in the lower and upper 
troposphere over the monsoon region regulate the Indian monsoon rainfall. 
Data and Methodology 

 We have used the NCEP-NCAR reanalysis II monthly wind data having a spatial 
resolution of 2.5˚X2.5˚ at standard pressure levels during the period 1λ7λ-2011. This data is used 
to study the characteristics of LLJ and TEJ. In order to analyze precipitation pattern during the 
course of study, the precipitation data is taken from Climate Prediction Center Merged Analysis 
Precipitation (CMAP), which is a gridded global monthly precipitation constructed on 2.5˚ X2.5˚ 
from 1980-2011.Wind and precipitation data were taken in the same resolution in order to make 
both parameters comparable. 
 The area selected for the analysis of the strength of low level jet stream is from 50˚ -70˚ E 
and 5˚ -15˚ σ and for tropical easterly jet stream 60˚ -85˚ E and 5˚-15˚ σ region is considered. 
The total precipitation over Indian subcontinent is analyzed using the CMAP data, for 70˚-100˚ E 
and 5˚- 35˚ σ. Time series of southwest monsoon season anomaly from 1λ80-2011 is carried out 
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for precipitation. Strong and weak monsoon years were considered from this anomaly. 
Results and Discussion 

 The strength of LLJ and TEJ shows a significant role in the activity of the monsoon 
rainfall over the country. The correlation between Indian summer monsoon rainfall and LLJ is 
found to be around 43.07%. It shows a positive correlation whereas rainfall and TEJ shows 
negative but insignificant correlation of about 4.73%. 
 As LLJ and Indian summer monsoon rainfall shows positive correlation, then as LLJ 
strength increases, the mean all India rainfall amount should also be seen to increase. But few 
years even when the LLJ is normal or weak, the rainfall is seen to increase. This is noted in the 
time series of anomaly of rainfall, LLJ and TEJ in Figures 1, 2 and 3 respectively. The localized 
convection might have influenced the enhanced rainfall in such atmospheric conditions. When 
LLJ is strong, it suppresses the strong localized convection from forming cumulus clouds, in turn 
it forms more stratified type resulting in distribution of rainfall throughout India.  Hence when 
LLJ is weak, localized convection may strengthen to bring heavy rainfall in localized area, 
resulting in increase in mean rainfall amount over India. 

 
  
 
 
 
 
 
 
 
 
 
 
 

          
 
The TEJ exhibits a significant weakening trend in the past decades which is clearly seen in the 
Figure 2(a) and Figure 2(b). The spatial area of the core of the TEJ is found to be declining. Even 
the wind speed of the core is seen to decrease in magnitude. A decrease in upper tropospheric 
meridional thermal gradient is caused by simultaneous cooling of subtropics which has resulted 
in weakening of strength of tropical easterly jet (Abish et al, 2013). 
 
 
 
 
 

Figure 1(a) Figure 1(b) 
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In the fig 3(a), the composite low level jet during the strong monsoon is observed to have a core 
wind speed of about 20 ms-1. The core of this cross equatorial jet is seen to be larger in strength 
and area over the Arabian Sea. During weak monsoon (see figure 3(b)), the core of LLJ appears 
to shrink drastically in area as well in wind speed. This observational evidence further 
strengthens our finding that strong equatorial current produce intensified the Indian summer 
monsoon activity.          
  
Figure3(a)                       Figure3(b) 
The kinetic energy per unit mass of the core of the two jet streams were computed for the period 
1979-2013. It was noted that there is slight increase in kinetic energy per unit mass for low level 
jet as seen in figure 4(a) whereas a drastic decrease is observed in the case of tropical easterly jet  

Figure 2(b) 

Figure 2(b) Figure 2(a) 
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(figure 4(b)). A slight increasing trend is seen in all Indian rainfall during the southwest monsoon 
season, (figure 4(c)). 

          
 

Figure4(c) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions 

 The present study reveals that the low level jet speed is directly assosiated with the 
intensification of Indian summer rainfall with correlation coefficient of  0.4307, while the 
strength of TEJ is inversly related, but insignificant (-.0473). The core of the tropical easterly jet 
is seen to decrease spatially as well as in strength. The low level jet’s core is seen to be larger in 
magnitude and spatially during strong monsoon years when compared to weak monsoon years. 
Stronger the LLJ, more is chances for strong monsoon. A slight increase in kinetic energy per 
unit mass is seen in case of low level jet whereas a drastic increase is seen in case of tropical 
easterly jet. The rainfall amount during southwest monsoon season is seen to increase slightly. 
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Abstract 

 The discovery of the ionosphere was not less than a boon for mankind as it facilitated the  
wireless transmission of radio signals and paved ways for the High Frequency (HF) radio 
communication. Then came the advent of Global Positioning System (GPS) based technologies 
with numerous applications in the fields of communication, navigation, education, agriculture, 
medicine etc making life easier and the world a smaller place to be in. But it did not take too 
long to realize that what supported the HF communication and the wireless transmission of  radio 
signals now posed to afflict the propagation of radio waves. Its evolution from being  boon to 
bane is solely because it has not been understood properly. As modern day activities are 
increasingly dependent on GPS radio signals, the need for understanding the ionosphere and 
processes affecting the radio signals is immensely felt.  Over the last six decades, several 
attempts have been made to understand ionospheric features. There are however still several 
critical issues which have remained unresolved.  The aim of the present study  is to understand 
how the equatorial ionospheric system responds during sunrise period using the help of 
experimental facilities and theoretical models. This paper shows that, during sunrise time, there 
is an enhancement of peak height of F region (hmF2) and  contrary to previous explanations, the 
apparent undulating motion of the equatorial F region peak at sunrise is produced mainly by 
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photochemistry rather than dynamics. Our study is based on an investigation of the behaviour of 
the early morning ionosphere observed by a Digital Ionosonde at Trivandrum, India, and an In-
coherent backscatter radar measurements at Jicamarca, Peru. Electrodynamics is not responsible 
for  the sunrise undulation, but plays an indirect role in the detection of the sunrise effect by 
simultaneously lowering during the night the peak height and decreasing the density. 
Introduction 

 The equatorial region is rich in ionospheric phenomena observed exclusively at low 
latitudes. A primary example is the steep climb in the peak height of the F-region during local 
sunset hours at the dip equator [Balsley, (1969)].  Studies based on incoherent scatter radar 
observations have shown the PRE phenomenon to be clearly related to a reversal in the sign of 
the zonal electric field [Woodman ,(1970); Fejer, (1981)] .   A less documented but similar 
undulation in the altitude of the F region peak has also been reported shortly after sunrise.  Given 
the similarities of the F peak motion with the evening PRE undulation and the fact that the zonal 
electric field changes sign around sunrise, it has been assumed that the sunrise undulation is also 
the result of an electrodynamic phenomenon [Woodman ,(1970); Aggson et.al., (1995); Nayar 
et.al., (2009)] .  
 Here we have used observations from Digisonde systems, and incoherent backscatter 
radar located at the dip-equator to perform a more detailed study of the F region undulation at 
sunrise.  We have focused on data obtained in March 2010 at a time when the sunrise undulation 
in the F region was particularly clear and repeatable. We show that chemistry explains not only 
the sudden increase in the F region peak altitude after sunrise, but also a previously unnoticed F 
peak density increase during the undulation.  The main role played by the electrodynamics is to 
remove, prior to sunrise, F region plasma produced on the previous day. 
Data and Method of Analysis 

 F region electron density information was retrieved from Digisondes installed at 
Trivandrum (8.470 N, 76.920E, 0.170S dip-latitude) and Jicamarca (12.00 S, 75.20 W, 0.170S dip-
latitude)  and electron density profiles obtained from an incoherent backscatter radar at 
Jicamarca. We compared measurements from these instruments with calculations from a time-
dependent one-dimensional numerical ionospheric model that solved the ions and electron 
continuity equations. The model was limited to a computation of O+, NO+, N2+ and O2+ densities 
based on the photo-ionization of O, O2, and N2, the conversion of O+ to molecular  ions via 
charge exchange reactions, and the subsequent dissociative recombination reactions of molecular 
ions.  Details on model used in this study can be found in Ambili et al,  [2012]. The model also 
incorporates the effects of vertical electrodynamic drifts resulting from zonal electric fields. It 
does not, however, include diffusion as the altitudes of interest are well below 400 km, where the 
magnetic field lines are horizontal, the time scale for diffusion to operate was assumed to be long 
compared to the time scales of interest.    
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FIGURE 1. Temporal variations in monthly averaged hmF2 during sunrise period at 

Trivandrum (left) and Jicamarca (right) during March 2010. 

 

Results and Discussion 

 FIGURE 1 presents the temporal evolution of the F-region peak height (hmF2) derived 
from the Digisonde observations during March 2010 at Trivandrum, and Jicamarca. The plots 
represent the monthly averaged value in 5 minutes intervals (at Trivandrum, left panel), and in 
15 min intervals (at Jicamarca, right panel), along with the standard deviations at each bins 
during sunrise (04:00 to 07:00 LT) periods. The peak height of the F region shows uplift and 
then a descending motion (more clearly at Trivandrum than at Jicamarca) during morning hours. 
As discussed in the introduction, such undulation in the F region is frequently seen during 
evening hours and is well known as the Pre Reversal Enhancement (PRE) associated with a 
reversal in the sign of the zonal electric field. It should be clear from  FIGURE 1 that  there is a 
strong trend at Trivandrum around 06:30 LT for a descending F peak that becomes detectable 
around 300 km altitude.  Within a half hour the peak comes down to 250 km only to move back 
after 07:30 LT. A similar undulation in hmF2 at Jicamarca can also be identified from FIGURE 1 
where the F-region peak appears to jump from 260 km at 4:45 LT to 335 km at 05:45 LT and 
thereafter moves swiftly down to 240 km by 06:30 LT.  Ambili et al, [2012] have shown that the 
apparent jump in the F-region altitude is a result of two separate factors: an erratic remnant from 
the night before, which is typically found below 260 km altitude, and a fast descending 
component that starts at an altitude far in excess of the `remnants' mean altitude.  
 In order to study the roles of residual ions from the prior night on the observations of 
sunrise undulations, we compare  in FIGURE 2  the observations on March 11, 2011 (blue 
curves) with the numerical model results by initializing the model under two different set of 
conditions, namely, [Case 1, red curves] with negligible density so  that only the newly produced 
plasma and hence the evolution of the ionosphere with time could be tracked, and [Case 2, green 
curves] with the plasma density matching the ISR observations at the pre sunrise time. March 12 
was a special day a moderate geomagnetic storm with Dst ~ -90 nT had started on 11 March 
2011 at 03:00 UT, and was in its recovery phase on March 12.  A double hump structure was 
observed in the electron density profile which had remained unexplained till date.   
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FIGURE 2: Comparison of model derived electron density profiles with densities derived 

from Incoherent backscatter radar measurements at Jicamarca on March 11, 2011 [after 

Ambili et al., (2013)]. 

 As the Fejer model output could not represent actual electric field conditions prevailing 
during March 12, in our model run for Case 2, we initialized the model with ISR- measured 
plasma density at 03:00 AM and applied a modest  up drift of 5 m/s till 06:15 LT (there was no 
drift data from the ISR itself).  Afterwards, we used the Fejer drift in  the calculations..While the 
agreement with observations may not be perfect, our model calculations can clearly be used to 
emphasize  that the lower peak in the density profile was associated with  the SU effect while the 
other peak came from remnant plasma that had been lifted up to unusually high altitudes and had 
undergone little, if any, recombination. This upper peak descended near dawn because of the 
downward motion seen after 06:15 LT. The  motion of the upper peak therefore had nothing to 
do with the chemical processes associated with the plasma produced through the SU mechanism.  
It just so happened that the remnant plasma was high enough and had a large enough density to 
be seen in tandem with the photo chemically produced plasma, even as late as 06:53 LT. 
Therefore, even though there was an initial rise in altitude followed by a downslide after sunrise, 
the temporal variations in hmF2 on March 12, 2011 was entirely due to an unusual 
electrodynamical effect. 
Conclusions           
 The behaviour of the ionosphere shortly after sunrise has been characterized using high 
time resolution observations from a Digital Ionosonde (Digisonde) at Trivandrum, India and 
incoherent backscatter measurements at Jicamarca. Our study makes it clear that the hmF2 jump 
after the upper F region sunrise, and its subsequent downward excursion afterwards is entirely 
explicable by chemical effects associated with the production of new plasma after sunrise. Our 
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chemical calculations not only predict the right altitudes at the right time for the F peak, but also, 
very near the right densities.  The up and down oscillations that follow sunrise are therefore not 
due to an oscillating vertical drift.  Using incoherent backscatter measurements we have also 
shown that the peak in plasma density due to its fresh production during morning hours can be 
easily identified even in the case when background density is high. A double hump structure in 
the electron density in the morning of a geomagnetically disturbed day was also explained with 
the upper peak due to remnant plasma and lower due to pure chemistry.  
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Abstract 
               Methane emitted from wide variety of natural and anthropogenic sources has a central 
role in climate and chemistry of Earth’s atmosphere.  The most important sources are natural 
wetlands, ruminants, rice paddies, biomass burning, fossil fuel, landfills and fossil fuel etc. 
Methane is the second leading contributor of anthropogenic global warming subsequent to 
carbon dioxide with a global warming potential (GWP) of about 25 for 100 year time period. 
Scanning Imaging Absorption Spectrometer for Atmospheric CHartographY (SCIAMACHY) 
onboard satellite ENVIronmental SATellite (ENVISAT) has been used to study the spatial 
distribution and seasonal cycle in column methane over Indian region for the period 2003-2009. 
The spatial variation of methane was analyzed over Indian region (0-40°  N and 40 -100°E) and 
high value in the mixing ratio was observed in August – December period.  Further, monthly 
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variation in column mixing ratio were analyzed over Indo Gangetic plane (IGP) and southern 
peninsular India. IGP is associated with high mixing ratio compared to southern peninsular India 
and the seasonal variation is sharp in IGP, with a maximum in monsoon and post monsoon and 
minimum in winter and pre monsoon. Monthly variation in southern peninsular India follows 
more or less similar pattern, but with less month to month variation. 
1. Introduction 
                 Methane (CH4), an important green house and reactive trace gas regulated by Kyoto 
protocol, has an important role in climate and chemistry of Earth’s atmosphere. CH4, a saturated 
organic gas having a lifetime of 8.5 years in the Earth’s atmosphere [Behalf et al, (2001)], has 
doubled its concentration from preindustrial time [Etheridge et al, (1992)]. The current mixing 
ratio is about 1.8 ppm with the foremost aphrension being its irregularity in growth rate and 
associated warming in the atmosphere [Dlugoencky et al, (1998, 2001, 2003)]. The warming 
potential of green house gas is represented in terms of GWP and which is ~ 25 for CH4 relative 
to CO2 [Forster et al,( 2007)].  The direct forcing of CH4 in the atmosphere is 0.48w/m2, towards 
a total anthropogenic green house warming of 2.38w/ m2.  Apart from the direct warming, the 
secondary products of CH4 oxidation like ozone, carbon monoxide, carbon dioxide and water 
vapor makes an indirect warming of about 0.17w/m2 [Lelieveld et al, (1998)]. As a reactive trace 
gas, CH4 controls the chemistry in the troposphere and stratosphere [Wubelles et al, (2000)]. The 
CH4 oxidation by hydroxyl radical (OH) leads to the formation of formaldehyde (HCHO) ,CO 
[McConnell et al, (1971)] and ozone (O3) and this oxidation reaction has significance in 
controlling the amount of OH in the atmosphere. Also, CH4 affects the concentration of water 
vapor and ozone chemistry in the stratosphere [Ehhalt et al, (1972)]. 
                India, a developing country, have been experiencing rapid development in industrial 
and conventional agriculture and this would have lead to the emission of many pollutants 
(CO,O3,CH4,SO2,CO2 etc) into the atmosphere. Absence of ground based CH4 measuring 
stations over Indian (tropical) region to realize its spatial and temporal variation, demands CH4 
monitoring to trim down the ambiguity in methane budget. The methane concentration over a 
region depends on the source, sink and transport features.  CH4 is generally emitted from a wide 
variety of natural and anthropogenic sources.  The natural sources include wetlands, termites, 
ocean and fresh water reservoirs and anthropogenic sources includes rice paddies, digestive 
process in ruminants such as cattle, sheep etc, mining and burning of fossil fuels and landfills 
[Ehhalt (1973),. Bandyopadhyay et al, (1996)]. CH4 in the atmosphere is removed by 
photochemical oxidation (OH oxidation), or by biological oxidation and these processes act as 
the important sink for CH4.  About 90% of CH4 in the atmosphere is broken down by the OH 
reaction and the remaining through biological oxidation by methanotropic bacteria. 
 
2 .Measurement Technique and Data 
     2.1. SCIAMACHY 
                            The column methane data over Indian region used in the current study is from 
SCIAMACHY [Bovessman et al, (1999)], a payload onboard ENVISAT of European Space 
Agency (ESA).  It was launched on March 2002 and was flown in a sun synchronous near polar 
orbit operated at an altitude 0f 800km, with an inclination of 98.5o.  Mission was operational till 
2012. SCIAMACHY was a mutual venture of German, Netherland and Dutch space agency. The 
payload was a passive imaging spectrometer with a spectral range from ultra violet to near IR 
(NIR) through visible (214-2386 nm), which provided information on chemistry and dynamics of 
the atmosphere. It had a spatial resolution of 30 km (along the track N-S) and 60 -120 km (across 
the track E-W) with a swath of 960 km and global coverage achieved within 6 days. 
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           SCIAMACHY was equipped with a mirror, telescope, spectrometer and a thermal and 
electronic subsystem and is one of the first instruments to make nadir observation in NIR range. 
It exploited limb, nadir and occultation geometry for column and profile measurements of 
different gases like CH4, CO2, CO, O3, N2O, aerosol etc. Out of the 8 grating channels, NIR 
window located in channel 6 (1631-1671 nm) was used for methane measurement and data was 
retrieved via the scientific algorithm WFM – DOAS (Weighted Function Modified – Differential 
Optical Absorption Spectroscopy) which was developed at university of Bremen, Germany 
[Buchwitz et al,( 2004, 2006)]. The DOAS is a widely used technique to retrieve trace gas 
information in the atmosphere. Only quality filtered data in the period 2003-2009, with a 
resolution of 0.5° × 0.5°, is used for analysis since degradation in the measurements made by 
channel 6 is reported after 2009 which needs further correction.   The column averaged mixing 
ratio of methane (XCH4), defined as the absolute column of methane (in the unit of no of 
molecules/cm2) divided by dry air column, over Indian region (0-10 N and 40 -100E) was 
analyzed for period 2003-2009. The XCH4 is calculated as [ Frankenberg et al,(2005b, 2006)]    
                                  XCH4 = (VCH4/ VCO2)* CO2 mf        

Where CO2 mf   is the global mean of CO2 column averaged mixing ratio from carbon tracker and 
VCH4 and VCO2 are the measured absolute column of methane and carbon dioxide from 
SCIAMACHY. Column averaged mixing ratio is retrieved by proxy method, by normalizing 
methane column with a well mixed gas which shows less variability than CH4 such as CO2. 
Variation in methane mixing ratio due to source – sink characteristics is difficult to capture from 
absolute column as it is reliant on topography and surface pressure. 
 
3. Results and Discussion 
3.1. Column mixing ratio of methane over Indian region 
 Fig .1 represents the mean column mixing ratio of CH4 from January to December in 
2003. Indian subcontinent data was extracted from global data set and CH4 map is generated. The 
region of study, from 0° to 40° N to 60 ° to 120 ° E, shows a concentration value ranged from 
1650 ppb to 1950 ppb in 2003. High value in CH4 is observed from late post monsoon to early 
winter (August to January).  A notable feature in the mixing of CH4 is its more or less uniform 
value in the month of June over Indian region. The region IGP is always shows high mixing ratio 
as compared to other regions and is prominent during post monsoon to winter. It can be due to 
the effect of rice cultivation over IGP. The agriculture practice over IGP is generally dependent 
on the season, Kharif (rainy season-May to October) and Rabi (dry season – November to April). 
Rice paddies, an important anthropogenic source of methane is having a seasonal dependence 

and shows maximum in its 
growth from August to 
October, induces a high 
value in the column mixing 
ratio methane over IGP. The 
column methane starts 
increasing from July 
onwards and peaks by 
August September. 
Maximum column content is 
seen over North/North-east 
India. Himalayan region 
shows low concentration of 
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CH4 during all the months in the analysis period. 
 
 
Fig 1: Column mixing ratio of Methane over Indian region 
 
3.2 Variation of Column mixing ratio of CH4 over IGP and Southern peninsular India 
     Since the spatial pattern of CH4 shows distinct features over IGP and the southern peninsular 
India, the seasonal features are analyzed for these two regions separately.    Monthly variation of 
Column mixing ratio of CH4 over IGP and Southern region is analyzed to recognize the seasonal 
and spatial dependence and is shown in Fig 2. Over IGP, the maximum value in the column 
mixing ratio was observed in monsoon (June-August) and post monsoon (September –
November) with a peak value in August and minimum in winter (December –February) and pre 
monsoon (March – May) and this pattern is more or less regular in all the years. In southern 
region, a low mixing ratio was observed when compared to IGP. In southern region, monsoon 
and post monsoon is associated with high mixing ratio as compared to other months, but it is not 
sharp as in the case of IGP. However in the later years (2008-2009), a clear double peak structure 
is observed in the monthly pattern, during August, October and November. The monthly 
variation of column mixing ratio is associated with meteorological parameters, amplitude and 
timing of emission from source and sinks activity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2: Monthly average of Column mixing ratio of methane over IGP and southern region 
from 2003-2009. 
 
Summary 
     The column mixing ratio of methane was analyzed over Indian region, using ENVISAT –
SCIAMACHY data. High column value is seen over IGP, North eastern region compared to 
other parts of India, IGP shows maximum in mixing ratio as compared to southern peninsular, 
with more or less similar seasonal pattern. The seasonal pattern of mixing ratio in IGP showing 
maximum value in monsoon and post monsoon over these regions is in agreement with growth 
pattern of rice paddy. 
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Abstract. 
 The present study shows for the first time the diurnal variability of global tropical 
tropopause. Temperature profiles derived from Constellation Observing System for Meteorology 
Ionosphere and Climate (COSMIC)Global Positioning System (GPS) Radio Occultation (RO) 
measurements for seven years are used for the study of diurnal characterises of tropical 
tropopause. The most significant and new observation is that inland and coastal regions shows 
different diurnal characteristics of tropopause and its contributions to stratosphere-troposphere 
exchange process in the same season. It is also noticed that between 12-24 LT tropopause height 
is higher, enhancing the stratospheric intrusion, and between 6-9 LT tropopause temperature is 
warmer, indicating the more moistening of lower stratosphere. These results are presented and 
discussed in light of present understanding.  
 
[Keywords : Tropopause, Stratosphere-Troposphere Exchange, Water vapour, Ozone] 
1.Introduction 
 The Tropopause is the natural stable layer which separates the humid troposphere from 
the ozone rich dry stratosphere. This layer plays a vital role in exchange of the minor constituent 
along with water vapour and ozone between these two atmospheric spheres, viz. troposphere and 
stratosphere, and the process is known stratosphere-troposphere exchange (STE) [Holton et al., 
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(1995)]. In this process, tropical atmosphere significantly takes parts as maximum solar radiation 
is received which give rises to the convections, thunderstorms and cyclones. During this process, 
the tropical tropopause hinder the penetration of water vapour from the troposphere to the 
stratosphere due to overshooting convection and the vice-versa, i.e. the intrusion of stratospheric 
ozone rich dry air into the troposphere. If the exchange happened, e.g. due to weakening of 
stability of the tropopause, then water vapour reaching to the stratospheric height will react with 
the ozone and destroy it, resulting in allowing the harmful UV radiation to reach the Earth 
surface. Similarly, if the ozone intrusion takes place from stratosphere to troposphere, it is 
hazardous to the living organism. Thus it is very important to monitor the characteristics of 
tropical tropopause in different time scales which can better insight on STE processes. 
 There are various definitions of tropopause, viz. cold point tropopause (CPT), lapse rate 
tropopause (LRT), tropical tropopause layer (TTL), convective tropopause (COT) and 100 mb 
tropopause, which are used according to its implication. Over tropics and to study STE, CPT 
definition is mostly used as it indicates the minimum temperature in the lower atmosphere which 
indicates the convective and radiative equilibrium between the troposphere and the stratosphere. 
Moreover, CPT temperature determines the quantity of water vapour that could be retained by 
tropospheric air if it reaches stratosphere, crossing the tropopause [Holton et al., (1995)].It is 
known that solar insolation, convection, waves and tides have contributions in controlling CPT 
characteristics and also non-locally by Brewer-Dobson Circulation (BDC). There are many 
studies on temporal and spatial structure of CPT over the tropics. This includes long term 
variation from the solar activity [eg. Gage and Reid, (1981)], variation due to El-Nino events, 
Quasi-Biennial Oscillation [Reid and Gage, (1985)] and equatorial waves [Satheesan and 
Krishnamurthy (2005)], climatological study by radiosondesand radar observation [Seidel et al, 
(2001)]. Studies are also been carried out in breaking of the tropical tropopause [e.g. Kumar, 
(2006); Das, (2009)] during deep convective processes.  
 Generally, the height and the structure of tropical tropopause is studies using temperature 
profiles measured using radiosonde, which is time and location specified.  The radiosonde 
measurements have poor time resolution (generally twice a day) and global coverage. VHF radar 
are also used to detect the tropopause height with better time resolution but for specific locations 
[e.g. Das et al., 2008 and references therein]. In the recent year with the modern satellite 
measurements of temperature, seasonal and intraseasonal variability of tropopause is extensively 
studied globally [e.g. Randel et al., 2003; Ratnam et al., 2005]. Most of the global tropopause 
variability studies are from day-to-day to QBO scales and there are only few studies reported so 
far on diurnal scale [Yamamoto et al, (2003), Das et al, (2008)] reason being, diurnal studies 
required continuous monitoring of tropopause with good temporal resolution. A complete 
understanding of various factors controlling the CPT parameters in diurnal scale isyet to be 
established. 
 With the available space born GPS radio occultation techniques, it is now possible to 
study the diurnal variability of global tropical tropopause with certain assumption.  The central 
objective of the present study is to establish the diurnal characteristic of global tropical 
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tropopause, which is first of its own over the globe.  The manuscript is orentedas : Methodology 
and Data analysis are given in section 2, results and discussion in section 3 followed by summary 
and conclusion in section 4. 
2. Methodology and Data Analysis 
The GPS radio occultation (RO) technique [Kursinskiet al., (1997)] measurement thetemperature 
profile with high accuracy and better vertical resolution all weather condition, since the 
radiowave signal is notaffected by clouds. This technique have thehighest accuracy between 5 
and 25 km of altitude with observationalerrors in the range 0.3–0.5% in refractivity and they 
have vertical resolution ranging from60m in the low troposphere to 1.5 km in the stratosphereand 
horizontal resolution of about 270 km [Kuoet al., 2004]. GPS continuously sends radio signalsat 
two L-band frequencies. Extensive validation of the accuracy and precision of the Radio 
Occultation measurements with other observations and models have been carried out in past[ 
e.g.,Kuo et al., (2004)]. 

 
Figure 1.(a)Global distribution of 
occultation occurs for one day. Red 
dots indicate the pace of 
occultation.(b)A typical refractivity 
profile and (c) temperature profile 
derived fromRO techniques. 
GPS observations used in the 
present study is from the 
Constellation Observing System for 
Meteorology, Ionosphere and 
Climate (COSMIC)six-satellite 
constellation (Anthes et al., 
2008).The GPSRO data are 
obtained from the COSMIC Data 
Analysis andArchive Center  
(http://cosmic-io.cosmic.COSMIC). 
The data provides on an average 
~1800 temperature profiles per day 

over the globe. Figure 1a shows the global distribution of occultation occurs. Typical reflectivity 
and temperature profiles are shown in Figure 1b and 1c. In the present study, seven years of 
temperature profile obtained from COSMIC Radio Occultation measurement is used to estimate 
the CPT temperature and height from 30oS to 30oN. Out of 1800 profilesover the globe per day, 
30oS to 30oN cover around 500 profiles. The occultation events are recorded in GMT, hence all 
the occultation points are converted into local time, viz. equivalent day analysis. To obtained the 
diurnal scale of time resolution of 3 hr, composite profile of three month (season wise) are 
considered.Further, data is gridded into 5o×2.5o (longitude × latitude) grid boxes.  
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3. Results and Discussion 
 
Figure 2a.Seven years averaged 
diurnal variation of CPT 
temperature for DJF (2007-2013). 
Local time (with a resolution of 3 
hours) is stamped on each panel. 
Colour bar shows the CPT 
temperature in K. 
Figure 2a and b show the global 
distribution of CPT temperature and 
height, respectively for December-
January-February (DJF). The time is 
stamped in each panel and 
resolution is considered with 3 
hours. Low tropopause temperature 

is observed over the tropical region, whereas higher height is observed subtropics. Similar 
analysis is also carried our for other seasons, namely March-April-May (MAM), June-July-
August (JJA), September-October-November (SON). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2b.Same as Fig.2a but for CPT height. 

 
 

 

 

 

 

 
Figure 3.(a) Map shows the region selected as Indian inland region, (b) shows the diurnal 
variability of CPT temperature (left panels) and height (right panels) for different season 
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(stamped on each panel).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.Same as Fig.3 but for Indian coastal region. 
 
 
Further the Indian inland and coastal regions are chosen to study the diurnal variability of 
tropopause. Figures 3a and 4a show regions of interest for Indian inland and coastal grid box. 
The corresponding diurnal variability of CPT temperature (left panels) and height (right panels) 
for different season (stamped on each panel) are shown in Figure 3b and 4b. Over Indian inland 
region, DJF and MAM shows semidiurnal pattern in both CPT height and temperature, whereas 
JJA shows diurnal pattern, maximum temperature around 6-9 hrs. SON shows minimum 
temperature between 6-12 hr. However, over Indian coastal region shows diurnal pattern in DJF 
and semidiurnal SON with maximum temperature is observed over 12 hr.  There is no systematic 
diurnal or semidiurnal pattern during JJA.  These observations indicate that inland and coastal 
region tropopause characteristics have different diurnal behaviour, which significantly vary with 
seasons. Thus, the intrusions of tropospheric water vapour into the stratosphere also have 
different characteristics over these regions as the tropopause temperature controls moistening of 
lower stratosphere.   

 
Figure 5.(a)Diurnal variation 
tropical CPT height (top) and 
temperature (bottom)and (b) 
its anomaly for each month. 
Data is a composite of seven 
years from 2007to 2013 and is 
longitudinally averaged for a 
latitude belt of 7.5oN – 7.5oS.  
 To get further insight, 
the global deep tropical 
tropopause characteristic is 
determined.  Figure 5 shows 
the(a) diurnal variation 

tropical CPT height (top) and temperature (bottom) and (b) its anomaly for each month. Figure 

(a) (b) 
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reveals thatglobal CPT temperature is warmer and height is higher during JJAS. It is also seen 
from the figure that there exist a strong anti-correlation between temperature and heightwhich is 
well expected. It is interesting to note that CPT height is higher in the 12-24 LT and 
lowerbetween 24-12 LT. This indicates that thechances of stratospheric intrusion into the 
troposphere during night time are more conducive as compared to day time. It is also found that 
CPT temperature is higher between 6-9 LT. Since the tropopause temperature is higher, the 
holding capacity of water vapour at Upper Troposphere and Lower Stratosphere (UTLS) region 
is higher thus probability of stratospheric fountain is more during this hours. This shows how the 
smaller scale oscillation of tropical tropopause plays a significant role in Stratosphere-
Troposphere exchange which further controls the global weather-climate system.Further studies 
over the globe are aimed to quantify the different processes which control the tropopause 
oscillations in different scales and contribute to STE of minor constituents.  
4. Summary and Concluding remarks 

 Global diurnal tropical tropopause characteristics are studied using the temperature 
derived from GPS RO COSMIC measurement techniques. Different diurnal characteristics are 
shown for inland and coastal stations which significantly contributes in the exchange of minor 
constituents, especially ozone and water vapour between stratosphere and troposphere. Further, 
time of stratospheric fountain and intrusion on the basis of tropopause characteristic for each 
season is determined. On the basis of this fact we summaries how and when the tropopause 
characteristics in terms of its height and temperature contributes to stratosphere-troposphere 
exchange process which controls the global weather-climate system.   
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Abstract 

 Significance of incoming solar ultraviolet radiation, known as insolation, has its effects 
on the Earth’s biosphere and therefore, the solar UV-B insolation is termed actinic. We have 
employed a simple theoretical algorithm to estimate solar UV irradiance from satellite data for 
(a) a coastal site, Thiruvananthapuram (8.522°N 76.909°E 20 mASL), (b) a high land site, 
predominatly a tea-plantation area, Munnar (10.0892°N 77.0597°E 1600 mASL) and (c) a 
coastal wetland location, Beypore (11.18° N 75.82° E 10 mASL) for the 2012 and 2013 period. 
These estimations were using total ozone data from the AURA satellite Ozone Monitoring 
Instrument (OMI). This radiation reaching the ground was computed following Dave et al, 1976. 
Computation of the ground reaching solar UV-B insolation depends on (a) the radiation at the 
top of the atmosphere, (b) the solar zenith angle, (c) scattering of air molecules, (d) scattering 
and absorption by aerosols, (e) different locations and (f) altitude. These UV flux could vary 
with total ozone column over different locations. Diurnal peak radiation at 320 nm (at near zero 
zenith during the day) is in the vicinity of 25 µW/cm2/nm and the spectral density varies from 
coastal site to high altitude by less than 10%. Similarly in the case of 312 nm (13µW/cm 2/nm) 
and 305 nm (5µW/cm2/nm), the variations from coastal to high land are marginal. Influence of 
UV-B insolation is at cytological levels in the biosphere Walter Harm, 1980. All these 
computations were verified with ground level measurements using Microtops II instrument for 
the coastal station Thiruvanathapuram at 305, 312 and 320 nm. Days of measurement and the 
computations were not the same and therefore, the actual measurements served to check the 
computed irradiance for Thiruvanthapuram. The flux at 320 nm is 2 orders of magnitude high 
compared to 312 and 305 nm and UV insolation is a strong function of wavelength. Aerosol 
scattering accounts a maximum of 5-8 % of the UV-B flux at a site. Solar UV-B radiation less 
than 300 nm hardly reaches the ground and therefore 305 nm flux serves as a good marker of 
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solar UV-B to assess the actinic efficacy on the biosphere. We observe that the annual patterns at 
the coastal sites are similar while at the high land location, which is a plantation area, shows 
annual patterns strongly dependent on aerosol loading. 
Introduction 

 Much of life on Earth depends on the direct input of energy from the Sun.  The sole 
producers of food, the plants, harness the solar energy to create food through photosynthesis.  
Photosynthesis is, by far, the most efficient process of energy conversion known.  Plants and 
their products form a rich source of food for all living organisms, mostly for the animal world.  
The health of plant life on the Earth is of prime importance and concern to man as he depends 
much on the bio-reserve and subsists on this food reserve.  Life on Earth evolved through eons 
and existed in harmonious equilibrium with the natural environment, but for the occasional wrath 
of σature which man could hardly prevent.  With the advent of technology and man’s incessant 
quest for easier and faster life, the damages that Nature withstood were on the rise.  Thus, the 
impact of man on his environment became evident through the not-so easily repairable damages 
to Nature.  One of the major impacts of human activity is the damage to the ozone layer that 
protects life from harmful solar ultraviolet radiation. Solar UV-B radiation is the prime starter of 
photosynthesis in plants.  
 This study is an effort to compute solar ultraviolet-B insolation at three wavelengths 
(305, 312 and 320 nm) at the Earth’s surface, concurrent with Microtops II measurement 
wavelengths. Days of measurement with Microtops II at Thiruvananthapuram were to check the 
computed flux from satellite data for the same site and this data was not used for one to one 
comparison with computed flux. 
 Action spectra of UV radiation from 280 to 320 nm, mainly on biotic species, indicate 
damages even to the DNA and are known to have mutative, damaging or lethal efficacy Walter 
Harm, 1980.  The ultraviolet spectrum received at the surface modulated by ozone and aerosols 
in the atmosphere, of which the latter account for 6 to 10% of the spectral depended attenuation 
of the solar radiation. Indiscriminate use of ozone destroying chemicals has resulted in this 
increased UV flux at the ground, especially those reported at the poles. A case study of the 
incoming 305 nm levels of solar UV as a marker was conducted at a coastal site 
Thiruvananthapuram, a high altitude site at Munnar (a tea-plantation region) and a coastal 
wetland esturine location Beypore near Kozhikode. 
Materials and methods 

 The UV-B flux computations were after Dave and Halpern, 1976. Computations provide 
the direct component of solar ultraviolet radiation reaching the surface on a horizontal plane. The 
wavelengths selected for computations in this study are 305,312,320 nm. At the low end, 297.5 
nm ozone contributes about 48 % of the attenuation. This atmospheric model for our numerical 
simulation is one dimensional. Here, we consider a plane parallel atmosphere of homogenous 
character and of infinite extent in the horizontal directions. Any non-homogeneity due to changes 
in concentration of aerosol or ozone is confined to the vertical direction only. The atmosphere is 
illuminated at the top by a plane parallel beam of monochromatic radiation from the sun at an 
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angle χ with the local zenith (Sundararaman et al.,1λ75, Dave and Halpern, 1λ76). τnly the 
process of scattering and absorption are considered and any re–emission of the absorbed energy 
is not considered. The Beer Lambert law used here is for computation of solar UV-B at each 
wavelength of interest. Solar UV flux received (on a flat horizontal plane) at the surface of the 
Earth, ϕ is given by the relation, 
 ϕ = ϕ0 .(r0/r)

2 .cos  χ exp-{( r + a +Ω. ) sec χ} 
The input parameters needed to evaluate ϕ are listed below: 

(1) Solar spectral irradiance in the ultraviolet regime of interest measured outside the 
atmosphere, ϕ0 (using satellite, aircraft, balloons with extrapolation). 

(2) Rayleigh scattering optical depths, r 
(3) Aerosol optical depths, a 
(4) τzone absorption coefficients at different wavelengths,  
(5) r represents the distance between the sun and earth on a day and r0 , the mean distance  
(6) Total ozone in Dobson units measured at a station, Ω and 
(7) Solar zenith angle, χ (depends on the latitude of the station and the hour angle that is 

linked to the longitude of the site). Angle χ determines the path of the solar radiation. It 
is a significant factor in the exponent attenuation and in the projection cosine term. 

Results and conclusion 

 The annual total ozone variation for the year 2012 is shown at three locations. They show 
an average increase in Beypore (Fig. (1)). The actinic flux variation at 305 nm is anti-correlated 
as expected with ozone variation for the year 2012 (Fig. (2)). The dependence of actinic flux 
with aerosol concentration was studied. Aerosol loading at Munnar was assumed to be 50% of 
that at Thiruvananthapuram because hilly sites are less populated, more cultivated regions where 
anthropogenic aerosols are less, except from those in the plantation areas where pesticide sprays 
are frequent in certain temporal frames. Aerosol concentration at Beypore is selected as that at 
Thiruvananthapuram as the coastal sites are replete with marine aerosols which are large in size. 
The actinic flux variation at 312 and 320 nm for the three locations are given in (Fig. (3), Fig. 
(4)) respectively. For 305 nm flux where ozone absorption is still relatively strong, there is little 
variation in surface irradiance. At 320 nm, where ozone absorption is much weaker, the aerosol 
extinction path becomes less prominent as indicated by the variation in irradiance. The variation 
of total ozone amount for the year 2013 for the three locations is given in (Fig. (5)).Similarly the 
variation of UV irradiance at wavelengths 305,312,320 nm is shown in (Fig. (6), Fig. (7),Fig. 
(8)).We observe that the annual patterns for 2012 and 2013 in solar UV-B insolation at 305 nm 
for (a) Thiruvananthapuram and Beypore close and similar, and (b) for a high altitude location 
Munnar too, the 305 nm flux shows a similar annual pattern. But it marks a distinct change in the 
annual pattern levels, as computations were for an aerosol loading 50% as that at coastal sites. 
This exercise of low aerosol loading for Munnar was assumed to elicit the difference in UV- B 
flux seasonally, if any. We could not observe any seasonal loading of aerosol flux likely to be 
dependent on cultivation patterns at Munnar. 
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Abstract 

The Moon has a tenuous exosphere and only weak localized crustal magnetic fields, 
leaving most of its surface exposed to solar UV and X rays as well as solar and 
magnetospheric plasma and energetic  particles, all of which act to electrically charge the 
surface. Charging theory predicts an equilibrium positive potential in sunlight and an 
equilibrium negative potential in shadow on the order of a few times the electron 
temperature. Like lunar surface, dust particles also charge in response to incident currents. 
An average dust grain size is 70  m, too fine to observe with the human eye. Electrostatic 
charging of lunar surface and dust grains causes the dust to be repelled from the like 
charged surface. There exists solid observational evidence for the electrostatic transport of 
charged dust within a few meters of the surface from a variety of sources, including 
Surveyor and the Apollo 17 Lunar Ejecta and Micrometeoroids (LEAM) surface 
experiment. In this work, we studied dust charging and variation of dust potential with 
plasma electron temperature on lunar wake region. On lunar wake region secondary 
electron emission plays a vital role in determining lunar dust potential where the  potential 
varies linearly with secondary yield. Dust potential reaches to a maximum value of 107 V 
at 600 eV. During extreme surface charging even 0.3 µm  dust can levitated to a height of 
8.7 Km. Charged levitated dust grains can cause problems to astronauts by adhering to 
clothing and equipment, reducing external visibility on landing, etc. Both electric fields 
and charged dust could have potentially significant consequences for robotic and/or human 
surface exploration. 
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Introduction 

Our Moon is exposed to highly variable charging currents in the solar wind, terrestrial 
magnetosphere and during solar energetic particle (SEP) events. On the sunlit hemisphere 
of the Moon, photoelectron currents usually dominate, and the surface charges to a small 
positive potential. On the night side currents from electrons tend to dominate, and the 
surface charges to a negative potential. Charging theory predicts an equilibrium positive 
potential in sunlight on the order of a few times the photoelectron temperature and an 
equilibrium negative potential in shadow on the order of a few times the electron 
temperature. Nearly the entire surface of Moon is covered with a powdery soil and rock 
fragments of size  centimeters to submicron scales called the regolith. Like lunar surface, 
dust particles also charges in response to incident currents. Electrostatic charging of lunar 
surface and dust grains causes the dust to be repelled from the like charged surface. There 
exists solid observational evidence for the electrostatic transport of charged dust within a 
few meters of the surface from a variety of sources, including Surveyor and the Apollo 17 
Lunar Ejecta and Micrometeoroids (LEAM) surface experiment. Rakesh (2013) reported 
that the maximum height reached by the smaller dust grains is 1 km at the sub solar point 
and 100 km at the terminator region In the background potential, dust particles charge to 
different potential values and found levitated above the surface. Electric field of these 
levitated dusts may interact with electric field of equipments inside the space craft and may 
damage its functioning. Here we developed the theory to calculate the dust potential and 
determined how it varies with electron temperature. 
 
Charging Theory of Isolated Grains in Plasma 
 
The evolution of the electrical charge Q of a dust grain in plasma is described by     =         (1)       

    being the charging current. In space plasmas, electron and ion currents and secondary 
and photoelectron emission currents dominate and depends on plasma properties (density, 
composition, energy distribution) and dust grain size, velocity, composition, surface 
roughness. As a dust grain collects charges it changes the electrostatic potential 
distribution in its environment. If a grain initially collects more electrons than ions, the 
developing negative potential well around it will enhance the ion flux and lower the 
electron flux. The electrostatic charge on the grain that balances these fluxes is the 
equilibrium charge. 
 
A. Electron and Ion Currents 
To find the equilibrium potential, one has to solve for the current balance equation 
including the electron and proton thermal fluxes as well as the Secondary electron flux. 
The flux of electrons and ions moving in Z-direction bombarding a dust grain with radius a 
(a<< D) is  
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Гα  =4πa2     (v) d3v (2)     
α= e , i   for electrons and  ions,  fα(v) is the distribution function 

fα(v) = nα((
         3/2exp(

       

  Гα   =               
                                      =                     

Current density, 
          Jα =                          
For electron, 

                -4              3/2              
   E(1+

   )
   dE    

             -4             1/2 exp ( 
    ) 

If  ф <0, 
          -4             1/2 exp- ( 

    ) 

          = -A exp-(
    )         (3) 

For ions , 

              4                  3/2                  (1-
   )

   dE                 4             1/2 exp ( 
     ) 

 If  ф <0, 
         Ji=4             1/2    (4) 

 
B. Secondary Electron Currents 

 
Even at relatively low plasma temperatures, some of the bombarding particles can be 
energetic enough to ionize the material of the grain and produce secondary electrons. The 
escape flux, if any, of the secondary electrons represents a positive grain-charging current. 
The ratio of the emitted secondary electrons to incident ones is a function of the primary 
electron’s energy and also the material and surface properties of the dust grains. It 
generally exhibits a maxima, M 

, at an optimum incident energy, EM, indicating that low-energy primary electrons will not 
produce secondary’s and that energetic primaries penetrating the grain produce secondary 
that cannot escape. The secondary electron yield is often approximated as  
   (E)=7.4  M (E/EM) exp [−2(E/EM)1/2]       (5) 
 
The secondary electron current is given by 
 

Jsec= Je  (E) = -A exp-(
    )  (E)        

 (6) 

Where A= 4             
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C.Calculation of Dust Potential 

 

 Dust will change to a potential such that net current incident on it is zero.   
Je+Ji+Jsec=0          (7) 
1+ Ji+Jsec=0 

We know that 
     = -       exp(-e/ T)+δ(E) 

ln        ] + ln[    δ     = exp (e/KT) 

d = 
   [ln        ] + ln[    δ          (8) 

Effect of Dust Charging on Lunar Surface 
Using the above expressions of electrostatic charging of lunar dust and electron 
temperature data measured by electron reflectometer instrument in Lunar Spacecraft we 
studied the variation of dust potential with different plasma conditions encountered by the 
Moon. 
Figure 1  represents the measured ne, Te and surface potential values by lunar 

prospector space craft as a function of θ ( angle from subsolar point). 
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Here we have taken the data of lunar wake region .ie θ varies from 80 to 180.Evidently 
from fig the surface potential is negative and reaches to a maximum value of -200V at 60 
eV. Because of this large negative potential only highly energetic electrons can reach the 
surface .This is the reason for decreasing trend of ne and increasing trend of Te. 
Like lunar surface, dust grains also charge in response of incident currents. It will reach to 
a floating potential such that net current incident on it is zero. Figure 2 represents the 
calculated electrostatic potential developed on dust grains. 
The background electric field repels like charged dust grains from the lunar surface 
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causing it to levitate above the lunar surface. Since the electric field is not uniform over the 
lunar surface, the electrostatic force experienced by the dust grains is also different. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In figure 2 solid curve represents dust potential and dashed line represents surface 

potential. From the figure  it is clear that charging processes are almost same for 

surface and dust grains. Dust potential reaches to a value of 250V on lunar wake 

region 

With variation in electron temperature the charge accumulated on dust grains also changes 
and hence the electrostatic force it experiences. Figure 3 shows the differential charging of 
lunar dust with electron temperature and the charging is found almost linear with electron 
temperature. 
The background electric field repels like charged dust grains from the lunar surface 
causing it to levitate above the lunar surface. Since the electric field is not uniform over the 
lunar surface, the electrostatic force experienced by the dust grains is also different. Using 
the theory of dust levitation model (Rakesh et al., 2013) we calculated the  maximum grain  
radius (R max) that  can be lofted as a function of θ and maximum lofted height (Z max ) for 
different grain radii. 
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Figure 4  explains the variation of R max as a function of θ. The radius of maximum sized 
grain that can be lofted peaks at the terminator region (θ = λ50) is at 0.87 m. This peak is 
due to the effect of large electric field at that region. After that electric field decreases and 
the electrostatic force acting on the dust grains also decreases. Thus, R max decreases 
towards the wake region. At the wake region R max value is 0.1 m. 
The maximum height reached above the lunar surface (Z max ) varies with  lunar surface 
potential. In Figure 5 we showed the variation in Z max values for grain radii in the range 
0.1 m to 0.5 m. The presence of 0.5 m dust grains at altitude of 140 m is a serious threat 
to exploration activities. The electric field of these dust grains may interact with electric 
field of equipments in the space craft and damage its functioning. 
 

Conclusions 

With virtually no atmosphere and exposed to the solar wind plasma and solar 
electromagnetic radiation, the lunar surface and the dust grains are electrostatically 
charged. During the Apollo missions, the astronauts found the lunar dust to be 
extraordinarily high in its adhesive characteristics, sticking to the suits and the mechanical 
equipment. Electrostatically charged lunar dust is believed to be transported over long 
distances by the induced electric fields.  
This study on how the dust potential varies with the background surface potential reveals 
that the potential reaches to   -250V on lunar wake region and the differential charging 
varies linearly with electron temperature. The dust levitation depends on surface potential 
and electric field. The levitated dust grains  causes  problems such as adhering to clothing 
and equipment, reducing external visibility on landing,  possible damage to an astronaut's 
lungs, nervous, and cardiovascular systems and it is also adhered to spacecraft and 
damages to onboard equipment. Understanding of charging environment is necessary to 
design a vehicle for its safe and reliable operation. 
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Abstract 

 Pile foundations are used when surface soil is unsuitable for shallow foundations and the load 
that transfers to the ground is very high. Even though the distances between the adjacent structures are 
restricted to a minimum as per building laws, the buildings are being constructed very close to each 
other. The conventional bored cast in situ pile constructions with direct mud circulation method 
(DMC) were accepted as the most reliable piling system for most of the projects. Chisel hammers 
with varying weights are used for different diameter of piles. The chiselling for the cast in situ boring 
produces low energy compared to precast pile driving equipment. But this low energy even causes 
problems because of proximity of structures to the construction site. Energy is directly imparted into 
the soil during the chiselling operations by dropping the chisel into the borehole creating stress waves. 
This paper presents the ground vibration measurements conducted during field model study by using 
modified accessories of standard penetration test set up and accelerometers with data acquisition. 
These measurements were used to predict the amplitude of vibration produced during the boring 
operation of DMC method. The predicted vibrations were compared with vibration measurements 
during boring operation of real pile construction in the field. A numerical model was developed in 
finite element software ABAQUS and validated with results of field model study. The calculated 
acceleration values from numerical model were also compared with vibrations from real pile 
installation. 

Introduction 

 The environment concerns about construction noise and vibration have increased significantly 
in the recent years, due to increase in number of construction activities, nearness of structures, 
excessive use of heavy machineries and lengthy periods of heavy construction. Energy from 
construction activities is transmitted into the ground and radiates out from the source of the energy in 
the form of stress waves. The potential effects from vibrations produced by the stress waves moving 
through the ground may include damage to structures, settlement of soils, interference with sensitive 
equipments and annoyance of people. The vibration complaints typically arise from interference with 
people's activities, especially when the adjacent community has no clear understanding of the extent 
or duration of the construction. Misunderstandings can lead to disputes, unnecessary delay and 
economic loss. The construction activities that often generate the greatest number of complaints on 
projects are construction of pile foundation and these activities occur regularly on projects. Therefore, 
it is important to accurately measure the ground vibrations produced during pile construction and to 
develop a vibration prediction model, which may help for a site-specific plan for minimizing the pile 
construction vibrations.  
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 Many published literatures provide good understanding about how the vibrations are 
generated when impact loading is given during pile driving [Massarsch and Fellenius (2008), Woods 
(1997), Selby (1991)]. Borehole is advanced by impact of chiselling that generates ground vibrations. 
Vertically polarized body shear waves are generated, as the borehole is progressing. At the tip of the 
chisel, the displacement of an amount of soil volume generates both compressional P-waves and shear 
S-waves which propagate outward from the tip on spherical wave forms. When the P- and S-waves 
encounter the ground surface, part of their energy is converted to surface Rayleigh waves (R-waves) 
and part is reflected back into the ground. The R-waves have both vertical and horizontal components 
of motion and propagate along the surface of the ground. [Athanasopoulos and Pelekis (2000)]. 

 The stress waves produced during impact loading attenuate with distance. The attenuation is 
caused by two sources; the geometry of the propagating wave (geometric damping) and the material 
or materials through which the waves travel (material damping). Geometric damping reduces the 
amplitude of the vibrations as distance from the source increases, due to the fact that the same energy 
is spread over an increasingly larger surface or volume. Material damping is the loss of energy due to 
internal energy dissipation in the material as the soil particles are moved by the propagating waves. 
Amick and Gendreau, (2000) stated that the wave energy is transformed to heat due to friction, and 
the amplitude of the wave decreases. The big difference between material damping and geometric 
damping is that in material damping, elastic energy is actually dissipated by viscous, hysteretic, or 
other mechanisms. 

 Masoumi et al., (2006) states that vibration amplitudes attenuate monotonically in 
homogenous soil. However, in a layered soil model or in a model with increasing stiffness with depth, 
the attenuation is oscillatory. The oscillation is believed to be due to the interference of the reflected 
waves on the ground surface. Their results also showed that vibrations attenuate faster in a layered 
soil than in a homogeneous soil profile. Thandavamoorthy, (2004) conducted measurement of ground 
vibrations from piling by hammer impact in fine and medium sand. The measured time history of 
acceleration indicated that the ground vibration is of short duration in nature and of high frequency 
content. The vertical vibration values were greater than the horizontal vibrations. 

Different empirical relations and theoretical models are used to predict the ground vibrations 
generated during pile driving. A series of curves for typical earth vibrations showing peak particle 
velocity in mm/s versus distance from source in meters, were available in literature. The curves 
developed by Wiss is a comparison of different vibration producing construction activities (Wiss, 
1981) is widely used for predicting the vibration level. The wide range of vibrations measured for 
similar activities emphasizes the challenge and difficulty in comparing results from different sites. 
The over conservative predictions of vibrations will lead to the increasing costs and will limit the 
choice of construction method and this can make the total work delayed. But the under estimation of 
vibration can make damages in nearby structures and persons. More accurate predictions can only be 
made after a site specific study has been conducted.  

 The main objective of this study is to suggest a preliminary vibration measurement in the site 
to produce a database and by using these values develop a prediction model for vibration during pile 
construction with DMC method. The suggested model study can be conducted during the site 
investigation using SPT set up and accelerometers with data acquisition. 

Materials and Methods 
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 A site with hard lateritic strata was selected for the study. The top layer was a lateritic stratum 
with high gravel content, followed by stiff lateritic clay with silt content. The stiff lateritic layer 
continued more than 5m depth where all the SPT N value goes above 50 after 1m depth.  

 

 

 

 

 

 

 

 

 

 

 

(a) Impact loading by SPT hammer    (b) Drill rod connected with mild steel plate  

 

(c) Accelerometer mounted at auxiliary borehole (d) Accelerometer with data acquisition 

 Fig 1. Various steps for measuring the vibrations during model study 

 In the field a main bore hole (MB) of diameter 10 cm is made using machine boring. Four 
auxiliary boreholes were also made at radial opposite directions. These boreholes are of 10 cm 
diameter and at distance of 2 m, 4 m, 8 m and 16 m from the main bore hole. Impact with varying 
energy was given at different depths up to 5m below ground level in the main bore hole. The ground 
vibrations at different distance from the source, due to impact loading are measured using 
accelerometers that mounted horizontally and vertically at auxiliary boreholes at the respective depth 
of impact.Figure 1 shows the different steps in conducting the model study. The 63.5kg hammer is 
dropped at the MB from four different heights 0.5 m, 1.0 m, 1.5 m, and 2.0 m to get the different 
energy levels E1, E2, E3 and E4 using modified SPT setup (Fig. 1.a). The split spoon sampler is 
replaced by a 7.5cm diameter mild steel plate with perforations so that the impact energy can be 
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uniformly distributed into the soil (Fig 1. b). Fig. 1c shows the accelerometers placed at auxiliary bore 
holes for measuring vibrations at different depth and distance from the MB. Fig.1d shows the data 
acquisition system (Dewesoft) connected to personal computer. The real time recording of 
accelerations and processing data were carried out using Software. 

 In the first step of model study, the impact loading was given at the surface where the MB is 
to be located and vibrations were measured at the surface of auxiliary borehole points. After given 
impact at the surface, boreholes were drilled at all the five points to a depth of 1m. Impact loading is 
given at main borehole at 1m depth and vibrations are measured at all auxiliary boreholes drilled at 
1m depth. All the borehole depths were again increased to 2m and the same procedure is repeated.   

 A comprehensive three dimensional finite element model for the propagation of wave through soil 
due to chiselling during the installation of cast in situ piles was developed in ABAQUS. The 
absorbing boundary conditions were modelled using Lysmer’s boundary conditions. The vibration 
levels at different depths and distances from the point of impact were evaluated. The accuracy of 
model was validated using the results of field model study. 

 

Results and conclusions 

 Figure 2 shows the record of accelerations in auxiliary bore holes at a depth of 1m. From the 
figure it was noted that peak acceleration values decreases with distance from the main bore hole. 
Figure 3 shows the variation of peak ground accelerations at a distance of 2 m from the source for 
different depth of impact. The variation of peak horizontal acceleration (PHA) and peak vertical 
acceleration (PVA) were plotted up to a depth of 5 m. The acceleration values decreased with depth of 
impact. Figure 3(a) and 3 (b) also show the PHA and PVA values for different energy levels such as 
312 Nm and 1246 Nm respectively. The acceleration values increased for higher energy level. The 
maximum accelerations were noted at the surface because body waves also convert to surface waves 
once it reaches the ground surface. The PVA values observed were higher compared to PHA values. 
The attenuation along the depth was oscillatory and this oscillation is believed to be due to 
interference of reflected waves. Fig 2. Record of accelerations in auxiliary bore holes at a depth of 1m 

a. Variation of PHA      b. Variation of PVA 
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Fig 3. Variation of Peak ground accelerations at a distance of 2m from source 

 

 

The peak particle velocities were measured from the acceleration values using software. The 
attenuation of waves depends on soil profile at the site and energy of impact. Hence the soil 
parameters k and n for different soil layers for the site were calculated by using the scaled distance for 
different hammer energies used in the model study. The average values of the soil parameters of the 

site obtained from the model study are given in 
Table 1.  Table 1. Average soil parameters 

Depth(m) K n 

1 0.798 1.024 

2 0.774 1.123 

3 0.780 0.978 

4 0.776 1.033 
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By the soil parameters obtained, the 
vibration levels for higher hammer 
energy levels were predicted, using 
scaled distance equation. Vibration 
levels were measured during the chisel 

hammering in actual DMC piling for the same soil stratum to compare the predicted values from the 
model study. Accelerometers were mounted horizontally and vertically, on a 20mm diameter steel 
bar, vertically placed at different depths and distances from the point of pile driving. The 
measurements were taken as explained in the previous section. By a machine operated pulley system 
and a three ton hammer, energy of 30kNm  is applied on a single winch pull and the vibration levels 
were measured. The vibration levels from the actual piling were compared with the predicted values. 
Figure 4 shows the comparison of the predicted peak velocity values with the measured values during 
the boring for pile installation using DMC method. 

Figure 4 shows that the peak particle velocities from real pile installation are well below the predicted 
values. The peak particle velocity predicted from the model study by considering the soil parameters 
at the site and energy of hammer impact can be used safely to avoid any causality at the site during 
construction. Figure 5 presents the parity plot for the numerical and the experimental studies for the 
PHA and PVA measured at different distances and depths from the point of impact. From the parity 
plot it can be observed that the experimental results are close to the numerical values. 

Conclusions 

 Field vibration measurements were conducted using modified SPT set up and accelerometers. 
From the study it can be concluded that the PHA and PVA decreases with distance from the source of 
impact.  The wave attenuation at the site depends on soil profile and energy of impact. The vibration 
measurements from field model study were used to predict level of vibration during real pile 
installation using DMC method. The predicted vibration levels were compared with real that from pile 
installation in the field. The evaluated vibration levels were higher compared to real pile installation. 
Hence the field model study can always predict a safe value of vibration to avoid damages during 
construction. A comprehensive three dimensional finite element model for the propagation of wave 
through soil due to chiselling during the installation of cast in situ piles was developed in ABAQUS. 
This numerical model can effectively predict the vibration levels during the pile driving if soil 
properties at the site are available.  
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Abstract 

 Water is one of the most significant natural resource which supports both human needs and 
economic development. Tremendous increase in the agricultural, industrial and domestic activities in 
recent years has increased the demand for good quality water to meet the growing needs. 
Groundwater is mostly preferred to meet these growing demands because of its lower level of 
contamination and wider distribution. Quantification of the rate of groundwater recharge is a 
prerequisite for efficient groundwater resource management. It is particularly important in regions 
where there is large demand for groundwater which result in the over exploitation of resources. In 
order to arrest the depletion due to over exploitation, it is necessary to maintain the groundwater 
reservoir in a state of dynamic equilibrium over a period of time and water fluctuations have to be 
kept within a particular range over the monsoon and non monsoon seasons. If the use of groundwater 
resources is not properly managed, excessive lowering of water table or water logging may occur. 
Thus management of groundwater resources is necessary.  

 In the present study, Athiyannoor block Panchayath in Trivandrum district is taken as the 
study area. In the year 2009, Athiyannoor block Panchayath was considered in the over exploited 
category due to stage of groundwater development and significant decline in the water level [SGWB 
(2009)]. But now it is in semi critical state. So it is necessary to assess the water table fluctuations in 
that area. Hence water table contour map of Athiyannoor Block Panchayath is  prepared using 
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Geographic Information System (GIS). The aquifer recharge is estimated by groundwater level 
fluctuation method. It shows that highest values of recharge are found at Kottukal, Thirupuram and 
Adimalathura areas due to the effect of low elevation, presence of natural recharge boundary and 
artificial recharge methods. Low value of recharge is found in Venganoor area due to high elevation 
and pumping. Hence recharge facilities should be provided for the management of groundwater 
system in that area. 

1. Introduction 

 Groundwater is the primary source of water for domestic, agricultural and industrial activities. 
Excessive withdrawal of groundwater without sufficient recharge can cause problems like sea water 
intrusion in coastal aquifers, dry cell formations in the inland areas and other pollution problems. 
Groundwater recharge is the process by which water percolates down the soil and reaches the water 
table, either by natural or artificial methods.  The factors that influence the amount and type of 
recharge includes: precipitation, topography, vegetation and evapotranspiration, soil and subsoil 
types, flow mechanisms in the unsaturated zone, bed rock geology, available ground water storage 
and presence of influent rivers. The amount of water that can be safely extracted from an aquifer 
without depletion is primarily dependent upon groundwater recharge [Kumar and Seethapathi, 
(1974)]. Rainfall is the principal source of recharge, though in some areas canal seepage and return 
flow from irrigation also contribute significantly to the groundwater recharge [Chatterjee and Purohit, 
(2009)]. In this study, natural groundwater recharge due to rainfall is dealt with.Quantification of the 
rate of groundwater recharge is a prerequisite for efficient groundwater resource management. It is 
particularly important in regions with large demands for groundwater supplies, where such resources 
are the key to economic development [Kumar and Seethapathi, (1974)]. In order to arrest the 
depletion due to over exploitation and increased demands, it is necessary to maintain the groundwater 
reservoir in a state of dynamic equilibrium over a period of time and water fluctuations have to be 
kept within a particular range over the monsoon and non monsoon seasons.  For the proper 
management of water resources, estimation of the existing groundwater discharge and rate of recharge 
is to be done and then plan their use. If the use of groundwater resources is not properly managed, 
excessive lowering of water table or water logging may occur. The changes in water level in an 
aquifer system can be studied through groundwater flow models. Groundwater recharge is an essential 
component of such models and it must be estimated before the development of the model [Senarath, 
(1987)]. 

2. Methodology 

 The methodology of the study mainly comprises of surveying using hand held GPS, 
preparation of water table contour map using GIS, estimation of groundwater recharge by 
groundwater level fluctuation method and its mapping. 

2.1 Surveying 

 GPS Survey was conducted to identify the latitudes, longitudes of the pumping wells and 
observation wells in the study area. Thirteen pumping wells were located in the study area and all of 
them are operated by Kerala Water Authority. Two observation wells were selected near each 
pumping well location. A total of 32 observation wells were taken from the study area. Reduced 
Levels (RL) of pumping wells and observation wells were taken from Shuttle Radar Thematic Mapper 
(SRTM) data of Trivandrum district. 

2.2. Preparation of water table contour map 
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 Water table contour map is an important map in ground water investigation as one can derive 
the gradient of water table from these maps. It requires RLs of water table at different observation 
wells in the study area. This water table contour map is prepared using altitude of discharge level in 
the different observation wells and their locations with the help of 3D Analyst tool in GIS. It gives the 
variation of water level with respect to MSL.  

2.3. Estimation of ground water recharge by groundwater level fluctuation method 

 This is an indirect method of deducing the recharge from the fluctuation of the water table. 
The rise in the water table during the rainy season is used to estimate the recharge, provided that there 
is a distinct rainy season with the remainder of the year being relatively dry. The basic assumptions 
include rise in water table is primarily due to the rainfall recharge and there is no influence of factors 
such as pumping/ or irrigation during the rainy season on recharge. The component forming a 
groundwater hydrograph, including those from a groundwater system, frequently each had a recession 
that could be approximated by simple exponential relationships as given in the equation (1).                                                                                                                                                                                                           (1) 

where h0 and h are the water level above discharge level at the beginning of the measurement period 
and after a certain time (t) respectively and α is known as coefficient of recession or discharge 
coefficient. Minimum water level in the well is taken as the altitude of discharge level. It’s elevation 
is computed by subtracting deepest water level from RL of observation well location (MSL).  Like 
any other exponential formula, on a semi logarithmic paper when water level above discharge level is 
plotted to the log scale and time to the arithmetic scale, the recession curves plot are as nearly as 
straight lines.  

 The shape of the recession curves depend on the water yielding properties of the aquifer 
material, the transmissivity and the geometry .The recovery of the water level, ∆H, under natural 
hydrological conditions is a mirror image of the recession curve and is obtained by plotting time on X 
axis and water level above discharge level on Y axis. The recovery of the water level varies from year 
to year, depending on the amount of total precipitation (Pt) in wet period.  The degree of correlation 
between fluctuations of groundwater level and fluctuation of total precipitation (Pt) in wet period 
furnishes a clue to the relation between recharge and total precipitation (Pt) in wet period. Linear 
regression analyses were done using recovery of the groundwater level (∆H) and total precipitation 
(Pt) during wet period. This gives a linear regression equation as shown in equation (2). 

                                                                                                                                  (2) 

Where ΔH = recovery of groundwater level 

              Pt = total precipitation during the wet period, a and b are the regression coefficients. 

 Precipitation is computed (Ptc) for each value of recovery of ground water level and after this 
precipitation intercept, Pe which is the intersection of the total precipitation recovery straight line with 
zero total precipitation axis and it represents the amount of surface run off and evapotranspiration for 
the same period [Nuri Korkmaz, (1988)]. Recovery or recharge from precipitation is a function of the 
amount of total precipitation (Pt). If the intercept is Pe, the recharge (R) is estimated as in equation (3). 

                                                                                                                                    (3) 

where Ptc is the computed total precipitation. 
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3. Study area 

 Athiyannoor block Panchayath in Trivandrum district which lies between 76º 56’42” E and 
77º 7’19.2” E longitudes and 8 º17’ 52.8” N and 8º 28’18.48” N is taken as the study area. In the year 
2009, Athiyannoor block Panchayath was considered in the over exploited category due to stage of 
groundwater development and significant decline in water level [SGWB, (2009)]. But now it is in 
semi critical state. So it is essential to evaluate the groundwater level fluctuations in the area. The 

groundwater from this area is pumped to several places of the 
district for domestic, agricultural and industrial purposes. Due 
to excessive pumping, groundwater heads goes on declining in 
the dry seasons. Excessive drawdown can cause contamination 
of the groundwater due to saltwater intrusion especially in the 
coastal areas. Hence this research study is essential to check 
whether the groundwater level is declining beyond the 
permissible limit [Raghunath H M (2007)]. Study area includes 
Athiyannoor, Kottukal, Vizhinjam, Kanjiramkulam, 
Karumkulam and Venganoor panchayaths. It lies in the south 
western part of the Trivandrum district and covers 
approaximately 73 km2 area.  

Figure 1: Study area 

4. Data used 

 The estimation of ground water recharge using ground water level fluctuation method uses the 
weekly precipitation data, latitude and longitude of well locations, reduced level of ground in each 
well location and weekly fluctuation in ground water levels in the observation wells of the study area. 
The period of the study was from 27/4/2014 to 31/8/2014.  

5. Results and discussion 

 Locations and reduced levels of the pumping wells located at Parachakkulam, Kollamkonam, 
Athiyannoor, Puthalam, Kumili, Thirupuram, Karichal, Uchakkada, Venganoor, Kadavinmoola, 
Adimalathura, Valavunada and Pulinkudi were found. Similarly locations and reduced levels of 
observation wells were also found. Weekly water level data were collected from all the observation 
wells during the study period. The minimum water level in the period of study was taken as the 
discharge level. Then water level above discharge level was computed by subtracting weekly water 
level data from discharge level. Altitude of discharge level was used to plot water table contour map.   

The recoveries of the water level (ΔH) of all the observation wells were estimated by plotting time on 
arithmetic scale and water level above discharge level on log scale. Groundwater hydrographs of 
observation wells W8 and W9 near Puthalam pumping well is shown in figures 3 and 4. Linear 
regression analysis was done for all the observation wells using recovery of ground water level (ΔH) 
and weekly precipitation as shown in Table 1. The regression equations developed for observation 
wells W8 and W9 are ∆H =729.152 + 2.188Pt   and ∆H =587.693 + 3.288Pt. Precipitation is computed 
for each value of recovery of ground water level (ΔH) in different weeks during the study period 
using regression equation and is shown in Table 1. Graphs were drawn by plotting computed 
precipitation (Ptc) on X- axis and recovery on Y- axis for each well and precipitation intercept for each 
well is measured from these graphs. Variation of recovery of ground water level with computed 
precipitation for observation wells W8 and W9 is shown in figures 5 and 6. Precipitation intercept of 
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all the observation wells and computed precipitation were used to find the ground water recharge of 
each well location during the study period. Final recharge values in the observation wells W8 and W9 
are shown in Table 1. 

 

 

 

 

 

 

 

 

 

Figure 2: Water table contour map 

 Water table contour map is prepared using GIS with latitude, longitude and water table 
elevation values. In the study area water table elevation varies from 33m to 4.2m. Lower water table 
elevations are found in Athiyannoor and Kottukal areas whereas higher values in Venganoor area. 
Water table contour map of the study area is shown in figure 2. 

  
Figure 3: Fluctuation of water levels in W8 Figure 4: Fluctuation of water levels in W9 
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Figure 5: Variation of recovery of ground water 
level with precipitation in W8 

Figure 6: Variation of recovery of ground water 
level with precipitation in W9  

Table 1: Recoveries and computed precipitations in all the observation wells 

Time 
(weeks) 

Weekly 
precipitation 
(m) 

Recovery of 
groundwater level 
(m) 

Computed 
precipitation (m) 

Total recharge (m) 

W8 W9 W8 W9 W8 W9 

1/5-21/5 0.233 1.500 1.400 0.352 0.202 

3.016 1.997 

21/5-10/6 0.095 1.580 1.100 0.389 0.116 

10/6-30/6 0.079 0.500 0.240 -0.104 0.048 

30/6-20/7 0.210 1.200 1.300 0.215 0.222 

20/7-9/8 0.112 1.000 1.200 0.124 0.357 

9/8-29/8 0.187 0.600 1.300 -0.059 0.260 

 

            Figure 7 shows the spatial variation of recharge in 
the study area. It reveals that high recharge is found in 
Kottukal, Thirupuram and Adimalathura regions. This is due 
to the effect of Neyyar river, which is flowing through 
Thirupuram area. But in Kottukal and Adimalathura, high 
recharge value is due to the effect of flat gradient, Puvar 
West canal, seepage canals and presence of paddy fields. 
Even though highest pumping rate is observed near Karichal 

pumping well location, the presence of radial collector well for recharge makes this area safe from 
excessive depletion. The recharge from Vellayani Lake protects the groundwater head in 
Kadavinmoola pumping well location. Poor values of recharge are observed in Venganoor area due to 
very high pumping and absence of natural or artificial recharge facilities. 

Figure 7: Spatial variation of recharge 

In Parachakkulam area, recharge values are less even though this area is much nearer to Puvar East 
canal and its branches which is a good recharge source. This may be due to the high elevation of that 
area. In addition to the natural renewal systems, administrative agencies had provided recharge 
facilities like recharge pit and seepage canals. 

Conclusion 

 Water table contour map is prepared. Recharge values in all the observation wells were 
computed by groundwater level fluctuation method. High values of recharge were found in 
Adimalathura, Kottukal and Thirupuram pumping well locations due to the effect of low elevation, 
presence of natural recharge boundary and artificial recharge methods. Low value of recharge is found 
in Venganoor area due to high elevation and pumping. Presence of radial collector well in the 
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Karichal pumping well location protects this area from excessive groundwater depletion eventhough 
pumping rate is maximum. But in Parachakkulam pumping well location, recharge values are 
moderate eventhough there exist natural and artificial recharge facilities. 
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Abstract—  A  novel  low-power  reconfigurable  time-interleaved  (TI)  symmetric  cross-coupled  sigma-delta  
(ΣΔ)  modulator  intended  for  GSM/  Bluetooth/  GPS/  WCDMA/  WLAN  /WiMAX  multi-standard  application  
has  been  proposed  in  this  paper.  The  modulator  is  based  on  TI  cross-coupled  first  order  ΣΔ  paths  with  
enhanced  noise  shaping  characteristics.  A  new  dual-extended  (DE)  noise  shaping  technique  is  introduced  in  
the  modulator  to  achieve  power  and  area  efficiency,  satisfying  desired  Quality  of  Service.  The  ΣΔ  
modulator  reconfigures  its  enhanced  noise  shaping  cross-coupled  paths  and  building  blocks  in  order  to  
adapt  the  performance  to  the  diverse  multi-standard  specifications.  The  TI  cross-coupling  technique  is  
adopted  as  an  elegant  way  to  decrease  the  operating  speed  or  equivalently  to  increase  the  conversion  
bandwidth  of  ΣΔ  modulators.  Compared  to  other  alternatives,  an  improved  peak  SNR  of  93/  93/  70/  67/  
62/  51  dB  is  achieved  for  GSM/  Bluetooth/  GPS/  WCDMA/  WLAN/  WiMAX  mode  with  low  over-
sampling  ratio  (OSR)  and  minimum  hardware.  The  simulation  results  demonstrate  the  efficiency  and  
feasibility  of  the  proposed  modulator  and  it  fulfills  the  performance  requirements  of  the  mobile  
communication  standards  mentioned  above.   

Introduction 

The  rapid  advances  in  the  microelectronic    technology  and  the  evolution  of  high  
speed  wireless  telecommunication  systems  has  led  to  the  development  of  more  
sophisticated  integrated  solutions,  capable  to  accommodate    the    new  emerging    wireless    
systems.  A  major  challenge  in  the  next  generation  communications  systems  is  the  demand  
for  having  reconfigurable  ADCs  to  handle  different  wireless  standards.  The  multi-standard  
cellular  capability  covering  GSM/  Bluetooth/  GPS/  WCDMA/  WLAN/  WiMAX  for  wide      
range  of  applications  created  the  necessity  to  develop    multimode,  portable,  power  
efficient  ADC  architectures.  The  sigma-delta  (ΣΔ)  ADC  is  very  attractive  for  multi-
standard  wireless  receivers  due  to  its  robustness  to  circuit  imperfections,  inherent  
resolution-bandwidth  tradeoff  and  increased  programmability  in  digital  domain  [A.  Rusu,  
D.  R.  de  Llera  Gonzalez,  and  M.  Ismail,  (2006)], [A.  Silva,  J.  Guilherme  and  N.  Horta,  
(2009)],[ A.  Gerosa,  A.  Xotta,  A.  Bevilacqua  and  A.  Neviani,  (2006)].   

 
The  paper  presents  a  low-power  reconfigurable  time-interleaved  (TI)  symmetric  

cross-coupled  ΣΔ  modulator,  utilizing  the  flexible  switching  between  unextented  [E.  Bilhan  
and  F.  Maloberti,  (2006)][B.  Hamidi  and  H.  Miar,  (2014)],  extended  [B.  Hamidi  and  H.  
Miar,  (2014)]  and  dual  extended  (DE-proposed  scheme)  noise  shaping  characteristics,  
capable  of  achieving  required  performance  for  a  variety  of  wireless  standards  mentioned  
above.  The  dual-extended  noise  shaping  technique  provides    th-order  noise  shaping  out  
of  an   -path  cross-coupled  ΣΔ  modulator  without  sacrificing  its  high  conversion  rate  and  
bandwidth.  In  order  to  accomplish  realizable  ΣΔ  modulators  for  wideband  applications,  a  
low  oversampling  ratio  (OSR)  is  preferred.  TI  modulators  are  an  attractive  solution  for  
high-speed  applications  to  achieve  high  signal-to-noise  ratio  (SNR)  at  low  OSR  using  low-
order  modulators  [K.  S.  Lee  and  F.  Maloberti,  (2004)].  For  battery  operated  hand  held  
devices  power  dissipation  is  a  critical  concern,  which  dramatically  increases  with  sampling  
frequency,        [L.  Jinfeng  C.  Shun  and  W.  Ying  (2004)].  By  incorporating  the  TI  concept  
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the  proposed  modulator  operates  at        ,  which  significantly  reduces  the  power  
consumption  [G.  Bernardinis  et  al.,  (2006)].  Compared  to  other  alternatives,  a  low  OSR  is  
sufficient  to  attain  the  desired  performance  for  all  the  above  mentioned  standards  using  
the  proposed  reconfigurable  cross-coupled  ΣΔ  modulator. 

 
The  paper  is  organized  as  follows.  Section  2  describes  proposed  dual  extended  

noise  shaping  technique.  Section  3  presents  the  proposed  multi-standard  architecture.  The  
nonidealities  of  the  modulator  are  analyzed  on  the  behavioral  level  and  the  validity  of  the  
proposed  modulator  is  verified  in  section  4.  Finally, the conclusions  are  made  in  section  5.   

 
Proposed  Dual  Extended  Noise  Shaping  technique 

In  an   -path  ΣΔ  modulator,  several  ADCs  operate  in  parallel,  using  different  
clock  phases.  Each  of  the  path  runs  at        [G.  Bernardinis  et  al.  (2006)].   -path  
architecture  achieves  the  same  SNR  of  single-path  architecture  with  a  lower  order  loop  
filter  with  benefits  in  terms  of  stability  and  complexity  [A.  Gharbiya  and  D.  A.  Johns  
(2008)].  A  wideband  cross-coupled  ΣΔ  modulator  that  uses  this  method  to  increase  SNR  
and  bandwidth  is  analyzed  in  [E.  Bilhan  and  F.  Maloberti  (2006)].  In  addition,  the  effect  
of  cross-coupling  the  noise  on  TI  delta-  sigma  ADCs  is  investigated  in  [S.  Pamarti  
(2008)].  Hamidi  et  al.  proposed  an  unextended  and  extended  noise-coupling  techniques  in  
TI  cross-coupled  ΣΔ  modulators  to  improve  the  effective  order  to          [B.  Hamidi  
and  H.  Miar,  (2014)].  Fig.  1  depicts  the  generic  symmetric   -path  architecture  of  the  
proposed  technique.  Each  path  represents  a  first  order  ΣΔ  modulator.  Two  auxiliary  
inputs  are  created  by  separating  delay  block  from  the  integral  operator  and  splitting  the  
delay  block  itself,  where  the  noise  coupled  matrices  are  injected.  The  mux  provides  
interpolation  by   .  This  is  used  to  obtain  the  output  at      ,  thereby,  reduces  the  noise  
power  of  each  path  by   .  Therefore,  the  total  noise  power  of  the     uncorrelated  noise  
terms  equals  the  noise  power  of  a  single  path  [B.  Hamidi  and  H.  Miar,  (2014)].  The  
quantization  error       is  computed  by  subtracting  the  input  of  ADC  from  the  output  of  
the  DAC  for  each  path.  Quantization  errors  of  paths  are  injected  separately  into  three   -
input,   -output  bank  of  coupling  matrices,           and     ,  respectively  and  the  outputs  of  
this  bank  are  coupled  as  shown  in  Fig.1. The  paths  are  using     non-overlapping  phases  
of  the  main  clock  frequency,      and  the  output  vectors         are  multiplexed  to  generate  
the  overall  output  sequence  as 
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Fig 1: Generalized architecture of the proposed method DE technique 
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where          and            denote  the       -transform  of     [ ]  and     [ ],  respectively,    and              represents    the     -transform    of    the    combined  quantization  noise  sequence. 
 
Like  the  extended  one,  the  transformation  used  is          for  both  even  and  odd  

number  of  paths  which  leads  to  negative  feedback  sign  and  operator            as  
integrator  block.  The   -resultant  quantization  noise  sequences [ ]      are  filtered  by  the  
coupling  matrices   [   ]        [  ]      and    [ ]       resulting  in  the  matrices  [ ]      [ ]   and    [ ]        respectively,  which  are  injected  as  shown  in  Fig.  1.  The  output  
column  matrix  [ ]  can  be  expressed  as  follows:   [ ]    [   ]   [ ]    [   ]   [ ]                                                                                               [ ]       [ ]           [ ]      [ ]           [  ]             
 

where,                               [ ]    [   ]   [ ]                                                                                       
                               [ ]    [  ]   [ ]                                                                                         
                               [ ]    [ ]   [ ]                                                                                           
                               [  ]    [ ]   [ ]                                                                                           
 

By  substituting  (4),  (5),  (6)  and  (7)  into  (3)  the  output  matrix  [Y]  can  be  expressed  as 
 [ ]       [ ]        [   ]           [  ]      [ ]                                                  [ ]    [ ]                                                                               

 
On  comparing  (8)  with  (1),  [   ]  can  be  expressed  as 
 [   ]        [   ]           [  ]    [ ]                                                                    [ ]    [ ]                                                             
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The  noise  transfer  function  of  the  proposed  architecture  can  be  obtained  by  adding  

all     entries  of  matrix  [   ]     to  yield 
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Proposed  Multi-standard  Architecture   

ΣΔ  convertors  are  an  ubiquitous  choice  on  the  implementation  of  multi-standard  
solutions  [A.  Gerosa,  A.  Xotta,  A.  Bevilacqua  and  A.  Neviani,  (2006)][A.  Rusu,  A.  
Borodenkov,  M.  Ismail,  and  Hannu  Tenhunen,  (2006)].  In  order  to  implement  an  ADC  
capable  of  handling  wide  variety  of  performance  requirements,  a  reconfigurable  solution  
with  different  architectural  modes  were  designed.  The  block  diagram  of  the  modulator  is  
represented  in  Fig.  2.  A  two-path  cross-coupled  ΣΔ  modulator,  with  just  two  integrators,  
is  used  for  the  reconfigurable  architecture.  The  reconfigurable  behavior  is  achieved  by  
switching  between  three  different  stages  of  noise  cross  coupling.  Stage-1,  stage-2  and  
stage-3  corresponds  to  unextended  [E.  Bilhan  and  F.  Maloberti,  (2006)][ B.  Hamidi  and  H.  
Miar,  (2014)],  extended  [B.  Hamidi   and  H.  Miar,  (2014)]  and   dual  extended  noise  cross-  
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Fig. 2: Block diagram of proposed multi-standard architecture 

coupling,  respectively.  The  TI  technique  enables  the  modulator  to  be  operated  at  a  rate  
half  the  sampling  frequency,        ,  which  reduces  the  power  consumption.  The  
modulator  uses  a  reconfigurable  2+2  bit  pipelined  quantizer  for  both  the  paths.  With  this  
proposed  architecture  the  modulator  is  able  to  support  multi-standard  specifications  and  
desired  performance  by  switching  its  stages  and  is  capable  of  operating  in  three  different  
modes.   
 
A. Mode-1  –  Unextended  Noise  Shaping 

 
This  mode  corresponds  to  unextended  noise  cross-coupling  [E.  Bilhan  and  F.  

Maloberti,  (2006)][ B.  Hamidi  and  H.  Miar,  (2014)],  with  an  effective  NTF  order  of  2.  
When  this  mode  is  activated,  only  stage-1  is  powered  on,  while  other  stages  are  turned  
off  to  save  power.  A  2-bit  quantizer  is  used  here.  Mode-1  is  employed  for  GSM  and  
Bluetooth  standards.  The  coupling-matrix  and  the  output  function  is  given  by   [             ] [ ]       [ ]    [ ]   [ ]           [ ]   [ ]    
 
B. Mode-2  –  Extended  Noise  Shaping 

 
This  mode  corresponds  to  extended  noise  cross-coupling  [B.  Hamidi  and  H.  Miar,  

(2014)],  with  an  effective  NTF  order  of  3.  When  this  mode  is  activated,  only  stage-2  is  
powered  on,  while  other  stages  are  turned  off.    A  2+2-bit  pipelined  quantizer  is  used  
here.  Mode-2  is  employed  for  GPS  and  WCDMA  standards.  The  coupling-matrix  and  the  
output  function  is  given  by 

   [             ]     [           ] 
 [ ]       [ ]       [  ]   [ ]    [ ]   [ ]           [ ]   [ ]    

 
C. Mode-3  –  Dual-Extended  Noise  Shaping  (proposed) 

 
This  mode  corresponds  to  dual-extended  noise  cross-coupling,  with  an  effective  NTF  

order  of  4.  Here  only  stage-3  is  powered  on,  while  other  stages  are  turned  off  to  save  
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power.  Mode-3  is  employed  for  WLAN  and  WiMAX  standards.  The  coupling-matrix  and  
the  output  function  is  obtained  by  using  (8),  (12),  (13),  (14)  and  (15)  as 
   [             ]        [             ]    
       [         ] 
 [ ]       [ ]        [   ]       [  ]    [ ]           [ ]    [ ]      
 

A  comparison  of  mode-1,  mode-2  and  mode-3  for  GSM,  WCDMA  and  WiMAX,  
respectively,  is  shown  in  Fig.  3.  The  NTF  order  and  the  performance  improvement  for  
all  the  three  modes  can  be  verified.   
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Fig. 3: Power spectral density of three modes for different standards 

Effect  of  Circuit  Nonidealities 

           The  system-level  simulation  of  the  proposed  architecture  is  performed  using  
MATLAB  and  sigma-delta  toolbox  [R.  Schreier,  (2004)],  verifying  its  performance  and  
flexibility  to  multi-standard  scenarios.  The  performance  and  behavior  to  several  OPAMP  
non-idealities  such  as  DC  gain,  finite  bandwidth,  slew-rate  etc.  [P.  Malcovati  et  al.,  
(2003)]  and  to  input  signal  level  are  shown  in  Fig.  4.  The  simulations  are  performed  in  
time  domain,  and  the  output  spectrums  are  obtained  using  65536-point  FFT.  As  shown  
in  Fig.  4,  an  OPAMP  DC  gain  of  60dB  and  a  bandwidth  of  200MHz  are  sufficient  for  
the  modulator.  The  slew  rate  requirement  is  not  stringent  [L.  Jinfeng  C.  Shun  and  W.  
Ying,  (2004)].  A  300  V/μs  is  sufficient  for  all  the  standards.  The  SNR  versus  different  
amplitudes  of  the  input  test  tone  is  also  reported. The  modulator  performance  and  
comparison  with  existing  multi-standard  architectures  is  summarized  in  Table  I.  For  all  
the  standards  a  low  OSR  is  sufficient  to  achieve  the  performance  requirements,  which  
further  reduces  the  power  dissipation.  The  quantizer  is  also  reconfigured  between  2  and  
2+2  bits,  depending  on  the  standard,  to  reduce  power  dissipation.  The  incorporated  TI  
mechanism  enables  each  path  of  the  modulator  to  be  operated  at  half  the  sampling  
frequency,  which  significantly  reduces  the  power  consumption  and  improves  the  
conversion  bandwidth.  The  system  level  simulations  demonstrate  that  the  proposed  
modulator  is  suitable  for  multi-mode  receiver  and  it  meets  the  requirements  of  GSM/  
Bluetooth/  GPS/  WCDMA/  WLAN/  WiMAX  with  less  complexity,  hardware  and  overall  
power  dissipation. 
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Fig. 4: The effects of OPAMP parameters and input level on modulator performance 

GSM Bluetooth GPS WCDMA WLAN WiMAX [1] A.  Rusu,  D.  R.  de  Llera  Gonzalez,  and  M.  Ismail  (2006)

BW(MHz) 0.2 1 2 3.84 22 1.25-28 [2] A.  Silva,  J.  Guilherme  and  N.  Horta  (2009)

OSR 64 64 9 8 6 4.5 [3] A.  Gerosa,  A.  Xotta,  A.  Bevilacqua  and  A.  Neviani  (2006)

Mode 1 1 2 2 3 3 [4] L.  Jinfeng  C.  Shun  and  W.  Ying  (2004)

Quantizer 

(bits), q

2 2 2+2 2+2 2+2 2+2 [5] A.  Rusu,  A.  Borodenkov,  M.  Ismail,  and  Hannu  Tenhunen  

(2006)

No. of 

Integrator,#

2 2 2 2 2 2 [6] B.  R.  Jose,  J.  Mathew,  P.  Mythili  (2009)

NTF Order 2 2 3 3 4 4

SNRreq(dB) 80[3] 80[2] 62[2] 60[6] 52[6] 44[3]

SNR [1] 

(OSR/#/q)

83   

(160/2/1)

- - 75     

(16/4/1+4)

63           

(8/4/4+4)

-

SNR [2] 

(OSR/#/q)

87 

(128/2/1.5)

77 

(64/2/1.5)

74 (16/4/ 

1.5+1.5)

75 (16/4/ 

1.5+1.5)

69 (8/4/1.5+ 

1.5+6)

70 (8/4/   

1.5+1.5+6)

SNR[3] 

(OSR/#/q)

85    

(180/2/1)

72   

(90/2/1)

- 62     

(24/3/1+1)

59  

(10/3/1+1+4)

-

SNR [4] 

(OSR/#/q)

85 

(128/2/1)

81 

(128/2/1)

65 

(16/3/1+1)

63 

(15/3/1+1)

55 

(7/4/1+1+1)

45 

(5/4/1+1+1)

SNR [5]  

(OSR/#/q)

96   

(160/3/4)

- - 77         

(16/3/4)

54           

(8/3/4)

-

SNR [6]  

(OSR/#/q)

88   

(160/2/1)

- - 73        

(16/4/1+2)

58           

(5/6/1+2+4)

-

SNR (dB) 

This work 

93 93 70 67 62 51

 

Table. 1: Standard’s specifications and comparison of system level simulation results 

Conclusion 

A  novel  low-power  reconfigurable  TI  symmetric  cross-coupled  two-path  ΣΔ  
modulator,  with  less  circuit  complexity,  is  presented  for  multi-standard  wireless  
application.  A  new  dual  extended  (DE)  noise  shaping  is  also  introduced  in  this  paper  for  
wideband  standards.  Flexible  switching  between  unextended,  extended  and  dual  extended  
(DE)  noise  cross-coupling  paths  provides  2nd,  3rd  and  4th  order  NTF,  respectively.  Unlike  
multirate  technique  [L.  Jinfeng  C.  Shun  and  W.  Ying,  (2004)][ F.  Colodro  and  A.  Torralba,  
(2002)],  the  integrators  in  the  proposed  architecture  operate  at  the  same  speed,  but  at  
lower  rate.  The  power  dissipation  of  the  proposed  modulator  is  reduced  by  low  OSR,  
low  operating  frequency  per  path,  less  hardware  and  circuit  complexity,  flexible  switching  
and  TI  mechanism.  An  improved  peak  SNR  of  93/  93/  70/  67/  62/  51  dB  is  achieved  in  
the  channel  bandwidth  of  0.2/  1/  2/  3.84/  22/  28  for  GSM/  Bluetooth/  
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GPS/WCDMA/WLAN/WiMAX  mode  with  low  over-sampling  ratio  (OSR)  and  minimum  
hardware.  The  feasibility  and  efficiency  of  the  proposed  modulator  in  low  power  multi-
standard  scenarios  with  low  OSR  and in presence of circuit nonidealities can  be  verified  
from  the  simulation  results. 
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ABSTRACT 

Indian grass (Sorghastum nutans, CG) is a form of agricultural biomass that provides an abundant 
silicon source. This study uses CG as the raw material to extract amorphous, fiber bundle like 
structure silica (CGS) with nano and micro pores via, acid treatment followed by calcination. The 
extracted CGS was characterized by FTIR, XRD, SEM and EDX. Composite derived from biofiller 
are assuming great importance now a days. This paper also highlights the potential of CGS as 
reinforcing filler in HMHDPE-LLDPE blend (HL-2). The HL-2-CGS composite gives improved 
tensile properties over that of the base polymer, without any surface modification. The mechanical 
interlocking between the filler and the polymer matrix was studied by FTIR analysis. Scanning 
electron microscopy (SEM) of the tensile fracture surface proved that during composite preparation 
the porous structure of the fibrous CGS helps better interaction of polymer chain into these pores 
there by breaking fiber bundles into individual fibers having diameter of 70-80nm. So we explore the 
possibilities of the extraction of nano fibrous silica from a renewable source and additionally 
exhibited the reinforcing effect of this biofiller in HMHDPE- LLDPE matrix. 

Keywords- fiber bundle silica; biofiller; polymer matrix; reinforcing effect 

INTRODUCTION  

Nano silica powder is widely used in areas such as ceramics, chemicals, catalysis, chromatography, 
energy, electronics, coatings, stabilizers, emulsifiers and biological sciences. In view of large-scale 
engineering applications, an enormous quantity of nano silica powder with controlled shape, size and 
porosity is required. However, manufacture of pure silica is energy intensive. A variety of industrial 
processes, involving conventional raw materials require high furnace temperatures and also the 
synthesis route is time consuming and costly and involves toxicity exposure from silicon alkoxide 
precursors [ Tzong-Horng Liou and Chun-Chen Yang, (2011)]. Therefore, it is interesting to develop 
an economically viable method to fabricate nanosilica from a silicon-containing biomass material. In 
continuing attempts to reduce processing cost and time, many research works have been published on 
the use of rice husk as a raw material for producing silica nano particles [ Noor Sheeraz etal, 2013] 

 Blending of two or more polymers offers a good possibility to modify thermoplastic material 
so as to improve their properties.  The blending of polymers provides an efficient way of developing 
new materials with tailored properties, which is often a faster and most cost effective means of 
achieving a desired set of properties than synthesizing a brand new polymer. The blend of high 
molecular weight high density polyethylene (HMHDPE), which has a few side chains per 1000 
carbons, and linear low-density polyethylene (LLDPE), which has short chain branching is reported to 
be miscible; the characteristics can be varied by the mixing method or the mixing condition.  
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 Recently, a big window of opportunities has opened for polymer–nanocomposites just to 
overcome the limitations of traditional micro-composites. Polymer nano composites have changed the 
perception towards the polymer industry. They are the emerging polymers of 21st century. New 
properties, lower prices and reuse of polymers are needed to meet demands of today’s society and 
therefore of the polymer industry. There is significant enhancement in the mechanical properties of 
blends can be achieved by the use of fillers such as clay, silica, fly ash, wood floor, glass flakes, ligno 
cellulosic residues etc [J. Pinnavaia and G.W. Beall (2000)].  

In the present study we proposed to extract high purity fibrous rod shaped silica from CG via HCl 
leaching followed by calcination and that can be used as reinforcing filler in (80/20) HMHDPE-
LLDPE (HL-2) blend. Mechanical properties like tensile property of HL-2-CGS composite are 
proposed to be investigated.  There are no reports in the literature for the utilization of CGS in 
HMHDPE-LLDPE matrix, as far as we know.  

Experimental  

Materials and methods  

 Indian grass (sorghastum nutans, Fig.1) was collected from our campus. 
Heads of Indian grass (CG) were removed separately. These heads were 
used further studies. Fuming HCl (37%) from Merck was used for 
leaching CG. High molecular weight high density polyethylene 
(HMHDPE) – F00952 with a melt flow index of 0.05 gm/ 10 min, was 
supplied by sabic, India and Linear low density polyethylene (LLDPE) – 

O19010 with a melt flow index of 0.90 gm/ 10 min was supplied by reliance industries Ltd, Mumbai, 
India.  

Extraction of nano porous silica fibers (CGS) from CG  

CG were washed thoroughly with water and dried in an oven at 100oC. It is calcined in a muffle 
furnace at 650oC for 6hrs, and the elemental composition was done using SEM-EDAX. Since the 
elemental composition showed the presence of metallic impurities like Mg, and K apart from silicon 
and oxygen, the CG were subjected to acid treatment. For this the washed dried CG was added to 
0.01N HCl solution. The solutions were agitated using magnetic stirrer keeping the temperature at 
80oC for 3 hrs. Formation of a reddish colour for the solution was noticed during the acid treatment 
indicating the removal of metallic ions as soluble coloured complexes. The acid treatment continued 
till the colouration disappeared, ensuring the complete removal of all the metallic impurities.  After 
that the reaction vessel was kept in an oven at 60oC overnight. The treated CG were taken out and 
washed thoroughly with distilled water and dried overnight in an oven at 110oC. Then the samples 
were calcined in a muffle furnace at 6500C for 6hrs and ground to fine powders. 

Preparation of (80/20) HMHDPE/LLDPE SiO2 composite 

 HMHDPE and LLDPE granules were placed in an air oven set at 100oC for four hours to 
remove any moisture present and allowed to cool to room temperature in a desiccator. 80/20 blend 
(HL-2) was selected for composite preparation i.e., 80% HMHDPE/ 20% LLDPE was mixed with as 
prepared CG SiO2 (silica obtained after 0.01N HCl leaching followed by calcination). The granules 
were weighed out. Each mixture was melt blended; the granules were fed into the mixing chamber of 
Thermo HAAKE Rheomix Poly Lab system equipped with roller type rotors set at 160oC. The 
blender is fitted with roller rotor blades counter rotating at 3:2 speed ratio. A mixing time of 8 minutes 
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was allowed to complete the reaction. During this time the torque would become steady. After 2 
minutes of mixing, required quantities of CGS (0.5, 1, 1.5, 2, 2.5, 3 wt %) were added according to 
their corresponding weight %. 

Preparation of the test specimen                                                         

  

The hot polymer nanocomposites taken out from the mixing chamber were pressed by hydraulic press 
and were cut into small pieces. The test specimens were prepared using a semi automatic type 
injection molding machine with a barrel temperature of 1700C, injecting the molten samples at a 

pressure of 1000 kg/cm3. The specimens were moulded at identical conditions and the properties were 
taken as the average property of six samples. 

Characterization techniques 

The morphological characterization of non acid treated ash, acid treated ash and tensile fractured 
surfaces of the composite specimens were carried out using a JEOL Model JSM 6390LV scanning 
electron microscope and the chemical purity of the sample was confirmed using Energy Dispersive X-
ray spectroscopy (EDX) attached along with the same equipment. The samples were subjected to gold 
sputtering prior to electron microscopy to give the necessary conductivity.  The XRD patterns of the 
so prepared sample, CGS were recorded using X-Ray Diffractometer, Bruker, D8 Advance model, 
employing Cu Kα radiation (λ =1.54 Ao) as radiation source and Ni filter operating at 30 kV and 20 
mA at a 2θ scan speed of 10/min. FTIR spectrum of CGS recorded on a Fourier transform Infrared 
Spectroscope, Bruker, Tensor 27 model in ATR mode at wave numbers 4000-400cm-1 revealed the 
sample composition. The FTIR analysis on the compression molded thin films of neat blend HL-2 and 
HL-2_2 CG SiO2 composite was also carried out for characterizing the possible polar interactions via 
the deformation of the chemical bonds corresponding to various functional groups.     

Mechanical properties like tensile was evaluated using Shimadzu Autograph AG-1 series Universal 
testing machine with a load cell of 10 KN capacity according to the ASTM D 638 at a crosshead 
speed of 50mm/min, cross head separation of 25mm on dumb –bell shaped specimens. The 
observations were made to compare tensile strength of the composite.  

Result and discussion   

 Table 1 shows the elemental composition of CG ash with and 
without acid treatment. The elemental analysis from EDX 
revealed that the ash obtained from dried CG (non acid treated) 
contained small concentration of metallic impurities. The 
presence of metallic impurities like Mg and K created the 
necessity of acid treatment [Iyenagbe B etal (2012)]. Literature 
review supports HCl as a better choice for acid treatment for 
the removal of metallic impurities, since it also provides higher 

surface area and structure sustenance [A.Chakraverty etal (1988)]. 

The composition of ash obtained after 0.01 N HCl was also presented in table 1. The corresponding 
EDX images for non acid treated and acid treated was given in  
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Fig.2. From this analysis 0.01N HCl solution is effective in removing all the metallic impurities 

like Mg and K as evident from table1. 

Morphology of the ash from non acid treated and 0.01N HCl treated CG by SEM analysis 

The morphology of non acid treated CG ash 
shows [Fig.3 (a)] the presence of well defined 
nano porous fiber bundle like structure, but the 
lack of compositional purity is the major 
drawback at this condition. On acid treatment 
the elemental composition as well as the 
morphology is highly influenced. Even on 

treatment with 0.01N HCl [Fig.3 (b)] followed by calcination leads ash with 100 % removal of 
metallic impurities having well defined puffy fibrous bundle like structure. At higher magnification 
[inset of Fig.3 (b)] the individual fibers have nearly nanometer ( ᷉ 160- 180 nm) scales pores in it, 
though few pores falls to the size range less than 100nm. 

From the SEM analysis and EDX data we could conclude that 0.01N acid treatment (ash obtained 
after this named CGS) resulted in better purity and morphological reliefs and hence selected for 
composite preparation.  

Characterizations of CGS by XRD and FTIR 

The crystalline property of CGS was confirmed 
by XRD. XRD pattern of nano silica [Fig.4 (a)] 
with strong peak centered at 2Ө angle of ~220 
confirms the amorphous nature of silica. Fig.4 
(b) shows the results of the FTIR analysis of 
extracted CGS. The peaks appearing in 450–
1300cm−1 are characteristics of silica samples 
[R.R. Zaky etal (2008)]. The band centered at 

466 cm−1 is due to the bending frequency of O-Si-O. Also the peaks at 1,110 and 801 cm−1 are due to 
the Si-O-Si asymmetric and symmetric stretching modes, respectively. The bands at 3,439 and 1,636 
cm−1 correspond to the O-H stretching and bending vibrations. A large broad band around 3,439 
cm−1 is attributed to the presence of the O-H stretching frequency for the silanol group and the 
remaining adsorbed water. A band around 1,636 cm−1 is assigned to the bending vibration of water 
molecules bound to the silica matrix. No peak was found between 2,800 and 3,000 cm−1 indicating 
that there were no original organic compounds in the silica after controlled combustion and extraction. 

Characterisation of the  HMHDPE-LLDPE- CGS composite 

The stress strain curve of HL-2- CGS composite in Fig. 5 (a) 
it is clear that the composite fracture immediately after post 
yielding.  The yield stress value increase initially with 
increasing filler loading reach a maximum and thereafter 
decreases , while the strain value decreases with increasing 
filler loading. Fig. 5 (b) shows the variation of tensile 
strength of the HL-2- CGS composite with filler loading. It 
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was found that, tensile strength was significantly increased up to 2wt % of CGS addition and then 
deceases. There is a 12% increase in tensile strength without any coupling agent.  The increase in 
tensile strength may be due to better polymer – filler interaction. From the SEM images [Fig.3 (b)] 
CGS silica having semi tubular fiber bundles with pores nearly nano scale have been observed. Thus 
this open straw bundle like structure with nano pores helps polymer chains to entangle between the 
pores of CGS. Thus when the composites are under exterior stress, CGS helps to distribute the stress 
evenly and delay the rupture of the material. At higher filler loading, filler particles will agglomerate 
and grow in size that will adversely affect the tensile strength of the composite. 

 The structural characterization of the neat blend and the HL-2_2 CG SiO2 composite by FTIR 
was also shown in Fig.5(c). The study revealed the absence of any chemical interaction since the 
bond-stretching and bending modes were not affected. Therefore the possibility of mechanical 
interlocking between the matrix and the reinforcement phase was found to be structurally abiding.  

The SEM micrographs of tensile fractured 
specimen are shown in Fig. 6 (a) and (b), 
which explains the effect of filler (CGS) 
addition. During CGS addition the 
polymer chains and fibrous CGS entangled 
uniformly, and the stress during tension 
mode are successfully transferred 
throughout the matrices, provides more 
reinforcement to the base polymer. The 

[inset of Fig.3 (b)] porous ( ᷉ 160nm) semi tubular fiber bundles which on incorporation with polymer 
releases the individual fibers, which thereafter reinforces polymer matrices in such a way as fiber 
strengthen a cloth when woven  together. In actual on mixing at elevated temperature (i.e., during 
composite preparation) the porous structure of the fibrous CGS helps interaction of polymer chain 
into these pores there by breaking fiber bundles into individual fibers having diameter of 70-80nm as 
vividly seen in the inset of Fig.6 (b). These morphological observations support the mechanical and 
melt rheological properties of the composite. 

CONCLUSION 

CG ash mainly consists of magnesium and potassium apart from silicon and oxygen. Amorphous, 
nano porous fibrous silica with open straw like structure with high degree of purity was obtained 
using mild acid solution from a renewable biomass like Indian grass. The synthesized CGS was found 
to be an efficient reinforcing bio filler in HMHDPE-LLDPE matrix. Mechanical properties like tensile 
strength of pure HL-2 blend can be significantly enhanced by the incorporation of CGS to the 
polymer matrix, without the use of compatibilizer. This may be due to the porous fibrous nature of the 
CGS which may cause better interaction between the polymer chain and the fibers of CGS. From the 
FTIR analysis it is established that the possibility of mechanical interlocking between the matrix and 
the reinforcement phase was found to be structurally abiding. The SEM micrograph of tensile 
fractured specimen of the composite confirms that semi tubular fiber bundles which on incorporation 
with polymer releases the individual fibers, which thereafter reinforces polymer matrices. Thus the 
study developed an economic method of utilizing a bio-precursor for fibrous nano silica synthesis and 
hence costly fillers like precipitated silica, clay, calcium carbonate etc. can be substantially replaced 
by this low cost CGS. 
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Abstract 

Three dimensionally ordered macroporous TiO2 inverse opals (IOs) were prepared by 

templating with polystyrene (PS) colloidal photonic crystals (CPCs) by a facile infiltration 

method. The photonic band gap (PBG) of these TiO2 IO films was tuned by varying the 

sphere size of the PS CPC templates. The as prepared TiO2 IO films were used as 

photocatalysts for the degradation of Rhodamine B (RhB) dye. Better photocatalytic activity 

was observed in TiO2 IO films prepared using PS of 215 nm with the PBG closer to the 

electronic band gap (EBG) of TiO2.100% of the dye molecules were degraded within 2 

minutes under solar irradiation.TiO2 IO film prepared using PS of 460 nm with the PBG at 

655 nm also showed good photocatalytic activity as a result of the intensified dye 

sensitization on the blue edges of the PBG. It was found that IO films displayed improved 

photocatalytic activity in comparison to ordinary nanocrystalline (nc)-TiO2 film prepared 

under the same conditions. The enhanced degradation of dyes using TiO2 IO catalysts is 

realized by the effective utilization of the UV and visible light contained in the solar 

spectrum. The enhancement could be attributed to the bandgap scattering effect and slow 

photon effect at the edges of the PBG leading to significant improvement in light harvesting. 
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Introduction 

Environmental pollution including water, air and soil is a serious problem nowadays. 

Nanocrystalline titania received increasing attention over many years owing to its excellent 

photocatalytic activity that finds applications in environmental remediation, solar cells and 

photolysis of water. Environmental remediation using TiO2 assisted semiconductor 

photocatalysis is a very dynamic and relevant subject of research at the present time because 

of its most efficient photoactivity, uppermost stability and lower cost [Nakata and Fujishima 

(2012)]. However, its photocatalytic performance is restricted due to the existence of large 

electronic band gap (EBG) in the near ultraviolet region (387 nm, i.e. 3.2 eV). At present, the 

major focus in this area of research has been the modification of TiO2, which is sensitive to 

solar light. Several methods that include chemical and morphological modifications have been 

implemented to enhance the absorption of light or reduce the EBG for the photoexcitation of 

TiO2 photocatalysts. The use of photonic crystals with inverse opal (IO) morphology and a 

spatially periodic structure with lattice parameters of the order of the wavelength of light 

represents one way for improving the photocatalytic performance of TiO2.The periodic 

variation of higher and lower refractive index areas of the photonic crystal leads to a photonic 

band gap (PBG) or stop band [Chen, Wang, Dai, Benziger and Liu (2014)]. The light within 

the wavelength range of band gap cannot propagate inside the photonic crystal due to band 

gap scattering effect and slow photon effect.  Both these effects, generally named as photonic 

effect, could improve the interaction of light with the semiconductor catalysts such as TiO2 by 

intensifying the optical absorption and photochemical reaction [Lu, Yu, Chen, Quan and Zhao 

(2012)]. Improvement in the photocatalytic oxidation of a range organic molecules and 

pollutants via TiO2 IOs is a subject of active research since the first report on photocatalytic 
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activity enhancement by photonic crystals by Ozin and co-workers [Chen, Freymann, Choi, 

Kitaev and Ozin (2006)]. 

Here, we report the preparation of TiO2 IOs with different PBGs by tuning the pore sizes. To 

investigate the effect of band gap on the photocatalytic degradation; the dye rhodamine B 

(RhB) was selected as the model pollutant. Photocatalytic degradation of RhB dye was 

performed using TiO2 IO films and plain nc-TiO2 film to compare the photocatalytic 

efficiency of the catalysts. A drastic enhancement in the photocatalytic activity was obtained 

with IO film with PBG more close to the EBG of TiO2. Highlight of the present work is that 

almost 100% of the dye could be degraded within two minutes under solar irradiation. 

Materials and Methods 

Materials 

Monodisperse polystyrene (PS) latex microspheres (215 and 460 nm, 2.5wt% dispersion in 

water) were purchased as a suspension from Alfa Aesar. All other chemicals including 

titanium isopropoxide (98%, Fischer Scientific), trifluoroacetic acid (Sigma Aldrich), 

hydrochloric acid (35%, Merck) and ethanol (99.9%, Merck) were used as received. 

Fabrication process of PS CPCs and TiO2 IOs 

PS CPC films were prepared by a vertical deposition method. The cleaned glass substrates 

were immersed vertically in glass vials with the polystyrene latex suspension (0.25 wt%).The 

vials were kept in an oven at 80°C overnight until the water in the suspension was completely 

evaporated, forming PS CPC films over the glass substrates. The TiO2 precursor was prepared 

by sonicating titanium isopropoxide, and a mixture of trifluoroacetic acid and of HCl. A 

certain volume of absolute ethanol was added and sonicated for 1 hour. The modified 

precursor solution was dropped over the PS CPCs sandwiched between the glass substrates 

and evacuated from the other end. The interstitial spaces of the PS CPC templates were easily 
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infiltrated under vacuum due to the pressure variation and capillary forces inside. The 

infiltrated CPC samples were dried at 60⁰C overnight and calcined at 400°C for 3 hours to 

remove the PS template spheres, resulting in the ordered anatase TiO2 IOs. TiO2 IOs of two 

pore sizes were prepared using PS CPCs of 215 nm and 460 nm spheres as templates and are 

referred as TiO2 IO-215 and TiO2 IO-460, respectively. nc-TiO2 powder was prepared under 

the similar conditions except the presence of CPCs and spin coated over glass slides by 

dispersing in ethanol.  

Materials characterization 

The scanning electron microscopy images were taken using a Hitachi SU6600 Variable 

Pressure Field Emission Scanning Electron Microscope (SEM). The elemental analysis was 

performed with a Horiba EMAX, 137 eV Energy Dispersive Spectroscopy (EDS) unit. The 

X-ray diffraction (XRD) patterns were obtained using a Rigaku Smartlab X-ray 

diffractometer with Cu-K radiation. The reflectance spectra were collected from a 

UV/visible/NIR AvaSpec-2048 Fiber Optic Spectrometer.The absorbance of the samples was 

measured using a UV-1800 Schimadzu UV/visible spectrophotometer. 

Photocatalytic experiment 

The photodegradation of RhB was used to evaluate the photocatalytic activity of TiO2 IO 

samples.10 μL of 0.5mM/L of RhB solution was dropped onto each of the TiO2 IO and nc-

TiO2 films. Then the films were kept in the dark for 30 minutes to allow the water to 

evaporate and to deposit the dye over the films. The photocatalytic degradation reaction was 

carried out by exposing the films to sunlight with the measured light intensity between 75000 

and 85000 luxes. At regular intervals of time, the absorbance of the films was examined using 

the spectrophotometer. 
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Results and Discussions 

Characterization of the PS CPC templates and TiO2 IO films 

Three dimensionally ordered PS CPCs were prepared by the vertical self-assembly method. 

Well defined ordered assemblies are observed in the SEM images of the PS CPCs (Fig.1). The 

top surface of the PS CPCs reveals a hexagonal arrangement which corresponds to the (111) 

plane of the fcc structure. The CPC samples exhibited opalescent colours due to strong band 

gap scattering effects and angle dependent selective reflection. The Bragg peaks are observed 

at 515 nm and 1109 nm for PS CPCs made of 215 nm and 460 nm spheres respectively 

(Fig.1c).  

 

Fig.1: SEM images of PS CPCs prepared of (a) 215 nm and (b) 460 nm spheres (c) Reflection 

spectra at normal incidence for PS CPCs prepared with sphere sizes 215 nm and 460 nm. 

SEM images of the top and cross-sectional views of the TiO2 IO films are shown in Fig.2 and 

Fig.3. The interconnected periodic hexagonal arrays of pores have been obtained after the 

removal of the respective template films. These TiO2 IOs exhibit highly ordered structure 

over large domains with few defects. The pores are arranged in an fcc arrangement which is 

consistent with the structure of the PS template spheres. But the pores are smaller than the PS 

spheres in the CPC templates; due to the contraction of the material during calcination. The 

thickness of the TiO2 IO-215 film was about 2.5- 3 μm and the average pore diameter was 

around 144 nm (Fig.2a and 2b). The thickness of the TiO2 IO-460 film was 2.5 μm with slight 
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to anatase TiO2 were found; i.e. (101),(004), (200),(105),(211),(204),(116),(220) and (107) 

reflections could be observed at 2θ = 25.2°,37.8°,48.02°, 54.0°,55.0°,62.3°,68.9°,70.3⁰ and 

74.9°, respectively, in all the three samples analyzed (JCPDS card No. 21-1272). 

  

Fig.5: (a) XRD patterns obtained for the TiO2 IOs and nc-TiO2 films (b) Reflectance spectra 

taken at normal incidence for the TiO2 IO films. 

Fig.5b displays the reflectance spectra taken at normal incidence for TiO2 IO films. The 

presence of PBG indicates good quality of the samples because excess number of defects or 

the lack of long range order may cause the stop band to disappear. PBGs of the IO films could 

be tuned by varying the size of the PS spheres.  

Table 1: The summary of calculated and experimental PBG maxima positions 

 

 

 

 

 

In addition, the positions of the stop bands are in agreement to that predicted using modified 

Bragg equation: effDn633.1max   where D is the diameter of the air spheres and the effective 

refractive index neff is determined using indices of TiO2 (ns = 2.49) and air (na = 1) by 

Samples TiO2 IO-215 TiO2 IO-460 

TiO2 pore size 

Calculated stop band maxima 

Measured stop band maxima 

144 nm 

360 nm 

336 nm 

274 nm 

685 nm 

655 nm 
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considering the effective filling fraction of the material (the volume fraction f = 0.74 for ideal 

fcc spheres) as follows: 2/122 )}1({ fnfnn aseff  .According to the above equations; we get 

the final expression for Bragg peak as D5.2max   [Cai, Xiong, Lu and Teng (2014)].The 

summary of the experimental and calculated reflectance maxima are shown in Table 1.    

Photocatalytic performance 
 

RhB dye was adsorbed over the TiO2 IO and plain nc-TiO2 films and the films were exposed 

to sun light. The absorbance decay of the characteristic peak of RhB (560 nm) was monitored 

by UV–visible   spectrum at different time intervals during the course of the reaction. A sharp 

decrease in the absorption at 560 nm was observed along with a shift in absorption towards 

the lower wavelength side with time. The shift in absorption band could be due to the N-

dealkylation of RhB during the photodegradation reaction [Sun, Wang, Zhang and Xu 

(2012)].  

Fig.6: (a) UV-visible absorption spectra of RhB degradation over TiO2 IO-215 film (b) time 

profiles of C/C0 of RhB during photodegradation by different photocatalyst films (c) 

photodegradation efficiencies of the photocatalysts at different irraiation time. 

Fig.6a shows the temporal evolution of the spectral changes during the photodegradation of 

RhB over the TiO2 IO-215 films. A rapid decrease and shift of the RhB absorption band 

within one minute indicated that the TiO2 IO-215 film is an efficient photocatalyst.100 % of 

the RhB was decolorized within 2 minutes of solar irradiation. TiO2 IO-460 film also 
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displayed good photocatalytic activity and 100% of RhB degradation was achieved in 6 

minutes of exposure to solar light. After being irradiated for 6 minutes, the nc-TiO2 displayed 

only about 77% of RhB degradation indicating lower photocatalytic activity than that of TiO2 

IO films. The photolysis of RhB was found to be extremely slow without photocatalysts under 

solar irradiation. Fig.6b and Fig.6c displays the plot of C/C0 of RhB vs irradiation time and 

photodegradation efficiencies of different photocatalysts films over different time intervals. 

The degradation enhancement in TiO2 IO films compared to plain nc-TiO2 can be explained 

as follows. According to slow photon theory the light at the frequency edges of the PBG of 

IOs will transmit with a strongly reduced group velocity. TiO2 IO-215 film with the PBG 

maxima at 336 nm had the highest activity since the value is much closer to the EBG of TiO2. 

From the reflection spectra ;it is clear that the frequency edges of the PBG of TiO2 IO-215 are 

at 290 nm and  388 nm which falls in the absorption edge of TiO2.When sunlight impinges on 

the IO film; the fraction of light within this wavelength range will propagate with a much 

reduced velocity inside the TiO2 IO lattice. As result of this, light absorption is enhanced and  

electron-hole pairs will be generated at a faster rate leading to efficient photodegradation of 

RhB dye.TiO2 IO-460 exhibited good photocatalytic activity towards RhB degradation though 

its PBG was not matching with the EBG of TiO2.But the blue edge of the PBG of TiO2 IO-

460 is at 560 nm which matches with the absorption peak of RhB dye. So it is evident that 

degradation of RhB is due to the dye sensitization and thus electrons can be transferred from 

the excited dyes to the conduction band of the TiO2 semiconductor subsequently producing 

reactive oxidation species. Slow photon effect at the absorption edge of RhB can accelerate 

the dye sensitization which in turn will result in enhanced degradation. Apart from this 

inherent macroporosity of TiO2 IOs can provide high surface area available for dye adsorption 

which also favour fast photocatalytic degradation. 
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Conclusion 

In summary, TiO2 IO films with tunable stop bands have been fabricated using a colloidal 

self-assembly route  followed by a simple infiltration method and the slow photon effect in 

such films could be optimized at different wavelengths. Light absorption caused by slow 

photon effect in TiO2 IO films resulted in amplified photocatalytic reaction revealed by the 

enhanced degradation of RhB dye relative to ordinary nc-TiO2 films. IOs can provide a 

promising strategy for solar light harvesting and thus leading to efficient photodegradation of 

organic pollutants. 
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ABSTRACT 

Industrialization and economic growth has led to the generation of huge quantity of waste, including 
hazardous and toxic wastes. There is a growing realization of the negative impacts that wastes have 
had on the local environment. Based on Integrated Solid Waste Management, the waste generated 
has to be reused and recycled as much as possible. The remaining waste has no other way than 
landfilling. Landfill is an engineered structure for the safe disposal of waste. It consists of a cover 
system at top and liner system at bottom to prevent the migration of leachate which is the liquid 
coming out of waste after its degradation, and other liquids in and out of the landfills. The liner and 
cover system are low permeable barriers normally made of compacted clay. This barrier must retain 
its water proofing properties on-site throughout the life time of landfill. It should also be safe against 
cracks due to settlements. Most preferred clay for liner construction is bentonite because of its 
rheological properties, which originate from weathering of volcanic ash. It shows properties of clay 
to an extreme end like high plasticity and swelling.The ever growing demand for electricity from 
thermal power plants has resulted in generation of large quantity fly ash, which faces disposal 
problems. The fly ash has pozzolanic properties which makes it a good material for construction 
purpose. To make use of the huge quantities of fly ash, efforts are now under way to find 
applications where it can be utilized effectively in bulk quantities, particularly as a suitable liner 
material. This study aims at utilizing fly ash along with bentonite for use as clay liner. The fly ash 
and bentonite are mixed in different proportions and properties like Atterberg’s limits, permeability 
and shear strength are determined. The mix satisfying the requirement of liner are suggested. Also 
the plasticity characteristics required for attaining permeability and shear strength of that of clay 
liners is assessed and a final acceptable zone in the plasticity chart is developed for qualifying the 
material for use as liner. 

Keywords—fly ash; bentonite; liner; plasticity characteristics; landfill 

INTRODUCTION  

      An engineered landfill has become inevitable in every locality due to the large mass of waste 
being generated. The waste after being reused and recycled has to be disposed off in landfill. A 
landfill ensures the safe disposal of organic and inorganic wastes by encapsulating the waste by liner 
at the bottom and cover at top both of which are made of low permeable materials like clay. Because 
of the decomposition of organic waste and moisture present within the waste, a liquid called leachate 
oozes out of the waste. It is highly polluted and contains dissolved organic and inorganic 
compounds. The liner prevents this leachate from penetrating into the soil below thereby 
safeguarding the surrounding and ground water. The cover at top controls the infiltration of water 
into the waste mass and thereby reducing the volume of leachate generation. The design and 
construction of liner and cover system is a vital part in a landfill. For a barrier layer to be effective, 
its hydraulic conductivity should be ≤ 1x10-7 cm/s [1,2,3,4,5,6,7]. Also it should possess sufficient 
shear strength to withstand the upcoming load. The minimum shear strength required is 200 kPa [2]. 
For clay to be of low permeability, it should contain sufficient amount of fines. When the percentage 
of fines increases, it becomes plastic. As a result of high plasticity, its compressibility will be more 

668

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



  

 

 

 

and workability will be reduced. Therefore the amount of fines and the plasticity characteristics has 
to be limited. Hydraulic conductivity of compacted clay is affected by soil composition, permeant 
characteristics, void ratio, structure and degree of saturation during permeation [6]. It was reported 
that clays with high plasticity index had smaller particles, less aggregation and thicker double layers 
which combines to yield lower hydraulic conductivity.  Bentonite along with other materials is used 
as liners commonly. Bentonite is processed volcanic ash which has montmorillonite as its main 
mineral. This mineral has high affinity for water and so soils containing montmorillonite are 
susceptible to swelling. It is also highly plastic. These properties of bentonite make it suitable for use 
as clay liners by mixing it with other inferior materials. But as it is processed clay and not available 
locally, construction will become costlier. Fly ash is an industrial waste from thermal power plants. 
It is the ash produced during the combustion of coal. The ashes produced are of two types- bottom 
ash and fly ash. The bottom ash settles at the bottom of the boiler while the fly ash is carried away 
by the flue gases. It is then collected by electrostatic precipitators. The fly ash has proved as an 
excellent construction material due to its pozzolanic and self hardening properties. It has 
permeability within the range of fine sand. It can be used along with clays so that strength can be 
improved and also plasticity of highly plastic soil can be reduced which otherwise reduces the 
workability.In this study, fly ash-bentonite mixes are prepared in different proportions and the 
changes in properties of fly ash are studied. The range of values of liquid limit and plasticity index 
required for attaining permeability in the order of ≤ 1x10-7 cm/s and shear strength 200 kPa is 
suggested by graphical method. Based on the plasticity based acceptable zone, the proportion of 
bentonite and fly ash suitable for liner is proposed. 

II. Literature Review 

Low hydraulic conductivity is the prime requirement for a material to be used as a compacted 
landfill liner. Because of this highly plastic materials are preferred for such applications. Therefore, 
plasticity characteristics can be used as an initial guideline for assessing the suitability of materials 
used as a landfill liner since hydraulic conductivity determination is extremely time consuming. 

High plasticity is always associated with low strength and high compressibility. This clearly 
indicates that both lower and upper limits of plasticity need to be proposed for a plasticity-based 
criterion. A final acceptable zone on the basis of plasticity characteristics for qualifying plastic soil 
as landfill liner material in the plasticity chart is shown in Fig.1. Three zones have been identified 
based on [2]. A low-plasticity zone was identified as marginally suitable. This is primarily because 
these plasticity characteristics would not cater to efficient contaminant retention. The zone marked 
as suitable is on the basis three criteria namely, plasticity characteristics, shear strength and 
compressibility. The third zone is identified as “can be considered.” Such high-plastic materials can 
be costly because of limited availability.  

III. Materials and Methods 

Materials 

The soil used for the study is commercially available calcium bentonite and fly ash collected from 
NTPC Tuticorin. The properties of the materials used are determined as per IS  
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Fig.1: Plasticity-based acceptable zone for 
evaluating medium- and high-plastic soil as landfill liner material (Source: Younus and Sreedeep, 
2012)specifications and are presented in Table I. Free swell was found out as per ASTM standards. 
Particle size distribution of the materials is found out after carrying out hydrometer and wet sieve 
analysis and particle size distribution graph is shown in Fig.2.  

B. Experimental Programme 

     Fly ash and bentonite composites are prepared with 5%, 10%, 15%, 20%, 25%, 30%, 40%, 60% 
and 80% bentonite of the total weight. Then liquid limit, plastic limit, compaction characteristics, 
permeability and unconfined compressive strengths of all samples were found as per IS standards.  

Table 1: Properties of bentonite and fly ash 

Properties Bentonite Fly Ash 

Specific Gravity 2.72 2.08 

Liquid limit(%) 268 32 

Plastic limit(%) 56 N. P. 

Plasticity 
Index(%) 

212 N.P. 

Free 
Swell(ml/2g) 

      16 2.1 

Permeability 
(cm/s) 

6.16x10-9 2.8x10-5 

Percentage clay 
(%) 

69.5 13.70 

Percentage silt 
(%) 

30.5 66.88 

Percentage sand 
(%) 

0.0 19.41 
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MDD (g/cc) 1.098 1.25 

OMC (%) 44.06 24.56 

UCS (kPa) 123.4 25.0 

 

The results of the experiments conducted are presented in the following section. The variation of 
liquid limit, plastic limit and plasticity index of fly ash with the addition of bentonite  are shown in 
Fig.3. Fig.4 and Fig.5. 

 

Fig.2: Particle size distribution of bentonite and fly ash  

 

 

 

 

 

 

Fig.3: Variation of liquid limit of fly ash with addition of bentonite 

 

 

 

 

 

 

Fig.4: Variation of plastic limit of fly ash with addition of bentonite 
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The liquid limit, plastic limit and plasticity index of fly ash increases with increase in bentonite due 
to the high plasticity of bentonite. Fly ash alone is a non-plastic material which turns plastic with the 
addition of 5% of bentonite. The compaction tests on all samples were carried out. The compaction 
curves obtained for each specimen is shown in Fig.6. The maximum dry densities of the composites 
increases with increasing bentonite up to 30% and thereafter it decreases whereas the optimum 
moisture content shows an increasing trend. The dry densities of all composites are higher than that 
of individual components which is attributed to dense packing between the individual particles. 

 

 

 

 

 

 

 

Fig.5: Variation of plasticity index of fly ash with addition of bentonite 

 

 

Fig.6: Compaction curves of fly ash-bentonite composites 

The permeability test of the mixes was carried out and the variation of permeability is represented in 
Fig.7. The variation in unconfined compressive strength of composites with bentonite addition is 
shown in Fig.8. The strength increases upon bentonite addition which is due to pozzolanic 
hardening. 

 

 

 

 

 

 

 

Fig.7: Variation of permeability of fly ash with addition of bentonite 
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Fig. 8: Variation of unconfined compressive strength of fly ash  with addition of bentonite 

Plasticity characteristics can be used as an initial guideline for assessing the material to be used as 
liner. For determining the minimum range of plastic characteristics required for a liner material, 
graph is plotted between permeability and liquid limit and also between permeability and plasticity 
index which is shown in Fig.9 (a) and (b). The values of LL and PI satisfying the criteria of 
permeability ≤ 1x10-7 cm/s are found out. From the plots, the values of liquid limit and plasticity 
index satisfying the maximum criterion of permeability ≤ 1x10-7 cm/s is obtained as a liquid limit 
greater than 70% and plasticity index greater than 35%. To obtain the upper limit of liquid limit and 
plasticity index, graph is plotted between UCS and plasticity characteristics. The values of LL and PI 
corresponding to UCS greater than 200 kPa are taken. The plots are shown in Fig. 10 and Fig.11. 

 

 

 

 

 

 

 

Fig. 9: a) Plot between liquid limit and permeability 

   b) Plot between plasticity index and permeability 

 

 

 

 

 

 

Fig.10: Plot between liquid limit and unconfined compressive strength 

     

(a) (b) 
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Fig. 11: Plot between plasticity index and unconfined compressive strength 

From the graphs, the range of liquid limit is obtained as 150<LL<220 and plasticity index as 
102<PI<175. 

The data from the study is super imposed on the plasticity based acceptable zones for evaluating the 
material as a liner material. It is shown in Fig.12. It is seen that fly ash-bentonite mix with LL above 
102% and PI above 64% i.e. mix with bentonite content greater than 30% falls in the “suitable” and  

 

Fig. 12: Evaluation using plasticity based criterion 

 “can be considered” region. Liquid limit between 100% and 1η0% i.e bentonite content between 30 
and 60% falls in the most suitable region. 

IV. CONCLUSION 

The use of fly ash as a liner material with the addition of bentonite is studied. As fly ash is facing 
disposal problems, construction of clay liners using fly ash will be an effective disposal method. In 
the study, the variation of plasticity characteristics, permeability and unconfined compressive 
strength of fly ash with the addition of varying percentages of bentonite is determined. It is seen that 
fly ash on addition of bentonite satisfies the required permeability criteria with bentonite content 
above 24% and shear strength criteria with bentonite content between 60 and 88%.  Based on 
plasticity based acceptable zones, LL above 102% and PI above 64% i.e. mix with bentonite content 
greater than 30% falls in the “suitable” and “can be considered” region. Fly ash with θ0% bentonite 
satisfies all criteria and comes under suitable zone for liner. 
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ABSTRACT: 

 Graphene has emerged as a subject of enormous scientific interest due to its exceptional 
electron transport, mechanical properties, and high surface area. It is a promising component for 
various applications. Hence, studying its reinforcing effects on epoxy resin is a significant step. 
Herein we discuss the synthesis of different types of graphene from graphite via graphene oxide 
reduction. Commercial graphene (CG), chemically reduced graphene (CRG) and chemically reduced 
silane modified graphene (CRSMG) were characterized by X-ray diffraction (XRD), Raman 
spectroscopy and X-ray photoelectron spectroscopy (XPS) spectroscopy, Scanning electron 
microscopy (SEM) and Transmission electron microscopy (TEM) studies. The utilization of these 
graphene-based materials in the fabrication of epoxy nanocomposites with enhanced properties has 
been explored and compared with those of neat epoxy and CG/epoxy nanocomposites. Mechanical 
properties were evaluated in terms of tensile strength, elongation at break and Single-edge-notch 
three-point-Bending (SEN-TPB) fracture toughness (KIC) measurements. Morphological evaluation 
was also done with the SEM photographs of fractured surfaces of TPB specimens. The improved 
mechanical properties of CRSMG/epoxy nanocomposites is due to the uniform dispersion of 
functionalized graphene and strong interfacial bonding between modified graphene and epoxy resin. 
This remarkable class of materials has thrown open enormous opportunities for developing 
conductive adhesives, in aerospace industry and in microelectronics. 

Keywords :  Nanocomposites , Graphene, Epoxy resin  
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 1. INTRODUCTION  

 Epoxies are one of the best thermosetting polymers possessing unique characteristics like 
high adhesive strength and hardness coupled with excellent chemical and heat resistance [Alamri et 
al., (2012)].  They have been widely used in encapsulation of electronic components, industrial 
coverings, and in various industrial sectors, particularly as adhesives for bonding and as matrix 
materials for producing fiber- reinforced composites. Many efforts have been made in the past 
decades to further improve the properties with the addition of various additives. Nano particles are 
attractive additive choices for producing epoxy resins with improved property profiles [Andreas et 
al, (2009)]. Among these graphene has enjoyed significant recent attention owing to its unique 
properties and has been considered as an ideal reinforcing agent for high strength polymer 
composites [Geim and Novoselov (2007)] 

 Graphene oxide, a layered material with oxygen containing groups, such as epoxy, carboxyl 
and carbonyl functional groups is generally used as the precursor for the preparation of graphene 
sheets from graphite [Dreyer et al, (2010)]. But irreversible agglomeration of the reduced graphene 
oxide and its poor interface with the matrix are obstacles to obtain the desired properties of 
graphene/polymer composites [Galpaya et al, (2012)]. It is likely that oxidation followed by 
chemical functionalization will facilitate the dispersion and stabilize graphene to prevent 
agglomeration [Wu et al, (2012)].  

 The current investigation is aimed at the synthesis and characterization of chemically 
reduced graphene oxide (CRG) and chemically reduced silane modified graphene oxide (CRSMG). 
The effects of CRG and CRSMG on the mechanical and morphological properties of the epoxy 
nanocomposites has been explored and compared with those of neat epoxy and commercial 
graphene/epoxy nancomposites. 

2. MATERIALS AND METHODS  

2.1. MATERIALS 

 The matrix used in the present study was epoxy resin Araldite GY 250 based on diglycidyl 
ether of bisphenol A (DGEBA) and triethylenetetramine (TETA) hardener under the commercial 
name HY 951 and was purchased from Emax Glass Fibre and Accessories Pvt. Ltd., Chennai. 
Graphite powder, sulfuric acid, phosphoric acid, potassium permanganate, hydrogen peroxide, 
hydrochloric acid, ether, ethano, hydrazine hydrate, amino propyl tri ethoxy silane (APTES) and 
ethylene diamine were used for the synthesis of CRG and CRSMG. They were purchased from 
Sigma Aldrich, Bangalore, India. Commerial graphene (CG) was purchased from Quantum materials 
limited, Bangalore.  

2.2. SYNTHESIS OF CHEMICALLY REDUCED GRAPHENE (CRG) 

 The graphite platelets were first exfoliated to form graphene oxide using the improved 
method of Tour group [Daniela et al, (2010)]. Pre calculated amount of GO (1g) powder as obtained 
was mixed with 250 ml of water and sonicated vigorously for 30 minutes followed by the addition of  
5 ml of hydrazine hydrate. The mixture was set to heating to 1000C in an oil bath, for 24 hours, over 
which the reduced GO gradually precipitated out as a black solid. The product was isolated by 
filtration and washed with water and dried and named it as chemically reduced graphene (CRG). 
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2.3.  SYNTHESIS OF SILANE MODIFIED GRAPHENE (CRSMG) 

 Pre-calculated amount of GO (0.1 g) was dissolved in 50 ml water in a beaker and sonicated 
vigorously for 30 minutes. 0.1 g of 3-amino propyl-triethoxy silane (APTES) and 0.3 g of ethylene 
diammene were added and heated to 1100C in an oil path for 8 hours. The product was isolated by 
filtration and washed with water, ethanol and acetone respectively and named it as chemically 
reduced silane modified graphene (CRSMG). 

2.4. FABRICATION OF CG, CRG, CRSMG/EPOXY NANOCOMPOSITES  

 The epoxy nanocomposite was prepared as follows. First the required quantity of CG, CRG 
and CRSMG were dispersed in acetone and it was added to the epoxy oligomer with mechanical 
stirring for 45 min followed by ultrasonication for another 30 min. Mixture was degassed under 
vacuum for 30 mts. Then 10 phr (per hundred gram of resin) hardener was added to the epoxy resin, 
followed by 5 minutes mixing and degassing. After this the mixture was transferred into a dumb-bell 
shaped Teflon molds coated with a releasing agent and kept for 24 hrs at room temperature. This 
was followed by post curing at 800C for 4 hrs. The cured samples were then demolded and trimmed 
and used for mechanical studies. 

2.5. CHARACTERIZATION TECHNIQUES 

 XRD patterns were obtained using a Bruker AXS D8 Advance X-ray powder diffractometer 
equipped with Cu Kα radiation. Raman spectra of CG, CRG and CRSMG were recorded with 
Horiba Jobin Yvon Lab Ram HR system at a resolution of 2 mm by using excitation of 514.5 nm of 
Argon ion laser. X-ray photoelectron spectroscopy (XPS) analysis was carried out on a Kratos Axis 
Ultra X-ray photoelectron spectroscope (UK) with Al Kα radiation of 148θ.θ eV. SEM and TEM 
observations of CG, CRG and CRSMG were examined using a JEOL Model JSM.6390 LV scanning 
electron microscope and JEM 2100 TEM at 200 kV respectively. 

2.6. MECHANICAL PROPERTIES OF GRAPHENE/EPOXY NANOCOMPOSITES 

 Tensile properties were tested using a Shimadzu Universal Testing Machine, equipped with 
a 10 kN load cell at a displacement rate of 5 mm/min at room temperature as per ASTM D 638. A 
single-edge notch three-point-Bending (SEN-TPB) test was conducted to obtain the critical stress 
intensity factor toughness (KIC) of graphene/epoxy nanocomposites according to ASTM D 5045 by 
using the rectangular specimen at a crosshead speed of 10 mm/min. The notches were made first by 
the formation of saw-cut slots having rectangular shape with a width of ∼1 mm in the midsection of 
specimens and then by sharpening with a fresh razor blade. The total notch length of SEN-TPB 
specimen was in such a way that (a/w) should be in between 0.45-0.ηη, where ‘a’ is the initial crack 
length (crack prenotch plus razor tapping notch) and ‘w’ is the specimen width. Equations (1 & 2) 
were used to evaluate the fracture toughness of the intrinsically brittle epoxy and epoxy 
nanocomposites by taking ‘P’ as the critical load for crack propagation and ‘B’ as the specimen 
thickness. 

 

 

 

K IC = [P/BW
1/2

]
 
f(a/w),         (x=a/w)        (1) 

f(a/w)  = {6x
1/2

 [1.99-x(1-x)(2.15-3.93x+2.7x
2
 )]} / [ (1+2x)(1-x)

3/2
]       (2) 
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3. RESULTS AND DISCUSSION  

3.1. STRUCTURAL CHARACTERIZATION OF CG, CRG AND CRSMG  

 Fig.1 shows the wide-angle XRD patterns of the graphite, GO, CG, CRG and CRSMG 
specimens. Compared to the diffractogram of graphite that shows a very intense and narrow peak at 
2  = 26.θ◦, the peak of GO disappeared and a weak diffraction peak appeared at 2 = 8.θ7◦, 
corresponding to an increase of interlayer spacing from about 3.35 Å to 10.189 Å by the 
accommodation of various functional groups on the graphene surface. However, CG, CRG and 
CRSMG does not exhibit any visible peak at the range of 2  > 2◦, which indicates the notable 
expansion and sufficient disorder of the graphene layers.  

 

 Raman spectroscopy can provide quick and effective way for structure and quality 
characterization of graphene [Ni etal, (2008)]. Dispersive Raman spectroscopy results [Fig. 2] show 
that there are two strong bands at  1347 cm-1 (noted as D band) and 1602 cm-1 (G band)  in the first 
order spectrum of CG, CRG and CRSMG samples, where the G and D bands represent the sp2 and 
sp3 hybridized carbon-carbon bonds respectively.  

X-ray photoelectron spectroscopy (XPS) was also 
employed to further explore the chemical structure of 
GO and the corresponding graphenes. Fig.3 refers to 
the C1s spectra of both CRG and CRSMG which 
exhibits fewer amounts of functional groups compared 
to its GO precursor in which its C 1s spectra is already 
presented in our former published paper [Sharmila et 

al, (2014)].  The peaks between 286 and 289 eV are typically assigned to epoxide, hydroxyl and 
carboxyl groups. The prominent sp2 hybridized C-C peaks indicate a dominant graphitic structure for 
both CRG and CRSMG samples. 

 The morphologies of CG, CRG and CRSMG were characterized using SEM and TEM as 
shown in Fig.4 (a-f). SEM images of CG, CRG, CRSMG [Fig.4(a-c)] demonstrate a layered 
structure and present a typical rippled structure. TEM images [Fig.4(d-f)] exhibits transparent and 
wrinkled sheet structure indicating the formation of the exfoliated monolayer or few layered stacks 
of sheets. 
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 3.2. MECHANICAL PROPERTIES OF GRAPHENE/EPOXY NANOCOMPOSITES 

 Graphene is the one of the stiffest material with high intrinsic strength. When it is used as 
filler, it is expected that a reinforced composite can have superior mechanical properties. 

 

 Fig.5 (a) and 5(b) represents the tensile strength and elongation at break of epoxy system 
loaded with different amount (0.1-1 phr) of CG CRG and CRSMG. The improvement in tensile 
strength in the case of CG/epoxy nanocomposites was nominal. Inclusion even of 0.1 phr CRG and 
CRSMG in an epoxy resin showed 14.8% and 26.57% increases in tensile strength and the 
corresponding SEN-TPB fracture toughness displayed 48.11%, 57.97% increase respectively. 
CRSMG/epoxy nanocomposites displayed higher mechanical strength compared to the other epoxy 
nanocomposites. This is because the silane/amine modification in CRSMG not only enhances the 
dispersion of graphene in the matrix, but also serves as a linkage between graphene and the epoxy 
matrix for the property promotion. With the addition of graphene the strain to failure decreases. This 
was due to the hard and rigid fillers that restrict the elongation and hence the deformation. The effect 
of CG, CRG and CRSMG addition on the fracture toughness of epoxy nanocomposites was shown 
in Fig.6. The increment in fracture toughness of nanocomposites is believed to be due to the 
capability of the filler particles to resist the crack propagation before the fracture has taken place.   
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But as the graphene loading increases KIC values decreases and it might be the result of decrease in 
the dispersion of the graphene from exfoliated to partially exfoliated. This will result in the reduction 
of the resistance of the composite against the crack propagation and subsequently deteriorate the 
fracture toughness of the composite. Morphological investigations of TPB fractured surfaces of neat 
epoxy and CG, CRG, CRSMG/epoxy nanocomposites were also inspected by SEM and the 
corresponding micro photographs are shown in Fig. 7(a-9) respectively. The characteristic 
catastrophic brittleness and low fracture toughness of neat epoxy lead to smooth, fragile and mirror 
like fracture surfaces (Fig. 7(a)). In contrast to the neat epoxy, a rougher surface is observed in Fig. 
7(b, c & d) indicating that the presence of CG, CRG and CRSMG forced the crack to propagate 
along a very tortuous path by the creation of matrix plastic deformation and localized shear yielding. 

4. CONCLUSION 

 Bulk synthesis of CRG and CRSMG could be carried out via GO reduction using graphite as 
the starting material. Synthesized graphene sheets were characterized by a variety of complementary 
methods to confirm the structure and properties. SEM showed fluffy morphology and few layer 
graphene sheets. D and G peaks in Raman spectrum give credence to the formation of graphene. 
XPS results confirmed that the silane molecules were attached on the surface of graphene sheets. 
Simultaneously, most of residual oxygen-containing functional groups of GO were reduced and the 
sp2-hybridized structure of graphene was restored. CG/epoxy, CRG/epoxy and CRSMG/epoxy 
nanocomposites were fabricated for direct comparison in mechanical properties. The optimum CRG 
and CRSMG loading in epoxy for enhanced properties is 0.25 phr. Inclusion even of 0.1 phr CRG 
and  CRSMG in an epoxy resin showed 14.8% and 26.57% increases in tensile strength and the 
corresponding SEN-TPB fracture toughness displayed  48.11%, 57.97% increase respectively. These 
findings confirmed the improved dispersion and interfacial interaction in the composites arising 
from covalent bonds between CRSMG and the epoxy matrix. Morphological characterization such 
as SEM was also performed on the epoxy nanocomposites and correlated with their mechanical 
performance. 
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ABSTRACT 

The ultimate objective of an irrigation project is to achieve efficient and effective use of stored water 
for maximum agricultural production. Estimation of water loss during conveyance and distribution 
in irrigation network is of great importance to improve the efficiency of the irrigation system. 
Kakkodi Branch Canal having an ayacut of 3140 ha of the Left Bank Canal of Kuttiadi Irrigation 
Project has been selected for the present study. Kakkodi Branch Canal takes off from the Left Bank 
Canal at 14.4 km and has a length of 35.2 km. The flow from the Left Bank Canal is regulated 
through a regulator at Kayanna. This branch has 8 distributaries, 2 sub-distributaries and 16 direct 
field bothies.  The conveyance losses have been estimated using inflow – outflow method, while 
velocity has been determined using current meter or float whichever is found suitable. With a view 
to know the existing condition of the Kakkodi  canal system, a GPS (Global Positioning System) 
survey has been carried out before opening of the canal water for irrigation purposes. Based on the 
observations during the GPS survey the entire canal system has been classified into six categories; 
namely new Cement Concrete (CC) lining, old CC lining, damaged CC lining, Random Rubble (RR) 
masonry lining, plastering over RR masonry lining and unlined portion. Flow measurements were 
taken for segments corresponding to each type of lining in each canal system during March –April 
months.  The conveyance loss of branch canal, distributaries, sub-distributaries and field bothies in 
all categories of lining were estimated using inflow-outflow method. From the analysis, it was found 
that conveyance loss(in percentage) varies from 0.6 - 10.0 % for new CC lining, 0.3 - 21.0 % for old 
CC lining, 1.5 - 30.0% for damaged CC lining, 5.0 - 20.0% for RR masonry lining, 0.8- 15.0 % for 
plastering over RR masonry lining and 1.0- 26.0 % for unlined portion. Lowest value of conveyance 
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loss is observed for new CC lining and highest values obtained for old CC lining. The results of 
conveyance loss in the canal network indicate that the conveyance efficiency of the unlined sections 
would be very less when compared to that of newly lined Cement Concrete sections. The length of 
new CC lined portion is less when compared to the unlined length and other type of the canals. The 
major length of the whole canal system remaining unlined leads to poor system performance in 
terms of conveyance efficiency. During the field survey, it was also observed that leakage and 
damage of the appurtenance structures worsens the situation more critical. Kannankara aqueduct and 
Palath syphon experiences heavy leakage. Kottoor aqueduct and Edakkara syphon are also seriously 
affected. The sides of the canal banks require urgent repair to arrest leakage. Sufficient financial 
support and staff has to be ensured for each Division for improving the irrigation system. To avoid 
wastage and over irrigation, pricing policy for irrigation water has to be adopted. 

1   INTRODUCTION  

 Seventy percent of the available water resources is consumed for agricultural purposes. The 
ever- increasing water demand along with the depleting water resources warrants refined water use 
practices in irrigated agriculture to attain the improved socio economic benefits.   The performance 
of irrigation systems is of serious concern to farmers who rely on them for their crops and 
livelihoods and to the Government for the investment cost. Large-scale canal irrigation systems, in 
particular, are in poor condition such that they are not properly maintained, operations are 
inadequate, water supplies do not reach the end of systems, and the timing of water supply is also 
unreliable. The wide gap between actual and desirable performance threatens the sustainability of 
irrigated agriculture.Future growth in irrigation now depends on improving the efficiency of the 
existing systems, rather than further use of scarce water resources. The irrigation sector must be able 
to use the resources efficiently with minimal losses and effectively with maximum production. In 
this context, water loss during the conveyance and distribution in irrigation network is of great 
importance to improve the efficiency of the irrigation system. Conveyance loss mainly consists of 
operational losses, seepage losses and evaporation losses. Seepage loss accounts for major portion of 
the water conveyance losses in canals. Seepage is the movement of water through the bed and sides 
of the irrigation canals. It is in this background, Kakkodi Branch Canal system of Kuttiyadi 
irrigation project in Kozhikode has been selected for estimation of conveyance loss. Strategies for 
improving the conveyance efficiency have also been suggested in this paper. 

2 MATERIALS AND METHODS 

 The Kuttiyadi Irrigation Project is one of major irrigation project in Kerala serving 
Kozhikode, Koyilandi and Vadakara Taluks of Kozhikode district. It was taken up for execution in 
1962 and was partially commissioned in 1973. It is designed to serve irrigation facilities for paddy 
cultivation in an area of 14569 ha. The Kuttiyadi Irrigation Project consists of a gravity type stone 
masonry dam of length 170 m flanked by 13 earthen dams of total length 1844 m constructed across 
the Kuttiyadi River and a canal system. Kakkodi Branch Canal (KBC) having an ayacut of 3141 ha 
of the Left Bank Canal of Kuttiadi Irrigation Project has been selected for the present study. It has a  
length of 35.32 km and  is the  longest branch of LBC.  KBC  takes off from 14.44 km of LBC to the 
right side at Kayanna. KBC is designed to carry a discharge of 3.435 cumecs. Kakkodi Branch Canal 
along with its 8 distributaries, 2 sub distributaries and 16 field bothies provide irrigation facilities to 
about 19 villages in Kozhikode district. Fig 1 shows the location map of Kakkodi Branch Canal 
system and it’s command area and Fig 2 furnishes the cut off diagram of Kakkodi Branch Canal 
system. 
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2.1 Field Investigations 

A field survey using Global Positioning System (GPS) has been carried out to evaluate the present 
condition of the Kakkodi Branch Canal (KBC) system. The survey along the entire canal system has 
been completed before the opening of the canal. Once the canal was opened for distribution, the next 
step was the determination of discharge at the starting and ending points of each canal of the KBC 
system. For this a float or current meter whichever is found suitable, has been used to obtain the 
velocity of flow at each location. Wetted areas of cross section of each of these locations were also 
computed using the actual field measurements taken. Conveyance losses were estimated using the 
standard procedures. 

 

 

 

 

 

 

 

 

Fig 1. Location Map of Kakkodi Command Area 

2.2 Derivation of  Canal Network Map in GIS 

The field co-ordinates in terms of latitude and longitude obtained from GPS survey have been  used 
to derive the layout of Kakkodi Branch Canal network in ArcMap 9.3. Fig 3 shows the canal 
networks map of  KBC command area 
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Source: WRD, Government of Kerala 

Fig 2 Cut off Diagram of Kakkodi Branch Canal System 

 

 

 

 

 

Fig 3: Kakkodi Branch Canal Network and 

Command Area 

2.3 Estimation of Conveyance Loss 

The inflow-outflow method was the most appropriate methodology, which gives the loss occurring 
during water conveyance in the open canals without obstructing the seasonal irrigation operation of 
the irrigation canals. This method is based on measuring the rates of water flowing into and out of a 
selected section of a canal. The difference between inflow and outflow is attributed to seepage loss, 
after accounting for inflows and known losses (evaporation).  Following formula has been used to 
calculate water conveyance loss in defined canal sections of sufficient length:               

Where S- Conveyance loss in the canal segment (     ) ,    -  Inflow to the segment (m3/s),   - Outflow from the segment (     ),   -  evaporation (  )  -  inflow to the segment from other sources (m3/s),  -  water diverted from the segment (m3/s) 

Evaporation loss (E) was considered zero for the purposes of the study. Moreover, as there was no 
flow into the segment from outside (I), or diverted from the segment (D), both values were 
considered zero. 

3 RESULTS AND CONCLUSIONS 

The extensive field survey using GPS provided an overall view on the present status of the KBC 
system. The lining in canals has been classified into New Cement Concrete (CC) lining, Old CC 
lining, Damaged CC lining, Random Rubble (RR) masonry lining, Plastering over RR masonry 
lining and Unlined based on the observations during field survey Cement Concrete(CC) is the 
commonly used lining material. Random Rubble(RR) masonry and plastering over RR masonry are 
still being used. About half the length of KBC is completely lined. In the Cement Concrete lined 
portion of Kakkodi branch, only a length of about 4.2 km is in good condition to reduce the seepage 
loss. It has been observed that a huge quantity of water is being lost through seepage in KBC. The 
lining works are concentrated mainly on the branch canal, distributaries and some portions of sub 
distributaries. The major portions of the field bothies are remain unlined. Table 1 gives the details 
regarding the length and material used for the lining.  
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3.1 Derivation of Conveyance Loss 

Conveyance loss has been derived using the standard procedure of inflow-outflow method based on 
the actual field measurements such as velocity of flow and canal cross sections.  The flow 
measurements have been taken for each type of lining and conveyance loss  for each type of lining 
have been estimated. Table 1 shows the conveyance loss in the main branch and distributaries of 
KBC network. Since irrigation water was not reaching some parts of the distributaries, the 
measurement could not be taken in that reaches. From the table, it is clear  that conveyance loss(in 
percentage) varies from 0.6 - 10.0 % for New CC lining, 0.3 - 21.0 % for Old CC lining, 1.5 - 30.0% 
for Damaged CC lining, 5.0 - 20.0% for RR masonry lining, 0.8- 15.0 % for Plastering over RR 
masonry lining and 1.0- 26.0 % for Unlined. 

Lowest value of conveyance loss is observed for New CC lining and has higher values for all other 

types of lining. The results of conveyance loss in the canal network indicate that the conveyance 
efficiency of the unlined sections is less when compared to that of newly lined Cement Concrete 
sections. Also it is obvious that the length of New CC lined portion is insignificant when compared 
to the unlined length for majority of the canals. The major length of the whole canal system 
remaining unlined leads to poor system performance in terms of conveyance efficiency. During the 
field survey, it was also observed that leakage and damage of the appurtenance structures worsens 
the situation. A large quantity of water is wasted through leakages. For example, Kannankara 
aqueduct and Palath syphon experiences heavy leakage. Kottoor aqueduct and Edakkara syphon are 
also affected by heavy leakage. The sides of the canal banks too require urgent repair to arrest 
leakage.  
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 The following aspects need to be considered for further improvement of of Kakkodi Branch Canal 
system in Kuttiadi Irrigation Project. 

Lining of unlined sections of canal network 

It is clear from the Table 1 that the conveyance loss in unlined sections is almost double of that in 
newly lined sections. Also growth of weed, vegetation and siltation are the ill effects of the unlined 
sections. Hence the unlined sections have to be lined with Cement Concrete urgently; thus improves 
the conveyance efficiency as well as creates additional area for irrigation. 

Timely repair and proper maintenance of appurtenant structures  

 Regular maintenance of aqueducts, gates and shutters are essential to eliminate losses due to 
leakage. For ensuring volumetric supply of irrigation water to farmers, water meters and appropriate 
control structures have to be installed in the whole system. 

Awareness programme 

Timely awareness programmes/training has to be given to the farmers to educate them on various 
issues related to agricultural water management. 

Water pricing 

Appropriate pricing policy for irrigation water has to be adopted in order to avoid wastage and over 
irrigation  

Financial support and staff 

Sufficient fund and staff has to be ensured for each Division of Irrigation Department for the smooth 
functioning of the irrigation system 
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ABSTRACT 

With the ever growing population and increase in energy demand, development of alternative 
environment friendly and energy efficient building materials is of a growing concern. The need of 
the hour is to develop simple technologies using locally available materials, and that are renewable 
in nature. Kerala is rich in good fertile soil which is predominantly fine grained. This resource can 
be effectively used in construction in a wide range. Compressed Stabilised Earth Block (CSEB) is 
such an alternative in which raw earth is moistened, compressed and stabilised with suitable 
additives, to form a hard block, which can potentially replace conventional brick masonry. Studies 
conducted by several institutes and organizations show that CSEB satisfies the strength, durability 
and water absorption characteristics for masonry , and serves as a better building material than fired 
bricks, in terms of energy efficiency, cost and value. However, the studies conducted so far made 
use of soil, with clay content less than 15%. The soil in most parts of Kerala is predominantly fine 
grained. Hence, the work aimed at studying the properties of such soil, and its feasibility compared 
with conventional fired bricks.  

On observing the campus playground of NSS College of Engineering, Palakkad, it was found that 
considerable amount of laterite soil was available in the campus playground, which was proposed to 
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be levelled for future activities. Meanwhile, an academic block was also proposed to be constructed 
in the campus. Hence, the work specifically focused on analyzing the feasibility of using CSEB 
made of the soil in the playground, for the construction work in the campus, thereby reducing cost 
and promoting the traditional industry in Kerala through a sustainable method of construction... 

The work involved preliminary studies on the soil properties, tests to determine best admixture and 
mix proportion, and laboratory testing of prepared CSEB for its strength and durability 
characteristics. Feasibility studies were also done, and it was observed from the work that, CSEB 
could efficiently replace traditional brick masonry with an added advantage of being eco-friendly, 
cost effective and simple.  

INTRODUCTION 

    In the scenario of sustainable development and rapidly growing population of the world, there is a 
need for alternative construction materials and technologies that lessen the demand on non-
renewable resources. The scarcity and high cost of building materials impedes the development in 
construction sector [3].The development of energy efficient building materials will be of immense 
benefit to minimize the environmental impacts. Low-cost housing must ideally rely on locally 
available raw materials. Furthermore, they must be abundantly available and be renewable in nature 
[3]. Earth has been used for construction for thousands of years throughout the world. It has now 
been investigated and utilized as a possible form of sustainable construction, in both developing and 
developed countries. A lot of research has been done into the use of interlocking mud blocks as an 
environmentally sound, and economical method of satisfying the housing demand in many countries, 
particularly in poorly developed areas of sub-Saharan Africa and the Middle East. Being a multi-
component system consisting of stones, silt, clay, sand, water and, organic humus (near the ground 
surface), the structural stability of earthen buildings is maintained by the structural integrity of the 
stone and sand framework, by the pore filling ability of the silt and most importantly, by the binding 
capacity of the clay, which are in turn influenced by the soil moisture content. Approximately, in 55 
% of the Indian homes, raw earth is used for wall construction. 

     Mud bricks perform considerably better, than fired bricks, in environmental terms. They 
contribute fewer CO2 emissions, have significantly less embodied energy, and help to promote the 
local economy and local labour. At first glance mud blocks appear to be an ideal solution for an 
economically viable, sustainable construction material. 

     However, construction using raw earth has some serious limitations: i) Moisture penetration ii) 
Erosion of walls at lower level by splashing of water from ground surfaces. iii) Termites and pests 
attack. ii) Low durability iv) Frequent maintenance [3].     To overcome these drawbacks, the soil 
mix can be stabilized using additives like cement, lime or some natural admixtures. The new 
technology of Compressed Stabilized Earth Block (CSEB) focuses on developing stabilized earth 
masonry brick using an activated industrial by-product and natural earth. The use of an industrial by-
product available in the country will reduce the final price and make masonry brick production more 
sustainable. [4] 

      Studies have been conducted on the properties of CSEB like density, water absorption, 
compressive strength, thermal properties and durability. The results show that the Compressed 
Stabilized Earth Blocks performed reasonably well, compared with others in terms of their strength 
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characteristics. Meanwhile the reduced transportation time, cost and energy consumption make it 
more eco-friendly than other materials. 

MATERIALS AND METHODS 

           The work was started by collecting soil samples from the campus playground, using an auger 
bore, from a depth more than 50cm from the surface.  To study the properties of the soil, preliminary 
tests were done. This involved sieve analysis and Standard proctor test. After studying the soil 
properties like grain size, optimum moisture content etc. (as per IS 2720 Part 4- 1985), cement cubes 
of size 5cm x 5cm x 5 cm were prepared in different proportions of admixtures (cement and lime). 
To determine the compactive effort to be used in the cube preparation, a sample block was   prepared 
in the soil block making machine, using M43 grade cement 15% and water content 23%. The dry 
density of the block was found to be 1.472g/cc. Now, from the volume of the mould (for cube), and 
the density to be achieved, the mix proportion (using M43) was calculated. Based on this, the cubes 
were prepared and water cured for 28 days. These were then tested for compressive strength, the 
results of which are plotted in the next section.              

                 

              

   

 

 

 

 Fig 1: Preparation of soil cement cubes        Fig 2: Testing of cubes in UTM 

 Based on the cube test results, mud blocks were prepared in the soil block testing machine 
(MARDINI), in different proportions of cement and at a water content of 23%. The blocks were 
water cured for 28 days and tested for compressive strength, water absorption and efflorescence as 
per the procedure specified in IS 3495 (PART I-IV). Based on the test results, the best admixture and 
its proportion were finalised. 

 

 

 

 

 

 

 

Fig 3: Soil block machine MARDINI                       Fig 4: Prepared CSEB 
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RESULTS AND DISCUSSION 

RESULTS 

1.1 DRY  SIEVE ANALYSIS  

 Results 

 

                                             Fig 5: Particle size Distribution curve 

1.2. WET SIEVE ANALYSIS 

 Results 

% weight retained=29.867 

% of fine grained particles (finer than 75mic) =70.133% (clay and silt). 

  2. STANDARD PROCTOR TEST  

 

Fig 6: Dry density Vs Water content 

From the graph, 
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Optimum Moisture content=26% 

C) SOIL CEMENT CUBE COMPRESSIVE STRENGTH TEST  

Cement content 10%                                    Cement content 15% 

 

Fig 7: Cube compressive strength Vs         Fig 8: Cube compressive strength Vs   water            

water content for cement content 10%             content for cement content 15% 

   Cement content 20% 

  

Fig 9: Cube compressive strength Vs                 Fig 10: Cube compressive strength Vs 

       Water content for cement content 20%                        Cement content 

     From the test results, it was found that even with 10% cement content, the compressive strength 
was above 30Kgf/cm2, the minimum strength specified as per IS 1725-1982 for class 30 mud blocks. 
Also, the maximum strength was found to be for water content 23%. Hence, mix proportion of 10% 
cement content and 23% water content was adopted for the manufacture of mud blocks. 
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D)  LIME CUBE TESTS 

Lime content 10%                                               Lime content 15% 

  

Fig 11: Cube compressive strength Vs           Fig 12: Soil-lime cube compressive strength 
Water content for lime content 10%                    Vs Water content for lime content 15%  

Lime content 20% 

    
Fig 13: Soil-lime cube compressive strength Vs Water content 

 Result  

     Thus, from the tests, it was clear that, strength of the lime cubes were below 2 N/mm², the 
minimum strength requirement for mud blocks specified in IS 1725-1982.Therefore, lime 
stabilisation cannot be  adopted for stabilising the soil in the campus . 

E) CEMENT STABILISED MUDBLOCK TESTING 

28 days Compressive Strength 
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Fig 14: CSEB compressive strength Vs Cement content 

     At 10 % cement content, the compressive strength of the CSEB was above 2 N/mm2, the standard 
specified for class 2 mud blocks, as per IS 1725: 1982, whereas at 13% cement content, it was above 
3 N/mm2, meeting the standards for class 3 mud block. 

Water Absorption 

Table1: Water absorption Vs Cement content 

Cement Content (%) Initial wt(Kg) Final wt(Kg) Water Absorption (%) 

10% 

8.305 9.541 14.883 

8.354 9.562 14.46 

8.512 9.745 14.485 

8.39 9.616 14.609 

13% 

8.776 10.091 14.787 

8.412 9.591 14.648 

8.623 9.852 14.253 

8.604 9.845 14.563 

16% 

9.056 10.304 14.016 

8.466 9.714 14.741 

8.632 9.889 14.562 

8.718 9.969 14.44 

 

     From the test, water absorption is found to be less than 15% (as per IS 1725: 1982) for all cement 
contents. 

Efflorescence 

     The mud blocks were tested for efflorescence, and it was observed that there were no perceptible 
deposits, and hence the efflorescence is ‘nil’. 

CONCLUSIONS 

From the work done, the following conclusions were arrived at. 
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1. The preliminary tests on soil, shows that the soil in the campus playground has more than 
70% fines and the maximum dry density of 1.52 g/cc is obtained at optimum moisture 
content 26%. 

2. From the compressive strength test done on cement stabilised cubes,  it is observed that even 
at a cement content of 10%,the 28 days compressive strength is above 30 Kgf/cm2 , the 
minimum strength specified as per IS 1725-1982 for class 30 mud blocks which can be used 
in load bearing masonry walls. The maximum strength is attained at water content 23%.  

3. The tests done on cement stabilised CSEB with cement proportions 10%, 13% and 16%, 
each at 23% water content, shows that CSEB satisfies the strength, water absorption and 
efflorescence characteristics required for mud blocks, as per IS 1725-1982 . 

4. The tests on lime cubes at 10%, 15% and 20% lime content shows that the 28 days 
compressive strength is less than 2N/mm2, and hence, it is concluded that lime stabilisation 
is not feasible for stabilising the soil. 

On the whole, CSEB is found to be a feasible alternative for fired brick in terms of strength, 
durability and economy, and from the tests ,it can be concluded that soil with more than 70% fines 
can be used for CSEB with cement stabilisation, without compromising strength and safety aspects. 
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ANALYSIS OF THE EFFECT OF RICE HUSK ASH & LIME ON THE PROPERTIES OF 

SOFT CLAY  
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Umadevi.S, M Tech Student, St Gits College of Engineering, Kottayam 
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ABSTRACT 

Kuttanad soil is one of the soft clay soils where the construction is very difficult as the soil is poor in 
drainage and weak in shear strength .Since the properties of the material are unable to reach the 
required specification it requires an efficient stabilization method to improve its load bearing 
capacity.  

           In the present study, tests were done in Kuttanad soil, to improve the bearing capacity by the 
addition of rice husk ash and lime. California Bearing ratio (CBR) tests were conducted to determine 
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the optimum percentages of rice husk ash and lime to be mixed with the soil. The unconfined 
compression (UCC) tests conducted with the optimum percentage of rice husk ash (rha) and lime 
showed an increase in the shear parameters. The X Ray Diffraction results showed the presence of 
different minerals and the structure of the soil is identified. The analysis of the foundation against 
settlement was also studied in finite element analysis. 

         The studies showed that 15%RHA and 6%lime gave the optimum values for California bearing 
ratio tests and unconfined compression tests.   By the chemical analysis a new mineral called Albite 
in the Feldspar group was identified in the stabilized soil.The analysis of the foundation in Plaxis 
software showed an improvement in the settlement of soil. The consolidation tests also showed an 
improvement in the consolidation after the stabilization of the soil. 

INTRODUCTION 

Construction on soft organic soils can be problematic because organic soils typically have low shear 
strength and high compressibility and are susceptible to differential settlements. Depending on the 
nature of the project the design solution may involve the expensive option of removal and 
replacement of the weak or compressible soils.  Other design options involve using ground 
improvement alternatives such as stone columns, grouting, wick drains, chemical stabilization, 
adoption of reinforced earth technique etc. Chemical stabilization with binders can be undertaken 
rapidly and often at low cost, and therefore chemical stabilization is becoming a major alternative 
But soil stabilization with lime and rice husk ash is a relatively new method. The aim of this paper is 
to investigate the influence of adding and lime on the  soil  and estimate soil strength. For this 
reason, sufficient laboratory soil tests, such as Atterberg limits, compaction, California bearing ratio 
(CBR), and unconfined compression test are carried out, and the results are analyzed. This paper 
presents results of the study using open field burnt RHA and lime on the selected geotechnical 
properties of soft clay in the Kuttanad region in Kerala . The chemical examination is also done 
before and after stabilization to find out the changes in chemical structure. A model of the 
embankment to ascertain the stability of foundation has also to be done in the plaxis software.                                

   This soft clayey soil requires an efficient stabilization method to improve its load bearing 
capacity. Kuttanad clays are dark brown coloured, medium sensitive, alluvial deposit, spread over 
the Kuttanad region in the state of Kerala in India. This area lies 0.6 - 2.2 m below mean sea level 
and a major portion of the region is in submerged condition during the monsoon season. 
Construction over loose and clayey soil is very difficult one. We are forced to construct over the 
available land. Sometimes the available soil itself may be loose soil or clayey soil. In order to 
construct over these soils, we have to stabilize the soil before construction. This is applicable in case 
of construction of building foundation and highway embankments. Another motivation for our 
project is the effective utilization of waste products in the construction field. In this way we can 
reduce the solid waste problem to a great extent. 

Barari,(2010) reported the results of  the Influence of using rice husk ash in soil stabilization method 
with lime. The results generally indicate that adding lime and rice husk ash causes a decrease in dry 
density and an increase in optimum water content. The plasticity index was also reduced in the 
stabilized soil. This causes an increase in shear strength.  

          J. Bindu (2012), conducted study an attempt was made to fix the range of cement content that 
is effective in improving the strength. It was found that cement content of 10 % to 30 % was 
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effective in improving the shear strength of the soil. Unconfined compressive tests were then 
conducted keeping the cement content in this range and curing period as 7, 14 and 28 days. An 
attempt has also been made to obtain a relationship between the water cement ratio, unconfined 
compressive strength and curing period. Cement content ranging between 10 % and 30 % was found 
effective in imparting strength to soil. It was also seen that increase in cement content and curing 
period resulted in strength gain of the soil which was mainly due to the formation of cementatious 
products . 

MATERIALS AND METHODS 

The soil used for the study was clay collected from Nedumudy region in Alappuzha district, Kerala. 
This area lies 0.6- 2.2 m below mean sea level and a major portion of the region is in submerged 
condition during the monsoon season in every year.Undisturbed representative samples were 
collected from a depth of 1 m from the surface. The soil was partially air dried before the 
commencement of the experiments. Laboratory tests were performed on the clay to determine the 
properties. Atterberg’s Limits was conducted and the soil was classified as MH or CH. The proctor 
compaction test conducted gave the the maximum drydensity as 1.31gm/cc and the optimum 
moisture content as 32%.The shear parameters were found out and the cohesion c 5kN/m2 and  the  
angle of internal friction φ 30.The CBR test gave the CBR value as 2.48.The soil properties indicate 
that it requires an effective stabization method to improve its soil properties. 

Experimental study was carried out on the test specimens to determine the characteristics of clay 
being stabilized by various percentages namely 5%, 10 %,15 %, 20 % and 25% of rice husk ash 
(RHA).The compaction test was conducted on the various percentages of RHA and the optimum 
moisture content  and maximum dry density was found out in each case. The shear parameters were 
found out and the cohesion c 6kN/m2 and the angle of internal friction φ η0.The CBR test gave the 
CBR value as 12.94. 

 Clay-RHA-lime- samples were prepared by adding 4%, 6%, 8% and 10% lime to the optimum 
percentage of RHA and soil. The compaction test was conducted on the various samples and the 
optimum moisture content and maximum dry density was found out in each case. The shear 
parameters were found out and the cohesion c 8kN/m2 and the angle of internal friction φ λ0.The 
CBR test gave the CBR value as 25.8.The tests indicated that 15% RHA and 6%lime gives the 
optimum values for stabilization. 

Representative oven dried powdered samples of pure clay and stabilized clay was prepared and the 
chemical analysis was done using X ray Diffraction method. The minerals were identified for both 
the samples. The chemical analysis indicates the presence of a new mineral Albite (Feldspar group) 
in the stabilized clay. 

Analysis was also done in the PLAXIS software for both the samples and the settlement of the 
foundation was found to be decreased remarkably for the stabilized clay. 

RESULTS AND CONCLUSIONS 

The results of the proctor compaction tests conducted on the various samples of clay –RHA mixes 
are given below. 

Table 1- Compaction Test Results with RHA 
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RHA 
content (%) 

Optimum 
moisture 
content (OMC 
%) 

max dry density 
g/cc(ϒdry) 

5 38.67 1.2125 

10 40 1.186 

15 34.3 1.188 

20 40.66 1.108 

25 45 1.008 

 

The CBR tests for the various mixes of RHA were found out by mixing the soil sample with the 
optimum moisture content and the results are given below. 

Table 2 - Variation of CBR values for RHA 

Mix Proportion Water 
Content (%) 

Soaked CBR 

100% soil 32 2.48 

95%soil+5%RHA 42 4.23 

90%soil+10% 
RHA 

52 7.46 

85%soil+15%RHA 25.5 12.94 

80%soil+20%RHA 45 9.45 

75%soil+25%RHA 46 6.965 

 

The variation of CBR with RHA % is shown below. 
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Figure 1- Variation of CBR with RHA% 

Atterberg limits test was also conducted for the optimum value of RHA and the values are:    Liquid 
limit =90; Plastic limit =62; Plasticity index =28  

Triaxial Test was also conducted for the optimum RHA and the values are:c = 6kN/m2, Ø = 50 

The results of the proctor compaction tests conducted on the various samples of clay –RHA –lime 
mixes are given below. 

Table 3 – Compaction test results with lime 

  

 

 

 

 

 

 

The CBR tests for the various 
mixes of RHA and lime were 
found out by mixing the soil sample 
with the optimum moisture 
content and the results are given below.The variation of CBR with lime % is also shown below. The 
CBR results show that 6% lime is the optimum value. Atterberg limits test was also conducted for 
the optimum value of RHA and lime and the values are:    Liquid limit =70; Plastic limit =64; 
Plasticity index =6 

Triaxial Test was also conducted for the optimum RHA and lime and the values are:c = 8kN/m2, Ø = 
90 

mix proportion Water 
Content 
(%) 

MDD( 
g/cc) 

85% soil+15%RHA + 2% 
lime 

38.33 1.1095 

85% soil+15%RHA +4 
%lime 

36.67 1.125 

85% soil+15%RHA +6% 
lime 

36.67 1.15 

85% soil+15%RHA +8%lime 40 1.1125 

85%soil+15%RHA+10%lime 43.33 1.055 
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Figure 2 – Variation of CBR with lime 

Table 4 – Variation of CBR with lime 

(85% 
KC+15%RHA+ ) 

Water 
content (%) 

Soaked 
CBR 

2% lime 53.67 7.46 

4%lime 42.8 20.89 

6%lime 39 25.8 

8%lime 54 20.89 

10%lime 48 18.1 

X Ray Diffraction results indicating the identification of minerals for the unstabilized clay and 

the stabilized clay are shown below.   

 

Figure 3 – Identification of minerals of unstabilized clay 
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Figure 4 – Identification of minerals for stabilized clay 

The new mineral Albite was identified for the stabilized clay as shown in the peaks. 

PLAXIS is a finite element package that has been developed specifically for the analysis of 
deformation and stability in geotechnical engineering projects. The simple graphical input 
procedures enable a quick generation of complex finite element models and the enhanced output 
facilities provide a detailed presentation of computational results. The calculation itself is fully 
automated and based on robust numerical procedures. The general procedures are for the creation of 
geometry model, the generation of finite element mesh, the execution of finite element calculation 
and the evaluation of output results . 

 

Figure 6 – Deformed mesh before stabilization 
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Figure 7 – Deformed mesh after stabilization 

The displacement of the deformed mesh was found to be decreased from 36 mm to 8mm.           

CONCLUSIONS 

It is observed that the plasticity index of the kuttanad clay has been decreased by 50% on addition of 
15 % rice husk ash and it has been further decreased by 10 % when 6% lime is added.It is observed 
that the CBR value of the kuttanad clay was found to be 2.48% and after stabilization with 15% rice 
husk ash it improved to 12.14% and on addition of 6% lime it improved to 25.8 %. The analysis is 
done in the plaxis software and it is found that the displacement under the foundation is reduced to a 
very large extent after stabilization.The chemical analysis of the sample was done using X Ray 
Diffraction method for the sample of clay before and after stabilization and the results showing the 
changes in peak values are illustrated. A new mineral Albite has been identified in the stabilized soil. 
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ABSTRACT 

The main objective of the study is to test the performance and feasibility of SWAT model for 
prediction of streamflow in Achencoil river basin, Kerala. The model is calibrated and validated for 
Kalleli gauging station in Achencoil river basin. The model is calibrated for a period of 16 years 
(1985 – 2000).  The calibrated model is validated for a period of 6 years (2001 – 2006). The landuse 
map used is from the toposheets and updated by ground survey. The simulated monthly streamflow 
has Nash Sutcliffe efficiency value of 0.40 for the calibration period. The model was successful in 
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simulating streamflow during validation period as indicated by Nash Sutcliffe efficiency value of 
0.57 and R2 value of 0.58. The model results in good performance showing that it is feasible for 
predicting streamflow in Achencoil river basin under changing landuse and climate conditions.  

INTRODUCTION 

                      Fresh water availability in many river basins in India is likely to decrease due to 
climate change (Gosain et al., 2006). This decrease along with population growth and rising living 
standards could adversely affect many people in India by 2050s.   In Kerala climate is dominated by 
south west monsoon with 80 percent of the annual rainfall occurring during the four months (June-
September). Kerala being an agricultural state, the availability of water for irrigation under the 
changing climate, land use/land cover change and rapid growth of population is important as the 
agricultural output is primarily governed by the timely availability of water.  In future, population 
growth along with a higher demand for water for irrigation and industries will put more pressure on 
water resources. An assessment of future water availability at various spatial and temporal scales is 
needed. An understanding of the hydrological response of a river basin under the present scenario 
would help to study the problems associated with floods, droughts and allocation of water for 
agriculture, industry, hydro power generation, domestic and industrial use.  

Here an attempt has been made to study the hydrologic response of Kalleli watershed in Achencoil 
river basin using the Soil And Water Assessment Tool (SWAT). SWAT is a river basin or watershed 
scale model developed to predict the impact of land management practices on water, sediment and 
agricultural chemical yields in large complex watersheds with varying soils, land use and 
management conditions over long periods of time. The model is physically based and 
computationally efficient. Only a few applications of SWAT model are made to Kerala conditions 
(Sathyan et.al.,2009, Raneesh et.al.,2010,Santhosh et.al.,2010, Celine et al., 2013) .  

Materials and Methods 

Study Area 

Achencoil river which is also called as Achencoil aaru flows through Pathanamthitta, Qulion and 
Alappuzha district before it join to Pamba river. The catchment area up to Kalleli gauging station 
with a drainage area of 419 km2 is taken as the study area. Figure 1 shows the map of Achencoil 
river basin with Kalleli watershed. 

SWAT model – data required 

              SWAT is a comprehensive model that requires a diversity of information. The input 
required for the model execution are spatial data which includes Digital Elevation Model (DEM) of 
the basin, land use map and soil map and temporal data prepared as individual text files . All the 
thematic maps are prepared using ArcGIS and data files are prepared as text files in the format 
required for the SWAT model, using the data collected from the departments concerned. 

 

Figure 1 Drainage map of Achencoil river basin 

Digital Elevation Model 
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             Topography is defined by a DEM that defines the elevation of any point in a given area at 
specified spatial resolution. The contour map is used for preparing DEM in ArcGIS. Figure 2 shows 
the DEM used for the execution of the SWAT model. 

Climate Data 

          The climate data used are precipitation, maximum/minimum air temperature and wind speed. 
Rainfall data from Achencoil and Konni gauging stations are used. A user weather generated input 
file is created from 13 years data record of Kayamkulam weather station. 

 

Figure 2     Digital 
Elevation Model (DEM) 
used For Watershed 
Delineation 

Stream flow data 

 Daily stream flow 
values for Kalleli was 
collected from the 

Hydrology division of Water Resources Department of Kerala state. These data are used for the 
calibration and validation of the SWAT model. 

Land use data 

 Land use map is prepared 
from the following toposheets 58C/11, 
58C/12, 58C/15, 58C/16, 58G/4, 
58G/8 collected from Survey of India 
topo sheets of the study area. Figure 3 
shows the SWAT land use of Kalleli 
watershed.  

 

 

Figure 3      SWAT Land use map of Kalleli watershed 

Soil data 

 Soil data required for SWAT model was collected from the Soil Survey Organization of 
Kerala State. Major soils of study area are Kumaranperoor, Gudarakal, Muzhiyar, Lakkattoor, 
Channapettah and Nedumpara. Figure 4 gives the major soils in Kalleli watershed.  
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Figure 4    Major Soils in Kalleli Watershed  

 

 

 

Model calibration and validation 

 In order to apply SWAT model to the Kalleli watershed the major steps involved are  Data 
preparation, Watershed delineation, HRU Analysis, SWAT simulation and finally calibration and 
validation. 

 The precipitation and climate data file for the simulation period 1982 to 2006 are created for 
the observed data in the format specified in SWAT. The spatial data sets required are projected to 
the same projection, WGS_1984_UTM_ZONE43N using Arc GIS 10. DEM is used to delineate the 
watershed and to analyse the drainage patterns of the land surface terrain. The land use / land cover 
spatial data is reclassified into SWAT land cover / plant types. User defined soil types are added to 
the soil database and the spatial soil data is reclassified in SWAT. Multiple slope of four classes and 
multiple HRU definition suggested by the SWAT manual – 20 percent land use, 10 percent soil and 
20 percent slope threshold are applied for this study. For simulation the watershed is subdivided in to 
a number of Hydrology Response Units or (HRUs) having unique soil and land use properties. There 
were 3 sub watersheds and 8 HRUs. The entire period of simulation taken is 1982 to 2006 with 1982 
to 1984 as warm up period. The warm up time is the time that the simulation will run before starting 
to collect results. The model is executed and simulated values are compared with the observed 
values. The model calibration is carried out to reduce percentage error. The data for the period 1985 
to 2000 are used for calibration of the model and the data for the period 2001 to 2006 are taken for 
validating the model. 

Simulated data from the SWAT model can be compared statistically to observed data to evaluate the 
predictive capability of the model. Santhi and others (2001) and Coffey and others (2004) 
recommended using the correlation coefficient (R2) together with the Nash-Sutcliffe model 
efficiency coefficient (NSE) (Nash and Sutcliffe, 1970) as a method to evaluate and analyse simulated 
monthly data. The R2 value is a measure of the strength of the linear correlation between the 
predicted and observed values. The NSE value, which is a measure of the predictive power of the 
model, is defined as : 
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where, 

 NSE = Nash-Sutcliffe coefficient, 

 Qo = observed discharge, 

 Qm = modeled discharge, 

 Qo = mean observed discharge, 

 Qt = discharge at time t. 

 

 A value of 1 for NSE indicates a perfect match between simulated and observed data values. 
A value of 1 for the R2 also indicates a perfect linear correlation between simulated and observed 
data values.  

 In order to avoid certain problems associated with R2 an index of agreement (d) (Willmott, 
1981 & 1982), is presented (equation 2). This statistic reflects the degree to which the observed 
variable is accurately estimated by the predicted variable. d is not a measure of correlation in the 
formal sense but rather a measure of the degree to which a model’s predictions are error free. It 
varies between 0 (complete disagreement between predicted and observed values) and 1 (perfect 
agreement). It is a dimensionless statistics and its value should be evaluated based on (a) the 
phenomenon studied, (b) measurement accuracy and (c) the model employed. 
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 Moriasi et. al., (2007) suggested a general performance ratings for recommended statistics 
for a monthly time step (table 1). 

Table 1   Performance ratings of recommended statistics for monthly time step for streamflow 

 

  

 

 

In the 
above 
table 

the NSE 
given 

Performance Rating RSR NSE PBIAS (%) Stream 
flow 

Very Good 0.00 RSR 0.50 0.75 NSE 1.00 PBIAS 10 

Good 0.50 RSR 0.60 0.65 NSE 0.75 10PBIAS15 

Satisfactory 0.60 RSR 0.70 0.50 NSE 0.650 15PBIAS25 

Unsatisfactory RSR 0.70 NSE 0.50 PBIAS25 
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is the Nash-Sutcliffe model efficiency coefficient and it is computed as per equation 1. RSR is the 
(root mean square error) RMSE-observations standard deviation ratio. RSR is calculated as the ratio 
of the RMSE and standard deviation of measured data, as shown in equation 3.  
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 Percent bias (PBIAS) measures the average tendency of the simulated data to be larger or 
smaller than their observed counterparts. The optimal value of PBIAS is 0.0, with low-magnitude 
values indicating accurate model simulation. Positive values indicate model underestimation bias, 
and negative values indicate model overestimation bias. PBIAS is calculated with equation 4: 
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where  

 PBIAS is the deviation of data being evaluated, expressed as a percentage 

 Yi
obs  is the observed value, Yi

sim  is the simulated value and Ymean is the mean of observed 
values. 

RESULTS AND CONCLUSIONS 

 For the calibration, the model is executed for the period 1982 to 2000, 3 years being taken as 
warm up period. The statistical values obtained for rating the performance of the model are given in 
table 2. As per the ratings given by Moriasi et al., 2007 (table 1), the SWAT model can be rated as 
satisfactory for the calibration period and good for validation period for predicting monthly flows in 
Kalleli watershed. The error depends on the uncertainty in the observed values. The correlation 
between the observed rainfall and streamflow values are poor, ie., the correlation coefficient is 
below 0.50. Figure 5 gives the observed and simulated streamflows at Kalleli. It can be concluded 
that the SWAT model is good to predict the monthly streamflows in Kalleli watershed of Achencoil 
river basin in Kerala.  

Table 2      Statistical parameters obtained during calibration and validation periods  

      for Kalleli 

Time period NSE R2 RSR d PBIAS (%) 

Calibration 0.40 0.37 0.77 0.77 -1.80 
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Validation 0.57 0.58 0.66 0.84 -9.80 

 

 

 

 

 

 

 

Figure 5 Observed and simulated streamflow at Kalleli (1985-2006) 
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STUDIES ON THE SHORELINE CHANGES DUE TO CONSTRUCTION OF 

BREAKWATERS AT MUNAMBAM INLET, KERALA  

Baby Girija D K, Deputy Chief Engineer,  Harbour Engineering Department,  Government of 
Kerala,  girijaravikedaram@yahoo.com 

ABSTRACT 

Munambam inlet is in the West Coast of India falling in Ernakulam–Trichur districts of Kerala. This 
is the point where the north branch of Periyar river after joining Chalakudi and Pullut rivers meets 
the Arabian Sea. Due to the littoral drift from the north direction, a sand spit had formed at the 
mouth which caused frequent capsizing of boats. In order to arrive at a permanent problem, two 
breakwaters of length 360 m and 625 m had been constructed in the year 2000. After the 
construction of the breakwaters, the sand spit disappeared and there was considerable improvement 
in the bathymetry at the initial periods but the problem recurred. This paper highlights the details of 
the shoreline changes from 1975 to 2012 derived from the actual field data and MIKE 21. The 
results indicate that the shoreline is advancing on both sides and accretion on the north side is about 
to bypass the mouth. Short term solutions for the management of the recurring problems are 
suggested in this paper. Long term solutions to the problem are also suggested, such as calling for 
the attention of the state and local government and research organizations. 

1. INTRODUCTION 

On the West Coast of India, Kerala has a coastline of 590 km with 41 west flowing rivers and 3 east 
flowing rivers[Harbour Engineering Department, (1997)]. The confluence of these west flowing 
rivers with the Arabian Sea forms 23 estuaries. Generally, three types of interventions occur along 
the coast. They are construction of fishery harbours, ports and sea walls. The Harbour Engineering 
Department of Kerala has taken up construction of 21 Fishery Harbours along the coast. Of which 9 
fishery harbours are in estuaries and others are in open sea. Some of these harbours are also 
functioning as ports. As part of the harbour/port constructions, so far 22.7 km of breakwaters have 
been constructed. In addition to the above, some groins have also been constructed by various 
departments to prevent erosion. The alignment of these breakwaters has been finalized based on 
physical and mathematical model studies. Consequent to the construction of these breakwaters there 
are changes to the shoreline. Munambam is one such estuary where two breakwaters of length 625 m 
and 360 m were constructed in 2000. In this paper the details of the shoreline changes in the estuary 
from 1975 to 2012, derived from the actual field data and MIKE 21, are highlighted. 

1.1 Existing Scenario 

Studies were undertaken on the shoreline changes and its impact on the coast around Munambam 
and morpho-metric changes in the Periyar river mouth area in 2009–10 by[ Praveen Kumar et al, 
(2010)]. The shoreline changes falling within a distance of about 27 km have been studied. The 
shoreline changes occurred in the study area during the period from 1910 to 2001 were broadly 

categorized under three sectors as presented 
in the ( Fig. 1 ) 

Fig. 1 Temporal changes in shoreline position 
around Munambam Harbour at Periyar River 
mouth, North of Kochi. Locality index: 
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Northern Sector: AZK –Azhikkode, EDL – Edavilangu. Central Sector: MUN – Munambam, PLP –
Pallipuram, KPL – Kuzhipilli, EDV – Edavanakkad, NYR – Nayarambalam. Southern Sector: 
NYR – Nayarambalam, ELP – Elangunnapuzha. 

[Paravath and Pareeth, (2006)], highlighted the impact of construction of breakwaters at Ponnani 
estuary on the coastal geomorphology. The results of the detailed analysis well established the 
shoreline changes and sand bar migration in the estuary. [Noujas et al, (2014)] studied 
the “Management of shoreline Morphological damages consequent to breakwater construction in the 
tidal inlet at Muthalapozhi, in Kerala, on the southern side of the study location”. [Bender and Dean, 
(2003)] presented a review of available studies on wave transformation by bathymetric changes and 
the resulting shoreline impacts.  

Description of the problem for the present studyThe inlet of Munambam is 40 km north of 
Cochin harbour and 85 km South of Ponnani port in Kerala State of India. The north branch of 
Periyar river after joining with Chalakudi and Pullut rivers meets the Arabian Sea at Munambam 

(Fig. 2). 
Formation of 
sand spit was 
observed at the 
mouth of the 
inlet due to the 
littoral drift 
from the north 
direction. This 
resulted in the 
shifting of the 

deep natural channel to the south parallel to the south bank taking a convex shape . The shape of the 
inlet as it existed in February 1975 is shown in ( Fig. 3). A comparison of the inlet as per February 
1976 survey and January 1978 survey is shown in (Fig. 4). The south bank was subjected to erosion 
due to the combined effects of wave action and strong river flows during the southwest monsoon. 
The orientation of the natural channel was also not suitable for navigation since the waves would be 
broadside on to the fishing vessels during the passage of ships through the channel. The heavy 
breaking action taking place over the bar added to the navigational hazards.The navigation through 
the natural channel was hazardous during rough weather. Several mechanized boats have capsized at 
the bar during rough weather. In order to overcome the above a northern breakwater of 625 m and 
southern breakwaters of 360 m were constructed in August 2000 based on physical model studies. 
After the construction of breakwaters the mouth has improved and sufficient depth was available for 
navigation in the succeeding years. The present paper is aimed at study of the shoreline changes 
before and after the construction of breakwaters. 

Fig. 2 Location map of Munambam Fishery Harbour in Arabian Sea. 
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Fig. 3 Inlet during February 1975. 

 

Fig. 4 Comparison 1976 & 1978 survey. 

2. MATERIALS AND METHODS 

The details of the shoreline evolution from 1975 to 2012 were based on the actual field data and 
Prediction of the Shoreline Evolution was done using MIKE Software. 

2.1 Shoreline analysis 

 Comparative lying of shoreline of Munambam for the periods 1991–1996, 2000–2001 and 2004–
2012 are shown in Figs.5–7 respectively. The vertical advancement of the shoreline, on either side of 
the breakwaters at different points for the period from August 2004 to November 2012 as shown 
inFig.8 have been analysed and the results are shown in Figs.9 and 10. The maximum advancement 
shoreline was of 350m found on the northern side and 120m on the southern side. The shoreline 
changes before and after the construction of the breakwaters were closely monitored. The shoreline 
on both sides is showing an accretion tendency (Fig. 11). 
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Fig. 5 Shoreline comparison 1991–1996. 

 

Fig. 6 Shoreline comparison 2000–2001. 

 

 

 

Fig. 7 Shoreline 

comparison 2004–2012. 

 

 

 

 

 

 

 

 

Fig. 8 Shoreline advancement measurement points. 
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Fig. 9 Advancement of shoreline on the southern side. 

 

Fig. 10 Advancement of shoreline on the northern side. 

2.2       Prediction of shoreline evolution using MIKE software 

LITLINE module of the MIKE software is also used to study the effect of wave climate on the 
shoreline changes. Initially, the coast is assumed to be without any sea walls or breakwaters and the 
effects were simulated for a period of about 2 decades (from 1983 to 2000), and it was found that the 
coast showed an accretion tendency towards the Northern side. A Southerly shift was also observed 
in the river mouth. The validation of the model result was done by comparing it with the real 
shoreline data for the year 2000 obtained from the Harbour Engineering Department. The results 
agree closely with real field data. Then breakwaters and sea walls were incorporated in to the model 
and the shoreline was predicted for the year 2015. The shoreline evolution before and after the 
construction of breakwaters are shown in Figs. 11 and 12. 
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Fig. 11 Shoreline changes for  Munambam using LITLINE (1983–2000). 

 

Fig. 12  Munambam coastline-2000–2015. 

3. RESULTS AND CONCLUSIONS 

3.1 RESULTS 

Heavy accretion was observed till the tip of the Northern breakwater which is about to bypass the 
mouth and considerable accretion was observed near the Southern breakwater also. It is found that 
accretion dominates the shoreline changes at Munambam. The results of shoreline evolution done 
using the MIKE 21 analysis closely resemble the actual prototype observations.  From the analysis 
of the field data, it is observed that the shoreline on both sides is showing an accretion tendency. The 
advancement of shoreline on both sides is a peculiar phenomenon unlike erosion on one side and 
accretion on the other which lead to manifold developments in this area due to availability of huge 
extent of land. Thus the breakwaters were found to be very effective in training the river mouth and 
trapping the littoral sediments along the Munambam shoreline. This aspect need to be studied with 
special emphasis because this is a unique phenomenon, compared to the usual tendency of accretion 
on one side and erosion on the other. 

3.2       CONCLUSIONS 

After construction of breakwaters at Munambam inlet the sand bar formation in the mouth has 
disappeared  and navigability of the inlet has improved. Heavy accretion is observed till the tip of 
the Northern breakwater which is about to bypass the mouth and considerable accretion was 
observed near the Southern breakwater as well. It is found that accretion dominates the shoreline 
changes at Munambam. The results of shoreline evolution carried out using the MIKE 21 analysis 
closely resembles the actual prototype observations. The advancement of shoreline on both sides is a 
peculiar phenomenon unlike erosion on one side and accretion on the other, had lead to manifold 
developments in this area due to availability of huge extent of land. Thus the breakwaters were 
found to be very effective in training the river mouth and trapping the littoral sediments along the 
Munambam shoreline. But the gradual reappearance of the offshore bar formation over a period of 
12 years is a matter of concern for the coastal engineers. Some short term measures for the present 
problems are suggested. Long term measures for the problems are much more cost intensive and it 
requires extensive studies also. Hence long term solutions of the problems of the inlet by state and 
local agencies are suggested, such as calling for the attention of the state and local government, 
research organizations. 
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ABSTRACT 

Wireless communication has been experiencing an exceptional growth at the end of the last 
century. This growth is likely to continue or even accelerate in the new millennium. PIFA 
antenna structure has emerged as one of the most promising candidate in the category of 
antennas used in handheld devices and most built-in antennas currently used in mobile 
phones include planar inverted F- Antenna (PIFA) due to its handy size, light weight and 
built-in structure. Broad range of applications employs PIFA as their basic antenna. In this 
paper a detailed theoretical study of Planar Inverted F Antenna is presented. 

INTRODUCTION 
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Recent years has witnessed a very rapid expansion of wireless communications. The main 
cause of this rapid expansion is the considerable advancements in the field of digital 
communications. In comparison with its analogue counterpart, digital communications has a 
greater immunity against noise and interference and provides greater security of 
information, through encryption. These features assisted the rapid growth of cellular phone 
systems. 

Now mobile phones have become an integral part of our day to day life. A wide verity of 
mobile phones is available in market which can support various applications and provide 
different types of services. Apart from the fact that today's mobile handsets are packed with 
more functions than ever, they are becoming increasingly lighter. With respect to its 
working one of the most important element in a mobile handset is its antenna. The various 
capabilities of a mobile phone such as Bluetooth, Wi-Fi, CDMA etc. cannot be functional 
without a good performing antenna . In addition, the antenna is generally required with 
small size and light weight. 

As antennas are becoming highly integrated in terms of design and their volume, the need 
for antennas featuring wideband, compact, high efficiency and multiband characteristics is 
growing. As a result, antennas have gone from external to internal. They have also become 
subject to numerous constraints in size and function. Currently a lot many researches are 
going on in the field of mobile phone antennas. 

The mobile phone manufacturers have increasingly focused on low profile, compact, multi- 
band capabilities for antennas. Recently, there has been a great demand for mobile devices 
and antennas that have small size with multiband operation because of widespread use of 
Bluetooth, GSM, and Wi-Fi which can be easily fabricated with low manufacturing cost. 

BACKGROUND 

PIFA antenna structure has emerged as one of the most promising candidate in the category 
of antennas used in handheld devices and most built-in antennas currently used in mobile 
phones include planar inverted F- Antenna (PIFA). Broad range of applications employs 
PIFA as their basic antenna. The main reasons for this are: 

1)They are of low profile in comparison to standard micro strip antennas because the short 
favors resonance for electrical dimensions smaller than half-a-wavelength ( /2) 

2)Their radiation patterns are near omnidirectional; 

3)They are installed above the phone circuitry, ‘reusing’ the space within the phone to some 
degree [1] 

4)They exhibit a low specific absorption rate (and less loss to the head) [2]. 

5)Easy fabrication 

6)Small volume 

5)Low manufacturing cost. 
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6)PIFA structure is easy to hide in the casing of the mobile handset as compared to 
monopole, rod & helix antennas. 

7)They can resonate at much smaller antenna size and by cutting slots in radiating patch; 
resonance can be modified. 

8)Proper changes results in multiband operation without much increase in volume. 

A detailed theoretical discussion, modelling and parametric study of planar inverted-F 
antenna is done in this paper. Next section discusses the theory of PIFA in detail. Section-A 
explains basic structure of a simple PIFA, Section-B quarter wavelength operation, Section-
C design equations and the relationship between various parameters, Section-D feeding 
techniques. The other topics discussed are impedance matching, parametric study of antenna 
dimensions and return loss, electric and current distributions, radiation in PIFA and its 
multi- band operations. 

PIFA THEORY 

A. PIFA Structure 

Planar inverted-F antennas evolved gradually from other antennas in order to overcome 
certain limitations of its preceding structure. The first in the line is a monopole antenna. 
Monopoles were the antenna of choice for the earliest mobile phones. They have the 
advantage of providing significant clearance between the antenna and the head, which 
allows low SAR and, perhaps most importantly, high efficiency to be achieved. The 

drawback of this type of antennas is that it makes the 
device larger and bulkier. 

 

In order to achieve compactness the monopole structure was transformed into a structure as 
shown in fig.1. Since the structure resembles an inverted L the antenna is called an inverted-
L antenna. The inverted-L antenna consist of a short vertical monopole and a long 
horizontal arm above it .Because of the addition of inverted L segment above the ground 
plane, it is difficult to match inverted L antenna to the feed line. 

Inorder to reduce the mismatch losses the next step was to develop an antenna with nearly 
resistive load. For this kind of operation the inverted – F antenna (IFA) was designed. As 
seen from fig. 1 the structure resembles an inverted F so the antenna is called an inverted-F 
antenna. It adds a second inverted – L segment to the end of an ILA structure. This 
additional segment gives a convenient option for tuning original ILA. 

Fig.1: From monopole to PIFA 

Fig.1: From monopole to PIFA Fig.2: Basic PIFA Structure 
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But the limitation with IFA is that it has very narrow bandwidth [3]. In order to improve the 
bandwidth characteristics, antenna has transformed the horizontal element from a wire to a 
plate resulting in the so called planar inverted-F antenna (PIFA). It has a self-resonating 
structure with purely resistive load impedance at the frequency of operation. 

Fig.2 shows a basic PIFA structure which is fed at the base by a feed wire. It consists of a 
ground plane and a top radiating patch. The top radiating patch is of length L1 and width 
L2.It is connected to the ground plane using a vertical wall of height h and width w. This 
vertical wall is commonly known as short pin or short post. The whole structure is exited by 
a feed probe which is located at a distance d from the shorting wall 

Fig.2: Basic PIFA Structure 

B. PIFA as a quarter wavelength antenna 

As seen in the previous section the PIFA structure comprises of a ground plane, radiator, 
feed line, and short pin. This structure resembles a short-circuit MSA .Therefore PIFA can 
be thought of as a shorted micro strip patch antenna with air as dielectric.[4] The side view 
of a micro strip antenna is shown in fig. It consists of two radiating slots. 

3 

 

A micro strip patch antenna is approximately a half wavelength long section of micro strip 
transmission line .The current and voltage distribution along the patch length is as shown in 
fig.3. From fig it is seen that the impedance of the antenna is maximum at the ends and 
minimum at the middle. There is a virtual short circuit at the middle. If we replace this 
virtual short circuit with a physical short circuit we get a quarter wave length antennas. This 
halves the size of the antenna. 

The side view of PIFA is as sown in fig 3. It consists of only a single radiating slot. Hence 
the gain of PIFA is low compared to conventional micro strip antenna.PIFA is therefore a 
micro strip antenna which radiates at quarter wavelength. The current and voltage 
distribution along the patch length is as shown in fig.3. 

Fig.3: PIFA as a quarter wavelength antenna 

Fig.3: PIFA as a quarter wavelength 

antenna 
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The shorting post near the feed point of PIFA structure is a good method for reducing the 
antenna size, but this result into the narrow impedance bandwidth which is one of the 
limitations for its use in wireless mobile devices. 

C. Basic Design Equation 

The frequency at which PIFA resonates can be calculated by using a basic formula as given 
below 

L1+L2-W = /4 …………………………………………………………………………… (1) 

Where L1 is Top patch length L2 is Top patch Width 

 is wavelength corresponding to resonant- frequency 

This equation stems from the theory that if we arbitrarily take a point far away from the 
short circuit edge on the top radiating patch , and calculate the current path , on an average it 
will be equal to L1+L2-W 

But  = c/f …………………….……………………………………………………….….. (2) 

Also PIFA sits on top of a dielectric substrate with permittivity  

Therefore the above equation can be written as 

4 

L1 + L2-W = c /4f√ ………………………………………………………………………. 
(3) 

Where c is the speed of light, f is the resonant frequency 

Above equation represents that the resonant frequency is dependent on width and length of 
the top plate, the width of the shorting plate and the substrate used. Further more if the 
height of PIFA is taken as a parameter and if permittivity is taken as the effective 
permittivity respective to each substrate then the equation can be modified as [5] 

L1 + L2-W+h = c /4f√ 
………………………………………………………...…………..(4) 

Where the effective permittivity respective to each substrate is approximated using 
Equation: 

……………………………………………………………………………(η) 

From Equation 4, it should be observed that not only is the resonance frequency of PIFA is 
dependent on various parameters like the physical dimensions of the radiating element (L1 
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and L2), the width of the short as well as the thickness of the substrate. As width of the 
shorting plate also affects resonant frequency of the antenna so reduction in the width of 
shorting plate results in lowering the resonant frequency and vice versa. 

The substrate electrical properties as well as thickness affect the performance of PIFAs in 
terms of gain and bandwidth. Substrates with high loss tangent are very lossy and result in 
low gain. Substrates of high permittivity or of narrow thickness lead to poor radiators of 
narrow bandwidth. Hence antennas are often designed with thick substrates of low 
permittivity. However, the thickness of the substrate should be limited so that surface 
waves, which deteriorate the radiation efficiency, are not generated [1]. The height of the 
shorting plate plays an influential role in broadening the bandwidth of PIFA structure. 
Various techniques can be employed and the most widely used method is to increase the 
height of the shorting plate. But this finally results in increase of volume [5]. 

However this approximation is rough and does not cover all the parameters that significantly 
affect the resonant frequency of the antenna. For instance the performance of the antenna 
can be enhanced by varying ground plane length. Optimum length of the ground plane is 
0.4  at the operating frequency [θ]. In several designs, position of the antenna on the 
dielectric substrate is important as enhancement in the operating bandwidth can be achieved 
to few more percentage. Location of feed point and the type of feed used and position of 
shorting pin or plate etc are some other significantly influencing parameters. 

D. Feeding Technique 

The Coaxial feed also called probe feed is one of the most commonly used feeding 
techniques for PIFA.Microstrip line feed is also used but in such cases the inverted F 
structure is not maintained. The inner conductor of the coaxial cable extends through the 
dielectric substrate and is soldered to the radiating patch; while the outer conductor is 
connected to the ground plane .The antenna is fed through feeding pin which connects to the 
ground plane. This type of feeding technique allows designer to place it at any desired 
location in the patch for getting good impedance matching. 

E. Impedance Matching 

For an antenna to radiate all of the power it must be resistive and the resistance must match 
the source resistance. In the case of an antenna the system source is usually though not 
always the end of a transmission line which has an impedance of 50 ohm. 

As stated above PIFA is a microstrip antenna which radiates at quarter wavelength length. If 
we take the case of a microstrip antenna, which is approximately a half wavelength antenna, 
the antenna impedance in theory at the center is zero ohms and the end is infinite ohms and 
is resistive .Similarly if we take the case of a PIFA, as per theory the impedance from the 
short pin increase from zero to infinity with either end of the quarter wave having a purely 
resistive impedance. Anywhere between either ends, the impedance of PIFA increases or 
becomes a combination of resistance and reactance. 

Therefore somewhere between the ends lies the 50 ohm impedance. By optimizing the 
spacing between feed point and shorting point, impedance matching of the PIFA can be 
obtained [8]. By analyzing the resonant frequency and bandwidth characteristics we can 
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determine the optimum location of the feed point, at which minimum return loss is to be 
obtained. The shorting pin and shorting plate allows good impedance matching achieved 
with the patch above ground plane of size less than /4. Resulting PIFA structure is of 
compact size than conventional /2 patch antennas. 

The main idea designing a PIFA is to don’t use any extra lumped components for matching 
network, and thus avoid any losses due to that. Dependent of the antenna type there are 
several possibilities to obtain optimum impedance at the correct frequency. The size of 
ground plane, distance from antenna to ground plane, dimensions of antenna elements, feed 
point etc are factors that can affect the impedance. 

F. Electric field distribution 

The electric field under the planar element of the PIFA is z-directed. The dominant 
component of the electric field, Ez, is zero at the short circuit plate and maximum at the free 
end of the planar element. The electric fields, Ex and Ey are generated at all open edges of 
the planar element. Means that the electric line of force is directed from feed source to the 
ground plane. These are commonly known as fringing fields.[11] 

G. Current distribution 

PIFA has very large current flows on the undersurface of the planar element and the ground 
plane compared to the field on the upper surface of the element. Due to this behavior PIFA 
is one of the best candidate when is talking about the influence of the external objects that 
affect the antenna characteristics (e.g. mobile operator’s hand/head). PIFA surface current 
distribution varies for different widths of short-circuit plates. The maximum current 
distribution is close to the short pin and decrease away from it. [11] 

 Fig.4: 3-D view of simulated antenna structure 

H. Radiation in PIFA 

The patch acts approximately as a resonant cavity (short circuit walls on top bottom and 
side, open-circuit walls on the other side). If the antenna is excited at a resonant frequency, a 
strong field is set up inside the cavity and a strong current on the surface of the patch.The 
electric fields that extend out from the open circuit edge of PIFA (called fringing felids) 
causes PIFA to radiate. These fringing fields are the radiating sources in PIFA. 

I. Multiband PIFA 
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As a PIFA antenna is a distributed radiating system, too many parameters play a role in 
deciding the antennas characteristics. There are several ways to design a multi-band PIFA 
antenna. The most popular way is to cut slits on the patch. Those are used: to create new 
resonances, to lengthen the electric lengths,and to create new resonators. Here lowest 
frequency means the biggest wavelength in comparison to other higher frequencies and 
hence the respective current path should be the longest. The main advantage of this 
technique is that, it allows multi-band operation without much increase in the volume. When 
the antenna area is big enough, a better design approach is to use different independent 
branches to cover each band. 

Using one slit with multiple bands or multiple slits are ways to expand PIFA antenna 
bandwidth. Another way is to use parasitic element. In such cases there will be a main 
radiator and a parasitic element. The parasitic element usually resonates at the higher band 
increasing the bandwidth of the higher band. As higher frequency means smaller parasitic 
radiator, this also makes antenna design easier. [12] In all cases the resonant frequency is 
affected by various factors like the position of the slit, its length and width , the shape of the 
slit etc There are so many unknowns when designing an antenna for a real device, no 
formula can give an accurate prediction. The best way is to find out what the effect of each 
parameter is, then tune the antenna accordingly. 

J. Parametric study 

In a PIFA structure there are several design variables which can be varied and the 
performance of the desired antenna is achieved [9]-[10]. Some of the design variables are 
width, length and height of the top radiating patch, width and position of shorting pin or 
plate, location of the feed point, dimensions of the ground plane. 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: Simulated return loss 

for different heights 
Fig.6: Simulated return loss 

by varying the  
top-radiating patch length 
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To know the dependency of return loss on these variables, a parametric study was done on a 
basic PIFA structure. The procedure adopted for this study is that only one parameter is 
changed at a time to observe its effects on the PIFA characteristics while all other 
parameters are held constant. The software used for simulation is High Frequency Structure 
Simulator (HFSS) based on the Finite Element Method. 

The simulated structure is as shown in fig.4. It consists of main radiating patch, a 
rectangular ground plane, a shorting plate, coaxial feed and a ground plane. Total 
dimensions of the radiating parts of the antenna are 50 x 21 mm2. And that of ground plane 
are 120 x 50 mm2. 

Fig.5: Simulated return loss for different heights Fig.6: Simulated return loss by varying the 
top-radiating patch length 

The height of the antenna is varied from 10 mm to 4 mm and the return loss characteristics 
are simulated. As shown in fig.5 increasing height results in a better return loss 
characteristic.For a height of 10 mm keeping the initial dimensions of the antenna as such 
and varying the top radiation patch length as 50mm, 40mm and 25mm, the return loss 
characteristics simulated is as shown in fig.6. It can be seen that as L1 increases resonant 
frequency and return loss is lowered. 

Fig.7: Simulated return loss by varying the top varying the radiating patch width 

Fig.8: Simulated return loss by shorting pin width 

For a height of 10 mm , and L1 of 50mm changing the width of the top radiation patch as 
20mm,30mm and 40mm the return loss characteristics simulated is as shown in fig.7.As L2 
increases return loss increases.For a height of 10 mm , L1 of 50mm and L2 of 20 mm 

 

 

eturn loss 

dth 
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Fig.9: Simulated return loss by varying permittivity 

changing the width of the shorting plate as 1mm,2mm and 3mm the return loss 
characteristics simulated is as shown in fig.8. As W increases return loss also increases. For 
a height of 10 mm , L1 50mm, L2 20 mm, W 1mm , changing the return loss 
characteristics simulated is as shown in fig.9. FR4, Duroid, Mica and Alumina are used as 
substrate materials. 

CONCLUSION 

New high performance antennas are being developed to satisfy the competing demands of 
emerging wireless applications for small size, internal and low profile applications, and 
broad bandwidth or multi-band capability to support multiple services. One such structure is 
the PIFA antenna. The distinguishing fact of PIFA from other antennas is that they exhibit a 
low specific absorption rate and hence less hazardous when health issues related to exposure 
of electromagnetic radiations is considered. 

FUTURE TRENDS 

Compact reduced size antennas are mainly required for mobile communication equipment to 
meet its miniaturization requirement along with light weight. These applications demand 
some features like, compactness, wideband/multiple band operation, high gain, diversity 
reception, uniform radiation pattern, reduced radiation hazards. etc. The radiation hazard is 
an important issue from the point of view of user’s health. In planar inverted-F antenna 
research, a new trend is found where the researcher try to improve antenna characteristics by 
introducing different structures within the antenna geometry. With the development of 
computational electromagnetics new approaches of analysis has become another branch of 
activity. Optimization of patch geometry is an ideal technique to have single or more 
optimized figures of merit like, impedance bandwidth, efficiency and gain. Genetic 
Algorithm (GA) based optimization and application of Frequency Selective Surfaces (FSS), 
reducing the specific absorbtion rate etc is some other recent trends. 
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ABSTRACT 

Technology developed rapidly, science became advanced and the manufacturing age came into 
view. With all of these came one more effect, ie industrial pollution. We cannot reduce the number 
of industries, but we can reduce the industrial pollution. Recycling and reusing are the one of the 
effective way to reduce the industrial pollution. The synthesis of new materials with high separation 
efficiency is the need of the hour in order to overcome industrial pollution due to organic waste. In 
the present study we focused to develop new bentonite nanoclay reinforced crosslinked poly(vinyl 
alcohol) (PVA) membranes to separate azeotropic composition of water containing organics such as 
isopropanol and 1,4 dioxane by pervaporation process. A series of clay reinforced membranes were 
prepared by solution casting method.  The well dispersion of nanoclay in the PVA matrix is clearly 
obtained from the TEM analysis, crosslinked PVA with 2wt% clay loading showed well dispersed 
and exfoliated structure. The exfoliation of clay in the PVA/ clay membrane was supported from the 
XRD and TEM analysis. The water permeance of the nanocomposite membranes showed 100% 
increment than that of pure crosslinked membranes. Membrane selectivity increased 63% and 
overall 90% water separation can be achieved by PVA nanocomposite membranes.   

INTRODUCTION 

Membrane based separation is the most important energy –efficient separation processes. There are 
wide ranges of membrane based separation processes such as microfiltration, ultrafiltration, reverse 
osmosis, electrodialysis etc. Among these pervaporation is one of the most promising techniques [1-
2].   The promising technique is in the sense that it needs an ease of process design, low energy 
consumption, environmentally clean, economically cost effective and easily separate azeotropic 
composition without losing any components, unlike distillation in a short period of time. 

Isopropyl alcohol (IPA) and 1,4 dioxane are largely using  industrial solvents especially in the field 
of pharmaceuticals, electronic industries, petrochemical industries [3]. These solvents are miscible 
with water in all proportions and forms azeotropes at low water proportions. The separation of water 
from azeotropic mixture of organics is very difficult by normal distillation process [4]. This involve 
high energy and temperature; not an ecofriendly, energy saving process. To overcome this separation 
of organic solvents and water mixtures are done by pervaporation (PV) process. 

Poly(vinyl Alcohol) (PVA) is a water soluble synthetic polymer which exhibits excellent film 
forming, emulsifying and adhesive properties. The nanoclay filled PVA matrix manifested 
tremendous increase in its properties. So considering the environmental and economic aspects, in our 
present study we choose PVA as the polymeric matrix and bentonite nanoclay as the reinforcing 
material. The relevance of present study is that the PVA membranes are used for the separation of 
azeotropic composition of organic-water mixtures. However, to the best our knowledge the role of 
bentonite clay on the pervaporation performance has not been studied yet.  
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EXPERIMENTAL 

Materials: In this study Poly (vinyl alcohol) (PVA) with degree of hydroxylation 86-89% and 
average Mw -1,25,000 was purchased from S.D Fine chemicals, Mumbai, India. The bentonite 
nanoclay was procured from Sigma Aldrich, India. The cross-linking agent Glutraldehyde- 
25%(GA) and all other chemicals were analytical grade and was supplied by Merck India Pvt. Ltd, 
India.  

Nanocomposite Membrane Preparation: Thin nanocomposite cross-linked PVA/GA membranes 
were prepared by simple solution casting method. The bentonite nanoclay reinforced cross-linked 
PVA nanocomposite membranes were prepared by varying the concentration of the nanoclay. 0.5 wt 
% bentonite clay reinforced membranes were prepared   as follows.  The homogeneous solution of 
5wt% PVA was mixed with 0.5wt% bentonite clay, which was sonicated at 400C with sufficient 
amount of distilled water, and magnetically stirred at 400C for 2 hours.  The homogeneous mixture 
was cooled to room temperature. To this 1vol% HCl added as catalyst and then 5vol% GA was 
added slowly. It is then mechanically stirred for 1hour. The mechanically stirred solution is kept for 
30min for removing the air bubbles. The well dispersed solution of bentonite and crosslinked PVA 
were poured on a clean glass plate and dried in a hot air oven at 400C for 48 hours. Dried membranes 
were peeled off carefully and denoted as PVACr5(0.5). Similarly 1, 2 and 3 wt% nanoclay 
reinforced PVA membranes were prepared and denoted as PVACr5(1), PVACr5(2), PVACr5(3) 
respectively. 

Characterization of the membranes: Membranes were characterized by XRD, contact angle analysis 
and TEM analysis.  

Pervaporation performance of the membranes: The PV experiments performed for the separation of 
azeotropic composition of IPA-water mixture at room temperature. The schematic lay out of the 
experimental set up used for the separation is presented in Figure 1.  The PV system consisted of a 
detachable glass cell where the feed was maintained at room temperature for each run. The upper 
part of the cell holds the feed solution at atmospheric pressure, and the lower part holds the PVA 
membranes. The permeate was condensed and collected in a liquid nitrogen trap. The flux was 
calculated by the weighing of the permeate on a digital microbalance Mettler Toledo(JB1603-
C/FACT) having an accuracy ±0.0001g. The feed and permeate compositions were analyzed by gas 
liquid chromatography. All experiments were carried out at room temperature.  The experiments 
were repeated three times and the results were averaged.  

 

 

 

 

 

 

Figure 1: Schematic representation of PV apparatus. 
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           The pervaporation performance of the PVA membranes were evaluated by the separation 
factor (α) and the separation flux (J) by following equations  
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XA and XB are the composition of water in the feed and permeate respectively. YA and YB are the 
composition of isopropanol in the feed and permeate respectively.  

    

    tA
QJ 

                              (2) 

J is the molar flux of the membrane in kg m-2 hr-1, Q is the quantity of permeate in kilograms, A is 
the effective area of the membrane in m2 used for separation,‘t’ is time in hour.  

Permeance  and Selectivity; proposed by Baker et.al was more suitable to understand the real 
membrane intrinsic properties [5].        
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Permeance is most commonly reported as gas permeation unit (gpu)   and the ratio of permeance of 
components i and j through the membrane  gives intrinsic selectivity                          
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Result and Discussion    

XRD Analysis : In Figure 2, the XRD patterns of crosslinked PVA/Bentonite nanocomposite 
membranes shown no characteristic peak of bentonite nanoclay at 6.0980 with d-spacing 14.486A0, 
indicating that clay is exfoliated in PVA. The disappearance of bentonite peak in the PVA matrix is 

due to the extensive layer separation of 
silicate layers in polymeric matrix and forms 
a well dispersed polymer-clay structure, 
which affect the properties of the resulting 
nanocomposite membranes. 
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Figure 2: XRD spectra of the PVA/Clay nanocomposite membranes 

TEM analysis: The distribution of nanoclay in the polymeric matrix is obtained from the TEM 
images given in the Figure 3. The nanoclay layers are dispersed in the PVA matrix. The dispersion 
of the nanoclay increases with the concentration of nanoclay in the polymer matrix and PVA with 
2wt% clay loaded membranes shows better dispersion. The aspect ratios of the nanoclay were 
calculated and the values were slightly changes upon filler loading (Figure 3c). PVA with 0.5wt% 
clay loaded membranes showed aspect ratio value 22 with chain length of nanoclay 72nm. Aspect 
ratios of the 1wt% and 2wt% clay loaded membranes were 23 and 25 respectively. But at higher 
concentration, ie at 3wt%, the aspect ratio of the clay layers decreased to 20 with increase in the 
chain length to 130nm. Which suggest that the agglomeration of clay layers occurred at higher clay 
loading and agglomeration was clearly seen from the TEM images of the 3wt% clay loaded 
membranes (Figure  

 

 

 

 

3d) Figure 3: TEM images 

of the PVA/Clay 

nanocomposite 

membranes 

Contact Angle Analysis: 
The effect of nanoclay on the hydrophilicity of the crosslinked membrane is one of the important 
factors for water separation. From the Table 1,  it is clear that the water contact angle decreases on 
the addition of hydrophilic bentonite clay to the crosslinked membranes. The decrease in water 
contact angle with increase in filler loading indicates that the hydrophilic nature of the 
nanocomposite membranes increases [6]. Thus the membranes become more favorable for the 
separation of azeotropic mixture of water containing organics.  

Table 1: Water contact angle of the PVA/Clay nanocomposite membranes 

Sample 

 

Contact angle(0) 

 

PVACr5 75.92 ± 3.5 

PVACr5(0.5) 62.32 ± 1 

PVACr5(1) 60.03± 3 
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PVACr5(2) 58.66 ± 2 

PVACr5(3) 53.89 ± 2 

 

Pervaporation Performances: The pervaporation performance of the PVA nanocomposite 
membranes upon filler loading were summarized in the Table 2. From the table it is clear that the 
separation efficiency of the membranes increases with nanoclay loading. The hydrophilic nanoclay 
induces hydrophilicity to the polymeric matrix and so the membrane swelling in water containing 
solvents increases. Therefore the flux and separation factor of the membranes increases. It is 
interesting to find the intrinsic properties of the membranes rather than flux and separation separator. 
The flux normalized membrane permeance and selectivity gives more idea about the membrane 
performance. So the intrinsic properties of the membranes gave considerable attention in 
pervaporation separation. 

Table 2: PV performance of crosslinked PVA/Clay nanocomposite membranes for the separation of 
azeotropic composition 

 

Sample  

Azeotropic composition of Water and IPA Azeotropic composition of Water and 1,4 
dioxane 

Flux 
(Kg/m2h
r) 

Separatio
n Factor 

Water 
Permeanc
e (gpu) 

Intrinsic 
Selectivity 

Flux 
(Kg/m2hr) 

Separation 
Factor 

Water 
Permeanc
e (gpu) 

Intr
insi
c 
Sel
ecti
vity 

PVACr5 0.052 33.00 4166.00 47.00 0.012 9.00 2444.00 70.
00 

PVACr5(0.5
) 

0.059 39.00 4702.00 57.00 0.019 10.00 3854.00 77.
00 

PVACr5(1) 0.065 43.00 5170.00 62.00 0.023 22.00 4367.00 168
.00 

PVACr5(2) 0.104 53.00 8232.00 77.00 0.025 59.00 4675.00 442
.00 

PVACr5(3) 0.036 51.00 2852.00 74.00 0.020 17.00 3831.00 125
.00 

 

Water permeance of the nanocomposite membrane was enhanced from 4100 to 8200gpu for IPA 
separation and 2444 to 4675 for 1,4 dioxane. The water permeance of the 2wt% clay loaded 
membrane showed more than 90% enhancement than that of the crosslinked PVA membranes. The 
well dispersed and well exfoliated clay layers induced hydrophilic nature to the crosslinked 
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membranes. Thus the membranes become more selective towards the water and so the water 
permeance increased. Thus the corresponding intrinsic membrane selectivity also increased with 
increase in clay concentration. The well dispersed clay structure can be evident from the TEM 
images (Fig. 6).  

Crosslinked PVA nanocomposite membranes of this study are found be water selective with high 
water permeance and selectivity. The hydrophilic interaction of crosslinked PVA and bentonite clay 
is the reason for the intrinsic property enhancement of the nanocomposite membranes. The increased 
hydrophilicity with controlled segmental motion of the crosslinked membranes would result in the 
effective separation [7]. The contact angle analysis and TEM analysis supported the experimental 
results. Thus crosslinked PVA with hydrophilic bentonite clay is a good membrane for the selective 
separation of azeotropic composition of water and organic mixture.  

CONCLUSION 

The inorganic –organic hybrid membranes were prepared using crosslinked PVA and bentonite 
nanoclay via solution casting method.  The well exfoliated nanocomposite membranes were 
characterized by XRD and TEM analysis. The nanoclay enhanced the intrinsic properties of the PVA 
membranes for the separation of azeotropic composition of water-organic mixtures. 5vol% 
crosslinked PVA with 2wt% nanocomposite membranes showed better PV performance with more 
than 90% water separation. As the concentration of nanoclay increases, the crosslinked PVA 
membranes showed permselectivity towards water with better enhancement in its intrinsic 
properties. So the developed crosslinked PVA/hydrophilic bentonite nanoclay membranes are 
effective membrane for the separation of waste water containing organics. Thus the developed 
membranes can be effectively used in industrial application where IPA and 1,4 dioxane  pollution is 
more. 
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HIGH SECURITY MULTI-BIOMETRIC SYSTEM FOR NEWBORN IDENTITY 

VERIFICATION 

Vidhya G.R. Kumar, M.E. Applied Electronics, vidhuze@gmail.com 

ABSTRACT:   

Biometrics is a field of technology that uses automated methods for identifying or verifying a person 
based on the physiological or behavioral attributes such as face, finger prints, voice and iris. The 
various crimes against newborns like infant abduction, illegal adoptions, missing, swapping, baby 
girl killing, and child trafficking are on a rise. They pose high threats to the society and demand a 
tightly secure system. The measures to prevent such incidents must be effective, timely and robust. 
A proper identity verification system for newborns is a requisite in this current scenario. Hence a 
newborn personal authentication system is proposed to overcome this issue based on multi 
biometrics. Multi-biometric traits used are footprint of the newborn and fingerprint of mother for 
identification and verification respectively. The security of the system is further enhanced by using 
digital watermarking along with the concepts of Discrete Wavelet Transform(DWT), Discrete 
Cosine Transform(DCT) and by the use of key encryption. The proposed method is found to be 
highly accurate and also significantly reduces the memory requirement of the system. The 
experimental results are promising and prove to be an effective system making it the right choice for 
implementation in hospitals and birthing centers. 

I. INTRODUCTION 

Biometrics is a field of technology that uses automated methods for identifying or verifying a person 
based on physiological or behavioral traits. The term comes from the Greek words bios (life) and 
metrikos (measure). Biometrics is a good and feasible choice to deal with this task considering 
several factors, i.e., easy usage, fast processing, and low cost, good accuracy, etc. Physiological 
biometric identifiers include fingerprints, hand geometry, ear patterns, eye patterns (iris and retina), 
facial features, and other physical characteristics. Behavioral identifiers include voice, signature, key 
stroke, and others. Recently, apart from the conventional hard biometrics, a new class of soft 
biometrics is also emerging. These include height, weight, gender of the person, color of the clothes, 
hair color, etc. Depending on the application, a biometric system typically operates in one of two 
modes: verification or identification [Anil K.J., Ross A and S. Prabhakar (2004)]. In recent years, 
biometric authentication has seen considerable improvements in reliability and accuracy, with some 
biometrics offering reasonably good overall performance. However, biometric authentication 
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systems generally suffer from imprecision and difficulties in person recognition due to noisy input 
data, limited degrees of freedom, intra class variability, non universality, and other factors that affect 
the performance, security, and convenience of using such systems [Marina L. Gavrilova and Md. 
Maruf Monwar (2009)]. 

Multi-biometrics is a relatively new approach to biometric knowledge representation that strives to 
overcome the problems by consolidating the evidence presented by multiple biometric traits/sources 
when compared to the unimodal biometric system that employs single biometric trait to identify the 
user [M. P. Down and R. J. Sands (2004)]. 

II. NEWBORN RECOGNITION 

Conventional method of newborn recognition in hospitals is the use of identity (ID) bands or 
bracelets are not so effective. Human traits such as iris, fingerprint, hand geometry, voice are not 
suitable for newborn personal authentication [ Anil K Jain (2011)] , [Aruni Singh, Sanjay Kumar 
Singh and Shrikant Tiwari (2011),(2012)]. The DNA examination is proven to be efficient in the 
univocal identification of individuals, but it comes at high cost and demands sophisticated laboratory 
procedures, therefore cannot be used in real-time applications. Compared to other techniques, 
footprint recognition is very attractive for newborn personal authentication. The currently followed 
practices in hospitals after birth of a newborn are to take impressions of the footprint of the baby 
along with the fingerprint of the mother and stored in a ledger with the date, time regarding the birth. 
This method of image acquisition is termed offline. Effectiveness of offline footprint recognition 
caused by its image quality is very low due to reasons such as the use of materials (ink, paper, and 
cylinder), untrained staffs for footprint acquisition. Also baby’s skin will be covered with an oily 
substance, reduced size of the newborn ridges, which are three to five times smaller than that of 
adults [D. Weingaertner, O. R. P. Bellon, L. Silva, and M. N. L. Cat (2008)]. 

III. PROPOSED METHOD 

A more rigorous approach which involves the multi-biometric online system is exploited fully to 
render a decision over the newborn identity claim and to overcome the drawbacks of offline system. 
Here the ink and paper method is replaced by a digital source (digital camera/high resolution 
scanner) and computers are used for processing and storage. The use of electronic processing results 
in higher speed, reliability, accuracy and is computationally efficient, more robust, easy storage and 
retrieval. This method conducts a preliminary study using a Digital Single Lens Reflective (DSLR) 
camera for capturing the footprint of the infant and extracting the texture feature from the image. 
The block diagram of the proposed method is shown in figure1. 

 

Figure1: Basic block diagram 

The two modalities considered in 
the system are the footprint of the 
infant and fingerprint of the 
mother. These two biometric traits 
are stored in a database, i.e. each 
infant is virtually assigned to the 
corresponding mother fingerprint 
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and is stored in the database. The retrieval and verification method is employed to identify the baby 
with his/her mother. 

A. Image Acquisition and Image Preprocessing 

The newborn’s footprint images are captured using Canon EOS 7D digital SLR (DSLR) camera. 
Since there are not many available newborn footprint databases, some of the images were captured 
in real time. The sample foot print image obtained is shown in figure 2a.After image acquisition the 
next task is preprocessing. The color image is first converted to gray scale for further processing. 
The preprocessing steps such as described in [S.Balameenakshi. S.Sumathi (2013)] are used to 
implement the system. 

1) Particle Filter: The significant structures in an image is separated from the rest of the image, the 
unwanted background are termed particles which may be of various size and shapes. 

2) Morphology: The concepts of erosion and dilation are used in morphology. 

3) ROI Extraction: A sub-image or template image with the fixed size on the basis of coordinate 
system, which is located at the certain part of the footprint for feature extraction, is extracted. 

B. Feature extraction 

The image is now almost free from background and the stable features in the image now needs to be 
extracted for further processing and storing as a template in database or for testing as shown in 
figure 2b. In general the newborns footprint image at low resolution contains rich features such as 
texture, line, and direction etc. Particularly, the pattern of footprint is similar to the one of palm 
print. In this regard, many methods proposed for palm print recognition can also be used for 
footprint recognition. The template region of the newborn footprint is rich in ridges and valleys. The 
two most prominent ridge characteristics, called minutiae, are ridge ending and ridge bifurcation. 
Ridge endings are denoted with red circles while the point where a ridge bifurcates in to two is 
encircled as green as shown in figure 2c. 

 

          

 

 

 

Figure 2a: Sample footprint image, 2b: Template image, 2c: Ridge endings and bifurcations 

C. Footprint matching and Fingerprint verification 

Matching is used to determine whether the footprints are from the same subjects. The pattern 
matching algorithm is used. Similar footprint patterns from the given footprint database are grouped 
for further identification. The extracted pattern (test image) is compared against the pre-registered 
pattern (training image) in the database. Typical methods that are commonly used for pattern 
matching are structural matching and template matching. Structural matching is based on comparing 
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locations of feature points such as bifurcations and line endings extracted from the two patterns 
being compared to obtain the matching score. Template matching is based on the comparison of 
pixel values of two pattern images and has been commonly used for line-shaped patterns. The 
identified newborn is now verified with the corresponding fingerprint of the mother in the same way 
as footprint matching. Fingerprints are graphical flow like ridges present on human fingers. 
Fingerprint matching generally depends on the comparison of local ridge characteristics and their 
relationships [A.K.Jain, L. Hong, R. Bolle and S. Pankanti(1997)].The two most prominent ridge 
characteristics, called minutiae, are ridge ending and ridge bifurcation. A ridge ending is defined as 
the point where a ridge ends abruptly. A ridge bifurcation is defined as the point where a ridge forks 
or diverges into branch ridges. 

D. Security Enhancement 

In order to increase the security of the system the principle of watermarking is used. Here the 
mothers fingerprint is embedded inside the footprint of the baby using a suitable embedding 
algorithm and is stored as database. The block diagram for the embedding process is shown in figure 

3. RGB image database is first converted to HSV image. Then 2D-DWT is applied to it followed by 
DCT. 

 

 

Figure 3: Block Diagram of embedding process 

The 2D- DWT is applied splits the image in to four details, a low contrast detail, vertical detail, 
horizontal and diagonal detail. This is shown in figure 4a. Now DCT is applied to any one of these 
four components and embedding is done using a diffusion coefficient. Then inverse DCT, DWT is 
subsequently applied and resultant image in the new 
HSV’ plane is converted back to RGB image 
and stored as database. The fingerprint hided 
HSV’ image and its corresponding RGB 
image is shown in figure 4b. At the time 
of matching and verification, the newborn 
footprint and mother fingerprint can be 
retrieved back and checked. 
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Figure 4a: Four components obtained after applying DWT, 4b: Data hided HSV and RGB 

image 

 Further the security can be enhanced by the principle of cryptography, i.e. providing a key 
for the system and allowing only an authenticated person to handle the system. By using this 
technique the memory requirement is also significantly reduced since mothers fingerprint is 
embedded inside footprint of newborn. The system is thus designed to do-match, embed or recover 
and analysis options which include the calculation of MSE (Mean Square Error), PSNR (Peak Signal 
to Noise) and Corr(Correlation). Figure 5 shows the analysis screen in which an input footprint and 
input fingerprint is taken and compared with database image and with options of finding 
corresponding MSE, PSNR and Corr. 

 

 

Figure 5: Analysis 

screen 

III. CONCLUSION 

An online footprint 
recognition method is 
proposed for newborn 
personal authentication. 
Those infants whom are 
identified by their 

footprint may be accepted falsely or rejected unknowingly. A final decision regarding the 
authenticity of the newborn cannot be decided by the unimodal system alone. Hence, they 
must be further verified by a multimodal system i.e. fingerprint of the mother. Once the 
identification is done, the next process of verification is begun using the mother fingerprint. 
Further the security and confidentiality is increased by embedding the mothers fingerprint 
inside the footprint of baby by using the principle of watermarking. This enhances the 
security of the system. The accuracy of the proposed system can be further enhanced and the 
memory needed can be significantly reduced by reducing the size of database. The Corr, 
PSNR and MSE values obtained shows high performance accuracy for the developed 
system. Thus, this method is a low cost solution to the newborn violence rather than the 
expensive DNA procedures. 
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Trivandrum, Kerala – 695027. 

ABSTRACT: 

An attempt has been made in this paper to use different transforms like contourlet transform and 
radon transform to extract the features from the face images of ORL database which has the slight 
variability in pose and illumination and then obtain the accuracy for face recognition. These 
transforms are also converted as fuzzy transforms like fuzzy contourlet and fuzzy radon transforms 
in order to improve the performance of feature extraction for face recognition.  The information 
contained in the images are highlighted using the concept of membership value obtained for each of 
the pixel intensity and thus obtaining the fuzzy features by using different types of membership 
functions. The performance of different types of transforms and the fuzzy transforms are tested for 
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face recognition using Standard Support Vector machine as classifier. The results thus obtained are 
very encouraging. 

Keywords: face recognition, contourlet, fuzzy contourlet, fuzzy radon transformation 

I.INTRODUCTION 

The face recognition is one of the most important applications of the Biometric based authentication 
systems. During the past few decades, it has received a considerable attention because of a large 
number of application areas such as Entertainment, Smart Cards, Information Security, Law 
Enforcement, Surveillance etc. Face recognition involves a range of activities from many aspects of 
human life. Humans are good at face recognition and now machine learning is being improved to do 
this task. Identification of people in different environments requires three steps: acquisition, 
normalization and recognition. Acquisition involves the detection and tracking of face-like patches 
in the dynamic scenes. Normalization is the segmentation, alignment and standardization of the face 
images, and finally recognition is concerned with the representation via modeling of face images and 
association of face images with the models learned. 

The first developed techniques that aimed at identifying people from facial images were based on 
geometrical information. Relative distances between key points, such as mouth corners or eyes, were 
calculated and used to characterize faces. Therefore, most of the developed techniques during the 
first stages of facial recognition focused on the automatic detection of individual facial features. 
However, facial feature detection and measurements techniques developed to date are not reliable 
enough for the geometric feature based recognition, and such geometric properties alone are 
inadequate for face recognition because rich information contained in the facial texture or 
appearance is discarded [5], [14]. This fact produced that gradually most of the geometrical 
approaches were abandoned for colour based techniques, which provided better results. These 
methods aligned the different faces to obtain a correspondence between pixels intensities. A 
nearest neighbour classifier used these aligned values to classify the different faces. This coarse 
method was notably enhanced with the appearance of the Eigenfaces technique [7]. Instead of 
directly comparing the pixel intensities of the different face images, the dimension of these input 
intensities were first reduced by a principal component analysis (PCA). This technique settled the 
basis of many of the current image based facial recognition schemes. Among these current 
techniques, Fisherfaces can be found. This technique, widely used and referred [4], [5], combines the 
Eigenfaces with Fisher linear discriminant analysis (FLDA) to obtain a better separation of the 
individuals. In Fisherfaces, the dimension of the input intensity vectors is reduced by PCA and then 
FLDA is applied to obtain a good separation of the different persons. 

After Fisherfaces, many related techniques have been proposed. These new techniques aim at 
providing a projection that attain good person discrimination and also are robust at differences in 
illumination or image pose. Kernel Fisherfaces [17], Laplacian faces [17] or discriminative common 
vectors [5] can be found among these new approaches. Typically, these techniques have been tested 
assuming that the image to be classified corresponds to one of the people in the database. In these 
approaches, the image is usually classified to the person with the smallest Euclidean distance. 

The area of recognition from a single face image is very well established. Both local, feature-based 
and global, template-based methods have been extensively explored [10]. The state of the art today 
is dined by a family of recognition schemes related to Eigen decomposition of the data directly [19] 
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and through Linear Discriminate Analysis, or to local feature analysis of images, all of which 
achieve very high performance. However, face recognition from an image sequence, or more 
generally from a set of images, has been a subject of relatively few published studies. The common 
idea in most of the published work is that recognition performance can be improved by modelling 
the variability in the observed data. Recently proposed detection and tracking algorithms use the 
dynamics of the consecutive images of a face, and integrate recognition into the tracking frame-
 work. The variation of the individual faces is modelled in the framework of the Active Appearance 
Model. The temporal signature of a face is dined, and feed-forward neural network is used in order 
to classify the sequence. In the past two decades, the appearance-based approaches [18, 10] have 
dominated the face recognition field due to their good performance and simplicity. However, large 
intra-personal variation, like pose, illumination, and expression, remains an inevitable obstacle 
because it results in significant appearance change, geometric misalignment, and self-occlusion. The 
appearances of the two faces are so different that any appearance-based approach may draw a 
conclusion that they are not the same person. But why our human brain has the ability to recognize 
faces with large intra-personal variation? Built upon the studies of brain theories, Jeff Hawkins 
[4] gave his definition on the intelligenceμ “your brain receives patterns from the outside world, 
stores them as memories, and makes predictions by combining what it has seen before and what is 
happening now”. In a nutshell, he measures the intelligence by the capacity to remember and predict 
patterns in the world. Despite that this definition is arguable, we may still get useful inspirations 
from it.  The descriptor-based methods [4, 12, 16] and subspace-based methods are two 
representative appearance-based approaches. In this work we have used different transform to 
extract the features of the facial Images and then classify them by using the standard SVM classifier. 
This paper has been divided into two sections. Section II deals with the theory of each Transform 
and also the development of fuzzy transform while section III deals with the results and conclusion. 

II. Different Types of Transforms: 

1. Contourlet Transform 

Natural images are not simply stacks of 1-D piecewise smooth scan-lines; discontinuity points (i.e. 
edges) are typically located along smooth curves (i.e. contours) owing to smooth boundaries of 
physical objects. Thus, natural images contain intrinsic geometrical structures that are key features in 
visual information. As a result of a separable extension from 1-D bases, wavelets in 2-D are good at 
isolating the separating two smooth regions, discontinuities at edge points, but will not “see” the 
smoothness along the contours. To see how one can improve the 2-D separable wavelet transform 
for representing images with smooth contours. 

In essence, we first use a wavelet-like transform for edge detection, and then a local directional 
transform for contour segment detection. Interestingly, the latter step is similar to the popular Hough 
transform [13] for line detection in computer vision. With this insight, we proposed a double filter 
bank structure for obtaining sparse [3] expansions for typical images having smooth contours. In this 
double filter bank, the Laplacian pyramid [1η] is first used to capture the point discontinuities, and 
then followed by a directional filter bank to link point discontinuities into linear structures. 
The overall result is an image expansion using basic elements like contour segments, and thus are 
named as contourlets [1]. In particular, contourlets have elongated supports at various 
scales, directions, and aspect ratios. This allows contourlets to efficiently approximate a smooth 
contour at multiple resolutions in much the same way as the new scheme shown in Figure 2.1. In the 
frequency domain, the Contourlet transform provides a multiscale and directional decomposition.  
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The LP decomposition at each level generates a down sampled lowpass version of the original and 
the difference between the original and the prediction, resulting in a band pass image. Figure 2.1 
depicts this decomposition process, where H and G are called (lowpass) analysis and synthesis 
filters, respectively, and M is the sampling matrix. The process can be iterated on the course (down 
sampled lowpass) signal [6]. Note that in multidimensional filter banks, sampling is represented by 
sampling matrices; for example, down sampling x[n] by M yields xd[n] = x[M n], where M is an 
integer matrix. A drawback of the LP is the implicit oversampling. However, in contrast to the 
critically sampled wavelet scheme, the LP has the distinguishing feature that each pyramid 
level generates only one bandpass image (even for multidimensional cases), and this image does not 
have “scrambled” frequencies. This frequency scrambling happens in the wavelet filter bank when a 
high pass channel, after down sampling, is folded back into the low frequency band, and thus its 
spectrum is reflected. In the LP, this effect is avoided by down sampling the low pass channel only.  

Fig.2.1. Laplacian pyramid. (a) One level of decomposition. The outputs are a coarse 

approximation a[n] and a difference b[n] between the original signal and the prediction. (b) The 

new reconstruction scheme for the Laplacian pyramid. 

The DFB(Directional Filter Bank) is efficiently implemented via an l-level binary tree 
decomposition that leads to 2l sub bands with wedge-shaped frequency partitioning as shown in 
Figure 2.1 The original construction of the DFB involves modulating the input image and using 
quincunx filter banks with diamond-shaped filters. To obtain the desired frequency partition, a 
complicated tree expanding rule has to be followed for finer directional subbands. The first building 
block is a two-channel quincunx filter bank with fan filters that divides a 2-D spectrum into 
two directions: horizontal and vertical. The second building block of the DFB is a shearing operator, 
which amounts to just reordering of image samples. By adding a pair of shearing operator and 
its inverse to before and after, respectively, we obtain a different directional frequency partition 
while maintaining perfect reconstruction. Thus, the key in the DFB is to use an appropriate 
combination of shearing operators together with two-direction partition of quincunx filter banks at 
each node in a binary tree-structured filter bank, to obtain the desired 2-D spectrum division. 

The discrete Contourlet transform combining with the Laplacian pyramid and the directional 
filter bank, are now ready to describe their combination into a double filter bank structure. Since the 
directional filter bank (DFB) was designed to capture the high frequency (representing 
directionality) of the input image, the low frequency content is poorly handled. This fact provides 
another reason to combine the DFB with a multiscale decomposition, where low frequencies of the 
input image are removed before applying the DFB.  Bandpass images from the LP are fed into a 
DFB so that directional information can be captured. The scheme can be iterated on the coarse 
image. The combined result is a double iterated filter bank structure, named Contourlet filter bank, 
which decomposes images into directional sub bands at multiple scales. 

The main properties of the discrete Contourlet transform are [9]: 
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1) If both the LP and the DFB use perfect-reconstruction filters, then the discrete Contourlet 
transform achieves perfect reconstruction, which means it provides a frame operator. 

2) If both the LP and the DFB use orthogonal filters, then the discrete Contourlet transform provides 
a tight frame with frame bounds equal to 1. 

3) The discrete Contourlet transform has a redundancy ratio that is less than 4/3. 

4) Suppose an lj-level DFB is applied at the pyramidal level j of the LP, then the basis images of the 
discrete Contourlet transform (i.e. the equivalent filters of the Contourlet filter bank) have an 
essential support size of width ≈ C2j and length ≈ C2 j+lj−2 . 

η) Using FIR filters, the computational complexity of the discrete Contourlet transform is O(N) for 
N-pixel images. 

2. Radon Transformation 

Applying the Radon transform on an image f (x, y) for a given set of angles can be thought of as 
computing the projection of the image along the given angles. The resulting projection is the sum of 
the intensities of the pixels in each direction, i.e. a line integral. The result is a new image  

R (ρ, )[2]. 

This is depicted in Figure 2.2. This can be written mathematically by defining 

r = x cos + y sin                                         (2.1) 

after which the Radon transform can be written as  

R(ρ, ) =                                   (2.2) 

where   (·) is the Dirac delta function. 

The Radon transform is a mapping from the Cartesian rectangular coordinates (x,y) to a distance and 
an angel (ρ, ), also known as polar coordinates. 
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Figure2.2: The source and sensor contrapment is rotated about the centre of the object. For each 

angle q  the rays from the source passes through and is accumulated at 

the sensor. This is repeated for a given set of angles, usually from q ∈ 

[0;180). The result of angles 180 qnd 0 are identical. 

 

Figure 2.3: For each angle q and each distance r the intensity of the 

matter a ray perpendicular to the r axis crosses are summed up at 

R(r,q). 

 

Figure 2.4: The 

complete Radon transform of the image. The 

white spot is the distance from the centre and 

the angle at which the sum of intensities in the 

image peaks. It is thus the slope of the line 

along with the position. 

The formulas used to calculate the 
coordinates and the minimum and 
maximum of the variables x and y depending 
on the angle, where m is half the width of the 
image and n is half the height of the image, 
a is the inclination, b is the intersection with the y axis, and ρmax is the size of the diagonal of the 
image, i.e.                     (2.3) 

0 < ≤ 4η ; 

x =(y−b)/a       (2.4) 

ymin= max(−n, am+b )                       (2.5) 

ymax= min(n,−am+b)                         (2.6) 

 

4η < ≤ λ0 μ 

y = ax+b --------------------------------- (2.7) 

ymin = max (−m,(n−b)/a) ------------  (2.8) 

ymax = min (m,(−n−b)/a) ------------  (2.9) 

 

λ0 < ≤ 13η μ 
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y = ax+b 

ymin = max(−m,(−n−b)/a) ----------- (2.10) 

ymax = min(m,(n−b)/a) -------------- (2.11) 

 

13η < <180 μ 

x =(y−b)/a 

ymin= max(−n,−am+b) -------------- (2.12) 

ymax= min(n, am+b) ----------------  (2.13) 

= 180 μ 

ρ= x+ ( ρ max−2m)/2  --------------- (2.14) 

y = [−m, m] ---------------------------- (2.15) 

3. Fuzzy Contourlet and Fuzzy Radon: 

The Images thus obtained after the application of the contourlet and Radon Transform is divided into 
a window size of 9X9 and then corresponding to the Intensity level of the pixel, a membership value 
is calculated. The membership value can be obtained using the following equations. It is seen that 
the best results are obtained when Equations 2.16 and 2.17 are used for the computation of the 
membership function. The results obtained by the other equations are little inferior and in the paper 
the best results are presented.                                                     (2.16) 

                             (2.17) 

                               (2.18) 

                                 (2.19)                                               (2.20) 

 

From these membership function fuzzy feature is acquired using: 

Fuzzy feature   ff =                         (2.21) 

The fuzzified features [8] are then made to a 1D array by concatenating each rows. Hence the 
features would be single dimensional array. This process is done for all 400 images and hence a 
database is formed of the size 400 x feature size. 
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III. Results of Implementation and Conclusion 

The above two transforms are applied on the Face Images of ORL database to extract the features of 
the face images and the results are tested with the SVM classifier and shown in table1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results obtained by using Contourlet transform features are giving the maximum recognition rate 
as 95% at polynomial1 and Plynomial2 with SVM classifier. However, on the same database the 
features extracted by using Fuzzy Contourlet transform give us the recognition rate of 96.67%.with 
Polynomial1. The radon transform features gives the maximum accuracy rate as 95.83% but with 
fuzzy radon features the recognition rate increases to 96.67% at all polynomials with SVM classifier. 
The improvement in the result using the Fuzzy contourlet and fuzzy radon transform features when 
tested with SVM as classifier is noticed because of the extraction of the information from the image 
using the different membership functions associated with the intensity level of each pixel value. 
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SVM 

POLY1 POLY2 POLY3 

Contourlet 95 95 94.16 

Fuzzy  Contourlet 96.67 95.53 95 

Radon 95.83 95.83 95.83 

Fuzzy radon 96.67 96.67 96.67 

TABLE I : Recognition rate (%)  
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1. ABSTRACT 

Banana chips as snack food is very popular in Kerala because of its traditional and ethnic 
importance. Traditional methods of banana chips making involves four major units operations 
namely peeling of fruits, cutting of fruits into slices, frying and packaging. Each of these unit 
operations are done manually especially due to the lack of appropriate mechanical system. This is 
perhaps one of the main reasons for the banana chip making not emerging as the large scale industry. 
Slicing is carried out to reduce the size of the product to suit processing and consumer requirements.  
However, this operation is very difficult and time consuming. At present the chips are made by hand 
peeling raw banana and slicing on a wooden platform type slicer with mild steel blades and then 
deep frying in edible oil. The method is unhygienic and does not produce chips of uniform thickness 
and may cause injury to the operator while slicing.  Keeping in view, several machineries have been 
developed for slicing banana. But still the manual method of slicing is widely used due to the lack of 
efficient mechanical slicers. Hence there is a need to develop a new model of banana slicer which 
can compete with manual slicing both in speed and quality.  

The new slicer can be efficiently used in both small and large scale industries for slicing bananas 
with minimum loss of material (3.4%) and quality. It is suitable for all size and shape of banana and 
thickness of slice is adjustable according to the need of the consumer. The thickness of banana slices 
decreased from 1.15 mm to 0.85 mm as the speed increased from 100 to 800 rpm. However the 
average thickness of 1 mm was maintained between 300 to 600 rpm.  It is a user-friendly machine 
capable of slicing banana at desired thickness directly into the frying pan. The variable speed motor 
drive helps to alter the capacity of the slicer as per the requirement. The lateral movement of the 
slicer unit is possible to and from over the frying pan adding convenience in operation. Continuous 
feeding is possible through stainless steel chutes which has spring loaded curved holding plates to 
hold the peeled banana straightly.  This mechanism ensures the slicing of the last segment of peeled 
banana, which otherwise will be wasted in other commercial models and manual method.  Thus the 
mechanical damage could reduce from 13.6 % in commercial slicers to 3.4% in the present model.  
An oil coated flexible brush always clean the cutting edge by wiping away the banana sap released 
through the cut surface. The new slicer could be efficiently used in both small and large scale 
industries for slicing bananas with enhanced capacity of 100 kg/hr and with a slicing efficiency of 
95.86%.  The machine is overcoming almost all the technical problems in slicing operation, hence it 
can be easily used or modified for slicing other kind of vegetables used for chips making and other 
food industries.  

2.  INTRODUCTION 
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Banana (Musa sp.), known as common man’s fruit due to its abundant year-round availability and 
nutritional value, is the largest produced and maximum consumed among the fruits cultivated in 
India. Bananas are highly perishable and bulky which makes their transportation to distant and 
export markets expensive. In India the processed banana product wildly manufactured on a 
commercial scale is chips. Processing of banana into chips is one of the ways to reduce the post 
harvest losses of this crop (Anon. 1993). 

Traditional methods of processing bananas in most countries involve making the unripened bananas 
into chips, drying and storing as a famine food. Bananas are made into chips by slicing the banana 
and frying by immersing in edible oil. Deep fried banana chips are very popular snack foods in India 
and many countries. Chips production in India is totally under unorganized sector and an estimated 
quantity of more than one lakh tones of banana chips per annum is produced in Kerala and Tamil 
Nadu (Anon, 2005). 

At present the chips are made by hand peeling raw banana and slicing the pulp portion in a wooden 
platform type slicer with mild steel blades and then deep frying in edible oil. The method is 
cumbersome, unhygienic and does not produce chips of uniform thickness and may cause injury to 
the operator while slicing. Keeping in view, the wide scope and popularity of this banana chips 
making industries several machineries have been developed for slicing banana. Hence, there is a 
need to develop a new model of banana slicer which can compete with manual slicing both in speed 
and quality. The new slicer could be efficiently used in both small and large scale industries for 
slicing bananas with enhanced capacity and slicing efficiency and reduce the drudgery in making 
chips. The main objective of this study is to develop a motor operated rotary banana slicer for 
mechanical slicing of banana and to evaluate its performance. Attempts were made to develop three 
models of mechanical slicer for banana. Each model was developed by improving the effectiveness 
of slicing in terms of operators comfort, weight of machine, easiness of cleaning, capacity, 
versatility to use other vegetables, etc. The performance evaluation of the three models developed is 
detailed below. The performance of these models was then compared with the available commercial 
banana slicer in the market. 

3. MATERIAL AND METHODS 

3.1.DEVELOPMENT OF MOTORIZED ROTARY BANANA SLICER  

The motor operated banana slicer consists of feed chute, rotary disc with blades, guiding rod, 
cleaning mechanism, outlet, power transmission unit and main frame to support these components. 
The mature banana after hand peeling was fed through feed chute at a uniform rate. The banana was 
sliced by hrizotal rotary disc fitted with stainless steel blades, which rotates in a vertical axis. The 
slices falling from the slicer wwas conveyed to the discharge chute/outlet by gravitational force. A 
uniform discharge is ensured by the banana slicer without sticking the slices to the discharge chute. 

3.1.1 FEED CHUTE 

The feed chute was designed to facilitate the continuous feeding of banana into the rotary disc with 
four cylindrical feeding hoods for holding the banana vertically. It was made of Stainless steel (SS) 
304 with cross section oval shape, length of 7 cm and breadth of 5 cm. The cylindrical hood was 
supported with two spring holder mechanism made of SS 304 with length and breadth of 20 and 3.5 
cm. The cross section was curved to hold banana vertically throughout slicing.  
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3.1.2 ROTARY DISC WITH BLADES 

The rotary disc was made up of SS 304 and was fitted with two cutting blades made out of food 
grade stainless steel. The shape of the blade was straight and plain with length of 9.5 cm, breadth of 
2.5 cm and thickness 4 mm. The diameter of rotary disc was 30 cm and thickness 5 mm. Screws 
were used to fit the cutting blades to disc. There are two spring supported knobs under the rotating 
disc to adjust the thickness of sliced banana.                                                                                      

3.1.3 GUIDING ROD 

1. SS pipe 50mm 
2. SS blade 
3. SS base plate for fixing 
blades 
4. Motor 
5. Roller 
6. Handle for swing aside 
7. Frame 
8. Counter weight 
9. Lever for counter weight 
10. Aluminium cover 
11. Bearing 

1 - Feed chute 
2 - Half HP AC motor  
3 - Housing 
4 - Stand  
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A guiding rod was provided along with rotary disc and was fitted by means of spring at sides of 
cylinder. The guiding rod moves downwards while slicing. Length of the guiding rod was 30 cm and 
made of SS. The main purpose of this guiding rod was to drive banana straightly into the cylinder. 
The rod is removable and could be cleaned easily. 

3.1.4  HOUSING AND MAIN FRAME 

Housing of banana slicer was made of iron with double bearing system. Length and breadth of 
housing was 10 cm and 5.5 cm diameter. The weight of initial model (model –I) was 25 Kg. This 
was further reduced to 21 kg in the second model and finally to 18 kg in the third model. A sponge 
arrangement was provided to keep the cutting blades clean. Later, in the third model, it was modified 
to an oil coated flexible brush, which cleans the cutting edge by wiping away the banana sap 
released on cut surface. It is a user-friendly machine capable of slicing banana at desired thickness 
directly into frying pan. The power was transmitted from ½ H.P variable speed motor. The variable 
speed motor drive helps to alter the capacity of the slicer. A tilting arrangement was provided to 
stand which helps the sliced banana to fall directly into frying pan. The lateral movement of the 
slicer unit is possible to and from over the frying pan adding convenience in operation. The thin 
sheet used for housing provides complete covering to slicing section and helps in maintaining good 
quality slices. Increase in speed of rpm increased the capacity of slicer.   

4. RESULTS AND CONCLUSION 

4.1.  PERFORMANCE AND EVALUATION OF THE SLICER 

Matured ‘Nendran’ banana was procured from the KCAET farm. The banana fingers were peeled by 
stainless steel knives. The peeled samples were fed into the slicer through cylindrical hood, mounted 
in such a way that it opened directly to the centre of blades attached to rotary disc. The banana slicer 
was tested with different speed of motor. It was found that the thickness varied at different speed. 
Increase in rpm speed of the motor decreases the thickness of slices. The thickness of banana slices 
decreased from 1.15 mm to 0.85 mm as the speed increased from 100 to 800 rpm. However the 
average thickness of 1 mm was maintained between 300 to 600 rpm.   

 

Figure. 2. Graph showing speed of motor Vs thickness of slices 

The peeled bananas were fed in to the cylinder through the slot and uniformly pressed by means of 
modified pressing mechanism which was mounted over it. The capacity of rotary banana slicer was 
calculated by weighing all the cut slices irrespective of damage per unit time (Balasubramanian 
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et.al., 1993). The performance evaluation of the slicer was done based on slicing efficiency, and 
percentage damage and effective capacity. 

4.2 SLICING EFFICIENCY 

            Efficiency of slicer was evaluated by weighing the damaged and round slices separately and 
using the following expression (Kacharu et.al., 1996). 

          Slicing efficiency,  = Weight of all slices - Weight of damaged slices   x   100 

                                                           Weight of all slices 

4.3 PERCENTAGE DAMAGE (%D) 

      The percentage damage of the slicer was evaluated using the expression (Liju, 1997; Bindhu 
et.al.1999) 

              Percentage damage, %D = Weight of damaged slices x 100 

                                                    Weight of all slices 

4.5 EFFECTIVE CAPACITY (EC) 

           After having noted the efficiency and overall capacity of machine, the effective capacity can 
be found out by the expression (EC = OC x  ;Nanda. 1λ8η). 

Performance factor Model-I  Model-2 Final model  Commercial 
Model 

Overall Capacity(OC) 110 kg/hr a 110 kg/hr a 100 kg/hr b 90 kg/hr c 

Slicing Efficiency(SE) 88.23 % bc 89.02% b 95.86% a 81.60% d 

Percentage Damage (%D) 6.10% b 5.20% bc 3.40% d 13.60%a 

Effective Capacity 97.05 kg/hr ab 97.92 kg/hr a 95.86 kg/hr abc 77.94 kg/hr d 

Results within 1 row indicated with the same letter are not significantly different (a < 0.0η). 

Table- 1. Performance evaluation of rotary banana slicer 

This motor operated rotary banana slicer developed for mechanical slicing of banana will reduce the 
labour requirement in the banana chip making industry. Though the effective capacity is slightly less 
compared to the first model, the damage was significantly less in third model. Since this machine 
has overcome almost all the technical problems in slicing operation it can be easily used or modified 
for slicing other kind of vegetables used for chips making.  The capacity of the machine can be 
adjusted to low or high since it is supported by a variable speed motor drive. It is a user friendly 
machine capable of slicing banana at desired thickness and delivering the sliced banana directly into 
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the frying pan. The lateral movement of the slicer unit over the frying pan enhances the convenience 
in operating the machine.  Thus the newly evolved model expects high market expansion covering 
both small and large scale industries.  
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THE ABSTRACT 

This paper presents the result of finite element analysis of a combined pile raft foundation with zonal 
installation of piles. The analysis was done using Plaxis 3D software. The Combined pile raft 
foundations provide an economical foundation option for circumstances where the raft foundation 
can satisfy the bearing capacity requirement but fails to keep differential as well as maximum 
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settlement below the maximum allowable limit. The influence of parameters like length of pile, 
spacing to depth ratio of pile, thickness of raft slab etc on the performance of Combined Pile raft 
foundation had already been established. In this paper combining these factors, combined piled raft 
foundation with combinations of different diameter piles were analyzed such that an improved 
performance of CPRF system can be envisioned. For the study piled raft was divided into zones 
based on load concentration. Both maximum settlement and differential settlement were studied.  
The results showed that, it is best to provide larger diameter piles, in the region with maximum load 
concentration to reduce the maximum settlement and the differential settlement. 

Keywords:  Combined pile raft foundations, Preliminary Analysis, Pile Combinations, Plaxis 
Analysis, Zones. 

INTRODUCTION 

The use of piled raft foundations as an alternative to conventional piled foundation for tall buildings 
has been increasing. The piled rafts are composite structures comprised of the piles, raft and soil. In 
piled rafts, the raft directly interacts with soil and is supported by group of piles. Unlike the 
conventional piled foundation design in which the piles are designed to carry the majority of the 
load, the design of a piled-raft foundation allows the load to be shared between the raft and piles. For 
most piled raft foundations, the purpose of the piles is to act as settlement reducers. Piled raft 
foundations provide an economical foundation option for circumstances where the performance of 
the raft alone does not satisfy the design requirements. All the previous studies to evaluate the 
settlement reduction potential were done considering uniform arrangements of piles. A three 
dimensional analysis of CPRF with permuted arrangements of piles was never done. From this study 
we could arrive at certain conclusions which will suggest some criterions that would help to improve 
the performance of CPRF for reduction of settlement 

CPRF has intricate soil-structure interactions, hence to obtain authentic results 3-dimensional   
Numerical analysis had to be adopted. Finite Element Method is one of the numerical methods 
which is a powerful tool to model this complex geometry of piled-raft foundation. Plaxis 3D is one 
of the sophisticated finite element software which is well suited for foundation analysis. It has high 
flexibility in 3-D modelling, in meshing, in incorporate field conditions and in analysing. 

Effectiveness of CPRF in reducing settlement was  experimentally proven and the result was 
published by Mr. Van Impe, in the technical paper titled “Technical Report on Methods of Analysis 
for Piled Raft Foundations”, (As a report prepared on behalf of technical committee TC-18 on piled 
foundations for International society for soil mechanics and geotechnical engineering in 2011). 

De Sanctis et al (2001) and Viggiani (2001) have distinguished between two classes of piled raft 
foundationsμ “Small” piled rafts, where the primary reason for adding the piles is to increase the 
factor of safety and “Large” piled rafts, where piles installed reduce settlement or differential 
settlement. In such cases, the width of the raft is large in comparison with the length of the piles. In 
studies conducted by E.Y. N OH   in 2008 has shown that increasing  thickness of raft, length of 
piles etc has decreased the settlement of raft and decreasing ‘spacing/depth’ of piles has increased 
settlement of raft.Nevertheless increasing the raft thickness beyond 1.75 m hardly brings any 
economy because the construction cost will overhaul economy achieved by settlement reduction. 

METHODOLOGY 
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Entire study can be divided into two halves viz Preliminary analysis and Plaxis 3D analysis. In 
Preliminary analysis 10 storey building  founded on Medium Dense Sand (designated as MDS in the 
study) is modelled and analysed in STAAD.Pro to find out the axial loads to be transferred to soil 
(refer figure 1). After fixing the dimensions of raft, settlement analysis of raft is done. Finally load to 
be taken by the independent pile group is found out. The loads coming on each floor was imparted 
from Indian Standard Code for References 

In software analysis Plaxis 3D work programme is composed. Raft, pile and soil are modelled and 
analysed in the Plaxis 3D software. Results obtained were tabulated and conclusions were derived. 

 

 

 

 

 

 

 

Figure 1: Plan of The building and Axial Loads in kN 

PRELIMINARY ANALYSIS 

In preliminary analysis the dimension of raft was fixed before proceeding to settlement analysis. 
Dimensions of raft were fixed such that center of gravity of loads and center of gravity of raft 
coincided. Keeping this code in mind we got raft size as 30x30x1.5. To resolve the need of CPRF 
settlement analysis was done. When we adopt raft foundation we may find that the raft is safe from 
bearing capacity consideration but it may suffer excessive settlement. The alternate solution to this 
problem is to provide few piles under the raft so that the piles relieve the raft a part of the total load. 
As the pile do-not have to take all loads; the number of piles required will be small than traditional 
pile foundation. Table 1 elucidates the properties of soil, pile and raft considered. 

     Immediate Settlement Δ =               where q = intensity of pressure (Total load/ Area of Raft),  

B= least lateral dimension of the foundation, = Poisson’s ratio, Iw =Influence factor obtained from 
IS 8009 (part 1)-1λ7θ as 0.82 for rigid square footing, γs = unit weight of soil, c = cohesion ,ϕ = 
angle of internal friction and ES= modulus of elasticity. 

Table 1 Properties of Cohesion-Less Soil Considered 

PARTICULARS  ES  γ c φ 

Medium Dense Sand 2.10E+04 0.3 18 0 30 

Pile 2.50E+07 0.25 25 - - 
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Raft 2.50E+07 0.25 25 - - 

The above equations are applicable for computing the total settlement of foundations located at 
surface. For the computation of settlement of foundations founded at certain depth, a correction 
should be applied to the calculated in the form of a depth factor to be read from Fig. 12 of IS 8009 
(part 1)- 1976. In the case of rigid foundations, the total settlement at the centre should be reduced 
by a rigidity factor ‘0.80’ 

Table 2 Consolidated Table of Settlement Analysis 

PARTICULARS VALUE UNIT 

Total settlement  108.04 mm 

Correction for depth 0.97 - 

Correction for rigidity 0.8 - 

Total corrected settlement  83.83 mm 

Limiting Settlement  72.5 mm 

Total load to be transferred  75396 kN 

Load corresponding to settlement  65205.89 kN 

Balance load to be taken by piles  10190.1 kN 

Allowable range of maximum settlement and differential settlement in building is given in IS 1904-
1986 clause 16.3.4, page 19 and all building shall satisfy the same. To conclude, we may allow a 
total maximum settlement of not more than 75 mm on sand but in this paper the allowable settlement 
was limited as 72.5 mm to make it more proficient. Entire settlement analysis is consolidated in table 
2. From the settlement analysis it became clear that load of about 11000 kN is causing excess 
settlement to raft. If this load could be shared with another structural element like pile; the raft can 
be made secured in both Bearing capacity criteria and Settlement criteria.  

Table 3:CPRF System 

Load To Be Balanced kN 10190.1 10190.1 10190.1 

Diameter   m 0.6 0.8 1 

Length m 25 25 25 

UBC   kN 1604.39 1604.39 1604.39 

SBC kN 1283.51 1283.51 1283.51 

Settlement   mm 8.523 2.67 1.71 

Number Of Pile _ 8 8 8 
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It is quite clear that in the case of cohesion less soil base resistance and frictional resistance remains 
almost constant beyond certain depth of embedment which is a measure of angle of internal friction 
‘Φ’. Thus in cohesion less soil ‘Critical depth- Lc’ is the pivotal factor in determining the capacity of 
pile. Critical depth, Lc  

For 280 < Φ < 3θ.η0   Lc = (η+ 0.24 (Φ-360)) Dp.   Dp= Depth of Pile. One of the key factors in 
CPRF is settlement of piles, IS 2911 suggests that 2/3rd of final load at which 12 mm settlement 
happens is to be taken as safe load. By keeping in mind this fact, limiting value of settlement of 
single pile is set as 12 mm. To make the piles safe in Settlement we have designed them as ‘Friction 
Piles’. Plaxis 3D is a very flexible finite element software; which permits the user to design piles as 
friction piles or end-bearing piles or both, hence modelling friction pile was not a snag. Furthermore 
bearing resistance which is about to develop is very low compared to frictional resistance; hence 
forsaking bearing resistance will not cause any serious trouble as far as load carrying capacity of 
Piles are concerned. 

ZONES 

 For the dissertation, different sets of arrangements were chosen. Also to reduce complication 
the raft slab was divided into 4 different zones as Red Zone, Blue Zone, Green Zone and Free Zone. 
These partitions were done depending up on load concentration. From figure 2; it is quite clear that; 
load arrangement is not uniform. We can see large load concentration at centre of building hence 
central portion was named red zone as red is equal to attention. Blue zone marks a gradual transition 
from large load concentrated red zone to a minimum load concentrated green zone. Free zone hardly 
has any load concentration. More over region occupied by Red Zone and Blue zone was named Core 
region, region occupied by Blue zone and Green zone was named Transfer region and remaining 
portions was named as Inert region (Refer figure 3). 

 

Figure 2 Zone 

Table 5 Pile Combinations 

NAME ARRANGEMENT DETAILS NUMBER &  

DIAMETER 

 S1 Piles are placed at a spacing of 6.1 diameter  at core region 8 0.6 Φ 

 S2 Piles are placed at a spacing of 6.1 diameter at blue  zone 8 0.6 Φ 

 S3 Piles are placed at a spacing of 6.1 diameter at inert region  8 0.6 Φ 

 S4 Piles are placed at largest spacing  at core region 8 0.6 Φ 
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 S5 Piles are  at  transfer regions at largest possible spacing 8 0.6 Φ 

 S6 Piles are placed uniformly at largest possible spacing 8 0.6 Φ 

 S7 Piles are placed at a spacing of 6.1 diameter   at green zone  8 0.6 Φ 

 S8 Piles are placed at largest spacing  at green zone 8 0.6 Φ 

 S9 Piles are arranged in '+' formation 8 0.6 Φ 

 S10 Piles are placed at a spacing of 6.1 diameter  at core region 8 0.8 Φ 

 S11 Piles at a spacing of 6.1 dia at green zone 8 0.8 Φ 

 S12 Piles are placed at a spacing of 6.1 d diameter at blue  zone 8 0.8 Φ 

 S13 Piles are arranged in '+' formation 8 0.8 Φ 

 S14 Piles are placed at a spacing of 6.1  diameter  at core region 8 1.0 Φ 

 S15 Piles are placed at a spacing of 6.1 diameter  at transfer  8 1.0 Φ 

 S16 Piles are arranged in '+' formation 8 1.0 Φ 

 S17 0.6 Φ piles at corner of core region and  

0.8 Φ piles in red zone 

4 0.6 Φ 

4 0.8 Φ 

 S18 0.8 Φ piles at corner of  core region  

and 0.6 Φ piles in  red zone 

4 0.6 Φ 

4 0.8 Φ 

 S19 0.6 Φ piles at corner of  core region  

and 1.0 Φ piles in red zone 

4 0.6 Φ 

4 1.0 Φ 

 S20 1.0 Φ piles at corner of  core region  

2.0 and 0.6 Φ piles in red zone 

4 0.6 Φ 

4 1.0 Φ 

 S21 0.8 Φ piles at corner of  core region  

and 1.0 Φ piles in red zone 

4 0.8 Φ 

4 1.0 Φ 

 S22 1.0 Φ piles at corner of  core  

2.0 and 0.8 Φ piles in red zone 

4 0.8 Φ 

4 1.0  Φ 

RESULTS AND DISCUSSION  

Table 6 Results 

 S1 S2 S3 S4 S5 S6 S7 S8 S9 
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MAX'S 64.38 64.79 64.47 64.13 68 68.9 69.37 69.99 64.44 

MIN 

'S 

44.31 42.77 38.86 42.58 40.3 39.71 39.65 36.18 44.01 

DIF' S 20.08 22.02 25.6 21.55 27.7 29.18 29.72 33.81 20.43 

 S10 S11 S12 S13 S14 S15 S16 S17 S18 

MAX'S 60.87 60.79 63.9 61.3 59.48 59.67 59.3 62.39 63.01 

MIN 

'S 

43.41 42.66 40.3 42.85 42.25 41.63 41.14 43.53 43.47 

DIF' S 17.46 18.13 23.6 18.45 17.23 18.03 18.17 18.87 19.55 

 

 S19 S20 S21 S22 

MAX'S 61.31 61.82 60.3 60.26 

MIN 'S 43.02 42.24 42.67 42.65 

DIF' S 18.29 19.58 17.63 17.61 

 

Form the analysis it has been recognized beyond any doubt that installation of piles in a raft reduces 
the maximum settlement and differential settlement of the raft in cohesion less soil (refer figure 3). 
From the result we can deduce that larger capacity piles (1.0 m diameter) are more favourable to 
smaller capacity piles in reducing maximum settlement of the raft. Also comparing combinations 
from S1-S9 we can say that arranging piles in and around core region is best choice to reduce 
settlement. Also we can see that compared to uniform arrangement; permuted arrangements have 
reduced maximum as well as differential settlement of raft. Most remarkable trend can be seen if we 
compare results of S1θ and S22.  S1θ combination has only 1.0 m Φ piles where as S22 combination 
is a permuted arrangement of 0.8 m Φ/1.0 m Φ. But the result of analysis shows that despite S22 
having a permuted arrangement, S16 has overwhelmed S22 (only by a slight margin). Thus we can 
conclude that position where piles are arranged has very important effect on settlement reduction 
potential. For the results we can assume that; assembling piles have made soil stiffer. Stiffening 
effect has been proportional to diameter of the pile. Larger the diameter; larger the stiffening effect.  
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Figure 3: Graph 1 Settlements of various combinations 

CONCLUSION 

A few general trends in the behaviour of piled rafts have been studied during this investigation. 
Thus, from our study on settlement characteristics of combined pile raft foundation founded on sand 
with various arrangements of piles using Plaxis-3D following points can be concluded. 

 From the results obtained, it is advisable to provide piles with different diameter 
than with equal diameter irrespective of soil type.  

 From all the possible diameters, it is best to provide larger diameter piles in the 
interior region to reduce the maximum settlement and the differential settlement. 

 The piles configurations in raft have the most important effect on significantly 
reducing maximum settlement and the differential settlement, particularly by 
concentrating the piles in the centre of raft. 

Therefore by carefully combining these factors maximum economy can be achieved; save for the 
choice should be done such that maximum economy can be achieved. That is based on availability of 
materials, labour cost, time, amount of settlement reduction required etc. Those cases are subjective 
to the engineering judgment of the designer which includes the knowledge of geotechnical and 
structural aspects of Combined Pile Raft Foundation.Thus we can say that Combined Pile Raft 
Foundation has a better scope for both research and applications in the field. This paper will give an 
idea for designers and practitioners about benefits of using different combination of piles in raft. 
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ABSTRACT  

Precast segmental construction with unbonded tendons is a versatile technique in which the structure 
consists of a number of small, precast elements or segments, stressed together by external tendons. 
This method which incorporates all the advantages of prestressing, precast concrete and segmental 
construction, allows for longer spans with straight or curved alignments and facilitates fast and 
flexible construction, while ensuring high quality and economy. The structure behaves as a 
monolithic one, maintaining a concrete compression state in the serviceability limit but allows the 
joints between the segments to open under ultimate loads. In this study, the response of an externally 
prestressed segmental concrete beam with flat, dry joints to transverse loading is numerically 
analysed and compared to that of a monolithic one of the same geometry using ANSYS 12.0. 
Despite the many advantages it possessed, the segmental beam with flat, dry joints was found to 
have a lower service load capacity compared to the monolithic one due to opening of the joints 
beyond the stage of decompression. The numerical method of analysis using ANSYS was seen to 
satisfactorily predict the behavioural response of the segmental beam up to ultimate, but was not as 
effective in the case of the monolithic beam or in predicting the strain variation in the prestressing 
tendons. The effectiveness and accuracy of the contact elements in transferring forces between the 
jointed segments of the beam was also validated.  

I. INTRODUCTION 

The efficient application of concrete structures requires an understanding of their response to a 
variety of loadings. There are a number of approaches for the study of the behaviour of concrete 
structures, viz., experimental, numerical, theoretical, etc. Finite Element Analysis (FEA) is a 
numerical one which provides a tool that can accurately simulate the behaviour of concrete 
structures. FEA, as used in structural engineering, determines the overall behaviour of the structure 
by dividing it into a number of simple elements, each of which has well-defined mechanical and 
physical properties. A number of commercial FEA codes are available (ABAQUS, ATENA, 
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ANSYS, etc.) for the analytical study of structures. The use of computer software to model the 
elements has been proved to be convenient, faster and extremely cost-effective compared to 
experimental analyses. This study presents an analytical investigation of the behaviour of externally 
prestressed monolithic and segmental concrete beams loaded to failure in the finite element software 
package ANSYS 12.0. 

II. ANALYSIS OF EXTERNALLY PRESTRESSED MONOLITHIC CONCRETE 

BEAM 

The externally prestressed concrete box beam having a cross-section of 200mm x 500mm, of 50mm 
thickness is simply supported over a span of 3m. It is prestressed through two numbers of straight 7-
ply 12.7mm strands positioned at an eccentricity of 100mm and effectively stressed to 64kN each. 
The strands are anchored on steel plates passing through two concrete diaphragms at each end. It is 
loaded symmetrically at third points along the span. Fig. 1 shows the dimensional details of the 
externally prestressed concrete box beam.  

 

 

 

 

Fig 1 Dimensional details of externally prestressed concrete box beam 

SOLID65, SOLID45 and LINK8 elements were used for the finite element modelling of the concrete 
beam, concrete diaphragms and steel plates and the post-tensioning strands respectively. Fig 2 shows 
the stress-strain relationships for concrete and the prestressing strands.  
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Fig 2 Stress-strain curves for concrete and prestressing steel resp. 

Table 1:Load steps for analysis of the beam 

Beginning 
Time (N) 

Time at the End of 
Load Step (N) 

Load Step Sub Steps Load Increment (N) 

0 1 1 1 Self-wt + Prestress 

1 49000 2 1 49000 

49000 102000 3 1 53000 

102000 104000 4 100 20 

104000 124000 5 200 100 

124000 124667 6 10 66.7 

The box beam was modelled using large number of separate volumes which were then glued 
together to act as a single unit. The mesh attributes were assigned to the respective volumes and the 
beam was meshed into elements of size 25mm. Nonlinear static analysis of the model was carried 
out in various load steps as listed in Table 1. A camber of 0.23mm was observed at the central-span 
section due to tensioning of steel (effective condition). The beam developed tensile stresses at the 
top concrete fibres and compressive stresses at the bottom fibres due to the prestress. As the external 
loads were applied, the compressive stresses in the bottom concrete fibre decreased gradually, due to 
the bending stresses developed. The stage of decompression at which the stresses at the soffit of the 
beam became zero was observed at 49kN. With further increase in loading, the beam sagged and 
tensile stresses developed in the bottom fibres. At a load of 103.24kN, the first flexural crack was 
observed in the beam, in the constant bending moment region. The tensile stress in the extreme 
concrete fibre at this load was found to be approximately equal to the modulus of rupture of the 
concrete used. Due to the small web thickness, cracking in the beam rapidly progressed into the 
compression zone which became so extensive that there were multiple cracks formed at the same 
location within a very small load increment. The increased stresses in the beam and consequent 
cracking lead to decrease of stiffness due to which the mid-span deflection increased substantially. 
With further increase in load, cracking was seen to propagate into the compression face of the beam. 
Diagonal cracks were also observed in addition to flexural cracks. A small amount of distortion was 
visible at the top fibres due to concrete starting to crush. The analysis was seen to terminate at 
124.667kN. Fig 3 shows the crack distribution in the beam at failure 

 

Fig 3 Crack distribution at 

failure  

The data obtained from the numerical analysis of the beam was used to plot the variations of mid-
span deflection, compressive stress in concrete at the top concrete fibre and strain in the prestressing 
strands which was also compared with theoretical computations of the same. Fig 4 shows the plot of 
the variation of mid-span deflection with loading on the beam.  
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Fig 4  Load-deflection response  

The theoretical and ANSYS curves predict similar initial linear portion and equal values of 
deflections till a load of 103.26kN at which the first flexural crack appeared in the beam. Beyond 
this point, the numerical model predicted large rise in deflections without much increase in loading. 
The curve then followed a profile in which the rate of increase of deflections was higher than that 
prior to cracking. The theoretical variation of deflections, however, showed a different profile in the 
cracked stage. The curve followed a linear profile with only a slight increase in the rate of increase 
of the deflections. The ultimate mid-span deflection of the externally prestressed monolithic concrete 
box beam was predicted by the numerical and theoretical computations to be 13.26mm and 1.61mm 
respectively. The finite element and analytical results were observed to show huge difference in the 
predicted nonlinear behaviour of the beam. The authenticity of none of these computational methods 
could be verified as corresponding experimental data were not available. 

 

Fig 5 Load vs Compressive stress in concrete 

The increase in top concrete stress at mid-span section 
of the beam against the applied load is presented in 
Fig 5. Reasonable agreement between the numerically 
predicted results and the theoretical observations is 
observed in the uncracked stage. The curves exhibit 
linear profiles with equal values till initial cracking of 
the beam at 103.26kN, beyond which the numerically 
and theoretically predicted values differs greatly. 

Concrete stress predicted by the ANSYS model increase sharply after cracking, beyond which it 
varies nonlinearly till failure of the beam. The theoretically predicted values show a nonlinear rise 
beyond cracking, which terminates at a much lower stress value at failure. As in the prediction of 
load-deflection response of the beam, the accuracy of the two methods of analysis cannot be assured 
due to lack of experimental data. 
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Fig 6 Load vs Strain in steel 

Fig 6 shows the predicted results of strain increase in the cable at the mid-span section against the 
applied load in comparison with the theoretical data. The initial value of strain in the tendons at 
transfer of prestress was predicted by the ANSYS model as 0.0034, lesser than the actual value of 
0.0035328. The reason for this discrepancy is unclear. It is apparently indicated from the analytical 
results that the beam shows a small rate of strain increase in the cable in the uncracked elastic 
region. The cable strain, however, rapidly develops in the cracked inelastic region, a major part 
occurring immediately after decompression of the beam. It is also found that the profile of the curve 
is approximately identical to that of the beam deformation, indicating that the stress and strain 
increase in the cable is closely related to the deflection of the beam. The steel tendons undergo only 
a small stress variation and remains in the elastic range till failure of the beam. However, the 
ultimate strains predicted by the numerical and theoretical computations are observed to vary by a 
large margin. The reason for this disparity can be attributed to the inaccuracies in the finite element 
modelling or the assumptions and approximations taken in the theoretical calculations. (Second-
order effect of unbonded tendons is not considered in the theoretical calculations). 

III. ANALYSIS OF EXTERNALLY PRESTRESSED SEGMENTAL CONCRETE BOX 

BEAM WITH FLAT, DRY JOINTS 

The externally prestressed segmental concrete box beam has a cross-section of 200mm x 500mm 
and thickness 50mm.  The beam is simply supported over a span of 3m and is divided into 12 
segments of length 250mm each. The concrete is of grade M40 and the beam is post-tensioned using 
two numbers of straight 7-ply 12.7mm prestressing strands, located at an eccentricity of 100mm and 
unbonded along the whole length of the beam. The strands are effectively stressed to 64kN each and 
are anchored on steel end plates. It is loaded symmetrically at third points along the span. Fig 7 
shows the dimensional details of the externally prestressed segmental concrete beam with flat, dry 
joints. 
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Fig 7 Dimensional details of the externally prestressed segmental concrete box beam 

Finite element modelling of the externally prestressed segmental concrete beam in ANSYS is similar 
to the modelling of the monolithic beam. Due to symmetry in geometry of the beam, only half the 
span was modelled initially. The beam was modelled using large number of separate volumes which 
were then glued together except at the joints of the segments. The model was then meshed into 
elements of size 25mm after assigning the necessary mesh attributes to the respective volumes, after 
which it was reflected across the X-Y plane to generate the full beam. Dry joints between the 
segments were modelled using surface-to-surface contact elements. One surface forming the joint 
was the contact surface, modelled using CONTA174 elements and the other was the target surface, 
modelled using TARGE170 elements. The coefficient of friction ( ) for the joints was given as 0.θ. 
The post-tensioning unbonded strands were then modelled as discrete elements, connected through 
the nodes of the steel anchorage plates on either ends of the beam. Table 2 lists the load steps in the 
analysis of the beam. The analysis was seen to terminate at a load of 125.8kN due to crushing of 
concrete at the extreme compression fibres at mid-span of the beam.  

A maximum camber of 0.24mm was observed in the beam at transfer of prestress. As the beam was 
loaded, the existing stresses in the beam were balanced by the flexural stresses developed due to 
application of load. The decompression stage at which the stresses in the bottom concrete fibres 
were nullified was observed at 48.88kN.   

Table 2:Load steps for analysis of the segmental beam 

Beginning 
Time (N) 

Time at the End 
of Load Step (N) 

Load Step Sub steps Load Increment (N) 

0 1 1 1 Prestress, self-weight 

1 48880 2 5 9776 

48880 70000 3 20 1056 

70000 90000 4 20 1000 

90000 110000 5 50 400 

110000 120000 6 30 333.33 

120000 126000 7 30 200 

Further increase in loads caused increase in tensile stresses at the soffit of the beam. At this stage, 
the joints started to open, starting at the mid-span joint where the bending moment is maximum. The 
joints gradually opened up to the top slab, the compressive stresses at the top concrete fibre 
increased and concrete started to crush at 83kN. As loading progresses, the opening of the joints also 
increases. The analysis was seen to terminate at 125.8kN when the beam failed by crushing of 
concrete at the top fibres. Fig 8 and Fig 9 show the stress distribution and crushing pattern in the 
beam respectively at failure. 

Fig 8 Stress distribution in the beam at failure 
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Fig 9 Crushing in the beam at failure 

The numerical prediction of the characteristics of the externally prestressed segmental concrete 
beam was plotted against the applied load.   

 

Fig 10 Load-deflection response  

Fig 10 shows the comparison of the increase of 
deflections with applied load on the beam. The 
analytical and theoretical analyses satisfactorily 
predict the bilinear response of the externally 
prestressed segmental beam up to failure and 
are seen to compare well. The initial linear 
portion of the curves represents the elastic 
region where all the joints are closed. The 

segmental beam is in full compression and behaves exactly as a monolithic beam. When loading and 
correspondingly the bending moment is increased beyond the decompression stage (at 48.88kN), the 
mid-span joint starts to open due to the development of tensile stresses. This causes reduction in 
stiffness of the structure and faster increase in deflections. The deflection increase is almost linear 
again as the lever arm of the internal forces remains nearly constant with loading. Failure occurs 
when the neutral axis is shifted into the top slab due to excessive opening of the joints, causing 
concrete to crush. 

Fig 11 shows the plot of the variation of the compressive stress in top concrete fibre at the mid-span 
section. The numerical model is seen to produce results that are closely consistent with the 
theoretical data. Prior to application of external loads, the top concrete fibre is in a state of zero or 
very low compressive stress due to the prestressing camber in the beam. With increase in the vertical 
loads, the stress at the top of the section increases linearly up to a load of 48.88kN at which the beam 
is in the decompression state. As the loads are increased further, the compressive stress also 
increases but at a faster rate owing to redistribution of forces caused due to opening of the joints. At 
failure of the beam by crushing of the top concrete fibres, the stress in concrete is observed to be 
49.04kN and 53.57kN numerically and theoretically. 
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Fig 11 Load vs Compressive stress in concrete 

Fig 12 shows the variation of average strain in the tendons with applied vertical load. The theoretical 
and numerical curves are seen to show great disparity in values. The FE model shows a reduced 
value of initial effective strain in the tendons the reason for which is unknown. The numerical curve 
is observed to follow the same bilinear profile as the load-deflection curve, the rate of strain increase 
higher after decompression. The theoretical curve also shows a linear profile prior to decompression 
after which the joints open and the load-stain relationship becomes nonlinear. The increase in strain 
rate after opening of joints is attributed to the redistribution of forces due to which the tendons carry 
the tensile load after decompression. The ultimate strains predicted by the theoretical and numerical 
analyses vary by a large margin. The correctness of the methods is a question since experimental 
data is unavailable. 

 

Fig 12 Load vs Strain in tendons 

IV. COMPARISON OF EXTERNALLY PRESTRESSED MONOLITHIC AND 

SEGMENTAL CONCRETE BOX BEAMS 

Fig 13 shows the load-deflection responses of the externally prestressed monolithic and segmental 
concrete box beams.  The beams, having the same span and cross-sectional dimensions, produce 
identical response to loading up to the stage of decompression at a load of 48.88kN. The deflection 
curve for the segmental beam subsequently shows nonlinear variation due to opening of the joints 
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and consequential decrease in effectiveness of the beam section. The linear portion of the load-
deflection response of the monolithic beam extends to the initial cracking load of 103.54kN, up to 
which the beam is considered serviceable. A constant strain region follows, till stabilisation of the 
cracks formed, beyond which deflection varies nonlinearly with increase in load. The beam is seen 
to fail due to crushing of concrete at 125.8kN at which point the ultimate deflection was recorded as 
13.93mm. The segmental beam showed a higher ultimate deflection of 15.51mm at the same failure 
load. 

 

Fig 13 Load-deflection response 

As observed from Fig 14, the monolithic and 
segmental beams show similar variation in 
compressive stress in the top concrete fibre at 
the mid-span section, till decompression load. 
The stress then increases nonlinearly in the 
segmental beam. The linear region, however, 
was seen to extend up to the initial cracking 
load (103kN) in the monolithic beam, with a 
sudden increase in concrete stress just beyond. 

The stress again increases linearly up to failure with the maximum stress in concrete noted as 
25.46N/mm2, significantly lower than the ultimate compressive stress in the segmental beam 
(47.64N/mm2). 

 

Fig 14 Load vs concrete stress 

The variation of strain in steel tendons in the 
externally prestressed monolithic and segmental 
concrete beams as predicted by finite element 
analysis is as shown in Fig 15. The ANSYS 
model predicted the initial value of strain to be 
0.00341, instead of 0.0035328, the actual 
effective prestrain applied to the tendons. The 
initial linear profile of the curves which was 
observed for both the beam types extended up to 

the decompression load for the segmental beam and up to initial cracking for the monolithic beam. 
The strain increase in the unbonded tendons in the segmental beam then exhibited nonlinear 
variation till failure, the ultimate strain in steel predicted to be 0.0054. A sudden increase of steel 
strain was observed in the monolithic beam just after cracking after which the increase was 
nonlinear. At failure of the beam, the strain in the prestressing tendons was obtained from the 
numerical analysis as 0.00531, slightly lower than that in the segmental beam. 
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Fig 15 Load vs steel strain  

V. CONCLUSIONS 

In the present study, the response of externally prestressed monolithic and segmental 
concrete box beams to vertical loading was investigated using ANSYS 12.0. The load-
deflection response, variations of stresses in concrete and strains in the prestressing tendons 
with increasing loads were evaluated and compared to theoretical data obtained using the 
theories of structural analysis. The numerical method of analysis was seen to satisfactorily 
predict the behavioural response of the segmental concrete beam up to ultimate, but was not 
as effective in the case of the monolithic box beam. A discrepancy was observed in the 
initial value of effective prestrain in the tendons predicted by the numerical analysis, the 
reason for which is unclear. The effectiveness and accuracy of the contact elements of 
ANSYS 12.0 library in transferring forces between the jointed segments of the externally 
prestressed segmental concrete box beam was validated. The elements were able to simulate 
accurately the nonlinear behaviour of the joints under loading. The approximation of the box 
section as a solid concrete section with decreasing depth estimated using the effective 
moment of inertia was found to effect satisfactorily in predicting the variation of 
compressive stress in concrete in the cracked stage. On comparing the behaviour of the 
segmental concrete beam with flat, dry joints to that of the monolithic beam, the former was 
found to have a lower service load capacity despite the advantages it possessed. 

ACKNOWLEDGEMENT 

The paper is published with the permission of the Director, CSIR-SERC, Chennai, India. The help 
rendered by Shri. K. Saravana Kumar, Scientist is acknowledged.   

REFERENCES 

1. B. K. Diep and H. Umehara(2002), Non-linear Analysis of Externally Prestressed Concrete 
Beams, Electronic Journal of Structural engineering, No.2,  pp.85-96. 

2. Ing G. Rombach and Ing A. Specker(2000), Finite Element Analysis of Externally 
Prestressed Segmental Bridges, Department of Concrete Structures, Technical University of 
Hamburg-Hamburg, Germany. 

0 

20 

40 

60 

80 

100 

120 

140 

0.0034 0.0039 0.0044 0.0049 0.0054 

L
o

a
d

(k
N

) 

Strain 

mono 
seg 

771

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



  

 

 

 

3. J. Turmo, G. Ramos and A.C. Aparicio(2006), FEM Modelling of Unbonded Post-
Tensioned Segmental Beams with Dry Joints, Elsevier Engineering Structures, Volume 28,  
pp.1852-1863. 

4. Kiang-Hwee Tan and Chee-Khoon Ng(1997), Effects of Deviators and Tendon 
Configuration on Behaviour of Externally Prestressed Beams, ACI Structural Journal, Vol. 
94-S02, January-February, pp. 13-21. 

5. M. A. Al-Gorafi, A. A. A. Ali, I. Othman and M. S. Jaafar(2008), FEM Study on the 
Structural Behaviour of Segmental Prestressed Concrete Bridge under Torsion and Dry 
Joint, International Conference on Construction and Building Technology C-(10), pp. 109-
122.  

6. Megally, S., F. Seible, M. Garg and R. Dowell(2002), Seismic Performance of Precast 
Segmental Bridge Superstructures with Internally Bonded Prestressing Tendons, PCI 
Journal, Vol. 47(2), pp. 40-56. 

7. Tae-Hoon Kim, Young-Jin Kim, Byeong-Moo Jin and Hyun-Mock Shin(2007), Numerical 
Study on the Joints between Precast Post-tensioned Segments, International Journal of 
Concrete Structures and Materials, Vol. 19, No. 1E, March, pp. 3-9. 

8. N. Krishnaraju(2012), Prestressed Concrete, 5th Edition, Tata McGraw Hill. 

9. IS 1343-1980 : Indian Standard Code of Practice for Prestressed Concrete 

10. IS 6006-1983 : Indian Standard Specification for Uncoated Stress Relieved Strand for 
Prestressed Concrete 

11. ANSYS 12.0 Tutorials, University of Alberta. 

12. ANSYS 12.0 Help 

05-20 

PSO BASED OPTIMAL ALLOCATION OF SOLAR PV GENERATORS TO MAXIMIZEI 

NSTANTANEOUS PV PENETRATION 

 Chittesh V C1, Elizabeth Rajan2, Tibin Joseph3, Sasidharan Sreedharan4, Vipin Das P1, Sebin 
Joseph1, Vishnu J1 

1PG Scholar, SAINTGITS College of Engineering, Kottayam, Kerala, 

2Asst. Professor, SAINTGITS College of Engineering, Kottayam, Kerala 

3Marie Curie Early Stage Researcher, Institute of Energy, Cardiff University, Cardiff, UK 

4 Postdoctoral Researcher Renewable Energy Design Laboratory, University of Hawaii 

ABSTRACT 

Grid connected Solar PV based generation are being deployed in recent years due to many economic 
and environmental reasons. They are mainly connected at distribution level. This type of generations 
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could have significant impact on power system stability and security because of the nature of the 
primary source for generation, the technology used for energy conversion, the integrity of grid etc. A 
typical old grid may not support high PV penetration at distribution level since most of the 
equipment in the grid may not support bidirectional power flow. So in order to counter this a solar 
photo voltaic generator (SPVG) plant at transmission level is considered in this work.  In this work 
optimal placement of SPVG is considered based on maximum penetration. A single objective 
optimization problem is formulated which is restricted by stability constraints. Maximum 
penetration is achieved by adjusting grid parameters subjected to constraints. The constraints 
considered in this work include generator constraints, power flow constraints, fast volt- age stability 
index (FVSI), line stability factor (LQP), small signal stability. Standard benchmark IEEE 14 bus 
system is selected for test case study to test the developed algorithm and controller. The developed 
algorithm is then implemented in kerala 220 kV practical grid to find the maximum penetration 
corresponding to optimal location. Maximum penetration at maximum possible load on that grid is 
evaluated. The outcome of this work will give the optimal location as well the maximum rating of 
SPVG that can be installed on a grid safely. Optimization is carried out using particle swarm 
optimization (PSO). The modelling and simulation is carried out using MATLAB based power 
system analysis toolbox (PSAT). 

I. INTRODUCTION 

Recently lot of researches are going on in the field of renewable energy resources (RER's) like solar 
photo-voltaic generators (SPVG). Governments of all nations are prompting implementation and 
utilization of SPVG. This scenario arises to the well-known fact that the increased demand can’t be 
met by conventional energy resources only. Increased PV penetration has many advantage for e.g. 
cheap, clean, load on conventional generators is reduced, low voltage ride through capability [Benz 
et al(2010)] etc.  Hence we can see that this is the beginning of a solar revolution. But as the share of 
SPVG increases various stability and security problem also arises. Technical concerns with 
integrating higher penetrations of photovoltaic (PV) systems include grid stability, voltage 
regulation, power quality (voltage rise, sags, flicker, and frequency fluctuations), and protection and 
coordination [Shah et al(2012)]. Influence of large-scale PV on Voltage Stability is investigated in 
[Katiraei et al(2011)]. The stability issue was tested on a standard IEEE 14 bus and found that the 
PV location greatly influence the voltage stability in system.  Optimal placement of solar PV on a 
system depends on various factors like load on system, line loading capacity, load centre, loss 
reduction etc [Jayavarma and Joseph(2013)]. A particle swarm optimization technique is utilized to 
find the optimal location in distribution level. But a clear study about the impact of solar PV on 
power distribution is required before its integration to the system [Katiraei et al(2011)].  Large scale 
PV integration will have more drastic impact on typical old power system since most of the 
equipment’s are past its replacement dates and most of them won’t support reverse power flow. So 
to counter the impact of PV at distribution level and to enable utilization of PV in old grids is a new 
research area. One of the possible solution is to place the SPVG at transmission level. This will help 
to address the power quality issues of PV at a specific location which is much easy and economical. 
It also solve the issue due to reverse power flow. In this paper a proposal is made to place PV at 
optimal location (Transmission Level) in order to maximize the penetration. To achieve this a 
controller is formulated which checks the voltage stability, line stability, small signal stability, 
system constraints etc. 

II. PROBLEM FORMULATION 
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III. Maximum value of PV power depends on various stability constraints associated to the grid 
and other power system components. By increasing the PV power we are reducing the use of 
conventional generators. 

A. Objective Function 

For a generalised model, increasing PV penetration means to increase the power output of all SPV 
generators connected to the system. Here system with single SPV generators is considered. So 
maximization of output of single generators is the objective function. That is:                        

Where F(x) is the total capacity of grid-connected PV power stations;    is the capacity of each PV 
power station, which is decision variable; n is the number of PV power stations. Subjected to 
constraints given in table 1. 

Table 1: Constraints 

 

Fast Voltage Stability Index (FVSI) 

The safe bus loading of the system is assured by incorporating the Fast Voltage Stability Index 
(FVSI) proposed by [Musirin and A. Rahman,(2002)]. If FVSI ≈ 1.00μ bus connected to the line is 

(1) 
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approaching its instability point. If FVSI ≥ 1.00μ one of the buses connected to the line will 
experience a sudden voltage drop and the bus will collapse due to overloading.  

Line Stability Index (LQP) 

The line stability index symbolized by LQP proposed by [Moghavvemi, M., & Omar, F. M(1998)] is 
formulated based on a power transmission concept in a single line. The value of LQP must be less 
than 1.00 to maintain a stable system. 

In table 1, 

i and j = 1, 2, ...Nb = numbers of power grid buses 

Pgi and Qgi are active power and reactive power of conventional units 

PLi and QLi are active and reactive load 

Ppi and Q pi are active power and reactive power of PV power stations 

Vi , Vj and δi j are voltage magnitudes and phase angle 

Gi j and Bi j are elements of admittance matrix. 

Nb is the number of buses in the system 

Vi min and Vi max are minimum and maximum voltage setting of each bus 

δi is voltage angle 

Pi j are the power flow in line i-j and  f  is the load factor 

IV. METHODOLOGY 

In previous section the main objective and its limit constraints have been defined for designing a 
penetration controller. Now this objective is implemented in a PSO based stochastic optimization 
algorithm to find the maximum penetration and optimal location. Newton-Raphson power flow 
analysis method is used for calculating power flow and voltages at all buses. Initially, system 
with base load with and without SPVG is simulated to calculate the power flow. This forms the 
base case or reference case which will be used to compare the result obtained from maximum 
penetration.  The maximum loading of a system may be limited by many parameters, for e.g. the line 
loading limit, the reactive power demand, voltage on the bus etc.  So in order to find the maximum 
possible loading of the system a stochastic optimization technique is required and PSO is one of the 
best for it. Load is increased to the maximum possible value using PSO and the generator output is 
also controlled.  Slack generators other than main slack (mother slack) is controlled. The load is 
shared between conventional generators and SPVG. The SPVG will try to contribute maximum to 
the increased load without violating any security or stability limits.  The whole process is done by 
the controller. The controller places the SPVG at the optimal location for maximizing the 
penetration. Load is varied according to 

PLi ( ) = PLi ; i = m + 1.......Nb                                                  

(2) 

(3) 
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PLi ( ) = QLi ; i = m + 1.......Nb                                                  

Where, PLi and PLi are the active and reactive loads on each bus. m is the total number of generator 
buses,  = 1 indicates the base load case. By varying  we can vary the load. 

V. SYSTEM MODELLING AND SIMULATION TOOLS 

Power system model used for analysis is based on a set of nonlinear differential algebraic equations 
(DAE) with discrete variables.  The differential equations depends on machine, regulator and load 
models. On the other hand, the algebraic equations can be formed from two models, namely (1) 
current-injection model and (2) power injection model. In particular, for each device, one can define 
a certain set of differential equations and algebraic equations.  These differential equations are 
solved using numerical solution methods like newtons method. Detailed modelling of each power 
system element into DAE system is given in [Milano, (2010)].  All power system components like 
transmission line model(pi model), generator model, AVR model, Turbine governor model etc. are 
modelled in this methods and is given by Dr. Fedico milano in his book [Milano, (2010)] and is 
employed in his tool box package. 

A. SPVG Modelling 

Solar photo voltaic generator which produces electrical energy by converting sunlight can be 
equivalently represented by a controlled current source parallel to a diode ideally. SPV cell produces 
a DC output which has to be converted to AC before connecting to a grid.  This is done using a 
voltage source converter (VSC).  The output power from solar cell depends on irradiance and 
temperature of cell. So the firing angle of VSC is controlled accordingly to get maximum possible 
power output at all times.  

B. Tools 

The entire algorithm has been coded in MATLAB using Power System Analysis Toolbox (PSAT) 
(Milano, 2010) developed by Dr. Federico Milano. It is a MATLAB toolbox for electric power 
system analysis and control. To validate the quality of the proposed controller two systems are used 
in this paper. The first test system is an IEEE 14 bus system and the Practical Kerala 220 kV System 
given in figure 1. 

 

Fig 1: 220 kV kerala Practical Grid 

VI. RESULTS AND DISCUSSION 
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The proposed solution method was tested on a standard IEEE 14 bus test system. The bus system 
consists of 6 generators, of which one is slack generator. There are 20 lines. Buses 2 and 13 are PV 
(Constant power Constant voltage) buses and also buses 3, 6 and 8 are synchronous compensator 
buses. Loads were modelled as constant power (PQ) loads with constant power factor.  The loads are 
initially set at base value and a base case is formed. The maximum penetration of PV depends on 
location of SPVG and hence are the decision variables. All the buses except the buses which already 
has a generator is considered for placing PV.   

A. IEEE 14 Bus Results 

The SPVG is connected to separate bus that forms the 15th bus in case of IEEE 14 bus test system. 
This bus is modelled as a V θ bus. This whole arrangement is considered as solar photo voltaic 
(SPV) bus or SPVG bus. The SPVG is placed at several arbitrary positions and the resultant power 
flows are calculated. Different locations of SPVG gives different power flow results and different 
penetration levels. Maximum instantaneous penetration means the maximum power output that can 
be given by SPVG at a particular instant. Using particle swarm optimization algorithm, the optimal 
location of SPVG for maximum penetration at transmission level was found to be at 4th bus for 
IEEE 14 Bus test system.  This is different from all other analysis and research previously done in 
placement of SPVG in IEEE 14 bus system, for example [Jayavarma and Joseph(2013)] states the 
optimal location to be 10th  bus. 

 
Fig 2: Voltages at different Buses (IEEE 14 Bus)  Fig 3: Generation at Buses 

(IEEE 14 Bus) 

 
Fig 4: Line Flows at Buses (IEEE 14 Bus)   Fig 5: Loads at different Buses 

(IEEE 14 Bus) 
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Fig 6: Eigenvalue plot without controller (IEEE 14 Bus)     Fig 7: Eigenvalue plot with 

controller (IEEE 14 Bus) 

The load on IEEE 14 bus test system was 2.66 pu. Total generation to supply this load was about 
2.85 pu. That is 0.19 pu loss. Now when SPVG was introduced at 4th bus, same load was supplied 
with 2.72 pu generation, out of which 2.02 pu was contribution of SPVG which is 73.18 % of total 
generation.  Loss was reduced to 0.06 pu.  This is due to optimal placement of SPVG near to load 
center. Now with maximum penetratioin total load was 6.17 pu.  To meet this load total generation 
was 6.60 pu.  Optimal location of SPVG was found to be at 4th bus. Contribution of SPVG was 5.22 
pu which is about 83% approximately. Definitely the SPVG shares the maximum portion of load. 
The maximum system loading was 220 % by considering stability constraints. The results were 
within the constraints and is given by plots of voltage, generation, load, line flow, and eigenvalues as 
given above. Voltages in the system are set between the limits i.e. 0.9 pu to 1.1 pu. Figure 6 and 7 
gives the eigenvalue plot without and with controller. Eigenvalue plot directly gives the small signal 
stability of the system. From both plot we can see that the system is stable since all the eigenvalues 
are in left side of S-plane. Eigenvalue at 70 has moved further left with controller showing that 
increase in PV penetration directly affects stability of the system or increase the stability of the 
system. This happens because SPVG which is having a VSC connected to it at the front end which 
gives a damping effect. This damping is obtained from the feedback controller that forms the MPPT. 
In overall this feedback controller is modelled in PSAT as a PI controller. With increase in 
penetration the value of Kp & Ki changes and thus improves stability of system. Hence it can be 
generalized that small signal stability of the system improves when PV penetration. 

B. Kerala Grid Results 

Kerala grid is an old typical grid which is working close to its limits.  Most of the equipment’s in the 
grid are old or way past its replacement time. And also many of them are designed to operate with 
unidirectional power flow and will not function properly with bidirectional power flow. So addition 
of new generators at distribution level will have a negative impact on the stability of grid. In worst 
cases board suspect a drastic system collapse may even occur. But initially without considering this 
fact board was promoting the implementation of SPVG at distribution level. When SPVG 
penetration started to increase system started showing symptoms of failure. Hence they were forced 
to slow down the promotion of SPVG. But due to the ever increasing demand the utility is forced to 
find new ways to meet it. So a solar PV generation plant at transmission level will help kerala state 
electricity board (KSEB) to takle this. After testing the algorithm on IEEE 14 bus standard test 
system, it will now be employed on practical 220 kV Kerala grid. A SPVG bus is formulated 
separately and this bus is named as UBus28. PSO will randomly connect it to different buses and 
will find the maximum instantaneous penetration at each bus. In kerala grid, IDUKKI bus is 
considered as mother slack or main slack. Rest of the generator bus are considered as PV bus. So 
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they always supply constant power. Loads are modelled as PQ loads and load buses are considered 
as PQ bus. Loads are treated as lumped loads. Whereas in reality they are distributed. The optimal 
location was found to be at 20th bus i.e. PALLOM NEW bus. The load in base case is 20.01 pu.  
This load has increased to 32.18 pu with controllers i.e, 60.86 % increase in load. That is the loading 
has increased upto 160 % in kerala grid system to become 32.18 pu. To meet this load base case 
generation is 20.40 pu out of which 0.87pu (4 %) was by SPVG. But with maximum penetration 
controller the generation is about 33.15 pu out of which 8.94 pu was by SPVG. This is about 27 % of 
total generation. 

 
Fig 8: Voltages at different Buses (Kerala Grid)  Fig 9: Generation at Buses 

(Kerala Grid) 

 
Fig 10: Loads at different Buses (Kerala Grid)  Fig 11: Line Flows at Buses 

(Kerala Grid) 

 
Fig 12: Eigenvalue plot without controller (Kerala Grid)     Fig 13: Eigenvalue plot with 

controller (Kerala Grid) 
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From the figures given above it can be seen that the voltages are within the limits for all cases, 
generations at all buses, loads and line flows. The eigenvalue plot gives the stability of the system 
and shows that system is stable since, all eigenvalues are on left side of S-plane. 

VII. CONCLUSION 

Implementation of SPVG at transmission level is one of the possible solution for addressing the 
power shortage issue and the PV impact issue simultaneously.  Optimal location of solar PV 
generators in a grid greatly affects the maximum penetration. The optimal location depends on the 
substation capacity, line loading, availability of land etc. PV power basically differs from 
conventional power generation technologies, because the primary energy source is not controllable. 
The applicability of the proposed scheme was tested on a standard IEEE 14-bus system at constant 
load and maximum load. Computation of power flow is done using Newton Raphson power flow 
method.  The whole simulation was done on MATLAB using MATLAB based PSAT toolbox. In 
this work it is found that PSO based optimization technique is much better to find the optimal 
allocation of SPVG in power transmission system. Table 2 gives maximum penetration of solar 
power in IEEE 14 bus standard test system and Kerala 220 kV grid system at transmission level. 
Optimal location for maximum penetration in IEEE 14 Bus and Kerala Grid at transmission level 
was found to be 4th Bus and 21st Bus (New Pallom) respectively. Incorporation of Fast Voltage 
Stability Index (FVSI) and Line Stability Factor (LQP) constraints in the optimization problem 
ensures grid stability at various levels of penetration.  Also the small signal stability analysis give the 
small signal stability of system. 

Table 2: Maximum Penetration 

System Penetration(without Controllers) % Penetration (with Controllers)% 

IEEE 14 Bus 73.26 83.10 

Kerala Grid 4.0 27.0 
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ABSTRACT 

Polyhouse cultivation of vegetables is emerging as a specialized production technology to overcome 
biotic and abiotic stresses and to break the seasonal barrier to production.  

A study was undertaken in Farming Systems Research Station, Sadanandapuram, Kotarakkara to 
evaluate the performance of cabbage and cauliflower under protected structures. Gable type poly 
house structures with double vent each having an area of 96 m2 (width of structure -6m and length of 
structure- 16m) with natural ventilation have been constructed for cultivating cabbage and 
cauliflower.  Gable shaped ploy house structure oriented in north-south direction has facility to 
provide natural ventilation ( > 30% effective side ventilation and > 9% effective roof ventilation) is 
most suitable to Kerala conditions since it permits reduction of temperature and relative humidity 
and replacement of carbon dioxide deficiency.   
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The yield per plant of cabbage and cauliflower grown in poly house and in open field are found to be 
same. However, total yield per unit area is higher in poly house structures than in open field. The 
increase in yield was to the tune of 248% and 329% for Cabbage and Cauliflower respectively and 
shelf life better in poly house. Plant characteristics like height of plant and number of leaves of 
cabbage are same in poly house structure and open field condition. However, higher height of plant 
and more number of leaves are observed in Cauliflower planted in poly house structure.  No pest and 
diseases incidence was observed in poly house structures for Cabbage and Cauliflower. However, 
grass hopper, cater pillar and snail affect these plants in open field. 

It was found that micro climatic parameters were varied between poly house and outside. The Solar 
radiation (PAR) was increased from 59 to 79% in open field compared to inside the poly house. Soil 
temperature was increases with depth in poly house structure. The outside soil temperature was more 
compared to temperature inside the poly house. The leaf temperature was higher in open field than 
poly house. The Air temperature was more in poly house than in open field. The relative humidity 
was less in poly house structure compared to outside the structure (5-8% increase in outside).  

Cultivation of cabbage in a polyhouse was found to be highly feasible as reflected in higher values 
of BCR (2.67) followed by cauliflower with B: C ratio 1.51.  

Year round cultivation of vegetables even under the extreme climatic conditions is possible using 
these structures. However the performance of the crop was better in cool season. Better quality of 
produce, high yield and minimizing pesticides can be ensured. Efficient use of water and fertlilizer 
can be achieved. Continuous monitoring of crops is needed inside the poly house.  

 This study has created an opportunity to popularize and demonstrate the need of Hi- Tech 
farming. Throughout the year 3 or 4 crops can be grown to meet the market demands due to the 
availability of required plant environment conditions in poly house structures. Employment and 
income generation among unemployed and educated youngsters can be achieved. 

INTRODUCTION 

In conventional agronomical practices, the crops are being grown / cultivated in the open field under 
natural conditions where the crops are more susceptible to sudden changes in climate i.e. 
temperature, humidity, light intensity, and other conditions such as pest and diseases due to which 
the quality, yield of a particular crop can get affected and may be decreased. Poly houses/ green 
houses are frames of inflated structure covered with a transparent material in which crops are grown 
under controlled environment conditions throughout the season irrespective of the natural conditions 
outside. This technology helps for off season production of vegetables.  In Kerala this technology is 
being adopted by many of the farmers.   

Protected cultivation is gaining importance in the recent past, owing to its perpetual demand 
throughout the year. Polyhouse production has already been proven as profitable and production 
under protection has attracted much attention in recent years (Aruna and Sudhagar, 2010).  

Demonstration of low-cost polyhouse production technology will attract even the younger educated 
generation to adopt it as a rewarding enterprise. This will also help in adoption of the technology by 
more farmers and augment vegetable and cut flower production in the district.  In this study, 
vegetable crops such as Cabbage and Cauliflower was tested under protected conditions inside the 
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polyhouse and was compared with their performance under open conditions. Various microclimatic 
parameters and biometric observations were recorded for performance evaluation. 

Materials and Methods 

Gable type poly house structures with double vent each having an area of 96 m2 (width of structure -
6m and length of structure- 16m) with natural ventilation have been constructed at FSRS farm.  
Gable shaped ploy house structure oriented in north-south direction has facility to provide natural 
ventilation ( > 30% effective side ventilation and > 9% effective roof ventilation) is most suitable to 
Kerala conditions since it permits reduction of temperature and relative humidity and replacement of 
carbon dioxide deficiency.  Drip system with fertigation facility and fogger units were installed in 
each of the 2 structures.  Natural ventilation system combined with fogging (only during peak hours) 
can provide a good degree of environmental control. Green house monitor with sensors for 
measuring micro climatic parameters such as Air temperature at different heights, Relative humidity, 
Soil temperature at different depths, Leaf temperature, Leaf wetness, Solar radiation and outside 
climatic parameters have been installed. 

The experiment was laid out in poly house (Fig.1 & 2) and in open field condition for cabbage and 
cauliflower.  

 

  

 

 

 

 

 

 

 

The variety of cabbage used was F1hybrid NS43 (Namdari) and for cauliflower the variety was 
F1hybrid NS60N (Namdari). Plant characteristics and micro climatic parameters are recorded.  Two 
trials have been conducted. Fertilizers are applied as per Adhoc recommendation of KAU. Water 
soluble fertilizers are used. 

RESULTS AND CONCLUSIONS 

I. Performance Evaluation of Cabbage 

The yield per plant of cabbage grown in poly house and in open field is found to be same. However, 
total yield per unit area is higher in poly house structures than in open field. The increase in yield 
was to the tune of 248% over open condition. Plant characteristics like height of plant and number of 
leaves of cabbage are same in poly house structure and open field condition. Earlier flowering of the 
crops was observed in poly house structures and shelf life better in poly house.  

Fig.2.  Cultivation of Cauliflower in poly 

house structure 

Fig.1. Cultivation of Cabbage in poly 

house stru 
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Pest and diseases incidence was not observed in poly house structures for Cabbage in first trial. 
However, grass hopper and snail affect these plants in open field. In second trial, cater pillar affected 
some of the plants in poly house.  However timely control measures were under taken to control the 
attack of these pests. Beauveria  20 grams/litre was sprayed to control the attack of cater pillar. In 
the open field in second trial, the plants show the incidence of Cater pillar and snails.   Beauveria 20 
grams/litre was sprayed to control the attack of cater pillar in open field.   

II. Performance Evaluation of Cauliflower 

The yield per plant of cauliflower grown in poly house and in open field is found to be same. 
However, total yield per unit area is higher in poly house structures than in open field. The increase 
in yield was to the tune of 329% over open field. Plant characteristics like height of plant and 
number of leaves of Cauliflower are more in poly house structure than in open field.  

No pest and diseases incidence was observed in poly house structures in first trial. However, grass 
hopper and snail affect these plants in open field. In second trial no pest and diseases incidence was 
observed in both poly house structures and in open field. 

Earlier flowering of the crops was observed in poly house structures. Shelf life is better in poly 
house than open field. 

III. Evaluation of microclimatic parameters 

It was found that micro climatic parameters were varied between poly house and outside. The Solar 
radiation (PAR) was increased from 59 to 79% in open field compared to inside the poly house 
during November to January (Fig. 3). Soil temperature was increases with depth in poly house 
structure. The outside soil temperature was more compared to temperature inside the poly house 
(Fig.4). 

 

Fig.3. Variation of solar radiation in poly house and open field 
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Fig.4. Variation of soil temperature in poly house and open field 

The Air temperature was more in poly house than in open field ( Fig.5). The relative humidity was 
less in poly house structure ( Fig.6)compared to outside the structure (5-8% increase in outside). The 
leaf temperature was higher in open field than poly house. 

 

Fig.5. Variation of air temperature in poly house and open field 
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Fig.6. Variation of relative humidity in poly house and open field 

IV. Awarness programmes on Hi-Tech Farming 

As part of the study, different awareness programmes such as demonstration and field level training 
to youths/ farmers have been conducted in order to popularize Hi-Tech farming. Thus this study has 
created an opportunity to popularize and demonstrate the need of Hi- Tech farming. Throughout the 
year 3 or 4 crops can be grown to meet the market demands due to the availability of required plant 
environment conditions in poly house structures. Employment and income generation among 
unemployed and educated youngsters can be achieved. 

V. Economics 

The present study examined the economic viability of production of cabbage and cauliflower in poly 
house. The cost of cultivation of each crop such as cabbage and cauliflower assessed and the benefit 
cost ratio was calculated (Sreedhara et al,2013) . Two trials were conducted for each crop. The total 
cost of cultivation was divided as fixed cost and variable cost.  Among the total cost of cultivation, 
the proportion of total fixed cost was highest ( Rs. 139182) compared to total variable cost (Rs. 
9632/-). of cabbage production under protected conditions. Similarly, the proportion of total fixed 
cost was ( Rs. 139182) for cauliflower, while  the variable cost was Rs. 9157/-. Among the variable 
costs, the labour cost was highest followed by expenditure on material cost.  

Cultivation of cabbage in a polyhouse was found to be highly feasible as reflected in higher values 
of BCR (2.67) followed by cauliflower with B: C ratio 1.51.  
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PERFORMANCE OF USED COCONUT OIL BIODIESEL AND JETROPHA BIODIESEL 

BLENDS ON DIESEL ENGINE 
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ABSTRACT 

ABSTRACT: IN the present world it is essential to find an alternate fuel source due to the increased 
industrialization and depletion in natural resources. The method of obtaining biodiesel from various 
sources and blending them with diesel is adopted in many economically developed and developing 
countries around the world. This paper investigates the utilization of Jatropha and Coconut biodiesel 
blends with diesel in CI engine. The comparison of performance and combustion characteristics of 
B10 and B20 blends of Jatropha and coconut with diesel have been studied and it is found out that 
the blends of biodiesel like Jatropha and coconut with diesel could substitute in the place of pure 
diesel and be used as an alternate source of fuel in the near future, thus saving the natural resources 
for the future generation. Performance parameter like brake thermal efficiency, specific fuel 
consumption, mechanical efficiency, brake power is evaluated and final conclusion is drawn. Also 
emission characteristics are also checked. 

Keywords: Biodiesel, Diesel engine, Transesterification, Emission, Efficiency. 

1. INTRODUCTION 

The rising costs and increasing in pollution of petroleum-based fuels, coupled with global climate, 
are driving the search for carbon-neutral renewable alternatives. In the most general sense, biodiesel 
refers to any diesel fuel substitute derived from renewable biomass. More specifically, biodiesel is 
defined as an oxygenated, sulfur-free, biodegradable, non-toxic, and eco-friendly alternative diesel 
oil. Chemically, it can be defined as a fuel composed of mono-alkyl esters of long chain fatty acids 
derived from renewable sources, such as vegetable oil, animal fat, and used cooking oil designated 
as B100, and also it must meet the special requirements such as the ASTM and the European 
standards. For these to be considered as viable transportation fuels, they must meet stringent quality 
standards. One popular process for producing biodiesel is transesterification.  

1.1. BIODIESEL CYCLE 

Figure shows the Biodiesel production Cycle, solar energy and carbon dioxide along with other 
inputs are used to grow crops that are in turn harvested and processed. As an example, soybeans are 
crushed to produce oil that is the basic material to be turned into biodiesel. The production process 
forces the vegetable oil to react with a catalyst to produce fatty acid esters, the chemical name for 
biodiesel. The fuel is then used in existing vehicles which also produce carbon dioxide. 

1.2. TRANSESTERIFICATION OF VEGETABLE OIL 
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Transesterification is the process of separating the fatty acids from their glycerol backbone to form 
fatty acid esters (FAE) and free glycerol. Fatty acid esters commonly known as biodiesel can be 
produced in batches or continuously by transesterifying triglycerides such as animal fat or vegetable 
oil with lower molecular weight alcohols in the presence of a base or an acid catalyst. This reaction 
occurs stepwise, with monoglycerides and diglycerides as intermediate products. 

The "R" groups are the fatty acids, which are usually 12 to 22 carbons in length. The large vegetable 
oil molecule is reduced to about 1/3 its original size, lowering the viscosity making it similar to 

diesel fuel. The reaction produces three molecules of 
ester fuel from one molecule of vegetable-oil. 

 

 

 

In such reaction known as transesterification (Fig.1), a triglyceride is allowed to react with a 
threefold excess of an alcohol such as ethanol or methanol, and this alcohol takes the place of the 
ester linkage to glycerol, yielding three fatty acid esters of the new alcohol and glycerol. Here three 
molecules of one alcohol are replacing glycerol, another alcohol, in the triglyceride. Vegetable oils 
have to undergo the process of transesterification to be usable in internal combustion engines. 
Biodiesel is the product of the process of transesterification. A catalyst is usually used to improve 
their action rate and yield. Since the reaction is reversible, excess alcohol is required to shift the 
equilibrium to the product side. Among the alcohols that can be used in the transesterification 
process are methanol, ethanol, propanol, butanol and amyl alcohol. 

1.3. BIODIESEL FROM COCONUT OIL 

Coconut oil is a widely used liquid biofuel that is clean, relatively cheap, easy to extract, non-toxic 
and aromatic. It can also be used for cooking, in spreads, in health food products and cosmetics, and 
as a medication vector. The leftover coconut meal can be used to make flour, biscuits, chicken 
pellets and fish food while the husks and shells with their high heating value are an efficient dry fuel, 
making the common coconut one of the most useful nuts around. 

 

 

Fig. 1: The Transesterification 

Process 

Fig 2: Production of Biodiesel 

from coconut oil 
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The cleanest way to use coconut oil in diesel engines is to convert it to biodiesel by 
transesterification (Fig. 2). While best results are obtained in a refinery or a chemistry lab, this is a 
fairly simple process that can still yield good quality fuel in a garage or garden shed with simple 
household equipment. Refined biodiesel has less than 0.05% water/sediment content and less than 
0.25% w/v total glycerol content but it only needs to be as clear and non-viscous as is needed by the 
engine for it to function. As long as the fuel lines remain unclogged the fuel filter will capture any 
unfiltered particulates. 

Vegetable oil like coconut oil consists of hydrocarbon called triglycerides. The triglyceride 
composition is unique for every plant oil. Triglyceride molecules consist of glycerol bound to three 
fatty acid molecules. Different plant oils have different compositions and there is no natural oil that 
consists of just one triglyceride type. 

1.4. BIODIESEL FROM JATROPHA 

Jatropha is a shrub that adapts well to arid environments. Jatropha curcas is the most known variety; 
it requires little water or additional care; therefore, it is adequate for warm regions with little 
fertility. Productivity may be reduced by irregular rainfall or strong winds during the flowering 
season. Yield depends on climate, soil, rainfall and treatment during sowing and harvesting. Jatropha 
plants become productive after 3 or 4 years, and their lifespan is about 50 years. Oil yield depends 
on the method of extraction (Fig. 3); it is 28–32% using presses and up to 52% by solvent extraction. 
Since the seeds are toxic, Jatropha oil is non edible. The toxicity is due to the presence of curcasin (a 
globulin) and jatrophic acid (as toxic as ricin). 

 

 

2. EXPERIMENTAL SETUP 

2.1. PREPARATION OF BLENDS 

Biodiesel can be blended and used in many different concentrations, including B100 (pure 
biodiesel), B20 (20% biodiesel, 80% petroleum diesel), B5 (5% biodiesel, 95% petroleum diesel) 
and B2 (2% biodiesel, 98% petroleum diesel). Blending is the process of mixing to combine or mix 
so that the constituent parts are indistinguishable from one another. Here for experimentation we 
prepared the blends of B20 and B10 of Coconut and Jatropha, (Fig: 4). 

 

 

Fig 3: Jatropha Life cycle 

Fig 4: Biodiesel Blends 
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Calorific Value of the pure as well as blended diesel is measured using bomb calorimeter (Fig. 5) 
and their flash and fire point are calculated using Pensky-Marten’s Apparatus (Fig. θ) and the 
viscosity values of the same are found out using redwood viscometer (Fig. 7). Exhaust gas analyzer 
is used to conduct the analysis of exhaust gases (Fig. 8). 

 

Fig 5: Bomb Calorimeter 

Fig 6: Pensky-Marten’s Apparatus 

Fig 7: Redwood Viscometer 

Fig 8: Exhaust Gas Analyser 
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Experimentation is done on single cylinder diesel engine (Kirloskar made) with electrical loading 
arrangement and j-type thermocouple for temperature measurement at various salient points. (Fig. 9) 

3. RESULTS AND DISCUSSION 

3.1. CALORIFIC VALUE 

 

 

 

By comparing the Calorific values on the graphs shown (Fig. 10), it is clear that the pure Diesel has 
the highest calorific value and it is followed by B10 Coconut blend. This may be because as the 
percentage of pure diesel decreases the heat capacity of the fuel also decreases. 

3.2. FLASH AND FIRE POINT 

The flash point of a material is the lowest temperature at which the application of test flame causes 
the vapours from the material to momentarily catch fire in the form of a flash under specified 
conditions of the test. The fire point is the lowest temperature at which the application of test flame 
causes the material to ignite and burn at least for 5 seconds under specified conditions of the test. 
From Flash and Fire Point experiments (Table. 1), the blends have a similar flash point and fire point 
as compared to pure diesel. This phenomenon may be due to the less percentage of biodiesel (10% 
or 20%) added to the pure diesel and as the percentage increases then the flash and fire point also 
differs. 
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FUEL USED FLASH POINT(degree 

Celsius) 

FIRE POINT (degree 

Celsius) 

DIESEL 62 75 

B10 COCONUT BLEND 95 117 

B20 COCONUT BLEND 108 126 

B10 JATROPHA BLEND 102 124 

B20 JATROPHA BLEND 117 132 

 

3.3. VISCOSITY 

Viscosity is the property of fluid. It is defined as “The internal resistance offered by the fluid to the 
movement of one layer of fluid over an adjacent layer”. The graph shown (Fig. 11) shows the 
variation of absolute viscosity with temperature. As the temperature increases, the viscosity of all 
blends decreases, but steep decrease is found in pure Jatropha biodiesel from 60°C and 70°C. All 
other blends of Jatropha also show some irregular variation in viscosity. But the pure coconut 
biodiesel and its blends shows great linearity in its viscosity. But the pure coconut biodiesel and its 
blends shows great linearity in its viscosity is almost constant and near to diesels. The coconut B10 
blend shows great similarity to the viscosity of pure diesel than the coconut B20 blend. From this the 
most efficient blend is found to be coconut blends which will not create any injector problems. 

 

 

 

Kinematic Viscosity is the ratio of absolute or dynamic viscosity to density - a quantity in which no 
force is involved. The graph shows (Fig. 12) the relation of kinematic viscosity vs temperature, also 
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Table 1: Flash and Fire point for different biodiesel blends. 
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shows the similarity of coconut biodiesel blends to pure diesel. By analyzing the above graph 
kinematic viscosity pure Jatropha is showing some difference from kinematic viscosity of pure 
diesel and it is found to be largest variation in our test.  Most similar values are obtained for pure 
coconut biodiesel and its blends. But B20 Jatropha shows similar plot here mainly from 50°C. 

 

 

 

 

3.4. EFFICIENCIES 

Brake thermal efficiency is reckoned in terms of the brake horsepower. BRAKE THERMAL 
EFFICIENCY is the ratio of the heat equivalent of the brake output to the heat supplied to the 
engine. From the graph (Fig. 13) highest thermal efficiency is shown by B20 Jatropha Blend and this 
may be due to the less calorific value contribution of B20 Jatropha blend than other blends. B10 
Coconut blend biodiesel also has comparatively similar brake thermal efficiency as that of B20 
Jatropha blend. 
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Mechanical efficiency measures the effectiveness of a machine in transforming the energy and 
power that is input to the device into an output force and movement. Efficiency is measured as a 
ratio of the measured performance to the performance of an ideal machine. It is also clear from the 
Fig. 14 that the mechanical efficiency is increasing with brake power and the higher value of 
mechanical efficiency is attained by pure diesel and this shows that the even though the biodiesel 
blends has higher value of thermal efficiency it has lesser effectiveness for transforming the 
produced indicated power to brake power and this may be due to the high value of viscosity of 
biodiesel blends. B 10 coconut blend biodiesel has the next higher value for the mechanical 
efficiency.  

 

 

 

 

 

 

 

 

 

 

Brake Specific Fuel Consumption (BSFC) is a measure of the fuel efficiency of any prime mover 
that burns fuel and produces rotational, or shaft, power. It is typically used for comparing the 
efficiency of internal combustion engines with a shaft output. By analyzing the graph the Specific 
Fuel Consumption (Fig. 15) exhibited by coconut and jatropha blends are lower than that of diesel 
and this may be due to the increase of viscosity and comparatively similar (not too low) calorific 
value.  
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Brake thermal efficiency of different blends at different loading conditions is shown in Fig 16 and 
the blend B20 Jatropha shows higher Brake Thermal Efficiency. 

 

 

 

Mechanical efficiency measures the effectiveness of a machine in transforming the energy and 
power that is input to the device into an output force and movement. The 
ideal transmission or mechanism has an efficiency of 100%, because there is no power loss. Real 
devices will have efficiencies less than 100% because rigid and frictionless systems do not exist. The 
power losses in a transmission or mechanism are eventually dissipated as heat. The mechanical 
efficiency versus load comparison is shown in Fig. 17 and the mechanical efficiency increases with 
load applied and the B20 blends shows the higher mechanical efficiency at higher loads and the 
reason may be as explained in the result of mechanical efficiency vs brake power. 
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Fig 16: Brake Thermal Efficiency Vs Load  

Fig 17: Mechanical Efficiency Vs Load  
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SL 

NO. 

OIL MASS (in 

gram) 

Mass of can 

(gram) 

VOLUME 

(In ml) 

MASS 

OF 

OIL(Kg) 

Volume 

(m^3) 

Density of 

oil 

(Kg/m^3) 

Specific 

Gravity 

of oil 

1 Pure Diesel 57 15 50 0.042 0.00005 840 0.84 

2 

B 10 

(Coconut) 57 15 50 0.042 0.00005 840 0.84 

3 

B 20 

(Coconut) 58 15 50 0.043 0.00005 860 0.86 

4 

B 10 

(Jetropha) 57 15 50 0.042 0.00005 840 0.84 

5 

B 20 

(Jetropha) 57 15 50 0.042 0.00005 840 0.84 

 

 

 

3.5. EXHAUST 

Some classes of burned or partially burned fuel, hydrocarbons are toxins. Hydrocarbons are a major 
contributor to smog, which can be a major problem in urban areas. Prolonged exposure to 
hydrocarbons contributes to asthma, liver disease, lung disease, and cancer. Regulations governing 
hydrocarbons vary according to type ofengine and jurisdiction; in some cases, "non-
methane hydrocarbons" are regulated, while in other cases, "total hydrocarbons" are regulated. From 
the HC emission characteristics plotted (Fig. 18) it can be seen that diesel has high HC emissions 
than the blends and the blend B20 coconut has the least HC emission rates compared to other blends, 
which clearly describes the fact that the fuel, pure diesel is not getting complete combustion and due 
to the presence of oxygen in biodiesel it gets complete combustion. 
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Fig 18: HC Emission Graph 

Table 2: Comparison of specific gravity of fuels 
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part of the anthropogenic contribution to the growth of CO2 concentrations in the atmosphere which 
is believed by a majority of scientists to play a significant part in climate change. By observing the 
CO2 emission characteristics (Fig. 19) it is clear that, CO2 emission very high for diesel when 
compared to the biodiesel blends. This may be due to a higher cetane rating for biodiesel than pure 
diesel, which can improve performance and clean up emissions compared to crude diesel (with 
cetane lower than 40) 

 

 

 

Mono-nitrogen oxides NO and NO2 react with ammonia, moisture, and other compounds to 
form nitric acid vapor and related particles. Small particles can penetrate deeply into sensitive lung 
tissue and damage it, causing premature death in extreme cases. From the NOX emission 
characteristics (Fig. 20) obtained for blends and diesel, we can observe that NOx emission is high 
for B 20 Jatropha. Charge-gas mixtures that are closer to stoichiometric at ignition and in the 
standing premixed auto-ignition zone near the flame lift-off length appear to be key factors in 
helping to explain the biodiesel NOx increase under all conditions. These differences are expected to 
lead to higher local and average in-cylinder temperatures, lower radiation heat losses, and a shorter, 
more-advanced combustion event, all of which would be expected to increase thermal 

NOxemissions. 
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Carbon monoxide poisoning is the most common type of fatal air poisoning in many countries. 
Carbon monoxide is colorless, odorless and tasteless, but highly toxic. It combines with hemoglobin 
to produce carboxy-hemoglobin, which is ineffective for delivering oxygen to bodily tissues. By 
analyzing the CO emission characteristics (Fig. 21) it is clear that the coconut oil biodiesel blends 
exhibits the lesser CO emission than other blends and diesel.  

 

 

UNIT PARAMETERS DIESEL 

B10 

COCONUT 

B20 

COCONUT 

B10 

JATROP

HA 

B20 

JATROPHA 

ppm HC 13 11 9 12 10 

%vol CO 0.08 0.06 0.05 0.07 0.06 

ppm NOX 1422 1453 1530 1520 1590 

%vol CO2 6.2 6 6.1 6.1 6.2 

 

 

4. CONCLUSION 

 A comprehensive survey of available literature has been done on compression ignition engines 
fuelled with coconut oil biodiesel and Jertropha biodiesel and their specified blends in diesel with 
dual fuel mode operation, to develop an understanding of performance, combustion and emission 
behavior of the engine. In addition to this an exhaustive literature review was also undertaken on 
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TABLE 3: Comparison of Exhaust Gas Parameters. 
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biodiesel production techniques, cost estimation of biodiesel production and utilization, properties 
and environmental impact of biodiesel.  

 A detailed experimental investigation and optimization of engine operation was carried out 
using diesel fuel, coconut oil biodiesel, Jertropha biodiesel and their different blends in 
diesel. 

 Performance analysis of various fuel blends at different load conditions were performed to 
find the optimum blend ratio. Emission tests were conducted for the optimum blend of each 
type and the results are discussed. 

 Around the world, there is a growing increase in biodiesel consumption. This increase is due 
to several factors like decreasing the dependence on imported petroleum; providing a market 
for the excess production of vegetable oils and animal fats; using renewable and 
biodegradable fuels; reducing global warming due to its closed carbon cycle by CO2 
recycling; increasing lubricity; and reducing substantially the exhaust emissions of carbon 
monoxide, unburned hydrocarbons, and particulate emissions from diesel engines. 
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ABSTRACT 

 Chlorophenols, one of the most important groups of ecotoxins, are introduced 
unintentionally in to the environment through disinfection activities by chlorination or as an 
industrial by-product. 4-chlorophenol, an endocrine disruptor is toxic and non-biodegradable, 
commonly found in the wastewater of paper, pharmaceutical and dyestuff industries. 
Conventional treatment methods such as biological treatment and adsorption used for the 
removal of these compounds require long treatment period to break down 4-chlorophenol. 
Photocatalysis is recognized as a promising alternative to the conventional methods because 
it opens greener pathways for the complete mineralization of environmental pollutants in 
presence of UV light.Semiconductor photocatalysis with a primary focus on Tio2 has been 
applied to a variety of problems of environmental interest because Tio2 is a cheap, non-toxic 
and chemically stable material with high photocatalytic activity under UV light. although 
Tio2 is a good photocatalyst, due to the wide band gap (3.2 eV), UV irradiation is necessary 
for photocatalysis. This has consequent implications for the use of Tio2 as solar light 
activated catalyst, because the majority of sunlight consists of visible light and only 3–5% 
UV light. More practical applications can be achieved if the photocatalytically active region 
is extended to the visible region (400-800 nm). In this study we have synthesized nd3+ doped 
Tio2 nanoparticles incorporated with heteropolyacid (HPa) which is photocatalytically active 
under sunlight. The synthesized novel photocatalyst were characterized by XRd, dRS and PL 
spectra and was used for the degradation of persistent organic pollutant, 4-chlorophenol.we 
found that near complete degradation of 4-chlorophenol is possible by solar photocatalysis 
using the synthesized Tio2-nd3+-HPa system and was confirmed by LC-MS/MS analysis. 

Keywords: Solar photocatalyst, Nd3+ doped TiO2, heteropoly acid, 4-chlorophenol 
degradation  

INTRODUCTION 

Among different chlorophenols, 4-chlorophenol (4-CP) is commonly found in the wastewater 
of paper, pharmaceutical and dyestuff industries [1]. Conventional treatment methods such as 
biological treatment and adsorption used for the removal of these compounds require long 
treatment period to break down 4-CP [2]. Photocatalysis is recognized as a promising 
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alternative to the conventional methods because it opens greener pathways for the complete 
mineralization of environmental pollutants in presence of UV light. Semiconductor 
photocatalysis with primary focus on nano TiO2 as a durable photocatalyst has been applied 
to a variety of problems of environmental interest, as it is a cheap, non-toxic and chemically 
stable material. It is well known that the photocatalytic activity of TiO2 is observed when 
electrons and the corresponding positive holes are generated in the conduction and valence 
band of the semiconductors respectively, as a result of UV irradiation [3]. Although TiO2 is a 
good photocatalyst, its efficiency is limited due to the low photogenerated charge transfer 
rate. Also due to the wide band gap (3.2 eV) of TiO2, ultraviolet irradiation is necessary for 
photocatalysis [4]. This has consequent implications for the use of TiO2 as solar light 
activated catalyst, because majority of sunlight consists of visible light and only a 3–5% UV 
light. More practical applications can be achieved if the photocatalytically active region is 
extended to the visible region (400-800 nm) [5]. Therefore it is an important and challenging 
issue to develop a new TiO2 photocatalytic system with enhanced activities under both UV 
and visible light irradiation, improving the utilization efficiency of the solar energy. Hence in 
this study we have synthesised a novel photocatalytic system by exploiting the advantages of 
band gap reduction by Nd3+ doping and electron hole recombination prevention by HPA 
incorporation, in nano TiO2.  This novel system is an efficient photocatalyst which employs 
sunlight in place of artificial UV light for the photocatalytic degradation of 4-chlorophenol 
(4-CP). 

Materials and methods 

Analytical grade titanium (IV) isopropoxide, NdCl3, heteropoly acid were purchased from 
Sigma Chemicals (99.9% pure grade). Methylene blue and 4-chlorophenol were obtained 
from M/S Merck India. All chemicals were used without further purification. Deionized 
water was used throughout the experiments. TiO2 nanoparticles were prepared using titanium 
(IV) isopropoxide. NdCl3 and HPA were used to modify the photocatalytic activity of TiO2. 

Characterization 

X-ray diffraction patterns (XRD) of the synthesised samples were obtained on a Brucker D8 
Advance diffractometer using Cu Kα as radiation. The diffuse reflectance spectra (DRS) of 
the samples were performed using a UV-2450 Shimadzu UV-Visible spectrophotometer. The 
photoluminescence (PL) spectral measurements were made using spectrofluorophotometer 
SL 174. Solar photocatalytic activity of the synthesised TiO2 was assessed by photocatalytic 
degradation of methylene blue (MB) and then applied for the degradation of 4-chlorophenol 
(4-CP). 

Results and discussions 

XRD analysis 

X-ray patterns of the synthesised samples are shown in figure 1. XRD patterns reveal that the 
crystalline phase of the prepared TiO2 samples are of anatase phase [6].  
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Diffuse reflectance spectra (DRS) 

To investigate the optical absorption properties of the samples, we examined the diffuse 
reflectance absorption spectra (DRS) in the range of 300-700 nm and the results are shown in 
figure 2. It is clear from the figure that undoped TiO2 has no absorption peak in the visible 
region (>400 nm) whereas Nd3+ doped TiO2 samples show significant absorption in the 
visible region. Nd3+ doped samples show an absorption peak in range 565-595 nm which is 
due to the transition corresponds to 4G5/2, 

2G7/2 with the ground state of 4I9/2 [7]. 

                                    

               

 

 

 

 

 

 

 

 

Photoluminescence spectra (PL) 

PL spectra of the samples at an excitation wavelength of 300 nm is shown in figure 3 and is 
clear that all TiO2 samples exhibit PL signal with similar shape and Nd3+ doped samples do 
not show any new PL phenomena. All samples could exhibit strong PL signal in the range 
400-500 nm and had two obvious PL peaks at about 436 nm and 474 nm. The former mainly 
resulting from band edge free excitons and the latter resulting from binding excitons [8]. 
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Fig.2 DRS spectrum of undoped TiO2, Nd3+-TiO2 and Nd3+-TiO2-HPA 
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Fig.3 PL spectra of undoped TiO2, Nd3+-TiO2 and Nd3+-TiO2-HPA respectively at an 
excitation wavelength of 300 nm. 

Photocatalytic activity study 

To investigate the solar photocatalytic activity of synthesised TiO2 samples, degradation of 
methylene blue was studied in presence of the samples under solar light and the results are 
depicted in figure 4. 

                                  

 

 

 

 

 

 

           Fig.4 Photocatalytic degradation of methylene blue with different TiO2 samples. 

Degradation of the non-biodegradable organic pollutant 4-CP was investigated using the 
synthesised samples and the most active commercial photocatalyst Degussa P-25 in separate 
experiment under solar light and the results are shown in figure 5. Samples follow the same 
efficiency order as that of MB for photocatalysis. In 60 min of photo irradiation complete 
degradation of 4-CP could be expected using Nd3+-TiO2-HPA system as the absorption 
maxima falls near zero as in figure 5 (inset). The most active photocatalyst, Nd3+-TiO2-HPA 
could give near complete degradation of 4-CP within 60 min of solar irradiation [9].    
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Fig.5 Photocatalytic degradation of 4-Chlorophenol with different TiO2 samples and 

Degussa P25. 

Undoped sample showed less photocatalytic 
activity and was increased by Nd3+ doping.  
Nd3+ ions, acting as Lewis acid, could act as 
an effective electron scavenger to trap the 
conduction band electrons of TiO2. When 
Nd3+-TiO2 is modified with HPA, the 
photocatalytic activity is significantly 
increased. Electrons trapped in Nd3+ ion were 
subsequently transferred to HPA which can 
act as an electron pool and then pass on the 
electrons to the surrounding adsorbed 
MB/4CP molecule. Thus HPA prevents all the 
possibilities of electron hole recombination 
and make them available for photocatalytic 

degradation process. The incorporation of HPA in TiO2 leads to the decrease in 
recombination of electron–hole because HPA accepts electron from the TiO2 conduction 
band, so that electron and holes can be separated as effective charge carriers. Figure 6 shows 
the mechanism of degradation of 4-CP/MB and the electron flow in Nd3+-TiO2-HPA system. 
Thus, HPA can serve as an electron mediator. This novel photocatalyst, Nd3+-TiO2-HPA, is 
highly efficient in degrading 4-CP in presence of solar light and so can be a potential catalyst 
for the degradation of persistent organic pollutants. 
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Fig. 6. Mechanism of degradation of 4–CP/MB in Nd
3+

-TiO2-HPA system 

Conclusion 

A novel solar photocatalyst, Nd3+ doped nano TiO2 incorporated with heteropoly acid (HPA), 
was synthesised and showed higher rate of degradation of 4-CP than the commercially 
available photocatalyst Degussa P-25. Nd3+ doping and HPA addition were found to 
significantly increase the photocatalytic activity under sunlight. The present study suggests 
that Nd3+ -TiO2-HPA can be used for the development of an environmentally sustainable 
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photocatalytic treatment process for the degradation of persistent organic pollutants using 
sunlight in place of an artificial light. 
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ABSTRACT 

The Bacillus subtilis strain b1 isolated from the market available compost has shown high 
levels of antagonism towards the bluish black sapstain fungus, Lasiodiplodiatheobromae 
infecting the rubberwood. Mass production of the biocontrol agent, Bacillus subtilis strain b1 
was achieved in a 3L LS2 bioreactor. optimal cost effective medium with regionally available 
coconut water was standardized for the scaling up of B. subtilis strain b1 production. In 
addition to the bacterial mass production, the ability to produce antibiotics by B. subtilis 
strain b1 in this particular medium was also monitored. The ideal medium selected for the 
scaling up of B. subtilisstrain b1 was Coconut water Glucose Peptone broth at pH 7, 
temperature γ0 ˚C, agitation β50 rpm and aeration 1 lpm. Medium loss by evaporation was 
noted at higher aeration, temperature and agitation rates. Under this condition, the highest 
growth of 1.04 x1012 CfU/ ml was observed after 24 hours of inoculation and sufficient 
antibiotic production was observed in the sixth day. The antifungal antibiotic production 
ability of B. subtilisstrain b1 was tested by filtering the liquid culture through 0.22 µm 
membrane filter and its antifungal effect was tested by agar well diffusion method. The 
identification of antifungal antibiotics, iturin, was done by PCR amplification of ItuCgene for 
the enzyme Iturinasynthatase. The MaLdI-Tof analysis was also conducted to confirm the 
production of various isoforms of iturin during the time of inhibition of sapstain fungus L. 

theobromae.In vitro study, wherein sterile rubberwood blocks were treated with B. 

subtilisstrain b1 culture (sixth day culture with 1.03 x 1010 CfU/ ml bacteria) and inoculated 
with the stain fungus L. theobromae under asceptic conditions, resulted in hundred percent 
inhibition of the fungus. B. subtilis strain b1 on rubberwood in the non-aseptic conditions also 
gave significant differences between the treated and control wood blocks, supporting further 
utilization of the biocontrol agent against the rubberwoodsapstain fungus in an industrial 
scale. This is the first report on the mass production of B. subtilis using a regionally available, 
cost effective medium for its exploitation as a biocontrol agent. 

1. INTRODUCTION  

Rubberwood is one of the most important wood resources that are currently in great demand 
as a raw material for many of the wood based industries in India. The hot and humid climate 
prevailing in this part of the country offers a congenial environment for the luxuriant growth 
of various fungi, especially the sapstain fungus Lasiodiplodia theobromae (Pat). Griffon & 
Maubl which reduces the economic value of rubberwood by discolouring the wood 
(Uzunovic et al, 1999). The environmental pollution and health hazards caused by chemical 
wood preservatives necessitate an alternative method, the biological control by employing 
antagonistic microorganisms. Bacillus subtilis collectively with other Bacillus species 
represent about half of the industrially available biopesticides in the world market (Fravel, 
2005). The potential of B. subtilis is based on its ability to produce a broad array of 
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lipopeptides and iturin is a large family of cyclic lipopeptides produced by Bacillus sp. (Yu et 
al, 2002). Amongst all iturins, iturin A which exhibits wide range of antifungal effects, has 
been found to be predominantly secreted by most strains of B. subtilis (Romero et al, 2007). 

 Bioreactor plays a major role in the mass production of the biocontrol organism 
(Matar et al, 2009). B. subtilis strain B1, isolated from the market available compost and 
deposited in Kerala Forest Research Institute culture collection was effective against the 
bluish black sapstain fungus, L. theobromae infecting the rubberwood (Sajitha et al, 2014). B. 

subtilis is a widely used biocontrol agent in the agriculture industry (Ashwini and Srividya, 
2014). However, its large scale production in a bioreactor using any of the synthetic media is 
expensive. A cost effective medium in a bioreactor to scale up the production of any 
biocontrol agent can enhance the broad spectrum use of the antagonist. Regionally available 
natural complex additive, coconut (Cocos nucifera L.) water plays a major role in microbial 
propagation (Muis, 2006). 

 In this context, the objective of the present study was to develop a cost effective 
medium for the mass production of biocontrol agent, Bacillus subtilis strain B1 against 
sapstain fungus (Lasiodiplodia theobromae) on rubberwood and to identify the effective 
antifungal antibiotic Iturin A responsible for inhibition of fungal growth.  

2. Materials and methods 

2.1. Bacterial and fungal isolates 

Bacillus subtilis strain B1 was isolated from market available compost in Thrissur district, 
Kerala state, India. Identified using morphological, biochemical characteristics and deposited 
in the Kerala Forest Research Institute (KFRI) culture collection (Sajitha et al, 2014). Species 
level confirmation was done by PCR amplification and sequencing of 16S RRNA gene 
sequences (GenBank accession No. KJ652088). The test fungus Lasiodiplodia theobromae 
was also available from the KFRI culture collection as part of the previous study (Florence 
and Balasundaran, 2009). 

2.2. Antagonistic effect of B. subtilis strain B1  

The antagonistic effect of the B. subtilis strain B1 was performed according to Johnson and 
Curl (1972). B. subtilis strain B1 was streaked on one side of the Potato Dextrose agar (PDA) 
plate and a 6 mm width disc of actively growing L. theobromae was simultaneously 
inoculated on the opposite side of the plate and incubated at β8 ˚C. The inhibition percentage 
(% I = 100 x (r1-r2)/ r1) was noted based on the maximum (r1) and minimum (r2) distance 
grown by the test fungus from the inoculum towards the antagonistic bacteria (Benko, 1988). 

2.3. Polymerase chain reaction and MALDI-TOF/MS analysis of Iturin A 

The genomic DNA of B. subtilis strain B1 was extracted according to Ausubel et al (1994).  
The small ribosomal DNA unit was amplified by polymerase chain reaction (PCR) using the 
specific primers ituC F1 and ituC R1 (Baysal et al, 2008) for the amplification of ItuC gene, 
which is responsible for the production of Iturin A synthatase enzyme during the biosynthesis 

808

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



of iturin A. The PCR reaction mixture was modified based on the methodology of Baysal et 
al (2008).  

 The preparation of bacterial cell surface extracts for MALDI-TOF/MS was done 
according to the methodology of Vater et al, (2003). The matrix solution used in the MALDI-
TOF/ MS analysis was dihydroxy benzoic acid. The analysis was conducted at Indian 
Institute of Science, Bangalore.  

2.4. Mass production of B. subtilis strain B1in the bioreactor 

In the previous study conducted at KFRI, the medium and physical parameters like pH and 
temperature for the optimal growth of B. subtilis was standardized as coconut water glucose 
peptone broth, pH 7 and γ0 ˚C respectively. The same was used in the bioreactor for the mass 
production. The batch fermentations were performed in a 3L LS2 bioreactor (Scigenics, 
India), equipped with an agitator shaft with three impellers and connected to a digital control 
unit. Temperature, pH and dissolved oxygen level were measured using the probes.  

Batch cultivation: The batch process was started with an initial volume of sterile 2.5 L fresh 
Coconut water Glucose peptone Broth (CGPB) (glucose 1 %, peptone 2.5 %) at pH 7 and 
inoculated with 25 ml shake flask pre-inoculated B. subtilis strain B1 culture. The culture 
temperature, agitation, aeration and dissolved oxygen (DO) were maintained at γ0 ˚C, β50 
rpm (rotation per minute), 1 lpm (liquid per minute) and 20% respectively. At 24 hours of 
growth interval, the optical density (OD) of the samples at 600 nm was taken and viable cell 
count was calculated (Postgate, 1969).  

2.5. Testing the effectiveness of the mass produced B. subtilis strain B1 on rubberwood 

Two ways of laboratory evaluation trials were carried out with the mass produced Bacillus 

subtilis strain B1.  

2.5.1. Complete treatment in the controlled environment (aseptic conditions in the lab)  

This experiment was conducted as per the methodology of Sajitha and Florence (2013). The 
results of the treatment were observed after one month. 

2.5.2.   Treatment conducted in the lab (non aseptic condition) 

Thirty fresh rubberwood blocks (7 x 5 x 1 cm) were cleaned, and dipped in the mass 
produced (sixth day) B. subtilis strain B1 culture (1.06 x1010 CFU/ ml) for 10 min and the 
excess culture was drained. Three sets of treated wood blocks, each with 10 planks were kept 
open in room temperature. In each set, wood blocks were inoculated on the top with 8 mm 
disc of actively growing L. theobromae. The blocks with the fungus were kept one over the 
other in such a way that, each fungal disc was in contact with the treated wood blocks. In the 
same way, thirty blocks dipped in the plain medium and inoculated with the test fungus were 
kept open in three sets as control. At the end of the treatment period, the planks were 
observed for fungal growth on the surface and assessed visually using the rating index 
(Florence and Balasundaran, 2009) given in Table 1.   
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3. Results  

3.1. Antagonistic effect of B. subtilis strain B1 

The bacterium, B. subtilis strain B1 was found effective in inhibiting the growth of the 
sapstain fungus, L. theobromae to an inhibition percentage of 64.44 (mean of three replicates) 

(Figs. 1a & b).  

 

Fig. 1a. Control plate of Lasiodiplodia theobromae 

Fig.1b. Dual culture of Bacillus subtilis strain B1 and L. theobromae showing inhibition 

3.2. Polymerase chain reaction and MALDI-TOF/MS analysis of Iturin A 

The PCR product amplified using the specific primer ItuC F1/R1 showed a band around 600 
bp (Fig. 2a) indicating the presence of ituin A synthatase gene which was already reported as 
a confirmation for ItuC gene (Baysal et al, 2008). 

 

  

 

 

MALDI-TOF test was conducted to find out whether the antibiotic iturin 
A, which is encoded by Itu C gene is synthesized in the presence of the 

stain fungus L. theobromae. Iturin A has a stiff heptapeptide backbone ring with mobile fatty 
acyl side chains of C13-C19 (Isogai et al., 1982), which results in the formation of different 
iturin A isoforms from A1- A8. The mass spectra obtained from MALDI-TOF/MS showed 
very clear cluster of peaks in a range (m/z) 1030.4–1096.4, which is explained as a range for 

Rating Mould, stain, decay fungus 

0 No fungal growth 

1 <10% 

2 10-25% 

3 26-50% 

4 51-75% 

5 76-100% 

      Lane 1 – 100bp DNA ladder 

      Lane 2 – 594bp ituC gene 

product 
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iturin A isoforms and its sodium and potassium adducts (Pyoung et al, 2010, Malfanova et al, 
2012). The MALDI-TOF/MS peak cluster of iturin A is explained in Table 2, Fig. 2b. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. Mass production of B. subtilis strain B1 

When batch cultivation of B. subtilis strain B1 was carried out in the 3 L bioreactor in the 
controlled conditions, the viable cell count achieved after 24 hours were 1.04 x 1012 CFU/ ml.  

3.4. Testing the effectiveness of the mass produced B. subtilis strain B1 on rubberwood  

3.4.1. Complete treatment in the controlled environment (aseptic conditions) 

Thirty rubberwood blocks, treated with the B. subtilis strain B1 culture and inoculated with 
the test fungus, efficiently inhibited the fungal growth. Inhibition of L. theobromae was 100 
% in this experiment under controlled aseptic conditions. Whereas, the control wood blocks 

Rating Mould, stain, decay fungus 

0 No fungal growth 

1 <10% 

2 10-25% 

3 26-50% 

4 51-75% 

5 76-100% 

Table 2. Assignments of all iturin mass peaks obtained by MALDI-TOF 

mass spectrometry of whole cells of B. subtilis strain B1. 

Fig. 2b. MALDI-TOF/MS spectra showing iturin A peak cluster 

Fig. 3a. Inhibition of  L. theobromae  infection on 

 rubber wood blocks treated  with B. subtilis 

strain B1culture 

Fig. 3b. Fully infected rubberwood blocks dipped 

 in plain medium and inoculated with L. 

theobromae. 
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treated with plain medium was fully infected by the inoculated stain fungus L. theobromae 
(Figs. 3a & b). 

3.4.2.   Treatment conducted in the lab (non aseptic conditions) 

The thirty rubberwood blocks treated with B. subtilis and kept in three sets were found 
effective in controlling the inoculated test fungus, L. theobromae (Fig. 4a). But profuse 
fungal infection was noted in the control wood blocks (Fig. 4b). Visual rating was given for 
the fungal infection (Table 3). Independent t-test was conducted for mean comparison and 
since the value in “Sig. (β- tailed)” row is less than 0.05, there is significant difference in the 
group means and between the fungal infection in the treated and control wood blocks. 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

Mass production of the biocontrol agent, B. subtilis strain B1 against the sapstain fungus on 
rubberwood using an economically viable media offers scope for its commercialization. The 
present study could prove the biocontrol potential of the B. subtilis strain B1 and its specific 
metabolite iturin A, in aseptic and open laboratory conditions. Quantitative and qualitative 
analyses of the other culture metabolites can eventually lead to the development of 
commercial biocontrol by-products. Further field trails in different seasons can reinforce the 
biocontrol efficiency of B. subtilis strain B1 against sapstain fungus in Indian rubberwood. 

 5. Acknowledgement 

 Control Bacillus subtilis B1 

treated 

Replica Surface growth % Rating Surface growth % Rating 

1 67 4 3.8 1 

2 67.5 4 3.3 1 

3 65 4 4.6 1 

Table 3. Visual rating given for the control and B. subtilis strain 

B1 treated rubberwood blocks in the open environment 
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PAUCITY OF GENETIC DIVERSITY IN AN IMPORTANT NON-WOOD FOREST 

PRODUCE: CALAMUS BRANDISIIBECC. - A DWINDLING SPECIES? 
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Rattans are one of the most important non-wood forest produces and in general they need 
specific habitats to grow and flourish. owing to unsustainable utilization, lack of replanting, 
and habitat destruction, these forest resources are under threat. In this background, the genetic 
variation and differentiation of the endemic rattan palm, Calamusbrandisiibecc. have been 
assessed with 

microsatellite markers. narrow distribution (only found in moist evergreen forests of southern 
western Ghats) coupled with highly specific habitat preferences (occurring above 1000m 
a.s.l.), warrant an assessment of its conservation status. Genetic variability estimates obtained 
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for C. brandisii were evaluated through comparison with a widespread congener (C. 

thwaitesii) analyzed with the same molecular markers. The genetic similarity between the 
accessions was so high that the distance values ranged from only 0.0034 to 0.1253 with a 
mean value of 0.0367. our results reveal that the restricted distribution underlies low levels of 
genetic variability and lack of genetic differentiation of C. brandisii. being a habitat specific 
species, the forest area needs to be well protected to prevent the species from endangerment. 

INTRODUCTION 

Assessment of the levels of genetic variation in rare and endemic plant species with narrow 
distribution may suggest appropriate management strategies for the species. Genetic aspects 
of rarity have received attention because the long-term survival of a species depends not only 
on habitat and demographic factors but is ultimately linked to the genetic diversity available 
to a species (Baskauf et al., 1994). Populations of species with restricted distributions 
typically maintain less genetic variation than do populations of their more widespread 
congeners (Karron, 1987), although this is not always the case (Luan et al., 2006; Wiens, 
1989). For reliable results, such interspecific comparisons need to incorporate similar 
analytical procedures and species having identical life cycle characteristics (Culley et al., 
2002; Felsenstein, 1985; Gitzendanner and Soltis, 2000; Nybom, 2004). It has been widely 
accepted that for a meaningful analysis of the genetic variability in these vulnerable ‘island’ 
plants, data of one species has to be compared with another under the same genus having 
wide distribution (Dodd and Helenurm, 2002; Ellis et al., 2006; Gitzendanner and Soltis, 
2000; Moreira da Silva et al., 2007). 

Rattans or canes belong to the family Arecaceae are one of the most useful forest resources. 
Even though having great economic potential, little is known about the ecological factors 
with respect to spatial distribution of the rattan palms (Stiegel et al., 2011; Thonhofer et al., 
2014). It has been shown that occurrence of rattan taxa has elevation specificity (Siebert, 
2005). Calamus brandisii Becc. is a clustering rattan with small sized canes comes under 
family Arecaceae naturally occurring in evergreen forests having an elevation of above 
1000m. The species has been reported as threatened (Nayar and Sastry, 1988) and distributed 
only in southern Western Ghats in India (Mukundakumar and Vijayan, 1990; Renuka, 1992, , 
2000). Due to continuous extraction of the mature canes for the last several years from the 
forest areas coupled with limited further propagation in their natural habitats resulted in 
scarcity of these important non-wood forest produce in recent years (Manohara et al., 2007).  

Studies of genetic variation in plant species have revealed a strong association between the 
level of genetic diversity in a species and its geographic range (Hamrick and Godt, 1989). In 
general, wide-ranging species maintain considerably higher levels of genetic diversity 
(Baskauf et al., 1994). In the present study, to assess levels of genetic variability within and 
among populations of this narrow endemic, we employed molecular marker analysis using 
microsatellite markers. Specifically, we have investigated, (i) whether the narrow distribution 
of C. brandisii corresponded to low genetic variability and differentiation? (ii) Is genetic 
variation exists in C. brandisii structured geographically? (iii) What are the implications of 
the current genetic variability and structure for the conservation of the species? 
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Materials and methods 

Plant Material 

Calamus brandisii Becc. is a cluster forming cane characterized by slender stem having 
around 1 cm diameter and mouth of the leaf sheath with tufts of spines up to 4 cm long 
(Renuka, 2000). Calamus is dioecious and identification of sex at vegetative stage is not 
possible. Male and female inflorescences of C. brandisii are long and slender. Only young 
leaves were collected from live plants from the natural habitats. As far as possible, sex of the 
plants were noted.  

Sampling strategy, DNA isolation and SSR analysis 

The sampling was performed in 2012-13 from the natutal habitats of the species in Bonacaud, 
Agasthyamala and Pandimotta. Other sites in Kalakkadu, Muthukuzhivayal and upper 
Kothayar (close to Agasthyamala) from where C. brandisii was reported previously were 
inaccessible due to lack of forest permission. Young leaf samples were collected from 31 
plants from these three geographical locations (Fig. 1). The maximum aerial distance between 
the sampling locations was 26.73 km for Agasthyamala vs. Pandimotta and the minimum was 
9.70 km for Agasthyamala vs. Bonacaud. Out of the 31 plants, six were in flowering/fruiting 
stage at the time of collection. Among them, five were male and one was female. All the leaf 

samples collected were brought to the 
laboratory, cleaned with running tap water 
followed by distilled water and 70% ethanol 
and kept at -20°C till DNA extracted. 

 

Fig. 1. Location of the sampled sites of 

Calamus brandisii used for the SSR 

analysis (Locations: 1. Pandimotta, 2. 
Bonacaud, 3. Agasthyamala) 

DNA was extracted using DNeasy Plant Mini 
Kit (Qiagen). Microsatellites or simple sequences repeat (SSR) markers were used to assess 
the genetic variability. Forty-four SSR primers were tested for amplification and out of which 
30 given rise to PCR products were used to genotype the C. brandisii samples.  

The reaction mixture contained 15 pmol of each primer, 200 µM of deoxynucleotides, 2.5 µl 
of Buffer with MgCl2, 1 unit Taq polymerase and 50 ng of DNA template. After 2 min at 
94°C, 35 cycles were performed for 30 sec at 94°C, 1 min annealing at the optimized 
temperature, and 2 min extension at 72°C, and a final extension step of 7 min at 72°C. The 
PCR was carried out using Agilent SureCycler 8800.  

After the PCR, the amplified DNA products were electrophoresed on 3% agarose gels with 
ethidium bromide (10ug/ul) and products visualized under ultraviolet light using gel 
documentation (UVP Bio-Imaging) system. Bands were scored as loci and alleles and genetic 
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data analysis was carried out using PowerMarker V3.25 (Liu and Muse, 2005). The 
dendrograms were constructed using TreeView V1.6.6 (Page, 1996). 

Results and Conclusions 

To our knowledge, this is the first study to estimate the genetic variability in C. brandisii. 
The 31 accessions were subjected to SSR analysis using 24 microsatellite loci. Out of which, 
six loci were excluded from the analysis as they were not polymorphic. The genetic data 
analysis was carried out using various options in the PowerMarker software. For the 
microsatellite loci, allele frequency ranged from 0.58 to 0.92, number of alleles ranged from 
2 to 3, gene diversity from 0.14 to 0.55, heterozygosity from 0.04 to 0.50, and PIC from 0.13 
to 0.47 (Table 1). These values showed that the loci used for the analysis were diverse 
enough to identify the variability exist in the samples. 

Table 1. Details of SSR analysis for the 24 microsatellite loci 

Marker Allele Frequency Allele No Gene 

Diversity 

Heterozygosity PIC 

RT14 0.6347 2.0000 0.4637 0.3057 0.3562 

B6 0.7500 3.0000 0.3788 0.5000 0.3127 

C3 0.5759 3.0000 0.5495 0.3418 0.4688 

C12 0.6442 3.0000 0.5150 0.3077 0.4554 

CHL04 0.8857 3.0000 0.2064 0.1000 0.1922 

CHL21 0.6682 2.0000 0.4434 0.1727 0.3451 

CHL22 0.8025 3.0000 0.3317 0.2469 0.3001 

CHL24 0.6170 3.0000 0.5378 0.3404 0.4736 

CHL26 0.8289 2.0000 0.2836 0.0439 0.2434 

D09 0.9167 2.0000 0.1528 0.1000 0.1411 

H7 0.7372 2.0000 0.3875 0.1410 0.3124 

H19 0.7540 2.0000 0.3710 0.4762 0.3022 

K08 0.8414 2.0000 0.2669 0.2759 0.2313 

O06 0.9124 2.0000 0.1599 0.1649 0.1471 

P01 0.6777 2.0000 0.4369 0.1653 0.3414 

P09 0.9247 2.0000 0.1392 0.0645 0.1295 
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P23 0.8810 2.0000 0.2098 0.2381 0.1878 

RT13 0.9184 2.0000 0.1499 0.0962 0.1386 

RT16 0.8385 2.0000 0.2708 0.3229 0.2341 

RT20 0.9164 3.0000 0.1564 0.1152 0.1499 

RT24 0.7703 2.0000 0.3539 0.4414 0.2913 

RT11 0.8274 2.0000 0.2856 0.3451 0.2448 

RT12 0.7671 2.0000 0.3573 0.3288 0.2935 

RT15 0.9091 2.0000 0.1653 0.1818 0.1516 

Mean 0.7916 2.2917 0.3155 0.2424 0.2685 

 

There were only marginal differences among the populations (Table 2). In general, the 
diversity is low as evident from the heterozygosity and gene diversity estimates which would 
corroborate with previous findings that species with narrow distribution will have less 
variability (Hamrick and Godt, 1989). Based on the study, there is no evidence for correlation 
between genetic and geographic variation which is against the general situation (Sabu et al., 
2001). It is also worthwhile to note that there is no differentiation among the populations and 
also within sub-populations as estimated using F-statistics (Wright, 1965).  

 

Table 1. Details of SSR analysis for the three Calamus brandisii populations 

Population No. of 

Observations

* 

Allele 

Frequenc

y 

No. of 

Allele

s 

Gene 

Diversit

y 

Heterozygosit

y 

PIC 

Agasthyamal

a 

76 0.7946 2.2500 0.3094 0.2522 0.262
2 

Bonacaud 16 0.8104 2.0833 0.2858 0.2391 0.241
3 

Pandimotta 33 0.7859 2.2500 0.3177 0.2366 0.269
5 

* The number of observation for a marker locus is defined as the number of non-missing 
genotypes observed in the sample. 

The pair-wise genetic distance matrix (Nei, 1972) was computed on the basis of SSR data. 
The genetic distance values ranged from 0.0034 (between CBr29 and CBr31) to 0.1253 
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(between CBr4 and CBr18) with a mean value of 0.0367 (incidentally all these 4 samples 
were collected from Agasthyamala region). Cluster analysis was performed on the SSR data 
following the UPGMA (unweighted pair-group method using arithmetic average) method and 
the dendrograms were constructed through TREEVIEW (Page, 1996) showing overall 
genetic relatedness among the populations (Fig. 2) and individuals (Fig. 3) using C. thwaitesii 
as outgroup. Interestingly, Pandimotta and Agasthaymala are far apart (Fig. 1), yet the 
genetic distance of C. brandisii populations from these habitats is lower as seen from the 
dendrogram. Perhaps due to the absence of differentiation, the individuals did not group into 
3 clusters (Fig. 3). However, the plants from Agasthaymala mostly clustered into one group 
as seen from upper part of the dendrogram.  

 

 

 

 

 

 

Fig. 2. Dendrogram of the populations of Calamus brandisii using C. thwaitesii as 

outgroup 

Genetic diversity is required for maintaining evolutionary potential in a changing 
environment (Ellstrand and Elam, 1993; Holsinger and Gottlieb, 1991). Rare and endemic 
species have been expected to have depleted levels of genetic variation due to genetic drift in 
small populations and strong directional selection leading to genetic uniformity in a limited 
array of environments (Babbel and Selander, 1974; Barrett and Kohn, 1991; Franklin, 1980; 
Nei et al., 1975; Van Valen, 1965; Wright, 1931). This is true for C. brandisii where the 
population size is small and genetic variation is at an alarmingly low level.  

 

Fig. 3. Dendrogram of the Calamus brandisii individuals from the 3 geographical 

locations using C. thwaitesii as outgroup (A=Agasthaymala, P=Pandimotta, B=Bonacaud) 
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To conclude, the present study was the first of its kind using microsatellite markers to unravel 
the genetic variability and differentiations of Calamus brandisii, an endemic, threatened, and 
economically important rattan species. Low variability and absence of differentiation were 
presumably due to the restricted and highly habitat specific distribution of the species. These 
factors along with indiscriminate exploitation and habitat disturbances could wipe out this 
important species once for all unless the natural forest habitat is well preserved.  
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A New Cinnamomumtaxon, with camphoraceous leaves, has been discovered from the 
western Ghats forests of kerala. Morphological studies revealed characteristic differences 
from C. camphora and other Cinnamomum species reported in south India. The 
distinguishable status of the new taxon was further confirmed by characteristic 
phytochemical profile by GC-MS, HPTLC and HPLC. The leaf essential oil yield of the new 
taxon was 2.4% (v/w), compared to 0.6% (v/w) for C. camphora. Camphor content in the 
leaves of the new taxon was found to be three fold higher (1.01% (w/w) in fresh leaf), 
compared to C. camphora leaves (0.30% (w/w) in fresh leaf). Enantiomeric form of camphor 
was determined as (1R,4R)- (+) camphor. Though synthetic camphor is available from 
petrochemicals, natural camphor is still a precious commodity among traditional physicians 
and modern cosmetic and food industries. The major source of natural camphor is the exotic 
plant C. camphorawhich thrives naturally in sub-tropic cold climate. The present discovery of 
the wild native plant as source of camphor highlights the importance of the floristic diversity 
of the western Ghats and its inventorisation and sustainable utilisation. 

Key Words: Western Ghats, camphor, new Cinnamomum taxon, Cinnamomum camphora 

Introduction 

The Western Ghats of south India is an important repository of plant wealth and a recent 
enumeration revealed nearly 7402 flowering plants in the Western Ghats, of which 1273 
species are endemic to the region [Nayar et al, (2014)].  The Western Ghats harbors 21 
Cinnamomum species, of which 12 are endemic to the region [Nayar et al, (2014)].  The 
diversity of this important aromatic plants, occurring in the forests of Kerala, has been least 
explored and the gene pool, which is under constant multiple pressure, is shrinking day by 
day. For sustainable utilization of the natural resources, concerted efforts are needed to 
locate, characterize and identify the unique features of potential species occurring in the 
forests of the State. In this backdrop, extensive field surveys were carried out in the forests of 
south Western Ghats to locate and analyze promising Cinnamomum species and the study 
lead to the discovery of a Cinnamomum taxon from the forests of Kerala, possessing potential 
utilities. 

The genus Cinnamomum is an important group of aromatic plants, represented by over 250 
species in tropical region [Khin et al, (2008)]. Plants of the genus Cinnamomum such as C. 

verum, C.cassia and C. camphora are important as source of spices and essential oils [Gulati 
et al, (1982)]. The essential oils and aroma compounds from Cinnamomum species are 
widely used in perfumery, food industry, cosmetic and health care industries. Camphor is one 
among the important aromatic compounds extracted from Cinnamomum species. Camphor 
tree (Cinnamomum camphora Nees & Eberm), native to China, Formosa and Japan prefer 
sub-tropic cold climate to thrive and the island of Formosa produces the bulk of the world's 
supply of natural camphor [Yoshida et al, (1969)]. Present paper describes the discovery of a 
Cinnamomum taxon, which can be considered as a new native source of natural camphor, 
from the forests of Western Ghats of Kerala. 

Materials and methods 
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Field Study: During one of the exploration trips to the forests of the Western Ghats sector in 
Kerala in 2012, as part of studies on Cinnamomum species of Western Ghats, populations of 
Cinnamomum species, possessing camphor scented leaves were located. Repeated field 
surveys were undertaken to the region to study the morphological characteristics and to 
collect the specimens for morphological and chemical studies. 

Plant Material: Leaves of wild Cinnamomum taxon (voucher specimen no. TBGT 66482), 
along with a field accession in JNTBGRI (voucher specimen no. TBGT 66483) were used for 
the chemical studies. For comparative phytochemical study, C. camphora from Devikulam 
(voucher specimen no. TBGT 72634) and JNTBGRI campus (voucher specimen no. TBGT 
66496) were used. 

Morphological Study: Detailed morphological examination of the plant in its habitat and 
that of herbarium specimens were carried out. The collected voucher specimens were 
compared with specimens housed in the Herbarium of JNTBGRI (TBGT).  Qualitative and 
quantitative morphological data collected from the plants were recorded (Table 1).  The data 
were collected from 5 plants of the population and the plants were selected based on simple 
random sampling. Five observations were scored for each character from a plant.  

Chemical Study: The essential oils from fresh leaves were obtained by hydrodistillation 
using a Clevenger type apparatus.  The oils were analyzed by GC-MS on a Hewlett Packard 
6890 gas chromatograph fitted with a HP-5 MS capillary column. The constituents were 
identified by MS library search (Wiley 275), relative retention indices (RRI) and by literature 
reference [Adams, (2007)]. The percentages of camphor in the essential oils were determined 
using GC-FID internal standard method. Enantiomeric composition of camphor was checked 
by specific rotation (Autopol IV Polarimeter, Rudolf Research Analytical, USA). Cold 
extracts of the leaves using chloroform were used for the HPTLC (CAMAG HPTLC system, 
Switzerland) and HPLC (Shimadzu HPLC 2030i- Prominence series) profiling of the plants.  

Results and conclusion 

Field observations, analysis of morphological data and comparison with authentic herbarium 
specimens revealed that the new taxon is different from the south Indian Cinnamomum 
species reported [Kostermans, (1983)]. The newly collected Cinnamomum taxon could be 
distinguished from the rest of the Cinnamomum species in south India on account of its 
camphoraceous leaves. The morphological features were compared with that of C. camphora 

and the results revealed the new taxon as distinct from C.camphora (Table 1).The 
characteristic differences from C. camphora were observed in stem bark morphology, leaf 
venation, and in reproductive morphology characters. The distinguishable status of the new 
taxon was further confirmed by comparison of phytochemical profiles by GC-MS, HPTLC 
and HPLC (Figure 2 and 4), where the secondary metabolite profiles revealed the presence of 
characteristic compounds to the new Cinnamomum taxon, supporting its species status. The 
monoterpenoid hydrocarbon sylvestrene was present exclusively in the leaf essential oil of 
the new Cinnamomum taxon. 

Table 1. Morphological characterisation of the new Cinnamomum taxon and C. camphora 

824

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



Sl. 
No. 

Character New Cinnamomum taxon C. camphora 

1 Habit Medium sized trees, 10- 12 m high Large tree up to 30 m high 

2 Bark Greenish brown Yellow brown 

3 Terminal buds Small not perulate Large, perulate 

4 Leaves shape Lanceolate Elliptical 

5 Leaf position Alternate or rarely opposite Alternate 

6 Leaves length 7- 11 cm 7.5- 9 cm 

7 Leaves breadth 3.5- 4 cm 3- 4 cm 

8 Leaf apex Acuminate (acumen 1.5 cm long) Acuminate- cirrhose 

9 Leaf base Cuneate Acute 

10 Leaf margin Entire Wavy 

11 Petiole length ca. 1 cm ca. 2.5 cm 

12 Venation Tripariate, laterally parallel Triplinerved or sometimes 
inconspicuously 5- nerved 

13 Leaf texture Coriaceous Chartaceous or Sub coriaceous 

14 Leaf surface Glabrous Glabrous 

15 Inflorescence type Cymose panicle panicle 

16 Inflorescence 
position 

Terminal or axillary Axillary 

17 Length of 
inflorescence 

4- 6 cm long 3.5- 7 cm long 

18 Peduncle length ca. 3 cm 2.5-4.5 cm 

19 Flower colour Creamy white Green white 

20 Pedicel length 0.6 mm 1- 2 mm 

21 Shape of tepals Orbicular- obovate Ovate 

22 No. of anther lobe 2 4 

23 No. of staminode 3 3 
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24 Ovary Subglobose Ovoid 

25 Stigma shape Triangular Peltate 

26 Fruits Ellipsoid Ovoid to Subglobose 

Camphor content of the new Cinnamomum taxon was higher compared to that of C. 

camphora accessions. The essential oil yield of the new Cinnamomum taxon was 2.4% (v/w) 
while for C. camphora the oil yield was 0.6% (v/w). GC-FID analysis revealed 73.4 % 
camphor in the leaf essential oil of the new Cinnamomum taxon, while the camphor content 
of C. camphora leaf oil was 79.5% (Table 2). The total camphor content of the leaves, 
calculated based on the essential oil yield was 1.01% (w/w) for the new Cinnamomum taxon, 
three fold higher compared to C. camphora 0.30% (w/w) (Table 2). The essential oils of C. 

camphora have extensively been studied and the distribution of camphor in different samples 
of C. camphora varied considerably [Pelissier et al, (1995)]. The camphor content of the leaf 
oil was reported to vary from 55.6 % of a sample from Calcutta to 80.1 % from that of Dehra 
Dun, [Chopra et al, (2006)]. 

 

 

 

 

 

 

Figure 1. A- New Cinnamomum taxon, B- C. camphora 

Figure 2. HPTLC profile of leaf chloroform extracts: 1- New Cinnamomum taxon, 2- C. 

camphora [Solvent system – 100% chloroform]. 

Figure 3. Seasonal variation of camphor content in new Cinnamomum taxon and C. 

camphora. 

Figure 4. HPLC profile of leaf chloroform extracts: A- Std camphor (0.1mg/mL), B- New 
Cinnamomum taxon, C- C. camphora. [Solvent system- acetonitrile: water (50:50)] 
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Seasonal variation of camphor content was also analysed and compared with that of C. 

camphora from JNTBGRI campus (Figure 3). For both the plants, essential oil yield as well 
as camphor content was least during the monsoon season. C. camphora being native to China 
and Formosa prefer cold sub-tropic climate to thrive naturally and wide seasonal variation 
has been reported for camphor content in C. camphora. The leaf oil analysis of C.camphora 
from cuba showed seasonal variation in camphor content from 71.2% to 80.6% during 
different seasons [Jorge et al, (1998)]. 

Table 2. Distribution of camphor in the leaf of the new Cinnamomum taxon and C. 

camphora accessions 

Natural camphor exists as (1R,4R)-(d-camphor) and (1S,4S)- (l-camphor) enantiomers in 
plants. Though the enantiomers present no significant differences from the point of view of 
sensory properties, it is a useful factor in assessing the genuineness of the product and is a 
characterising element in quality assurance [Tateo et al, (1999)]. The enantiomeric form of 
camphor in C. camphora has been reported as (1R)-(+) form, while the specific rotation of 
pure d-camphor has been reported as (+) 43.50 [Furia and Bellanca, (1975)]. The camphor 
isolated from the new Cinnamomum taxon showed specific rotation of (+)44.10. Owing to the 
natural abundance of enantiomerically pure forms, crystallinity and manifold transformations, 
(+) camphor is a fascinatingly versatile starting material for the syntheses of enantiomerically 
pure natural products such as oestrene, carotenoid and terpenoid intermediates [Hutchinson 
and Money, (1985)]. 

Though synthetic camphor is available cheaply from pinene, isoborneol and from coal tar, 
natural camphor has a variety of applications in traditional and modern utilities and is still 
treated as a valuable commodity in perfumery, food industry, traditional medicine and health 
care sector. Camphor has traditionally been used as a remedy for pain, inflammation and 
irritation [Zhu et al, (1994)]. Modern pharmacological studies indicated that camphor has 
topical analgesic, antiseptic, antispasmodic, anti-inflammatory, rubefacient, contraceptive and 

Cinnamomum 

Species 
Location Leaf Essential 

oil Yield % 
(v/w) 

Camphor 
content in 
essential oil % 

Camphor content in 
the fresh leaves % 

New Cinnamomum 

taxon 
Ponmudi forests 
of Western 
Ghats 

2.2 71.2 0.91 

New Cinnamomum 

taxon 
JNTBGRI 
campus 

2.4 73.4 1.01 

C. camphora Devikulam 0.8 80.0 0.37 

C. camphora JNTBGRI 
campus 

0.6 79.5 0.30 
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expectorant activities [Jadhav et al, (2010)]. Camphor, which is traditionally used as a 
fumigant agent, has proven as an excellent contact agent against insect pests [Weiyang et al, 

(2013)]. 

Camphor tree (Cinnamomum camphora), is native to China, Formosa and Japan and prefer 
subtropic cold climate to thrive, while the new Cinnamomum taxon is native to southern 
Western Ghats and thrives in tropical climate. The stem, wood and twigs are the major source 
of camphor from C. camphora, whereas for the new Cinnamomum taxon the leaves are the 
rich source of camphor. The leaves can sustainably be harvested (coppicing) for camphor as 
their exploitation is less detrimental to the trees compared to the isolation from stem bark or 
trunk as in the case of C. camphora.  

Owing to the bright evergreen leaves, rapid growth, long life, and mainly due to the 
camphoraceous leaves, C. camphora is widely cultivated as an ornamental avenue tree, 
particularly in sub-tropical regions of Japan and China. The new Cinnamomum taxon can be 
propagated and popularised as a native ornamental avenue tree of the State. Mass 
multiplication of the plant through layering and cuttings has been found successful and nearly 
50 saplings of the new taxon have been raised in JNTBGRI.  

The new Cinnamomum taxon, discovered from the forests of Western Ghats, is a potential 
one that can be developed as a native source of natural camphor, replacing the exotic species 
C. camphora. The high yielding native plants are more viable and environmentally adaptable 
compared to exotic species. The study also highlights the importance of conservation of the 
forests of Western Ghats that hosts many hitherto unknown wild relatives of economically 
important species, especially in the wake of rampant gene erosion in the region. 
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GISMAPD – A NOVEL TOOL FOR AREA AND MANAGEMENT 

PRIORITIZATION OF ALIEN INVASIVE PLANTS IN KERALA 

Suresh T A, Alex C J and Sajeev T V  

kerala forest Research Institute, Peechy, kerala, 680653 

ABSTRACT 

Biological invasions, one of the anthropogenic accidents which cause enormous loss to 
natural ecosystem. Globally, invasive speices cause a loss of nearly 1.4 trillion dollars; 
overall loss in many counties is over 1% of GdP. Many weed risk management systems 
developed worldwide but havelimited field applications. Control methods like physical, 
chemical and biological measures area feasible but labour intensive and ecologically 
hazardous. So, effective and sustainable invasive species management is still a question 
among research community. not only that the management activities practicing now is the 
wide use of weedicides without considering the native species, vulnerability of habitats and 
toxicity of chemicals. There is also uncertainty or lack of decision making among 
conservationists and forest managers for invasive species management also exacerbate the 
problem. Therefore, we developed a novel, science based, transparent and ground level 
operating invasive species management prioritization decision support system by integrating 
qualitative survey data, risk assessment data, different management systems and different 
mapping layers with the help of Geographical Information System. for outreach purpose this 
decision support system called GISMAPD (GIS based invasive species management 
prioritized decision support system. This decision support system has two components; area 
prioritization and management prioritization. The prioritization results in both area and 
management prioritization together contribute to the development of 
GISMAPD.Environmental Science, forestry & wildlife oral Presentation 

2. Methods:  

2.1. Constructing model: To develop GISMAPD, the decision support system divided into 
two components; 1)Area prioritization, 2)Management strategy prioritization. The Area 
prioritization has two inputs; 1) Survey/Surveillance and Risk assessment of species, and, 2) 
Geo spatial data layer. In this, different layers like endemic plant layer, forest layer and 
ecological sensitivity layer used for developing area prioritization map by giving ranking 
values to each layers. In constructing management prioritization system, various control 
methods like mechanical control, chemical control, biological control, debarking, people 
participatory management etc. are used according to the area which is prioritized. The 
following components are used for development of area prioritization; 

2.1.1. Survey of invasive plants in Kerala 

A qualitative survey had been carried out in all districts in kerala to document the invasive 
species presence and impact. The survey listed the number of native species associated with 
invasive plants; the habitats and type of plants present in a locality were also noted. The 
severity of infestation were also documented visually. 
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2.1.2. Risk assessment of invasive plants 

The risk assessment was carried out using NauteServe' “An Invasive Species Assessment 
Protocol: Evaluating Non-Native Plants for Their Impact on Biodiversity. Version 1. (Morse, 
2004). There are twenty questions divided into four subsections with five possible answers 
each and these possible answers has a scoring values. The total of scoring values gives the 
species impact rank which is prioritized in to High, Medium Low and Insignificant species. 

2.1.3. Preparation of prediction model 

The impact rank prioritized species are selected the GPS location points of species were used 
for mapping and modelling. The collected points geo- referenced with Google Earth website 
to obtain accuracy in coordinates for modelling. The biophysical environmental data was 
given in the form of seven bioclimatic variables and three topographic (SRTM) variables. 
The bioclimatic variables collected from Worldclim dataset (Hijmans et al., 2005). The 
topographic variables were derived from Shuttle Radar Topography Mission (SRTM) Digital 
Elevation Model available at 30 meter resolution. All geodata processing was carried out 
using ArcGIS 3.2. Maxent version 3.3.2 was used to run the model.  Predictions of the 
Maxent in the form of real numbers between 0 and 100 representing the cumulative 
probability of occurrence. The cumulative output format is chosen and the values were 
imported in to ArcGIS as integer grids for further analysis and comparison. The severity 
range value of the MAXENT model is 0-100. It is then classified into three ranges and giving 
rank values for each class according to the severity level. 

2.1.4. Geo spatial data layer: The following layers were added to form decision support 
system by giving rank values to each layer. 

a. Endemic plant layer is used to identify the impact of GSW complex on endemic plants 
which are highly threatened species due to habitat and climatic changes and over exploitation. 
In this model, the endemic plants are the focused species for developing area prioritization. 
The rank values are given to each category based on the density of endemic plants (Table. 1).  

b. Forest layer is used to identify and prioritize natural habitats. The forest layer was 
classified as Natural Forest area, Non Forest area and Forest plantations and rank values were 
given to each class (Table.1). 

Table.1. Assigned value of GIS layers 

GIS layers Range % / indicators Rank value 

Prediction model 

0-30 2 

30-60 5 

60-100 10 

Endemic layer 
0-1 10 

>1 1 
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Forest layer 

Non - Forest 1 

Forest plantation 5 

Forest 10 

WGEEP –ESZ 
layer* 

Zone 1@ 10 

Zone 2 6 

Zone 3 3 

Other areas+ 1 

*- WGEEP- ESZ means Western Ghats Ecological Expert Panel – Ecological Sensitive Zone 
layer 

+- Other areas – The areas not included in WGEEP 

@- Zone 1 included protective areas 

c. Ecological sensitivity layer: The Ecological sensitivity layer developed by Western Ghats 
Ecological Expert Panel (WGEEP), (MoEF, 2011), which categorise the entire Western 
Ghats in to Four Ecological Sensitive Zones (ESZ) categories; Protected areas (Which 
includes National parks, Wildlife Sanctuaries etc.), Zone I, Zone II, Zone III. ESZ layers are 
used here to categorise the priority areas and develop management strategies in accordance 
with Ecological Sensitivity layer classification in Kerala. The decisions can develop by 
avoiding the use of chemicals and other management practices, which are outlayed by the 
WGEP. The rank values are given in Table.1. 

All data layers were analysed using ArcGis version 3.2. The output map contains a range of 
values from 0-100. These values were again classified by giving rank value and using these 
rank values the priority area was categorised to four zones based on summation of each 
factor’s ratio values using a formula. The map value range classified and categorised the 
prioritized area according to the severity of the values for getting final map. The final map 
prioritized the area in to Zone 1, Zone 2, Zone 3 and Zone 4. 

2.2. Management strategies prioritization 

The management strategy prioritization is followed the general model approach of 
Richardson et al., 2006. The main objective of this approach is to focus the management 
efforts to zones which are most important and also to help decision making on the control 
method to be adopted.  

The phase of invasion stage of the species is categorised according to the severity and 
distribution in the area of interest. The invasion of a species is classified into Initial stage, 
Establishment stage, Spread stage and Impact stage. The identification of each stage can be 
carried out with the help of an invasion biologist. In the initial stage, the arrival of an invasive 
alien species in the boundary of the area, regular monitoring, Early Detection and Rapid 
Response methods and physical removal are apt for the management. In the Establishment 
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stage, when the plants are trying to co-exist adjusting with the local flora and starting to 
reproduce, containment, and mechanical control is to be used to control the species. In the 
Spread stage, the species increase its area and density, sometimes patchy distributions and the 
management should be focused. Different techniques like debarking, utilization, augmenting 
native tree cover and biological control options are to be considered. In the Invasion stage, 
the species aggressively invading the native flora, affecting the movement of animals and 
affecting the entire system, the management should be focused in debarking, utilization, 
People Participatory management and development of Adaptive management methods etc. 

When combining the area prioritization and Management strategies prioritization, the 
decision of management strategies prioritization should be compatible with area 
prioritization. The decisions makers should be knowledgeable to combine the real 
management prioritization to the real area prioritization for effective management (Figure.1) 

Figure.1. Decision Support System 

 

 

 

 

 

 

 

3. Result 

3.1. Survey of invasive plants distribution in Kerala 

Survey of invasive plants distribution in Kerala shows that invasive species is a big menace 
to different ecosystems at different spatial scales. The major habitats covered are, natural 
forests, agricultural lands, urban areas, vacant lands, roadsides, plantations and wetlands. We 
surveyed 3092 localities from all districts covering most of the habitats. The survey result 
showed that 82 plants in Kerala are invasive in various ecosystems. 

3.2. Risk Assessment: The risk assessment shows that Giant Sensitive Weed complex shows 
‘High’ impact Rank, posing high threat to the ecosystem and need to be prioritized. The 
assessment showed that out of the total 82 invasive plants categorized according to their risk, 
β1 plants (β6%) are ‘High’ risk species, β1 plants (β6%) are ‘Medium’ risk, 1γ (16%) plants 
are in ‘Low’ category and β7 (γγ%) plants are in ‘Insignificant’ risk category. In this, Giant 
Sensitive Weed complex showed ‘High’ threat which should be selected for management 
studies. 
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The endemic layer, Forest layer, Ecological Sensitive Zone layer combining the result of area 
prioritization map. The area prioritization map range value (13. -100) is classified according 
to severity of GSW complex and endemic plant presence. The range value 70-100 is included 
high severity in Zone 1, which is shown in red color. The Zone 2, colored blue, is included in 
50 -70 range value which shows medium severity. The value range is 30-50 is included in 
Zone 3, which shown in yellow color. The range value 13 -30 included in Zone 4 which is 
green in color which is wide spread in Kerala. 

The final map shows that most of the Zone 1 areas, high prioritized areas, are in the hilly and 
high range areas, the GSW complex may utilise the open space and roadside inside the forest 
and other protected areas like National parks and Wildlife Sanctuaries in Kerala. Most of the 
endemic species are seen in the forests and cautious approach need to be adopted. In Kannur 
and Kasargod, though the infestation is low but the presence of endemic plants and 
probability of future incursion will be high and the management approaches need to be 
adopted. The presence of endemic plants in the non-forest areas are more specially in sacred 
groves and at the same time, the high invasion of GSW complex mainly seen in low and 
midlands need to be prioritized. The endemic plants in the low altitudes highly threatened. In 
the survey, we considered endemic plants but the rare and endangered plants also needs to be 
considered by modifying the model. In the prediction model shows that the GSW complex 
can invade in both low, mid and highlands in same pace, that may affect the growth and 
reproduction of endemic plants. Forest layers, are classified in to Natural forest, Forest 
plantations and Non – forest areas. The natural forests are mainly distributed to mid to 
highland regions, also need to be considered for prioritizing management activities. 
Conversion of forests into plantations exacerbated the invasion of species inside forest areas. 
Western Ghats Ecological Expert Panel constituted by MoEF, classified the area in to three 
Ecological Sensitive Zones on the basis of ecological sensitivity and endemism. The 
Ecological Sensitive Zones (ESZ) are included in the study to prioritize the sensitivity area 
inside and outside the forest, which help to precise the model development. But at the same 
time, many areas of the Zone 1 are less important in the model because the absence of GSW 
complex or the absence of endemic plants. So, in this model priority is given to endemic 
plants and GSW complex presence and all other layers are supportive for the development of 
the model. 

The management strategies prioritization classify each stage of invasion by giving its 
importance in the management. The prioritization of management in each region help the 
decision makers to take apt and accurate decisions for the implementation of management. 
All management strategies need not be applied in the whole area. Based on the decision 
making system, management methods can be prioritised so as to reduce the cost and time of 
management. For the better management, monitoring the species is necessary for preventing 
spreading further movement of GSW complex in to the ecosystem.  

4. Discussion 

GISMAPD model discuss about the need for planned and prioritized management of invasive 
species in considering the value of ecosystem and invasive species presence. Most of the 
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invasive species management in forest department and general public without knowing the 
consequences of invasive species management using herbicides and value of ecosystem.  

For developing effective model, we need to study about the ecology and species 
characteristics using quantitatively or qualitatively surveyed the area. The role of habitats is 
important in species management. Risk analysis is an effective choice of a manager to know 
the plant in their surroundings and forest area and help to prioritize them. The common 
problem of qualitative risk assessment is it always shows the assessors preference in giving 
points to the questions. The modelling give an in depth view of potential distribution of 
species that helps to categorise the severity in to different level for the easiness of 
management.  

Invasive plants plays a significant management challenge for forest officials, land managers, 
conservationists and the limited budget allocation and increasing labour helps the officials to 
take decisions for implementation of management actions. GISMAPD developed here is 
transparent, easily accessible, logic, systematic, reproducible, expandable and easy to use in 
the field. This model is easily can modify at grass root level for robust support. We can add 
road layer, accessibility layer, slope layer, stakeholder and public opinion data and site 
priority layer etc. Another important thing of this model, is that it is easily understandable 
and work at grass root level. The model can used as a general template for invasive species 
prioritization by using other important layers other than endemic layer.  
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ABSTRACT 

The coconut husk is abundantly available as cheap residue from coconut production in many 
areas, which is known to yield the coarse coir fibre. Using the intrinsic resin properties of 
lignin, high quality particle boards can be made by the compression moulding process 
without the addition of any chemicals and binders. binderless boards were produced from coir 
pith, bit fibres and also from used coir mattings without any mechanical pretreatment. 
optimized the processing conditions such as time, temperature and pressure to get good 
quality binderless boards. The mat touch wood finished boards exhibits water absorption 
properties, which are comparable with commercial plywood based panels. The boards can be 
handled with common wood working equipment for drilling and sawing. 

INTRODUCTION 

 Coconut husk is abundantly available in all tropical countries as a cheap residue of 
coconut production, from which the fibres for the production of woven carpets, ropes, 
brushes and matting have to be separated. This can be achieved by retting or mechanical 
decortication. The coconut husk comprises 30% by weight coir fibres and 70% pith. Both 
fibre and pith are extremely high in lignin and phenolic content. The lignin present in the coir 
fibre and pith act as a thermosetting binder resin. Using the intrinsic resin properties of lignin, 
high quality particle boards can be made by the compression moulding process  without the 
addition of chemicals and binders. The largely unutilized biomass resource can be transferred 
into a valuable feedstock for the production of wood substitute products. The lignin is 
typically for monocotyledonous plants rich in syringyl with appreciable amounts of p-
hydroxyphenyl units. The coir fibre is composed of at least one third of Klason lignin while 
lower molecular weight phenolics can be found as extractives in considerable amounts, 
especially in younger nuts The thermal behavior of the original (chemically unmodified) 
lignin in the plant tissues at temperatures above 140 °C, where it melts and shows 
thermosetting properties needs to be explored for application as intrinsic resin in board 
production [Dam et. al. (2004)]. Based on this concept, a simple and efficient technology has 
been developed to produce high strength–high density panels, without addition of chemical 
binders. The eco-friendly production of binderless boards from coir pith as wood substitute 
could create novel economic activities in rural areas. The binderless board produced from 
coir is 100% ecofriendly as there are no harmful emissions, no chemical treatment required 
for the production and there are no byproducts during the production process of the boards. 
The boards so produced can be utilized for the application as acoustic absorbing panels, since 
coir fibre and pith contains large number of voids in it.  

 Production of binderless boards from the whole coconut husk has been reported by 
other workers [Jan et. al. (2004)] with a mechanical pretreatment. In the present study coir bit 
fibres, used coir mattings and coir pith each were used separately for the production of 
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binderless boards without any mechanical pretreatment. The use of coir bit fibres and used 
matting leads to the utilization of waste material that may otherwise burn or accumulated.   

Materials and methods 

Materials 

Coir pith, used coir matting and coir bit fibres were collected from Alleppey, Kerala. 

Methods 

Drying of the materials 

The raw materials needs to be dried before hot pressing so as to remove the moisture present 
in the materials. The presence of moisture in the material creates air entrapments in the board 
and may lead to deterioration in the strength of the boards. The materials are dried in a 
standard hot air oven maintained at a temperature of 100˚C for 1-2 hours depending upon the 
moisture present in the material. The moisture content is measured in Moisture analyser 
LJ16, Metler Toledo, Japan and ensures to be below 10%. 

Sieving 

The coir bit fibres and coir pith material is sieved in a standard IS 100 mesh sieve to remove 
the foreign materials present and to ensure a uniform particle size distribution. The boards 
produced from particles of less than 5mm size shown higher strength compared to the board 
produced from bigger size particles.  

Hot pressing 

 The coir bit fibres and pith were compressed in a hydraulic press at elevated temperature and 
pressure at compression ratio of 1:15 ie. the material fills in the mould at a height of 15cm 
and compressed to a thickness of 1cm. In the case of matting boards the compression ratio is 
comparatively less and 2-4 pieces of the matting cut in to the required size and placed in the 
mould and compressed. The boards are compressed for the required time 20-30min 
depending up on the thickness of the product. The boards are allowed to cool under pressure 
for another 30min and ejected from the mould.  

The flow chart below explains the different stages in the production of binderless boards from 
coir pith 
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1. Husk             2. Defibering process                     3. Coir pith 

           

     6. End product      5. Binderless board         4. Hydraulic press 

 Determination of water absorption 

In this study, the samples were immersed in water for the desired time intervals. The water 
absorption was measured by the difference in weight of the samples after immersion in water.  

The % of water absorption was calculated by the following equation:  

  % water absorption = (W2-W1 / W1) X 100 

Where W1 is the weight of the sample before immersion in water and W2 is the weight of the 
sample after immersion in water [Nazmul Alam et. al. (2012)]. 

Results and discussions 

Effect of Moisture  

Coir fibre and pith are hygroscopic in nature. About one third of the fibre is filled by air to 
give it the property of resilience. Coir pith has a porous structure and having high water 
holding capacity of 625-800% (P.K Ravi, 2007). The presence of moisture in the material 
creates air entrapments in the produced boards and may lead to deterioration in the strength 
of the boards. Trials were conducted with raw material having different moisture contents and 
found that that the material having a moisture content of less than 10% produces boards with 
excellent finish and strength. The raw material should be dried to a moisture level of less than 
10% before hot pressing. 

Effect of Temperature 

The thermal behaviour of the original (chemically unmodified) lignin in the plant tissues 
shows thermosetting properties as it melts at temperatures above 140 °C. Trials were 
conducted at different temperatures from 140°C to 180°C and found that 150°C is ideal for 
binderless board production. At lower temperatures proper setting of the board has not taken 
place and at higher temperatures charring of the board observed. At 150°C sufficient flow 
and setting of the lignin is observed in the produced boards.  

Effect of pressure and cooling under pressure 

Trials were conducted at different temperatures and optimized the pressure at 200kgf/cm2 in 
the hydraulic press. At low pressures, the flow of lignin doesn’t take place and the produced 
boards shown moisture absorption and loss in strength on exposure to the atmosphere. 

 Another important parameter to be taken care in the production of binderless coir 
boards is cooling under pressure. The produced boards were allowed to cool under the 
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applied pressure for half an hour. After the required cooling period, boards are ejected from 
the mould. Bending of the boards observed if it is not cooled under the applied pressure 
inside the mould.  

Machining 

The binderless boards produced from coir fibre and pith was subjected to conventional 
machining operations such as sawing, cutting using high speed cutter and drilling operations. 
The results are comparable with the conventional ply wood and MDF. 

Water absorption studies 

The boards having a thickness of 10mm were cut in to pieces and coated with mat and gloss 
touch wood finish and studied the water absorption characteristics by immersing in water and 
compared with ply wood having the same thickness. The results were as follows. 

   Table 1. Water absorption study 

Duration of 
immersion in 
water 

% of absorption 

Ply wood  

(10mm 
Thickness) 

Coir pith board 

(Mat coated) 

Coir pith board 

(Gloss coated) 

1hr 7 9 8 

2hrs. 7 9 8 

18 hrs. 35 36 35 

24Hrs. 41 66 65 

72Hrs 60 78 73 

 

Conclusion and future line of work 

The optimized temperature and pressure for the production of binderless boards is 150˚C and 
200kgf/cm2 respectively. The pressing time varies depending upon thickness of the product. 
Good quality binder less boards can be developed from the coir pith, fibre and matting using 
the intrinsic resin properties of lignin. The binderless boards so produced can withstand high 
speed cutting and drilling operations. The initial water absorption of coated boards with mat 
and gloss touchwood found to be comparable with plywood after immersion in water.  

The production of binderless boards from coir need to be standardized by evaluating its 
strength and acoustic absorption characteristics that can be used for structural applications as 
acoustic absorption panels and impact resisting applications. 
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ABSTRACT 

Mananthavady village of wayanad district comes under the foothills of the western Ghats. 
The western Ghats Ecology Expert Panel (wGEEP), also known as the Ghadgil Commission 
headed by MadhavGadgil and high-level working group (HLwG), headed by kasturirangan, 
appointed by the Ministry of Environment and forests of India gave different views of the 
village regarding the 

Ecologically Sensitive Zone (ESZ) demarcation. of the total area in Mananthavady village, 
40% is included under protected area and the rest 60% under ESZ1 in the wGEEP report, 
whereas the village is completely excluded from the ESZ in the HLwG report. The physical 
determinants of the village such as altitude and slope, soil characteristics (soil drainage, 
erosion, texture, water holding capacity), land characteristics (land irrigability, land capacity), 
forest area and riparian vegetation were analysed. It has been found that the average altitude 
of the entire village is 720 m. The limit of ESZ determination proposed by HLwG was 600 
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m. The northern part of village has an altitude of more than 1000m, and the area is hilly. The 
altitude over 1000m in the north western region and the soil characteristic also show the 
chance of earthquakes and landslides. The area under forest as per the statistics, remains the 
same as 78787 hectares in 2001 and 2011 census which covers of 17.604% of the village. 
Mananthavady River, tributary of kabani River, with a high ecological importance and 
natural vegetation should be protected from further degradation. analyzing these facts it can 
be concluded that the village of Mananthavady should be included under the ecologically 
sensitive zone. 

INTRODUCTION 

The concept of Ecologically Sensitive Area (ESA)  has been set up in India over the last 22 
year under the Environmental Protection Act, 1986 and Government of India has proposed 
certain criteria for identification of ESA.  We need to consider the significance, and not just 
sensitivity, and therefore would like to define ESA as those areas “that are ecologically and 
economically important but vulnerable even to mild disturbance, and hence demand careful 
management”.  Their vulnerability could be determined by physiographic features that are 
prone to erosion or degradation under human and other influences such erratic climatic and 
on the basis of historical experience. Western Ghats Ecology Expert Panel (WGEEP) headed 
by Prof. Madhav Gadgil apoointed by the  Ministry of Environment and Forests of India 
presented report on this which was later modified by high-level working group (HLWG), 
headed by Dr.Kasturirangan. 

MATERIALS AND METHODOLOGY 

STUDY AREA 

 Mananthavadi village is one of the 26 villages in Wayanad district situated in the north 
western part of it.  The latitudinal extension of the village is 11° 55’14” N to 11° 46’9”N  and 
the longitudinal extend is 75° 57’γ7” E to 76° 5’44” E. covering an area of 80γ0.157 
hectares.   The village has 44.5275% dry land, 16.834% wet land,, 3.686% purampoke, 
17.604 % forest and 17.347%  under forest plantation.  

According to the 2001 census the total population of Mananthavady village was 45477. As 
per 2011 census it is 47974 people with a decadal increase of 5% in population. The density 
of population in 2001 in Mananthavady village was 567.75 person/ sq.km. In 2011 it is 
597.68 person / sq. Km 

The village has been included in the WGEEP report as 40% of the area under protected area 
and the rest 60% in ESZ1.   But when the HLWG report was published the area was excluded 
from ESZ.  Therefore an attempt has been made to analyze,  whether the area should be 
included or excluded in the ESZ with certain geographical parameters. 

METHODOLOGY 

A comparative study on the WGEEP report and the HLWG report, were made to   understand 
on the methodologies used, for area demarcation and the regulations has been made. The 
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village area was marked spatially in a large scale map using Survey of India toposheets. This 
was compared with the present remote sensing data which provides the spatial variation over 
the  decades.  Using census report of 2011 and the panchayath level statistics, the socio- 
economic status of the village is analyzed and interpreted.  Based on the various data of 
Mananthavadi village, analysis were made by statistical techniques and maps were prepared 
using GIS software. 

RESULTS AND DISCUSSIONS 

The environmental appraisal parameters like altitude, slope, soil, land characteristics, forest 
and vegetation is examined and found out the majority of the village of Mananthavady lies 
under the ESZ under the said geographical characterisitics. The limit of ESZ determination 
proposed by HEWG was 600m and Mananthavady village comprises of forest covered area 
also.  The northern part of village has an altitude of more than 1000m, and the area is hilly.   
Majority of the region is subjected to moderate erosion expect some area in the eastern part. 
This indicates that the chance of occurrence of landslides in this region.  The altitude of this 
forest cover area is more than 800 m to 1300m. The type of forest in this region is the west 
coast tropical evergreen forest. These forest exhibits luxuriant growth particularly of tree and 
woody climbers and the canopy is closed. High humidity, shade and sheltered condition 
provide ideal habitat for epiphytic as well as terrestrial orchids, fern, mosses and herbaceous 
flowering plants. It is observed that there is a difference in the composition of species with 
altitude and latitude. Mananthavady River is tributary of Kabani River, with a high ecological 
importance the banks of stream dense thickest of Ochlandra and Padamus species are 
common.  

The slope of the village is from north west to south east. The altitude over 1000m in the north 
western region and the existing soil characteristics indicates  the chance of earthquakes and 
landslides. The forest area remains constant as 78787 hectares in 2001 and 2011 census even 
there is a vast change in barren lands, fallow other than current fallow and land for non- 
agriculture. This doubts the data provided by the Department of Economics and Statistics 
with respect to the areas under forest.   The town area is expanding towards north and south. 
There is a river flowing from the east towards south west through the border of the village, 
close to the town.  Use of fertilizers, pesticides and the increase in number of buildings 
towards the south, including small scale industries,  slaughter houses,  chemicals and wastes 
will quickly reach the river since the gradient of slope is towards the south.  

The Mananthavady village must be included in the ESZ.  Strict environmental protection 
measures have to be taken if the village is excluded from the ESZ.  The Mananthavady River 
and the vegetation along the river side should be protected from further degradation by 
making restrictions for plastic, human and other biological and chemical pollutions by the 
government.  Construction of industries, factories, slaughter houses should be strictly 
prohibited in the southern region of  Mananthavadi town as the gradient of slope is towards 
the river 
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ABSTRACT 

Mosquitoes are a major public health menace as vectors of serious diseases such as Malaria, 
japanese Encepahalitis, dengue fever, Yellow fever, filariasis etc. Efforts to control adult 
mosquitoes are temporary, unsatisfactory, inadequate and environmental polluting. Moreover, 
vector control is facing threats due to the emergence of resistance to synthetic insecticides. 
Larval treatment is much more effective for managing these notorious insects as in this stage 
they are localized and restricted to a limited space. In this context, phytochemicals have 
received much attention as potential agents aiding in vector control.The present study has 
been carried out to assess the larvicidal activity of the whole plant extracts of Mimosa pudica 

and Blumeaoxyodonta against third instar larvae of Aedesalbopictus. aqueous extracts of the 
plants were prepared and tested against mosquito larvae reared from eggs under laboratory 
conditions. The efficacy was determined through bioassay method for which different 
concentrations of the extracts were prepared (0.5, 1.0, 2.0, 4.0 and 8.0 mg/ ml) and were then 
applied to the treatment sets, each containing 20 larvae. Mortality percentages and LC50 were 
calculated after 96hours of observation. These crude extracts have showed 100% mortality 
within short period at different concentrations. and no mortality was found in control. The 
highest and lowest values were observed in Mimosa pudica (10.8 and 5.1mg/ml) followed by 
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Blumeaoxyodonta (10.8 and 3.91mg/ ml) after 48 and 72 hours of treatment.Present study 
indicates that the whole plant extracts of Mimosa pudica and Blumeaoxyodonta carry huge 
potential as larvicidal agents against Aedesalbopictus. 

keywords: aedesalbopictus, Phyto chemicals, Larvicidal activity, LC50 

INTRODUCTION 

Insects are the most important living beings of the invertebrate group, both beneficial and 
detrimental, causing several devastating diseases. The tropical biotopes provide an ideal 
environment for many arthropods, including pathogenic ones to establish. Among them, 
mosquitoes are the most dreaded blood sucking groups (Arivoli and Tennyson 2011). World 
Health Organization has declared mosquitoes as “public enemy number one” as they are 
responsible for the transmission of various dreadful diseases (WHO, 1996). Mosquitoes 
constitute a major public health menace in India as vectors of serious human diseases such as 
Malaria, Japanese Encephalitis, Dengue fever, Yellow fever, Schistosomiasis, Filariasis etc. 
(Maheswaran et al., 2008).  One of the approaches for control of mosquito-borne diseases is 
the interruption of disease transmission by either killing or preventing mosquitoes from biting 
human beings (use of repellents) or by achieving larval mortality in a large scale at the 
breeding grounds itself. Among these methods, fight against adult mosquitoes is temporary, 
unsatisfactory, inadequate and environmental polluting. Larval treatment is much more 
effective for managing these notorious insects as in this stage they are localized and restricted 
to a small space due to low mobility (Nayak, 2014). Moreover, vector control is facing threats 
due to the emergence of resistance to synthetic insecticides. In this context, phytochemicals 
have received much attention as potentially useful agents against insect pests and vectors 
(Anjana and Thoppil, 2013). Plant extracts are safer for non-target organisms including man, 
therefore, plant based formulations would be more feasible from environmental perspective 
than synthetic mosquitocides (Sivagnaname and Kalyanasundaram, 2004). Herbal products 
with proven potential as insecticide or repellent can play an important role in the interruption 
of the transmission of mosquito-borne diseases at the individual as well as at the community 
level. Research is progressing all around the globe and significant progress have been 
attained in the field of management of notorious mosquito species through the utilization of 
botanicals derived from plants (Pitasawata et al., 2007; Knioa et al., 2008). The present study 
is also attempted in this direction. 

 Materials and Methods  

In the present study, attempt has been carried out to evaluate the efficacy of the aqueous 
extracts from the whole plant of Miomosa pudica (Fabaceae) and Blumea oxyodonta 
(Asteraceae) against the third instar larvae of a common mosquito species (Aedes albopictus) 
under laboratory conditions.  

Plant collection and processing 

The selection of plants were carried out based on their local availability and reported 
medicinal properties. Whole plants of both Mimosa pudica and Blumea oxyodonta were 
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collected from various localities of Malappuram District having no known environmental 
issues. The materials were collected from healthy plants, free from dust, dirt and other 
impurities and were brought to the laboratory for subsequent processing.  

Preparation of extracts 

The washed plant materials were chopped properly and kept in clean trays. For the 
preparation of extracts, approx. 20gms of plant material was taken and ground in a 
homogenizer using distilled water. The extract was filtered and the filtrate was made upto 
1000 ml with distilled water and retained as stock solution for further experimentation. Serial 
dilutions of the stock solutions were prepared for assessing treatment efficiencies. 

Selection, collection and culture of mosquito species 

Vector species Aedes albopictus was selected for the present study. Aedes albopictus 

(Diptera: Culicidae) is an epidemiologically important vector involved  in the transmission of 
many viral pathogens including the west nile virus, yellow fever virus, dengue virus, and 
chikungunya virus. They are also acting as carriers of filarial nematodes such as Dirofilaria 

immitis. Aedes albopictus has proven to be very difficult to suppress and control due to their 
remarkable ability to adapt to various environments, their closeness with humans and their 
effective reproductive biology (Anjana and Thoppil 2013).Mosquito larvae, collected from 
controlled breeding sites maintained with coconut shells kept at varying distances round 
households, were used in the present study. Collected larvae were pooled in the laboratory 
and subjected to species level identification using standard manual (Baraud, 1934). The 
collected larvae were reared from eggs to larval stage and then to adults in the laboratory 
itself, to avoid mixing up of species. From these adults, F1 generation larvae were collected 
and used for the present study. This procedure also helped to maintain the uniform age of 
larval instar (Third instar). The larvae were reared in tap water and fed with dog biscuits and 
yeast at the ratio of 3:1. They were maintained at 28 ± 2 °C, 75–85% RH, under a 16 hr light 
and 8 hr dark cycle with 1 hr crepuscular period at the beginning and end of each light cycle. 
The larvicidal activity was assessed by the procedure of WHO (1981).  

Larvicidal Bioassay 

To the treatment set, varying concentrations of the plant extract (ie. 0.5, 1.0, 2.0, 4.0 and 8.0 
ml) were added from the stock solution; maintaining a relative concentration of the plant 
extract as 10, 20, 40, 80 and 160 mg/ml respectively in the growth medium. A control was 
also maintained. Twenty numbers each of the early third instar larvae were introduced into 
the treatment trays containing 250 ml of natural growth medium. Mortality counts of larvae 
were monitored at regular intervals i.e. 6, 12, 24, 48, 72 and 96 hours after treatment. The 
mortality percentage and LC50 (Probit analysis, Finney, 1971) have been calculated.  

Results and Discussion 

The efficacy of whole plant extract of Mimosa pudica against Aedes albopictus at 96 hrs 
found that the highest larval mortality was in highest concentration (4 and 8mg/ml) i.e. 
33.33±0.00% at 48 h of exposure (Table 1) whereas it was lowest in lower concentrations 
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(0.5, 1, 2 mg/ml) i.e. 13.89±6.43, 22.5±4.49, 23.33±12.13% at 72 hrs of time exposure 
(Figure 1.) The control did not show any mortality.  

Table 1: Efficacy of whole plant extracts of Mimosa pudica against Aedes albopictus 

Conc.(mg/m
l) 

Time(Hour) *n=20 LC5

0 
6 12 24 48 72 9

6 
Mortality
% 

Mean±S.
D 

0.5 0 0 5 20 16.6
7 

0 41.67 13.89±6.4
3 

5.01 

1 0 15 23.3
3 

25 26.6
7 

0 90 22.5±0 8.13 

2 0 8.3
3 

31.6
7 

38.3
3 

15 0 93.33 23.33±1.4
4 

8.69 

4 0 15 31.6
7 

53.3
3 

0 0 100 31.67±1.3
6 

10.8 

8 0 18.
33 

33.3
3 

48.3
3 

0 0 100 33.33±0 10.8 

Control 0 0 0 0 0 0 0 0±0 0 

*n = number of larvae used for bioassay test 

Figure 1 Mortality % of Aedes albopictus exposed to Mimosa pudica 

 

 

 

 

 

 

 

 

The larvicidal activities of Blumea oxyodonta (whole plant) extract at different 
concentrations are represented in table 2. The data revealed that highest mortality rate was 
observed in highest concentrations (4 and 8mg/ml) i.e. 20±0.00% at 96 h of exposure time. 
At low concentrations of plant extract i.e. 0.5, 1.0 and 2.0 mg/ml after 96 hours of treatment, 
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it was decreased to1.67±2.36, 1.67±2.36 and 22.5±3.54% respectively, and no mortality was 
observed in control (Figure2). 

Table 2 Efficacy of whole plant extracts of Blumea oxyodonta against Aedes albopictus 

Conc.(mg/ml) Time(Hour) *n=20 LC50 

6 12 24 48 72 96 Mortality% Mean±S.D 

0.5 0 0 0 0 1.667 0 1.67 1.67±2.36 3.91 

1 0 0  1.667 0 0 3.33 1.67±2.36 4.67 

2 0 0 18.33 36.67 20 15 90 22.5±3.54 8.13 

4 0 16.67 28.33 25 18.33 50 100 20±0 10.8 

8 0 26.667 23.333 21.667 18.333 10 100 20±0 10.8 

Control 0 0 0 0 0 0 0 0±0 0 

*n = number of larvae used for bioassay test 

Figure 2 Mortality % of Aedes albopictus exposed to Blumea oxyodonta 

 

The LC50 
values are 
recorded in 
the Table1 
and 2. The 
highest and 
lowest values 

were 
observed in 

Mimosa 

pudica (10.8 
and 

5.1mg/ml) followed by Blumea oxyodonta (10.8 and 3.91mg/ml) after 48 and 72 hours of 
treatment. 

The present investigation is a pioneer work on Mimosa pudica and Blumea oxyodonta (whole 
plant) extract with respect to their larvicidal properties on Aedes albopictus. Even low 
concentrations (1mg/ml) of the crude extracts were lethal to mosquito larvae. Aarthi et al 
(2011) had already reported the toxicity and smoke repellency effect of Mimosa pudica 
against the malarial vector Anopheles stephensi. The smoke toxicity effect of M. pudica 
leaves exhibited a good knock down effect when compared with the commercial synthetic 
mosquito coil. The smoke affected gravid females laid only fewer eggs and egg hatchability 
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was also reduced. The plant extract also exhibited considerable pupal mortality. It is being 
reported that the larval mortality may be due to effect of chemicals like mimosine, 
norepinephrine, crocetindimethyl-ether and sitosterol. Also Liang Zhu (2011) reported that 
the essential oil of Blumea martiniana and its four major compounds ( -terpinene, linalool, 
borneol and germacrene) have potential to be used for the control of Anopheles 

anthropophagus larvae. ZhuL (2011) revealed that the essential oil of Blumea densiflora 
served as a potential, eco-friendly mosquito larvicide against the malarial vector Anopheles 

anthropophagus. 

Comparatively better results were obtained in the present study with aqueous extract of 
Mimosa pudica and Blumea oxyodonta, where 100 % mortality rate of 3rd instar larvae was 
observed at a concentration of 4 and 8 mg/ml within 48 and 96 hours respectively. Upon 
comparison of the plants, extracts from mimosa pudica showed highest larvicidal activity 
against Aedes albopictus mosquito larvae within a short time frame of 48 hrs. 

Conclusion 

The insecticides of plant origin are generally safer, due to their easy degradability and non 
toxic nature to non target organisms. The biological activity of this plant extract is due to 
various secondary metabolites. These compounds independently or jointly contribute to 
produce toxic activity against mosquito vectors. The present investigation suggests that the 
extracts of Mimosa pudica and Blumea oxyodonta have the potential to control the larvae of 
Aedes albopictus under varying concentrations and retention times. There is tremendous 
scope for further studies on plant derivatives with respect to their efficiencies in the control of 
mosquito vectors. 
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ABSTRACT 

The widespread use of mobile phones (MP) in recent years has raised the research activities 
in many countries to determine the consequences of exposure to the low-intensity 
electromagnetic field radiation (EMfr) of mobile. Lipid peroxidation and antioxidant 
machinery in cells as molecular markers of environmental pollution have been documented to 
be of potential diagnostic value. Lichens have played an important role in evaluating 
environmental monitoring studies and are among the most frequently used bioindicators of 
environmental pollution. The aim of the present study is to evaluate the oxidative responses 
in Cetrariawallichiana(Tayl.) Mull. arg., Parmelinasimplicior(Hale) 
Hale.,Usneaalbopunctatanyl. apud. Crombie.against different duration of exposure ( 1, 4, 8 
and 24 h) to electromagnetic field radiation (EMfr) of 1800 MHz to analyze its possible role 
towards oxidative stress. The methodologies include analytical, biochemical and electron 
microscopic. MP EMfr radiations showed significant variation in terms of lipid peroxidation, 
electrolyte leakage and H2o2 content among the lichens, there by suggesting oxidative stress 
and cellular damage. Compared to the controls, the activities of antioxidative enzymes 
showed differential responses i.e., catalase (CaT) activity was down regulated after most 
exposure treatments in C. wallichiana and U. albopunctata while there was an up regulation 
in the activities of superoxide dismutase, ascorbate peroxidase and glutathione reductase. The 
dismutase activity of Sod leads the production of H2o2. Thus, the increase in Sod in the 
lichens strongly corroborates with H2o2 content in the cells. However, in P. simpliciorshowed 
oxidative stress resistance compared to C. wallichiana and U. albopunctata i.e., the foliose 
lichen showed 9, 10, 13 and 8 folds of increase in Sod, CaT, aPX and GR activities 
respectively suggesting the potential scavenging ability against the RoS H2o2. Similarly, the 
endonuclease activities also increased at par with the duration of treatments. Ultrastructural 
studies also reflect the cellular damages as a consequence of oxidative burst in the lichen 
thallus. Parallely, chlorophyll a and b also showed reduction with durations in C. wallichiana 
and U. albopunctata than P. simplicior. This in turn affects photosynthetic efficiency of the 
species. Thus, the present data showed that exposure of lichens to EMfr at 1800 MHz induce 
differential response of oxidative stress among the lichens. Therefore, this report confirms the 
fact that the lichens were ideal model for biomonitoring atmospheric quality for a long-term 
transplantation study, and oxidative stress parameters stand out as an effective tool for an 
early environment assessment of physiological parameters in the cells. 

Key words:antioxidative enzymes, electromagnetic field radiation, electron microscopic, 
endonuclease, lichens, mobile phone, oxidative stress, pigments, reactive oxygen species. 

INTRODUCTION 

Use of wireless technologies, particularly of mobile phones (MP), has increased the health 
hazards among living organisms. Since several experimental studies suggest a role of reactive 
oxygen species (ROS) in EMR-induced oxidative damage in tissues. Numerous studies have 
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documented various biological effects of RFR including changes in cell proliferation, enzyme 
activity, gene expression, cell-membrane permeability and ion homeostasis as well as 
oxidative stress and heat-shock response (Zmyslony et al., 2004). In the present study, an 
attempt was made to evaluate the effect of mobile phone radiation at 1800 MHz on the 
antioxidative machinery related to oxidative stress on the selected lichens. 

 MATERIALS AND METHODS 

Lichens selected for the study includes Cetraria wallichiana (Tayl.) Mull. Arg., Parmelina 

simplicior (Hale) Hale., Usnea albopunctata Nyl. apud. Crombie. EMFr exposure was carried 
out in a closed metal shielded thermocol chamber to make the experimental environment free 
from outside EMFr interferences as designed by Sharma et al. (2009). Two commercially 
available GSM cell phones, with modulated voice and low frequency signals were used in the 
present study. They were placed horizontally inside the chamber wall for homogenous 
exposure at field strength of 5.7V m−1, and average power density (Pd) of 8.549 W cm−2. Pd 
was measured with RF power density meter. During exposure; cell phones were used in talk 
mode attached with voice recorders. The phone battery was permanently connected with DC, 
AC adaptor placed 2 m away from the cell phone. Fresh lichen samples of each category 
were kept between cell phones (at a distance of ~2 cm) for 1, 4, 8 and 24 h. For control, a set 
of thallus was kept inside another chamber without cell phones. All other EMFr from sources 
inside and outside the exposure laboratory were eliminated during exposure treatment. Both 
the chambers were maintained at room temperature. 

              Oxidative stress was evaluated in terms of membrane integrity, lipid peroxidation 
(Heath and Packer, 1968) and hydrogen peroxide accumulation (Velikova et al., 2000). The 
effect of Emfr on membrane integrity was studied in terms of ion leakage from roots and was 
calculated as: EL = (E1/E2) × 100, where EL is the ion leakage, E1 and E2 are the initial and 
final conductivities respectively (Sharma et al., 2009). Cellular oxidizing ability was 
determined as the amount of red triphenyl formazan and the absorbance was read at 485 nm 
(Singh et al., 2007). 

 Isolation and assay of antioxidant enzymes 

EMFr treated samples were frozen in liquid and was homogenized in 3 ml of 0.05 M Na 
phosphate buffer (pH 7.8) including 1 mM EDTA and 2% (w/v) PVPP. The homogenate 
were centrifuged at 13,000 X/g for 40 min at 4ºC. Supernatant was used for enzyme activity 
and protein content assays. All assays were done at 4ºC.  

SOD, CAT, APX and GR activity assays were based on the respective methods of 
Beauchamp and Fridovich (1971), Cakmak and Marschner, (1992), Nakano and Asada, 
(1981) and Foyer and Halliwell, (1976). 

Endonuclease enzyme was isolated and assayed by stop rate determination method at 260 
mm (You-Wun Wang et al., 2008). Ultrastructural analysis was carried in the thallus of 
Usnea albopunctata to evaluate radiation impact in the thallus. Chlorophyll a , b were also 
quantified as per the standard protocols. 
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The results were calculated as the mean value of six replicates of at least three independent 
experiments ± standard error. Values of P < 0.05 were considered as significant. 

RESULTS  

Exposure of lichens to radiofrequency EMFr had different effects on lipid peroxidation as 
well as on H2O2 content depending on the species and duration of treatment. Significant 
increase in MDA content (4-9 folds over control values) was observed at 24 h exposure 
indicating the higher lipid peroxidation in the tissues (P < 0.05). On the other hand, at 1 h 
exposure treatments the level of lipid peroxidation changed marginally over the control value 
(P < 0.05). At par with lipid peroxidation, H2O2 content was significantly (P < 0.05) increased 
(between 5 to 12.6 folds over control values) exposed to higher duration of EMFr. Marginal 
difference in H2O2 content was observed at shorter exposure time (1 h) with the control value. 
Parallel to H2O2 accumulation, cellular oxidizability was also significantly (P < 0.01) 
increased in response to mobile phone EMFr. It was increased from 0.98 to 14 g−1h−1 from 1 
to 24 h period of EMFr exposure. The observed increase in oxidizability further suggests the 
oxidative stress in the thallus induced by mobile phone EMFr. Exposure to mobile phone 
radiations caused excessive ion leakage from cells i.e., 10 to 95 % compared to control. The 
maximum electrolyte leakage was noticed at 24 h duration. The increased electrical 
conductivity of the bathing medium containing the samples strongly suggests the disruption 
of membrane integrity by mobile phone EMFr (Table 1). 

Ultrastructural changes 

Damages were apparent in chloroplasts and mitochondria, where thylakoid and mitochondrial 
cristae were swollen in Usnea albopunctata thallus after 24 h exposure. Further, chlorophyll 
pigments also showed sound variation in all studied lichens i.e., chl a, b showed reduction in 
their content.  

EMFr on antioxidant enzymes   

   The effect of EMFr exposure treatments on the activity of antioxidative enzymes also 
differed depending on the duration applied i.e., SOD, APX, GPX, CAT, and GR increased 
significantly in most of the experimentals.  SOD activity increased with increase in duration 
of EMFr  (P < 0.01) (Table 2).  APX activity significantly increased ranging from 8 to 13 
folds  compared to control from 1 to 24 h exposures. Meanwhile, CAT displayed down 
regulatory activity (P < 0.05) during longer duration of exposure. The activity of GR also 
increased in EMFr exposed thallus (8 to 10 folds after 1 to 24 h exposure).  

Endonuclease activity 

The thallus showed time-dependent increase in endonuclease activity with EMFr treatments.  
At 4 h of treatment, the activity was two-fold higher (84.3 U/ g tissue) (P < 0.05) compared 
to control (15.5 U/ g tissue). Increased level of endonuclease activity suggests the possible 
role of the enzyme in apoptosis in the treated tissues. 

DISCUSSION 
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A number of studies have documented various biological effects caused by EMFr, but due to 
the heterogeneity of data, the interpretation and explanation of observed effects is difficult. 
Because of weak quantum energy radiofrequency EMFr could not break chemical bonds (~1 
eV) and cause direct damages to the macromolecules. The only established mechanism of the 
effect is an increase in temperature which is mainly associated with the absorption of the 
radiofrequency energy resulting from the electrical conductivity of most biological tissue. An 
increase of temperature inside the exposed organism is considered to be a thermal effect and 
it is used for establishing exposure limits. The other possible mechanism for an explanation 
of the observed non-thermal effects of radiofrequency EMFr is an increased level of ROS 
(Zmyslony et al., 2004). Moreover, it was found that exposure modified the activities of the 
ROS scavenging enzymes. Decreased SOD activity and increased MDA content was also 
observed in retinal ganglion cells after exposure to microwaves. However, increased SOD 
observed in rabbits exposed to 900 MHz.  

 In the present study, the exposure of lichens to EMFr at 1800 MHz for 24 h did most 
changes like the increased levels of H2O2, MDA, electrolyte leakage and cellular oxidizability 
compared to control plants. MDA, free radical generated byproduct due to peroxidation of 
polyunsaturated fatty acids in biological membranes and correlates directly to membrane 
injury. The injury caused to the biological membrane due to cell phone EMFr was confirmed 
by enhanced electrolyte leakage. Increased H2O2 levels further indicate cellular injury, as 
H2O2 acts as signaling cascade and providing defense against stresses. TTC salts used to 
measure oxidizing ability actually traps electrons from the mitochondrial electron respiratory 
chain (ETC) and it links positively to superoxide generation. Increased oxidizability in 
response to EMFr also indicates greater ROS generation. The observed changes in lichens 
were in the range of those obtained with heavy metal stress in plants known to induce 
oxidative stress. An increase of H2O2 content and occurrence of lipid per oxidation in lichens 
exposed to EMFr were probably due to significant activity of SOD in conjunction with poor 
activity of CAT, enzymes that remove H2O2. On the other hand, in this study after most 
exposure treatments APX activity was significantly increased thereby removing good amount 
of H2O2. Thus the observed effects in lichens after EMFr under the exposure conditions could 
be due to ROSs induced oxidative stress and the secondary defensive mechanism. Plant 
defence mechanisms are complex and highly interconnected and there are many ways to 
mitigate stress effects.  

CONCLUSION 

Increased H2O2 content and level of lipid peroxidation as well as changed activity of 
antioxidative enzymes indicate that investigated radiofrequency EMFr, especially at 1800 
MHz, induced oxidative stress in lichens probably due to the effect on activities of 
antioxidative enzymes. The exposure to radiofrequency EMFr under most investigated 
conditions caused physiological effects like, inhibited growth by inducing ROS-generated 
oxidative stress. However, increased activities of antioxidant enzymes could not provide the 
protection against oxidative stress caused by mobile phone EMFr. The study implies the rapid 
increase in mobile phone EMFr in the natural environment and its possible impact on natural 
ecosystem processes and environmental health. It implies a need for environmental risk 
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assessment due to EMFr and development of proper management strategies to check EMFr 
pollution in the natural environment. 
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ABSTRACT 

Water purification using present day installations are capital intensive. Moreover, chemicals 
used conventionally for the treatment of water are having health effects. This realization has 
resulted in search for affordable and eco friendly substitutes for water purification. The use of 
plant materials as coagulant aid is not an innovative one and it has been in practice since 
ages. Lots of plants have been reported for their coagulant proficiencies and 
Strychnospotatorum is one among them. Earlier works have emphasized the turbidity and 
heavy metal removal capacity of the seeds of S. potatorum. but the present study assert the 
capability of the seeds of S. potatorum in the removal of other water contaminants like 
hardness, iron, total coliforms, and E. coli.batch treatment has been carried out at in the 
present study with various concentration of plant material (0.5g, 1g, 2g and 4g) at varying 
retention times (1.5HaT, 3HaT, 6HaT, 12HaT and 24HaT). The study revealed that the 
removal of turbidity and hardness got declined but excellent reduction in Iron, E.coli, and 
Total coliforms were observed at early stages of treatment. Maximum reduction in iron was 
observed with a percentage removal of 72.52% at 1.5 HaT while 86% Coliforms were 
removed at 24HaT with 4g of plant material. 

Keywords: Strychnospotatorum, water contaminants. 

INTRODUCTION  

Providing safe drinking water to the rural population is one among the major issues in many 
of the developing countries. In addition to this, dependence on the use of expensive chemicals 
for water treatment is undoubtedly a financial burden for most of the governments. Moreover 
a series of research work has raised concern on the excessive exposure of humans to chemical 
coagulants like alum, PAC, etc. resulting in a series of health hazards including Alzheimer’s 
disease (Crapper et al., 1973). In this context, investigation for inexpensive and ecofriendly 
purification aids, impel the idea of using plant materials that have been serving as coagulant 
aids since ages. There are reports on various plant parts being used as coagulant aid from 
different parts of the world. Some of them include seeds of Moringa oleifera (Tripathi et al., 
1976; Madsen et al., 1987; Suarez et al., 2003; Ghebremichael et al., 2005), sap of Opuntia 

fiscus indicus (Miller et al., 2008; Zhang et al., 2006), seeds of Strychnos potatorum (Al-
Samawi and Shokralla, 1996) etc.  

The use of plant materials as natural coagulants to clarify waste water has been a common 
practice since ancient times. In Peru, as back as in 16th and 17th century, powdered and 
roasted grains of Zea mays were used by soldiers as a means of settling impurities. In India, 
the seeds of Nirmali tree (Strychnos potatorum) was said to have been used as a clarifier in 
the ancient times. In Chili, sap of tuna cactus (Opuntia fiscus indicus) is widely used as water 
purifying agent. Other plants like dried beans (Vicia faba) and Peach seeds (Percica vulgaris) 
are as well being used in Bolivia and Peru as primary coagulants (Rao, 2005). 
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Strychnos potatorum L. (also known as clearing nut tree or Nirmali tree) is a medium sized 
deciduous tree belonging to the family Loganiaceae. The tree normally reaches an average 
height of about 12m. It is distributed mainly in southern and central parts of India and 
Srilanka. Fruits are ovoid or globose, appear black when ripened and the berries bear one or 
two seeds. The seeds are off whitish – grey in colour. Seeds are widely used in ayurvedic and 
traditional medicines. Apart from its medicinal properties, seeds have been studied for their 
water purifying capabilities and have been anticipated that lipids, carbohydrates and alkaloids 
with –COOH and free –OH surface group enhances the coagulating activity (Jayaram et al., 
2009). The poly electrolytes present in seeds are expected to destabilize particles in water by 
means of inter particle bridging (Yin, 2010). 

The seeds of Strychnos potatorum have been extensively studied for turbidity removal (Babu 
and Chaudhuri, 2005) and heavy metal adsorption capabilities (Saif et al., 2012; Jayaram et 

al., 2009). In the present study, a preliminary assessment has been carried out to assess the 
capability of the seeds of S. potatorum in mitigating selected water contaminants like 
hardness, iron, total coliforms, and Escherischia coli in addition to turbidity. 

Materials and Methods 

Seeds of S. potatorum were procured from an ayurvedic shops and were mechanically 
crushed to make it into particulates. Batch treatment was carried out for evaluating the 
performances of seeds in the treatment of each contaminant under varying concentrations of 
the plant material at varying retention times.  

For experimentation, definite quantities of processed seeds (0.5g, 1g, 2g and 4g) were 
weighed and transferred to respective jars containing 1.0 litre each of dug well water 
collected from a nearby source. They were then stirred intermittently for about 15 minutes. A 
control was also maintained for each treatment set. Prior to experimentation, turbidity, 
hardness, iron content and coliform count of water samples were checked and made sure that 
their concentrations are above detectable levels. Representative samples (20 to 30ml) were 
drawn from the treatment set at specific time intervals of 1.5, 3, 6, 12 and 24 HAT (Hours 
After Treatment). After the defined treatment time representative samples were drawn from 
each container without disturbing the remaining water column. The collected samples were 
assessed for turbidity (Nephelo-turbidimeter -EI make), Hardness (EDTA titrimetric method) 
and Iron content (modified thiocyanate method by Goswami and Kalita, 1998) following 
standard methods. Total coliforms and E.coli were estimated using pour plate method, as 
described in the manual of NIO (1998). As iron content of the raw water samples were below 
detectable levels, they were then imparted artificially through the addition of ferrous 
ammonium sulphate at a concentration of 0.3g/L. The results are reported. 

Results and Discussion 

Batch treatment conducted with the seeds of Strychnos potatorum showed varying responses 
to all the parameters (turbidity, hardness, iron, total coliforms, and E.coli) under study. The 
results are depicted graphically in figures 1 - 4. 
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In the treatment set, removal of turbidity was observed only at early hours (upto 6HAT) and 
got reduced at higher retention times making the water more turbid. Initial performance of S. 

potatorum seeds on hardness (Fig.2) was found to be meager, later got terminated after 
3Hours of treatment. The seeds were found to be excellent in removing iron with highest 
percentage removal of 74.52% at 1.5 HAT (Fig. 3).  

In the case of total coliforms, a consistent percentage removal (86%) at higher concentrations 
(2g and 4g) at all retention time was observed (Fig. 4). Thus the seeds were found to be 
excellent in removing E.coli, except at initial retention time of treatment. 

The processes associated with the removal of contaminants from water are complicated. 
Usually colloidal particles present in water carry a negative charge. They do not agglomerate 
because of the surrounding electrical bilayer. Addition of coagulants with opposite charges 
causes compression of this bilayer and thereby neutralization of the surface electrostatic 
potential of the particle. Along with flocculation, rapid mixing results in aggregation of the 
coagulated particles to form larger flocs. These larger flocs are rapidly settled under gravity 
and can be removed from suspension by filtration (Rao, 2005). 

Increase in the residual turbidity after 6HAT (Fig.1) can be explained by the fact that 
optimum amount of flocculent in the suspension caused the maximum amount of particles to 
aggregate  

and settle. Beyond the optimum dosage, steric stabilization of the particles takes place, which  
eventually intensifies residual turbidity (Anastasakis et al, 2009).The seed extracts of S. 

potatorum contain  

 

 

Figure 1 Effect of various dosages of Strychnos potatorum seeds on Turbidity 

removal 

Figure 3 Effect of various dosages of Strychnos potatorum on Iron removal 

 

Figure 2. Effect of various dosages of Strychnos potatorum seeds on Hardness 

removal 
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anionic polyelectrolytes that destabilize particles in water by means of inter particle bridging 
(Tripathy et al., 1976). The presence of divalent cations in water can greatly increase the 
ability of anionic polyelectrolyte to aggregate negative colloids (Black et al., 1965). This 
might be the reason leading to the destabilization of particles (Yin, 2010). Alkaloid fractions 

in the seeds might 
be the reason for the 

antimicrobial 
properties 

(Mallikharjun and 
Seetharam, 

2009).Thus it can be 

concluded that 
Strychnos 

potatorum seeds can 
be effectively 

utilized for treating selected water contaminants except hardness. However, resultant toxicity, 
if any, associated with the seeds need to be assessed before consumption of such treated 
water. Further the exact coagulation mechanisms and percentage compositions of the extract 
have to be elucidated in detail.  
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ABSTRACT 

Watershed is a bio-geo boundary from which water drains out through a common outlet. Soil, 
water and biomass exist in complimentary form in a watershed ( SuhasParanjapeetal (19982). 
These are the fundamental resources for the holistic development of an area. Therefore 
watershed is considered as a basic unit in planning and implementing activities in the primary 
productive sector. The HanumanthaRao commission report (HanumanthaRao (19941) 
recommended to Govt. of India to implement all rural development programmers on 
watershed basis. In the backdrop of farmer’s distress and suicides, Prime Minister’s distress 
relief package was implemented in the districts wayanadu, kasargode and Palakkad of kerala. 
as part of this package nabaRd Holistic watershed development Project (nHwdP) was 
implemented in these districts from 2009 to 2014 and is in the final leg of completion. The 
prime objective of this project is to create sustainable livelily hood to the watershed 
community by conserving and enriching the natural resources, Special thrust was given to the 
development of the marginalized and women. People’s participation was ensured in each 
stage namely planning, implementation and monitoring. In the present study an impact 
assessment of this project is done with special focus on ground water availably during 
different seasons. from the study it became clear that watershed development could enrich 
ground water availability and thus move ahead to achieve sustainable development. It is also 
attempted to document successful case studies which could be replicated elsewhere. 

1.INTRODUCTION 

The NABARD Holistic Watershed Development Project (NHWDP) was implemented in 45 
watersheds covering an area of 30,547 Ha in Palakkad district during the period 2009 to 
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β014.This project was part of the Prime Minister’s distress relief package implemented in the 
districts of Palakkad, Wayanadu and Kasargode. The objectives of this project are: to create 
sustainable livelihood for the watershed community by conserving and enriching natural 
resource base namely soil, water and biomass; to achieve inclusive development by 
empowering the landless, poor and womenν achieve people’s participation in every phase of 
project implementation. To achieve the above said objectives different activities  
implemented  in the watershed are : soil and water conservation measures to reduce soil 
erosion and increase water percolation; different agronomic measures to enhance production 
and productivity; 8% of the total fund was set apart for the livelihood development of the 
poor, landless and women; trainings imparted for the capacity building of the different micro 
level organizations like Village Watershed committees(VWCs), Nano watershed committees, 
farmers and women; introduction of innovative practices and technologies. The project was 
implemented by the VWC consisting of members elected from the watershed gramasabha. 
Eight NGOs functioned as Project Facilitating Agencies providing technical support to 
VWCs in the implementation of this project. Integrated Rural Technology Centre (IRTC) was 
the Resource Support Organization providing technical support with overall coordination. 

 A total amount of Rs 36.7 Crores was spent during the project period.. 16% of the 
project cost was born by the beneficiaries as cash or labour. Now the project is entering in to 
the post watershed phase, the main responsibilities of the VWC during this phase are 
management of assets created under NHWDP and continue with the livelihood development 
of the poor.  

2.Objectives: 

1. To make an impact assessment of the NHWDP implemented in selected watersheds 
coming in the two different agro climatic units of Palakkad district with respect to the 
quantifiable parameters ground water level in wells and productivity of crops 

2. Document case studies on innovative activities implemented. 

3. Materials and Methods: 

This is an action research project,the methodology was designed in suiting the requirement of 
action research project. Take bench mark data before implementation with respect to the 
indicators ground water level in wells, productivity of different crops and soil characteristics 
c of selected control wells and plots in the NHWDP watersheds. Do this as part of the 
Feasibility Study Report (FSR) Preparation of NHWDP implementation. Select three among 
the NHWDP implemented watersheds from the three different agro climatic units of Palakkad 
District; select wells randomly from the runoff zone, percolation zone and storage zone of the 
watershed for monitoring the ground water level (select the same wells earmarked for bench 
mark water level data during FSR preparation). Monitor the ground water level on a monthly 
basis. Record the crop yield in the treated plots of the watershed area.   Prepare case studies 
on the benefits accrued due to the watershed development activities implemented. 
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4.Study Area: 

Study area is three NHWDP implemented watersheds coming in the different Agro-
Ecological Units (AEU) of Palakkad district given in Table 1 below.  

Table 1: AEU classification& geographical position of selected watersheds 

5. Work done: 

This project was implemented as an action research one. As part of NHWDP detailed field 
level plan was prepared for implementing the different soil and water conservation activities 
in private and public lands. The different activities implemented are: Earthen Contour Bunts 
(ECBs), Centripetal Terracing (CPTs), Stone Pitched Bunts (SPBs), Percolation pits, 
Strengthening of Paddy Field  Bunts (SPBs), Pond renovation, planting of horticulture trees 
etc. The vertical and horizontal distance between ECBs &SPBs is estimated based on land 
slope, type of soil etc. (Suhas Paranjpe etal (1994))3. These were constructed by marking 
contours using water level. Locally available stones were used in the construction of 
SPBs.From the two selected watersheds where NHWDP was implemented, ten wells were 
selected from each watershed for monitoring the ground water level (these wells had one time 
bench mark water level also). The water levels were taken monthly from these wells on 
stipulated date using rope tied to a weight and then with a measuring tape. Rainfall data was 
collected by installing normal rain gauges in a cluster of watersheds on a daily basis from 
2010 to 2014. Crop yield was taken for the plots were bench mark data was taken. Detailed 
interview with beneficiaries were conducted for documenting the successful case studies. 

6. Results and discussions 

6.1 Improvement in ground water level 

Sl 
NO 

Name of the 
watershed 

Name of 
AEU 

Characteristics of 
AEU 

Geographical position 

1 Aalangad Vengasseri AEU 10 North central laterite 100 50’to10051’N latitude  

&760β5’to760β7’E 
longitude 

2 Muttuchira  AEU23 Palakkad eastern 
plains 

100γ7’to100γ8’N latitude 

&7604γ’to76045’E 
longitude 

3 Konnakkalkadavu AEU 22 Palakkad Central 
Plain 

100β8’to100β9’N latitude 

&760β8’to760γβ’E 
longitude 
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One of the major objective of watershed development activity is to improve the ground water 
level, we are here attempting to analyze the benefit of watershed treatments in this respect in 
Muttuchira watershed  

Table 2 gives the height of water column in the control wells taken on a stipulated date of 
every month in Muttuchira watershed 

Table 2 : Muttuchira watershed height of water column in control wells  
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Fig2: Water level in the well of  Babitha, VWC member 
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Even though the 
rainfall received 
in 2012(Fig 1) 
during South 
West monsoon 
and North East 
monsoon was far 
less compared to 
2011, the post 

monsoon water level (Fig β) in Babitha’s well, No9 in Tableβ was very high in β01β 
compared to 2011.This is due to the ground water enrichment by the different soil and water 
conservation measures. The same case repeated in 2013 with less rainfall compared to 
2011(Fig1), but the post monsoon water level was high (Fig2).  

Fig 3: Water level in Panchayth well 2

 

Even though there was drastic reduction in rainfall in 2012 the pre monsoon water level in 
2013 and post monsoon water level in 2012(Fig3) could be retained in the Panchayath well,  
No 10 in Table 2 used by many people of the area. Previously the Gram Panchayath had to 
supply drinking water in tanker lorry to this area during summer season. On other hand now 
no drinking water is supplied in the last three years.  

 Fig4:Water level improvement in Manikandan Chullimada’s well 
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 The premonsoon water level in Manikandan Chullimada’s well increased in 
2013&2014 compared to 2011&2012 (Fig4). The post monsoon water level in2013 was high 
compared to 2011 even though the monsoon rainfall in 2013 was less than that of 2011(Fig1). 
This enrichment also caused by the interventions done in Manikandan’s  plot and the higher 
elevation plots.  

Fig 5: Water level in Vishnu Chullimada’s well 

 

In Muttuchira watershed the rainfall reduced from1446mm in 2011 to 735mm (nearly 50%) 
in 2012 and slightly increased to 1152mm in 2013 as given in the Fig 4. Even though the 
rainfall was very less in 2012, the ground water situation in the post monsoon period in 
Vishnu Chullimada’s well ( Fig 5) was  better than inβ011. Because of the reduced rainfall in 
2012 the pre monsoon water level in 2013 was less, even then drying up of well did not take 
place. This can be attributed to the recharging taking place due to the soil and water 
conservation interventions implemented.  

6.2 Improvement in ground water level in Aalangad Vengasseri watershed 

The Table 3 below gives the rainfall measured at Integarted Rural Tecnology Centre campus 
at a distance of 15 kilometers from Aalangad- Vengasseri watershed where water levels in 
wells were measured. Table 4 gives the water level in the 10 control wells in the upland, mid 
land and valley portion of this watershed during the years 2011, 2012 &2013.  

Table 3: Rainfall measured at IRTC campus 

Period of rainfall Rainfall in 
2010(mm) 

Rainfall in 
2011(mm) 

Rainfall in 
2012(mm) 

Rainfall in 
2013(mm) 

Summer rains 224.2mm 519.6 168.7 219.5 

SW monsoon 1318.2 1752.7 1142.1 1964.5 

NE monsoon 637.1 376.7 207.7 219.7 

Total rainfall 2179.7 2649 1578.5 2403.7 
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Table 4: Water level recorded in the control wells of Alangad Vengasseri watershed 

                                                                                          ALANGAD VENGASSERI 

  

Well 
Owner’
s name  

MN.
Kutt 

Radhakr
ishnan 

Sreedh
aran 

Appu
kytty 
Muth
an 

Ramla 
Alamp
ara 

Gopalak
rishnan 

Sahad
evan Raji 

Sulaim
an 

Bal
asu
bra
ma
nya
n 

2
0
1
1 

Apr 0.05 0.25 0.75 1.25 2.7 1 2.5 0.5 0 2 

May 0.5 0.25 0.75 1.5 3 1 1.5 0.5 0.25 2 

June 3.5 1.3 2 1.8 3.1 3 2 0.9 0.6 2.4 

July 3.5 4 2 3 3.6 5.8 3.2 0.4 1.8 3 

Aug 3.6 4.6 3 4 4 5 3.4 4.2 2.7 3.6 

Sep 5 4 2.8 4 4.3 4.2 3.8 4.3 3.3 4 

Oct 5 4.3 3 3.8 4.4 4 3.7 4 4 4.2 

Nov 4.7 4.2 2.5 3 4.3 3.5 3 3.5 3.5 4 

Dec 3.5 3.8 2.5 2.5 4 3.8 2.5 3 3.1 3 

20
12

 

Jan 3 3.4 2.5 2.5 3.4 1.5 1.7 2.5 2.4 3 

Feb 2.8 2.6 2 2.8 2.7 1.5 1.5 2.3 2.5 2.8 

Mar 2 0.5 1.5 0.75 1.8 1.3 2.1 0.7 0.25 1.4 

Apr 0.7 0.8 1.5 1.2 2.5 1.3 2 0.5 0.25 1.8 

May 0.9 0.4 0.9 1.4 2.7 1.1 2.7 0.5 0.3 2.2 

June 1.9 1.5 2.3 1.5 3.4 3.5 3.7 1.9 1.8 2.8 

July 3 3.4 3 3.4 3.2 3.7 3.8 3.1 3 3 

Aug 3.5 4 3.4 4 3.8 3.7 3.5 4 3.5 3.8 

Sep 3.8 3.8 3.2 3.8 3.6 3.5 3.3 3.5 4 3.6 

Oct 3 1.8 3 3.5 3 3.2 3 3 3 3.3 
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Nov 2.8 1.5 2.7 3 2.9 3 2.9 3 2.6 3 

Dec 2 1.5 2 2.5 2.5 3 2.5 2.5 2 2.8 

 

              Fig 6:Water level in M.N.Kutty’s well (Alalangad Vengasseri)   

         

 Fig 8 shows 
the water level in 

M.N.Kutty’s 
well (marked 

No 1 in Table 4) 
in Aalangad-

Vengasseri 
watershed. 

Even though the North East monsoon has reduced in 2011(by40.9%) and 2012(by 67.4%) 
compared to 2010 and summer rains in the years 2012 &2013 compared to 2011, the pre 
monsoon water level has improved in 2012 and 2013 compared to 2011(As in Fig 8).This 
impact can be attributed to the soil and water conservation measures implemented. 

Fig 7μ Water level in Sreedharan’s Well 

 

In Sreedharan’s well(marked No 
3 in Table 4) at Alangad-
Vengasseri watershed the post 
monsoon water level has 
improved in 2012 &2013 
compared 2011 even though the 
rainfall has reduced(Table3). The 

pre monsoon water level has improved in 2012 compared to 2011 .Drastic reduction in the 
NE rain of 2012 caused the drying of well in May 2013. 

7.Case studies on improvement in productivity of crops 

 7.1 Kuriakose, Rubber farmer, Konnakkalkadavu. 

In Konnakkalkadavu watershed, 3Acre rubber plantation is owned by Kuriakose, Village 
Watershed Committee secretary, this land is with 20% slope, Laterite soil and is in Agro 
Ecological Unit 22. This plot was with severe soil erosion, productivity not commensurate 
with inputs, seasonal water deficit. Under NHWDP, 300 percolation pits (1.2m*.6m*.6m 
size) were dug in July 2009 across the slope between 4 trees like staggered contour trench; 
rammed the excavated soil at the lower portion of pits. Before the intervention (2009), in 
peak season he was getting 16kg rubber/3days, this has increased to 25 kg /3days in 2011 
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(36%).  In the off season his yield has increased from 9 to 15kg (nearly 65%). Now he is 
taking the rubber sap for 10 months in a year. 

7.2 Application of Panchadanyam in paddy fields 

In this method of in-situ organic manure cultivation in paddy fields, the seeds of castor, 
sesame, maize, sun hemp and horse gram were broadcasted in paddy fields two and half 
months before doing planting operation. After two months growth these plants were puddled 
to the soil. In this way 10 kg panchdanyam seeds were  applied/Ha field. This coasted 
Rs40/kg. The result of this intervention on the productivity and income of farmers is given in 
the table below. 

Table 5:  Reduction in cost and improvement in yield   

Name of farmer Yield/Acre 
before 
intervention 

Yield /acre 
after 
intervention 

Av. Cost of 
cultivation 
before 
intervention 

Av. cost of 
cultivation 
with 
intervention 

Kuttappan Vattachira( 2.5 
acre paddy) 

2000kg 3000kg Rs 15,000/Acre Rs 
11,000/Acre 

Sasi Nedumpallam (9acre 
paddy ) 

2000kg 2335Kg Rs 14,000/Acre Rs10,500/acre 

Vipin Kumar (4 Acre 
paddy) 

1900kg 2750Kg Rs 15,000/Acre Rs12,500/Acre 

Sukumaran 
Pulumpirikalam, (2.5 acre 
paddy) 

1500kg 1800Kg Rs 16,000/Acre Rs12,000/Acre 

                                                                                                                                                                                                                                                

8.Conclusion 

Scientific watershed treatments implemented under NHWDP could increase the pre monsoon 
and post monsoon ground water level in wells coming in the runoff, percolation and storage 
zones of the three watersheds. This could reduce the drinking water scarcity in selected 
watershed during acute summer. The in-situ organic manure cultivation could reduce the cost 
of paddy cultivation and improve it’s yield. The interventions made in the rubber plantations 
could reduce the soil erosion and substantially increase the yield from rubber trees. Therefore 
one can conclude that watershed interventions are essential for the development of midland 
terrains of the Palakkad district. 
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distribution and abundance of macrobenthos in the Vembanad wetland system was studied 
for one year from March 2011 to february 2012. Environmental variability was assessed 
through physico-chemical parameters of water and sediment. Thaneermukkom barrage the 
salinity barrier, constructed across the Vembanad wetland system in 1976, transforming the 
water body into two distinct ecosystems, a fresh water zone on the south and a brackish water 
zone on the north, resulting in gross changes in physical, chemical and biological entity of the 
aquatic ecosystem. The average depth of the wetland system varied with 4.15 ± 1.94m. The 
bottom water temperature ranged from 25 to 320C. The average dissolved oxygen in the 
bottom water was 7.4 ± 1.11mg/l. The salinity of the bottom water ranged from 0 to 31ppt. 
The sediment pH was generally on the slight alkaline condition with 6.55± 0.57. The 
moisture content in the sediment was spatially varied with 7.06 ± 2.6%. Considering the 
sediment texture analysis the sand fraction forms the major portion (55.15± 2.6) followed by 
silt (26.29 ± 2.17) and clay (18.2 ± 1.13%). Polychaetes were the most dominant group in 
macrofauna followed by crustaceans and bivalves. In bivalves, 100% contribution by 
Villoritacyprinoideswas observed in all stations. during the study period, a positive 
correlation was observed between salinity and bivalve density. our results indicated that 
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spatial and temporal heterogeneity in the structure of macrofauna directly affected by the 
dynamics of environmental characteristics. 

INTRODUCTION 

Macrobenthic organisms are important functional constituents of aquatic systems. These 
organisms play an important role in altering the physical and chemical environment at the 
sediment – water interface, support the decomposition of organic matter, recycling of 
nutrients and transfer of energy through the food chain and food web. It forms an important 
food source for most of the organisms especially demersal fishes. Members of the 
macrobenthic community serve as suitable bio-indicators of environmental variation and key 
elements of many aquatic monitoring programs, due to their sedentary behaviour and reduced 
responses to environmental changes (Tweedley et al., 2012). The physical, chemical and 
geological process by both natural and manmade effects, disturb all the communities. The 
survival, distribution and abundance of macrobenthos depends on the characteristics of their 
environment such as salinity, organic matter, soil texture, sediment particles and the ability to 
build permanent burrows in the substratum (Perkins, 1974).Understanding the spatial 
distribution patterns of macrobenthos along the environmental parameter might help to know 
the relation between benthic community distribution and ecological interactions and 
ultimately the functioning of the aquatic ecosystem. The objectives of the present study were 
to explore the spatial distribution of benthic fauna and its relationship with environmental 
variables such as water temperature, salinity, pH, dissolved oxygen, sediment particle size 
distribution, and sediment organic matter. 

Materials and Methods  

Vembanad wetland ecosystem is the largest brackish water body in Kerala spanning between 
latitude 90 28’ & 100 10’ N and longitude 760 13’ & 760 31’ E. It extend to a length of 96 km 
from Azhikode in the north to Alleppy in the south. It has a surface area of   36,500 ha spread 
across three district of Kerala viz, Ernakulam in north, Kottayam in east and Alappuzha in the 
south and width varying between 500m & 4000m. The backwater has two permanent opening 
in to the Arabian sea – one at Cochin and the other at Azhikode. Significance of the estuary is 
increased due to the designation as a Ramsar site during 2002.  In order to regulate the saline 
water intrusion into the agricultural area of Kuttanad, the Thaneermukkom barrage closed 
during summer (January – May) and is no flushing occurs in the upper reaches. Sampling was 
done on a monthly basis from March 2011 to February 2012 covering six stations in the 
southern part and four stations in the northern part of the wetland to understand the major 
variations in benthic fauna from south to north in the lake (Fig. 1). Sampling locations were 
fixed by Global Positioning System (GPS). The bottom water samples were collected using 
Niskin type water sampler for analysis. Water temperature was measured on-board using a 0-
500C precision thermometer. The pH was determined using Systronics Water Analyser 
(model No: 371). DO was estimated using the modified Winkler method (Grasshoff et al., 
1983) and salinity by Mohr-Knudsen method (Strickland and Parsons, 1972). For collection 
of sediment and macrofauna standard Van Veen Grab (0.04m2) was operated (Eleftheriou and 
McIntyre 2005, Holme and McIntyre, 1984). For macrofauna, samples were subjected to 
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sieving through 0.5mm sieve and animals retained on the sieve were preserved in 5% 
formalin. Replicate samples were collected in each station. In the laboratory animals were 
sorted out, counted group wise. A separate core sample of sediment was taken for sediment 
quality analysis. Temperature, pH and Eh were measured using Systronics model (No. 371) 
water analyser. The sediment moisture content (Jackson, 1973) and organic carbon (Walkley-
Black method) were determined. The amount of organic matter was determined by 
multiplying the organic carbon concentrations by the factor 1.724 (Nelson and Sommers, 
1982). Grain size analysis was performed using a Laser Diffraction Particle Size Analyzer 
(SYMPA TECH, Germany) and the sedimentary classification by Shepard and Moore, 1954. 
Two way analysis of variance (ANOVA) was performed to observe the month wise and 

seasonal variation of different 
environmental parameters. 
Pearson correlation matrix was 
generated to assess the 
relationship between various 
parameters. 

Fig. 1 Map of Vembanad 

Wetland showing study sites 

Results and Conclusions 

Environmental Parameters 

 During the study period the 
depth of the backwater ranged from 1.45m to 9m.The maximum depth of 9m was recorded in 
Station 10 (Aroor) and minimum of 1.45m was in Station 1 (Punnamada). The average depth 
of water body was 4.15 ± 1.92 m. The average bottom water temperature was 29.29 ± 1.85oC 
and fluctuated from a minimum of 25oC in December to a maximum of 32.5oC in September. 
The bottom water temperature showed a significant seasonal variation (F = 34.49: P < 0.01). 
The bottom water pH ranged from 5.94 in station 1 to 8.75 in station 10. The ANOVA of 
bottom water pH showed that the variation between season were significant at 1% level (F = 
15.68).The average dissolved oxygen concentration in the bottom water was 7.47 ± 1.11mg/l. 
Seasonal variation of dissolved oxygen showed an overall significance at 1% level (F = 8.8). 
Salinity showed a wide fluctuation from 0.00 (Station 3) to 31ppt (Station 10). The average 
salinity pattern in the southern part of the lake showed limnetic to an oligohaline condition 
(av. 1.3ppt) whereas, in the northern sector salinity showed mesohaline to polyhaline 
condition (av. 6.1ppt). The ANOVA of salinity showed an overall significance at 1% level 
(F= 7.63).     

Sediment Characteristics 

 In the present study the maximum sediment temperature 320C was recorded in March and 
minimum 24oC recorded during October. The sediment pH always showed an alkaline 
condition. The sediment pH value showed a positive correlation (r2 = 0.5) with bottom water 
pH at 1% level of significance. The oxidation reduction value varied from 86 to -463 mV. 
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Compared to other season, the maximum sediment moisture content was observed during 
monsoon (av. 8.5 ± 3%) season. The organic carbon in the dry weight of sediment sample 
varied from 0.03% in Station 9 during December to 9.4% in Station 1 during September. 
Comparing the northern stations, the organic carbon was found to be more towards the 
southern stations. ANOVA of organic carbon showed an overall significance at 1% level (F = 
22.46). Similar to organic carbon, a distinct distributional pattern was observed in the case of 
organic matter. The sediment samples from stations 1 to 3 had relatively higher (>5%) 
content of organic matter as compared to other stations.  The granulometric analysis showed 
that three distinct types of sediment texture have been observed. In which majority of the 
sediment was silty - sand in nature followed by clayey – sand and sandy – silt (Fig. 2). The 
correlation study revealed that the organic matter in lake sediments was positively correlated 
with silt (r2 = 0.54) and negatively with sand (r2 = 0.5). 

Several studies shown that spatial distribution of aquatic organisms, such as benthic 
invertebrates along the estuarine systems, are related to natural environmental factors, 
salinity, temperature, depth, organic carbon, sediment particle size etc. In particular, the 
distribution and abundance of soft-sediment benthos in natural habitats have been related to 
sediment particle size structure (Sundberg and Kennedy 1993). In the present study, the 
variation observed in the environmental parameter was a result of the changes brought about 
by the South West monsoon. Hydrogen ion concentration (pH) in bottom waters remained 
alkaline at all sites throughout the study period with the maximum value in postmonsoon and 
minimum in monsoon. Of the hydrological parameters, salinity was the most variable factor, 
which affects the distribution of benthic fauna. During the South West monsoon the salinity 
of the water changed to fresh water condition and it affect faunal density in the monsoon 
season. Similar observation was noted by Devi et al., (1996) and Harkantra and Parulekar 
(1986) from South West coast of India, and Devi and Venugopal (1989) from Cochin Back 
water. Heavy rains cause defaunation of the benthic community either due to the mortality of 
adult and larval population or migration (Alongi, 1990). 

 

 

 

 

 

 

Fig. 2 Sediment texture of Vembanad  Wetland system during 2011-2012 

Macroinvertebrate Community 

Macrofuna comprised of Polychaeta, Amphipoda, Bivalvia, Isopoda, Chironomida, 
Oligochaeta, Tanaeids, Fishes, Gastropod, Oligochaeta, Crab, Shrimp and Gastropoda. 
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Polychaete was the most dominant group followed by crustaceans and Bivalvia. Based on the 
station wise population density (no./m2), variation was observed both in the number and 
composition of macrofauna (Fig.3).  In the macrofaunl community polychaete contribute 
more than 80% in Station 2 (97%), Station 5 (83%), & Station 9 (87%).  In station 1 the 
average macrofaunal density ranged from 90 to 868 no./m2, contribute 59.14% by 
polychaetes , followed by molluscs (18.14%). In station 2, the average macrofaunal 
distribution varied from 90 to 3353 no./m2 in Station 2, 204 to 2094 no./m2  in Station 3 and 
23 to1651 no./m2 in Station 4. The abundance of 5 to 351 no./m2 had the minimum density 
observed in Station 5. The average macrofaunal density in Station 6 (11 to 766 no./m2), 
Station 7 (34 to 1708 no./m2), Station 8 (11 to 1140 no./m2) and Station 9 (5 to 2372 no./m2) 
does not showed much variation. The density of macrofauna indicated that in Station 10 with 
average abundance 62 to 11259 no./m2 had the maximum. In the case of total macrofaunal 
density, maximum macrofaunal density was observed during February (1737 no./m2) and 
minimum during July (284 no./m2). Comparing the seasonal variation in the macrofaunal 
abundance, postmonsoon showed maximum density, followed by premonsoon and monsoon. 
Relating the macrofaunal density in the southern and northern stations in the Vembanand, the 
maximum density was observed in the northern stations (av. 882 no./m2). The correlation 
study revealed that the polychaete density in lake sediments was positively correlated with 
silt (r = 0.3) and negatively correlated with sand (r = 0.5). Abundance of molluscs positively 
correlated with salinity (r = 0.33). ANOVA detected a significant spatial variation in 
abundance of polychaetes (F = 2.26; P < 0.01) and crustaceans (F = 2.49; P < 0.01).  

 

 

 

 

 

 

 

Fig. 3 Numerical abundance of macrobenthos in Vembanad during 2011-2012 

Thaneermukkom barrage plays an important role in effecting the salinity distribution of 
Vembanad especially during December to April, when the barrage closed to regulate the 
saline water intrusion into the agricultural area of Kuttanad. This will adversely affect the 
population dynamics of molluscs and polychaetes in the southern part of Vembanad. The 
results of the granulometric analysis showed that there was no great variation in the texture 
composition of sediment. Whereas the community interaction such as predation, competition, 
recruitment and mortality can alter the numerical density of macrobenthos. The literature 
survey in the Indian coast revealed that polychaete was a major component of macrobenthos 
and its distribution and abundance influenced mainly by salinity and sediment texture. In the 
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present study, polychaete forms a dominant group among all other macrobenthic groups. The 
station wise distribution of macrobenthic population showing that maximum faunal density 
was observed in station 10, with clayey – silt substratum. Higher salinity in station 10 
(mesohaline/polyhaline) stimulates the macrofaunal density.  Dominance of sandy sediment 
in the lake system favours the filter (suspension) feeding bivalves. Sandy sediment is typical 
of high energy habitats as the action of currents and waves provide greater availability of 
particle in water than finer sediments habitats. The occurrence of bivalve Villorita 

cyprinoides in large numbers in the Vemband wetland system suggests that this species is 
typical of such habitat. The closure of Thaneermukham Barrage from January to May every 
year changed the salinity profile and resulted in drastic ecological changes in the lake, 
especially south of the barrage, affecting the distribution and survival of the living resources, 
especially depletion of the black clam in several parts (Laxmilatha and Appukuttan, 2002).
 The observed changes in abundance and density of macrobenthos in Vembanad lake 
can be related to the interactions with the environmental factors. The distribution and 
abundance of all the living species in nature can be the result of the interaction with different 
complexenvironmental factors, which considerably effect on the biology, ecology and 
physiology inaquatic livings. Salinity remains one of the most important benthic community 
structuring forces. The present study revealed that high benthic density was observed in more 
saline environment. The benthic faunal components exhibited specific pattern of distribution 
with postmonsoon and pre-monsoon as a period of maximum density and monsoon with 
minimum density.  
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ABSTRACT 

Bioaccumulation studies of heavy metals such as Pb, Cr, Zn, Cu, Cd, Hg, ni and fe in three 
common roadside medicinal plants (Scopariadulcis, Tridaxprocumbens and 

Vernoniacinerea) revealed that Zn and Cr accumulated at higher levels in plants growing on 
roadsides (GoR) than plants growing in optimal conditions (GoC), whereas Pb, Cu, Cd and 
Hg was either not detected or detected at very low levels and fe accumulated more in GoC 
plants than GoR plants. There was a marked enhancement in the level of protein and proline 
in GoR plants as compared to GoC plants, denoting an altered metabolism and metabolite 
synthesis. The enhancement of malondialdehyde (Mda) content in GoR plants as compared to 
GoC plants is clear indication of the enhanced lipid peroxidation and the resulting membrane 
breakdown. Guaiacol peroxidase activity was higher in GoR plants than GoC plants except 
for S. dulcis. The medicinal GoR plants have an effective stress countering mechanism 
operational in them, combating the heavy metals of the roadside soils. The presence of heavy 
metals and the altered stress related metabolism should be taken into account while preparing 
ayurvedic medicinal preparations with medicinal plants collected from roadsides. 
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Abbreviations 

C.U- Calicut University; GOR plants - plants growing on roadsides; GOC plants - plants 
growing in optimal conditions; MDA- malondialdehyde; NH- national highway. 

INTRODUCTION 

The heavy metal accumulation in medicinal plants is a growing concern, especially when one 
considers the ayurvedic preparations made from the medicinal plants collected from road 
sides. Heavy metals such as arsenic, cadmium, chromium, lead, mercury, and nickel are toxic 
to humans and some of them cause cancer [(Koedrith et al., 2013)]. Moreover the heavy 
metal accumulated within the medicinal plants alters the stress related metabolism of the 
plant, which will ultimately influence the composition of primary and the secondary 
metabolite in the medicinal plants. This will have ultimate influence on the properties of the 
ayurvedic preparations. Medicinal properties of most of the plants are determined by the 
nature of the secondary metabolites it produces [(Savithramma et al., 2011)]. Medicinal 
plants growing on roadsides are subjected to various abiotic stresses, of which the major one 
is heavy metals. The roadside dust and soil near motor ways is heavily polluted by heavy 
metals from automobiles [(Moller et al., 2005)]. Presence of heavy metals in some 
therapeutically important medicinal plants including Piper longum L., Cardiospermum 

helicacabum L. have been detected [(Haider et al., 2004)].  The presence of heavy metals in 
the market samples of some plant based drugs has been earlier reported [(Rai et al., 2001)].  

Both low and high doses of heavy metals such as Cd, Pb, Co, Zn and Cr are found to be toxic 
to plants [(Singh et al., 2011)].  Heavy metal induced oxidative stress is reduced by 
antioxidant enzymes such as superoxide dismutase, guaiacol peroxidase, catalase and 
accumulation of proline [(Sinha and Saxena, 2006)]. Proline has major role in free radical 
scavenging either by detoxifying or by decreasing the production of reactive oxygen species 
(ROS) [(Smirnoff and Cumbes, 1989)]. The aim of the present study was to determine the 
extent of heavy metals in medicinal plants growing on road sides and to analyze the stress 
related metabolism. 

Materials and Methods 

Plant Material 

Three medicinal plants (Scoparia dulcis L., Tridax procumbens L., Vernonia cinerea L.) 
growing on the roadsides of national highway 17, passing through Calicut University (GOR) 
and Calicut University (C.U.) campus (GOC), Kerala, India were selected for the present 
study. They were  

Soil and Plant Collection 

For the present study, soil and plants were collected from both sides of national highway-17. 
Soil samples were collected from the sampling section at the distance of 2 m away from the 
road edge and depths of sampling were 0 to 5 cm from the surface. Efforts were made to 
avoid other sources of contamination at each site, such as industrial waste, dumpsite garbage, 
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wastewater effluents, or compost. Each soil sample was air-dried, crumbs were removed and 
the sample was mixed uniformly. Soil was sieved through a 2 mm sieve to remove coarse 
particles before sub-sampling for chemical analysis. The GOR plants growing in the area 
same as that of soil collection and GOC plants growing atleast 1Km away from the road edge 
was selected for the study. 

Estimation of pigment composition was done as per Arnon (1949). Total protein content was 
estimated according to the method of Lowry et al. (1951). Estimation of MDA Content was 
done by the method of Heath and Packer (1968). Proline estimation was done according to 
Bates et al. (1973). Guaiacol peroxidase activity was done by the method of Gasper et al. 
(1975). 

Quantitative Estimation of Heavy Metals 

Plant samples (leaves, stem and roots) were dried at 60°C in a hot air oven until there was no 
change in dry weight in repeated weight measurements. The dried samples were finely 
powdered and used for further analysis as described by Allan (1969).  

Results and Conclusion 

Bioaccumulation of Heavy Metals   

  In general the accumulation of Pb, Cu, Cd and Hg was very less/nil as compared to Cr, Zn, 
Ni and Fe in plants GOC and GOR. All the three GOR plants did not accumulate Pb even 
though it was present in the soil. Cd was not at all detected either in the soil or plant samples. 
Hg was not detected in any of the plant parts even though it was found in soil (Table 1). Cr 
accumulation occurred differentially in different parts of GOC plants and GOR plants. In the 
root tissues of T. procumbens and S. dulcis, ~ two fold higher level of Cr was detected in 
roots of GOR plants as compared to the root tissues of GOC plants (Table 1).  The presence 
of Zn in the soils of C. U. campus and GOC plants was much less as compared to the soils 
from roadside location and GOR plants (Table 1).  

Cu accumulated at very low level in plants of both GOC and GOR. Fe was present in all the 
plant samples at higher levels than any other metals. GOC plants have more Fe content as 
compared to GOR plants except for root of S. dulcis, leaf of T. procumbens and stem of V. 

cinerea (Table 1).  

Photosynthetic Pigments 

The soil and growth conditions at roadsides and C. U. campus brought about varied response 
on photosynthetic pigments. In V. cinerea and T. procumbens the total chlorophyll and 
carotenoid was higher in GOR plants as compared to GOC plants. In the case of S. dulcis 
(GOC), the total chlorophyll and carotenoid content was higher as compared to plants of 
same species growing on road sides (GOR) (Fig.1a and 1b). According to Vassilev and 
coworkers (1998) in Cd-treated barley there exists correlation between the increase of 
internal metal concentration and the decrease of chlorophyll content. Contrary to the above, it 
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was found that with increase in internal Cu concentration there was an increase of chlorophyll 
content in bean plants [(Cook et al., 1997)]. 

Changes in the Protein Content 

 It was found that GOR plants contain more proteins than GOC plants. Among the 
three plants under study, V. cinerea (GOR) showed 105% more protein content over GOC 
plants followed by S. dulcis (57%) (Fig. 1c).  Increase in protein content in GOR plants can 
be correlated with the synthesis of phytochelatins and other stress proteins necessary to 
combat the stressful environment prevailing at roadsides.  Phytochelatins are metal binding 
ligands, which are produced in algae, fungi and higher plants, which help to detoxify heavy 
metals [(Toppi and Gabbrielli, 1999)]. 

Stress Induced Lipid Peroxidation 

 The free radical generation is indirectly measured by studying the extend of lipid 
peroxidation taking place in the tissue affected, by monitoring MDA (which is one of the 
decomposition product of polyunsaturated fatty acids of membrane) levels.  It was noticed 
that extend of lipid peroxidation was more for GOR plants over GOC plants. The maximum 
increase of MDA level was shown by S. dulcis (108%) followed by T. procumbens (80%) 
and V. cinerea (75%) (Fig. 1d).  

Free Radical Scavenging Mechanisms 

Enzymatic Antioxidative System 

Enzymatic free radical scavenging was studied by taking guaiacol peroxidase as the 
representative antioxidant enzyme. T. procumbens and V. cinerea GOR plants have more 
guaiacol peroxidase activity than GOC plants (Fig. 1e). When Pb and Ni were at 0.001 mM 
dose, the activity of peroxidase increased rapidly to the extent of 32 and 31% respectively as 
compared to control in Hypnum plumaeforme [(Sun et al., 2010)].   

Non-Enzymatic Antioxidative System 

Proline accumulation has been related with acquisition of stress tolerance [(Kishor et al., 
2005)]. In the present study proline accumulated at higher levels in GOR plants over GOC 
plants.  It was 0.4, 0.6 and 10 fold higher in S. dulcis, T. procumbens and V. cinerea (Fig. 1f).  
Tripathi and his coworkers (2006) reported that the amount of intracellular proline was by 25 
and 40% higher in the cells of Scenedesmus sp. exposed to 2-5 and 10 m Cu2+ respectively, 
for 7 d than those exposed for 6 h. The medicinal GOR plants bioaccumulated high levels of 
Cr and Zn as compared to other heavy metals.  

 The presence of these heavy metals and the altered metabolism which may have an 
impact on the primary and secondary metabolites should be taken into account while 
preparing ayurvedic medicinal preparations with medicinal plants collected from roadsides. 
The medicinal GOR plants have an effective stress countering mechanism operational in 
them, combating the heavy metals of the  
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Plant/

Soil 

  Cr Zn Cu Ni Fe Pb Hg 

Soil  GOC 111.5 + 5.58 45.6+0.92 8.67+0.26 61.63+2.

47 

3613+14

6 

_ 0.425+

0.013 

GOR 124.3 + 3.73 183.25+5.5 10.8+0.65 49.75+1.

49 

3210+16

1 

235.2

+9.41 

1.1+0.0

22 

S. 

dulcis 

stem GOC 7.3 + 0.44 66.4+1.328 _ 17.1+0.6

84 

1127+56

.35 

_ _ 

GOR _ 62+1.86 _ 7.8+0.31

2 

210+8.4 _ _ 

leaf GOC _ 19.9+0.398 _ _ 499+14.

97 

_ _ 

GOR _ 100.8+2.016 _ 6.8+0.20

4 

188+9.4 _ _ 

root 

 

 

GOC 7.4 + 0.42 26.5+1.06 _ 7.7+0.30

8 

888+44.

4 

_ _ 

GOR 20.5 + 0.615 73..3+1.467 _ 12.8+0.8

96 

108+4.3

2 

_ _ 

T. 

procu

mbens 

stem GOC _ 30.2+1.208 _ _ 392+15.

68 

_ _ 

GOR _ 52+1.56 _ 10.2+0.4

08 

67.8+2.7

12 

_ _ 

leaf GOC _ 55.4+3.324 _ _ 159+4.7

7 

_ _ 

GOR _ 104+4.16 14.1+0.705 _ 217+8.6

8 

_ _ 

root GOC 9.9+0.693 25.2+1.008 _ 12.6+0.5

04 

3811+19

0.6 

_ _ 

GOR 26.5+1.06 31.5+0.63 _ _ 2031+10

1.6 

_ _ 

V. 

cinere

stem GOC 17.7+0.354 37.7+1.508 6.7+0.268 10.6+0.2

12 

134+5.3

6 

_ _ 
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 roadsides. 

Table 1: Heavy metal content (µg/g dry soil) in soil and in different parts of roadside 
medicinal plants.  “_” denotes not detectable level of concerned heavy metals. Cadmium was 
not at all detected in soil and any of the parts of three plants. The data is an average of 
recordings from three independent experiments each with three replicates (ie. n=9). The data 
represent mean ±standard error.  

a GOR _ 269+5.38 _ _ 278+8.3

4 

_ _ 

leaf GOC 11.4+0.342 34.1+1.364 _ _ 477+19.

08 

_ _ 

GOR 9.3+0.186 163+3.26 _ 9.8+0.49 454+9.0

8 

_ _ 

root GOC _ 44.7+1.788 _ _ 901+36.

04 

_ _ 

GOR _ 157+4.71 _ 13.1+0.5

24 

792+31.

68 

_ _ 
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Fig 
1. 

Total chlorophyll content (a), Carotenoid content (b), Protein content (c), MDA content (d), 
GPX activity (e) and Proline content (f) in GOC plants and GOR plants. The vertical lines 
represent SE of the mea value of recordings from 3 independent experiments, each with a 
minimum of 3 replicates (i.e. n=9). 
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ASSESSMENT OF THE GROWTH RESPONSES OF SAMANEA SAMAN(JACQ) 

MERR.TO ELEVATED LEVELS OF FREE CARBONDIOXIDE 

Anjana T. and Harilal C.C. 

ABSTRACT 

Division of Environmental Science, department of botany, University of Calicut, 
Malappuram, kerala.,Corresponding author: drccharilal@yahoo.co.in. The present study is an 
attempt to assess the responses of Samaneasaman, a tropical tree species to elevated levels of 
atmospheric Co2. Healthy plants of 3-4 months age, reared from seeds after scarification, 
were used in the study. for experimental studies, four sets of plants were maintained, of 
which one set was kept under ordinary laboratory conditions and were treated as the control. 
The second, third and forth sets were maintained in glass chambers (2 x 2 x 3 ft), in which the 
second set was kept without any gaseous supply, whereas third and forth sets were provided 
with an external supply of carbon dioxide during day time with a bubbling frequency of 
10/hour and 25/ hour respectively.The physical factors like temperature and humidity 
associated with the plants were monitored on an hourly basis. also the biochemical 
parameters like pigments (chlorophyll a, b and carotenoid), total sugar, protein, starch and 
phenol content associated with the plants before and after carbondioxide treatment were also 
monitored and reported. The experimentation was carried out for a period of 7 days.Changes 
in physical as well as biochemical parameters were noticed with the plants from the four 
treatment sets. Generally, a reduction in biochemical parameters were noticed in the 
treatment sets supplied with carbondioxide, but a significant change was observed in the 
starch content with plants from the chamber fed with carbondioxide with a bubbling 
frequency of 25/hour. despite reduction in biochemical parameters, the sustenance of plants 
within the chambers even after 7 days of carbondioxide supply are indicative of their ability 
to withstand elevated levels of Co2, thereby acting as good carbon sink. 

keywords: Samaneasama, carbondioxide sequestration 

INTRODUCTION 

The Earth emerged from the last ice age with atmospheric CO2 levels of approximately 280 
ppm. Industrial activities caused significant changes in the chemical composition of 
atmosphere due to increasing trend of green house gases, which are main causes of global 
warming and climate change. CO2 has been considered the most important greenhouse gas in 
accelerating climate change. 70- 90% of CO2 added to the atmosphere has been attributed by 
the over consumption of fossil fuels. Burning plant residues, tillage practices, application of 
chemical fertilizers and changes in land use have also been listed as important contributors 
for elevated levels of atmospheric CO2 (Khorramdel et. al., 2013).Increase in atmospheric 
CO2 increases global temperature due to the specific nature of CO2 to absorb infrared light. 
Therefore continuous emissions of this gas at higher levels are believed to cause climate 
change. One of the most obvious effects of climate change is its effect on living beings, 
especially on plants. A myriad of secondary effects, such as changes in soil moisture, soil 
carbon, soil pH and plant available nutrients are also observed. (Bowatte et. al., 
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2013).Concern about global climate change has led to efforts to find ways to reduce carbon 
dioxide emissions. Carbon sequestration describes long term storage of CO2 or other forms of 
carbon. According to Kyoto protocol carbon sequestration in terrestrial sinks can be used to 
offset green house gas emissions. Direct carbon sequestration and storage techniques such as 
geological injection have large storage capacities, however these methods are cost inefficient 
and have not been proved safe for long term sequestration.Plants act as carbon sink by fixing 
carbon through photosynthesis and recent focus has been on terrestrial vegetation to facilitate 
efficient carbon sequestration. Plant responses in terms of plant growth and yield to elevated 
CO2 are highly variable among species and cultivars. Planting young fast growing tree 
species to absorb excess atmospheric CO2, an idea of carbon offset planting has recently 
gained potentiality, leading to identification of tree species with high CO2 sequestration 
capacity (Rasineni et. al., 2011). The present study is intended to  assess the responses of a 
fast growing tree,  Samanea saman, to elevated levels of CO2.  

MATERIALS AND METHODS 

In the present study, Samanea saman, a fast growing tropical tree species was selected to 
assess their growth potential, under varying levels of CO2 supply. Samanea saman (Jacq.) 
Merr. belongs to the family Mimosaceae, which is a subfamily of Leguminosae. Samanea 

saman is a large tree reaching upto 50 m in height. The tree grows on plateaus and flatlands 
(slopes of 5% or less) with moderate drainage, where temperatures range from 20 to 38 °C. It 
is also found in open country, cultivated areas and pastures and is used as a shade and garden 
tree (Janzen 1983). It can survive 2 to 6 months of dryness. It is also grown for nitrogen 
enrichment of soil, for shades along streets and road, in parks and as a flowering ornamental. 
A multitude of minor uses is documented for this rain tree; most of them are purely of local 
significance. This tree naturalizes freely, almost everywhere it has been introduced (George 
and Craig, 2006).The experiment was carried out under laboratory conditions. Plants required 
for the present study were reared from seeds, after scarification. Healthy saplings, 3-4 months 
old were used for the study. For experimentation, four sets of plants were maintained, each 
under varying conditions of growth. The first set of plants was kept freely and was treated as 
the control (A). Plants meant for second, third and forth sets were retained in rectangular 
glass chambers (air tight) with a dimension of 2 x 2 x 3 feet. Plants in set 2 (B) was 
maintained without any air supply and those within set 3 (C) and 4 (D) was supplied with 
carbondioxide from an external source, with a bubbling frequency of 10/hour and 25/hour 
respectively. The concentrations of pigments like total chlorophyll, chlorophyll a, chlorophyll 
b and carotenoid (Shof and Lium, 1976) and other biochemical components like total sugar 
(Dubios et. al., 1951), protein (Lowry et.al., 1951), starch (McCready et. al., 1950) and 
phenol (Folins and Denis, 1915) content associated with the plants before and after carbon 
dioxide treatment were assessed. The chambers were equipped with temperature and 
humidity sensors (Digital Indoor Thermo hygrometer, New HTC – 103 - CTH) for 
continuous evaluation of both temperature and humidity. The whole set up was maintained 
for a period of 7 days.  

RESULTS 
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Prior to and after seven days of experimentation, the plants from all the treatment sets were 
analysed for various biochemical parameters. Also hourly data pertaining to the temperature 
and humidity associated with the plants were monitored and the results are depicted in Table 
1. Similarly the changes in pigments and other biochemical parameters associated with the 
plants are depicted in Table 2. Variation in pigments and other biochemical components 
associated with the plants under study are graphically represented in Figures 1 -8. 

Table 1. variation in temperature and humidity associated with plants under 7days of 

experimentation. 

DOT: Day Of Treatment 

 

Table 2. variation in pigments and other biochemical constituents associated with plants 

under 7days of experimentation 

 

PARAMETE A B C D 

DOT A B C D 

Temp Humidi

ty 

Temp Humidi

ty 

Temp. Humidi

ty 

Temp. Humidi

ty 

1stDO
T 

32.03±
0.83 

55.62±3.
15 

32.25±
0.50 

84.75±
5.54 

32.37±0.
523 

81.62±
4.10 

28.73±0.
57 

90.27±0
.90 

2ndDO
T 

32.01±
1.36 

55.41±3.
26 

32.23±
1.30 

94.75±
2.89 

32.28±1.
257 

88±2.0
4 

27.75±0.
79 

90.33±1
.49 

3rdDO
T 

31.61±
2.23 

56.09±3.
61 

31.37±
0.94 

98.27±
1.10 

31.5±0.9
12 

91.45±
0.82 

27.30±0.
31 

91±1.18 

4thDO
T 

28.48±
0.68 

62.81±2.
18 

28.63±
0.61 

99±0 28.79±0.
630 

94.18±
0.40 

27.03±0.
33 

89.72±0
.46 

5thDO
T 

29.37±
1.24 

63±3.22 29.30±
1.12 

99±0 29.48±1.
059 

93.45±
0.82 

27.21±0.
75 

87±1 

6thDO
T 

30.1±1
.45 

58.54±3.
64 

29.94±
1.30 

99±0 30.02±1.
205 

92.81±
1.25 

27.88±1.
08 

84.72±1
.01 

7thDO
T 

29.62±
1.18 

56.81±2.
78 

29.64±
0.97 

99±0 29.71±0.
913 

91.90±
0.70 

27.94±0.
80 

83.72±1
.01 
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RS 

 

Initial Final Initial Final Initial Final Initial Final 

Chl. a (mg/l) 7.6 3.72 7.34 5.02 8.92 5.58 4.8 3.54 

Chl. b (mg/l) 14.36 6.73 13.37 9.94 16.63 9.24 9.1 1.08 

Total Chl. 

(mg/l) 

21.95 10.44 20.7 14.96 25.5 14.82 13.9 4.62 

Carotenoids 

(mg/l) 

0.76 0.19 0.35 0.22 0.43 0.24 0.25 0.20 

Protein(mg/g

m) 

0.92 1.59 0.6 1.05 0.43 1.43 1.3 0.43 

Total Sugar 

(mg/gm) 

41.7 42.32 39.7 31.01 35.9 28.38 56.9 26.89 

Starch 

(mg/gm) 

128.3 24.23 175.3 55.61 162 71.81 198.8 190.70 

Phenol 

(mg/gm) 

4.8 6.46 6.3 7.57 4.8 9.26 4.8 7.85 

       Figures 1 – 8. Variation in pigments and other biochemical components associated 

with the plants under study 

 

Figure 1                                                                               Figure 2 
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Figure 7                                                                Figure 8 

 

DISCUSSION 

 Temperature and humidity data associated with the plants subjected to seven days of 
experimentation (Table 1) revealed that the mean values of temperature progressively 
increased from control to the CO2 treated set. However a reduction in temperature has been 
noticed with the set treated with CO2 with a bubbling frequency of 25/hour. Unlike 
temperature, humidity associated with the plants kept in chambers was higher than that of 
their control. This might have been attributed to the transpiration by plants resulting in the 
release of water vapour, which are being trapped inside the chambers, causing humid 
conditions.  

Significant changes were observed in the pigment content of plants prior to and after 
experimentation. In all the cases, quantity of chlorophyll a, chlorophyll b, total chlorophyll, 
and carotenoids decreased in the post experimentation period, compared to pre 
experimentation stage.  This is indicative of a stressful condition with all the plants retained 
under laboratory conditions. Also it is being noticed that the pigment content of plants in the 
treatment set retained with higher dosage of CO2 supply declined considerably in the post 
treatment period compared to pre treatment period. Decline in chlorophyll content under 
elevated CO2 supply was reported by Rao et. al., (1995).  

Both total sugars and proteins showed decrease in values in chambered sets with lowest 
amount in chambers fed with CO2 with a bubbling frequency of 25/hour. Many studies have 
shown a decrease in foliar protein at elevated CO2 levels (Ainsworth and Long 2005). This 

Figure 5 
Figure 6 

891

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



decrease may also be due to the stressful condition indicated by more phenol content in 
chambered conditions (Fig. 8). The production of phenolics is known to decrease the 
partitioning to protein as phenylalanine, a precursor for phenylpropanoid synthesis, essential 
for protein synthesis. Besides all these a noteworthy change was observed in the case of 
starch content, whose value increased with the highest  in chambered set  provided with CO2 

at a bubbling frequency of 25/hour. (Fig.7). Higher starch content was also seen in Beta 

vulgaris under elevated levels of CO2 (Sumita Kumari et. al., 2013). Glucose produced in this 
process as a result of photosynthesis might have been stored as starch and hence increase in 
starch content can be taken as an indicative of increase in photosynthetic rate. Thus the plant 
might have shown comparatively high photosynthetic rate in response to carbon dioxide 
supply. 

Hence from this preliminary study it is revealed that Samanea saman, a tropical tree species 
have the ability to withstand elevated levels of CO2. Increase in photosynthetic rate with 
increase in carbon supply at a bubbling frequency of 25/hour clearly shows that this plant can 
act as good sink, thereby reducing global temperature. As only low dosages of carbondioxide 
were fed to the plants for present study, further studies with more dosages have to be carried 
out. 
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BIODIVERSITY OF FRESH WATER LAKES IN KERALA 
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ABSTRACT 

kerala is bestowed with three freshwater lakes – Sasthamkotta Lake in kollam district, 
Vellayani Lake in Thiruvananthapuram and Pookot in wayanad. Sasthamkotta Lake is the 
largest freshwater lake in kerala and designated as one of the nineteen wetlands for 
conservation and management under the Ramsar convention in november 2002. It is the main 
water source to kollam Municipal Corporation and suburbs. Vellayani Lake is one of the rain-
fed freshwater lakes in kerala. Pookot Lake is a natural lake in kerala’s high altitude lands. 
Present study was focussed on the biotic environment of the three freshwater lake ecosystem 
in kerala during the year of 2010. freshwater lakes support a broad diversity of life and 
ecosystems. The biota contributes to species diversity and richness. Studies on the 
phytoplankton community in Sasthamkotta lake revealed 50 genera belonging to 6 classes, 24 
species of bacillariophyceae, 11 species of Cyanophyceae, 13 species of Chlorophyceae, 4 
species of Zygnemophyceae, 3 species of desmidiaceae and 3 species of Zygnematophyceae. 
bacillariophyceae was the most abundant group. observations on the phytoplankton in 
Vellayani Lake included 30 genera belonging to 5 classes, 11 species of Cyanophyceae, 9 
species of Chlorophyceae, 6 species of bacillariophyceae, 3 species of desmidiaceae and one 
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of Zygnematophyceae. Investigations on the phytoplankton in Pookotlake identified 50 
genera belonging to 8 classes, 15 species of Chlorophyceae, 12 species of Cyanophyceae, 10 
species of bacillariophyceae, 5 species of Zygnemophyceae, 2 species of Trebouxiophyceae, 
Coscinodiscophyceae and desmidiaceae and one of fragillariophyceae. Chlorophyceae 
dominated the phytoplankton community in Pookot Lake. The zooplankton in Sasthamkotta 
Lake composed of 12 species of Protozoans, 6 species of Crustacea, 4 species of Rotifera, 
one Suctoria and also included nematodes, Halobates and Cladocera. among zooplankton 
Protozoa was predominant and next prominent group was Crustacea. Identification of 
zooplankton in Vellayani Lake revealed 8 species of Protozoa, 10 species of Rotifera, 4 
species of Crustaceae, 4 species of Cladocera and 2 species of ostracods. Rotifera was the 
prominent zooplankton community. Study on the zooplankton of Pookot Lake recognized 11 
species of Protozoa, 4 species of Crustacea and 4 species of Rotifera.The taxonomic 
composition of fish fauna in Sasthamkotta Lake included a total of 30 species under 19 
genera belonging to 17 families. The taxonomic position of Vellayani Lake included 49 
species under 35 genera belonging to 25 families. five species of prawns were identified 
comprising 2 genera belonging to Palaemonidae family. The systematic position of fish fauna 
in Pookot Lake comprised of 20 species under 15 genera belonging to 10 families. The 
benthic fauna of Sasthamkotta Lake composed of insect larvae belonging to 2 orders and 9 
families, Aelosomabengalgensis, Villoritacyprenoids and amphipoda. The benthic fauna in 
Vellayani Lake identified insect larvae belonging to 8 orders under 37 families and 
Aelosomabengalgensis, Villoritacyprenoids and nematode. benthic fauna in Pookot Lake 
comprises of Aelosomabengalgensis, 

Dero species, Leeches, Tubifex, amphipoda, Streptocephalusdichotomus, Villoritacyprenoids 

and Chironomid larvae. Phytoplankton diversity study in Sasthamkotta Lake revealed 
bacillariophyceae was dominant followed by Cyanophyceae and Chlorophyceae. 
Cyanophyceae formed the massiveness in Vellayani Lake. observations in Pookot Lake 
revealed Chlorophyceae was dominant followed by Cyanophyceae and bacillariophyceae. 
Investigations on zooplankton in Sasthamkotta Lake and Pookot Lake revealed Protozoans 
was the major group. Rotifera formed the dominant species in Vellayani Lake. Ichthyofaunal 
diversity showed Cyprinidae family was high in all the three lakes.Aelosomabengalgensis and 

Chironomid larvae were prevailing in these lakes. Chaoborus sp. was present only in 
Sasthamkotta Lake. freshwater organisms rely upon the great diversity of aquatic habitats. 
freshwater lakes are under increasing anthropogenic pressure so conservation measures are 
needed to protect the rich biota. 
INTRODUCTION 

 Biodiversity provides the biotic resources for the sustainability of organisms. Kerala 
is endowed with inland water body resources. The biodiversity is regulated by several biotic 
and abiotic forces which interact with each other to maintain an ecological equilibrium. The 
aquatic ecosystem has a great variety of plankton. Plankton plays a vital role in trophic 
structure. Zooplankton includes animals suspended in water and as contributor to the next 
trophic level. The benthos occupies an important position in an aquatic ecosystem seeing as a 
link between primary producers, decomposers and higher trophic levels. The benthic 

894

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



organisms are distributed according to zone of water flow. The aquatic system contains a 
wide variety of fishes. The Icthyofaunal diversity is one of the remarkable features of animal 
life in freshwater. Present ecological investigations was carried out in three fresh water lakes 
in Kerala – Sasthamkotta lake in Kollam district, Vellayani lake in Thiruvananthapuram and 
Pookot lake in Wayanad district. 

MATERIALS AND METHODS 

   The study was conducted in three freshwater lakes in Kerala such as Sasthamkotta 
Lake, Vellayani Lake and Pookot Lake. Sasthamcoota Lake is the largest freshwater lake in 
Kerala having an area of around 375 hectares. It provides drinking water to the Kollam 
Corporation and adjoining panchayaths. Vellayani Lake is the second largest freshwater lake 
of Kerala located in the outskirts of Thiruvananthapuram city. The water spread area of the 
lake is about 450 ha. The lake had not been fully explored for its water potential. Pookot 
Lake is a natural freshwater lake in Wayanad confines to an area of 8.5 hectares and 
maximum depth of 6.5 metres. The study was carried out during the year of 2010. 
Identification of phytoplankton, zooplankton, benthic organisms and fishes were carried out 
by using the standard references. 

  RESULT AND DISCUSSION   

  Freshwater lakes support a rich diversity of life. The biota contributes to species 
diversity and richness. Biological diversity of Pookot Lake, Sasthamkotta Lake and Vellayani 
Lake are depicted in Table 1, 2 and 3. Studies on the phytoplankton community in 
Sasthamkotta lake revealed 50 genera belonging to six classes, 24 species  of 
Bacillariophyceae, 11 species  of Cyanophyceae, 13 species of Chlorophyceae, four species 
of Zygnemophyceae, three species of Desmidiaceae and three species of Zygnematophyceae. 
Bacillariophyceae was the most abundant group. Observations on the phytoplankton in 
Vellayani Lake included 30 genera belonging to five classes, 11 species of Cyanophyceae, 
nine species of Chlorophyceae, six species of Bacillariophyceae, three of Desmidiaceae and 
one of Zygnematophyceae. Investigations on the phytoplankton in Pookot Lake identified 50 
genera belonging to eight classes, 15 species of Chlorophyceae, 12 species of Cyanophyceae, 
10 species of Bacillariophyceae, five species of Zygnemophyceae, two species of 
Trebouxiophyceae, Coscinodiscophyceae and Desmidiaceae and one of Fragillariophyceae. 
Chlorophyceae dominates the phytoplankton community in Pookot Lake. 

          The zooplankton in Sasthamkotta Lake composed of 12 species of Protozoans, six 
species of Crustacea, four species of Rotifera, a Suctoria and also included Nematodes, 
Halobates and Cladocera. Among zooplankton Protozoa was most dominant and next 
prominent group was Crustacea. Identification of zooplankton in Vellayani Lake revealed 
that it was represented by 8 species of Protozoa, 10 species of Rotifera, six species of 
Crustaceae and four species of Cladocera. Rotifera was the prominent zooplankton 
community. Study on the zooplankton of Pookot Lake recognized 11 species of Protozoa, 
four species of Crustacea and four species of Rotifera. 
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          The taxonomic composition of fish fauna in Sasthamkotta Lake included a total of 30 
species under 19 genera belonging to 17 families. The taxonomic position of Vellayani Lake 
included 49 species under 35 genera belonging to 25 families. Five species of prawns were 
identified comprising two genera belonging to Palaemonidae family. The systematic position 
of fish fauna in Pookot Lake comprises 20 species under 15 genera belonging to 10 families. 

        The benthic fauna of Sasthamkotta Lake was composed of Aelosoma bengalgensis, 
Villorita cyprenoids and Amphipoda. Insecta in Sasthamkotta Lake consisted of two orders 
and nine families. The benthic fauna in Vellayani lake encompassed of a greater biodiversity 

of 
insects 

belongin
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eight 
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and 37 
families. 
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Types of Organism and Name of Species 

1. Phytoplankton :- Cyanophyceae :  Ocillatoria sp., Spirulina sp., Microcystis sp., 
Phormidium sp., Merismopedia sp., Nodularia sp., Anabaena sp., Aphanocapsa sp., 
Lyngbya sp., Synechococcus sp., Microcoelus sp., Bacillariophyceae : 
Grammatophore sp., Navicula cuspidata., N. radiosa., N. rectangularis., N. tenalla., N. 

acicularis.,  N. major., Pinnularia biceps., Thallasiosira sp., Cymbella ventricosa., 
Asterionella formosa., Eunotia formica., Melosira granulata., Stauroneis acuta., 
Fragilaria rumpens., Mastogloia excilis., Diplonies puella., Coconies pedicularis., 
Coconies sp., Coscinodiscus granii., Melosira sp., Synedra acusa., S.formosa., 

Surirella., Zygnematophyceae : Zygnema sp., Docidium sp., Cylindrocystis sp., 
Chlorophyceae : Chlorococcum sp., Eudorina sp.,Pleodorina sp.,Oedogonium 
sp.,Binuclearia sp., Ankistrodesmus sp., Spirogyra sp., Actinastrumsp., Selenastrum 
sp., Pediastrum sp., Desmidium sp., Scenedesmus sp., Ulothrix sp., Zygnemophyceae 

: Staurodesmus sp., Micrasterias sp., Netrium sp., Sphaerozoma sp., Desmidaceae : 

Staurastrum sp., Cosmarium sp., Closterium sp. 

2. Zooplankton :- Protozoa: Coleps sp., Arcella sp., Spirostomum sp., Euglypha sp., 
Difflugia sp., Pelomyxa palustris., Actinophrys sp., Amoeba sp., Hemiophrys sp., 
Frontonia leucans., Litonotus fasciola., Didinium sp., Crustacea : Mesocyclops sp., 
Ilyocryptus sp., Macrothrix sp., Cyclops sp., Paradiaptomus sp., Heliodiaptomus sp., 
Rotifera : Keratella sp., Brachionus sp., Lecane sp., Testudinella sp., Suctoria : 

Tokophryna sp., Nematodes, Halobates, Cladocera. 

3. Benthic fauna:- Fresh water oligochaeta : Aelosoma bengalgensis., Stylaria sp., 
Bivalves: Villoarita cyprenoids, Amphipoda, Insecta: Family - Phryganopsychidae, 

Limnephilidae, Leptoceridae, Unenoidae, Apantaniidae, Limnocentropodidae, 

Goeridae, Chaoboride (Chaoborus sp.), Chironomid larvae, Cryptotendipes sp., 
Denopelopia sp., Polypedilum sp.,  

4. Fish fauna:- Clupeidae : Dayella malabaricus, Cyprinidae : Puntius sarana 

subnasutus, P.dorsalis, P.vittatus, P.mahecol, P.ticto, P.filamentosus, Siluridae : 

Ompok bimaculatus, O.malabaricus, Wallago attu, Bagridae : Mystus bleekeri, 

M.oculatus, Schilbidae : Horabagrus brachyosoma, Belonidae : Xenentodon cancila, 

Aplocheilidae : Aplocheilus lineatus, A.panchax, Cichlidae : Etroplus maculatus, 

E.suratensi, Gobiidae : Glossogobius giurs, Channidae : Channa maurulis, C.striata, 

C.dilogramma, Mastacembelidae : Macrognathus guentheri, Anguillidae : Anguilla 

bicolor, Hemirhamphidae : Hyporhamphus limbatus, Synbranchidae : Ophisternon 

bengalensis, Ambassidae : Parambassis dayi, Anabantidae : Anabas testudineus, 

Pseudosphromenus cupanus, Clariidae : Heteropneusteus fossilis. 
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Amphipoda, Streptocephalus dichotomus, Villorita cyprenoids and Chironomid larvae.  

          Phytoplankton diversity in Sasthamkotta Lake revealed Bacillariophyceae was 
dominant followed by Cyanophyceae and Chlorophyceae. Cyanophyceae formed the bulk in 
Vellayani Lake. Observations in Pookot lake revealed Chlorophyceae was dominant followed 
by Cyanophyceae and Bacillariophyceae. The dominance on Cyanophyceae, Chlorophyceae 
and Bacillariophyceae were observed from Manchar Lake by Mahar, et al., (2009). 

            Investigations on zooplankton in Sasthamkotta Lake and Pookot revealed Protozoans 
formed the dominant. Rotifera formed the dominant species in Vellayani Lake. The 
prominence of Protozoa, Rotifera and Crustacea was observed Sharma et al., (2012) in Lake 
Pichhola. 

           Species diversity of fish fauna revealed that the Cyprinidae family was high in all the 
three lakes. Girijakumari et al., (2011) recorded Cyprinidae family was dominant in 
Sasthamkotta lake and Sareena (1998) from Vellayani lake. 

               Aelosoma bengalgensis was the dominant species and Chironomid larvae observed 
in all the three lakes. The study on the insect larvae of Vellayani Lake was coincided with the 
observations of Abhijna et al., (2013). Chaoborus sp. was present only in Sasthamkotta Lake. 

                  Present study elucidated that fresh water lakes in Kerala add to the rich 
assemblage of species diversity which supports the livelihood of people around the lake. Rich 
biota is an indication of a healthy ecosystem must be shielded from deteriorating as it is 
falling to the hands of an unplanned urbanization. Hence plethora of biomonitoring policies 
must be strengthened to maintain the biodiversity of the ecosystem. 

Table 1. Biological diversity of Pookot Lake 

Type of Organism and Name of Species 

1. Phytoplankton:- Cyanophyceae : Ocillatoria sp.,  Microcystis sp., Phormidium sp., 
Anabaena sp., Aphanocapsa sp., Lyngbya sp., Synechocystis sp., Ulothrix sp., Anacystis sp., 
Nostoc sp., Gleotrichia sp., Gloeocapsa sp., Chlorophyceae : Oedogonium sp., 
Chlorococcum sp., Synechococcus sp., Micractinium sp., Ankistrodesmus sp., Scenedesmus 
sp., Tetraedron sp., Selenastrum sp., Coelastrum sp., Hydrodictyon sp., Chlorococcum sp., 
Volvox sp., Oocystis sp., Ulothrix sp., Chlorella sp., Bacillariophyceae : Navicula sp., 
Cyclotella sp., Pleurosigma sp., Surirella sp., Gomophonema  sp., Nitzschia sp., Eunotia 
sp., Pinnularia sp. ,Cymbella sp., Fragillaria sp. Zygnemophyceae : Staurodesmus sp., 
Arthrodesmus sp. ,Micrasterias sp., Pediastrum sp., Euastrum sp., Trebouxiophyceae : 

Chodatella sp., Closteriopsis sp., Coscinodiscophyceae : Stephandiscus sp., Coscinodiscus 
sp., Desmidiaceae : Staurastrum sp., Closterium sp., Cosmarium sp., Fragilariophyceae : 

Diatoma sp. 

2. Zooplankton:- Protozoa : Amoeba sp., Difflugia sp., Euglypha sp.,Arcella sp., 
Actinophrys sp., Vorticella sp., Stylonchia sp., Paramecium sp., Chlamydomonas sp., 
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Table 2. Biological diversity of Sasthamkotta Lake 

Table 3. Biological diversity of Vellayani  Lake 

Euglena sp., Phacus sp., Crustacea : Paradiaptomus sp., Cyclops sp., Cypris sp., Bosmina 

sp., Rotifera : Brachionus sp., Lecane sp., Philodina sp., Pedalia sp. 

3. Benthic fauna:- Bivalves : Villorita cyprenoids, Fresh water Oligochaeta : Tubifex, 

Aelosoma bengalgensis, Dero sp., Insecta : Chironomid larvae, Amphipoda, 

Streptocephalus dichotomus,  Leeches. 

4. Fish fauna:- Cyprinidae : Puntius sarana subnasutus, P.aurilius, P.cochonius, Labeo 

rohita, L.fimbriatus, Rasbora daniconius, Cyprinus carpio, Cirrhinus mrigala, Siluridae : 

Ompok bimaculatus, Wallago attu, Aplocheilidae : Aplocheilus blochi, Cichlidae : 

Oreochromis mossambicus, Etroplus maculatus,  Mastacembelidae : Macrognathus  

armatus,  Hemirhamphidae : Hyporhamphus xanthopterus,  Ambassidae : Parambassis 

dayi, P.ranga, Anabantidae : Anabas testudineus, Heteropneustidae : Heteropneusteus 

microps, Clariidae : Heteropneusteus fossilis. 

Type of Organism and Names of Species 

1. Phytoplankton:- Cyanophyceae :  Ocillatoria sp., Spirulina sp., Merismopedia sp., 
Nodularia sp., Aphanocapsa sp., Lyngbya sp., Synechocystis sp., Calothrix sp., Anacystis sp., 
Nostoc sp., Coelosphaerium sp., Bacillariophyceae : Navicula sp., Cyclotella sp., Pleurosigma 

sp., Nitzschia sp., Pinnularia sp., Synedra sp., Chlorophyceae : Oedogonium sp., 
Chlorococcum sp., Synechococcus sp., Scenedesmus sp.,  Ceratium sp., Pleodorina sp., 
Pediastrum sp., Ulothrix sp., Chlorella sp., Zygnematophyceae : Zygnema sp., Desmidiaceae 

: Staurastrum sp., Cosmarium sp., Closterium sp 

2. Zooplankton:- Protozoa : Vorticella sp., Arcella sp., Paramecium sp., Euglena sp., Phacus 
sp., Actionophrys sp., Euglypha sp., Didinium sp., Crustacea : Cyclops sp., Daphnia sp., 
Calanus sp., Macrothrix sp., Cypris, Stenocypris, Rotifera : Keratella tropicana, Brachionus 
falcatus, B.caudatus, B.rubens, Lecane(M)bulla, L.(L)ludwigi, L.ungulata, Trichocera sp., 
Asplanchna brightwell, Filinia longiseta, Cladocera : Diaphanosoma excisum, Bosminopsis 

deitersi, Chydorus sphaericus, Leydigia acanthocercoids.  

3. Benthic fauna :- Bivalves : Villorita cyprenoids, Insects : Order Hemiptera - Corixidae  

(Micronecta sp.), Nepidae (Ranatra and Laccotrephes), Belostomatidae   (Belostoma sp., and 

Diplonychus sp.), Notonectidae  (Anisops sp.), Naucoridae (Naucoris sp.) , Pleidae  

(Paraplea sp.) Helotrephidae (Distotrephes sp. and  Helotrephes sp.) Hebridae  (Hebrus sp.), 
Mesovelidae (Mesovelia sp.), Hydrometridae (Hydrometra sp.), Veliidae (Velia sp. and  
Microvelia sp.) and Gerridae (Gerris sp. and Eurymetra sp.) ; Order Coleoptera - 

Hydrophylidae  (Sternolophus sp. and Amphiops sp.)  and Dytiscidae (Cybister sp. and 
Hydrovatus sp.), Nototeridae, Curculionidae, Hydrochidae, Elmidae, Heteroceridae, 

Chrysomelidae and Staphylinidae ; Order Ephemeroptera - Baetidae (Baetis sp. and 

Cloeon sp.)  and Caenidae (Caenis sp.) ; Order Trichoptera - Polycentropodidae 
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ALLELOPATHIC INHIBITORY EFFECT OF EICHHORNIA CRASSIPES(MART) 

SOLMS.ON MICROCYSTIS AERUGINOSA AND ITS PHYSIOLOGICAL 

MECHANISM 

(Polycentropus sp.), Leptoceridae (Leptocercus sp.) and Hydropsychidae (Hydropsyche 
sp.) ; Order Odonata - Coenagrionidae  (Pseudagrion and Ceriagrion)  and Libellulidae 

(Acisoma sp., Brachythemis sp. and Crocothemis sp.) ; Order Lepidoptera - Pryalidae  

(Paraponyx sp. and Eoophyla sp)  and Noctuidae (Bellura sp.) ; Order Diptera - Culicidae  

(Anophiles and Culex), Ceratopogonidae, Chironomidae (Chironomid larvae), Tabanidae, 

Sciomyzidae and Anophilina ; Order Collembola, Fresh water oligocheate : Aelosoma 

bengalgensis. , Nematode. 

4. Fish fauna :- Megalopidae : Megalops cyprinoides, Clupeidae : Dayella malabaricus, 

Cyprinidae : Puntius sarana subnasutus, P.vittatus, P.amphibius, P.ticto, P.filamentosus, 

P.indicus, Labeo rohita, Rasbora daniconius, Amblypharyngodon microlepis, Danio 

aequipinnatus, Salmophasia acinaces, Siluridae : Ompok bimaculatus, Wallago attu, 

Clariidae : Clarias dussumieri, C. Batrachus, Heteropneusteus fossilis, Bagridae : Mystus 

cavasius, M.oculatus, Schilbidae: Horabagrus brachyosoma, Belonidae : Belone cancila, 

Aplocheilidae : Aplocheilus lineatus, Cichlidae : Oreochromis mossambicus, Etroplus 

maculatus, E.suratensis, Gobiidae : Glossogobius giurs, Awaous grammepomus, Channidae : 

Channa maurulis, C.striata, Mastacembelidae : Macrognathus guentheri, M. armatus, 

Anguillidae : Anguilla bicolor, A.bengalensis, Hemirhamphidae : Hyporhamphus 

xanthopterus, Ambassidae : Parambassis thomassi, P.ranga, Ambassis commersoni, 

Anabantidae : Anabas testudineus, Mugilidae : Liza tade, L.macrolepis, Syngnathidae : 

Microphis cuncalus, Carangidae : Caranx ignobilis, Gerridae : Gerres filamentosis, 

Eleotridae : Eleotris fusca, Cobitidae : Lepidocephalus thermalis, Engraulidae : Stolephorus 

commersoni, Belontiidae : Macropodus cupanus, Heteropneustidae : Heteropneusteus 

microps. Prawns Palaemonidae : Macrobrachium idella idella, M.scabriculum, M.idae, 

M.rudae, Palaemon concinnus. 
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ABSTRACT 

Eutrophication and cynobacterial blooms were the most threatening environmental issues in 
the earth. biological technology has been widely accepted because of its higher 
environmental safety and relatively low operating cost. Macrophytes were paid much 
attention because of their multiutility to restore and renew the damaged aquatic ecosystem by 
secreting the anti-algal allelochemicals, removing nutrients from water and improving the 
aquatic landscape. The allelopathic inhibitory effects of aquatic macrophytes on 
phytoplankton growth have been receiving global attention. Research on allelopathic 
interactions was initially conducted mainly by botanists who studied the effect of one plant 
on the other, but recently allelopathy researches aim more at elucidating which specific 
natural products cause allelopathic interactions and what their ecophysiological im-pacts 
are.water hyacinths double its population within seven days to yield. from this it is possible to 
suggest that water hyacinth can produce 4380 kg fresh mass (fM)/ha/day.In the present study, 
the allelopathic inhibitory effect of E.crassipesculture water on Microcystisaeruginosaand its 
eco-physiological mechanism were investigated by initial and continuous addition assays. as 
an initial part, phytochemical analysis revealed the presence of a pool of secondary 
metabolites such as saponin, alkaloids, phenols, flavonoids, coumarins, glycosides and 
terpenoids. further, phenols (6.2 mg/g) and flavonoids (179 µg/g) were quantified. 
Subsequently, the phenols were fractionated by RP-HPLC and compared with the retention 
time of standards. The major phenolic acids were cinnamate (497.61 mg/g) and coumarate 
(49.07 mg/ g) while, caffeate, chlorogenate, ferrulate, gallate and hydroxybenzoic acid 
constituents were present in 1217.2, 619.1, 58.1, 36.9, 22.7 mg/ g tissue respectively. 
allelopathic analysis of E.crassipeswater culture by initial addition assays against the growth 
of M. aeruginosadisplayed significant inhibition compared with the controls. further, the 
extractexhibited stronger inhibitory potential on M. aeruginosathrough continuous addition 
assays, suggesting that allelopathic molecules might be excreted continuously by E.crassipes, 
and the inhibitory effects would be cumulative. Similarly, it was also noticed that that the 
relative content of chlorophyll a (Chl a), phycocyanin (PC) and allophycocyanin (aPC) of M. 
aeruginosadecreased to 54.5%, 16.2% and 8.3% respectively after being treated by 
E.crassipesculture water for 5 days, and phycobiliprotein (especially aPC) decreased more 
than Chl a. These results suggest that the phycobiliprotein would be the target of allelopathic 
inhibition of culture water of E.crassipeson M. aeruginosa. Further studies are warranted to 
establish this biocontrol mechanism of the macrophyte against the cyanobacterial blooms by 
biochemical and molecular levels. 

Keywords: E.crassipes; Microcystisaeruginosa; allelopathic inhibitory effects; polyphenols; 
photosynthetic system. 

INTRODUCTION 
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In eutrophic water, rapid growth of cyanobacteria has induced an imbalance in the aquatic 
ecosystem and posed great threats to human health. Therefore, control and elimination of the 
cyanobacterial blooms have become a significant goal in environmental biology. Acorus 

species can inhibit growth of phytoplankton by its excretion. Myriophyllum (Haloragaceae) 
was applied to the ecological restoration of the damaged aquatic ecosystem due to its 
considerable advantages, such as growing rapidly in eutrophic water, removing pollutants in 
the course of the development, and improving the aquatic landscape. E.crassipes, 
cosmopolitan aquatic invasive weed was subjected in the present study as allelopathic against 
selected algal bloom. 

Material and methods  

Eichornia crassipes (Mart) Solms., collected fresh from the wetland of Ayiramthengu were 
washed with tap water, and then were cultivated in aerated water. M. aeruginosa was 
obtained from Mysore. RP-HPLC was carried to fractionate the phenolic acids in the culture 
extract.  Initial and continuous addition assays 10 ml of M. aeruginosa solution was 
inoculated with a 500 ml Erlenmeyer flask containing 150 ml of the culture water medium, 
while the control was prepared by inoculating algae into its original nutrient culture medium. 
Then both of them were cultivated for 25-30 d under an artificial climate box, at a 
temperature of 25 °C±1°C, a light density of 2500 lux and 12 h light/8 h darkness). The flasks 
would be moved frequently and shaken slightly 4 times per day. The growth curve of algae 
would be drawn by daily measuring the value of optical density of the algae sample at 663 
nm wave length (i.e., OD663). For continuous assay, the treatment was repeated for several 
days. The growth curve of M. aeruginosa was determined by measuring the OD663 value of 
the algae samples with a spectrophotometer.   The calculation of the IR (Inhibition Ratio) 
followed Li et al., (2004).  The relative pigmental contents were measured by following 
Zhang et al., (2001). The data was statistically evaluated with significance at P < 0.05 level. 

Results and discussion 

As an initial part, the exponential relationship between the OD663 value and the cultivating 
time, and the index equation and its coefficient of determination amount of M. aeruginosa 

was measured and was optimal. The culture extract of E.crassipes showed significant level of 
polyphenols and further fractionation yielded a pool of phenolic acids (viz., cinnamate 
(497.61 mg/g) and coumarate ( 49.07 mg/ g) while, caffeate, chlorogenate, ferrulate, gallate 
and hydroxybenzoic acid constituents were present in 1217.2, 619.1, 58.1, 36.9, 22.7 mg/ g 
tissue respectively). In the initial addition experiment, the difference in M. aeruginosa 

biomass between the control and the treatment was evident (P = < 0.05). The result suggested 
that the growth of M. aeruginosa was inhibited by E.crassipes culture water. Compared with 
the control, the OD663 value of M. aeruginosa decreased to 40% at the 9th day in the 
treatment, and the maximum inhibiting ratio (IR) was 45.2% at the 10th day under the effect 
of E.crassipes culture water on M. aeruginosa. However, M. aeruginosa could not be 
completely inhibited by E.crassipes culture water. By the 28th day of the experiment, the 
OD663 value of the treated sample had increased to 1.391 and the IR had fallen to 29.55 %.In 
comparison with the initial addition assays, the growth-inhibiting effects of E.crassipes on M. 
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aeruginosa were more notable under the continuous addition assays. The inhibition ratio 
arrived at 89.61% on the 9th day of the treatment. By significance analyses, the difference in 
M. aeruginosa biomass was distinct (P < 0.05) between the control and the treatment. For 
continuous addition, the results indicated that the growth of M. aeruginosa was inhibited 
immediately from the first day of the treatment. The growth curve of M. aeruginosa dropped 
rapidly and its cells began to be pale and die from the 5th day. The algal cells decomposed 
gradually and died out with treatment time. These results suggest that it is more feasible and 
reasonable to use continuous addition assays in studying allelopathic effects of E.crassipes on 
M. aeruginosa in future.  

Effects of E.crassipes culture water on the spectral curve and characteristic peak of M. 

aeruginosa 

The absorption spectrum of M. aeruginosa living cells was a comprehensive index reflecting 
the growth condition of the algae. The results showed that there were 3 characteristic peaks 
on its spectral curve. The characteristic peak at 440 nm wavelength stood for the Chl a 
absorption peak in the blue region. The one at 626 nm wavelength was the PC absorption 
peak in the orange region; the one at 681 nm wavelength was the APC and Chl a absorption 
peaks in the red region. Similarly, under the control condition, the spectral curve of M. 

aeruginosa living cells tended to shift upwards with the increase of culture time, and the 
spectrum value of the algal solution enhanced continuously. In contrast with the algal 
samples inoculated in E.crassipes culture water, the spectral curve of M. aeruginosa showed 
the obvious decline trend with the increase of culture time. After 3 days treatment, the 
spectrum value of M. aeruginosa began to deform and down slide, and the spectral value 
dropped sharply. After 7 days' treatment, the spectral curve of M. aeruginosa became almost 
a level line. These results indicated that some anti-algal allelopathic compounds released by 
E.crassipes could possibly destroy the light-harvesting system of M. aeruginosa, and inhibit 
their growth or kill them. 

Similarly, under control condition, the absorption value of 3 spectral peaks of M. aeruginosa 

increased swiftly with the extending of the treatment time. In comparison, the three peak 
values of M. aeruginosa dropped after being treated for 3 days and exhibited different 
changing trends for the three characteristic peaks. The peak value at 626 nm wavelength was 
the most sensitive and vanished after being treated for 5 days; the peak value at 440 nm 
wavelength showed first a rising and then falling trend, and the peak disappeared after being 
treated for 7 days; there was still a trace of spectral peaks at 681 nm (the peak value was 
47.2% of the initial peak value). These results seems to indicate that the PC absorption peak 
at 626 nm was damaged most seriously by the E.crassipes allelochemicals, the damage 
degree of Chl a absorption peak at 440 nm was secondary, and the damage degree of the 
complex peak of APC and Chl a at 681 nm was the lowest. 

Based on the analysis outlined above, the phycobiliprotein (including APC and PC) and Chl a 
of M. aeruginosa could be impaired by the E.crassipes allelochemicals, disturbing the course 
of light-harvesting by the phycobiliprotein. However, there was also a question as to which 
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part of the photosystem of M. aeruginosa would become the main target of the anti-algal 
compounds, PC, APC or Chl a.  

Impacts of E.crassipes culture water on the spectrum curve of M. aeruginosa 

phycobiliprotein 

The results indicated that, under the control, with the increase of culture time, the spectral 
curve of M. aeruginosa phycobiliprotein tended to move up, and accordingly the spectrum 
value of phycobiliprotein rose gradually, whereas for the algal samples inoculated into 
E.crassipes culture water, the spectral curve of M. aeruginosa phyco-biliprotein declined 
clearly with the increase of culture time. After 5 days treatment, the spectrum value of M. 

aeruginosa phycobiliprotein was near zero. These results suggested that E.crassipes culture 
water could offer some allelopathic compounds, aggressively and entirely destroying M. 

aeruginosa phycobiliprotein by the 5th day under the culture water treatment. These results 
basically agree with the above analysis on the spectral curve of M. aeruginosa. 

 Effects of E.crassipes culture water on the relative contents of PC, APC and Chl a of M. 

aeruginosa  

The analysis of relative contents of APC, PC and Chl a of M. aeruginosa showed a decrease 
with time when affected by E.crassipes culture water. Based on linearity regression analysis 
on the changing trend of the relative contents of APC, PC and Chl a, it was found that the 
absolute value of their slope was 11.98, 11.70 and 10.96, respectively, indicating that there 
were different degrees of damage to the APC, PC and Chl a of M. aeruginosa under the anti-
algal E.crassipes compounds. The typical case is as follows: when M. aeruginosa was treated 
by E.crassipes culture water for 5 days, the relative contents of APC and PC decreased to 
8.3% and 16.2%, respectively, that is, the APC and PC of M. aeruginosa were almost 
destroyed by the allelochemicals. In contrast, the relative contents of Chl a only decreased to 
54.5%, which led to a minimal peak value of absorption spectrum of M. aquati-cum at 681 
nm wavelength after treated with the culture water for 5 days or even 7 days. 

These results also indicated that in comparison with Chl a, phycobiliprotein was more 
sensitive to the E.crassipes allelochemicals, that is, phycobiliprotein was damaged more 
seriously in equivalent treatment time. Analysis showed that the differences were statistically 
significant (P < 0.05). APC of M. aeruginosa would be destroyed most seriously, with PC 
taking the second place and Chl a least affected (Table 1). 

Days Relative content of pigments in % 

Chl a Plastocyanin APC 

0 100 100 100 

2 80 74 65 

4 53 50 40 
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6 24 20 13 

8 12 13 8 

10 8 2 2 

 

Further,  that there was a small degree of damage to the complex spectral peaks of APC and 
Chl a at 681 nm wavelength by E.crassipes allelochemicals in the three characteristic peaks, 
which could further suggest that M. aeruginosa phycobiliprotein is more sensitive to the 
allelochemicals than Chl a. Thus M. aeruginosa Chl a had a low peak value for the red region 
of the spectrum when APC was damaged. 

Growth-inhibiting effect of E.crassipes allelochemicals on M. aeruginosa and its great 

value in controlling cyanobacterial growth 

The above mentioned results indicate that E.crassipes culture water was able to inhibit the 
natural growth of M. aeruginosa. The inhibitory effects are obvious, especially in the 
continuous addition assay. It appears that E.crassipes could secrete some allelochemicals 
inhibiting the growth of M. aeruginosa, or even killing them. Generally, it is clear that 
macrophytes inhibited algal growth via the mixed effects of the allelochemicals they excreted 
(Nakai et al., 2000). Thus the cultivation of E.crassipes may be an efficient way to control 
algal growth in eutrophic aquatic ecosystem. 

E.crassipes is a type of emerged (or submerged) macro-phytes, and adaptive to growing in 
various aquatic ecosystems. In the course of development, E.crassipes can inhibit algal (such 
as M. aeruginosa) growth, remove various pollutants (such as phosphorus, trinitrotoluene, 
heavy metal pollutants etc.) and construct a favorable natural landscape. It could be applied 
effectively in the restoration of eutrophic water or the biotic control of algal bloom. However, 
as an alien species, E.crassipes has caused some ecological invasion problems in Kerala. 
Great attention should be paid to these problems to prevent any new ecological consequences. 

In the two different assays, E.crassipes culture water could inhibit M. aeruginosa growth, but 
would not kill them in initial addition assays. In contrast, continuous addition assays 
produced stronger inhibition than initial addition assays, and intended to kill M. aeruginosa, 

indicating that allelopathic inhibition of E.crassipes on M. aeruginosa bears a cumulative 
property. Moreover, it also showed that the anti-algal allelopathic compounds may be so 
unstable that the allelopathic inhibition effects of E.crassipes increased slowly to 45.19% in 
the first ten days of the initial addition assays, and then the inhibiting ratio began to decrease 
slightly. It has also been reported that some macrophytes such as Myriophyllum spicatum, 

Ceratophyllum demersum and Vallisineria spiralis can continuously secrete allelochemicals 
that inhibit algal growth, and the compounds can be unstable. Additionally, the anti-algal 
allelopathic effects of the macrophytes could only occur when the allelochemicals secreted 
from them reached certain quantities. In other words, the effects are cumulative. 
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 Phycobiliprotein, as the main functional group of the photosynthetic system of 
cyanobacteria, resides in the phycobilisome, which comprises chiefly APC and PC. It 
contributes to capturing light energy for the cyanobacteria and efficiently transferring the 
energy into Chl a, which is often viewed as the reaction center of photosystem II (PSII). 

There is difference in chromophore and protein modulating function among various 
phycobiliproteins, which can produce different absorption spectra in the wavelength ranging 
from 490 nm to 660 nm, and compensate for the spectral band that Chl a is unable to absorb, 
so cyanobacteria are adapted to almost any environment. However, the synthesis of phy-
cobiliproteins are impacted by the cyanobacterial genome and the environmental factors. 
When subjected to the external stresses, they are damaged. At present, a lot of research 
focuses on the inhibiting mechanisms of heavy metal elements (such as Cu, Pb, Zn, Co and 
Ni) on algae. It has been found that phycobiliprotein is one of the important targets attacked 
by heavy metal elements. For the allelopathic inhibitory effects of macrophytes on algae, 
some related research has mainly paid attention to the harmful mechanism of allelochemi-cals 
on Chl a or PSIIof algae. For example, allelochemicals from Eichhornia crassipes 

significantly reduce Chl a contents in algae (like Scenedesmus arcuatus) and PSII of 
cyanobacteria are destroyed by Tellimagrandin II from M. spicatum Nevertheless, hardly any 
research has been reported on the allelopathic effect of macrophytes on the light-harvesting 
system of cyanobacteria, specifically phycobiliprotein. 

This paper analyzed the changing trends in the absorption spectrum of the living cells and 
phycobiliprotein of M. aeruginosa and the relative contents of APC, PC and Chl a. It was 
found that phycobiliprotein, especially APC, is more sensitive to the allelochemicals released 
by E.crassipes than Chl a. The results may confirm that phycobiliprotein is one of the key 
targets when the photosynthetic system of M. aeruginosa is attacked by the anti-algal 
allelopathic compounds from M. aquaticum. In other words, the allelochemicals from 
E.crassipes may be able to directly destroy the light-harvesting system in the phycobilisome 
of M. aeruginosa by impairing the phycobiliprotein, so blocking the course of light-harvest-
ing and light transferring, and sequentially inhibiting the algal photosynthesis so as to hamper 
the algal growth or even kill them. 
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ABSTRACT 

Aegle tamilnadensis, abdul kader (Rutaceae) is a small to medium-sized armed evergreen 
tree, endemic to the forests of Tamil nadu. Since information on seed germination, viability, 
storage, etc. are not available we have undertaken a study on these aspects. Ripe fallen fruits 
were gathered from the ground from Govt. Siddha Medical College campus, arumbakkam, 
Chennai, on 13/09/2013. Seeds were extracted manually from the fruit and mixed together. 
Moisture content was determined as per ISTa, 1985. Three germination studies were carried 
out at Urappakkam near Chennai, under open nursery conditions. In the first experiment, four 
replicates of 30 seeds each were dibbled in raised bed filled with garden soil. Since ants 
attack was noticed on the seed beds soon after sowing, seeds were dressed with ddT powder 
in the subsequent experiments.To study the effect of seed colour on viability and seedling 
growth, seeds were classified into two categories viz., (1) orange and (2) black coloured 
seeds, and dressed them with ddT separately. four replicates of 35 orange coloured seeds (at 
11.78 % mc) each and four replicates of 40 black coloured seeds (at 9.8 % mc) each, were 
dibbled separately in raised nursery bed containing mixture of garden soil and red soil, and 
covered with river sand. To study the effect of different germination media on seed 
germination and subsequent seedling growth, three media (garden soil, river sand and red 
soil) were tested. four replicates of 50 ddT dressed seeds (at 12.26 % mc) each were dibbled 
in raised nursery bed. for both experiments, after sowing ddT was again sprayed on the 
nursery bed in order to avoid ants attack.watering was done twice (morning and evening) a 
day soon after sowing for all the experiments. Germinating seeds were counted daily when 
the epicotyl emerges out of the media, and the observation continued until the germination 
stabilized. Seedling height was measured after 4 months of growth. The germination 
percentage, the rate of germination (GVI), and Germination Value (GV) were determined 
using standard procedure. The data were subjected to anoVa after making appropriate 
transformations to identify the significant treatments. 

Seed germination was hypogeal. fresh seeds germinated on the 8th day after sowing (daS) and 
culminated on 18th daS, and gave 45 % germination. Earliest germination was observed in 
black coloured seeds which gave 84.38 % germination while orange coloured seeds gave 40 
%. Seed germination and seedling growth were affected by the germination media. Early 
germination was noticed in garden soil and is followed by red soil, finally river sand. 
Cumulative germination percentage was higher in sand medium (66%) than in red soil (65%) 
or garden soil (63%) media. The shoot height of 4 months old seedlings raised in garden soil 
was 17.18 cm (± 5.13), in red soil was 12.7 cm (± 3.66), and in river sand was 8.18 cm (± 
2.23). The study concludes that the germination capacity of A. tamilnadensisfresh seeds is 
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above 80%. Germination period is 7-20 days. black coloured seeds and garden soil can be 
used for production of seedlings in the nursery. The high moisture content (20-22 %) at 
shedding, precocious germination, arrangement of seeds in the fruit pulp, etc. indicates its 
recalcitrant seed storage behaviour. 

INTRODUCTION 

Forest resources across the world have been depleted primarily due to anthropogenic factors 
like unprecedented economic and social developments; secondly due to environmental factors 
such as climate change and global warming; and lastly due to invasion of alien species and 
poor regeneration status of most tree species in their natural habitats. Hence there is an 
increasing awareness to replant the forests in order to get wood and other forest products 
sustainably and also to conserve the rich diversity of tree species found in the forest 
ecosystem. Currently in India, large numbers of seedlings are being planted every year and so 
there is an increasing demand for large quantities of quality seeds to produce seedlings. Due 
to lack of scientific exploration and proper documentation, several important species are 
underutilized. To utilize such species in a sustained way and to conserve their population in 
natural habitat, it is essential to develop and standardize cultivation techniques and also 
conservation strategies as these are important to foresters and seed collectors as guidelines to 
store them for future planting.  

Aegle tamilnadensis, Abdul Kader (Rutaceae) – a newly discovered species, is a small to 
medium-sized armed evergreen tree, endemic to the forests of Tamil Nadu. It is similar to A. 

marmelos (L) Correa, but differ from it in having (i) dark-green, membranous, glabrous, 
ovate-elliptic crenate leaflets with cordate base and emarginate tip, emitting a strong pungent 
smell when crushed; (ii) greenish-white, very sweet scented flowers with reflexed petals; and 
(iii) very large, globose-oblong or pyriform fruit with depressed tip, containing many ovoid 
hairy seeds immersed in the oily mucilage. Recent study on its antioxidant potential carried 
out in India showed that the leaf extracts possessed potent free radical scavenging ability 
(Pratap Chandran et al., 2013). No information was available on the artificial regeneration 
and hence we have undertaken a detailed study on this aspect. 

MATERIALS AND METHODS 

(i) Germination study  

Ripe fallen fruits were collected from the ground from Govt. Siddha Medical College, 
Arumbakkam, Chennai, Tamil Nadu during September 2013. The seeds were taken out from 
the fruits manually, bulked together (Fig. 1a) and moisture content was determined by oven 
drying method for 17 hours at 105° C (ISTA, 1985), and expressed on fresh weight basis.    
The germination study was conducted at Urappakkam near Chennai, during September 2013 
under open nursery conditions. Four replicates of 30 seeds each were dibbled in raised bed 
filled with garden soil following Completely Randomized Design (CRD). Watering was done 
twice (morning and evening) a day regularly. Germinating seeds were counted daily when the 
epicotyl emerges out of the media, and observation continued until the germination stabilized.  
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(ii) Effect of Seed colour on germination percentage  

Ripe fallen fruits were collected from the ground from the same locality on 25/09/2013. 
Seeds were taken out from the fruits manually, bulked together, and based on their colour 
divided into two categories viz., (i) orange- and (ii) black-coloured seeds.      Since ants attack 
was noticed on the seed bed soon after sowing in the previous experiment, these seeds were 
dressed with DDT powder. Moisture content was determined as per ISTA (1985) and 
expressed on wet weight basis. To study the effect of seed colour on germination percentage, 
both orange- and black-coloured DDT dressed seeds were sown on 06/10/2013 separately. 
Four replicates of 35 orange coloured seeds and four replicates of 40 black coloured seeds 
were dibbled in raised seed bed filled with mixture of garden and red soils following CRD. 
Soon after sowing, seed bed was covered with river sand and DDT was sprayed once again 
on the seed bed in order to check ants attack. The experiment was carried out under direct 
sunlight conditions in the nursery. Watering and germination data collection were done as in 
previous experiment. The data were subjected to ANOVA after making appropriate 
transformations to identify the significant treatments. 

(iii) Effect of germination media on germination percentage and seedling growth 

Ripe fallen fruits were collected from the ground from the same locality on 11/10/2013. 
Seeds were taken out from the fruits manually, bulked together and dressed with DDT. 
Moisture content was determined as per ISTA (1985) and expressed on wet weight basis. 
Three germination media like garden soil, river sand and red soil were tested. Four replicates 
of 50 seeds were dibbled in raised seed beds in each medium on 19/10/2013, following CRD 
and DDT was sprayed once again on the seed beds. The experiment was carried out under 
direct sunlight conditions. Watering and germination data collection were done as in previous 
experiments. At the end of the germination test, ungerminated seeds were evaluated for their 
viability. Seedling measurements were taken after 4 months of growth.  The data were 
subjected to ANOVA after making appropriate transformations to identify the significant 
treatments. 

The germination percentage, the rate of germination (GVI), and Germination Value (GV) 
were calculated using standard procedures. The germination percentage was calculated by 
using the following formula: 

Germination percentage = Total number of seeds germinated X 100 

   Total number of seeds sown 

The rate of germination, expressed as germination index (GVI), was calculated using the 
following formula: 

GVI = (X1/t1 + X2/t2 + . . . + Xn/tn) 

Where, 

 X1, X2, . . ., Xn are the germination percentages on day t1, t2, . . ., tn, respectively 
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t1, t2, . . ., tn are the accumulated days after sowing 

Germination value (GV) was calculated from the following formula: 

GV = MDG x PV  

Where, 

GV = Germination value 

MDG = DGS/N  

DGS = Daily germination speed, obtained by dividing the cumulative germination per cent 
by number of days since sowing 

N = Number of daily counts, starting from the date of first germination 

PV = The total gained by adding every DGS figure obtained from the daily counts 

GP = Germination per cent at the end of test 

RESULTS AND CONCLUSIONS 

Precocious germination was observed (Fig. 1c). The moisture content of seeds at the time of 
sowing was 20.15 %. 

(i) Germination study  

Soon after sowing, ant’s infestation was noticed on the seed beds especially more in R1 and 
R2. Seed germination was typically hypogeal. However, epigeal germination was observed as 
an abnormal condition. The germination percentage of fresh seeds was given in the figure 2. 
Germination of fresh seeds began on the 8th day after sowing and finished on the 18th day 
after sowing. Of the total 120 seeds sown, only 54 seeds germinated (45%).        Some of the 
seeds were lost due to ant’s infestation in R1 and Rβ and therefore low germination 
percentage was achieved in fresh seeds. 
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Figure 1. Aegle tamilnadensis Abdul Kader. a. Intact seeds; b. Seed-coat removed seeds;   

c. Pre-germinated seed; d. DDT dressed seeds  

 

 

 

 

 

 

 

 

The rate of germination expressed as germination index (GVI), mean daily germination 
percentage (MDG) and germination value (GV) were significantly (p = 0.01) affected in 
replications (Table 3). The GVI, MDG, and GV were highest in R4 (43.47, 0.57 and 40.09, 
respectively), followed by R3, R2 and lowest in R1 (12.23, 0.19 and 2.53). 

Table 3. MDG percentage, GV and GVI of Aegle tamilnadensis fresh seeds 

  R1 R2 R3 R4 Total 

MDG 0.19 (± 0.13) 0.35 (± 0.40) 0.39 (± 0.48) 0.57 (± 
1.25) 

0.38 (± 0.16) 

GV 2.53 9.37 21.73 40.09 9.40 (± 14.48) 
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GVI 12.23 19.2 40.18 43.47 28.77 (± 15.40) 

 

(ii) Effect of Seed colour on germination percentage  

The moisture content of orange- and black-coloured seeds at the time of sowing was 11.78%, 
and 9.80%, respectively. Seed germination was typically hypogeal but epigeal germination 
was also observed as an abnormal. For instance, of the 56 seeds germinated in orange 
coloured seeds, 4 seeds gave epigeal germination. Similarly, of the 135 germinated seeds in 
black coloured seeds, 2 seeds germinated epigealy. The influence of seed colour on 
germination percentage of A. tamilnadensis was shown in figure 3. Earliest germination was 
observed in black coloured seeds. Here, germination commenced on the 7th day after sowing 
while in orange coloured seeds, it was on the 9th day after sowing. However, in both the 
seeds, germination culminated on the 20th day after sowing. Further, black coloured seeds 
gave highest germination percentage (84.38%) than the orange coloured seeds (40%).  

The GVI, MDG and GV were significantly affected by the seed colour (Tables 4 and 5). GVI 
was highest in black-coloured seeds 75.78    (± 6.23) and lowest in orange-coloured seeds 
28.11 (± 3.50). 

Table 4. MDG percentage, GV and GVI of Orange coloured Aegle tamilnadensis seeds 

 R1 R2 R3 R4 Total 

MDG 0.45 (± 0.67) 0.43 (± 0.65) 0.40 (± 0.60) 0.37 (± 0.53) 0.41 (± 0.04) 

GV 17.51 20.33 14.46 12.34 16.16 (± 3.5) 

GVI 26.42 33.33 26.74 25.94 28.11 (± 
3.50) 

 

Table 5. MDG percentage, GV and GVI of black coloured A. tamilnadensis seeds 

 R1 R2 R3 R4 Total 

MDG 0.43 (± 
0.64) 

0.77 (± 2.21) 0.68 (± 1.87) 0.62 (± 1.66) 0.63 (± 0.14) 

GV 47.55 78.23 63.01 61.15 62.49 (± 12.56) 

GVI 80.24 75.22 67.17 80.5 75.78 (± 6.23) 

ANOVA results showed that both the germination energy and the mean cumulative 
germination percentage were significantly (p = 0.05) affected by seed colour. The 
germination energy calculated on 10th DAS was high (46-56 %) in black-coloured seeds and 
low (8-9 %) in orange-coloured seeds.  
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(iii) Effect of germination media on germination percentage and seedling growth 

The moisture content of seeds at the time of sowing was 12.26 per cent. The results of the 
effect of germination media on seed germination (Fig. 5) and seedling parameters (Table 6) 
showed that germination media has considerable influence on seed germination and 
subsequent seedling growth, obviously. However, there is no significant difference 
statistically. Early germination was noticed in garden soil which is followed by red soil and 
finally river sand. The germination was commenced after 8 days sowing in garden soil and 
red soil media while in river sand medium it took 9 days. Both the cumulative germination 
percentage (66%) and the rate of germination were higher in river sand medium than in red 
soil (65%) or garden soil (63%) media. About 50 per cent germination was attained after11, 
12, and 13 days of sowing in red soil, river sand and garden soil, respectively. 

  

 

 

 

 

Table 6. Effect of different germination media on seedling growth of A. tamilnadensis 

 Results of ANOVA showed that there was no significant difference between different 
germination media on cumulative germination percentage.  

The germination percentages as influenced by different germination media such as garden 
soil, red soil and river sand were compared and shown in figure 6. 

The GVI, MDG and GV were significantly (p = 0.05) affected by the different seed 
germination media tested. Red soil medium has highest GVI, MDG and GV while the garden 

soil medium has lowest GVI, MDG and GV values (Table 7). 

Table 7. Effect of germination media on MDG, GV and GVI of A. tamilnadensis seeds 

 Garden soil Red soil River sand 

Sl. No. Media Shoot height (cm) Remarks 

1 Garden soil 17.18 (± 5.13) Of the 30 seedlings measured, 2 seedlings 
developed compound leaves and thorns 

2 Red soil 12.7 (± 3.66) Nil 

3 River sand 8.18 (± 2.23) Nil 
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MDG 0.65 (± 0.05) 0.89 (± 0.11) 0.77 (± 0.06) 

GV 37.24 (± 9.09) 58.31 (± 9.23) 51.13 (± 11.79) 

GVI 147.01  (± 8.08) 194.08 (± 8.24) 179.27 (± 6.85) 

 

Though different media did not affect seed germination but affected the seedling growth 
considerably. For instance, the shoot height of 4 months old seedlings raised through garden 
soil medium was high, followed by red soil and low in river sand as shown in Table 6. 

We conclude that the germination capacity of A. tamilnadensis fresh seeds is above 80% and 
the germination period is 7-20 days. Black coloured seeds and garden soil can be used for 
production of seedlings in the nursery. The high moisture content (20-22 %) at shedding, 
precocious germination, and arrangement of seeds in the fruit pulp indicates recalcitrant seed 
storage behaviour of A. tamilnadensis. 
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Plastics have become an essential ingredient of modern life with wide range of applications. 
at the same time the ‘white pollution’ caused by plastic wastes is a major environmental 
problem due to their recalcitrant nature. Even the simplest form of plastics, i.e., polyethylene 
is strong and highly durable and takes upto 1000 years for natural degradation in the 
environment. Current study reveals that photocatalysis can be used successfully as an 
advanced oxidation Technique for the slow but steady degradation of polyethylene plastics 
(PEP). Semiconductors such as Zno and Tio2 assist the photodegradation of PEP through the 
generation of highly reactive free radicals which interact with the pollutant. Tio2 is at least 
20% more efficient than Zno as a photocatalyst in this respect. The process is pH dependent 
and acidic condition favours the degradation. oxidizing agents such as H2o2 and 
peroxydisulphate (PdS) accelerate the semiconductor catalysed degradation. The 
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enhancement depends on the concentration of the oxidizer and stabilises at an optimum 
range. Critical parameters for optimum efficiency for the degradation of PEP are identified 
and evaluated. a tentative mechanism for the degradation is also proposed based on the 
observations. 

keywords: Photocatalysis; Zinc oxide; Titanium dioxide; Polyethylene plastic; oxidizers 

Introduction 

Extensive use of Polyethylene Plastics (PEP), with no safer or convenient disposal avenues, 
has become a serious environmental hazard in recent years. It is imperative that new 
inexpensive and safer technologies are developed for the degradation of these plastic wastes. 
Heterogeneous photocatalysis is an Advanced Oxidation Process (AOP), widely investigated 
for the degradation of organic pollutants in water and air [Herrmann, (1999); Hoffmann et al, 
(1995); Devipriya and Yesodharan, (2005); Nosaka and Nosaka, (2013); Pelaez et al, (2012); 
Ollis et al, (2010); Turchi and Ollis, (1990)]. Semiconductor oxides such as TiO2 and ZnO 
and their modifications by doping, immobilizing, metal deposition, dye sensitization etc. are 
the most widely used photocatalysts [Wu et al, (2004); Sakthivel et al, (2004); Pellegrin et al, 
(2011)]. Advantages of TiO2 include wide availability, stability, non-toxicity and reactivity. 
Another semiconductor oxide ZnO has received relatively less attention due to its corrosive 
nature under extreme pH conditions. At the same time ZnO is more efficient than TiO2 for 
the visible light induced photocatalytic degradation of organic pollutants because the former 
can absorb a larger fraction of solar spectrum compared to the latter [Sakthivel et al, (2003); 
Lam et al (2012), Shibin et al (2014)]. Basic mechanism of semiconductor photocatalysis 
involves photo-excitation of the valence band electrons to the conduction band thereby 
creating electron deficiency or hole in the valence band. Dioxygen present in the system, 
either in the bulk or on the surface, serves as a sink for conduction band electron forming 
superoxide O2

.− which leads to the formation of a number of Reactive Oxygen Species (ROS) 
[Nosaka and Nosaka, (2013); Pelaez et al, (2012); Turchi and Ollis, (1990); Wu et al, (2004); 
Sakthivel et al, (2004)]. Holes in the valence band can react with water molecules or 
hydroxide anion to form OH radicals. The holes can also interact with adsorbed organic 
donors and lead to their decomposition. 

In spite of the severe hazards caused by PEP to the environment, the number of research 
studies aimed at developing safer technologies for their disposal is relatively few. In the 
present study the possibility of using photocatalysis mediated by TiO2 and ZnO for the 
degradation of PEP is investigated. The effect of various reaction parameters including pH 
and presence of oxidizing agents on the photocatalytic degradation of PEP in TiO2 
suspensions is examined and optimized. 

Material and Methods  

ZnO (>99.9%) and TiO2 (>99.9%) used in the study were supplied by Merck India Limited.  
The BET surface areas of TiO2 and ZnO were 15 and 12 m2/g respectively. The average 
particle size of both was ~10 m as determined by Scanning Electron Microscopy (SEM). 

914

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



Typical SEM of ZnO and TiO2 are shown in figure 1. All other chemicals/reagents used were 
of AnalaR grade or equivalent unless indicated otherwise. 

 

 

 

 a                                  b 

Figure 1: Typical SEM image of (a) TiO2 and (b) ZnO 

Typical PEP strips made from throwaway type used carry-bags were used in the study. The 
strips were washed thoroughly, dried and then fully immersed in aqueous suspension of 
TiO2/ZnO and irradiated with frequent mixing in a multi lamp photo-reactor (Heber Scientific 
India) which consisted of eight UV lamps of 8 W each. The primary wavelength of the lamps 
was 365 nm. After specific intervals the plastic strips were taken out, washed well to remove 
sticking particles of catalyst and dried at room temperature in air flow until constant weight is 
reached. The weight loss, change in physical appearance including visible decrease in 
thickness as well as crumbling, periodic SEM imaging and tensile strength measurements 
were used to identify the destruction.   

Results and Discussion  

Investigations on the photocatalytic degradation of PEP using ZnO and TiO2 catalysts under 
identical conditions showed that both catalyst and light are essential to effect degradation. 
The ultimate reaction products were expected to be CO2 and H2O formed by the 
mineralization of PEP.   Since the amount of CO2 formed is very small, its quantitative 
estimation is difficult. The Total Organic Carbon (TOC) content in water (in which the PEP 
is suspended) is ‘nil’ indicating complete mineralisation of the plastic and the intermediates 
formed from it.  

Effect of Catalyst Dosage 

Studies on the comparative photocatalytic efficiency of TiO2 and ZnO at various loadings for 
the degradation of PEP showed that the degradation increases` with increase in loading and 
reaches optimum at 1400 mg/L for each. Beyond the optimum loading, the light photon 
absorption coefficient decreases radially and the degradation slows down. However such light 
attenuation over the radial distance does not obey the Beer-Lambert law due to the strong 
absorption and scattering of light photons by the catalyst particles [He et al, (2007)]. Excess 
of catalyst particles lead to screening of light which reduces their effective surface area 
exposed to illumination. This results in decreased photocatalytic efficiency. Since TiO2 is 
more efficient for the degradation compared to ZnO under identical conditions, further 
investigations were carried out using the former at the optimized loading as above, unless 
mentioned otherwise.  

Effect of pH 
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The photocatalytic degradation of organics is generally dependent on the pH of the solution 
[Ollis et al, (2010); Jyothi et al, (2014)]. Hence the effect of pH in the range 2.5-10 on the 
photocatalytic degradation of PEP was investigated. The pH of the suspension was adjusted 
before irradiation and was not controlled thereafter. The results are presented in fig.2 which 
show that the degradation is more efficient in the acidic region even in the absence of the 
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Figure 2: Effect of pH on the degradation of PE plastic 

catalyst. However at the natural pH of the catalyst suspension (~ 6.5-7), noticeable 
degradation takes place only in the presence of the catalyst. Degradation at extreme acidic 
conditions, even if feasible is not a viable solution economically or ecologically since it 
requires expensive and hazardous neutralization and disposal processes. Hence the reaction 
parameters are optimized at the natural pH of the system at which reasonable degradation of 
the plastic is noted.   

Effect of oxidizers   

The H2O2 formed insitu in photocatalytic systems undergoes simultaneous decomposition 
resulting in periodic increase and decrease in its concentration [Jyothi et al, (2014)]. However 
in the present instance, the concentration of H2O2 detected is much smaller (< 2 mg/L) and is 
hence not systematically followed up. The reactive free radicals such as .OH and HO2

.  

formed insitu from H2O2 decomposition often have a positive effect on the degradation of 
organics. However, instances of inhibition of degradation by H2O2 also have been reported. 
Our earlier studies have shown that peroxydisulphate (PDS) can also serve as accelerator for 
the degradation of pesticides and dyes [Shibin et al, (2014)]. In view of these, the effect of 
addition of H2O2 and PDS on the degradation of PEP is investigated. The results are plotted 
in figure 3. In both cases, the degradation of PEP is enhanced and this continues for longer 
periods.  PDS is much better oxidant compared to H2O2. The effect is dependent on 
concentration of the oxidant with higher concentration favoring increased degradation (figure 
4). The optimum concentration of H2O2 and PDS under identical reaction conditions is 1500 
and 2000 mg/L respectively. Above this optimum concentration the degradation of PEP is 
either stabilised or slightly decreased.                
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Figure 3: Comparative efficiency of H2O2 and S2O8
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Figure 4: Effect of concentration of H2O2 and S2O8
2- on degradation of PE plastic on TiO2 

 

The general mechanism of semiconductor photocatalysis is illustrated in figure 5.  

 

 

 

 

 

 

Figure 5: Mechanism of TiO2 photocatalysis showing formation of .OH and H2O2 

When a semiconductor is irradiated with photons of energy ≥ its band gap energy (γ.β eV in 
the case of TiO2 as well as ZnO) the photons are absorbed and electron-hole pairs are created 

[Herrmann, (1999); Hoffmann et al, (1995)]. These electrons and holes can either recombine 
or migrate towards the surface participating in several redox reactions eventually leading to 
the formation of ROS such as .OH radicals and H2O2.  These transitory ROS can initiate and 
promote a number of reactions which end up in complete mineralisation of the pollutants into 
harmless products such as CO2, water and salts as shown in reactions (1) to (8).                    

Semiconductor +h  → h+ + e- (1)  h+  +  e-       →   Heat (2) 

O2 + e-  → O2
-.  (3)  O2

-. +2 H+ + e-   → H2O2 (4) 

h+
VB + H2O → H+ + .OH (5)  .OH  + .OH  → H2O2 (6) 
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h+
VB + OH- →  .OH  (7) 

Pollutant + ROS (H2O2, 
.O2

-, HO2
.
,  OH. etc)     →   Intermediates  →  H2O  +  CO2  + Salts 

(8)  

The H2O2 undergoes parallel decomposition yielding more reactive .OH and HO2
. radicals as 

in reactions 9 and 10. It is also a good electron and hole acceptor capable of preventing the 
recombination of photogenerated electrons and holes on the surface. 

H2O2 + H+ + e-   → .OH  + H2O (9) H2O2 + .OH     → HO2
.  + H2O (10) 

H2O2 + 2h+
VB →    O2 +  2H+  (11) H2O2 + .OH/h+

VB →HO2
.  + H2O/H+(12) 

HO2
. + .OH/h+

VB → O2 + H2O/H+  (13) 

Hence the degradation is enhanced in presence of added H2O2. However at higher 
concentration of H2O2 the ROS as well as the electrons and holes interact more with it and 
less with the pollutant. This leads to stabilization or even decrease in the degradation of PEP.    

The TiO2 catalysed photodegradation of PEP is almost doubled in the presence of even 
smaller concentration of PDS, i.e. ~5% of TiO2 (see figure 4). At the optimized 
concentration, PDS is at least three times more efficient than H2O2. The mechanism of 
enhancement in PEP degradation by PDS may be proposed as follows: 

S2O8
2- + e- → SO4

2- + SO4
.- (14) 

SO4
2- gets adsorbed on the surface and interacts with the photogenerated holes forming 

reactive sulphate radicals. 

h+ + SO4
2- → SO4

-.   (15) 

Since S is a strong oxidizing agent, the SO4
-. (Reduction potential 2.6 V) can accelerate the 

degradation process according to the reactions (16) and (17): 

SO4
-.  +  H2O

   → SO4
2-+ .OH + H+ (16) 

SO4
-. + Pollutant   → SO4

2- + Intermediate → ·········   → SO4
2- + CO2 + Salts 

 (17) 

 The intermediate may go through many reactions before eventual mineralization. As seen in  
(16), .OH radicals which enhance the degradation of pollutants are also formed in presence of 
PDS. The two highly reactive free radical species (.OH and SO4

-.) together can more than 
compensate for the inhibition caused by the depletion of surface sites taken up by the SO4

2- 
ions.    

SEM images of typical plastic strips before and after photocatalytic treatment shown in figure 
6 clearly illustrate that the surface morphology of plastic is severely changed and the 
technique is  
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(a)                                                     (b) 

     Figure 6: SEM images of PEP (a) before and (b) after photocatalytic  treatment 
effective for the degradation of recalcitrant plastics. As irradiation progresses, the plastic 
sheet becomes thinner, crumbles and breaks. It is logical to assume that the cavities inside the 
plastic film also expand with irradiation and the photocatalytic degradation happens both on 
the surface and inside the film simultaneously. The holes generated and the O2

- participate in 
the degradation directly as well as through various radicals generated as follows: 

h+ + -(CH2CH2)-   → -(CH2CH2 )-
+ (18) 

-(CH2CH2)-
+   + O2

- →    -(.CHCH2)-   + HO2
.  (19) 

HO2
. radicals combine to form H2O2 which in turn can photodecompose to yield .OH radicals. 

HO2
.    + HO2

.    → H2O2 + O2 (20) H2O2 + h  → β.OH (21) 

The degradation is faster in the beginning and it slows down with time. This is similar to the 
observations by Shang et al (2003) on the photocatalytic degradation of polystyrene plastic. 
The initial faster rate can be ascribed to the interaction of reactive oxygen species with 
adjacent polymer chains. These molecules have to be etched away so that the catalyst surface 
is available for interaction with more molecules and generation of reactive free radicals. It is 
also possible that the degradation is initiated by photons attacking the polymer to create 
excited state followed by chain scission, branching, cross linking and oxidation [Crawford 
and Hughes, (1997)]. During the irradiation, the OH radicals can attack the polymer as 
follows: 

-(CH2CH2)- + .OH → -(CH2
.CH)-  + H2O   (22) 

-(CH2
.CH)- + .OH → -(.CH.CH)-  + H2O (23) 

The carbon centered radicals thus formed react with more O2 leading to chain cleavage and 
production of new reactive radicals. 

-(CH2
.CH)-  + O2 →  -(CH2(OO.)CH)- (24) -(.CH.CH)-  + O2→  -(CH(OO.)CH)-    

(24) 

-(CH2(OO.)CH)- + -(CH2CH2)-  → -(CH2(OOH)CH)- + -(CH2
.CH)- (25) 

-(CH2(OOH)CH)-  → -(CH2OCH)- + .OH   (26) 

           Catalyst + h         Catalyst + h  
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-(CH2OCH)-  + O2        Intermediates such as                  CO2 + H2O 
(27) 

             HCHO, HCOOH etc  

The intermediates are not detected in water indicating that they are getting degraded faster 
than the plastic. Absence of TOC in water in which the plastic strip was suspended also 
confirms this.  

Conclusions 

Semiconductor photocatalysis mediated by TiO2 is found to be a promising method for the 
safe removal of polyethylene plastic pollutants. Acidic pH enhances the degradation. 
However, due to economic and environmental concerns, this possibility is not explored and 
reaction parameters for optimum degradation efficiency were developed keeping pH at the 
natural harmless range of 6-7. H2O2 and peroxydisulphate enhance the degradation and the 
latter is at least three times more efficient than the former. Optimum concentration of 
peroxydisulphate in presence of TiO2 as photocatalyst could achieve over 10% of PEP 
mineralisation in 300 hr time. The technique offers good potential for the safer mineralisation 
of one of the worst environmental pollutant of the day, i.e. polyethylene plastics. 

Acknowledgement 

The authors acknowledge financial support (Research Grant L/ICA/ICB/111884/06) to SY 
from the Organization for the Prohibition of Chemical Weapons (OPCW), The Hague, The 
Netherlands. 

References 

1. Anju S G, Suguna Yesodharan and Yesodharan E P (2012) Zinc oxide mediated 
sonophotocatalytric degradation of phenol in water, Chem. Eng. J.,189-190: 84-93 

2. Crawford, K .D and Hughes, K. D (1997) Rapid formation and spectroscopic 
observation of polystyrene conjugation in individual micron-diameter particles with 
visible radiation, J Phys. Chem.,B 101: 864-870 

3.  Devipriya S and  Yesodharan Suguna (2005)  Photocatalytic degradation of pesticide 
pollutants in water, Solar Energy Mater and Solar Cells, 86: 309-348 

 

4.  He Y, Grieser F and Ashokkumar M (2011) The mechanism of sonophotocatalytic 
degradation of methyl orange and its products in aqueous solutions, 
Ultrason.Sonochem., 18:974–980 

5. Herrmann J.M (1999) Heterogeneous Photocatalysis: fundamentals and applications 
to the removal of various types of aqueous pollutants, Catal. Today, 53: 115-129 

920

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



6.  Hoffmann M, Martin S, Choi W and Bahnemann D (1995) Environmental 
applications of semiconductor catalysis, Chem. Rev., 95: 69-96 

7.  Jyothi K P, Suguna Yesodharan and Yesodharan E P (2014) Ultrasound, Ultraviolet 
light and combination assisted semiconductor catalysed degradation of organic 
pollutants in water: Oscillation in the concentration of hydrogen peroxide formed 
insitu, Ultrason. Sonochem., 21: 1787-1796 

8. Lam S-M, Sin J-C, Abdullah A Z and  Mohamed A R (2012) Degradation of 
wastewaters containing organic dyes photocatalysed by zinc oxide: a review, 
Desalination and Water Treatment, 41: 131-169 

9. Nosaka Y and Nosaka A (2013) in Photocatalysis and Water Purification, First 
Edition, Pichat. P. Ed., Wiley-VCH Verlag GmbH and Co. pp 1 

10. Ollis D F, Pichat P and Serpone N (2010)  TiO2 photocatalysis – 25 years, Applied 
Catalysis B: Environmental, 99: 377-387 

11. Pelaez, M, Nolan N T, Pillai S C, Seery M K, Falaras P, Kontos A G, Dunlop P S M, 
Hamilton  J W J, Byrne J A., O’Shea K, Entezari M H and  Dionysiou D D (β01β) A 
review on the visible light active titanium dioxide photocatalysis for environmental 
applications, Appl. Catal B: Environ.,125: 331-349 

12. Pellegrin J Y, Le Pleux L, Blart L E, Renaud A, Chavilion B, Szuwarski N, Boujitita 
M, Cario L, Jobic S, Jacquemin D and  Odobel F (2011) Ruthenium polypyridine 
complexes as sensitisers in NiO based p-type dye-sensitized solar cells: Effects of the 
anchoring groups, J Photochem. Photobiol. A-Chem., 219: 235-242  

13. Sakthivel S, Neppolian B, Shankar M V, Arabindoo B, Palanichamy M, Murugesan V 
(2003) Solar photocatalytic degradation of azodye: Comparison of photocatalytic 
efficiency of ZnO and TiO2, Solar Energy Mater. and Solar Cells. 77: 65-82 

14.  Sakthivel S, Shankar M V, Palanichamy M, Arabindoo A, Bahnemann D M and  
Murugesan B V (2004) Enhancement of photocatalytic activity by metal deposition: 
characterization and photonic efficiency of Pt, Au, and Pd deposited on TiO2 catalyst, 
Wat. Res., 38: 3001-3008 

15. Shang  J, Chai M and  Zhu Y (2003) Photocatalytic degradation of polystyrene plastic 
under fluorescent light, Environ Sci. Technol. 37: 4494-4499 

16. Shibin O M, Rajeev B, Veena V, Yesodharan E P and Yesodharan Suguna (2014), 
ZnO photocatalysis using solar energy for the removal of trace amounts of Alfa-
methylstyrene, Diquat and Indigo Carmine from Water, J Adv. Oxid. Technol., 17: 
297-304 

17. Turchi C S and  Ollis D F (1990) Photocatalytic degradation of organic water 
contaminants: mechanisms involving hydroxyl radical attacks, J. Catal., 122: 178-192  

921

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



18. Wu CG, Chao C C and Kuo F T (2004) Enhancement of the photocatalytic 
performance of TiO2 catalysts via transition metal modification, Catal. Today, 

97:103-112  

06-19 

EVALUATION OF HEAVY METAL TOLERANCE IN AMARANTHUS VIRIDIS L. 

WITH REFERENCE TO MORPHOLOGICAL RESPONSES 

Mary Sheeba, B. Mahesh, T.S. Swapna, I. Mini 

Post Graduate and Research Department of Botany, University College, 
Thiruvananthapuram, Kerala, India dr.mini08@gmail.com 

ABSTRACT 

Invitro bioassay was conducted by treating Amaranthusviridis L. seedlings with different 
concentration of Pb2+, Cd 2+ and Cr6+ to assess the morphological response of the plant under 
heavy metal stress. Green house pot experiment was conducted with 100, 150 and 200µM of 
Pb2+, Cr6+ and 5, 10 and 15µM of Cd2+ for one month. after one month, the morphological 
parameters, stomatal index, tolerance index and % of phytotoxicity were recorded. It is found 
that different concentrations of Pb2+, Cd2+ and Cr6+ showed an adverse effect on all 
parameters considered. Heavy metal treatments in the soil induced a significant decline 
(P≤0.01) in most of the traits under investigation. among the heavy metals , different 
concentration of Cd2+ caused <80% reduction of shoot length, number of leaves, branches 
and inflorescence, internodal length , stomatal index, inflorescence length,; Cr6+ caused 
<75% reduction of fresh weight, dry weight, leaf length, leaf area, petiole length and lateral 
root length whereas Pb2+ caused <50% reduction on root length and tolerance index. A.viridis 
was more tolerant and less phytotoxic under Cr6+ treatments. The inhibitory effects of heavy 
metals followed an order of Cd2+>Cr6+> Pb2+. 

Key words: Amaranthusviridis, stomatal index, tolerance index, fresh weight, dry weight 

Abbreviations: Pb2+- Lead, Cd2+- Cadmium, Cr6+- Chromium 

INTRODUCTION 

The world is threatened by environmental pollution especially with heavy metals as a result 
of anthropogenic activities.  Today most of the land areas were contaminated by heavy metals 
that suppress the ability of plants to achieve their genetic potential and also cause a reduction 
in their yield or quality [Yadav, (2010)]. Heavy metals like Lead, Cadmium and Chromium 
have no biological function and are toxic even at low concentration [Salt et al., (1995)]. 
These three heavy metals are important environmental pollutants that affect crops growth. 

 Plant growth is a function of complex interplay between two main organs of a plant, 
the root system and the shoot system [Anjum et al., (2011)]. Reduction of growth 
performance has been observed on majority of plants grown in soils contaminated with heavy 
metals. But some plants have the capacity to uptake, accumulate and tolerate the heavy metal 
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stress [Jarup, (2003)].  Reports on the effect of heavy metal pollution on the growth and 
performance of plants were reported [Houshmandfar and moraghebi, (2011); Pandey and 
Tripathi, (2011); Sreedevi et al., (2008)]. Reports on the tolerant capacity ofA.viridis under 
heavy metal stress and its effect on the growth performance remained scanty which prompted 
the present investigation  

Material and Methods 

Amaranthus viridis L. is an annual weed known as slender amaranth or green amaranth. The 
growth parameters were recorded through green house pot experiment. Polythene lined pots 
were filled with 3 kg dried soil, moistened with 150 ml of treatment solution containing 
different concentrations of Lead nitrate (100, 150 and 200µM), Potassium dichromate (100, 
150 and 200µM) and Cadmium sulphate (5, 10 and 15 µM). 45 days old seedlings were 
planted and each bag contained 3 seedlings. Watering was done at regular interval. After one 
month, the morphological parameters, Stomatal index (SI), Tolerance index (TI) and % of 
phytotoxicity were determined and compared with control. The experiment was conducted in 
triplicate. SI [Salisbury, (1927)], TI [Iqbal and Rahmati, (1992)] and % of phytotoxicity 
[Chou and Muller, (1972)] were determined according to the standard methods. GraphPad 
InStat DTCG 3.06 software was used and the collected data were statistically analyzed by 
one-way ANOVA, and the Dunnett test was performed to determine the differences between 
the treatments at 5% probability level (p<0.05). Results were presented as mean±SE. 

Results and Discussion 

The growth parameters, tolerant capacity and % of phytotoxicity of the plant under heavy 
metal stress were depicted on table.1 and fig.1 to 16. Root was mostly affected by Cd2+ and 
less affected by Cr6+ treatments (fig.1). Metal stress significantly decreased the root length 
(<40%) of A.viridis. The root length showed about 6.3% increases under Cr6+ (150µM) 
treatment as compared to control. Lateral root length (fig.2) showed >50% reduction on 
heavy metal treatments. Highest reduction in the length of lateral roots was exhibited by 
higher concentration of Cr6+ (p<0.01). Similar observations was reported on Triticumaestivum 

and Lens esculanta[Mesmar and Jaber, (1991)].There was considerable reduction in shoot 
length as concentration of Pb2+ increased, (fig.3) while less affected by Cd2+. About 50% 
reduction was observed under low concentrations of Cd2+ and was highly significant 
(p<0.01). 
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Internodal length (fig.4) generally showed <60% decline under metal stress. 10% and 
>50%reduction was observed on low concentration of Pb2+and Cd2+ treatments respectively 
that was highly significant (p<0.01). Number of branches (fig.5) were severely affected by 
Cd2+treatments (<60%) and least affected by higher concentration of Pb2+. There was 
observable decline on the number of branches as concentration of Cd2+ increased, and was 
statistically highly significant (p<0.01). These observations were in agreement with the 
reports of Azmat et al. (2009). Petiole length (fig.6) also declined proportionately with 
increasing concentrations of heavy metals as compared with control. About 50% reduction 
was observed on higher concentration of Cr6+ where as least affected by lower concentration 
(p<0.01).  

 

There was a decline on the number of leaves (fig.7) as the concentration of Cd2+ increased, 
where less suppression was exhibited by Pb2+ and Cr6+. About 50% reduction was observed 
under Cd2+ treatments. Leaf length (fig.8) was less affected by low concentration of Pb2+ 

whereas maximum decline (<70%) was exhibited by Cr6+ treatments (p<0.01). Leaf area 
(fig.9) showed significant decline with increase in concentrations of Pb2+, Cd2+ and Cr6+ 
which remained in agreement with the reports of Klich (2000).  

 

 Stomatal index (fig.10) was least affected by Pb2+treatments while highly affected by 
Cd2+treatments (p<0.01). Heavy metals imparted a decline on the stomatal number but the 
percentage of reduction was <30% as compared to other parameters. The number of 
inflorescence (fig.11) recorded <80% reduction under Pb2+, Cd2+ and Cr6+ treatments and 
maximum decline was exhibited by Cd2+ treatments whereas least affected by Pb2+ treatments. 
About 70% reduction was observed on the inflorescence length (fig.12) under heavy metal 
treatments (p<0.01). Length of inflorescence was mostly affected by Cd2+ and least affected 
by Pb2+.These observations were in unison with the observations of Shuklaetal.  (2008).  
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Maximum decline on fresh weight (fig.13) was observed at higher concentration of Cr6+ and 
minimum decline was observed at low concentration of Pb2+. These findings were 
statistically highly significant (p<0.01). Dry weight (fig.14) reduction is often used as a 
measure of heavy metal toxicity. Maximum reduction on dry matter was observed on higher 
concentration of Cr6+ (p<0.01). Tolerant index (TI) of a plant indicates the plants ability to 
survive a particular stressed condition. TI (fig.15) was high in plants under Cr6+ treatments 
and was least in Cd2+ treated plants. The order of TI in A.viridis recorded a trend of Cr6+ > 
Pb2+ > Cd2+. Phytotoxicity is the toxic effect of a compound under plant growth. Maximum 
percentage of phytotoxicity (fig.16) was exhibited by Cd2+, where as comparatively less with 
Cr6+. The phytotoxic value was 

 

negative under Cr6+ which clearly depicted the ability of A.viridis to survive under Cr6+ 
treatments. There was a gradual reduction in phytotoxicity % which exhibited a trend of 
Cd2+> Pb2+>Cr6+. The growth of A.viridis was adversely affected even under low dose of 
Cd2+ treatments which may be due to the effective absorption and translocation thereby 
imparting significant reduction in different growth parameters. A.viridis grown under Cr6+ 

(150µM) had no phytotoxic effect which may be attributed to its higher tolerance index.  

Conclusion 

The study clearly showed that increased heavy metal concentration caused unfavorable 
changes on plants by affecting their morphological characteristics and biomass accumulation. 
Results reported herein illustrated that Cd2+ had more negative impact on growth parameters 
than other two heavy metals Pb2+ and Cr6+. Plants have their own mechanisms of tolerance 
against the negative impact of heavy metals which can be employed in heavy metal 
remediation. A. viridis is commonly utilized as a leafy vegetable and care should be taken 
while consuming the plant from polluted area as it possess the ability of phytoaccumulation 
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of heavy metals.  A.viridis exhibited tolerance against the selected heavy metals and it may be 
employed as a phytoremediator and further detailed investigation is warranted. 

 Table.1 Effect of Pb
2+

, Cd
2+

 and Cr
6+

 on the growth of Amaranthus viridis L. 

Sl. 
No. 

Morphol
ogical 
paramete
rs 

Treatments 

C0 Pb1 Pb2 Pb3 Cd1 Cd2 Cd3 Cr1 Cr2 Cr3 

1 Root 
length(c
m) 

22.23± 
2.11 

21.0± 
0.97ns 

14.0± 
1.02* 

18.27± 
0.62ns 

13.9± 
1.38* 

12.8± 
0.72* 

14.87
± 
1.52ns 

22.13± 
2.13ns 

23.63
± 
3.74ns 

17.
3± 
2.6
0ns 

2 Lateral 
root 
length(c
m) 

12.46± 
1.73 

7.10±    
0.85* 

6.24±    
0.58** 

7.57±    
0.94ns 

6.23±    
0.66** 

11.35±    
2.08ns 

6.06±    
0.43** 

10.14±    
1.51ns 

6.26±    
0.84** 

5.7
1±    
0.6
5** 

3 Shoot 
length(c
m) 

31.3±    
1.626 

25.5±    
2.25ns 

27.5±    
1.04ns 

21.1±    
2.77ns 

15.6±    
0.80** 

19.5± 
2.02* 

19.1±    
5.59* 

22.47± 
3.98ns 

18.17
±    
2.79* 

22.
8±    
1.8
9* 

4 Internoda
l 
length(c
m) 

3.78±   
0.19 

3.40±   
0.26ns 

2.95±   
0.23ns 

1.97±   
0.21** 

1.62±   
0.12** 

2.40±   
0.14** 

2.35±   
0.36** 

2.90±   
0.35ns 

2.40±   
0.20** 

2.7
6±   
0.2
5* 

5 No. of 
branches 

14.7±    
1.45 

6.67±    
1.45** 

8.67±    
1.33* 

11.3±   
0.33ns 

9.33±    
0.88* 

8.33±    
0.88* 

6.00±    
2.31** 

8.00±    
1.00** 

7.67±    
1.20** 

10.
0±    
0.5
8ns 

6 Petiole 
length(c
m) 

4.50±   
0.17 

2.83±   
0.26* 

3.02±    
0.42* 

3.12±   
0.19ns 

2.90±   
0.32* 

3.53±   
0.21ns 

2.95±    
0.60* 

3.65±    
0.58ns 

2.32±   
0.34** 

2.9
7±   
0.1
9* 

7 No. of 
leaves 

58.33± 
1.76 

32.6±   
7.84* 

37.3±    
3.18ns 

46.0±   
6.658ns 

27.7±    
0.88* 

34.67±   
8.01ns 

24.67
±   
9.70** 

34.0±   
4.58ns 

42.67
±   
7.88ns 

36.
0±    
3.2
2ns 
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8 Leaf 
length(c
m) 

13.1±    
1.13 

11.6±    
1.91ns 

4.72±   
0.33** 

4.72±   
0.35** 

4.48±   
0.23** 

5.0±   
0.39** 

4.26±   
0.38** 

5.460±    
0.59** 

4.18±   
0.39** 

4.5
4±   
0.2
6** 

9 Leaf 
area(cm2) 

31.9±    
1.15 

18.8±    
3.29** 

18.9±    
2.28** 

16.60±   
2.58** 

14.9±    
1.54** 

18.19±   
2.37** 

13.41
±    
3.03** 

22.60±   
5.84ns 

11.84
±    
1.74** 

15.
9±    
1.2
2** 

10 Stomatal 
index 

27.2±    
1.27 

24.4±    
1.34ns 

20.7±    
0.34** 

22.41±    
1.26* 

22.3±    
1.16* 

22.59±    
1.39* 

19.33
±    
0.44** 

23.78±    
1.27ns 

22.44
±    
0.75* 

22.
1± 
0.9
2** 

11 No. of 
infloresce
nce 

22.0±   
6.66 

11.3±    
4.84ns 

7.67±    
1.20* 

9.67±    
1.45ns 

5.33±   
0.33** 

5.67±    
1.20** 

5.33±    
1.33** 

5.67±   
0.33** 

10.0±    
4.36ns 

6.6
7±   
0.3
3* 

12 Infloresc
ence 
length(c
m) 

5.41±   
0.26 

3.93±    
0.79ns 

2.48±    
0.63* 

2.88±    
0.53* 

1.60±    
0.60** 

2.98±    
0.79* 

2.25±    
0.48** 

3.23±    
0.43ns 

2.77±    
1.13* 

3.0
6±    
0.4
2* 

13 Fresh 
weight(g) 

21.87± 
3.14     

13.5± 
1.24** 

11.7± 
1.39** 

7.35± 
0.39** 

11.5± 
1.86** 

8.07± 
0.35** 

8.58± 
0.74** 

9.46± 
0.71** 

13.05
± 
1.37** 

6.9
7± 
0.5
7** 

14 Dry 
weight(g) 

5.44± 
1.07   

1.81± 
0.18** 

1.66± 
0.11** 

2.19± 
0.11** 

2.43± 
0.32** 

2.38± 
0.17** 

1.85± 
0.38** 

2.31± 
0.23** 

3.6± 
0.30* 

1.4
3± 
0.1
7** 

15 Toleranc
e index 

100.0± 
0.00 

95.77± 
7.93ns 

65.1± 
11.4ns 

84.25± 
11.06ns 

64.9± 
13.1ns 

58.1± 
3.22ns 

69.34
± 
13.19
ns 

99.52± 
0.26ns 

107.6
3± 
17.49n

s 

81.
1± 
18.
6ns 

16 % of 
phytotoxi
city 

0.00± 
0.00    

4.23± 
7.93ns 

34.8± 
11.4ns 

15.75± 
11.06ns 

35.0± 
13.1ns 

41.8± 
3.21ns 

29.34
± 
14.35
ns 

0.82± 
0.56ns 

-
7.63± 
17.49n

s 

18.
9± 
18.
6ns 

C- control, Pb1(100µM), Pb2(150µM), Pb 3(200µM), Cr1(100µM), Cr2(150µM), Cr3(200µM), 
Cd1(5µM), Cd2 (10µM), Cd3(15µM). Significance at P < 0.05, according to the Dunnett test. 
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The results represent the mean (±SE) of three replicates. ns- Non significant, *Significant; 
**highly significant. 
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ABSTRACT 

JatrophacurcasL the wonder plant belonging to the family Euphorbiaceae produces seeds 
with an oil content of 37%. The oil from the seeds can be processed to produce a high quality 
bio diesel that can be used in a standard diesel engine. In the present study 
phytoaccumulation of heavy metals and its translocation in Jatrophacurcas was analysed and 
the heavy metals selected were Cadmium, Chromium and Lead. bioassay was conducted by 
raising the plant by vegetative propagating the stem cutting in varying concentration of 
respective heavy metals. The metal concentration in the bioparts of experimental plant 
revealed that the treated plants accumulated enormous quantity of lead, cadmium and 
chromium as compared to control plant in various bioparts. Highest accumulation was shown 
by Pb treated plants and maximum was reported in 150 mg/kg treated root which reached 
1673µ g ¹. among three metals Cd was least accumulated compared to other two metals. 
Computation of bio concentration factor and translocation factor suggested metal 
accumulation efficiency of the plant and its potential for utilisation in the phytoremediation 
of soil, polluted with heavy metals. 

Keywords: Jatropha curcas; Heavy metals; Metal accumulation; Phytoremediation, BCF,TF 

INTRODUCTION 

Heavy metal pollution of soil is a significant environmental problem with a negative potential 
impact on human health and agriculture. The metallic elements with atomic weight more than 
twenty and those with a relative density greater than 5 g cm–3 and specific gravity greater 
than 4 are considered as heavy metals. Heavy metals occur naturally in the ecosystem with 
large variations in concentration. In modern times, anthropogenic sources of heavy metals, 
i.e. pollution, have been introduced to the ecosystem [McGrath et al., (2001)]. Heavy metals 
that have been identified in the polluted environment include As, Cu, Cd, Pb, Cr, Ni, Hg and 
Zn. Heavy metals selected for present study were Cr, Cd and Pb. Chromium in hexavalent 
form induced metabolic disturbance include inhibition of photosynthesis and electron transfer 
chain [Shanker et al., (2003)] and disturbance in water relations [Davies et al., (2002)]. 
Cadmium is a non-essential element that negatively affects plant growth and development. It 
is released into the environment by power stations, heating systems, metal-working industries 
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or urban traffic. It is widely used in electroplating, pigments, plastic stabilizers and nickel-
cadmium batteries [Sanita D T and Gabrielli, (1999)]. Lead is phytotoxic at higher 
concentrations and induces chlorosis, necrosis, stunted root/shoot growth and less biomass 
production. Environmental lead contamination increased substantially in the 20th century 
with the advent of motor vehicles and the use of lead in petrol [Landrigan, (1999)]. 

Jatropha curcas L. or physic nut, is a small tree belongs to the Family Euphorbiaceae. 
Jatropha curcas L. is cultivated as a medicinal plant in many tropical and subtropical 
countries. It is suitable for preventing soil erosion and shifting of sand dunes. Various parts of 
the plant hold potential for use as a source of oil, animal feed or medicinal preparations. 
Recently, their seeds were investigated mainly as a potential source of oil that was recognized 
as an adequate substitute motor fuel [Openshaw (2000)]. The goal of the present study was to 
examine the ability of plant to accumulate heavy metals at various parts and there by 
evaluating phytoremediation potential of the plant. 

Materials and Methods 

Bioassay: Pot culture method was adopted for the bioassay. Healthy plants of Jatropha 

curcas L. were collected from its natural habitat. Threshold level of each metal was estimated 
and three different treatment concentration (T1, T2, T3) of each metal salt was applied to soil. 
Garden soil was collected and uniformly saturated with varying concentrations of Lead 
nitrate (50, 100 and 150 mg Kg-1), Cadmium sulphate (20, 30 and 50 mg Kg1), Potassium 
dichromate (50, 75 and 100 mg Kg-1) as T1, T2, T3 for each metal. The test plants were 
grown in pots containing 2kg medium saturated with corresponding concentration of metal. 
After one month, plants were harvested, washed with double distilled water, blotted and 
separated leaves and roots were used for the study. 

Trace elements: A known quantity of the sample was digested with a mixture of 
concentrated nitric acid and perchloric acid (4:1) for eight hours and the digested sample was 
cooled filtered and made up to a known volume. The analysis of trace elements (cadmium, 
lead and chromium) was carried out following the method of APHA (1992). The estimation 
of trace elements were performed by aspirating the digested sample in Atomic absorption 
spectrophotometer, Perkin Elmer model 2380 and the values expressed in mg Kg-1

 

The bioconcentration factor (Ghosh and Singh, 2005) and translocation factor [Marchiol et 

al., (2004)] were computed following the formula 

Bioconcentration factor (BCF) = Metal concentration in the plant tissue  

 Metal concentration in the soil 

Translocation factor (TF) =   Metal concentration in stem + leaf  

  Metal concentration in root 

The chemicals used in the experiments were of analytical grade and reagents were prepared 
using double distilled water. All experiments were performed in triplicate. 
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RESULTS AND CONCLUSION 

Accumulation of heavy metals 

Chromiumμ Under unpolluted conditions, concentration of Cr in plants is less than 1 gg⁻¹ 
[Mortvedt (1975)].  From the above data, concentration of chromium (Fig. 1) was high in the 
roots followed by stem and leaves. The bioassay revealed the concentration of chromium 
varied from 34 to 171, 150 to 288 and 469 to 242 µg g -1 in leaves, stem and roots 
respectively. A gradual decrease was noted in accumulation in leaves as the concentration of 
treatment increased up to 100 mg kg⁻¹ while increase was displayed in stem and root. Cr is 
very poorly translocated in all the higher vascular plants [Zayed et al. (1998)]. Hence the use 
of this plant as potential phytoremediators can only be proven over very long period of 
exposure. Uptake of the metal also depend on the soil pH, drainage status, presence of 
organic matter, sewage sludge, microbial activity, plant species, chemical form. 
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Cadmium: The cadmium content in the control plants were below detectable levels (Fig. 1). 
Phytoaccumulation of cadmium (Table 1) in the roots (249 to 839 µg g -1) were comparatively 
higher than leaf (52 to 350 µg g -1) and stem (249 to 839 µg g -1). Leeper (1978) reported that 
the normal range of cadmium in plants was 0.2 to 1.8 µg g -1. The Jatropha curcus.L plants 
survived under high concentration of cadmium in the soil with slight variation in the 
morphological and biochemical parameters. Cadmium was found to accumulate in the root 
portion rather than leaf and stem [Rama and Rajeswari, (2001)]. Nickolaidis et al. (1996) 
detected an increased accumulation through active growing period of the plants. Lead:  The 
concentrations of lead in the plant tissues are given in Fig 1 and Table 1. Accumulation of 

lead was high in the 
roots followed by stem 
and leaves. The 
concentration of lead 
increased from 359 to 
897.33, 731.6 to 
767.01and 975.6 to 
1673.3 µg g -1 in the 
leaf, stem and root 
respectively under 
stress. The plant was 
able to withstand a 
concentration of 150 
mg Kg-1 without much 
change in the 
morphology and 

functions that indicated it’s possible utility as an accumulator of lead. Once introduced in to 
the soil matrix, lead is very difficult to remove. The metal is strongly bound to organic matter 
by adsorption, precipitation and complexation.  Water soluble and exchangeable lead is the 
only fractions readily available to plants. Soil pH has a significant effect on the mobility of 
lead within soil. Under acidic conditions (pH <5.5), metal cations are more mobile. The pH 
of the soil under investigation was acidic or nearly neutral (6.24). The capacity of the soil to 
absorb lead increases with increase in pH, organic carbon content and redox potential. Lead 
neither enters into solution nor into the biological cycle as it gets inactivated at high pH and 
remains immobile in the soil. Lead had very short retention time in water and major portion 
of lead is bound to the cell walls of plants.  The normal range in the concentration of lead in 
plants is 0.1 to 10 µg g -1 [Leeper, (1978)]. The values reported herein were well above the 
normal range. The experimental plants survived under high concentration of lead in the soil 
with slight variation in the morphological and biochemical parameters. 

 

Table No (1) Phytoaccumulation in Jatropha curcus.L under heavy metal 

stress. 
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Treatment(mgKg⁻1) Biopart (µ g⁻¹) 
leaf stem root 

Cr 50 47.5 218.38 242.6 

75 171.5 288.5 469 

100 34 150.1 427 

Control 0 0.033 1.33 

Cd 20 52.6 172 355.7 

30 350.8 141.6 249 

50 72.8 356.1 831 

Control 0.2 0.033 1.33 

Pb 20 359 760.8 984.6 

30 711.8 731.6 975.6 

50 897.33 767.01 1673 

Control 7.35 5.5 8.7 

 

4.6 Bioconcentration factor and Translocation factor: Bioconcentration factor (BCF) and 
Translocation factor (TF) were given in Table (2). BCF is an index of the ability of a plant to 
accumulate metal ions with respect to the metal ion concentration in the growth environment. 
It is defined as the ratio of metal concentration in the dry biomass to the initial concentration 
of metal ion in feed solution. [Raskin et al (1997)]. BCF in Lead treated plant showed unity 
in most of the treatments. BCF in the bioparts under chromium stress displayed decrease as 
concentration of treatment increased while an increase was recorded under cadmium stress. 

      TF is the ratio relating the metal content in the aerial parts to that in the root. It is 
indicative of the ability of the plant to translocate metal from the roots to shoot. TF values 
greater than one is indicative of metal accumulation and transport in to the bioparts.  TF 
values <1 is suggestive of the metal being stored in the roots and >1 its storage in the stem 
and leaves. TF values varied under different metal stresses as well as the concentration of 
treatment. In chromium treated plant metal is translocated from root to stem with decreasing 
concentration (1.98, 0.9808, 0.431) up to 50 mg Kg-1. Cadmium occurred in the stem at 
medium concentration 30 mg Kg-1 of treatment while translocation became poor at higher (50 
mg Kg-1) and lower concentration (20 mg Kg-1). Lead remained in the root as treatment 
concentration increased (150 mg Kg-1) and then slightly translocated into the stem at lower 
concentration (50,100 mg Kg-1). 
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Table No (2) Bioconcentration factor and Translocation factor in            

Jatropha curcus.L under heavy metal stress 

 

Treatment(mgKg⁻1) TF BCF 

leaf stem root 

Cr 50 1.096 1.113 5.12 5.69 

75 0.9808 2.906 4.83 7.94 

100 0.4311 0.173 0.765 2.17 

Cd 20 0.6313 0.584 1.9 3.94 

30 1.977 4.3 1.73 3.055 

50 0.511 2.59 12.32 28.96 

Pb 50 1.1373 0.145 0.3 0.4 

100 1.479 0.18 0.189 0.252 

150 0.9944 0.159 0.136 0.297 

 

                A hyperaccumulator must accumulate at least 100 mg g-1 (0.01% dry wt.), Cd, 1000 
mg g1 (0.1 dry wt.) Co, Cu, Cr, Ni and Pb [Reeves and Baker, (2000)]. The ideal plant for 
phytoremediation should present rapid growth, high biomass production, deep roots, be easy 
to harvest, tolerate various metals and accumulate them in the shoots and/or the plant parts to 
be analyzed [Garbisu and Alkorta, (2001); Clemens et al., (2002)]. In the present 
investigation the greatest accumulation of heavy metal like chromium and cadmium taken up 
from the soil was found in roots as compaired to shoot and leaf. The roots of Jatropha 

curcas.L was found to be suitable for the uptake of heavy metals in sewage sludge [Parisa et 

al., (2010)]. But in lead greatest accumulation was found in shoot. Growing Jatropha provide 
double benefit as it provide biodiesel and can also used for phytoremediation of contaminated 
waste land. Thus Jatropha cucas can be proposed as a phytoremediator, hyperaccumulator 
and a solution for present day fuel insufficiency. 
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ABSTRACT 
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The aim of this work is equilibrium study of the sorption of crystal violet (CV) from aqueous 
solutions under different experimental conditions using an adsorbent glycidyl methacrylate 
grafted banana stem (GM-bS). Microwave (Mw) irradiation has gained a great deal of 
attention owing to the molecular level of heating. banana stem is grafted with glycidyl 
methacrylate under microwave irradiation. The adsorbent has been characterized using IR. 
The effects of pH for the removal of CV was studied. The optimum pH for CV adsorption 
was found to be 10.0. desorption of CV from the sorbed clay was achieved by eluting with 
0.1 M HCl. 

keywords: Banana Stem, Adsorption, Kinetics, Regeneration 

INTRODUCTION 

Presence of numerous dyestuffs with various chemical properties and adverse effects in 
surface and underground waterways has been concern of public people and government all 
around the world. The discharge of dye-bearing wastewater into environment natural 
waterway from textile, paper, leather, tannery, plastics and cosmetics is the first contaminants 
that are recognized. Due to the colour and turbidity associated with dyes, they are highly 
visible and cause damage to aesthetic nature of the environment [Robinson et al. 2002; 
Mohan et al 2002; Nigam et al. 2000]. Also these dyes may drastically affect photosynthetic 
phenomenon in aquatic life due to reduced light penetration [Ramakrishna and Viraraghavan 
1997; Garg et al. 2004]. As a result, the removal of colour from waste effluents has become 
environmentally important [Sanghi and Bhattacharya 2002; Malik 2003; Arami et al 2003]. 
Dyes may also be problematic if they are broken down anaerobic in the sediment, as toxic 
amines are often produced due to incomplete degradation by bacteria [Weber and Wolfe 
1987]. Direct discharge of dyes laden wastewater into municipal wastewater plants or 
environment may cause the formation of toxic carcinogenic breakdown product. Today more 
than 9000 dyes are incorporated in colour index belonging to various chemical application 
classes. Water soluble anionic group of dyes are one of the most important group of dyes 
used in the textile dyeing industries, are used to dye fabrics like wool, nylon and silk. Various 
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techniques have been employed for the removal of dyes from wastewaters. Due to low 
biodegradability of dyes a conventional biological treatment process is not very effective. 
Among other methods adsorption has been found to be superior to other techniques for 
wastewater treatment in terms of low cost, simplicity of design, and ease of operation and 
insensitive to toxic substances [Meshko et al 2001;  Kannan and Sundaram 2001]. Several 
wastes and residues have been investigated for the adsorption of dyes with varying success 
[Annadurai et al 2002; Dorgan et al 2004; Shawabkeh and Tutunji 2003; Acemioglu 2004]. 
Therefore a new and promising class of adsorbent is needed for alleviating the problems 
caused by textile dyes. Considering the eco friendly and cost effective methods, biopolymers 
prove to be a viable and affordable alternative for the adsorption of dye due to its low cost, 
easy availability, possibility of enhanced adsorbabilities by surface modification. Banana 
stem was another commonly available and abundant natural material. Besides its utility in 
preparing banana fibre with good strength and lustre, any attempt to find a better alternative 
for the use of banana stem it would be another milestone in our march towards economic 
development. 

 Microwave irradiation has acquired a great deal of attention in domestic, industrial 
and medical applications. MW is highly effective for improving the efficiency of many 
chemical reactions compared to the traditional thermal heat source. MW effects cannot be 
achieved by conventional heating. In the present study a new adsorbent material prepared 
from banana stem was employed for the removal of CV from wastewater. The main objective 
of this study was to investigate the feasibility of using glycidyl methacrylate grafted banana 
stem by microwave irradiation in removing CV from water and wastewater.  

2. MATERIALS AND METHODS 

2.1 Reagents 

The starting material banana stem, BS (pseudo stem of Musa Paradisiaca L.) for the 
preparation of adsorbent was obtained locally. All the chemicals used to prepare reagent 
solutions were of analytical reagent grade. The crystal violet (CV) was purchased from 
Aldrich-Sigma Chemie (Germany). The monomer glycidyl methacrylate and dimethyl 
formamide (DMF) were obtained from Sisco Research Laboratories, India.  

 The experiments were conducted over a range of pH from 1.0 to 10.0 using 0.1 mol 
L−1 HCl and 0.1 mol L−1 NaOH. A stock solution of 1000 mg L-1 of CV was prepared by 
dissolving weighed quantity of CV in 1000 mL of solution.  

2.2. Preparation of the adsorbent 

Weighed quantity of banana stem and 15 mL of DMF and 0.046 moles of glycidyl 
methacrylate were taken in a RB flask and irradiated in a (IFB-India) domestic microwave 
oven for 2 minutes. The separated GM-BS was washed repeatedly to remove the water 
soluble particle and was filtered using Whatmann No. 42 filter paper. The product was dried 
at 70 oC for 24 h and was sieved between the particle size 80 and 230 mesh (average particle 
size 0.096 mm). 
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3. Results and Discussion 

3.1. Adsorbent Characteristics  

FTIR spectra of BS and GM-BS (400-4000 cm-1) were plotted in Fig. 1 and Fig. 2. The strong 
asymmetric absorption band at 3340 cm-1 for BS was attributable to the sum of the 
contribution from adsorbed water and hydroxyl groups from polyphenols originally present in 
BS.  

The IR exhibited weak absorption peak at 2923 cm-1, characteristic of the C-H stretching 
vibrations of the cellulose and hemicellulose.  

The strong bands at 1519 cm-1 and 1209 cm-1  were due to the aromatic C=O and C-O 
stretching vibrations of the lignin component, respectively. The band characteristic to -
glycosidic linkage appeared at 885 cm-1.  

The FTIR spectrum of glycidyl methacrylate grafted cellulose adsorbent (Fig. 2) shows 
characteristic peaks of cellulose O-H, C-O, glycosidic linkages and a distinct peak at 1714 
cm-1 due to C=O group in the glycidyl methacrylate monomer. Another three bands at 1321, 
816, and 699 cm-1 could be attributed to epoxy ring [16].  

                       Figure 1. The FTIR spectra of banana stem  

 

                         

 

 

 

 

 

 

 

Figure 2. The FTIR spectra of Glycidyl methacrylate polymerized banana stem  
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 The zero point charge pHZPC is defined as the pH at which surface charge density (σo) 
is zero.  The value of σo as a function of pH was calculated using the equation 

    
A

HOHCCF BA
 

0
                                                         (1) 

Where F is the Faraday’s constant, CA and CB are the concentrations of strong acid strong 
base after each addition during titration. [H+] and [OH-] are the equilibrium concentrations of 
H+ and OH- ions respectively are bound to the suspension surface. ‘A’ is the surface area of 
suspension.  

The plots of σo versus pH for BS and GM-BS (Figure not shown) gave the point of 
intersection of σo with the pH curves gives the pHzpc value of 4.3 and 7.4 for BS and GM-BS 
respectively. The increase in pHzpc after polymer grafting treatment indicates that GM-BS 
becomes more positive and organophilic. 

  

 

 

 

3.2. Effect of pH 

When the pH of the solution increases from 2.0 to 10.0, the percentage of adsorption of CV 
increases from 27.0  to 99.5% for an initial concentration of 500 mg/L whereas for 1000 
mg/L the percentage of adsorption increases from 20.0 to 92.5%. The adsorption of CV onto 
the adsorbent surface is primarily influenced by the surface charge on the adsorbent, which is 
influenced by the solution pHPZC. The zero point charge (pHzpc) of GM-BS was found to be 
4.3, below this pH, the surface charge of GM-BS is positive.  At pH value below pHZPC, the 
GM-BS has net positive charge and would therefore, be prone to electrostatic repel cation. 
CV, is a cationic basic dye and it is attracted by an anionic adsorbent. At pH above 4.3 
surface charge of the adsorbent becomes negative and it facilitated the electrostatic 
interaction with the cations of the dyes. There is another possibility of penetration of cationic 
dyes into the surface layers GM-BS. The possibility of interlamellar adsorption depends on 
the size of the molecule, polarizability and solubility of dye of which solubility is an essential 
property [Kumar et al 2013]. However, dyes will associate in acidic medium forming large 
molecules; such large molecules will not have an easy penetration through the surface layers 
of GM-BS. This process will be assisted if the dye is ionic and the sorbent carries an opposite 
charge.  

Table 1. Four cycles of CV adsorption-desorption with 

0.1 M HCl as the desorbing agent.  

(Adsorbent dose = 2 g L-1; pH = 3.0; Equilibrium time =               
6 h; Temperature = 30 oC;         Initial concentration =               

Fig. 3. Variation of percentage of adsorption of 

crystal violet as a function of pH 
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3.3. Desorption and regeneration studies 

 To make the adsorption process more economical, it is necessary to regenerate the 
spent adsorbent. Desorption studies of the adsorbed CV from spent adsorbent were also 
studied. The GM-BS loaded with maximum amount of sorbates were tested using 0.1 M HCl 
solution. The results of the multiple adsorption/desorption cyclic test to investigate the 
suitability of the GM-BS are presented in Table 1.  

 An efficiency of 92.2% desorption for CV obtained using 0.1 M HCl and is therefore 
suitable for regeneration of sorbate from spent GM-BS. The recovery percentage reduced to 
87.3% for CV at the end of fourth cycle. The small fraction of adsorbed solute not 
recoverable by regeneration, presumably represent the species, which is bound through strong 
interaction, and, as a result, sorption capacity is reduced in successive cycles. 

Conclusions 

 Water pollution is not only a public concern, but also an economic one as well. 
Therefore the removal and recovery of these pollutants such as dye by cost-effective 
methods before discharging the industrial effluents into the nearby water bodies is 
important. 

 A number of methods have been developed over the years to remove dyes from 
industrial wastewaters such as, chemical precipitation, electrochemical processes, 
membrane technology, ion exchange and adsorption.  

 Most of these methods suffer from drawbacks like high capital and operational cost 
and problems in disposal of the residual pollutants. 

  Adsorption is a process by which dissolved substances are removed from solution 
to the surface of the solid that is in contact with the solution. Adsorption is found to 

500 mg L-1)   

No of 
cycles 

Adsorption Desorption 

mg/g % mg/g % 

1 24.98 99.9 23.05 92.2 

2 24.15 96.6 21.52 89.1 

3 23.42 93.7 20.51 87.5 

4 22.38 89.5 19.56 87.3 
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be very effective in concentrating the pollutants from the solution to the adsorbent 
surface, from there they can be recovered by suitable eluents.  

 The main advantage of adsorption over other methods is that, adsorbate in minute 
concentrations in the solution can be concentrated effectively onto the adsorbent.  

 The main objective of this study was to investigate the feasibility of using glycidyl 
methacrylate grafted banana stem in removing CV from water and wastewater.  

 The adsorption has been found to be pH dependent and maximum adsorption occurs 
at a pH of 10.0. An efficiency of 92.2% desorption for CV obtained using 0.1 M 
HCl and is therefore suitable for regeneration of sorbate from spent GM-BS. 
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EVALUATION OF ANTIOXIDANT DEFENSE AND PHYTOREMEDIATION 

EFFICACY OF A SUBMERGED A QUATIC MACROPHYTE HYDRILLA 

VERTICILLATA (L.F) ROYLE. UNDER LEAD STRESS 
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Post graduate and research department of botany, University College, Thiruvananthapuram- 
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ABSTRACT 

Lead (Pb) induced antioxidative response of a submerged aquatic 
macrophyteHydrillaverticillatawas investigated under laboratory condition. The plant was 
collected from fresh water pond and bioassayed with varying concentration of Pb for fifteen 
days. The activities of enzymatic antioxidants such as Catalase (CaT: EC 1.11.1.6), 
Superoxide dismutase (Sod: EC 1.15.1.1), Monodehydroascorbatereductase (MdHaR: EC 
1.6.5.4), Glutathione reductase (GR: EC 1.6.4.2), ascorbate peroxidase (aPX: EC 1.11.1.11), 
Polyphenol oxidase (PPo: EC 1.14.18.1) and Phenyl alanine ammonia lyase (PaL: EC 
4.3.1.5) were evaluated along with non-enzymatic antioxidants (carotenoid, flavonoid, 
proline, phenol and ascorbate). Phytoremediation efficacy of macrophyte for lead was 
evaluated and supported with the quantification of bioconcentration factor (bCf). data was 
subjected to statistical analysis and levels of significance were recorded. Sod activity, phenol 
(P-value<0.0001) and proline (P-value=0.0009) accumulation were found extremely 
significant in treated Hydrillaverticillata as compared to control. aPX, GR, PaL, CaT, 
MdHaR and PPo activity were found to be significant in metal treated plants than control. 
Very significant amount of carotenoid and flavonoid were encountered while ascorbate 
content remained non-significant. Enzymatic and non-enzymatic antioxidants were positively 
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correlated with biosorption of Pb and found to be significant. Significant Pb accumulation 
suggested that Hydrillaverticillata as promising candidate for phytoremediation of Pb. The 
present study help assess the enzymatic and non-enzymatic antioxidant defense in 
Hydrillaverticillatasuggesting the enhanced activation of Sod and increased accumulation of 
phenol and proline as a biomarker of Pb stress and tolerance. 

Keywords: Jatropha curcas; Heavy metals; Metal accumulation; Phytoremediation, BCF,TF 

INTRODUCTION 

Heavy metal pollution of soil is a significant environmental problem with a negative potential 
impact on human health and agriculture. The metallic elements with atomic weight more than 
twenty and those with a relative density greater than 5 g cm–3 and specific gravity greater 
than 4 are considered as heavy metals. Heavy metals occur naturally in the ecosystem with 
large variations in concentration. In modern times, anthropogenic sources of heavy metals, 
i.e. pollution, have been introduced to the ecosystem [McGrath et al., (2001)]. Heavy metals 
that have been identified in the polluted environment include As, Cu, Cd, Pb, Cr, Ni, Hg and 
Zn. Heavy metals selected for present study were Cr, Cd and Pb. Chromium in hexavalent 
form induced metabolic disturbance include inhibition of photosynthesis and electron transfer 
chain [Shanker et al., (2003)] and disturbance in water relations [Davies et al., (2002)]. 
Cadmium is a non-essential element that negatively affects plant growth and development. It 
is released into the environment by power stations, heating systems, metal-working industries 
or urban traffic. It is widely used in electroplating, pigments, plastic stabilizers and nickel-
cadmium batteries [Sanita D T and Gabrielli, (1999)]. Lead is phytotoxic at higher 
concentrations and induces chlorosis, necrosis, stunted root/shoot growth and less biomass 
production. Environmental lead contamination increased substantially in the 20th century 
with the advent of motor vehicles and the use of lead in petrol [Landrigan, (1999)]. 

Jatropha curcas L. or physic nut, is a small tree belongs to the Family Euphorbiaceae. 
Jatropha curcas L. is cultivated as a medicinal plant in many tropical and subtropical 
countries. It is suitable for preventing soil erosion and shifting of sand dunes. Various parts of 
the plant hold potential for use as a source of oil, animal feed or medicinal preparations. 
Recently, their seeds were investigated mainly as a potential source of oil that was recognized 
as an adequate substitute motor fuel [Openshaw (2000)]. The goal of the present study was to 
examine the ability of plant to accumulate heavy metals at various parts and there by 
evaluating phytoremediation potential of the plant. 

Materials and Methods 

Bioassay: Pot culture method was adopted for the bioassay. Healthy plants of Jatropha 

curcas L. were collected from its natural habitat. Threshold level of each metal was estimated 
and three different treatment concentration (T1, T2, T3) of each metal salt was applied to soil. 
Garden soil was collected and uniformly saturated with varying concentrations of Lead 
nitrate (50, 100 and 150 mg Kg-1), Cadmium sulphate (20, 30 and 50 mg Kg1), Potassium 
dichromate (50, 75 and 100 mg Kg-1) as T1, T2, T3 for each metal. The test plants were 
grown in pots containing 2kg medium saturated with corresponding concentration of metal. 
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After one month, plants were harvested, washed with double distilled water, blotted and 
separated leaves and roots were used for the study. 

Trace elements: A known quantity of the sample was digested with a mixture of 
concentrated nitric acid and perchloric acid (4:1) for eight hours and the digested sample was 
cooled filtered and made up to a known volume. The analysis of trace elements (cadmium, 
lead and chromium) was carried out following the method of APHA (1992). The estimation 
of trace elements were performed by aspirating the digested sample in Atomic absorption 
spectrophotometer, Perkin Elmer model 2380 and the values expressed in mg Kg-1

 

The bioconcentration factor (Ghosh and Singh, 2005) and translocation factor [Marchiol et 

al., (2004)] were computed following the formula 

Bioconcentration factor (BCF) = Metal concentration in the plant tissue  

 Metal concentration in the soil 

Translocation factor (TF) =   Metal concentration in stem + leaf  

  Metal concentration in root 

The chemicals used in the experiments were of analytical grade and reagents were prepared 
using double distilled water. All experiments were performed in triplicate. 

RESULTS AND CONCLUSION 

Accumulation of heavy metals 

Chromiumμ Under unpolluted conditions, concentration of Cr in plants is less than 1 gg⁻¹ 
[Mortvedt (1975)].  From the above data, concentration of chromium (Fig. 1) was high in the 
roots followed by stem and leaves. The bioassay revealed the concentration of chromium 
varied from 34 to 171, 150 to 288 and 469 to 242 µg g -1 in leaves, stem and roots 
respectively. A gradual decrease was noted in accumulation in leaves as the concentration of 
treatment increased up to 100 mg kg⁻¹ while increase was displayed in stem and root. Cr is 
very poorly translocated in all the higher vascular plants [Zayed et al. (1998)]. Hence the use 
of this plant as potential phytoremediators can only be proven over very long period of 
exposure. Uptake of the metal also depend on the soil pH, drainage status, presence of 
organic matter, sewage sludge, microbial activity, plant species, chemical form. 

Cadmium: The cadmium content in the control plants were below detectable levels (Fig. 1). 
Phytoaccumulation of cadmium (Table 1) in the roots (249 to 839 µg g -1) were comparatively 
higher than leaf (52 to 350 µg g -1) and stem (249 to 839 µg g -1). Leeper (1978) reported that 
the normal range of cadmium in plants was 0.2 to 1.8 µg g -1. The Jatropha curcus.L plants 
survived under high concentration of cadmium in the soil with slight variation in the 
morphological and biochemical parameters. Cadmium was found to accumulate in the root 
portion rather than leaf and stem [Rama and Rajeswari, (2001)]. Nickolaidis et al. (1996) 
detected an increased accumulation through active growing period of the plants.  
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Lead:  The concentrations of lead in the plant tissues are given in Fig 1 and Table 1. 
Accumulation of lead was high in the roots followed by stem and leaves. The concentration 
of lead increased from 359 to 897.33, 731.6 to 767.01and 975.6 to 1673.3 µg g -1 in the leaf, 

stem and root respectively under 
stress. The plant was able to 
withstand a concentration of 150 
mg Kg-1 without much change in 
the morphology and functions 
that indicated it’s possible utility 
as an accumulator of lead. Once 
introduced in to the soil matrix, 
lead is very difficult to remove. 
The metal is strongly bound to 

organic matter by adsorption, precipitation and complexation.  Water soluble and 
exchangeable lead is the only fractions readily available to plants. Soil pH has a significant 
effect on the mobility of lead within soil. Under acidic conditions (pH <5.5), metal cations 
are more mobile. The pH of the soil under investigation was acidic or nearly neutral (6.24). 
The capacity of the soil to absorb lead increases with increase in pH, organic carbon content 
and redox potential. Lead neither enters into solution nor into the biological cycle as it gets 
inactivated at high pH and remains immobile in the soil. Lead had very short retention time in 
water and major portion of lead is bound to the cell walls of plants.  The normal range in the 
concentration of lead in plants is 0.1 to 10 µg g -1 [Leeper, (1978)]. The values reported herein 
were well above the normal range. The experimental plants survived under high 
concentration of lead in the soil with slight variation in the morphological and biochemical 
parameters. 

Table No (1) Phytoaccumulation in Jatropha curcus.L under heavy metal 

stress. 

Treatment(mgKg⁻1) Biopart (µ g⁻¹) 
leaf stem root 

Cr 50 47.5 218.38 242.6 

75 171.5 288.5 469 

100 34 150.1 427 

Control 0 0.033 1.33 

Cd 20 52.6 172 355.7 

30 350.8 141.6 249 

50 72.8 356.1 831 
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Control 0.2 0.033 1.33 

Pb 20 359 760.8 984.6 

30 711.8 731.6 975.6 

50 897.33 767.01 1673 

Control 7.35 5.5 8.7 

 

4.6 Bioconcentration factor and Translocation factor: Bioconcentration factor (BCF) and 
Translocation factor (TF) were given in Table (2). BCF is an index of the ability of a plant to 
accumulate metal ions with respect to the metal ion concentration in the growth environment. 
It is defined as the ratio of metal concentration in the dry biomass to the initial concentration 
of metal ion in feed solution. [Raskin et al (1997)]. BCF in Lead treated plant showed unity 
in most of the treatments. BCF in the bioparts under chromium stress displayed decrease as 
concentration of treatment increased while an increase was recorded under cadmium stress. 

      TF is the ratio relating the metal content in the aerial parts to that in the root. It is 
indicative of the ability of the plant to translocate metal from the roots to shoot. TF values 
greater than one is indicative of metal accumulation and transport in to the bioparts.  TF 
values <1 is suggestive of the metal being stored in the roots and >1 its storage in the stem 
and leaves. TF values varied under different metal stresses as well as the concentration of 
treatment. In chromium treated plant metal is translocated from root to stem with decreasing 
concentration (1.98, 0.9808, 0.431) up to 50 mg Kg-1. Cadmium occurred in the stem at 
medium concentration 30 mg Kg-1 of treatment while translocation became poor at higher (50 
mg Kg-1) and lower concentration (20 mg Kg-1). Lead remained in the root as treatment 
concentration increased (150 mg Kg-1) and then slightly translocated into the stem at lower 
concentration (50,100 mg Kg-1). 

Table No (2) Bioconcentration factor and Translocation factor in            

Jatropha curcus.L under heavy metal stress 

Treatment(mgKg⁻1) TF BCF 

leaf stem root 

Cr 50 1.096 1.113 5.12 5.69 

75 0.9808 2.906 4.83 7.94 

100 0.4311 0.173 0.765 2.17 

Cd 20 0.6313 0.584 1.9 3.94 

30 1.977 4.3 1.73 3.055 
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50 0.511 2.59 12.32 28.96 

Pb 50 1.1373 0.145 0.3 0.4 

100 1.479 0.18 0.189 0.252 

150 0.9944 0.159 0.136 0.297 

 

                A hyperaccumulator must accumulate at least 100 mg g-1 (0.01% dry wt.), Cd, 1000 
mg g1 (0.1 dry wt.) Co, Cu, Cr, Ni and Pb [Reeves and Baker, (2000)]. The ideal plant for 
phytoremediation should present rapid growth, high biomass production, deep roots, be easy 
to harvest, tolerate various metals and accumulate them in the shoots and/or the plant parts to 
be analyzed [Garbisu and Alkorta, (2001); Clemens et al., (2002)]. In the present 
investigation the greatest accumulation of heavy metal like chromium and cadmium taken up 
from the soil was found in roots as compaired to shoot and leaf. The roots of Jatropha 

curcas.L was found to be suitable for the uptake of heavy metals in sewage sludge [Parisa et 

al., (2010)]. But in lead greatest accumulation was found in shoot. Growing Jatropha provide 
double benefit as it provide biodiesel and can also used for phytoremediation of contaminated 
waste land. Thus Jatropha cucas can be proposed as a phytoremediator, hyperaccumulator 
and a solution for present day fuel insufficiency. 
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 Understanding social dimensions of ecological challenges has been recognized as a 
vital component for the practice of sustainable conservation. In this context, an assessment of 
people’s attitude towards human-elephant conflict and conservation was carried out from 
june 2014-September 2014 at the fringe villages of nilambur forest division, southern western 
Ghats of kerala. People are showing positive attitude towards conservation in general, but 
considering the prevailing scenario of crop raiding, most of the victims (77%) demanded an 
urgent need for alteration in wildlife conservation policies for the peaceful co-existence and 
to prevent retaliatory responses in fringes, indicating poor level of tolerance towards wildlife. 
Even if a few respondents charged blame on forest officials for the occurrence of wildlife 
invasion at human habitation, the overall attitude towards forest officials were largely 
positive (58%). on perception regarding ‘what can be done to alleviate the elephant crop 
raiding’, majority went for the establishment & maintenance of electric fences (45%) as a 
more successful and requisite method for preventing the same. Effort to identify with 
people’s expectations prior to any intervention will help to predict the level at which 
prospective management plan will satisfy people and whether this will bring added tolerance 
level to the fringe communities towards wildlife. 

Keywords: Nilambur, India, Southern Western Ghats, Human elephant conflict, attitude, 
conservation, crop raiding, co-existance, forest officials, multiple stakeholder, forest fringes, 
wildlife tolerance 

INTRODUCTION 

Nilambur, located in Southern Western Ghats of Kerala, covering forest area of around 425 
km² under Nilambur North and South Forest Division. Forests of Nilambur are rich in 
biodiversity and a good habitat for elephant population (Sukumar and Easa, 2006).  
Considering the extend of forest boundaries, almost all the Panchayaths included in Nilambur 
Block share its revenue boundary with forest boundary.   Consequently, the incidence of 
human elephant conflict is very frequent here.  Three Instances were observed (within one 
year) where protest rally conducted by angry fringe villagers to forest range offices during 
recurrent incidences of elephant crop raiding (personal observation).  Here arises the 
challenge for coexistence by balancing both conservation goals and needs of local residents, 
one of the challenging mission for conservation agencies in India (Gubbi, 2012).  

 

The present socio-ecological complexity and political dimensions of biodiversity 
conservation replaced conventional ‘Gun and Guard’ method by multiple stakeholder’s 
participation in decision making (Mishra et al, 2009).  Initial interventions through 
environmental education programs and multiple stakeholder interaction will make people’s 
expectations realistic and this will probably improve one’s tolerance for wildlife there by a 
better co-existence facilitating sustainable conservation.  Understanding people’s attitudes 
and expectation before any such intervention will assist developing mitigation methods or 
policies that will effectively satisfy stakeholders (Hill, 2000).  Though large number of 
research has examined resident’s attitude towards protected areas, the attitude towards less 
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restricted categories of protection is limited (Macura, 2011).   And hence, an attempt is made 
to acquire a basic knowledge on resident’s vision on wildlife conflict and conservation in 
general, taking into account that , this believes will play an important role in manipulating 
conservation attitudes.  

STUDY AREA 

 Forests under the administration of Nilambur North and Nilambur South Forest 
Divisions form an important portion of Nilgiri Biosphere and spread over an area of 42500 
ha and are situated in Malappuram district of Kerala, India.  The Nilambur South Forest 
Division comprise New Amarambalam Reserve Forest (NARF) which forms the core area of 
the Nilgiri Biosphere Reserve an international biosphere reserve in the Western Ghats 
hotspot, which supports a good population of elephants and also several endemic mammals of 
Western Ghats.  The suggestion to make NARF as Wildlife Sanctuary and subsequently into 
National park for the better conservation of biodiversity is recommended after studies on its 
biodiversity (KFRI, 2002).  This forest division has six ranges namely Karulai and Kalikavu 
under South Division and Vazhikadavu, Nilambur and Edavanna ranges of North Division.  
The altitude of the area ranges from 40 to 2554 m above men sea level.  The vegetation types 
range from tropical evergreen forests, semi evergreen forests, teak forests, secondary moist 
deciduous forests, subtropical evergreen forests, temperate forests and secondary bamboo 

forests along the foot 
hills of six forest ranges. 
Nilambur Block has 11 
Grama Panchayaths in 
its limits.  Of which 5  
Panchyaths Fig (1) 
which are located 
adjacent to the forest 
fringe areas are selected 
for survey for the study 
of human wildlife 

conflict from residents 
view point.  

Fig (1): Nilambur taluk map showing some forest fringe residence (as green dots) from 

where the questionnaire survey was employed  

METHODS 

Questionnaire survey method was employed to assess people’s perception about conservation 
in general and with special reference to incidences of conflict with elephant.  Households 
from six continuous Panchayaths (which include forest boundaries of 3 forest ranges) were 
selected at random.  Surveys were undertaken with households close to, or within reach of the 
forests. Questions to the respondents included a mixture of open and fixed response 
questions. The questionnaire, administered face to face with respondents, in native language 
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(Malayalam). Survey was conducted from July 2014 to October 2014. Totally 158 persons 
were interviewed from the fringes of three forest ranges (Kalikavu, Karulai and 
Vazhikadavu) of Nilambur.  

RESULTS 

A total of 158 villagers interviewed, participation of male and female respondents were 
around 50% (n=78 and 80 respectively).  Attitude towards conservation in general was assed 
based on the first 3 questions (Table 1) and perception behind the incidence of HEC (human-
elephant conflict) based on 4th and 5th questions (Table 2). Respondent characteristics such 
as age, gender, education level, landholding size and occupation were also incorporated in the 
survey (Table 3).Of the total respondents about 72.7% (n=115) agreed with the importance of 
wildlife protection for the existence of man, whereas 22.1% (n=35) answered there is no need 
of wildlife for the existence of man, especially of crop raiding animals, as they cause huge 
economic loss for the farmers of forest fringes.  Many respondents feared the presence of 
wildlife near their surroundings and consider this a threat for their life.  Remaining 4.96% 
(n=8) went for either neutral response or said they doesn’t know or not replied to the 
question.  

Although majority of people are in agreement with the statement ‘wild animals are important 
for future of man’ they emphasized that at the present context of increased crop raiding and 
conflict, man should be given priority not the wildlife. 76.58% (n=121) respondents agreed 
with the statement that there are so many wild animals nowadays that the laws to protect 
them are no longer necessary.  Says a respondent ‘if some injury or death happen to a wild 
animal due to human action then it will be a big problem for the officials and all, whereas if a 
man is killed or injured or if his crops are completely damaged by an wild animals, it is an 
individual issue and one has to run after it for getting a small amount as compensation. The 
existing discrimination should be avoided and laws should be modified in favor of man’.  
Whereas 19.62% (n=31) were supporting the wildlife protection law.  The conservation 
attitudes of some respondents were found to be extremely positive, among one who 
responded “What if human population is multiplying exponentially?  Will a law be 
formulated to shoot and kill human being for controlling their number?  If No, then why such 
attitude against wild animals alone?  They have also right to live.”  Remaining γ.79% (n=6) 
went for either neutral response or said they doesn’t know or not replied to the question. 

Attitude towards forest officials were largely positive. 57.59% (n=91) were satisfied with 
forest officials, says ‘they will help whenever we phone call, and help to ride away elephant 
herds which intrude to our cropping area’. Some replied ‘at heavy crop raiding instances, they 
appointed watchers to guard our crops.’  γ6% (n= 57) respondents were dissatisfied with 
forest officials saying ‘they are not doing their duty of controlling wild animals and keeping 
them inside forest’.  About 6.β6% (n=10) said either don’t know or give neutral answers.  

The question about ‘whether you feel benefited as a forest fringe dweller’ was asked to 96 
natives.  65.62% (n=63) of them said yes, they are benefited , of which most people give 
positive response as  getting plenty of water and fuel wood from forest.  Few pointed out that 
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presence of good climate even at peak summer as a benefit to live near forest. 16.6% (n=16) 
said they are not benefited as a forest fringe dweller because of fear of wildlife and economic 

loss due to crop raiding incidences.  13.54 %( n=13) respondents said there is both benefit 
and loss for a living near to forest.  4.1% (n=4) given responses such as don’t know or simply 
not replied to the question. 

Of the total respondents 51.26% (n=81) favored electric fence as the best method for 
preventing elephant entry into human habitations.  Many of them added that proper 
maintenance is a mandatory for its efficiency. About 15.82% (n= 25) supported trench as a 
successful barrier in preventing elephant entry.  12.02% (n=19) respondents preferred stone 
fence to prevent elephants.   Whereas 2.5% (n=4) answered that the best method to ride away 
elephant is only through guarding.  Only one respondent answered to shoot elephants which 
enter to raid crop as the only effective method.  Other answers such as insertion of bright 
light lamps in forest edges and planting fruiting trees and bamboos in forest are given by 
about 5.06% (n=8) people.  12.65 %( n=20) responded with mixture of multiple answers 
given above by other respondents.  

A majority of 38% (n=60) answered lack of food in forest as the key reason behind the 
incidence of elephant crop raiding. It is because of the attraction towards human cultivated 
crops that elephants are coming for crop raiding says 18.35% (n=29) respondents.  Whereas 
the elephant population number has multiplied through years and that is the reason for their 
intrusion into human habitation says 16% (n=25) respondents. About 13.29% (n= 21) are 
blaming forest officials and saying because they are not controlling these animals that 
elephants are coming for crop raiding. γ.16% (n= 5) says they don’t know the reason. 8% 
(n=1β) give other reason ranging from decline in man’s interaction with wildlife, poaching 
and forest, lack of fear of elephant for human, increased interaction of man in forest and 
exploitation of resources etc. About 3.7% (n=6) responded with multiple reasons described 
above given by other respondents. 

Discussion and Conclusion 

For the elephant conservation planning, protection of human interest from elephant is more 
important than conservation of elephant population as it is the one which is important for the 
acceptance among villagers who are victims of elephant depredation Sukumar (1984).  This 
indicates that conservation efforts without supported by the local people living around forest 
will be a failure.  Understanding resident’s attitude towards conservation and human elephant 
conflict occurrence will possibly help to develop realistic policies towards a sustainable 
coexistence of man and wild animals.  

In this study most of the respondents supported that wildlife conservation is necessary for the 
existence of man.  Considering a study on peoples attitude in Selous Game Reserve Tanzania       
(Gillinghamn et al, 2003) about 86.5% people supported wildlife conservation future is 
mandatory and 77% people supported wild animals should be protected by laws, whereas 
here at southern Western Ghats of Kerala, 76.58% people were against the law and demanded 
certain modifications in wildlife protection law in favor of fringe dwellers.  Studies in 
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protected areas of Bangaldesh shows that 40% of the people expressed an opinion against the 
elephant conservation (Sarker, 2010). 

In Nagarahole NP (Karanth, 2011) found that residents attitude towards protected area staff 
were negative. More than 50% respondents reported positive attitude towards forest 
department in Kalakad Mundandurai Tiger Reserve, (Arjunan, 2006) which was found to be 
correlated with less fuel wood collection per day.  High proption informants (42.51%) at 
Kodagu district of Karnataka were satisfied with their forest department (Macura, 2011).  
People are more likely to appreciate conservation if benefits gained offset the cost. 

Evaluation on crop protection methods in Kerala was done in ( Veeramani et al 2004) 
identifies electric fencing was most effective against most of the crop raiding animals 
including elephants. Most respondents of the present study supports the same method as the 
most efficient to prevent conflict.  Similarly, multiple reasons suggested by (Sukumar 1990) 
for the incidence of elephant crop raiding including both proximate and ultimate factors such 
as movement pattern, competition for water, reduction in natural habitat and nutritive value 
of crops. All these factors are answered as the major cause for HEC by many of the 
respondents in this study. 

A combination of different social and economic factors added to ecological factors influences 
attitude towards conservation. Crop raiding by animals has an impact on people’s livelihoods. 
Most of the villagers are against the wildlife conservation especially that of crop raiding 
species such as elephants. Increasing awareness through environmental education and 
improving relationship between local communities and forest officials are found to be vital 
for the conservation of wildlife. 

            

  

Table 1: Questions asked to examine attitude about conservation                                                    

              

  

1. Is it important to protect wildlife for the future of humanity? 

2. Respondents were asked to answer (agree/disagree/) to the   statement – There are so 
many wild animals nowadays that the laws to protect them are no longer necessary 
and therefore it is not desired to continue wildlife protection law at present scenario. 

3. Are you benefited by living near to forest?  

             

Table 2: Questions asked to villagers for understanding their attitude regarding 

probable reason behind human elephant conflict and most efficient mitigation method 
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4. What is the reason behind the incidence of crop raiding by elephants?  

a) Lack of sufficient food in forest 

b) Liking of field crops 

c) Increased number of animals 

d) Forest officials are nit controlling the wild animals 

e) Other reasons 

5. What is the best method to prevent elephant's entry into human habitation? 

a. Guarding 

b. Stone wall 

c. Electrical fence 

d. Trench 

e. Shoot the animal 

f. Other reasons 

            

  

Table 3: Number and percentage of respondents indicating their socio economic status 

via occupation, age, landholding size and education are indicated 

Occupation No: of respondents % of respondents 

House wife 63 39.87 

Cooli 55 34.81 

Farmer 30 18.98 

Others 10 6.32 

Total 158  

 

Age Class Number of 

respondents 

% of respondents 

18-24 10 6.32 
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Education Number of 

respondents 

% of 

respondents 

upto 10 110 69.62 

higher secondary 10 6.3 

college 9 5.6 

illiterate 29 18.3 

Total 158  

 

Landholding Number of 

respondents 

% of respondents 

below 1 acre 82 85.40% 

1-3 acre 10 10.41 

>3 acre 4 4.1 

Total 96  
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ABSTRACT 

Creation of huge wastes viz. domestic refuse and non-hazardous wastes such as commercial 
and institutional wastes, street sweepings and construction debris is the major threats from 
urbanization. Municipal waste management is the most challenging issue since these wastes 
are dumped in open places and not being used or treated for any purpose. It has created a real 
threat not only to the living environment but also for the cultivation of crops as well as 
afforestation. The present investigation was conducted to study the influence of two weeks 
decayed or stored waste materials as component potting media on the growth and vigour of 
Tectonagrandis(Teak), Ailanthus triphysa(Matti) and Swieteniamacrophylla(Mahogany) 
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seedlings. The composition of different potting media included: T1 - Soil: Sand: Cow dung 
(1:1:1), T2- Soil: Municipal waste (1:1), T3 - Soil: Coir waste (1:1), T4-Soil: Tea waste (1:1), 
T5 - Soil: Municipal waste: Sand (1:1:1), T6 - Soil: Coir waste: Sand (1:1:1) and T7 - Soil: 
Tea waste: Sand (1:1:1). Results of the study indicated that in mahogany, growth attributes 
were higher in T5 and T 7 i.e. potting media of partially decomposed municipal and tea waste 
in combination with soil and sand provided better performance in growth attributes. with 
regards to teak, treatments T5 and T2 (Soil: partially decayed Municipal waste) proved to be 
good combination of potting media to manifest maximum performance of various growths 
attributes. In Matti, treatment T2 [(soil: partially decomposed municipal waste (1:1))could 
manifest maximum performance of growth attributes. The present investigation reiterated that 
municipal or industrial waste will be a good alternative to the standard potting media which is 
widely used in the mass production of seedlings in the nursery. 

Keywords:Pottingmedia,municipalgarbage,Tectonagrandis,Ailanthustriphysa,Swieteniamacr 
ophyll 

Introduction 

India is facing pollution problems due to urbanization, population explosion, industrialization 
and other developmental activities. Uncontrolled urbanization and changes in life style have 
contributed to a tremendous increase in per capita waste generation. Today solid waste 
including municipal garbage causes serious problems in the disposal and has become a matter 
of serious concern just like air and water pollution. 

Waste generated in the urban and suburban areas are considered as a heterogeneous mass of 
discarded waste materials as a result of human, industrial and commercial activities. This 
consists of household wastes, construction and demolition debris, sanitary residues and 
wastes from the residential areas, street, hotels and hospitals etc. With the advent of 
industrialization, urbanization and overpopulation in the country, waste generation has 
reached alarming proportions and the society is facing with the problem of safe disposal of 
huge quantities of waste. In Kerala, rate of urbanization and migration of people from 
villages alarmingly caused high population density in the municipal areas and disposal of 
solid waste has become an unanswered issue. Since these wastes are not being used for any 
purpose, it has created a real threat not only for living environment in the townships but also 
suburban areas.  

In modern age, these wastes are defined as misplaced resources. Application of solid waste to 
soil provides an efficient and environmentally acceptable option of waste disposal, which 
also recycles valuable nutrients into the soil. Most of these materials are reported to be 
potential sources of wealth provided if they are exploited properly. The concept of organic 
matter recovery for use in agriculture and forestry is becoming more popular than land fill 
and incineration, since the availability of chemical fertilizers to the farmers at reasonable cost 
is fast declining. The application of this organic matter to crop land leads to increase in soil 
fertility and productivity.  

957

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



Tectona grandis Linn.(Lamiaceae) is a valuable timber species in the moist and dry deciduous 
forests of India.  It has centuries old reputation as the king of timbers (White 1991).  The 
wood is highly durable, easily worked, attractive, strong and relatively light.  Teak forests 
occur naturally in Asia Pacific region over an area of 23 million hectares in India, Laos, 
Myanmar and Thailand.  In India, it covers an area of around 9.77 million hectares and this is 
around 13 per cent of the total broad-leaved forests of India (Berbata, 1999).  

Swietenia mcrophylla (Meliaceae) is a promising timber species, among important timber of 
in the round wood. It is able to tolerate a wide range of environmental conditions and is found 
naturally in both tropical dry and wet forest types. The economic importance of timber may 
due to the attractive light reddish colour and high durability. In the recent times Mahogany 
gained a wide acceptance among the tree growers in Kerala. In Kerala, despite the favourable 
agroclimatic and edaphic conditions and the concomitant production potential, the forest 
plantations contribute marginally to meet the state wood demand of less than 25% 
(Krishnankutty, 1990). Establishing forest plantations to meet the ever-increasing demand for 
tree products have been a long standing tradition in the tropics (Evans, 1990).  

Ailanthus triphysa commonly known as matti, (Family: Simaroubaceae) is a deciduous 
prominent multipurpose tree species in the traditional land use systems of Kerala, India 
(Kumar et al., 2001). It occurs in natural evergreen forests of Western Ghats too (PID, 1948). 
The very light and soft wood is utilized for making packing cases, catamarans, toys, and 
drums. Most important use was in match industry due to straight grain and without any 
deposition in wood.  

The research studies conducted elsewhere revealed that the waste materials like municipal 
garbage could be used for cultivation of vegetables and ornamentals particularly when 
supplemented with some nutrients. But information regarding the effect of these solid wastes 
on the growth and vigour of tree seedlings either in the nursery or in the plantation are very 
scanty. Scientific information on the influence of municipal garbage on growth, nutrient 
uptake, biomass production, chlorophyll production and leaf growth behavior of seedlings 
will be extremely useful for the production of healthy seedlings in the nursery at low cost, 
same time paving a way for the easy disposal of these waste materials. Hence, the present 
investigations were carried out in the College of Forestry, Kerala Agricultural University, 
Vellanikkara to study the effect of two weeks decayed or stored waste materials as 
component potting media on the growth and vigour of Tectona grandis (Teak), Ailanthus 
triphysa (Matti) and Swietenia macrophylla (Mahogany) tree seedlings in the nursery. 

Materials and Method 

In the present investigation, it is proposed to study the effect of two weeks decayed or stored 
waste materials as component potting media on the growth and vigour of Tectona grandis 
(Teak), Ailanthus triphysa (Matti) and Swietenia macrophylla (Mahogany) seedlings. The 
experiment was conducted at College of Forestry, Kerala Agricultural University and 
Vellanikara during the period 2009-2012. The nursery area is located at 40 meters above 
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mean sea level at 100γβ’N latitude and 760β6’E longitude. The area experiences a warm and 
humid climate with distinct rains from south west as well as north east monsoons.  

Mature mahogany seeds were collected from the Wayanad district, Kerala. Teak seeds were 
collected from three plantations of Nilambur Forest Division and ailanthus seeds obtained 
from Kerala Forest Research Institute, Peechi. Seeds were sown in standard nursery beds. 
Uniform vigorous seedlings were transplanted in polythene bags of 10”x5” size filled with 
different treatment media and arranged in separate rows in the green house.  

Municipal waste materials were collected from the drenching site of Thrissur Corporation. 
Tea waste was collected from Tea factory, Wayanad and coir waste from Coir mill, 
Kandassamkadavu, Thrissur district. Municipal waste was kept for curing before preparing 
for the potting media. The following 7 potting media were prepared by thoroughly mixing the 
components. 

T1 - Soil: Sand: cow dung (1:1:1 ratio- control treatment) 

T2- Soil: partially decayed Municipal waste (1:1) 

T3 - Soil: partially decayed Coir waste (1:1) 

T4- Soil: partially decayed Tea waste (1:1) 

T5 - Soil: partially decayed Municipal waste: Sand (1:1:1) 

T6 - Soil: partially decayed Coir waste: Sand (1:1:1) 

T7 - Soil: partially decayed Tea waste: Sand (1:1:1) 

The experiment was laid out in Randomized complete block experimental design with three 
replications. A total of one thousand and fifty seedlings were kept for conducting growth 
studies in the nursery. The seedlings after transplanting to the polybags were kept under 
green house conditions. Necessary plant protection measures were also adopted. 

The soot observations like height, girth and biomass of seedlings were recorded at the end of 
eighth month. Representative seedlings were uprooted at the end of eighth month and the root 
fresh weight observations were made. After finding out the fresh weights, the shoot and root 
portion separated was dried in hot air oven at a temperature of 70ºC ± 2ºC for about 48 hours. 
Drying and weighing were continued till constant weights obtained. Quality index which is a 
measure to assess the quality of seedling based on the height, stem diameter and dry biomass 
was also calculated using the standard formula (Hatchell, 1985). 

The physiological observations like number of leaves and fresh weight of leaves were taken 
at the end of eighth month. After oven drying, the dry weight of leaves was recorded. Drying 
and weighing were continued till constant weights were obtained. Representative samples 
were taken from each treatment and leaf area and weight of leaves per plant were recorded. 
The Specific Leaf Area (Kvet et al. 1971) and Relative Growth Rate (Williams, 1946) were 
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calculated. Leaf samples were collected from the selected plants and chlorophyll content 
measured by using chlorophyll meter. 

The shoot portion of the plants used for destructive sampling were dried and powdered. This 
fine powder was used for the estimation of nitrogen, phosphorous and potassium at monthly 
intervals. Ammonia was distilled by KEL PLUS automatic distillation system and nitrogen 
was estimated (Jackson, 1958). The phosphorous content calorimetrically by the Vanado- 
Molybdo Phosphoric yellow colour method (Jackson, 1958). Potassium in the extract was 
determined flame photometrically using potassium filter (Jackson, 1958). 

Statistical Analysis 

Randomized complete block experimental design was used for all analyses performed in the 
experiment. All treatments were replicated four times. Data were analyzed using SPSS 
(version 20.0, SPSS Institute, Chicago, IL, USA). The shoot height, collar diameter and 
seedling index were statistically analyzed using one-way ANOVA with LSD test for multiple 
comparisons (a=0.05). The specific leaf area, relative growth rate chlorophyll content and 
nutrient content were also analyzed using the same method. 

Results 

Analysis of variance revealed significant difference in height, collar diameter and seedling 
quality index due to the effect of various potting media.  The availability of nutrients in 
growing substrate greatly affects the growth of seedlings. With regards to height, the 
maximum values recorded for teak (38.9 cm) in T1, mahogany (56.10 cm) in T7 and 
ailanthus (63.31 cm) in T7. The least height occurred in T3 for teak (10.5 cm) mahogany 
(31.05 cm) and ailanthus (20.97 cm) (Table 1). Stem with thickest diameter have more 
mechanical strength to resist breaking and bending against stress environmental conditions. 
However, highest collar diameter for teak (10.22 mm) in T1, mahogany (9.35) in T1 and 
ailanthus (14.87 mm) in T2. The lowest collar diameter observed respectively for teak (5.96) 
in T6, mahogany (5.97) in T3 and ailanthus (6.72) in T6. Quality index which is a measure to 
assess the quality of seedling based on the height, stem diameter and dry biomass. On the 
other hand, quality index were highest for teak (1.57) in T6, followed by mahogany (1.05) in 
T4 and ailanthus 1.54 in T4. The lowest quality index was observed for teak (1.01) in T4, 
mahogany (0.86) in T7 and ailanthus (0.82) in T6. 

Analysis of variance revealed significant difference in specific leaf area, relative growth rate 
and chlorophyll content due to the effect of various potting media. An increase in SLA will 
generally cause an increase in dry mass concentration (i.e., grams per gram leaf dry mass) 
and SLA also increases as leaf thickness decreases. With regards to specific leaf area, the 
highest values observed for teak (21.19 cm2/g) in T3, mahogany (28.82 cm2/g) in T6 and 
ailanthus (45.52 cm2/g) in T6. The least specific leaf area occurred for teak (4.77 cm2/g) in 
T5, mahogany (15.41 cm2/g) in T2 and ailanthus (28.27 cm2/g) in T2. Relative Growth Rate 
(RGR) is a complex parameter determined by a number of physiological, morphological and 
biomass-allocation complexes. However, highest RGR was recorded for teak (0.75 g g-1day-1) 
in (T2), mahogany (0.28 g g-1day-1) in T7 and ailanthus (0.02 g g-1day-1) in (T3 & T6) (Table 
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2). The lowest RGR observed for teak (0.10 g g-1day-1) in (T1), mahogany (0.15 g g-1day-1) in 
(T4) and ailanthus (0.01 g g-1day-1) (T1, T2, T4, T5 & T7). Chlorophyll is a key biochemical 
component in the molecular apparatus that is responsible for photosynthesis, the critical 
process in which the energy from sunlight is used to produce life-sustaining oxygen. On the 
other hand, chlorophyll content was highest for teak (63.29) in T7, mahogany (53.20) in T4 
and ailanthus (52.27) in T7. Whereas, chlorophyll content was the lowest for teak (44.53) in  
(T6), mahogany (35.33) in T6 and ailanthus (40.21) in T6. 

Analysis of variance revealed significant difference in nitrogen, phosphorus and potassium 
content due to the effect of various potting media. The availability of nutrients in growing 
substrate greatly affects the growth of seedlings. With regards to nitrogen content in tissue, 
the highest values were observed for teak (2.66 %) in T4, mahogany (0.79 %) in T7 and 
ailanthus (1.53 %) in T6. The least nitrogen content in tissue occurred for teak (1.04 %) in 
T3, mahogany (0.28 %) in T6 and ailanthus (0.77 %) in T3. However, highest phosphorus 
was recorded for teak (0.28 %) in T5, mahogany (0.48 %) in (T2) and ailanthus (0.32 %) in 
T7. The lowest phosphorus content in tissue observed for teak (0.15 %) in T6, mahogany 
(0.30 %) in T6 and ailanthus (0.32 %) in T3. On the other hand, potassium content in tissue 
was highest for teak (0.66 %) in T5, mahogany (0.84 %) in T4 and ailanthus (0.78 %) in (T4 
& T5). The potassium content was the lowest for teak (0.20 %) in T3, mahogany (0.45 %) in 
T6 and ailanthus (0.69 %) in (T2 & T3) (Table 3). 

Discussion 

Disposal of solid waste has a major problem in the country, especially in Kerala as the 
availability of land fill sites have diminished and requirements for making landfills 
environmentally acceptable have driven up the costs substantially. Reuse of organic wastes in 
agriculture holds promise in general, since they offer a locally available fertility resource, and 
their removal provides an effective and environmentally acceptable option of waste disposal. 
It also recycles valuable nutrients into the soil; some studies have been done on forest tree 
species.  

A balanced rooting medium that contains an adequate supply of nutrients is essential for 
plants to attain maximum growth and development. Balanced rooting media greatly affects 
the plant height and availability of growing substrate with the supplement of essential 
nutrients is essential for attaining maximum plant height (Ikram et al., 2012). Results showed 
that use of different potting media affect plant height differently. With regards to height, 
maximum value was recorded by treatment T7 (Soil: partially decayed Tea waste: Sand) in 
mahogany and ailanthus where as treatment T1 (Soil: Sand: cow dung - control treatment) 
showed maximum value in teak at the end of the study. Similar results were also observed in 
teak in a study conducted by; Ribeiro et al. (2000); Adersh, (2001); Wilson et al. (2002); 
Herrrera et al. (2008); Tariq et al. (2012); Mehmood et al. (2013); Sharifian et al. (2014); 
Vidyasagaran et al. (2014). Adersh, (2001) reported that addition of cowdung can improve 
soil physical propertied and also nutrient availability and this may be the probable reason for 
the better growth of seedlings in potting media containing cowdung. Treatment with sand and 
coir pith (T3) represented lowest height in all the three species. Collar diameter of the 
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seedlings at end of the study revealed a different response to various potting media applied. 
Here maximum values were registered in both T1 (Soil: Sand: cow dung - control treatment) 
and T2 (Soil: partially decayed Municipal waste) in all the three species. However minimum 
collar diameter was recorded in T3 (Soil: partially decayed Coir waste) for mahogany and 
ailanthus where as T6 (Soil: partially decayed Coir waste: Sand) showed lowest girth value in 
teak. Addition of coir waste to soil proved less influence on girth and height in the three 
species. However in teak, lowest girth was represented in potting media with tea waste. 
Mohan et al.  (1991) have reported that a combination of soil, sand and FYM in the ratio 
1:1:1 increased the height and dry matter production of seedlings of Swetenia macrophylla 
and Dalbergia latifolia.  

Quality index which is a measure to assess the quality of seedling based on the height, stem 
diameter and dry biomass. Quality index were highest in soil: partially decayed coir waste: 
sand (T6) for teak and soil: partially decayed tea waste (T4) for mahogany and ailanthus. 
Meanwhile, quality index were the lowest for mixture of soil: partially decayed tea waste 
(T4), soil: partially decayed tea waste: sand (T7) and soil: partially decayed coir waste: sand 
(T6) for teak, mahogany and ailanthus. Maximum increase in number of shoots per plant 
highlighted the vigorous vegetative plant growth. Nutrient rich growing media promotes the 
growth of plants. Sharifian et al. (2014) have noticed greater shoot weight of sugar maple 
seedlings when grown in green house medium. Effective utilization of available solar energy 
and also the availability of ample supply of nutrients especially nitrogen may be the reason 
for the better performance of seedlings grown in treatments T5 (Soil: partially decayed 
Municipal waste: Sand), T2 (Soil: partially decayed Municipal waste) and T1 (Soil: Sand: 
cow dung - control treatment).  

Growth of teak was better in a medium containing black soil, sand and municipal garbage in 
1: 1: 1 proportion (Yadav et al., 1982). Plants attaining maximum increase in their fresh 
weights depict the nutrient rich growing media. Ritchie (1982) has stated that carbohydrate 
and growth regulators in single or in combination produced by the shoots are necessary for 
growth. There was a positive relationship between stored carbohydrates or photosynthates   
present in the stem and development of healthy root system (Davis et al., 1990). This 
statement is true with regard to the present study also. The treatments that were proved better 
with regard to the root weight were performing better with regard to shoot weight also. 
Goswami (1990) has observed that an equal proportion of soil, sand, and composted 
municipal garbage was found to be most effective for better rooting percentage with more 
root number and length in mangium seedlings. Gopikumar and Minichandran (2002) have 
reported that treatments containing partially decomposed municipal waste were performing 
better compared to other treatments with regard to root growth parameters and physiological 
attributes in the case of Ailanthus triphysa seedlings. 

In this study, specific leaf area, relative growth rate and chlorophyll content were considered 
as important criteria for measuring the growth and vigour of the seedlings. Major food 
manufacturing units in plants are leaves that are influenced by environmental conditions and 
soil is one of the factors which have prime importance in this regard. More number of leaves 
in plants reflects its good vigor and suitability of environment. Leaf fresh weight among 
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various species revealed that soil: partially decayed tea waste T7 (Soil: partially decayed Tea 
waste: Sand) showed highest value for mahogany but treatment T4 (soil: partially decayed tea 
waste) and T2 (soil: partially decayed municipal waste) showed maximum values for teak 
and ailanthus respectively. Lowest value for fresh wt. was noticed in treatment T3 (soil: 
partially decayed coir waste) for all the species under study. While examining the response of 
leaf characters to various potting media treatments, performance was proved better when 
sand is added along with soil and partially decomposed waste. The availability of nutrients in 
growing substrate greatly affects the size of leaves. Best substrate having adequate supply of 
nutrients can be used to accomplish significant results. Maximum increase in size of leaves 
shows adaptability of plants to soil. Herrrera et al., (2008) observed the number of 
leaves/seedling and leaf area was significantly higher in compost-containing mixtures.  By 
contrast, no significant variations were found for specific leaf area (SLA) or leaf area ratio 
(LAR) between the substrates studied. Khalilian and Sullivan (1997) have reported that 
addition of composted garbage improve nutrient availability. This could be one of the reasons 
for better performance of the seedlings grown in potting media with decomposed garbage. In 
all the cases, treatment with coir waste was found unsuitable with regards to leaf number and 
leaf fresh weight.  

Chlorophyll content in leaf among selected species revealed that highest chlorophyll content 
was recorded treatment T4 (soil: partially decayed tea waste) for mahogany and treatment T7 
(Soil: partially decayed Tea waste: Sand) for teak and ailanthus. Lowest values were recorded 
for T6 (Soil: partially decayed Coir waste: Sand) for mahogany and T3 (Soil: partially 
decayed Coir waste) and T1 (Soil: Sand: cow dung - control treatment) for teak and ailanthus 
respectively. There was no uniform trend could be observed on the effect of treatments on the 
chlorophyll content of seedlings in various treatments under study. Other physiological 
growth attributes like specific leaf area, and relative growth rate did not follow any 
systematic pattern with regard to difference in treatments. Similar trends were also reported 
by Gopikumar and Minichandran (2003) in the case of teak seedlings when solid waste was 
used as a component of potting media. Municipal and industrial waste have proved good 
alternative to ensure the availability of good potting media in the mass production of 
seedlings. Sharifian et al., (2014) observed that 50 per cent and 75 per cent compost had no 
significant effect on chlorophyll content. Level of 100 per cent compost decreased the total 
chlorophyll content. 

As part of the experiment, effects of potting media on plant nutrients have been studied in the 
nursery. Maximum content of nitrogen (2.66 %) at the end of the study period was recorded 
by treatment T4 (Soil: partially decayed Tea waste) in teak when compared to mahogany (17 
%) and ailanthus (0.79 %). Very low value of nitrogen content (0.27 %) in the potting media 
has substantiated the highest nitrogen content in the plants for T4 (soil: partially decayed tea 
waste).  Nitrogen is one of the important elements required for plant growth and 
reproduction. It ranks after carbon, hydrogen, and oxygen in total quantity needed and is the 
mineral element most demanded by plants. Municipal waste contained a maximum amount of 
nitrogen but overall it had no contribution to plant growth. This is because macro- and 
micronutrient availability may not be sufficient to support plant growth when the pH of the 
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growth medium is high. In a similar potting media experiment, Adersh (2001) reported that in 
the case of teak and mangium seedlings, shoot growth is reported to be highly influenced by 
nitrogen. Gopikumar and Aravindakshan (1988) have reported that cashew seedlings grown 
in sand culture, nitrogen deficiency resulted in reduced height, collar diameter, and leaf area. 
In mahogany, treatment T7 [(Soil: partially decayed Tea waste: sand (1:1:1)] showed highest 
nitrogen content. Presence of cow dung in the treatment T7 (soil: sand: cow dung) would 
have increased the nitrogen availability of the potting media by adjusting the C: N ratio of the 
soil. Several studies revealed that composting of garbage increases nutrient availability. The 
quantity and form of nitrogen present in manure or compost is important in shaping the 
quality of the material (Moldes et al., 2007, Ribeiro et al., 2000). Jeyabaskaran (1995) has 
reported that in the case of sunflower and soyabean, the content of nitrogen, phosphorous, 
potassium and sulphur increased with sludge application in the medium. This statement is 
applicable in the present study also. Moldes et al., (2007) evaluated the physiochemical 
properties of Municipal garbage as different combinations. There is no absolute level of 
organic matter that is ideal in terms of compost quality, but rather the quantities must be 
viewed in relation to the age of the compost, its nitrogen content, and its intended use. 

Like nitrogen, in the case of phosphorous, at the end of the study period, treatment T2 (0.48 
%) registered maximum value for mahogany but T7 (0.31%) and T5 (0.28 %) unveiled 
maximum value for ailanthus and teak respectively. Though, lowest value of phosphorous 
content was recorded by T6 (Soil: partially decayed Coir waste: Sand) for all the species. 
Greulach (1973) has stated that phosphorous play an important role in various enzyme 
reactions that affect phosphorylation. These influences shoot growth parameters such as 
height, leaf area, collar girth etc. by acting as a structural component of all constituents and 
other metabolically active compounds (Agarwal and Sharma, 1976). Epstein (1978) has 
reported that phosphorous is the major controlling factor for energy release and transfer ion 
all living cells and as a constituent of nucleoproteins. It is concerned with cell division also. 
In the present study, increased concentration of phosphorous in the seedlings grown in 
potting media containing decomposed garbage is due to increased availability of phosphorous 
in those medium. Mehmood et al., (2013) reported that application of municipal waste as 
potting media can improve the nutrient content and chemical properties of soil.  

Potassium content in the seedlings among various species indicated that treatment T5 (0.66 % 
and 0.0.21 %) showed highest value for teak and ailanthus. However in mahogany, maximum 
(0.84%) value was registered by T4 (soil: partially decayed tea waste). Potassium activates 
protein synthesis and nitrogen metabolism and have a direct influence on cell division 
resulting in higher cell number (Greulach, 1973). High concentration of potassium in plant 
tissues when grown in T5 [(Soil: partially decayed Municipal waste: Sand (1:1:1)] may be 
due to improved available potassium due to the presence of decomposed municipal waste. 
Hernandez (1999) has compared the effect of fresh and composted municipal garbage in 
addition to organic matter content when added in arid soil and found that the organic matter 
content was high when the soil was treated with fresh municipal garbage. 

The increased concentration of nitrogen, phosphorous and potassium may be due to the faster 
nutrient release from decomposed municipal waste and decomposition cowdung. Rao and 
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Shantharam (1995) have observed that application of garbage to soil improved soil physical, 
chemical and biological properties. Pascal (1999) has compared the efficiency of fresh and 
composted garbage for the improvement of soil quality and observed that the improvement 
was more evident in soils amended with composted garbage residues in relation to those 
amended with fresh residues. In general, treatments containing municipal waste and cowdung 
recorded a slightly higher value of nitrogen, phosphorous and potassium content at the end of 
the study period as has been reported by Sreelekha (2004). Rich supply of nutrients like K, N 
and P in growing substrate is sufficient for production of good quality seedlings.   

Conclusion 

The present investigation reiterated that municipal or industrial waste will be a good 
alternative to the standard potting media which is widely used in the mass production of 
seedlings in the nursery. An economical and high-quality production of Tectona grandis 
(Teak), Ailanthus triphysa (Matti) and Swietenia macrophylla (Mahogany) can be attained by 
using most suitable media. In this study, the results associated with plant growth parameters 
indicated that the maximum values for plant height, collar diameter and quality were 
observed in media containing potting media of partially decomposed municipal and tea waste 
in combination with soil and sand provided better performance in growth attributes. 
Physiological growth rate of seedlings can be altered by the substrate mixture used to raise 
seedlings. The influence of substrate may also have implications for seedling pest and disease 
resistance.  Finally, the current results also highlight differences of potting media effects in 
the nutrient concentration, an aspect that has been ignored in the literature so far. Especially 
the latter findings should be considered with other economically important tree species. Thus 
it is suggested that municipal and tea waste in combination with soil and sand may be further 
exploited as a standard potting media for mass multiplication of quality planting stock for 
reforestation in the tropics.  
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ABSTRACT 

Toxicity of the fertilizer, factamfos, and its impacts on gill tissue ofEtroplusmaculatus on 
different days were evaluated in the present investigation. fish were collected and exposed to 
different concentrations of factamfos to determine the median lethal concentration (LC50). 
The 96 hour LC50 of factamfos for E. maculatus was determined as 265ppm. Histology of the 
gill tissue was assessed after exposing the fish in sub lethal concentrations of factamfos, viz., 
26.5 ppm and 13.25 ppm for a period of 20 days along with a control. on 10th day and 20th 
day of exposure the tissues were excised, processed and stained in haematoxylin and eosin. 
degenerative changes in gill tissue at different levels could be identified. Rupture of gill 
lamellae and club formation were the observed deleterious changes in the fish exposed to 
factamfos. The results showed that the chemical fertilizer, factamfos cause the tissue level 
degeneration which can adversely affect the fish production in aquatic ecosystem. 

INTRODUCTION 

The urbanization and industrialization cause pollution in freshwater sources. Different types 
of chemicals used in industry and agriculture reach the water body. The continuous and 
sudden changes taking place in the aquatic environment causes threat to the organisms 
inhabiting there.  
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Though chemical fertilizers increase crop production, their overuse will harden the soil, 
decrease fertility, strengthen pesticides, pollutes the air and water, and releases greenhouse 
gases, thereby bringing hazards to human health and environment as well. The indiscriminate 
use of fertilizers and pesticides cause severe pollution in Kuttanad area of Vembanad Lake. 
Because of the lack of proper washing out facilities the agrochemicals and other pollutants 
accumulate in the aquatic systems. Continuous use of these chemical fertilizers depletes 
essential soil nutrients and minerals that are naturally found in fertile soil. 

Histological alterations can be used as indicators for the effects of various pollutants on 
organisms and are a reflection of the overall health of the entire population in the ecosystem. 
These histological biomarkers are closely related to other biomarkers of stress since many 
pollutants have to undergo metabolic activation in order to be able to provoke cellular 
changes in the affected organism (Mohamed, 2009).  The deleterious effects of different 
toxicants on fish gill were well studied by several researchers (Olojo et.al., 2005; 
Velmurugan et.al.,2009; Patnaik et.al.,2011; Aswathy et al., 2014). The present investigation 
is aimed to study the histological changes of gills in Etroplus maculatus exposed to a 
nitrogen fertilizer, factamfos. E. maculatus found in Vembanad Lake is at risk due to the 
increasing pollution level of the lake. 

MATERIALS AND METHODS 

                             Live and healthy fish, Etroplus maculatus were collected from Vembanad 
Lake. They were transported to the laboratory in clean aerated bags and kept in clean glass 
tanks with 30 litres of water. They were acclimatized for one week during which they were 
provided with pellet feed twice a day, and proper aeration. One day before the start of 
experiment feeding was stopped.  

                             For preliminary experiment ten healthy fish having the same size  were 
exposed to different concentrations of factamfos viz., 50ppm, 100ppm, 200ppm, 300ppm, 
400ppm, 500ppm and later to narrow range of concentration, 210ppm, 220ppm, 230ppm, 
240pp, 250ppm, 260ppm and 270ppm for 96hrs. The control experiment without the toxicant 
was also maintained simultaneously. Based on the cumulative percentage mortality observed, 
the LC50 value was determined by Probit analysis by using the SPSS version 16.0 statistical 
system (Finney, 1971) and was found to be 265ppm. The concentrations 1/10th (26.5ppm) 
and 1/20th (13.25ppm) of the factamfos were selected for the sub lethal toxicity bioassay. 

                                 In sub lethal bioassay experiment healthy fish were exposed to two sub 
lethal concentrations of factamfos for 20 days along with a control experiment without the 
toxicant. The test animals were fed during the experiment. The experimental medium in the 
test chambers was replaced with appropriate concentrations of the fertilizer daily to maintain 
the concentration of the toxicant constant. On every 10th and 20th day from the start of 
dosage, the gill tissue was collected for the test. Fish was collected from each concentration 
using dip net. They were wiped with a dry cloth and gills were taken out carefully using 
forceps and scissors. The tissues were fixed in Bouin’s fixative, dehydrated in alcohol series, 
cleared in xylene, embedded in paraffin wax and cut the sections at 5  thickness using a 
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microtome. Then the sections were stained in haematoxylin and eosin (Humason, 1972). 
Tissue sections were screened for the histological alterations under 100x and 400x 
magnifications of microscope and photographed. 

RESULTS AND DISCUSSION 

The 96 hour LC50 value of Etroplus maculatus exposed to factamfos was found to be 
265ppm. Histological parameters of the gill were analysed by exposing the fish in two sub 
lethal concentrations, viz., 26.5ppm and 13.25ppm.  The tissues removed on 10th and 20th day 
of the experiment exhibited different grades of alterations. 

The histology of gills of fish E. maculatus in the control set up is given in Figure 1. In E. 

maculatus gills consist of two rows of thin gill filaments on either side of the interbranchial 
septum. Each gill filament is supported by a central cartilaginous axis and is provided with 
afferent and efferent arterioles and a thin epithelial covering. The gill epithelium is primarily 
made up of basal, platelet, mucous and chloride cells. The primary lamellae, a fold of 
epithelium, projects out from the gill arch and possess a central vascular core. The secondary 
lamellae are arranged on the dorsal and ventral surface of primary lamellae. The thin 
epithelial covering of the secondary lamellae lies on a basement membrane supported by 
pillar cells  

Figure1. Primary and secondary lamellae of gill filament of E. maculatus with unfused gill 
filaments (UF) and normal secondary lamellae 
(NS)  

The histological appearance of the gill in E. 

maculatus exposed to factamfos showed the 
following alterations. On 10th day of exposure in 
higher concentration (26.5ppm) of toxicant the gill 
tissue showed the rupture of primary and secondary 
gill lamellae and the fusion of the adjacent lamellae 
throughout the entire length (Figure 2). In lower 
concentration (13.25ppm) the tissue exhibited 
rupture of secondary lamellae and degeneration.  

Filaments of the secondary lamellae were fused only at the tip of gill lamellae. Slight club 
formation was also seen (Figure 3) 
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Figure   2. Gill tissue of E. maculatus on 10th day of exposure in 26.5ppm factamfos with 
rupture of gill lamellae (RS) and fused filaments (FF) 

 

Figure   3. Gill tissue of E. maculatus on 10th day of 
exposure in 13.25ppm factamfos with rupture of 
secondary lamellae (RS) and slight club formation 
(SC) 

On 20th day of exposure, more disintegrative 
changes were observed. In higher concentration 
(26.5ppm) of factamfos gills showed more prominent 
fusion of lamellae   and severe degeneration (Figure 
4). In the lower concentration (13.25ppm) the gill 

lamellae showed prominent club formation at its tip (Figure 5). 

 

Figure  4. Gill tissue of E. maculatus on 20th day of exposure in 26.5ppm factamfos with 
rupture of filament  and lamellae (FR) 
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Figure 5. Gill tissue of E. maculatus on 20th day of exposure in 13.25ppm factamfos with 
club formation (CF) 

Histological studies have always proved to be a very useful tool for assessing pollutant 
induced injury to whole organism. Histology acts as an integrated parameter, providing a 
more complete evaluation of the organism’s health by effectively monitoring the exposure to 
environmental pollutants (Teh et al., 1997; Van Der Oost et al., 2003). Previous 
histopathological studies on fish exposed to pollutants revealed that fish organs are efficient 
indicators of water quality (Cardoso et.al., 1996; Cengiz et.al., 2001). Pollutants cause 
various physical and physiological alterations in fishes (Trivedi et al., 2002). The 
toxicological studies normally centre on physiological malfunctioning and morphological 
aberrations. The effects of damaged tissues detected through histological studies will be 
reflected in the physiology of the animal.  

                                 Gills are generally considered as good indicators of water quality. The 
gills are important organs for respiration, osmoregulation, acid-base balance and nitrogenous 
waste excretion (Health, 1987). So when fish are exposed to environmental pollutants, these 
vital functions are deleteriously affected and the functional impairment of gills can 
significantly damage the health of fish (Kumar and Tembhre, 2010). The gills of freshwater 
fish are the first target of waterborne pollutants due to the constant contact with the external 
environment (Hughes, 1984). Fish gills are also vulnerable to pollutants in water because of 
their large surface area. For this reason, fish gills are considered to be the most appropriate 
indicators of water pollution. They remain in close contact with the external environment and 
are sensitive to changes in the quality of  water.  

                          The lifting of the epithelium from the basement membrane of the gill arch, 
filaments and lamellae was the important sign of ecological degradation. Such lifting of the 
epithelium from the gill tissue is related to the inflammatory conditions caused by swelling of 
the lymphatic tissue present between the vascular bed and epithelium. Fusion of the gill 
lamellae has also taken place which reduces the respiratory area. Similar alterations in the 
gills of fishes exposed to inorganic and organic pollutants were observed by many 
researchers (Pandey and George, 1977; Tilak et.al., 2001; Aswathy et al., 2014). Several 
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malformations in gills on exposure to changes in chemical and biological conditions of water 
have very well studied by Ibrahim et.al.( 2009) and Abou-El-Gheit et.al. (2012), 

 Conclusion 

           From the study it is understood that the fertilizer factamfos affect the physiology and 
cytology of the freshwater fish Etroplus maculatus. Thus necessary measures should be taken 
to control heavy use of these agrochemicals, which in turn would be helpful in minimizing 
the loss in fish production.    
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ABSTRACT 

Forests play a critical role in ecological functioning, global warming and climate change 
through its unique potential to capture and hold carbon. biomass is one of the indicator of the 
status of forests hence accurate assessment and biomass mapping is important for sustainable 
forest management. The objective of this study is to estimate above ground biomass (aGb) 
and carbon stocks of vegetation and their relationship with density, girth, height and diversity 
in tropical dry forest of Chinnar wildlife Sanctuary (wS), kerala. four sample plots of 0.1ha 
(31.62m*31.62m) were laid in the forest area for the biomass and carbon stock assessment. 
Species specific volume equation and specific gravity relationship was employed for tree 
biomass computation and for the rest of the plant forms destructive method was used 
assuming carbon as 50% of biomass. averaged above ground biomass, carbon stock and 
sequestered Co2 of the vegetation in the area was estimated to be 58.01 t/ha,27.55t-C/ha and 
100.85 t-Co2/ha respectively. The aboveground biomass of chinnar forest falls within the 
range reported for other tropical dry forests of the world. The tree layer contributed most 
(97.6%) to the total aGb among different vegetation types followed by shrub (1.6%), herb 
layer (0.7%) and sapling and seedling (0.1%). Results showed that larger trees like 
TamarindusindicaL(2.97t-C/ha) and Terminaliaarjuna (Roxb. ex dC.) wight &arn (1.85t-
C/ha) were the dominant species in carbon storage. Correlation and regression analysis 
showed that forest tree biomass increased with the increase in girth(gbh),height and diversity 
but not with density. The present study provides valuable data for the estimation of biomass 
and carbon stock of tropical dry forest of kerala, which would facilitate carbon stock 
modelling at national as well as at global level. 

Key words: Forest ecosystem, Above ground biomass, Carbon stock, Global warming 

Climate change 

INTRODUCTION 

The unsustainable human activities have resulted in increased concentration of greenhouse 
gases (GHGs) in the atmosphere. The increase in GHGs are projected to lead to 1–3.58C in 
global mean surface temperature and an associated increase in sea level by 15–95 cm by 2100 
(IPCC, 1996). This can have catastrophic implications for human health and socio-economic 
systems (e.g. agriculture, forestry, fisheries, and water resources) (IPCC, 1996). Hence the 
climatologists are calling for an urgent action to curb global warming. Therefore,  the 
International  Panel  on  Climate  Change  (IPCC)  in  its fourth assessment report has 
strongly recommended to limit  the  increase  in  global  temperature  below  2°C  as 
compared with pre-industrial level (i.e. measured from 1750) to avoid serious ecological and 
economic threats. 

Forest ecosystems merit consideration in this context of climate change because they are the 
large reservoirs of carbon as well as potential carbon sinks and sources to the atmosphere. 
Tropical forests play an important role in the global carbon cycle, accounting for about one-
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third of the global net primary productivity and 55 % of total global forest carbon (Panet al., 
2011; Malhi, 2010). - It is increasingly being realized by the international community that the 
mitigation of global warming will not be achieved without the inclusion of forests in the 
mitigation plan. In this context, Reducing Emissions from Deforestation and Forest 
Degradation (REDD) is a new initiative of United Nations Framework Convention in Climate 
Change (UNFCCC), led by forest-rich developing countries that calls for economic 
incentives to reduce the emissions of greenhouse gases from deforestation and forest 
degradation in developing countries (Gibbs et al., 2007). The developing countries need to 
have well-authenticated estimates of forest carbon stocks for successful implementation of 
mitigating policies to take advantage of the REDD programme. It is therefore necessary to 
estimate clearly and to understand the potential role of forests in the alleviation of global 
warming. As the climate change debate advances, policy makers also require more accurate 
information on the current and projected carbon emissions and sequestration in forests. 
(Potential carbon sequestration in China’s forests). 

The present study is an attempt in this regard which is aimed to establish a baseline data set 
of the biomass and carbon storage by above-ground structures (trees) in the tropical dry forest 
of Chinnar Wildlife Sanctuary (WS), one of the least distributed forest type in Kerala. In 
addition there is little information exist on the carbon sequestration in natural forest 
ecosystems in Kerala. Assessment of the amount of carbon sequestered by a forest will give 
us an estimate of the amount of carbon emitted into the atmosphere when this particular 
forest area is deforested or degraded.  Furthermore, it will help us to quantify the carbon 
stocks which in turn will enable us to understand the current status of carbon stocks and also 
derive the near-future changes in the carbon stocks. 

Materials and Methods 

The Present study was carried out under 4 sample plots of 0.1ha (31.62mX31.62m) in the 
tropical dry forest of Chinnar Wildlife Sanctuary (WS) during 
January, 2011(Fig.1&Fig.2).Within each plot, species, girth at 
breast height (gbh) and height of all trees ( gbh ≥ 10 cm) were 
recorded. The flora were identified as per Gamble and Fischer 
(1915 – 1936), Sasidharan (1999). The heights of the trees 
were measured with Hypsometer and the tree girth was 
measured at breast height (GBH) by using steel measuring 
tape. The aboveground biomass (AGB) has been calculated by 
multiplying volume of tree with specific gravity (Ravindranath 
and Ostwald, 2008).Volume of trees was calculated using 
species volume equations developed by Forest Survey of India 
(FSI, 1996). Species-specific, specific gravity, was obtained 
from the published books of Forest Research Institute (FRI, 
1996). Biomass of shrubs, herbs and sapling-seedling were 
estimated using 

976

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



destructive method. Two quadrats each of 5 m x 5 
m size for shrubs and two quadrats each of 1 m x 1 
m size for herbs were laid in each sample plot. All 
shrubs, herbs and sapling -seedlings occurring in 
the sample plot were harvested, oven dried and dry 
weight was estimated. Dry weight constitutes its 
biomass. The carbon storage was computed as per 
Schlesinger (1991).The carbon stock is multiplied 
by factor 3.67 to obtain the carbon dioxide (CO2) 

as 1 ton carbon is equal to 3.67 tons of CO2. 
(Jindal et al., 2007).Biomass and carbon (Trees, 

Shrubs and Herbs) obtained from four sample plots (each 0.1 ha) was summed up and its 
average value was taken as total biomass and carbon of the forest ecosystem and is expressed 
in t/ha. 

Results and Discussion 

The results showing values of tree density, gbh, height, tree diversity, biomass, carbon of 
different plots are placed in Table 1.Tree density varied between 35 and 112 with an average 
value of 62 in the site. Plot- 2 of the study area with a riparian stretch showed maximum 
dominance in gbh (63.63cm), height (6m), diversity (19), basal area (3.49m2) and 
biomass(15.98t/0.1ha)of trees compared to other plots. Shrub biomass of the plots ranged 
from 0.031 to 1.042 a cross the plots with maximum being recorded in Plot-4 of the site. 
Highest biomass in the case of herb (0.054t/0.1ha) and sapling- seedling (0.071t/0.1ha) noted 
in Plot-3 of forest area. 

Table 1. Observations from the forest ecosystem  

Variables Plot-1 Plot-2 Plot-3 Plot-4 Average 

Tree 
density(trees/0.1ha) 

112 57 35 45 62 

Average gbh(cm) 18.34 63.63 26.85 23.17 32.99 

Average Height(m)  3 6 4 4 4 

Number of tree 
species 

10 19 10 8 
12 

Basel area(m2) 0.34 3.49 0.32 0.27 1.10 

Tree biomass 
(t/0.1ha) 

1.22 15.98 1.39 2.04 
5.15 

Shrub 0.096 0.031 0.069 1.042 0.084 

Fig.2 Sample Plot Design 
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biomass(t/0.1ha) 

Herb Biomass 
(t/0.1ha) 

0.032 0.023 0.054 0.028 
0.034 

Sapling - Seedling 
Biomass(t/0.1ha) 

0.019 0.030 0.071 0.13 0.06 

Total Above ground 
Biomass (t/0.1ha) 

1.352 16.040 1.521 2.226 5.801 

Total Above ground 
Carbon(t/0.1ha) 

0.642 7.619 0.722 1.057 2.755 

 Above ground Biomass of forest area (t/ha)                                               -58.01 

Above ground Biomass carbon of  forest area (t-C/ha)                              -27.55 

 Above ground Biomass  CO2 stock of forest area (t-CO2/ha)                    -100.85 

 

Total above ground biomass (Trees, Shrubs, Herbs, Sapling-Seedling) of the plot varied from 
16.040t/0.1ha (Plot-2) to 1.352t/0.1ha (Plot-1) in the area. Above ground carbon stock also 
showed similar trend of contribution as that above ground biomass. Averaging the plot-wise 
biomass and carbon values and extrapolating into hectare area, the above ground biomass and 
carbon of the forest system was found to be 58.01(t/ha) and 27.55(t-C/ha).Total CO2 stock of 
the forest ecosystem was estimated to be 100.85(t-CO2/ha). According  to  Murphy  and  
Lugo  (1986),  the  global range  of  aboveground  carbon  density  for  tropical dry forest  is  
14-123  t-C/ha. Chaturvedi et al. (2011) reported carbon density ranging from 15.6 to 151 t-
C/ha in tropical dry forests of India. The  aboveground  carbon  stock  of  the present study 
are well within the limits of other tropical forests in India and elsewhere (Chen  et  al. 2003;  
Hughes  et  al. 2000;  Návar,  2009; Ogawa et al.1965). However, the  values obtained in the 
present study  is lower  than the values reported in tropical moist deciduous forests, tropical  
semi-evergreen  forests,  tropical  evergreen forests  and  tropical  rainforests  (Baishya  et  al. 
2009;Devagiri et al 2013; Bhat et al. (2003);Hughes et al.1999;Mohanraj  et al.2011; Saatchi 
et al.2011; Sierra et al.2007). 

The tree layer contributed most (97.6%) to the total AGB among different vegetation types 
followed by shrub (1.6%), herb layer (0.7%) and sapling and seedling (0.1%) (Fig.3). The 
tree layer biomass values(5.15t/0.1ha or 51.5t/ha) obtained in the present study are frequently 
lower as compared to the values 397 - 527 t/ha reported by Swamy et al. (2010) for evergreen 
forest. But this estimated value for the tree biomass found to be higher when compared to 
value (46.7 t/ha) reported by Singh & Singh (1991) for dry deciduous forest. 
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Among tree species (trees having diameter >10cm), Tamarindus indica L. showed greater 
contribution of biomass (6.25t/ha), carbon (2.97t-C/ha) of the area (Table.).its size (both gbh 
and height) with sufficient number (tree density) might be factor in showing greater biomass 
and carbon when compared with other species found in the area. According to Nagendra.H 
(2012) tree size coupled with tree density provides an indication of above ground carbon 
storage, another important parameter of forest structure. It  is  interesting  to  note  from  the  
present  study  that Terminalia arjuna (Roxb. ex DC.) Wight & Arn reporting only one tree 
from the area has the second highest total woody biomass (3.90 t/ha) and houses the second 
highest amount of woody biomass carbon (1.85t- C/ha) than all the other species. Apart from 
this these two species stock more than half of carbon that is stored by the dominant species. 
This indicates that tree size had stronger role in carbon determination than its number (tree 
density).Generally climate change mitigation depends much more strongly on the amount and 
permanence of carbon in the biosphere than on the velocity of its capture; and permanence of 
carbon stored and the speed with which it is captured depend on different components of 
plant and soil diversity which can cause these two desirable properties to be in opposition. 
Albeit incomplete, our present understanding of these relationships can help decisions on 
what species and species combinations are the most suitable for maximizing carbon 
sequestration, as well as enhancing the compatibility of carbon sequestration with other 
ecosystem services under different environmental contexts. 

Table 2. Species wise contribution of biomass and carbon among trees (>10cm 

diameter) 

Sl 
.No 

Species Tree 

density 

Average 

GBH(cm) 

Average 

Height(m) 

Total AG 

Biomass per 

tree (t) 

Total AG 

Biomass C 

per tree(t) 

1 Tamarindus 

indica L. 8 134.75 8.06 6.259648282 2.973332934 

2 Terminalia arjuna 
(Roxb. ex DC.) 
Wight & Arn. 1 350 17 3.908677334 1.856621733 

0.7 1.6 0.1 

97.6 

Herb 

Shrub 

Sapling&Seedlin

g 

Fig.3 Plant forms and above ground biomass 
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3 Lepisanthes 

tetraphylla Radlk. 5 63.2 5.4 0.960836963 0.456397557 

4 Pleiospermium 

alatum (Wight & 
Arn.) Swingle 8 38.5 3.75 0.952973167 0.452662254 

5 Albizia amara 

(Roxb.) B.Boivin 4 54.5 6.5 0.898930516 0.426991995 

6 Chloroxylon 

swietenia DC. 4 58.75 9.625 0.87818354 0.417137181 

7 Ixora pavetta 
Andr. 3 73.33 6 0.816406734 0.387793199 

8 Azadirachta 

indica A.Juss. 9 42.77 4.33 0.737164102 0.350152948 

9 Strychnos 

potatorum L.f. 3 60.33 5.33 0.67591086 0.321057658 

10 Mitrephora 

heyneana (Hook. 
f. & Thomson) 
Thwaites 2 72.5 8.75 0.629030932 0.298789693 

11 Gyrocarpus 

americanus Jacq. 2 106.5 6.25 0.484225821 0.230007265 

12 Vitex leucoxylon 
L.f. 1 92 12.5 0.421500303 0.200212644 

13 Ficus sp. 2 125 7.75 0.394214059 0.187251678 

14 Atalantia 

monophylla DC. 3 35.66 3.16 0.280149773 0.133071142 

15 Dichrostacys 

cinerea (L.) 
Wight & Arn. 2 36 3 0.183684213 0.087250001 

16 Bauhinia 

racemosa Lam. 1 68 4 0.183191985 0.087016193 

17 Diospyros 

ebenum J.Koenig 
ex Retz. 1 53 5.5 0.10920495 0.051872351 
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18 Commiphora 

caudata (Wight & 
Arn.) Engl. 1 38 3.5 0.098965224 0.047008481 

19 Strychnos nux-

vomica L. 1 32 3 0.079279245 0.037657642 

20 Cordia sinensis 
Lam. 1 32 4.5 0.056024 0.0266114 

Correlation and regression analysis (plot wise) showed that above ground biomass had a 
strong(positive) relationship with tree girth (gbh), tree height and diversity but negatively 
correlated with tree density (number of trees) (Fig.4). This implies that forest types with 
higher tree density are not rich in C density moreover  the ecosystem functions, such as 
carbon stocks, are not determined solely by  

 

the number of trees but are more likely to be 
determined by the characteristics of the 
species present. This finding is consistent 
with the idea that the biomass or carbon stock 
in tree biomass increases with gbh, height but 
not with tree density (Dafeng et al 2012). The 
relationship between biodiversity and carbon 
sequestration is complicated and depends on 
the nature of the production system and the 

reforestation (or afforestation) policies adopted. Some authors argue that biodiversity tends to 
decrease with carbon sequestration in forest ecosystem (C.M. Sharma et al., 2010, Y. Zhang 
et al., 2011). Results in this study do not indicate any such negative relationships. Kirby and 
Potvin (2007) reported a positive correlation between biodiversity and carbon storage across 
land use types in Panama. The results of the present study are also in conformity with the 
available literature (J.Ni et al 2007).Species composition or functional traits of specific 
species were better predictors for ecosystem functioning than tree density (Kahmen et 
al.,2005). 
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Fig. 4 Relationship between vegetation parameters vs. above ground biomass 

Conclusion 

The present study has revealed the biomass, carbon and CO2 storage capacity of above 
ground structures in the tropical dry forest of Kerala and has outlined the vital contribution 
larger tree species in storing carbon in these forests ecosystem. This study portrays the fact 
that girth at brest height (gbh) and height can be better predictors of carbon storage than 
number of trees and there is significant gaps exist in our understanding of the relationships 
between biodiversity and carbon sequestration, and how these relationships are affected by 
forest condition. The present study helps to comprehend the terrestrial carbon dynamics of 
forests ecosystem of Kerala from a climate change backdrop. The generated knowledge is 
indispensable for the sustainable management and conservation of forest through decision 
making process. Apart from this the whole findings can be a valuable contribution towards 
National Carbon Inventory. Thus the study upholds the role of forest in carbon dynamics 
from a climate change perspective. 
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BIOMETHANATION OF LIGNOCELLULOSIC WASTE BIOMASS 

Priya P and Krishnakumar B 

CSIR-national Institute for Interdisciplinary Science and Technology (CSIR-
nIIST)Thiruvananthapuram 695 019, India 

ABSTRACT 

Luxurious growth of water hyacinth is a typical environmental problem associated with 
eutrophic back/brackish water bodies in kerala. The present reports on the anaerobic 
digestion of water hyacinth biomass for recovering value added products from the waste 
biomass. different pretreatment methods like mechanical crushing, acid and alkali treatment 
were tried for improving the biomethanation. biogas production was highest in mechanically 
treated biomass (~400 ml/g VS). based on the results of preliminary batch experiments, 
digestion studies were extended to a laboratory scale two stage anaerobic bioreactor. The 
biomass was hydrolyzed in the first unit and the leachate was subjected to produce methane 
in the second unit. The hydrolytic enzyme (cellulase, xylanase, pectinase and amylase) in the 
hydrolyzing unit was monitored and found to have high correlation with protozoa community 
in the sludge. approximately 36.5 Lit biogas/kg wet wt biomass was produced in 10 days 
through this process. 

INTRODUCTION 
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Anaerobic digestion of lignocellulosic biomass  is a complex microbial process where a 
series of metabolically interacting microorganisms convert organic matter into methane, 
carbon dioxide, reduced nitrogen and sulphur compounds. It involves a series of process like 
hydrolysis, acidogenesis, acetogenesis and methanogenesis and final byproduct will be 
methane and carbon dioxide. The potential of using lignocellulosic biomass is more 
significant because it is the most renewable and abundant organic component in the world. If 
the biomass provides enough carbohydrates, lipid,proteins, trace elements and minerals , then 
that can be considered as an energy crop.  

Eutrophication is a serious threat which is faced by most of the wet lands and this is mainly 
due to nutrient accumulation. This nutrients can be stripped off from the water bodies with 
the help of macrophytes like water hyacinth (Eichhornia crassipes) which can later serve as 
an energy crop for anaerobic digestion. In the present study an environment friendly method 
to recover value added products from harvested water hyacinth biomass is reported. 

Methodology 

Before using water hyacinth for anaerobic digestion, pretreatment studies were done. The 
pretreatment studies tried were alkali treatment, acid treatment, and mechanical crushing. The 
anaerobic digestion process was then scaled up to a laboratory scale biphasic biomethanation 
system. The system was an Upflow Anaerobic Sludge Blanket Reactor (UASB) coupled with 
Anaerobic Leach Bed Reactor (ALBR) (Fig 1).  

Quantitative analysis of cellulase, xylanase, pectinase and amylase in the ALBR was done by 
estimating the amount of reducing sugar released from different substrates by the action of 
corresponding enzyme. ALBR leachate was centrifuged at 2862 g for 20 minutes (Hermle Z 
83K). One ml of the filtered (0.2µm filter) supernatant was used as the test sample for 
enzyme assay. The reducing sugar was estimated by 3, 5-dinitrosalicylic acid (DNS) method 
(Miller (1959)). One percentage solution of carboxy methyl cellulose (for cellulase assay), 
xylan (for xylanase assay), pectin (for pectinase assay) and starch (for amylase assay) were 
used as substrates. Standard curve for cellulase, xylanase, pectinase and amylase activity 
were plotted by taking 0.2  1.0 ml of 1.0 mg/ml stock solution of glucose, xylose, 
galacturonic acid and maltose respectively as substrates and the assay was done as mentioned 
above.  

In order to localize (cell free or flock bound) the hydrolytic enzymes in the ALBR, the 
activity one of the enzymes (cellulase) was analyzed separately in bulk liquid (in suspension) 
as well as bound to flocks. After uniform mixing, approximately 100 ml sludge was 
withdrawn from the reactor. To estimate cell free enzymes, 10 ml sludge was centrifuged and 
the supernatant was used for direct enzyme assay. For estimating flock bound enzymes, 10 ml 
sludge was centrifuged and the pellet was resuspended in10 ml phosphate buffered saline 
(pH-7.0). The suspension was sonicated (Ultra-Turrax T25) for one minute, centrifuged again 
and the supernatant obtained was used for enzyme assay.  

The protozoa diversity and population dynamics was followed through periodic analysis of 
sludge samples from ALBR during one digestion cycle. The identification of different 
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protozoa present in the sludge was done through microscopic observation (Leica DM 2500) 
under live, fixed and stained conditions according to the schemes summarized by Patterson 
(1995) and Foisner and Berger (1996). To arrest the motility for detailed morphological 
observation, the protozoa was fixed in Schaudinn’s fixative (Saturated HgCl2 in 0.9% saline, 
60 ml; ethanol, 30 ml and acetic acid, 10 ml) (Martindale (1982)). Staining was done with 1% 
Lugol’s iodine to identify ciliates and flagellates (Patterson (1995)). Counting was done on a 
Neubaur counting slide. One ml of fixed reactor sample, diluted four times with distilled 
water and counting was done. The counting was repeated three times and the average number 
was accounted with variations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results  

Fig 1: Schematic representation of the reactor 

system 
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Among the three mechanical crushing was found to be the most effective pretreatment since 
it produced more gas (Fig 2).Batch reactor experiment for the biomethanation of crushed 
water hyacinth was done and its hydrolytic enzyme profile with respect to gas production was 
calculated. The hydrolytic enzymes tested were cellulase, xylanase, amylase and pectinas 
method. It was found to have a positive correlation with gas production (Fig 3). 

 

 

 

 

 

 

 

 

 

 

In the present study, the lignocellulose biomass (Water hyacinth) was digested in a two stage 
anaerobic process unit. This was to avoid direct inhibition of hydrolytic products (organic 
acids) on methanogens. The pH was not controlled at any stage of the process. A number of 
previous studies on anaerobic digestion of organic waste including lignocelluloses reported 
two stages or multistage process without pH control as more effective than single stage 
systems (Kivaisi and Mtila (1998); Bouallagui (2004)). During the digestion a total of 36.5 L 
biogas was produced from 2.5 kg biomass (wet wt.) in 10 days, equivalent to 389±20 ml 
methane/gram volatile solids. This was comparable with 307441 ml biogas/g volatile solid 
reported in earlier studies (Kivaisi and Mtila (1998); Srinidhi ( 2012)).  

 The hydrolytic enzyme profile as well as COD removal and VFA were also calculated along 
with the gas production. The graph between VFA and total gas was found to be showing a 
significant correlation co efficient (Fig 4). The COD removal was found to be 70% which is 
an effective COD removal reported in UASB. 

 

Fig 2 Effect of pre treatment on gas production 
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Fig 4: Relation between VFA and Gas 
production 

Fig 5: COD removal from UASB 
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Fig 6 :Protozoan diversity of anaerobic reactor 

The most predominant community present in the system was found to be Menoidium, and the 
maximum count was observed during the middle of the process (4-6days) .The order of 
abundance of different communities in the system was found to be Menoidium> 
Cyclidium>Metopus>Colpoda>Rhyncomonas>Bodo. The number of most of the protozoa 
increased as digestion progressed reached to a maximum during days 4-6 and declined 
subsequently ( Fig 6).  

Conclusions 

The present study demonstrates anaerobic digestion as anenvironment friendly method to 
recover high value products from waste lignocelluloses biomass like water hyacinth. The 
microbial community represented by bacteria, archaea and protozoa plays significant role in 
the over all process.  
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ABSTRACT 

attingal municipality is situated in Thiruvananthapuram district of kerala state, India. The 
total geographical area is 15.7β4 sq.km and is located in between 8º41’ north latitude and 
76º50’ east longitude. The area is located in midland with dissected hills and low land area 
and is approximately 7k.m from sea coast. Solid waste is non liquid waste arising from 
domestic, trade, industrial, agricultural, mining, construction activities and from public 
services. It will neither flow into streams nor escapes immediately into the atmosphere. 
because of the increasing population of cities and the effects of industrialization, solid waste 
management becomes an important problem for cities. The collection, transportation and 
disposal of these solid waste in proper manner is the major task of solid waste management in 
any region. This study points out the factors behind the success of attingal municipality in 
solid waste management, while most of the municipalities in kerala faces 

INTRODUCTION 

Waste defines as “the unwanted material or substance that is left after you have used 
something” while the new shorter. It also any unwanted or discarded matter. It can be a solid, 
liquid, or in a gaseous form. A product, material or container is not considered waste until 
someone throws it away. Solid wastes include all domestic refuse and non- hazardous wastes 
such as commercial and institutional wastes, street sweepings and construction debris. Solid 
waste is non liquid waste arising from domestic, trade, industrial, agricultural, mining, 
construction activities and from public services or it can be defined as unwanted material 
disposed by man, which can neither flow into streams nor escapes immediately into the 
atmosphere. These cause pollution in water, air and soil. During the monsoon season, the 
entire solid waste spread into the roads, mixing with rainwater, blocking the drainage 
movement, and leads to flood in the urban system 

Because of the increasing population of cities and the affects of industrialization, solid waste 
management becomes an important problem for cities. This problem gets bigger in large 
cities related with large population and increased complexity. Solid waste management is 
defined as “all the processes which include all the activities that seek to minimize the health, 

environmental and aesthetic impacts of solid waste”. In few Indian cities, solid waste 
management is attempted but not fully done. For the success of waste minimization 
programs, the waste must be collected approximately and be transported to the recycling and 
dispose properly. The collection methods of waste and the selection of collection centres 
affect the success of waste management programs significantly. The success of municipal 
solid waste collection is strongly related with public participation. The collection method, 
collection equipments and vehicles, collection times and routes all affect the success of 
collection of solid waste. Most of the municipalities in Kerala are facing major problem is 
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solid waste and its related problems.  Attingal municipalities have a successful waste 
management, with people’s participation and are environment friendly.                  

STUDY AREA  

Attingal municipality is situated in Thiruvananthapuram district of Kerala state, India.  The 
total geographical area is 15.7β4 sq.km. it is located in between 8º41’ north latitude and 
76º50’ east longitude. The area is located in midland with dissected hills and low land area. 
Attingal is located approximately 7k.m from sea coast. The name “Attingal” was developed 
from “The land surrounded by rivers” such as Vamanapuram and Mamom rivers. Attingal 
Municipality has 31 wards includes now. Vamanapuram River and Mammom River is the 
important drainage system in the Attingal municipality. Most of the area of Attingal 
municipality is covered with laterite soil while the alluvial soil is extensively distributed in 
the river banks. The south west Monsoon from June to September is the principle rainy 
season.  .  The winter temperature comes down to about 15 degree Celsius. As per Köppen 
and Geiger climatic classification climate here is Am. The average annual temperature in 
Attingal is 26.8 °C. The average annual rainfall is 2100 mm. 

The driest month is January with 21 mm. Most precipitation falls in June, with an average of 
403 mm. 

OBJECTIVES OF THE STUDY 

The main objectives of the study include: 

 To evaluate the process of collection segregation and disposal of solid waste in 
Attingal municipality. 

 To study the efficiency of solid waste management plant of Attingal municipality 

 To suggest some measures to improve the present SWM Practice. 

APPROACH AND METHODOLOGY  

The research objectives were met thought the collection of primary and secondary data. 
Primary collection methods like interviews, participant observation, field observation etc 
were included to increase the accuracy of information. Secondary data collection methods 
like literature review, census reports, reports from various departments etc were used to 
further enhance the understanding and to verify the quality information gathered. It was used 
for cross checking the findings wherever necessary and available. In the course of the field 
observation, photographs were taken of waste management scenes, waste management plant, 
technologies and machines of the plant.  

MAJOR TYPES OF WASTES IN ATTINGAL MUNICIPALITY 

 Attingal Municipality - Major types of waste generated 

No. Sources of waste Waste in tones Percentage 
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1 
Residential and 
commercial wastes 

6 35.29 

2 Institutional wastes 3 17.64 

3 Construction wastes 2 11.76 

4 Industrial wastes 5 29.41 

5 Agricultural wastes 1 5.88 

Table no:1 

 

 

 

 

 

 

 

 

 

 

Fig no:1 

Attingal Municipality :   SOURCES OF SOLID WASTES 

 

 

 

 

 

 

 

Table no:2 

Sources of waste Waste in tons Percentage 

Market 8 47.05 

Household 5 29.41 

Hotel 2 11.76 

School 1 5.88 

Function 1 5.88 
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Fig no:2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig no:3 

 

COLLECTION OF SOLID WASTE IN ATTINGAL MUNICIPALITY 
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             Sweeping wastes from the city centers and the household wastes are collected by 
Kudumbhasree workers and other plant workers. The municipality provides green and white 
bin to households and hotels for deposition of degradable and biodegradable wastes 
separately. The municipality and its areas generates 17 tonnes waste per day. The 
municipality follows the following waste collection method. 

1. Door to door services are organizing  to collect waste from houses  by Kudumbhasree 
staffs. They collect waste from shops, houses, institution, markets, streets etc. 

2. Public places and market place waste collect municipal workers. 

3. Waste from slaughter houses, meat and fish markets, fruits and vegetable markets 
which are biodegradable in nature, shall be managed to make use of such wastes. 

4. Bio medical wastes and industrial wastes shall not be mixed with municipal solid 
wastes and such wastes shall follow the rules separately specified for the purpose. 

5. Collected waste from residential and other areas shall be transferred to small vehicle. 

Waste materials are collected from the white bin weekly and daily from the green bucket. 
Municipality make service charge for waste collection from households and hotels based on 
the quantity of the waste. The municipality has time for waste collection which starts from 
6.30 am to 12.30 p.m. But in festival season the waste are collected on  24 hours. 
Kudumbhasree units collects wastes daily from 4300 houses and 600 institutions.  

Attingal Municipality - Vehicles for garbage collection 

Type of Vehicle Number of vehicle 

Lorry 2 

Tipper lorry 3 

Tipper Auto 3 

Max Pick-up 2 

                                   SOURCE: Development report of Attingal 

Table no:3 

 

SOLID WASTE MANAGEMENT SYSTEM IN PLANT.  

Attingal municipality started waste management plant in 2006. After the establishment of 
plant the municipality developed 5 methods for waste management. They are   (1) Vermin 
compost (2) windrow composting (3) Biomethanisation (4) Plastic shredding unit (5) Land 
filling. Through the introduction of these methods in plant, the municipality generated 
manure from solid waste (3 tons per day). Full support of municipal authorities helped to 
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develop a solid waste management plant in Attingal. Presently the municipality has started a 
decentralized waste treatment plant. Introduction of plastic shredding machine for plastic 
waste processing shows the municipalities responsibility of society, people and environment.  

Waste Management in Attingal Municipality before the Introduction of Plant 

The present waste processing site is used as dumping site for the last 50 years.   It is a sloppy 
terrain with levelling done at places and with compound wall on three sides. The total area is 
about 3.82 acres. The land is suitable for processing plant and it is desirable to acquire 
adjacent land for the development of secured landfill. A shed of about 200.0 sq.km with 
roofing and concrete floor, was constructed during 2003 for vermin compost for the period.   
At that time quality of municipal services related to solid waste collection, treatment and 
disposal at Attingal municipality was not satisfactory. During the year 1999 the municipality 
had tried the vermin- compost technique to convert the solid waste in to manure. But the 
attempt was not succeeded due to technical and operational problems. 

Absence of sanitary landfill facility for the disposal of pre processing and post processing 
rejects were another problem for the failure of the attempt made earlier. Before 2006 every 
day a quantity of about 7 tons of waste is left to decompose on road margins, drains, water 
bodies and open space. Such a situation provides ideal breeding ground for pathogens, flies, 
rats and mosquitoes. Even more serious possible problem is the ground water pollution due to 
Leachate from disposal site. Municipality face windblown debris and burning of wastes 
invariably cause air pollution.  Municipality faced major problem is how can manage waste 
using proper methods during that period. Improper waste management creates various health 
problems to the people and creating pollution and environmental degradation in municipal 
areas. The local people one’s protested against this management. It create lose of land value 
in surrounding areas of dumping yard. That time collection, storage of solid waste and 
transportation is not satisfactory.  These are the main problems faced by the municipality 
based on solid waste management in early times.  

Solid Waste Management System after the Establishment of Plant. 

          The solid waste management plant of Attingal municipality is located in a densely 
populated area of Chudukad, which is 2 kms from the town.  After the establishment of plant, 
the municipality achieves maintain certain goals in the field of solid waste management.  
During the year 2003 the municipality introduced vermin compost technique to convert solid 
waste into manure. The process of vermin compost is developed with the help of 
Kudumbhasree workers. Generating huge amount of waste in day by day creates lot of 
problems in processing vermin compost. Huge amount of waste was deficient for vermin 
compost. In 2005 the municipality introduces windrow compost plant with the help of 
Suchitwa Mission Fund, credit of clean Kerala mission and the Central Waste Management 
Plan (UIDSST).   The capacity of first windrow compost plan was about 5.5 ton of waste per 
day.    In 2010 the municipality developed plant with the financial support of Suchitwa 
Mission. The capacity of second commissioned windrow compost is 15ton/day.  
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 The municipality constructs biogas plant in solid waste management site for collecting 
Leachate from the windrow compost through PVC pipes.  Vermin compost generates 1 ton 
waste to manure and the plastic shredding units make in the plant for managing plastic 
wastes. Plastic wastes are gaining through plastic shredding machine. Other wastes like tare, 
glass pieces are used for land filling. 

MAJOR FINDINGS OF THE STUDY 

          Successful management system is carried out using 5 methods for waste management. 
They are Vermin composting, Windrow composting, Biomethanisation / biogas plant, Plastic 
shredding units, Landfill. 

1. Efficient management system with the help of Kasargod social 
service society. 

2. Decentralization methods are providing in households, hotels and 
Slaughter   houses. 

3.         Efficient transport system for waste management. 

4. The municipality also conducting awareness with the help of 
residential associations. 

5. The plant with its efficiency along with green belt and garden stays 
as a back bone for Solid Waste Management in Attingal 
municipality. 

6.         Segregation system of Attingal municipality is appreciable 

CONCLUSION 

The present study is to understand performance of solid waste management systems in 
Attingal municipality and to suggest other municipalities to take into consideration of the 
solid waste management followed in Attingal municipality as role model.  There small 
example of “solid waste management in Attingal municipality is an encouragement for the 
cities of the country and it will brought outs an uncontaminated hygienic nation. 
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ABSTRACT 

Among various strategies for the sequestration of carbon dioxide, aquatic sequestration using 
microalgae has been receiving considerable attention as it offers an energy saving and 
environment friendly approach. The present study has been carried out with the objective of 
screening newer members with respect to their efficiencies in assimilating carbon dioxide. 

Pure cultures of Phytoconis and Ankistrodesmus were maintained in the laboratory using 
bolds basal medium. adequate quantity of the algal culture was added to growth chambers (18 
x 18 x 26 cm) containing 4 litres of the culture medium. The first chamber was kept as 
control. The second and third chambers were supplied with air and Co2 at constant flow rates 
during day time. The cultures were monitored for pH, dissolved oxygen and free carbon 
dioxide for a period of 48 hours, with an interval of 3 hours. Similarly the cell count, cell size 
(micrometry) and biomass of organisms contained within the culture media were worked out 
at regular intervals of 6 hours. all the three sets were kept at illumination. 

The results are highly promising with both the algae evidenced by high do production, cell 
count, cell size and biomass in Co2 treated set as compared to control. The present study 
highlights the possibilities of incorporating Phytoconis and Ankistrodesmusin Co2 
assimilation. 

Keywords: Phytoconis, Ankistrodesmus, bio sequestration  

INTRODUCTION 

The industrial and urban activities that our modern civilization depends upon have raised 
atmospheric carbon dioxide levels from 280 to 395.41 ppm (Scripps CO2 data- Mauna Loa 
Observatory). This has lead to major challenges of the world like global warming and climate 
change.  Industries related to power generation, chemical processing, production processes 
like cement, iron etc. have contributed substantially to the hike of atmospheric carbon 
dioxide. The combustion of fossil fuels also contributed to about 75% of the total 
anthropogenic carbon dioxide emissions (IPCC, 2001). If the current trend continues, it will 
results in potential adverse impacts including sea-level rise; increased frequency and intensity 
of wildfires, floods, droughts, and tropical storms; changes in the amount, timing and 
distribution of rain, snow and runoff; disturbances to coastal, marine and estuarine 
ecosystems, expanding deserts, etc. 

In order to circumvent the issues associated with increased CO2 emissions, CO2 sequestration 
technologies are needed widely and urgently. Recently, many research and development 
efforts are implemented to reduce CO2 emissions and the most recent alternative for 
managing carbon is carbon sequestration. 

Various physical, chemical and biological methods have been applied to capture CO2 (Abu-
Khader, 2006). They include geologic sequestration, carbon-dioxide mineralization, aquatic 
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sequestration etc. Among different methods of carbon sequestration, aquatic sequestration 
using microalgae are receiving considerable attention as it offers a sustainable and 
environmental friendly approach. 

Photosynthetic mitigation of CO2 using microalgae is promising from many aspects, thereby 
becoming a serious topic of contemporary research. Microalgae are of particular interest to 
researchers seeking methods of carbon mitigation because of their rapid growth rates (up to 
10 times that of higher plants) and potential for higher-efficiency solar conversion than land 
plants (Herzog et al., 1997). They are better able to be handled in extreme environments, 
higher proliferation rate and can be more readily incorporated into engineered systems. 

Various micro algal species like Chlorella kessleri, Chlorella sp. T-1, Chlorella KR-1, 

Chlorella emersonii, Chlorella HA-1, Chlorella ZY-1, Scenedesmus Sp, Chlorococcum 

littorale, Synechococcus PCC7942, Stichococcusbacillaris, Thermosynechococcus sp. CL-1, 

Nannochloropsis oculata, Galdieria partita, Chlorogleopsis sp., Spirulinaplatensis etc. have 
been tested for their efficiency to capture carbon dioxide. All these microalgal members have 
reported to exhibit efficiencies of carbon dioxide sequestration in various capabilities. The 
present study is attempted with the objective of screening more microalgal members with 
respect to their efficiencies for assimilating Carbon dioxide. 

Materials and Methods 

In the present study, pure cultures of Ankistodesmus and Phytoconis were maintained in the 
laboratory using Bolds Basal medium (Bischoff and Bold, 1963). The cultures were 
periodically monitored using an image analyzer (Leica, DFC 295). 

Experimental Layout 

Five litres each of the incubated microalgal culture was transferred to three glass tanks of size 
18 x18x26 cm and are treated as control, aerated set and CO2 treated set, respectively. The 
aerated and CO2 treated sets were supplied with ambient air and CO2 respectively at specific 
flow rates (9-12 bubbles per minute) from 6am to 6 pm for 48 hours. All the three sets were 
kept at illumination during the day time. pH, dissolved oxygen and free carbon dioxide 
content of the culture was monitored at an interval of 3 hours whereas cell count, cell size 
(micrometry) and biomass were worked out at regular intervals of 6 hours. Sampling and 
monitoring of the cultures were carried out for a period of 48 hours. The comparative 
efficiencies of algal members were worked out and the results are interpreted. 

Results and Discussion 

Results of cell size and number of cells of Ankistrodesmus and Phytoconis in response to 
changes in pH, dissolved oxygen and free CO2 content of the culture media are given in 
Table 1a and 2a. Similarly changes in biomass associated with Ankistrodesmus and 

Phytoconis are given in Table 1b and 2b respectively. Changes in pH, DO, Free CO2, cell 
count, cell size and biomass associated with the type of algal member and nature of culture 
condition are represented in Figures 1 – 6. 
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On an overall assessment of mean values of pH, it has been noticed that the microalgal 
members are surviving and exhibiting better growth performances in acidic range of pH in 
treatment sets fed with CO2. This is due to their adaptabilities with respect to changing 
environmental conditions and is indicative of their CO2 assimilation capabilities. On a 
comparative assessment of the mean values of DO, it was noticed that even with continuous 
supply of CO2, cultures containing Phytoconis sp. maintained higher levels of DO than their 
respective controls which is an indicative of their active photosynthetic process in presence of 
available CO2 and subsequent release of oxygen. Treatment sets containing Ankistrodesmus 

sp. also showed better DO than their aerated sets, indicating their moderate efficiency in 
assimilating continuous supply of CO2. The cultures fed with continuous supply of carbon 
dioxide exhibited higher free CO2 content in the culture media. It can happen as a result of 
residual CO2 in the culture media. Availability of residual free CO2 can have an influence on 
the pH of concerned cultures. The acidic range of pH associated with all cultures fed with 
CO2 can be attributed to this reason. Increase in cell count in most cases considered to be an 
index of growth. In the present study, mean values of the results of cell count is found to 
increase in all treatment sets fed with continuous supply of CO2 than their control. Responses 
of cells to external stimuli vary. Normally shrinkage of cells was noticed during stressful 
conditions. A comparative assessment of the mean values of the size of cells from CO2 

treated sets were either higher than their control or than their aerated set. On an overall 
assessment of the mean values of biomass, it has been noticed that the biomass content of 
Ankistrodesmus sp. in CO2 treated set were higher than those of their respective control 
values, indicating an increase in growth. Pytoconis sp. exhibited higher biomass in CO2 
treatment set than control and aerated set, indicating a higher growth potential. 

Results of the present study indicated that in spite of acidic pH and higher free CO2content, 
all the micro algal members under study exhibited higher rate of DO production, higher cell 
count higher cell size and higher biomass content in treatment sets containing CO2 supply. 
This characteristically indicates their efficiencies in mitigating gaseous CO2. Results with 
Phytoconis sp. are highly promising, as evidenced by high DO production, high cell count, 
high cell size and high biomass in CO2 treatment sets compared to control. The present study 
highlights the possibilities of incorporating species like Ankistrodesmus and Phytoconis in 
CO2 assimilation / sequestration of which Phytoconis sp. is expected to provide better results. 

Table 1 a. Results on the responses of Ankistrodesmus sp. to various parameters studied. 

Parameter

s analyzed 

I day II day III day M

ea

n 6  

AM 

9 

AM 

12 

PM 

3 

PM 

6 

PM 

12 

AM 

6 

AM 

9  

AM 

12 

PM 

3 

PM 

6  

PM 

12 

AM 

6  

AM 

pH 

Control 6.21 6.22 6.30 6.11 6.08 6.36 6.40 6.10 6.04 6.12 6.19 6.20 6.17 6.1
9 
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Air supply 6.21 6.30 6.37 6.24 6.22 6.32 6.50 6.23 6.18 6.27 6.18 6.24 6.21 6.2
7 

CO2 supply 6.21 5.79 5.70 5.41 5.22 5.49 5.90 5.27 5.32 5.27 5.24 5.34 5.44 5.5
1 

Dissolved Oxygen (mg/l) 

Control 7 6.6 7.6 8.4 8.6 5.2 7.2 7.4 6.6 8.6 8.8          
8 

7.4 7.4
9 

Air supply 7 6.2 8.2 8 8.4 5 7.2 7.4 5 8.6 8.6 7.8 6.6 7.2
3 

CO2 supply 7 7.2 7.4 8 8.4 4.6 7.2 7.6 5.6 9.6 8.6 8 6.6 7.3
7 

Free CO2 (mg/l) 

Control 39.6 39.6 44 61.6 61.6 66 66 66 70.4 57.2 83.6 70.4 74.8 61.
6 

Air supply 39.6 44 44 61.6 61.6 61.6 66 61.6 61.6 61.6 61.6 61.6 61.6 57.
5 

CO2 supply 39.6 70.4 101.2 105.6 132 123.2 105.
6 

149.
6 

132 132 206.8 171.6 162.8 12
6 

Cell count (x10
4
cells/5 litre) 

Control 2  2  2 2 3  4  3 3 3 2.6
7 

Air supply 2  2  3 3 3  3  3 4 4 3.0
0 

CO2 supply 2  2  3 3 3  4  4 4 3 3.1
1 

Micrometry (µm) 

Control 66  66  88 88 99  99  99           
99 

99 89.
2 

Air supply 66  66  88 88 88  88  99 99 99 86.
8 

CO2 supply 66  66  99 99 99  99  99 99 99 
91.
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Table 1 b. Results on the responses of Ankistrodesmus sp. to biomass  

Parameters 

analyzed 

First day Second day Third day Mea

n 6AM 12PM 6PM 12AM 6AM 12PM 6PM 12AM 6AM 

Biomass (gm) 

Control 0.0256 0.016
8 

0.0368 0.0049 0.005 0.005 0.005 0.0026 0.0056 
0.012 

Air supply 0.0256 0.022
5 

0.0321 0.0026 0.003 0.0071 0.0059 0.0194 0.0237 
0.016 

CO2 supply 0.0256 0.014
9 

0.0341 0.0113 0.0051 0.0072 0.0059 0.0193 0.0155 
0.015 

 

Table 2 a. Results on the responses of Phytoconis sp. to various parameters studied. 

Parameters 

analyzed 

I day II day III 

day 

Mean 

6  

AM 

9 

AM 

12 

PM 

3 

PM 

6 

PM 

12 

AM 

6 

AM 

9  

AM 

12  

PM 

3  

PM 

6  

P

M 

1

2  

A

M 

6

   

A

M

pH 

Control 

6.81 7.08 6.98 6.95 7.06 6.95 6.91 7.09 6.96 7.08 
7.
11 

6.
7
3 

6
.
9
5 6.974 

Air supply 

6.81 6.91 6.84 6.88 7.03 6.85 6.77 6.96 6.86 6.99 
7.
03 

6.
8
7 

6
.
8
5 6.896 

CO2 supply 

6.81 6.38 6.05 6.19 6.13 6.25 6.26 6.27 6.26 6.38 
6.
43 

6.
3
4 

6
.
3
8 6.318 
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Dissolved Oxygen (mg/l)  

Control 
5.4 4 5.8 6 6.2 7.4 7 7.6 8 8.8 

10
.4 

8 
8
.
2 7.138 

Air supply 
5.4 3 5.2 6.4 7.6 6.8 6.6 6.8 8 8.8 

10
.4 

8.
6 

7
.
6 6.492 

CO2 supply 
5.4 4 6.4 7.6 8.8 8 7.2 7.8 9.2 10.8 

11
.2 

9.
4 

8
.
2 7.369 

Free CO2 (mg/l) 

Control 

48.4 44 48.4 44 39.6 44 35.2 52.8 39.6 39.6 
39
.6 

3
9.
6 

3
5
.
2 42.31 

Air supply 

48.4 52.6 48.4 48.4 52.8 48.4 52.8 52.8 48.4 48.4 44 
4
8.
4 

4
8
.
4 49.40 

CO2 supply 
48.4 

101.
2 

145.
2 

105.
6 

114.
4 

96.8 92.4 96.8 
101.
2 

96.8 
96
.8 

8
8 

1
1
0 99.51 

Cell count (x10
4
cells/ 5 litre) 

Control 3  3  3 3 3  3  3 3 3 3.00 

Air supply 3  2  2 2 3  3  3 3 2 2.56 

CO2 supply 3  3  3 3 4  4  4 4 4 3.56 

Micrometry (µm) 

Control 
55  55  55 55 66  66  66 66 

6
6 61.1 

Air supply 
55  55  55 55 55  66  66 66 

6
6 59.9 

CO2 supply 
55  66  66 66 66  77  77 77 

7
7 69.7 
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Table 2 b. Results on the responses of Phytoconis sp. to biomass  

Fig.1 variation in the pH content of micro algal members studied  

 

Fig.2 variation in the DO content of microalgal members studied 

 

Fig.3 variation in the Free CO2 content of microalgal members studied 

  

Parameters 

analyzed 

I day II day III day Mean 

6AM 12PM 6PM 12AM 6AM 12PM 6PM 12AM 6AM 

Biomass (gm) 

Control 0.0210 0.0241 0.0202 0.0213 0.0255 0.0239 0.0329 0.0327 0.034 0.026 

Air supply 0.0210 0.0214 0.0306 0.0333 0.0258 0.03 0.0365 0.0312 0.0312 0.029 

CO2 supply 0.0210 0.0286 0.0326 0.0239 0.0268 0.0335 0.0543 0.0321 0.0351 0.032 
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Fig.4 variation in the cell count of microalgal members studied 

 

Fig.5 variation in the cell size of microalgal members studied 

 

Fig.6 variation in the biomass content of microalgal members studied 
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ABSTRACT 

The highly complex polymicrobial physiology of the fish gut, ‘worlds within worlds’ are 
governed by various factors such as fish type, developmental stage, diet, surrounding 
environment and other stress factors. Taxonomic profiling of fish gut, especially through 
metagenomics approach has not received much attention to date. The bathydemersal deep 
sea ray fish was obtained from the arabian Sea by foRV Sagar Sampada Cruise #305 (8° 
11.4” n and 75° 54.9” E). It was barcoded by amplifying the 5’ region of cox1 gene from 
mitochondrial dna using fish primers. It was identified as Benthobatis kreffti and 
accession number was obtained. This study explored the gut microbiota composition of 
Benthobatis and compared it to the existing metagenomic datasets so as to reveal 
similarities and differences. Metagenomic dna was isolated using QIaamp dna stool 
minikit and V3 region of 16S r dna was amplified. The amplicons were sequenced on 
Illumina MiSeq system using 151 bp x 2 paired end reads. The quality of the reads were 
analysed and subsequent sequence assembly was done using QIIME pipeline. The 
representative sequences were aligned to Greengenes reference database using PynaST. 
Taxonomic classification at phylum, class, order, family and genus levels was performed 
using Ribosomal database Project (RdP) classifier against the Greengenes database. 
Actinobacteria, Proteobacteria and Acidobacteria were found to be the predominant 
phyla, in stark contrast to human and other gut microbiomes, deeply populated by 
Bacteriodetes and Firmicutes. Alphaproteobacteria was the dominant class of phylum 

Proteobacteria. Actinomycetales represented the phylum Actinobacteria and 
Acidobacteriales and Solibacterales represented the phylum Acidobacteria. Comparison 
of the taxonomic distribution of Benthobatis gut to that of other metagenomic datasets in 
MG-RaST revealed more similarity to the microbiomes of various ocean depths rather 
than guts of other terrestrial animals. Thus, it follows that gut microbiota composition of 
fishes is a good reflection of the surrounding environment, rather than only physiological 
functions. 

INTRODUCTION 
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Fish gut is a highly complex ecosystem as it represents an interface between the external 
environment and the body. The diverse and polymicrobial ecology of fishes are governed 
by various factors such as fish type, developmental stage, diet, conditions of the 
surrounding environment, climate and other stress factors (Bignell, 1984; Sugita et al., 

1987; Spanggaard et al., 2000, Voveriene et al., 2002; Al-Harbi and Uddin, 2004; Hagi et 

al., 2004). The gut microbiota of fishes are involved in nutrient metabolism, homeostasis, 
xenobiotic metabolism, development of immune system, renewal of epithelial cells and 
several physiological processes of the host system (Cahill, 1990; Falk et al., 1998; Cebra, 
1999). The bacteria inhabiting fish gut, encompassing beneficial bacteria and pathogens, 
also govern the overall health status of fishes. 

The dawn of NIH-sponsored human microbiome project and the valuable insights offered 
by the project has accelerated interest in the taxonomic profiling of the highly selective 
gut environment of various vertebrates. However fish gut has not received much attention 
in this respect. Most of the earlier studies on fish gut microbes were based on culture 
dependent approaches. According to Amann et al. (1995), only 0.001–0.1% of microbes 
in seawater is currently cultivable. Thus, metagenomics discipline remains the most 
viable option to catalogue the microbial diversity of such ‘worlds within worlds’. The 
emergence of various next generation sequencing platforms has further revolutionized the 
analysis of the composition and biodiversity of such metagenomic datasets.  

Earlier studies on wild and laboratory fish have suggested the presence of core gut 
microbiota within a species and variations in bacterial distribution between different 
species examined (Roeselers et al., 2011). The present study examines the bacterial 
diversity of a deep sea fish, Benthobatis kreftii. It is a bathydemersal fish, found at depths 
ranging from 300-1000 m and feeds on worms, isopods and amphipods. The study seeks 
to compare the gut bacterial diversity of Benthobatis deep sea ray to metagenomic 
datasets of gut microbiomes of other organisms and marine environments. All these 
organisms inhabit different environments and differ in their feeding habits as well. These 
conditions will have a pronounced effect on the microbiota composition of these 
environments. The study uses Illumina MiSeq platform to sequence 16S rDNA so as to 
establish the variations in gut microbiota composition between different guts and other 
environments, to find potential applications in bioprospecting.   

Materials and Methods 

Sample collection and DNA barcoding 

Deep sea fish sample was collected from Sagar Sampada Cruise #305 (8° 11.4” N and 
75° 54.9” E) by trawl net and was stored at -80ᵒC until excision of gut contents. DNA of 
fish was isolated by conventional phenol-chloroform method (Sambrook et al., 1989) for 
fish barcoding. The 5’ region of cox1 gene from mitochondrial DNA was amplified using 
fish primers F2 and R2 (Ward et al., 2005). PCR products were sequenced by Sanger’s 
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Dideoxy method using ABI 3730 Excel and the identity of the sequence was determined 
by BLAST analysis. The sequences were submitted to GenBank using Sequin, ver. 13.05.  

Metagenomic DNA isolation and sequencing 

The gut contents of the fish were excised under aseptic conditions and metagenomic 
DNA was isolated from fish gut using QIAamp DNA stool minikit (Qiagen, India). The 
V3 region of 16S rDNA was amplified using primers 341F 
5’CCTACGGGAGGCAGCAG 3’ and 518R 5’ATTACCGCGGCTGCTGG 3’. The 
amplicons were sequenced on Illumina MiSeq system using 151 bp x 2 paired end reads. 

Sequence assembly and taxonomic analysis 

The base quality, base composition and GC content of the raw fastq files were analysed. 
High quality V3 sequences were identified by passing the reads through filters for 
conserved regions, spacers, read quality and mismatch.  QIIME program was used to 
construct a representative sequence for each OTU, using Uclust program (Similarity cut 
off = 0.97). The representative sequence was aligned to Greengenes reference database 
using PyNAST. Taxonomic classification was performed using Ribosomal Database 
Project (RDP) classifier against the Greengenes database.  

Comparative metagenomic analysis 

The metagenomic dataset of the present study was compared to termite gut (4442701.3), 
canine gut (4444703.3), rabbit gut (4461372.3), pig gut (4461380.3), mouse gut 
(4529796.3), human gut (4461143.3), chicken gut (4440283.3), marine sponge 
(Arenosclera brasiliensis, 4461454.3), fresh water fish gut (common carp, 4449604.3), 
aquacultured fish (adult hybrid striped bass, 4440062.3), Indian Ocean (Global Ocean 
Sampling Expedition, 4441135.3) and microbial plankton communities at various depths 
(Project Microbial Community Genomics at the HOT/ALOHA, deep abyss: 4442503.3, 
below upper mesopelagic: 4442499.4, upper euphotic: 4442582.3) metagenomes within 
MG-RAST server. 

Results and Conclusion 

Identification of fish by DNA barcoding 

Sequencing and BLAST analysis of COI amplicons confirmed the identity of the deep sea 
fish. The 681 bp sequence showed 94% identity to Benthobatis kreffti with a query 
coverage of 95%. The sequence obtained was submitted to GenBank and accession 
number was obtained (KJ888144). 

Sequence analysis 

The sequencing run produced 902,914 paired end reads of 151 bp length. The average 
Phred quality score was greater than Q30, implying a base call accuracy of 99.9 %. More 
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than 75% of the reads had GC content in the range of 50-60 % and more than 90% of the 
reads passed all the filters used to extract high quality sequences.  

Taxonomic distribution of sequences 

The most abundant phyla in Benthobatis gut was Actinobacteria (20.2%), followed by 
Proteobacteria (19.9%) and Acidobacteria (12.7%) (Fig 1). Actinobacteria is one among 
the core bacterial communities in the gut microflora and has already been reported to be 
the most dominant bacteria in gut microbiomes of yellow catfish and grass carp (Wu et 

al., 2010; Han et al., 2010). They are well known for the production of secondary 
metabolites such as antibiotics and recycling of refractory biomaterials (Ventura et al., 
2007). The dominance of Proteobacteria in oxygen minimum zone sediment and water is 
well established (Yakimov et al., 2002; Knittel et al., 2003). It is a prevalent and highly 
diverse group of microbial assemblage (Gupta, 2000), that constitutes the core gut 
microbiota in finfishes, sharks and blue crabs (Givens, 2012). Also, it has been observed 
to be a predominant phyla in fish gut irrespective of fish and gut types (Ye et al., 2014). 
Acidobacteria are also a ubiquitous and diverse group of bacteria present in soils, 
sediments, peat bogs, acid mining lakes, deep Mediterranean planktons and caves 
(Naether et al., 2012). It has always remained a minor group (<1%) in the studies of other 
fish microbiomes (Givens, 2012). The high abundance of Acidobacteria obtained in the 
present study may be ascribed to their involvement in various biogeochemical cycles that 
are hitherto unknown. Actinobacteria (10.9%) and Alphaproteobacteria (8.0%) were the 
dominant classes among two most dominant phyla (Fig 2). 44% of the OTUs could not be 
assigned to any class. 

 

 

 

 

 

Fig 1: Bacterial diversity of Benthobatis kreffti gut microbiome at phylum level 
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Actinobacteria Bacteriodetes Proteobacteria 

Firmicutes Chloroflexi Cyanobacteria 

AD3 Acidobacteria Gemmatimonadetes 

0% 20% 40% 60% 80% 100% 

Acidimicrobiia Alphaproteobacteria Actinobacteria 

Solibacteres Deltaproteobacteria DA052 

Bacilli Gammaproteobacteria Others 

Betaproteobacteria Unknown 
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Fig 2: Bacterial diversity of Benthobatis kreffti gut microbiome at class level 

 

 

 

 

Fig 3: Bacterial diversity of Benthobatis krefftii gut microbiome at order level 

 

 

 

 

 

Fig 4: Bacterial diversity of Benthobatis kreffti gut microbiome at family level 

 

 

 

 

 

Fig 5: Bacterial diversity of Benthobatis kreffti gut microbiome at genus level 

Actinomycetales (10%) of the phylum Actinobacteria and Acidobacteriales (2.1%) and 
Solibacterales (2%), representing the phylum Acidobacteria were the predominant orders 
in the taxonomic hierarchy (Fig 3). Moraxellaceae (0.8%), Koribacteraceae (0.7%) and 
Nitrospiraceae (0.7%) were the highly represented families of classes 
Gammaproteobacteria, Actinobacteria and Nitrospira, respectively (Fig 4). Though both 
Enhydrobacter and Acenitobacter represented the family Moraxellaceae, Acenitobacter 
was more abundant at the genus level of taxonomic resolution (Fig 5). Acenitobacter is a 
strict non-fermentative aerobe and Enhydrobacter is a facultative anaerobe, according to 
Bergey’s Manual (Garrity et al., 2005). The abundance of Acenitobacter is therefore 
indicative of aerobic metabolism in the fish gut. The presence of Koribacteraceae is less 
reported. Nitrospiraceae are known for autotrophic nitrite oxidation and their presence 
may be ascribed to the contamination of the sampling site. 
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Comparative gut metagenomics 

The gut microbiota composition of Benthobatis shows more similarity to the microbiomes 
of various ocean depths rather than guts of other animals (Fig 6). This implies a strong 
relation of the gut microbiome composition to the colonizing environment. From the 
graph, it follows that Bacteriodetes and Firmicutes dominate the gut microbiomes of 
humans and other vertebrates. This is consistent with the previous report of mammalian 
gut microbiomes by Ley et al. (2008). However, these phyla were less common in the 
Benthobatis gut. Similar finding was made by Givens (2012) in their study on fish gut 
microbiomes. Proteobacteria were more abundant in ocean zones and fresh water and 
deep sea fish guts. This may be out of the strong association of this class of bacteria with 
the aquatic environment (Givens, 2012). The distribution of Chloroflexi was very high in 
the Benthobatis gut and was similar to that of deep abyss. As they are well distributed in 
the marine sediments (Blazejak et al., 2010; Harris et al., 2012), their presence in the 
Benthobatis gut is also justified. Cyanobacteria was also represented in the microbiota, 
albeit at low abundance than that of ocean zones. This may be on account of the 
bathydemersal nature of Benthobatis. 

 

 

 

 

 

 

 

 

Fig 6: Relative abundance of phyla from different microbiomes within MG-RAST 

In conclusion, the study was an attempt to catalogue the bacterial diversity of a deep sea 
fish from the Arabian Sea. According to the author’s knowledge, this is the first report on 
deep sea fish gut microbiota from the Arabian Sea. The study established the dominance 
of Actinobacteria, Proteobacteria and Acidobacteria in Benthobatis gut. Comparative 
metagenomic analysis indicated significant differences in the taxonomic abundance of 
bacterial communities between guts of Benthobatis and other animals. From the strong 
resemblance in the bacterial communities of Benthobatis to the various zones of ocean, it 
follows that gut microbiota composition of fishes is a good reflection of the surrounding 
environment, rather than physiological functions alone.  
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ABSTRACT 

Paratuberculosis, one of the chronic granulomatous enteritis that predominantly affects 
ruminants worldwide, is caused by Mycobacterium avium subsp. paratuberculosis (MaP). 
The polymorphism of microsatellite regions - a and b at the 3’ UTR of Solute Linked 
Carrier family 11 member a1 (SLC11A1),gene was analysed in goats by an automated 
technique, fragment analysis, using fluorescent tagged forward primer. Eight alleles of 
sizes ranging from 221 bp to 239 bp and their allele frequencies in goats were found in 
Region a. of these, the 233 bp allele was most abundant one (0.660). amplification of dna 
in region b yielded two alleles of sizes 117 bp and 119 bp with frequencies 0.527 and 
0.473. of these, 117 bp allele was found to the most frequent allele (0.527). association of 
polymorphism of a and b microsatellite regions at the 3’ UTR of SLC11A1 gene with 
paratuberculosis resistance was done. animals having 119 bp alleles in the region b were 
found to have significantly higher degree of paratuberculosis incidence than animals with 
117 bp alleles. There is no statistically significant association between region a genotypes 
and paratuberculosis incidence. The studies indicate that the selection of goats based on 
this microsatellite polymorphism can significantly reduce paratuberculosis incidence. So, 
the possibility of using animals with 117 bp allele has to be exploited to reduce 
paratuberculosis incidence in goats. 

INTRODUCTION 

 Paratuberculosis or Johne’s disease is considered to be one of the most serious, 
contagious, bacterial diseases of ruminants such as cattle, sheep, and goats. The disease is 
caused by Mycobacterium avium subsp. paratuberculosis (MAP). The disease is 
characterized by diarrhoea, rapid weight loss, reduced milk production, reproductive 
failure and death in farm animals (Chiodini et al., 1984). Infections with MAP in caprine 
herds result in significant economic loss, through slow progressive wasting and the 
subsequent death of the infected animals. Twort and Ingram (1912) reported the disease 
for the first time in India. The disease is zoonotically important, since MAP is also 
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responsible for Crohn’s disease in humans. Diagnostic tests like isolation of MAP, Ziehl-
Nielsen’s (ZN) acid fast staining, Enzyme Linked Immunosorbent Assay (ELISA), are 
not so effective in paratuberculosis. The discovery of Insertion Sequence 900 (IS900), a 
multicopy DNA insertion sequence unique to the genome of MAP (Collins et al., 1989) 
was a breakthrough in the diagnosis of Johne’s disease. The unavailability of efficient 
diagnostic methods to detect early and subclinical paratuberculosis, combined with the 
incapability of currently available vaccines to prevent the disease or disease shedding, 
makes the control a daunting task. This problem can be overcomed by selection of disease 
resistant animals by appropriate selection methods like Marker Assisted Selection (MAS). 

 The SLC11A1 is a potential candidate gene that confers innate resistance against 
various intracellular pathogens including MAP. The SLC11A1 gene, previously known as 
natural resistance-associated macrophage protein 1 (NRAMP1) gene is a member of large 
family of metal ion-transport proteins. SLC11A1 gene encodes SLC11A1 protein which is 
a member of large family of metal ion-transport proteins linked to infectious disease 
susceptibility in mouse (Vidal et al., 1993). Experimental studies suggest that SLC11A1 

functions as a pH dependent transporter that prevents the acquisition of divalent cations 
like Fe2+ and Mn2+ towards the cytosol through the phagosome membranes and thus it 
favours bacterial killing (Forbes and Gros, 2003). Mutations in this gene have been 
associated with susceptibility to infectious diseases such as tuberculosis, paratuberculosis, 
brucellosis, leishmaniasis, salmonellosis etc. (Awomoyi, 2007). 

Materials and Methods 

 Blood, serum and faecal samples were collected from one hundred and fifty adult 
goats comprising 50 Malabari, 47 Attapady Black and 53 crossbreds from Thrissur and 
Malappuram Districts of Kerala. Genomic DNA was extracted from whole blood using 
the standard phenol-chloroform extraction procedure (Sambrook and Russel, 2001). 
Primer pairs (forward Ex15F: 5’-GTCTGGACCTGTCTCATCACC-3’ and reverse 
Ex15R: 5’-ACTCCCTCTCCATCTTGCTG -3’), and forward Ex15F: 5’- 
GGAGTTCACGGGTGGGA -3’ and reverse Ex15R: 5’- 
GGGTCTCTATGTCGTGGGGG -3’), was designed on the basis of the goat genomic 
sequence (GenBank GU440577) to amplify A  and B regions of approximately 233 bp 
and 117 bp respectively, corresponding to a portion of the 3’-UTR (exon 15, total size 
450 bp), which contains a (GT)n dinucleotide repeat (Liandris et al., 2009). 

 About 5 ml of blood was collected from jugular vein of 150 animals and serum 
was separated. It was then centrifuged at 2500 rpm for 10 minutes and stored at -20°C till 
use. ELISA kit developed by ID vet innovative diagnostics; France was used for this 
study. Optical Density (OD) values measured at 450nm. For each sample and controls, 
corrected OD was calculated. Serum samples with Corrected sample/Positive control ratio 
above 60% were considered as positive for Paratuberculosis. 
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 Faecal samples were collected by rectal pinch method. Deoxyribonucleic acid 
(DNA) was isolated from faecal sample as per Braunstein et al. (1993), with some 
modifications. IS900 is an insertion sequence or small mobile genetic element of MAP 
containing genes related to transposition. PCR of IS900 was performed as per 
Halldorsdottir et al. (2002) with minor modifications to get the amplification of expected 
product of 279 bp.  

 The typing of microsatellite markers in the region A and B was performed by an 
automated fragment analysis technique commercially (Scigenom Pvt. Ltd., Ernakulam). 
The fluorescent 5’ end-labeled PCR products (with fluorescent dye, 6-FAM) were run on 
3730 XL ABI PRISM automated genetic analyzer (Applied Bio-systems, Germany) and 
analysed in the presence of GS Liz 500 molecular weight standards labeled with the 
fluorescent dye, Liz (Applied Bio-systems, Germany). 

 Microsatellite fragment sizing was performed by the Gene Mapper™ software 
version 4.0 (Applied Bio-systems, Germany). Allele calling was performed with the 
software and were checked manually to avoid any false calling of alleles. Sequencing of 
representative samples from each pattern, obtained by genotype analysis, evidenced that 
the only nucleotide differences among the goats regarded the number of (GT)n repeats. 

Results and Conclusions 

  Amplification of DNA at region A yielded eight alleles of sizes ranging 
from 221 bp to 239 bp with highest frequency of 0.66 for 233 bp. Amplification of DNA 
at region B yielded two alleles of sizes 117 bp and 119 bp with highest frequency of 
0.527 for 117 bp. PCR amplification of fragment of microsatellite region A (Approx. 233 
bp) and microsatellite region B at the 3’ UTR of SLC11A1 gene on 2% agarose gel 
(Approx. 117 bp) was given in Figure 1 and 2. 

                

 

 

 

 

 

 

Figure 1         Figure 2 

Lane M: 50 bp DNA Ladder         Lane M: 50 bp DNA Ladder 
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Lane 1-3, 5-10: 233 bp PCR product                   Lane 1-5, 6: 117 bp PCR 

product 

 Liandris et al. (2009) detected four alleles (GT14, GT15, GT16 or GT18) in 
region A and two different alleles (GT7 and GT8) in region B in native Greek goats. 
Korou et al. (2010) detected six alleles (GT13, GT14, GT15, GT16, GT17 and GT18) in 
microsatellite region A, two alleles (GT7 and GT8) in microsatellite region B of 
SLC11A1 gene, both in homozygous and heterozygous conditions. In the present 
population under study, eight alleles (GT10, GT12, GT14, GT15, GT16, GT17, GT18 
and GT19) and two alleles (GT7 and GT8) were detected. 

 The incidence of paratuberculosis in Malabari, Attapady Black and crossbred 
goat tested by ELISA and IS900 PCR separately, carrying different SLC11A1 genotypes 
in microsatellite A and B regions were found out. Effects of different genotypes of 
SLC11A1 gene on paratuberculosis resistance were analysed by Chi-square test in adult 
Malabari, Attapady Black and crossbred goat population using SPSS software version 20. 
The details of the association between different genotypic variants and paratuberculosis 
resistance in goats, found out using Chi-square test (Table 1). Genotypes of A region had 
no significant effects on paratuberculosis resistance in goats, whereas region B region 
showed a significant association with paratuberculosis incidence.  

 Table 1. Chi- square test for genotype frequency 

Sl No. Microsatellite Test 
Chi-Square 
value 

df Sig.(p value) 

1. Region A ELISA 6.531 11 0.836NS 

2. Region A IS900   PCR 10.249 11 0.508NS 

3. Region B ELISA 17.791 2 0.000* 

4. Region B IS900 PCR 36.849 2 0.000* 

 Level of Significance P ≤ 0.05     * Significant at P ≤ 0.05      NS Non-Significant at P ≤ 
0.05 

 Of the three different genotypes in the B region, genotypes with 119 bp alleles 
showed significant association with paratuberculosis incidence. The details of the 
association between different genotypic variants and paratuberculosis incidence in goats, 
found out using Chi-square test (Table 2). 

Table 2. Chi-square test for microsatellite B region genotype frequencies and 
paratuberculosis incidence 
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Sl No. Genotype group Test Chi-Square value df 
Sig. (p 
value) 

1. 
119/119  and 117/119 & 
117/117 

ELISA 1.514 1 0.219NS 

2. 
119/119  and 117/119 & 
117/117 

IS900 PCR 2.276 1 0.131NS 

3. 
117/117  and 119/119 & 
117/119 

ELISA 15.585 1 0.000* 

4. 
117/117  and 119/119 & 
117/119 

IS900 PCR 34.975 1 0.000* 

Level of Significance P ≤ 0.05      * Significant at P ≤ 0.05        NS Non-Significant at P ≤ 
0.05 

 In the present study, a statistically significant higher paratuberculosis resistance 
was observed in animals with 117 bp allele in microsatellite B region at the 3’ UTR of 
SLC11A1 gene. But, none of the eight alleles present in the microsatellite A region was 
found to be associated with paratuberculosis resistance or incidence. The studies made by 
Liandris et al. (2009), Korou et al. (2010) and Taka et al. (2012)  also shows statistically 
significant association between genotypes of microsatellite region B and ELISA result, 
where the presence of B7 allele was found to contribute to ELISA negativity. Thus it can 
be concluded that B7/B7 genotype at the 3’ UTR of SLC11A1 gene has been correlated 
with IS900 PCR and ELISA negativity. 

The result of this study justifies selection for the 117 bp allele and selection has to be 
done against 119 bp allele for the increased paratuberculosis resistance in goats. The 
lower sample size of the present study demands confirmation of the results in a large 
sample size. Research on A and B regions at the 3’ UTR of SLC11A1 gene polymorphism 
should be extended to a sizeable goat population of different geographical regions of the 
state to confirm the influence of this marker on paratuberculosis resistance. Further 
research in this area including the expression in goat macrophages exposed in vitro to 
MAP using real time PCR techniques are needed. 

References 

1. Awomoyi A A (2007). The human solute carrier family 11 member 1 protein 

(SLC11A1): linking infections, autoimmunity and cancer. FEMS Immunol. 

Med. Microbiol., 49:  324-329 

2. Braunstein M, Bardarov S S, Jacobs and Jr. W R (2002). Genetic methods for 

deciphering virulence determinants of Mycobacterium tuberculosis. Meth. 

Enzymol., 358: 67-99 
1020

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



3. Chiodini R J, Kruininjen H J and Merkal R S (1984). Ruminant 

paratuberculosis (Johne’s disease): the current status and future prospects. 
Cornell Vet., 74: 218-262 

4. Collins D M, Gabric D M and Delisle G W (1989). Identification of a 

repetitive DNA sequence specific to Mycobacterium paratuberculosis. FEMS 

Microbiol. Lett., 60: 175-178 

5. Forbes J R and Gros P (2003). Iron, manganese, and cobalt transport by 

Nramp1 (Slc11a1) and Nramp2 (Slc11a2) expressed at the plasma membrane. 

Blood., 102: 1884–1892 

6. Halldorsdottir S, Englund S, Nilsen S F and Olsaker I (2002). Detection of 

Mycobacterium avium subsp. paratuberculosis by buoyant density 

centrifugation, sequence capture PCR and dot blot hybridization. Vet 

Microbiol., 87: 327-340 

7. Korou L M, Liandris E, Gazouli M and Ikonomopoulos J (2010). Investigation 

of the association of the SLC11A1 gene with resistance/sensitivity of goats 

(Capra hircus) to paratuberculosis. Vet. Microbiol., 144: 353-358 

8. Liandris E, Gazouli M and Ikonomopoulos J (2009). Characterization of the 

caprine (Capra hircus) SLC11A1 gene: innate resistance to paratuberculosis. 

Online J. Vet. Res., 13: 41-52 

9. Sambrook J and Russell D W (2001). Molecular cloning: A laboratory 
manual. Third Edition. Cold spring Harbor Laboratory Press. New York. 
1886pp. 

10. Τaka S, Liandris E, Gazouli M, Andreadou M and Ikonomopoulos I (2012). 
Invitro expression of SLC11A1 gene in goat monocyte-derived macrophages 
challenged with Mycobacterium avium subsp. paratuberculosis. Proceedings 
of 11th Int. Colloq. Paratb. Sydney, Australia. 97-98pp. 

11. Twort F W and Ingram G L Y (1912). A method for isolating and cultivating 

Mycobacterium enteritidis chronicae pseudotuberculosis bovis, Johne, and 

some experiments on the preparation of a diagnostic vaccine for 

pseudotuberculosis enteritis of bovines. Proc. R. Soc. Lond. Ser. B., 84: 517-

42     

12. Vidal S M, Malo D, Vogan K, Skamene E and Gros P (1993). Natural 

resistance to infection with intracellular parasites: Isolation of a candidate for 

Bcg. Cell., 73: 469-485 

07-03 

1021

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



ANTIMICROBIAL SUSCEPTIBILITY AND PREVALENCE OF VIRULENCE 

FACTORS AMONG STAPHYLOCOCCUS AUREUS CAUSING BOVINE 

MASTITIS 

Rathish R. l, Tresamol P. V, Asok S 

Former Ph.D Scholar, Professor, Research Associate Department of Veterinary 
Epidemiology and Preventive Medicine, College of Veterinary and animal Sciences, 
KVASU, Mannuthy 

ABSTRACT 

Staphylococcus aureus is a major mastitis causing pathogen among bovines. This 
organism is also capable of persisting in the udder and causing recurrent infections. a total 
of 46 isolates of S. aureus causing mastitis were isolated from field cases of bovine 
mastitis. Isolates were identified based on biochemical tests and detection of coa gene by 
polymerase chain reaction (PCR). The susceptibility of isolates towards commonly used 
antimicrobial agents was studied and presence of important virulence factors that leads to 
development of clinical condition and persistence of the organism in the udder were 
studied. Sensitivity to gentamicin was observed in 77.9 percent isolates, followed by 
enrofloxacin (77.4 percent) and ciprofloxacin (71.8 percent). Chloramphenicol was found 
to be sensitive to 69.6 percent of isolates, followed by ampicillin-sulbactam, ceftriaxone, 
Cefotaxim, cotrimoxazole, streptomycin and tetracycline, Cefoperazone, amoxicillin-
ampicillin, amoxycillin-clavulanate, ampicillin and penicillin, respectively.bacteriology 
revealed that S. aureus was the most common bacterial etiology involved in causing 
mastitis in the study area. The isolates were assayed for the presence of important 
staphylococcal virulence factors namely, coagulase (coa), staphylococcal protein-a (spA), 
clumping factor- a (clfA), intercellular adhesion factor a (icaA), fibronectin binding 
protein- a (fnbpA) accessory gene regulator II operon (agr2), and toxic shock syndrome 
toxin (tst) using PCR. all the virulence factors except toxic shock syndrome toxin were 
present among the S. aureus isolates. Moreover, all the isolates possessed at least two of 
the factors studied and most possessed three or more virulence factors. Two isolates were 
positive for six out of seven factors studied. data from the study suggests that S. aureus 
involved in bovine mastitis is resistant to betalactam antibiotics and has the potential for 
persistence in the udder. better and effective control of such pathogens are of paramount 
importance in production of safe and wholesome dairy products. 

INTRODUCTION 

Mastitis is the inflammation of udder parenchyma that results in deterioration in physical 
and chemical qualities of milk and is a major reason for decreased milk production. 
Bacterial organisms are major culprits in causing mastitis andindiscriminate use of 
antibiotics has led to the emergence of antibiotic resistant bacterial strains that cause 
mastitis. Understanding the antimicrobial sensitivity pattern of bacterial etiology of 
mastitis in an area can help veterinarians treating individual mastitis cases and at the same 
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time provides information on the best antibacterial option that can be used for treatment 
in an area while awaiting for the laboratory report. Bacterial virulence factors help in 
invading a normal healthy tissue and precipitate the disease and help in persistence of the 
organisms in the udder. Studying the prevalence of these virulence factors will aid in 
better understanding of the host pathogen interactions and thereby help in formulation 
better treatment and control methods against mastitis 

Materials and method 

During the study period, milk samples of 289 cross-bred cows suffering from clinical 
mastitis were subjected to culture examination. S. aureus was identified based on 
biochemical tests and growth in selective media such as mannitol salt agar, DNase test 
medium and Baird Parker Agar. 

Antibiogram: In-vitro antibiotic sensitivity of S. aurueus isolates were studied using disc 
diffusion technique [Bauer et al.,(1966)]. Antibiotic discs used in the study were 

- -clavulanate 
llin-

and interpreted as sensitive or resistant by comparing the ranges given by the 
manufacturer.  

Polymerase Chain Reaction (PCR) 

Primers used for the amplification of various genes coding for virulence factors are listed 
in Table No.1. Reaction was carried out in 0.2ml microcentrifuge tubes using a 
programmable thermal cycler (biorad MJ mini) according to standardized protocol (Table 
2.). A 25μl of the PCR mixture comprising of 250 ng (5 μl) of S.aureusDNA, 2 μl (40 
pmol) of each forward and reverse primers and 1 μl (100 μM) of each dNTPs, 2. 5μlof 
10X PCR assay buffer and 0.25μl of Taq DNA polymerase along with water to make up 
final volume was used for the assayand amplified products were subjected to 
electrophoresis in 1.2 per cent agarose gel with 6X gel loading dye. A 100 bp DNA ladder 
was used as molecular weight marker. 

Table.1 Primers used for the amplification of various genes coding for virulence 

factors of S. aureus 

Sl. 
No 

Gene Primer sequence 5’-3’ Prot
ocol 

Product 
size 

Reference 

1. coa Coa-1CGAGACCAAGATTCAACA AG  1 970,730 [Aslantaset al., 
(2007)] 

Coa-2AAAGAAAACCACTCACAT CA 
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2. clfA ClfA-1 GGCTTCAGTGCTTGTAGG 2 980 [Stephan et al., 
(2001)] 

ClfA-2TTTTCAGGGTCAATATAA GC 

3.  agr2 Pan- ATGCACATGGTGCACATGC 3 575 [Gilot et al., 
(2002)] 

agr2-TATTACTAATTGAAAAGTGGC 
CATAGC 

4. icaA F: 5-ACACTTGCTGGCGCAGTCAA-3  4 188 [Rohde et al., 
(2001)] 

R: 5-TCTGGAACCAACATCCAACA-3 

5. fnbA F:5-CATAAATTGGGAGCAGCATCA-3 4 128 

 

[Vancraeynest 
et al., (2004)] 

R:5- ATCAGCAGCTGAATTCCCATT-3 

6 spA spa-1:CACCTGCTGCAAATGCTG CG 5 920 [Seki et al., 
(1998)] 

spa-2: GGCTTGTTGTTGTCTTCCTC 

7 tst TSST-1: ATGGCAGCATCAGCTTGATA 6 350 [Johnson et al., 
(1991)] 

TSST-2: TTTCCAATAACCACCCGT TT 

Table 2: PCR cycling conditions used for the study 

Protocol 

No 

Denaturation Annealing Extension No. of cycles 

1 94°C, 1 min  58oC, 1 min. 72oC, 1 min. 30 

2. 94°C, 1 min 57oC, 1min. 72oC, 1 min. 35 

3 94°C, 30 sec 55oC, 30 sec. 72oC, 1 min. 26 

4 94°C, 1 min 55oC, 1min. 72oC, 1 min. 30 

5 94°C, 1 min 60oC, 1min. 72oC, 1 min. 30 

6 94°C, 2 min 55oC, 2 min. 72oC, 1 min. 30 

Results and conclusion 

A total of 46Staphylococcus aureus isolates could be obtained form 289 samples 
subjected for bacteriological culture and formed the commonest pathogen to be isolated 
during the study period. This finding is in accordance with [Rajendran et al. (2006)]. The 
highest prevalence of S. aureus might be due to the increased survivability of the 
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organism in the udder and ability to evade antibiotic therapy by forming biofilms and 
intracellular forms. 

Enrofloxacin followed by ciprofloxacin,gentamicin and ampicillin- sulbactam were most 
sensitive against S. aureus. Results are summerised in Table 3. Pencillin was found to be 
the least sensitive. Similar results were reported by [Sebastian (2001)] and [Akhtaret al. 

(2003)]. Increased resistance to penicillin, streptomycin and oxytetracyclinemight be 
attributed to their frequent use in veterinary medicine.  

Table 3:Antimicrobial Sensitivity pattern of Staphylococcus aurues 

Antibiotic Sensitive Resistant 

Enrofloxacin 38 8 

Gentamicin 36 10 

Chloramphenicol 34 12 

Tetracycline 29 17 

Streptomycin 24 22 

Ampicillin- Sulbactam 31 15 

Ceftriaxone 25 21 

Penicillin 10 36 

Amoxycillin-Clavulanate 29 17 

Cefotaxim 29 17 

Ampicillin 22 24 

Co-trimoxazole 28 17 

Ciprofloxacin 35 11 

Cefoperazone 22 24 

Amoxycillin-Cloxacillin 24 22 

Results of PCR assy ins summerised in Table 4. Polymerase chain reaction assay showed 
that isolates were found to possess coa gene and PCR amplification produced both 970 
and 730 bp products (Fig.1).PCR assay showed that agr2 gene was present in 15 isolates 
(Fig.2).PCR assay for clfA gene revealed that 32 isolates To be positive (Fig.3).PCR 
assay for spA gene revealed that 25 isolates possessed spA gene (Fig. 4), while the fnbpA 
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specific PCR showed that 26 isolates were positive(Fig.5).Detection of icaA gene by PCR 
showed that the gene was present in 38 isolates (Fig.6).Polymerase chain reaction assay 
for tst genes revealed that none of the isolates had presence of this virulence factor. The 
organism produce a group of virulence factors and it is believed that there is a 
relationship between severity and persistence of mastitis to the virulence factors produced 
by S. Aureus [Akinedenet al., (2001)]. Increased prevalence of these genes suggests that 
majority of the S. aureus involved in bovine mastitis are capable of intracellular survival 
and also has the potential of forming biofilms. Biofilm formation is particularly 
hazardous to the animal as it results in persistence of infection, despite antibiotic therapy. 
These findings help in explaining recurrent mastitis among the animals in study area 
despite proper veterinary care and emphasises the need of better control strategies like 
implementation of dry cow therapy and possibilities of developing vaccines against such 
organisms.  

Table 4: Prevalence of virulence factors among mastitis causing S. aurues 

Virulence factor No. of Isolates positive No. of Isolates negative 

Coa 46 0 

agr2 15 31 

clfA 32 14 

spA 25 21 

fnbpA 26 20 

IcaA 38 8 

Tst 0 46 
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Fig. 1. Agarose gel electrophoresis of coa specific PCR of S. aureus isolates  

Lane M   : DNA marker 100 bp 

Lane 1, 2, 8, 9, 10, 11, 12 : Positive samples with 970 bp product 

Lane 3, 4, 5, 6, 7, 13  : Positive samples with 720 bp product 

Fig. 2. Agarose gel electrophoresis of agr2 specific PCR of S. aureus isolates  

Lane M   : DNA marker 100 bp 

Lane 1, 2, 3, 4, 11, 12   : Positive samples (575 bp) 

Lane 5, 6, 7, 8, 9, 10, 13 : Negative samples  

Fig. 3. Agarose gel electrophoresis of clfA specific PCR of S. aureus 

isolates  

Lane M    : DNA marker 100 bp 

Lane 2, 3, 4, 6, 7, 8, 9, 10, 11, 13 : Positive samples (950 bp) 

Lane 1, 5, 12    : Negative samples  
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Fig. 4. Agarose gel electrophoresis of spA specific PCR of S. aureus isolates  

Lane M   : DNA marker 100 bp 

Lane 5, 6, 7, 8, 9, 11, 12, 13: Positive samples (320 bp) 

Lane 1, 2, 3, 4, 10  : Negative samples  

Fig. 5. Agarose gel electrophoresis offnbpA specific PCR of S. aureus isolates  

Lane M    : DNA marker 100 bp 

Lane 1, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13: Positive samples (128 bp) 

Lane  2, 11    : Negative samples  
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ABSTRACT 

Cloning by somatic cell nuclear transfer involves removal of nuclear dna from the host 
oocyte (enucleation) and replacing that dna with a donor cell nucleus derived from a 
somatic cell. for cloning by SCnT in goat, there are conflicting reports about the proper 
time of enucleation after in vitro maturation (IVM) of oocytes, which varied from 20 to 
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27 hours. with increase in time of enucleation after maturation, the size of perivitelline 
space increases causing deviation of polar body from spindle, thus the success rate of 
enucleation get reduced. also, the ability of a transferred nucleus to direct embryonic 
development depends on the “reprogramming of gene expression” by cytoplasmic factors 
and G0 nuclei may be more receptive to this action. So standardization of the time of 
enucleation and cell cycle synchronization are necessary for productive results. 

Enucleation was performed in in vitro matured goat oocytes by squashing and 
compressing out method. Enucleation was performed at four different time interval after 
IVM as follows, T1: 20-23h; T2: 23-26h; T3: 26-29h& T4:29-32h. Intact oocytes and 
enucleated ooplasm were stained with Hoechst 33342 to assess the relative position of the 
first polar body and MII chromosome and successful enucleation respectively. 
Trypsinised donor cells (cumulus and fibroblast) were transferred to the enucleated 
oocytes in TCM-199. fusion of the reconstructed oocytes was performed by a double 
electrical pulse of 2.0-2.5 kV/cm for 10 µsec in Zimmerman’s medium. fused 
reconstructed oocytes were subjected to chemical activation by cytochalasin-b, 
cycloheximide and 6-dMaP in TCM-199. Then the reconstructed oocytes were cultured in 
mSof media with bSa in Co2 incubator having humidity >95%, 5% Co2 at 38.5oC. 

Present investigation revealed that, there was significant difference in enucleation 
percentage among different groups and T1 and T2 had highest enucleation percentage 
(70.29% and 70.51% respectively) compared to T3 (57.14%) and T4 (55.61%). It was 
evident from the study that during early stages of maturation polar body and MII 
chromosomes are located close together with stronger spindle force that requires 
minimum ooplasm to be removed with higher percentage of successful enucleation. 
Present study also revealed that reprogrammed cell lines gave better activation and 
cleavage rate when compared with non reprogrammed cell lines. It was also seen that 
aphidicolin treated cells gave best cleavage rates (40% with cumulus cells versus 27.27% 
with fibroblast cells) whereas, serum starved cells showed lower cleavage rates than the 
chemical reprogramming (33.33% with cumulus cells versus 16.66% with fibroblast 
cells). but, both of the observations were significantly higher than the control group, 
comprising of non reprogrammed cell lines. This indicates the pivotal role of 
reprogramming of cell lines in SCNT. 

INTRODUCTION 

Cloning by somatic cell nuclear transfer (SCNT) involves elimination of nuclear DNA 
from the host oocyte (enucleation) and replacing it with a donor somatic cell nucleus 
(reconstruction). The donor nucleus is then subjected to a complete ‘reprogramming’ by 
the ooplasm, which enable the complete set of instructions that were once turned off in 
the differentiated donor nucleus to become active and commence development as an 
embryo [Campbell, (1999)].  
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For cloning SCNT in goat, there are conflicting reports about the proper time of 
enucleation after IVM of oocytes, which varied from 20 to 27 hours [Das et al., (2003); 
Keefer et al., (2002); Daniel et al., (2008)]. Enucleation performed during early stages of 
maturation maintains the MII plate and PB in a closer position and therefore makes it 
easy to enucleate.  With increase in time of enucleation after maturation the size of 
perivitelline space increases, causing deviation of polar body from spindle, thus the 
success rate of enucleation get reduced [Song et al., (2007)]. This procedure also removes 
important cytoplasmic components which may reduce cytoplast viability. So 
standardization of the time of enucleation is also necessary for productive results.  

It has been reported that low cloning efficiency may be largely attributed to the 
incomplete reprogramming of epigenetic signals [Rideout et al., (2001); Xue et al., 
(2002)]. Epigenetic signals plays a pivotal role in cloning technology because it makes 
some gene ‘on’ or ‘off’ by a process called imprinting. In genetics, imprinting describes 
the condition where one of the two alleles of a typical gene pair is silenced by an 
epigenetic process such as methylation or acetylation. "Imprinted genes" don't rely on 
traditional laws of Mendelian genetics, instead they are parent specific. The ability of a 
transferred nucleus to direct embryonic development to term depends on the 
“reprogramming of gene expression” by these cytoplasmic factors and G0 nuclei may be 
more receptive to this action [Campbell et al., (1996); Campbell, (1999)]. Serum 
starvation was the first type of utilized for SCNT. Later confluent cultures were also used. 
Nowadays scientists are using chemical reprogramming methods using aphidicolin [Shi et 

al., (2007)], butyrolactone [Kues et al., (2000)], staurosporine [Wells et al., (2003)] etc. 
which are reversible cell cycle inhibitors.  

To break the above hurdles of SCNT, different reprogramming methods were employed 
by the researchers in order to produce viable cloned animals. The present investigation 
has been undertaken to standardize the time of enucleation after IVM, which will enable a 
successful enucleation without the removal of large amount of cytoplasmic contents. The 
study also aims to find out a suitable cell cycle synchronisation technique, which will 
facilitate accurate reprogramming and development of reconstructed embryo. 

Materials and Methods 

Experimental animals for the present study comprised of adult Jamunapari goat 
maintained at the Biotechnology Centre, J. N. K. V. V., Adhartal, Jabalpur (M.P.). The 
ovaries for in vitro maturation and micromanipulation were obtained from the Small 
Animal Slaughter house, Jabalpur (M.P.). Except where otherwise indicated all chemicals 
were obtained from Sigma Chemical Co. (St Louis, MO,USA). 

In vitro maturation of goat oocytes and their enucleation: Under sterile condition, 
oocytes were aspirated from all the visible follicles on the surface of ovaries and the 
cumulus oocyte complexes (COCs) were used for in vitro maturation in TCM-199 
medium in CO2 incubator with humidity >95 %, 5% CO2 at 38C. Denudation of cumulus 
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mass were performed by 0.1% hyaluronidase in DPBS (without Ca and Mg ions). 
Matured oocytes with visible polar body were selected for enucleation. They were placed 
in enucleation medium and held by a holding pipette in such way that the first polar body 
was position at 12 O’clock position. The zona pellucida was punctured near the first polar 
body followed by squashing and compressing out the first polar body and its surrounding 
cytoplasm with an enucleation pipette.  

Optimization of enucleation time: For optimizing the time of enucleation, enucleation 
was performed in four different interval groups as follows; T1: 20-23h; T2: 23-26h; T3: 
26-29h and T4:29-32h after IVM. Successful enucleation was tested by staining extruded 
part with bis Benzimide (Hoechst 33342), where a white flourocence of MII chromosome 
and polar bodies appears. Also the denuded intact oocytes were stained with Hoechst 
33342 and examined to assess the relative position of the first polar body and MII 
chromosome. 

Development of primary cultures of cumulus and skin fibroblast cells: Laparotomy 
was performed to expose the female genital tract. COCs were collected by aspiration of 
the follicles and matured in vitro. Expanded cumulus mass was separated by repeated 
pipetting using a fine Pasteur pipette and the cells were cultured in DMEM+ 10%FBS in 
CO2 incubator at 37oC maintaining 5% CO2 with 98% humidified environment. Ear pinna  
tissue pieces of  adult Jamunapari goats were collected and cut medially, exposing the 
basal epidermis on both sides. They were chopped in to small tissue pieces of 1mm2. 
Tissue pieces were cultured in CO2 incubator at 37oC maintaining 5% CO2 with 98% 
humidified environment. Fibroblast and cumulus cells at passage 3-6 were used for 
nuclear transfer. 

Reprogramming of cell lines: a. Serum starvation method: cells were grown for about 
80% confluency in DMEM medium with 10% FBS and then they were kept in media 
having 0.5% FBS for 72 hours. This cell lines were used for nuclear transfer after 
trypsinisation. 

b. Aphidicolin treatment: cells were grown for about 80% confluency in DMEM medium 
with 10% FBS and then cultured in DMEM + 10% FBS + O.1µg/ml aphidicolin for 24 
hours. After that cells were cultured in DMEM + 0.5% FBS for 48 hours.  

c. Cell lines without any reprogramming were used as controls. 

Transfer of donor cells, electrofusion and chemical activation: Trypsinised donor cell 
was introduced into the periviteline space of enucleated oocytes through the slit made 
during enucleation. Reconstructed oocytes were transferred to TCM-199 + 7.5% FBS 
supplemented with 150 µg/ml phytohaemagglutinin-L. Cell fusion of the reconstructed 
oocytes were performed in Zimmerman’s cell fusion medium with fine electrical rods of 
diameter of 120 µm. a double electrical pulse of 2.0-2.5 kV/cm for 10 µsecond was 
delivered. Fusion rates were determined 90 min after the electrical pulse in which the 
notch formation gives the conformation. Fused reconstructed oocytes were transferred in 
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TCM-199+FBS supplemented with 2.5 µg/ml cytochalasin-B (CB) and 10µg/ml 
cycloheximide (CHX) for 1 hr. An additional of 4 hr activation was done at TCM-
199+FBS with 10 µg/ml CHX + 250mM/ml 6-DMAP medium in CO2 incubator having 
humidity >95%, 5% CO2 at 38.5oC. 

Embryo culture: The fused reconstructed oocytes were transferred in 50µl drop of pre 
equlibrated mSOF media with BSA and incubated in 5 % CO2 at 37º C for 48 hrs. After 
48 hrs the oocytes were checked for cleavage. Only those oocytes which showed cleavage 
were selected and put in the petridish having the 50 µl drop of mSOF with 7.5% FBS for 
further 5 days. Different stages of embryos were recorded at these times. 

Statistical analysis: Data was determined as a percentage and mean, standard deviation 
and average with standard error were calculated and were analyzed by completely 
randomized ANOVA. 

Results and Conclusions  

The data representing the number of oocyte aspirated, grading of oocytes, cumulus 
expansion and polar bodies observed are presented in Table 1 and figure.1.  

Figure.1: representing (a) in 

vitro matured oocytes (b) 

denuded oocytes showing polar 

body 

 

Table 1.Oocyte aspiration and IVM of goat slaughter house ovaries 

 

Enucleatuion and optimization of its time after IVM 

The process of enucleation of oocytes has been shown in figure 2. The extruded ooplasm 
was stained with H-33342 stain and observed under fluorescent microscope to evaluate 
the percentage of enucleation (figures 3A). Also the denuded oocytes were stained to find 
the relative position of MII chromosome and polar body (figures 3B).  
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Figure.2: Process of enucleation of IVM goat oocytes (a) Piercing the zona around polar 
body with enucleation needle (b) Squashing out of polar body and M II chromosome. 

 

Figure.3A: Confirmation of 

enucleation by fluorescence 

microscopy (a), (b) &(c) H-33342 

stained extruded ooplasm showing 

MII chromosome and polar body (d) Extruded ooplasm showing distinct 

chromosomes without polar body. 

Figure.3B: H-33342 stained oocytes showing relative association of MII  

chromosome and polar body at different time intervals (a) 20-23hrs (b) 23-26hrs (c) 

26-29hrs (d) 29-32hrs. 

                           Figure 3A                                                         Figure 3B 

    

Table 2. Comparison of success rate of enucleation at different time interval after 

IVM. Figures within parenthesis indicate no. of experimental trials; Percentage 

values having same superscript do not differ significantly. 
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It was evident from the table-2 that, even though there was no significant difference 
between the number of polar bodies of each time group, there was significant difference 
in enucleation percentage. The group T1 and T2 had highest enucleation percentage 
compared to T3 and T4. These observations are confirmed by the fact that the 
perivitelline space increases as IVM time increases and results in displacement of polar 
body relative to MII chromosome (figures 3B). Hence it was concluded that T1 and T2 
groups may be considered as most efficient time for enucleation but the developmental 
potential of reconstructed oocytes after nuclear transfer in each group needs to be tested. 

Embryos development using reprogrammed cumulus and fibroblast cells  

The fusion and cleavage rates of cloned embryos with different donor cells groups are 
shown in Table 3. The cleavage rates for the NT- embryos derived from the transfer of 
cumulus cells, was significantly higher than those developed by using adult fibroblast 

cells. In case of reprogrammed cell lines, 
aphidicolin treated group showed better 
results (40% cleavage rate in cumulus and 
27.27% in fibroblast cell lines). Serum 
starved group in cumulus cell line showed 
33.33 per cent cleavage rates as compared 
to 16.66 per cent of fibroblast cells. From 
table 6 it was evident that, reprogrammed 
cell lines had better potential to go for 
further developmental stages of the 
embryo (figure.4).  

Figure.4: Process of nuclear transfer, electrofusion and embryo development. (a) 

Transfer of somatic cell into enucleated oocyte (b) Reconstructed oocyte between 

two electrodes for fusion (c) Formation of notch confirming successful fusion (d) 
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Embryo culture. 

 

Table 3. Comparison of NT embryo development using reprogrammed cells  

Present study revealed that, reprogrammed cell lines gave better activation and cleavage 
rate when compared with non reprogrammed cell lines. It was also seen that aphidicolin 
treated cells gave best cleavage rates (40% with cumulus cells versus 27.27% with 
fibroblast cells) whereas, serum starved cells showed lower cleavage rates than the 
chemical reprogramming (33.33% with cumulus cells versus 16.66% with fibroblast 
cells). But, both of the observations were significantly higher than the control group, 
comprising of non reprogrammed cell lines. This indicates the pivotal role of 
reprogramming of cell lines in SCNT. 
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ABSTRACT 

The present study was conducted to estimate the prevalence of porcine cysticercosis, 
taeniosis and human cysticercosis in five districts of kerala state viz., Idukki, Ernakulam, 
Thrissur, Palakkad and kozhikode, to develop a multiplex PCR for differentiating Taenia 
spp. in human beings and to compare the efficacy of different tests for diagnosis of 
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porcine cysticercosis. a total of 500 carcasses were inspected and 500 blood samples were 
subjected to PCR for diagnosis of porcine cysticercosis. Slaughter survey was also 
conducted at deonar abattoir, Mumbai and study on human taeniosis and human 
Cysticercosis was also conducted at Puducherry. for detection of taeniosis and other 
intestinal helminths among human beings in kerala, a total of 1400 stool samples were 
examined microscopically. Human cysticercosis was screened by subjecting 1000 serum 
samples to Enzyme Linked Immuno Sorbent assay (ELISa) for qualitative detection of 
IgG class antibodies against Taenia solium. a total of 100 porcine and human serum 
samples each from Puducherry were also subjected to antibody ELISa and 100 human 
stool samples were screened for taeniosis. a survey was also conducted in the five 
districts of kerala state regarding socio-economic status, food habits, hygienic practices, 
awareness about taeniosis and cysticercosis and pig rearing practices. 

Throughout the study, no case of porcine cysticercosis or taeniosis was detected in kerala. 
no case of taeniosis was detected in Puducherry also. The helminths prevalent in both 
areas were Ascaris spp. and hook worm. Prevalence of human cysticercosis was 2.2 per 
cent in kerala and two per cent in Puducherry, with no significant difference (p<0.05) 
between two areas. district-wise prevalence was highest in Thrissur, followed by 
Ernakulam and prevalence was zero in kozhikode. among the 200 samples screened from 
Thrissur disrtict, three samples were from epileptic cases suspected as neurocysticercosis 
based on MRI scan, of which one sample was positive by ELISa. Slaughter survey 
conducted at deonar abattoir, Mumbai detected solitary case of porcine cysticercosis 
among 416 animals. The muscle cysts were confirmed as T. solium metacestode by PCR 
targeting Cytochrome c oxidase subunit 1 gene and large subunit rRna gene. Multiplex 
PCR for differentiation of T. solium and T. saginata was standardised. on comparison of 
tests for diagnosis of cysticercosis, it could be concluded that from food safety point of 
view carcass inspection cannot be entirely replaced with some other diagnostic tests. but, 
for specific diagnosis of diseases conditions, carcass inspection could be combined with 
sensitive and specific tests like PCR. 

INTRODUCTION 

 Cysticercosis and taeniosis are foodborne parasitic zoonoses caused by larval and 
adult stages of taeniid worms, respectively. The important features of these zoonoses are 
that the larvae are meatborne, generally beef or pork and the adult stage develops only in 
intestine of human beings. Cysticercosis is the tissue infection with larval cysticercus or 
metacestode stage and occurs most commonly in pigs and cattle. Taenia saginata occurs 
only in beef whereas, Taenia asiatica in pig organs and T. solium primarily in pig 
muscles. Humans acquire the adult stage through consumption of improperly cooked 
infected meat. Cysticercosis caused by T. solium metacestode in pigs is a neglected and 
under rated zoonosis classified under list B by the World Organization for Animal Health 
[Willingham et al., (2008)]. Pigs become infected by the ingestion of eggs of the tape 
worm that are present in stools of human beings who are the definitive host of T. solium. 
Porcine cysticercosis has now emerged as an important constraint for the nutritional and 
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economic well being of smallholder farming communities in endemic areas due to down 
grading or total condemnation of affected meat. Cysticercosis affects food security and 
food safety, threatening human health as pig will always be one of the major sources of 
food for mankind but is rarely associated with high mortality in intended host. 
Cysticercosis has been termed as a biological marker of the social and economic 
development of a community.  

 Among taeniid worms, T. solium is unique because the larval or cysticercus stage 
can also infect humans and cause cysticercosis or neurocysticercosis. Infection with the 
cysticercus stage is responsible for almost all serious human disease caused by this 
tapeworm. Cysticerci can affect any part of the body including subcutaneous tissues, 
skeletal muscles, lungs, brain, eyes, liver, and occasionally heart. Human 
neurocysticercosis is an infection of the central nervous system caused by the larval stage 
of the pork tapeworm. It is a major public health problem in many developing countries 
of Latin America, Asia and Africa. It has been estimated that approximately 2.5 million 
people worldwide carry T. solium tapeworm and not less than 20 million people are 
infected with T. solium metacestode and 50000 die of neurocysticercosis annually [Eddi 
et al., (2003)]. 

  Effective chalking out of control measures for the condition requires sero-
epidemiological surveys and community based studies. This could be achieved only if 
suitable diagnostic methods are developed to enable establishment of database for the 
disease. Such tests will also provide a valuable tool in measuring the impact of the disease 
on pig production and on human health. In this way, sustainable control, and even 
eradication of T. solium may be envisioned. The prevalence of the disease is highly varied 
in different regions depending on the presence or absence of risk factors. An extensive 
study on the prevalence of cysticercosis and taeniosis in pigs and human beings has not 
been conducted so far in Kerala. A comprehensive idea about the prevalence of disease in 
a particular locality is needed not only for the record of epidemiological data, but also for 
its effective control. Protection of human health against zoonoses is mandatory through 
effective control of the disease. This calls for collection of epidemiological data for 
improved monitoring arrangements in both man and animals. Therefore, identification of 
high prevalence zones, modes of transmission and accurate diagnosis is the need of the 
hour. Hence, there is a need to obtain reliable and current data on the prevalence of the 
porcine cysticercosis, human taeniosis and human cysticercosis. Hence, the present study 
was undertaken with the following objectives  

 The prevalence of taeniosis/ cysticercosis in human beings and pigs in Kerala and 
Puducherry  

 Standardise multiplex PCR for differential diagnosis of Taenia spp. in human 
beings  

 Compare the efficacy of different tests for diagnosis of Cysticercosis 
1040

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



MATERIALS AND METHODS 

 As preliminary investigation, a survey was conducted in these districts of Kerala 
state, regarding the socio-economic status, food habits and hygienic practices, awareness 
about parasitic diseases and animal rearing practices. A total of 500 individuals - 100 
each from each of the selected district- were surveyed using a structured questionnaire. A 
total of 500 porcine blood samples, viz., 125 each from Idukki, Ernakulam, Thrissur and 
Palakkad districts were collected from slaughtered pigs and subjected to PCR 
[Ramahefarisoa et al., (2010)]. A total of 500 carcasses were also inspected at local 
slaughter houses and meat markets [Dorny et al., (2005)].   A slaughter survey was also 
conducted at the pig slaughter unit, Deonar abattoir, Mumbai, India, for a period of ten 
days from 10-11-13 to 20-11-13 for the detection of cysticercosis and other pathological 
conditions. Molecular confirmation of porcine cysticercosis was was done by PCR 
[Sreedevi et al., (2012)] For the study on prevalence of taeniosis and other intestinal 
helminths among human beings, a total of 1400 stool samples were collected from Idukki, 
Ernakulam, Thrissur, Palakkad and Kozhikode districts and 100 samples from Puducherry 
and examined microscopically after formalin ethyl acetate concentration technique 
[(WHO, 1991)]. Prevalence of human cysticercosis was estimated by subjecting serum 
samples from Idukki, Ernakulam, Thrissur, Palakkad and Kozhikode districts and 
Puducherry, to IgG ELISA using commercial kits. Multiplex PCR was standardised for 
differentiating T. solium and T. saginata in human beings [Jardim et al., ( 2006) and  
Yamasaki et al., (2004)].The data obtained were subjected to statistical analysis following 
procedure described by [Snedecor and Cochran (1994)] using the SPSS software version 
16. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.PCR profile of T. solium metacestode 

L1: 100 bp ladder; L3, L4: Cox-1 gene (984 

bp)  

L5, L6: Large sub unit rRNA gene (286bp) 

 

Fig 2. PCR profile of T. solium and T. saginatain 

multiplex PCR    

L1: 100 bp ladder L2: Cox-1 gene (984 bp) of T. 

solium and  

Large subunit rRNA gene (328 bp) of T. 

saginata 
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RESULTS 

 Among the 500 individuals surveyed, as preliminary investigation,  13 per cent 
were vegetarians 87 per cent reported consumption of meat, fish or egg. Consumption of 
pork was reported by 60 per cent of the individuals surveyed. All the meat consumers 
reported thorough cooking of meat using fire wood or pressure cooking. Consumption of 
raw vegetables and salads was reported by 19 per cent of the individuals surveyed in 
Idukki, Palakkad and Kozhikode districts, 21 per cent in Thrissur and 22 per cent in 
Ernakulam district respectively. Among 500 individuals surveyed, 34.80 per cent reported 
soaking of vegetables with salt and turmeric powder for 30 min to three h prior to 
cooking. Whereas, 65.20 per cent reported simple washing of vegetables without any 
soaking, just before cooking. Among the 500 individuals surveyed, 75.2 per cent reported 
own well as drinking water source, 19.4 per cent depend on public water supply system. 
House connection was used as drinking water source by one per cent and 4.4 per cent 
depend on other sources such as neighbour’s wells.  Among the 75 percent households 
with own well, 40 per cent reported disinfection of well with bleaching powder and 35 
per cent had no practice of disinfection of wells. Drinking of boiled water was reported to 
be practiced by 77.8 per cent and 13.2 per cent reported drinking of non-boiled water. 
Drinking of boiled as well as non-boiled water was reported by 2.4 per cent and 6.6 per 
cent depended on other methods of water purification such as filters.  Of the 500 
individuals surveyed, 41 per cent were aware about taeniosis. But, awareness about 
human cysticercosis was reported only by 5.6 per cent of the individuals surveyed. Out of 
the 500 individuals surveyed, 17.4 per cent reported regular deworming of entire family 
members. Regular deworming of children alone was reported by 22.2 per cent of 
individuals surveyed. Of the 500 individuals surveyed, seven were pig farmers. All the 
seven reported intensive system of pig rearing. 

 In the present study on prevalence of porcine cysticercosis, conducted in four 
districts of Kerala state viz., Idukki, Ernakulam, Thrissur and Palakkad, prevalence of 
porcine cysticercosis was found to be zero, after employing carcass inspection and PCR 
using whole blood as diagnostic tests. During the slaughter survey conducted at the pig 
slaughter unit, Deonar abattoir, Mumbai, solitary case of cysticercosis was detected 
among 416 carcasses examined. The muscle lesions suggestive of cysticerci were 
confirmed as T. solium metacestode by specific primers targeting large subunit rRNA 
gene and Cox-1 gene (Fig. 1 ). Other lesions suspected as cysticerci such as calcified 
cysts on spleen (2) and milk spots on liver (14) were not identified as T. solium 

metacestode by PCR. Histopathologacal examination affected muscle revealed cross 
section of parasite. Cysticerci were seen embedded within the muscle fibres. Muscle 
fibres remained intact and no reactive lesions around the parasite could be observed. 

 1400 samples screened, none of the samples was positive for ova of Taenia spp. 
On screening 100 human stool samples from Puducherry, no ova of Taenia spp. could be 
observed. Among other intestinal helminths, ova of Ascaris spp. were present in 43 
samples (2.87 per cent) and ova of hook worm were present in nine samples (0.53 per 

1042

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



cent) from Kerala. On screening 100 human stool samples from Puducherry, no ova of 
Taenia spp. could be observed. Ova of Ascaris spp. was present in two of 100 samples 
and hook worm ova was present in one of the 100 samples screened. 

  Prevalence of human cysticercosis in Kerala was estimated by qualitative 
etection  of  IgG  class antibodies against T. solium metacestode and the 
prevalence of 2.2  per  cent was obtained, which was statistically significant 
(p<0.001). Of the 100 samples  screened from Puducherry, IgG class antibodies against 
T. solium metacestodes were present  in two samples, with the prevalence of two per 
cent which was also significant statistically (p  <0.05). Analysis of data revealed 
statistically significant prevalence in age groups 20-30 y,  30-40 y, 40-50 y 
(p<0.001) and 50-60 y (p<0.05). But the seropositivty was not associated  with 
age of individuals. Whereas in Puducherry, statistically significant (p<0.001) prevalence 
 was observed in 20-30 years and 30-40 years. In the present study, prevalence of 
 cysticercosis was found in younger age groups. This could be due to the 
occupational factors  and food habits. Seroprevalence was observed in working group 
and younger group, who  consume hotel foods and junk foods with plenty of raw 
vegetables, frequently. Study on  gender - wise prevalence of human cysticercosis 
revealed higher prevalence in males (2.75  per cent) than females (1.78 per cent) in 
Kerala and Puducherry. 

  Standardised multiplex PCR protocol allowed the simultaneous 
amplification of  cytochrome oxidase subunit 1 gene of T. solium and large 
subunit rRNA gene of T. saginata  at 984 bp and 328 bp respectively (Fig. 2 ). The 
standardized protocol could be used for  differentiating T. solium and T. saginata in 
human faecal specimens. This would be helpful in  identification of intermediate 
host of Taenia spp. in the area and effective control measures  can be implemented 
both in definitive and intermediate hosts. 

  Among the 17 lesions suspected as cysticercosis on meat inspection, only 
one lesion  i.e., muscle cyst, gave a positive result with tissue PCR targeting Cox-1 

gene and large  subunit rRNA gene of T. solium. Milk spots on liver and cysts on spleen 
were not identified  as cysticerci on PCR. PCR targeting cytochrome c oxidase 
subunit 1 gene of T. solium, done  on blood samples from the same 17 animals did 
not identify any case of cysticercosis. Hence,  it could be concluded that, from the food 
safety point of view carcass inspection cannot be  entirely replaced with some 
other diagnostic tests. But, for specific diagnosis of diseases  conditions, carcass 
inspection could be combined with more sensitive and specific tests like  PCR of 
suspected lesions, the results of which would be available within a day.  

Conclusion  

 In the presenr study prevalence of porcine Cysticercosis in Kerala was found to 
be zero. Prevalence of of human taeniosis was found to be zero in Kerala and Puducherry. 
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Prevalence of human Cysticercosis was two per cent in Puducherry and 2.2 per cent in 
Kerala. Eventhough Kerala is free of porcine cysticercosis, it could easily be introduced 
due to  changes in environmental factors, exchange of people from other states where 
disease is endemic due to poor hygiene and deficient sanitary practices. Also, if pigs are 
transported from endemic states to Kerala with subsequent consumption of infected meat 
could lead to introduction of disease at greater level to the area. Potential risk factors for 
the introduction of cysticercosis in Kerala include import of pigs for consumption from 
other states, changes in food habits of people such as increase in consumption of junk 
foods and raw vegetables and an increase in percentage of people taking food from 
outside. Unhygienic conditions in restaurants and way side eateries, introduction of more 
work forces from endemic areas and employing such individuals in hotels as cooks and 
workers and changes in farming practices would also make the people at enhanced risk. 
On basis of the present study, following recommendations were made  

 Extensively reared pigs must be examined individually for cysticercosis  

 Post mortem inspection must be combined with specific antigen detection 
methods  

 Sero surveillance at farm level and chemotherapy of infected animals  

 Feeding cooked waste and garbage to pigs  

 Awareness of public on modes of transmission of disease, treatment of drinking 
water and safe handling of food and drinking water.  
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ABSTRACT 

Listeria monocytogenes is a foodborne zoonotic bacterium of high public concern, which 
causes listeriosis in humans especially by 1/2a, 1/2b and 4b serotype. Serotyping is a 
universally accepted subtyping method for L. monocytogenes. as conventional 
agglutination based antigen-antibody serotyping techniques are expensive and time 
consuming, the rapid PCR based serotyping has been used for serogrouping of L. 

monocytogenes. The aim of this study was to identify the serotype of L. monocytogenes 

isolated from the food samples by molecular serotyping. L. monocytogenes isolated from 
vegetable, meat and fish samples was subjected to PCR serotyping. division specific 
primers (d1 and d2) were used to group the isolates. GLT primers and flaa primers were 
used to identify 1/2a or3a and 1/2b or 3b serotypes respectively. The Imo 0737 primers 
specific for 1/2a serovar, oRf 2819 primers specific for 1/2b serovar and oRf 2110 
primers specific for 4b serovar were also tested against the isolated L.monocytogenes 
isolates. The result showed that the strain isolated from vegetable belongs to division I 
group of serovar 1/2b and 4b. The strains isolated from beef sample and fish samples 
belong to division II group of serovar 1/2a. from the previous reports, it has been 
observed that about 95 per cent of L. monocyogenes strains isolated from clinical and 
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food samples belong to serovars 1/2a, 1/2b, 1/2c and 4b and are the causative agent for 
human listeriosis. Hence proper washing and cooking of food items is recommended, as 
consumption listeria contaminated food (salads) may be one of the reasons for reported 
cases of neonatal and maternal listeriosis. development of PCR primers for distinguishing 
the rare serotypes will be more effective for rapid diagnostics of listeriosis by multiplex 
PCR. 

Introduction 

Listeria monocytogenes is a gram positive, facultative intracellular zoonotic bacteria that 
causes listeriosis, mainly in immunocompromised and elderly individuals and pregnant 
women, characterized by sepsis, meningitis and miscarriage (Allerberger 2010). The 
genus Listeria include 9 different species- Listeria monocytogenes, L. ivanovii, L. 

seeligeri, L. innocua, L. welshimeri, L. grayi, Listeria marthii (Graves et al., 2010), 
Listeria rocourtiae (Leclercq et al., 2010) and  Listeria weihenstephanensis (Halter et al., 
2012).  L. monocytogenes is pathogenic for human, while L. ivanovii is rarely pathogenic 
for humans (Lortholary Olivier et al., 2010). L. monocytogenes comprised of a diversity 
of strains of varying pathogenicity. According to previous reports, among 13 serotypes, 
the most food-borne listeriosis outbreak belong to1/2a, 1/2c, 1/2b and 4b (Doumith et al., 

2004). It was found that the trends of human listeriosis cases from the year 2000 to 2010, 
the 1/2a is dominant. Serotyping is a universally accepted subtyping method for Listeria 

monocytogenes and is important from the epidemiological point of view. L. 

monocytogenes possess at least 12 serotypes (i.e. 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4c, 
4d, 4e and 7) by the conventional serotyping slide agglutination techniques. Since slide 
agglutination is not easily adapted for testing and due to the high cost of acquiring 
subtype-specific antisera, serotyping methods are not routinely performed in clinical 
laboratories. Like biochemical methods, serotyping methods are also liable to give 
occasional discrepant results because of their dependence on the phenotypic 
characteristics of Listeria bacteria. For these reasons, molecular serotyping methods have 
largely been used, that are intrinsically more specific and sensitive for the identification 
and differentiation of Listeria species. The majority of Listeria monocytogenes isolates 

recovered from food was serogroup 1/2, especially 1/2a and 1/2b. The ability to precisely 
track the strains involved in listeriosis outbreaks and rapid determination of their 
pathogenic potential is critical for the control and prevention of further occurrences of 
this deadly disease. The main objective of this study was to identify the serotype of L. 

monocytogenes isolates isolated from the food (vegetable, meat and fish) samples by 
molecular serotyping by PCR serotyping.   

Materials and Methods 

The confirmed L. monocytogenes isolates obtained from food (vegetable, meat and fish) 
samples by conventional and molecular method were subjected to this study of molecular 
serotyping by PCR. Isolation of L. monocytogenes from the samples was performed as 
per the US Department of Agriculture (USDA) method described by (Donnelly and 
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Baigent 1986) with suitable modification. The isolates were then subjected to biochemical 
tests as described by (Cowan and Steel 1994) and also confirmed by PCR identification of 
six virulence genes (Nightingale et al., 2004) encoding phosphatidylinositol phosphase C 
activity (plcA), regulatory activity (prfA), actin polymerization protein (actA), 
haemolysin activity (hlyA), invasion associated p60 protein (iap), internalin associated 
protein (inlA). The serotyping PCR of confirmed L. monocytogenes isolates was 
performed primarily by using four sets of primers viz. D1, D2, Fla A and GLT. The 
primers D1 and D2 classify the L. monocytogenes into two major phylogenetic 
classifications. Further classifications of serotypes were done based on the presence or 
absence of GLT and flA. GLT primers and FlaA primers were used to identify 1/2a or3a 
and 1/2b or 3b serotypes respectively. Even after grouping, that is by knowing in which 
lineage or division the isolates belong to, were then screen for secondary screening for 
identification of serovar. The Imo 0737 primers specific for 1/2a serovar, ORF 2819 
primers specific for 1/2b serovar and ORF 2110 primers specific for 4b serovar were also 
tested against the isolated L. monocytogenes isolates. The PCR was performed with 7 
primers and the reaction mixtures with primers at a concentration of 50 pmol/µl, 1 U of 
Taq polymerase, 1X reaction buffer, 0.2 mM each deoxynucleoside triphoshate, 2.5 mM 
MgCl2, and 2 µl of template DNA (50 ng). The cycling condition of simplex PCR 
included an initial denaturation at 95˚C for 3 minutes, followed by 30 cycles each of 30 
seconds denaturation at 95˚C, 30 seconds annealing at 45 to 59˚C and 1 minute extension 
at 72˚C. It was followed by a final extension of 10 minutes at 72˚C and hold at 4˚C. The 
cycling condition of multiplex PCR were: 95˚C for 3 minutes followed by 35 cycles at 
95˚C for 30 seconds, 45˚C for 90 seconds and 72˚C for 90 seconds. The sequences of 
oligonucleotide primers were listed in table 1. 

Table 1. Primers used in PCR for serotyping of L. monocytogenes. 

Primer 

name 

Sequence (5ˈ-3ˈ) Size 

(bp) 

Target Reference 

D1 -F  

D1-R 

CGATATTTTATCTACTTTGTCA 

TTGCTCCAAAGCAGGGCAT 

 

214 

Lineage 
I 

Jinneman and 
Hill, 2001 

D2-F 

D2-R 

GCGGAGAAAGCTATCGCA 

TTGTTCAAACATAGGGCTA 

 

140 

Lineage 
II 

Jinneman and 
Hill, 2001 

flA-F 

flA-R 

TTACTAGATCAAACTGCTCC 

AAGAAAAGCCCCTCGTCC 

 

538 

serovar 
1/2b or 
3b 

Jinneman and 
Hill, 2001 

GLT-F AAAGTGAGTTCTTACGAGATTT  serovar 
1/2a or3a 

Jinneman and 
Hill, 2001 
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The resultant PCR products were analyzed by submarine gel electrophoresis by using 
1.5% agarose gels with ethidium bromide (0.5µg/ml) and visualized by gel 
documentation system.  

Results and Conclusions  

The L. monocytogenes isolates obtained during the study were subjected to serotyping 
using seven sets of primers viz. D1, D2, GLT, fla A, Imo 0737, ORF 2819 and ORF 2110. 
The result showed that the strain isolated from vegetable belongs to Division I group of 
serovar 1/2b and 4b. The strains isolated from beef sample and fish samples belong to 
Division II group of serovar 1/2a. From the previous reports, it has been observed that 
about 95 per cent of L. monocyogenes strains isolated from clinical and food samples 
belong to serovars 1/2a, 1/2b, 1/2c and 4b and are the causative agent for human 
listeriosis. Serotype 1/2a is most frequently isolated from food, serotype 4b causes the 
majority of human epidemics. It is significant to trace the contaminating strains of L. 

monocyogenes isolates within the food chain and is very important in preventing 
epidemiological listerial outbreak in future. Routine analysis of L. monocyogenes by 
serotyping by traditional agglutination methods is limited by cost, availability of and 
quantity of antisera and typeability of isolates. Hence performing PCR serotyping which 
increases the feasibility and accessibility of correct L. monocyogenes serogrouping. 
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GLT- R AATTAGGAAATCGACCTTCT 483 

lmo0737F 

lmo0737R 

AGGGCTTCAAGGACTTACCC 

ACGATTTCTGCTTGCCATTC 

691 Serovars 
1/2a 

Doumith et 

al., 2004 

ORF2819F 

ORF2819R 

AGCAAAATGCCAAAACTCGT 

CATCACTAAAGCCTCCCATTG 

471 Serovars 
1/2b 

Doumith et 

al., 2004 

ORF2110F 

ORF2110R 

AGTGGACAATTGATTGGTGAA 

CATCCATCCCTTACTTTGGAC 

597 serovars 
4b 

Doumith et 

al., 2004 
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 Fig 1: PCR profile of L. monocytogenes               Fig 2: PCR profile of 1/2b serovar  

           isolates with D1 and D2 primers      with ORF 2819 primer 

 

                                                  

        Lane 1 : 100 bp ladder, Lane 2 : BM2                     Lane 1 : 100 bp ladder 

              (L. monocytogenes isolate from beef,              Lane 2 : CR6 (Coriander, 471 bp) 

          D2-140 bp), Lane 3 : F4 (Fish, D2-140 bp),  

             Lane 4 : CB2 (Cabbage, D1-214 bp),  

             Lane 5 : CR6 (Coriander, D1-214 bp) 

  Fig 3: PCR profile of 4b serovar                   Fig 4: PCR profile of 1/2a serovar 

      

 

 

 

 

 

 

  with ORF 2110 primer with Imo0737 primer                                                               
1049

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



                            Lane 1 : 100 bp ladder Lane 1 : 100 bp ladder  

                         Lane 2 : F4 (Fish, 691 bp),                         Lane 2 : CB2 (Cabbage, 597 
bp), 

                       Lane 3 : BM2 (Beef, 691 bp) 
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ABSTRACT 

The study was carried out to standardize a multiplex PCR (m-PCR) protocol for the 
simultaneous detection of four common food pathogens such as Listeria monocytogenes, 

Yersinia enterocolitica, Staphylococcus aureus and Salmonella enterica Typhimurium. 
Pathogen-specific dna primers targeting hly a, ail, nuc and stm genes were employed for 
the identification of L. monocytogenes, Y. enterocolitica, S. aureus and S. enterica 

Typhimurium, respectively. Specificity of primers was tested using reference strains of 
other bacterial strains including Escherichia coli, E.coli o157:H7 and Vibrio 

parahaemolyticus. artificial meat inoculation with different concentration of organisms 
(1, 10, 102and 10 3 cfu/g) was carried out to investigate the sensitivity of m-PCR. The 
results showed that the m-PCR technique standardized was an effective technique having 
high specificity for the simultaneous detection of the four target pathogens from meat. 
The developed technique successfully detected all four organisms inoculated together on 
meat at a detection sensitivity of one cfu/g. 

Introduction 

Listeria monocytogenes is a gram positive, facultative intracellular zoonotic bacteria that 
causes listeriosis, mainly in immunocompromised and elderly individuals and pregnant 
women, characterized by sepsis, meningitis and miscarriage (Allerberger 2010). The 
genus Listeria include 9 different species- Listeria monocytogenes, L. ivanovii, L. 

seeligeri, L. innocua, L. welshimeri, L. grayi, Listeria marthii (Graves et al., 2010), 
Listeria rocourtiae (Leclercq et al., 2010) and  Listeria weihenstephanensis (Halter et al., 
2012).  L. monocytogenes is pathogenic for human, while L. ivanovii is rarely pathogenic 
for humans (Lortholary Olivier et al., 2010). L. monocytogenes comprised of a diversity 
of strains of varying pathogenicity. According to previous reports, among 13 serotypes, 
the most food-borne listeriosis outbreak belong to1/2a, 1/2c, 1/2b and 4b (Doumith et al., 

2004). It was found that the trends of human listeriosis cases from the year 2000 to 2010, 
the 1/2a is dominant. Serotyping is a universally accepted subtyping method for Listeria 

monocytogenes and is important from the epidemiological point of view. L. 
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monocytogenes possess at least 12 serotypes (i.e. 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4c, 
4d, 4e and 7) by the conventional serotyping slide agglutination techniques. Since slide 
agglutination is not easily adapted for testing and due to the high cost of acquiring 
subtype-specific antisera, serotyping methods are not routinely performed in clinical 
laboratories. Like biochemical methods, serotyping methods are also liable to give 
occasional discrepant results because of their dependence on the phenotypic 
characteristics of Listeria bacteria. For these reasons, molecular serotyping methods have 
largely been used, that are intrinsically more specific and sensitive for the identification 
and differentiation of Listeria species. The majority of Listeria monocytogenes isolates 

recovered from food was serogroup 1/2, especially 1/2a and 1/2b. The ability to precisely 
track the strains involved in listeriosis outbreaks and rapid determination of their 
pathogenic potential is critical for the control and prevention of further occurrences of 
this deadly disease. The main objective of this study was to identify the serotype of L. 

monocytogenes isolates isolated from the food (vegetable, meat and fish) samples by 
molecular serotyping by PCR serotyping.   

Materials and Methods 

The confirmed L. monocytogenes isolates obtained from food (vegetable, meat and fish) 
samples by conventional and molecular method were subjected to this study of molecular 
serotyping by PCR. Isolation of L. monocytogenes from the samples was performed as 
per the US Department of Agriculture (USDA) method described by (Donnelly and 
Baigent 1986) with suitable modification. The isolates were then subjected to biochemical 
tests as described by (Cowan and Steel 1994) and also confirmed by PCR identification of 
six virulence genes (Nightingale et al., 2004) encoding phosphatidylinositol phosphase C 
activity (plcA), regulatory activity (prfA), actin polymerization protein (actA), 
haemolysin activity (hlyA), invasion associated p60 protein (iap), internalin associated 
protein (inlA). The serotyping PCR of confirmed L. monocytogenes isolates was 
performed primarily by using four sets of primers viz. D1, D2, Fla A and GLT. The 
primers D1 and D2 classify the L. monocytogenes into two major phylogenetic 
classifications. Further classifications of serotypes were done based on the presence or 
absence of GLT and flA. GLT primers and FlaA primers were used to identify 1/2a or3a 
and 1/2b or 3b serotypes respectively. Even after grouping, that is by knowing in which 
lineage or division the isolates belong to, were then screen for secondary screening for 
identification of serovar. The Imo 0737 primers specific for 1/2a serovar, ORF 2819 
primers specific for 1/2b serovar and ORF 2110 primers specific for 4b serovar were also 
tested against the isolated L. monocytogenes isolates. The PCR was performed with 7 
primers and the reaction mixtures with primers at a concentration of 50 pmol/µl, 1 U of 
Taq polymerase, 1X reaction buffer, 0.2 mM each deoxynucleoside triphoshate, 2.5 mM 
MgCl2, and 2 µl of template DNA (50 ng). The cycling condition of simplex PCR 
included an initial denaturation at 95˚C for 3 minutes, followed by 30 cycles each of 30 
seconds denaturation at 95˚C, 30 seconds annealing at 45 to 59˚C and 1 minute extension 
at 72˚C. It was followed by a final extension of 10 minutes at 72˚C and hold at 4˚C. The 
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cycling condition of multiplex PCR were: 95˚C for 3 minutes followed by 35 cycles at 
95˚C for 30 seconds, 45˚C for 90 seconds and 72˚C for 90 seconds. The sequences of 
oligonucleotide primers were listed in table 1. 

Table 1. Primers used in PCR for serotyping of L. monocytogenes. 

 

The resultant PCR products were analyzed by submarine gel electrophoresis by using 
1.5% agarose gels with ethidium bromide (0.5µg/ml) and visualized by gel 
documentation system.  

Results and Conclusions  

The L. monocytogenes isolates obtained during the study were subjected to serotyping 
using seven sets of primers viz. D1, D2, GLT, fla A, Imo 0737, ORF 2819 and ORF 2110. 
The result showed that the strain isolated from vegetable belongs to Division I group of 

Primer 

name 

Sequence (5ˈ-3ˈ) Size 

(bp) 

Target Reference 

D1 -F  

D1-R 

CGATATTTTATCTACTTTGTCA 

TTGCTCCAAAGCAGGGCAT 

 

214 

Lineage 
I 

Jinneman and 
Hill, 2001 

D2-F 

D2-R 

GCGGAGAAAGCTATCGCA 

TTGTTCAAACATAGGGCTA 

 

140 

Lineage 
II 

Jinneman and 
Hill, 2001 

flA-F 

flA-R 

TTACTAGATCAAACTGCTCC 

AAGAAAAGCCCCTCGTCC 

 

538 

serovar 
1/2b or 
3b 

Jinneman and 
Hill, 2001 

GLT-F 

GLT- R 

AAAGTGAGTTCTTACGAGATTT 

AATTAGGAAATCGACCTTCT 

 

483 

serovar 
1/2a or3a 

Jinneman and 
Hill, 2001 

lmo0737F 

lmo0737R 

AGGGCTTCAAGGACTTACCC 

ACGATTTCTGCTTGCCATTC 

691 Serovars 
1/2a 

Doumith et 

al., 2004 

ORF2819F 

ORF2819R 

AGCAAAATGCCAAAACTCGT 

CATCACTAAAGCCTCCCATTG 

471 Serovars 
1/2b 

Doumith et 

al., 2004 

ORF2110F 

ORF2110R 

AGTGGACAATTGATTGGTGAA 

CATCCATCCCTTACTTTGGAC 

597 serovars 
4b 

Doumith et 

al., 2004 
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serovar 1/2b and 4b. The strains isolated from beef sample and fish samples belong to 
Division II group of serovar 1/2a. From the previous reports, it has been observed that 
about 95 per cent of L. monocyogenes strains isolated from clinical and food samples 
belong to serovars 1/2a, 1/2b, 1/2c and 4b and are the causative agent for human 
listeriosis. Serotype 1/2a is most frequently isolated from food, serotype 4b causes the 
majority of human epidemics. It is significant to trace the contaminating strains of L. 

monocyogenes isolates within the food chain and is very important in preventing 
epidemiological listerial outbreak in future. Routine analysis of L. monocyogenes by 
serotyping by traditional agglutination methods is limited by cost, availability of and 
quantity of antisera and typeability of isolates. Hence performing PCR serotyping which 
increases the feasibility and accessibility of correct L. monocyogenes serogrouping. 
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Fig 1: PCR profile of L. monocytogenes               Fig 2: PCR profile of 1/2b serovar  

                     isolates with D1 and D2 primers      with 

ORF 2819 primer 

                                                  

             Lane 1 : 100 bp ladder, Lane 2 : BM2                     Lane 1 : 100 bp ladder 

              (L. monocytogenes isolate from beef,              Lane 2 : CR6 (Coriander, 471 bp) 

          D2-140 bp), Lane 3 : F4 (Fish, D2-140 bp),  

             Lane 4 : CB2 (Cabbage, D1-214 bp),  

             Lane 5 : CR6 (Coriander, D1-214 bp) 

Fig 3: PCR profile of 4b serovar                   Fig 4: PCR profile of 1/2a serovar 
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                   with ORF 2110 primer with Imo0737 primer                                                               

                          

 

 

 

 

 

 

 

   

 Lane 1 : 100 bp ladder Lane 1 : 100 bp ladder  

                         Lane 2 : F4 (Fish, 691 bp),                         Lane 2 : CB2 (Cabbage, 597 
bp), 

                       Lane 3 : BM2 (Beef, 691 bp) 
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ABSTRACT 

A SYBR® Green I based Quantitative real-time PCR technique for detection and 
quantification of Eimeria species during its in vivo developmental phase in the intestinal 
tissue of broilers was standardized. Sixty intestinal tissue samples were collected from 
suspected, ailing and dead birds in commercial broiler farms. all the intestinal samples 
were screened by a generic ITS-1 based conventional PCR out of which 29 (48.3 percent) 
were found positive for Eimeria species. a qPCR assay was standardized for detection of 
genus Eimeria in the intestinal tissue using the 5S ribosomal RNA as the target of 
amplification. The parasite genome numbers in tissue were estimated and comparisons 
drawn between generic Eimeria counts and species-specific E. tenella counts indicated 
presence of species other than E. tenella in caecal tissue. Quantitative real-time PCR was 
found to be a sensitive quantitative technique to detect Eimeria infection in broilers 
during the pre-patent and sub-clinical phase of infection in commercial broilers. 

INTRODUCTION 
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Enteric protozoa belonging to the genus Eimeria (Protozoa: Apicomplexa: Eucoccidia: 
Eimeriidae) unquestionably crown the list of most ruinous parasites affecting livestock 
and poultry. Coccidiosis has remained the focus of anxiety for commercial poultry 
producers not only due to the losses incurred as a result of mortality in acute infections or 
lowered production, but also due to the cost input required for effective 
chemoprophylaxis and immunoprophylaxis. Avian coccidiosis has resulted in losses 
exceeding US$ 3 billion annually to the poultry industry worldwide (Blake et al., 2008). 
Over the past few decades, the Indian scenario of poultry rearing has transformed from a 
mere leisurely backyard activity to an insatiable profit seeking industry. Pervasiveness of 
the pathogen cannot be ignored when studies indicate that  coccidiosis accounts for 95 
percent of the total economic losses in commercial broiler industry and 3 percent loss in 
commercial layer industry, mainly due to cost of chemoprophylaxis and drop in meat and 
egg production. Total annual losses are estimated to be around Rs. 1.14 billion in India 
(Bera et al., 2010).  

The oocysts which are passed out in the droppings of an infected bird are the most 
accessible stage in the lifecycle of Eimeria and thus most widely used for diagnosis of 
infection in birds. However, considerable overlapping of dimensions of oocysts of 
different species exists and this makes it difficult, even for an expert to identify with 
certainty the species involved in the disease. Investigation of in vivo development of the 
parasite requires histopathological examination of tissue sections which again is a skill 
demanding and time consuming affair. Thus, considering reliability and time and labour 
effectiveness, molecular diagnosis and speciation methods are increasingly being used 
worldwide.  

In the present study, a quantitative PCR was employed for detection and quantification of 
Eimeria infection using intestinal tissue samples. In addition, a similar assay was 
standardized for species-specific detection of E. tenella known to affect the caecal tissue. 

MATERIALS AND METHODS 

COLLECTION OF FIELD SAMPLES 

Intestinal tissue samples were collected from suspected, ailing and dead birds from 
commercial broiler farms in and around Chennai, Palladam and Coimbatore in Tamil 
Nadu and Chittoor in Andhra Pradesh. The entire intestinal tract was examined for lesions 
consistent with coccidial infections. Intestinal tract was divided into 4 regions viz. upper 
intestine (U), middle intestine (M), lower small intestine and rectum (L) and caeca (C). 
Representative samples (~ 2 cm long pieces of intestinal tract) were collected from these 
four regions in separate 1.5ml collection tubes. They were preserved in RNAlater 
(Qiagen, Germany) and stored at -20⁰C until further processing for DNA extraction. 

DNA EXTRACTION FROM TISSUES 
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The intestinal tissue samples were thawed at room temperature and rinsed with tap water 
in order to remove adhering faecal debris. Thirty milligram of each tissue sample was 
weighed out and transferred to 2 ml microcentrifuge tubes. DNeasy tissue kit (Qiagen, 
Germany) was used as per manufacturers’ instructions. The DNA concentration was 
measured in a bio spectrophotometer. 

ITS-1 BASED PCR 

DNA extracted from all the intestinal tissue samples underwent preliminary screening for 
Eimeria using ITS-1 genus-specific primers (Lew et al., 2003). The cycle conditions 
employed included an initial denaturation at 94 ºC for 3 min; 30 cycles involving 
denaturation at 94 ºC for 30 sec, annealing at 56 ºC for 30 sec and elongation at 72 ºC for 
1 min 30 sec; followed by 1 cycle of final elongation at 72 ºC for 7 min. The PCR 
products were analysed by an agarose gel electrophoresis. 

QUANTITATIVE REAL TIME PCR 

PRIMERS 

The genus-specific primers were based on the 5S ribosomal subunit previously described 
by Blake et al. (2006). E. tenella specific primers were designed as per Vrba et al. (2010) 
and were based on the sequence characterized amplified regions (SCAR) of E. tenella. 
Both generic and species-specific assays were accompanied with a chicken 
glyceraldehyde 3- phosphate dehydrogenase (GAPDH) gene used as endogenous control. 
Details of all the primers are included in Table-1. 

Genus  Sequence 

5’-3’ 

 

 

 

Eimeria spp. EF1  AAGTTGCGTAAATAGAGCCCTC  Lew et al., 2003 

ER1  AGACATCCATTGCTGAAAG  

5S rRNA For  TCA TCA CCC AAA GGG ATT  Blake et al., 2006 

 Rev  TTC ATA CTG CGT CTA ATG 
CAC 

 

E. tenella TEN- 
F 

 TCG TCT TTG GCT GGC TAT TC  Vrba et al., 2010 

TEN- 
R 

 CAG AGA GTC GCC GTC ACA 
GT 
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GAPDH For  CGC AAG GGC TAG GAC GG  Myers et al., 2003 

Rev  GCG CTC TTG CGG GTA CC  

 

PCR AMPLIFICATION OF EIMERIA 5S RRNA 

The target 5S RRNA region of Eimeria was amplified by conventional PCR. Cycle 
conditions used were: 1 cycle at 94 ºC for 1 min; 94 ºC for 1 min, 60 ºC for 1 min and 72 
ºC for 1 min for 30 cycles; 1 cycle of 72 ºC for 10 min. The products were run on an 
agarose gel and the desired band (~119 bp) was purified using the QIAquick® PCR 
purification system (Qiagen, Germany) following the manufacturer’s instructions. The 
purified product was ligated into a TA vector (Promega, U.S.A). The transformed E. coli 
colonies were chosen based on blue-white colony selection and by a colony PCR. 
Plasmids were extracted using Fast plasmid kit (Eppendorf, Germany) following 
manufacturer’s instructions. 

DNA STANDARDS 

Standard curves were generated using serial 10 fold dilutions of genomic DNA as well as 
plasmid DNA for 5S rRNA. E. tenella pure DNA (E. tenella reference strain, IAH, 
Compton, U.K) was used. Ten fold dilutions of a known concentration of DNA were used 
as standards for Eimeria, GAPDH and E. tenella.  The standards were subjected to qPCR 
and the standard curve was obtained. Efficiency of the reaction was calculated as 10(-

1/slope). 

All the qPCR were performed using 7500 FAST Real time PCR system (Applied 
Biosystems, U.S.A). A reaction volume of 20 µl comprised of 10 µl of SYBR Green 
master mix (Sigma, U.S.A), 500nM each of forward and reverse primers, 6 µl of nuclease 
free water and 1 µl of undiluted DNA template. A passive reference dye ROX (Sigma, 
U.S.A) was added as per manufacturer’s recommendations. The reaction conditions were 
the same for all the 3 real time PCR assays (5S rRNA, chicken GAPDH and E.tenella 
SCAR). Cycle conditions were 95 ºC for 2 min (1 cycle); 95 ºC for 15 sec, 60 ºC for 1 
min (40 cycles). After completion of 40 cycles, melting curve analysis of the products 
was done in order to rule out non-specific amplification. The dissociation stage involved 
1 cycle of 95 ºC for 15 sec followed by 60 ºC for 1 min and 95 ºC for 1 min. The 
threshold fluorescence level was set to 0.02 for all the 3 assays. 

QUANTIFICATION OF GENOME 

Genome numbers of Eimeria present in 30 mg of intestinal tissue was calculated based on 
the 5S rRNA based assay. Similarly, E. tenella genomes present in the caecal tissue was 
determined and compared with the Eimeria genome counts in the same samples. 

RESULTS 
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A total of 60 intestinal tissue samples (10 from upper intestine, 15 from middle intestine, 
17 from lower intestine and rectum and 18 from caecum) were subjected to conventional 
PCR based on ITS -1 spacer for generic detection of Eimeria. Twenty nine samples (48.3 
percent) showed amplification for the ITS-1 region in which distinct bands of desired size 
(~600 – 800 bp) were observed. Of the 11 samples collected from Chennai, 5 (45.5 
percent) were found positive. Likewise, 10 (55.5 percent) out of 18 samples collected 
from broiler breeder farms in Coimbatore and 14 (51.8 percent) out of 27 samples 
collected from commercial broiler farms in and around Chittoor were found positive for 
Eimeria. None of the intestinal tissue samples collected from Palladam showed positive 
results. Out of 18 caecal samples that were subjected to PCR, 9 were detected positive by 
the ITS based PCR.  

 Figure 1. ITS-1 based genus specific PCR for 

Eimeria .Lane M: 100 bp DNA ladder, Lane 1, 

2, 4, 6 show Eimeria genus specific amplicon (~ 

600 – 800 bp), Lane 7 is the positive control 

 

 Figure 2. PCR for 5S rRNA. Lane M: 100 bp 

DNA ladder, Lane 1, 2 and 3: 119 bp band 

specific to 5S RRNA 

All the samples which had amplified with 5S rRNA based primers exhibited a mean 
melting temperature of 84.7 ºC ± 0.30 (n=60). A single peak was observed for the 
dissociation curve for all positive amplifications. A Ct was obtained for 46 samples and it 
was undetermined for 14 samples. The negative controls showed a much lower melting 
temperature and no peak was seen in the dissociation curve. All the sixty samples were 
assayed simultaneously with the Chicken GAPDH gene endogenous control. All the 
samples showed positive amplification for GAPDH. A melting curve analysis was done 
to rule out any non-specific amplification. The mean melting temperature was noted to be 
88.8 ºC ± 0.18 (n=60) with a single peak of dissociation. DNA from 18 caecal samples 
were subjected to an additional E.tenella specific qPCR. An E. tenella specific 
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amplification was detected in 11 samples. The target specificity of amplification was 
indicated by a single peak of the dissociation curve and a mean melting temperature of 
86.16ºC ± 0.5 (n=18). Comparable efficiencies of PCR were obtained for all the 3 assays. 
Mean genome counts in different tissues were calculated. Mean Eimeria count was 87 ± 
129 in upper intestine, 10213± 29433 in middle intestine, 13629 ± 34987 in lower 
intestine and rectum and 37169 ±75799 in caecum. Due to a very high variation in the 
genome counts between samples, the data was not subjected to statistical analysis. 
Proportion of E.tenella genome (assessed by SCAR based qPCR) among total Eimeria 
genome (derived by 5S rRNA based qPCR) in the respective caecal tissue samples was 
assessed. Caecal genome was found entirely to be due to E. tenella in 2 cases. Other 
caecal tissue samples indicated presence of other species of Eimeria in different 
proportions.  

DISCUSSIONS 

In the present study, generic PCR was employed with the intention of screening the 
samples for Eimeria prior to subjecting them to Quantitative   real-time PCR. The ITS-1 
based generic PCR assay was standardized to detect coccidiosis in birds using intestinal 
samples. ITS based assays have been described previously by several workers (Lew et al., 
2003; Aarthi et al., 2010). Being a multicopy genomic target, the assay was found to be 
very sensitive in detection of infection from intestinal tissue samples. The theoretical 
detection limit was reported to be as low as 0.4 to 2 oocysts of Eimeria per PCR (Haug et 

al., 2007). In the present study, ITS-1 based generic PCR was found to detect infections 
in samples containing > 8 genomes/µl. Since 2 µl of DNA template was used, 16 
genomes (= 2 sporulated oocysts) per PCR could be detected. A SYBR Green based 
quantitative PCR was developed and standardized for detection of genus Eimeria as well 
as species-specific detection of E. tenella. The generic Eimeria quantitative assay targeted 
the 5S ribosomal repeat (Blake et al., 2006). This region exhibits a high degree of 
conservation among Eimeria species, making it an attractive target for development of 
sensitive qPCR. Primers specific to the chicken Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) gene was selected for the purpose of standardization. A 
comparable standard curve was obtained in the present study for the target and the control 
gene enabling quantification of the target gene. For 10-fold dilution series with genomic 
Eimeria DNA efficiency of PCR was calculated as 2.15 whereas for GAPDH the PCR 
efficiency turned out to be 2.106. Theoretically a “perfect” PCR has an efficiency of 2.0. 
An efficiency inferred >2 can reflect non-target fluorescence or may be due to DNA 
saturation that causes less of a change in Ct scores at higher sample concentrations, 
causing a slope compression that inflates efficiency (Morgan et al., 2009). The melt curve 
analysis performed after the amplification ruled out chances of non-target fluorescence. 
Slope compression seems the most likely explanation for an inflated efficiency. The 
technique enabled highly sensitive detection of Eimeria in 46 samples as against 29 
samples by a genus specific conventional PCR. A SCAR based species specific qPCR 
assay was developed for detection and quantification of E. tenella, the most pathogenic of 
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all the 7 poultry Eimeria (Blake et al., 2008; Vrba et al., 2010). An E. tenella specific 
amplification was detected in 14 samples as against 7 samples by a SCAR based 
multiplex PCR. Though an alternative real-time PCR method for species specific 
detection of E. tenella exists using the ribosomal ITS-2 DNA sequences (Morgan et al., 
2009), the non-polymorphic, single-copy SCAR target was considered better suited for 
specific detection and precise quantification of the parasite. An efficiency of 1.903 was 
obtained for the assay and GAPDH gene was used as an endogenous control while 
absolute quantification. The melting temperature recorded was different from that 
recorded for the 5S rRNA assay. Kawahara et al. (2008) have reported a SYBR Green 
based qPCR targeting the ITS-1 region wherein different species of Eimeria present in a 
mixture of oocysts could be differentiated using the melting temperatures which were 
unique to each species. Whether such a possibility exists in a SCAR based assay needs to 
be investigated. This can be done through developing similar assays for other Eimeria 
species. All the caecal samples were subjected to E. tenella specific qPCR. Majority of 
Eimeria genome present in caecum was confirmed to be E. tenella. On comparison, 
generic Eimeria count was higher in most of the cases than the SCAR based E. tenella 
counts. This could be due to presence of other species of Eimeria in the sample tested or 
due to presence of an E. tenella population with an unlikely loss or rearrangement of the 
target region escaping detection (Vrba et al., 2010). The proportion of E. tenella out of 
the total Eimeria count ranged between zero to 99.9 percent. The complexity of Eimeria 
lifecycle, variable generations of schizogony in different species and difference in biotic 
potential of different species are some of the factors that need to be considered while 
making assumptions on the parasite multiplication in vivo. Sampling a larger section of 
host intestine would lessen inter-sample variation (Blake et al., 2006) and increase 
reproducibility of quantification data but at the cost of sensitivity. SYBR Green based 
qPCR was thus found to be a very sensitive technique for detection of Eimeria in 
intestinal tissue samples. It is comparatively much cheaper than the Taqman based assays. 
The generic qPCR can be effectively supplemented with species-specific qPCR assays for 
speciation and preponderance studies. However, for studying the lifecycle bionomics of 
Eimeria through qPCR, controlled experimental infections in susceptible birds may be 
required.    
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ABSTRACT 

kerala has rich ethnobotanical background and herbal medicines have stood the test of 
time for their safety, efficacy, cultural acceptability and lesser side effects. nevertheless, 
topical insecticides remain the mainstay of control of lousiness in livestock and poultry 
and this has led to several problems including the development of resistance, toxic 
manifestations in animals and birds, and concerns of residues in milk, meat as well as 
environment. Preliminary invitro trials were conducted to assess the comparative efficacy 
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of Lantana camara, Calotropis gigantica and Allium sativum against poultry lice by 
adopting filter paper protocol. The lice selected for the study were recovered from heavy 
natural infestation from backyard chicken. They were morphologically identified as 
Menopon gallinae and Lipeurus caponis. The trials proved the significantly high 
lousicidal property of ethanolic extracts of C.gigantica and A.sativum at 5 % 
concentration in 24 hour incubation period. The lousicidal effect of L .camara as 
evidenced at 10% concentration after 48 hour incubation period was significantly lower 
than other two plant extracts with the same treatment. This seems to indicate that extracts 
from A. sativum bulbs and C. gigantica possess better lousicidal properties than L. 

camara which were directly proportionate to the concentration. The results are 
encouraging and provide scientific validation of the efficacy of C. gigantica and 
A.sativum against Menopon gallinae and Lipeuris caponis. knowledge of plants with 
insecticidal properties, their toxic principles and biological activity is of utmost 
importance not only to replace toxic chemicals but also to unravel their effects in lesser 
known species. 

INTRODUCTION 

Kerala has ecologically optimum conditions for the propagation of ectoparasite in 
domestic animals. Problems of ectoparasites have been quite alarming leading to 
enormous economic losses by affecting production, causing enumerable skin diseases and 
transmission of infectious diseases (Panda and Mishra, 1997). Among ectoparasites, tick, 
mites and lice infestation produce immense productivity loss by direct biting injury and 
also through their disease transmission capability. Lice are permanent ectoparasites that 
constitute a very large group of more than three hundred species. They cause intense 
irritation to the skin, stimulate rubbing or licking leading to restlessness, reduced weight 
gain and reduced production in domestic livestock and poultry. Poultry lice were always a 
menace to not only intensive and backyard system of poultry rearing but also to the 
booming pet bird industry. The current practice of treatment and control is mainly by the 
use of synthetic acaricides which has far reaching effects on toxicity as well as acaricide 
resistance. Considering the economics of ectoparasite infestation, toxicity of synthetic 
pesticides, emerging resistance problems and growing concern for environment, have 
brought about increasing attention to safe eco-friendly, cheap and yet alternative methods 
of control (Nadkarni, 1976). Natural substances of plant origin constitute an important 
segment of these alternative approaches. Over 2000 plant species have been reported to 
possess insecticidal activity and only a fraction of them are analysed (Subramaniam and 
Kaushik, 2014). Ponnudurai et al. (2007) has recorded 100 per cent reduction of bird 
louse treated with herbal formulation containing Azadirecta indica, Cadrus deodara, 

Brassica compestris and Ocimum sanctum. Allium sativum (garlic), a member of family 
Alliaceae has been shown to possess arthropocidal properties (Jarial, 2001; Stjernberg and 
Berglund, 2000). The ectoparasiticidal effects of a number of such ethnobotanicals 
readily available in our State need scientific validation through preliminary in vitro trials 
followed by clinical validation. Hence a study was designed to evaluate the comparative 
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efficacy of Lantana camara, Calotropis gigantica and Allium sativum against poultry lice 
collected during natural infestation. 

Materials and Methods  

Cold extraction process 

Leaves of L.camara, C. gigantica and bulbs of A. sativum, were used for the study. All 
were shade dried and powdered in electric grinder. Ethanolic extracts were prepared from 
approximately 200g of the grated material using the extraction technique described by 
Azhahianambi et al. (2004) with some modifications. Briefly, the gratings were 
macerated in rectified spirit @200g/L, in a closed container for 24 h with intermittent 
vigorous mixing. The supernatant was collected in large petridishes and the alcohol was 
allowed to evaporate. The residues obtained after evaporation were used for in vitro 
assays at different concentrations. Different concentrations of the extracts viz., 5 % and 10 
% were prepared using one per cent aqueous Tween 80(v/v) as the solvent. The same 
served as control for comparison of extract activity. The activity was tested against the 
poultry louse. 

Invitro lousicidal activity 

The lice were collected from natural infestations in backyard chicken, ididentified 
morphologically ( Soulsby,1982) and were maintained in humidity chamber (ROTEK) at 
ambient conditions with temperature of  280 C and relative humidity of 80%. Filter paper 
method was adopted for testing the efficacy of different extracts as described by 
Nalamvar et al.,(2009). The extracts were poured on to Whatman No. 1 filter paper and 
allowed to dry. The dried filter papers were placed on different labeled Petri dishes. 
Thirty lice each were selected randomly and place in these Petri dishes, which were then 
maintained in a humidity chamber at a temperature of 280C and relative humidity of 80 % 
and checked for number of live lice  after definite time interval of 4 hours. The number of 
dead lice were recorded for each concentration of the extracts and compared with that of 
control. Three replicates were tested for each treatment. The results were statistically 
analysed using Chisquare test for multiple proportion. 

Results and Conclusion 

The louse was morphologically identified as Menopon gallinae and Lipeurus caponis.. 
The lice were periodically examined for their livability under a stereozoom microscope. 
The number of dead louse were recorded and taken as the indicator of insecticidal 
property of the selected extracts. Similar results were observed for both the species. The 
results of filter paper method using the ethanolic extract of the plants are shown in table  

Table: Mortality ( no. dead) of poultry louse under study 

  5% 10% 
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  12h 24h 48h 12h 24h 48h 

Control 0 0 3 0 0 3 

Calotropis gigantica (CG) 0 25* 30* 0 24* 30* 

Allium sativum (ALS) 0 30* 30* 0 25* 30* 

Lantana camara (LC) 0 6 18 0 12 22 

*Significant at 0.05% level 

All the lice were found live after 24 hour post exposure. At 24 hour exposure, CG and 
ALS  were shown to possess statistically similar insecticidal activity at 5 per cent 
concentration. At 48 hour post exposure, CG and ALS were found to exhibit the best 
insecticidal activity as evident from 100 per cent lice mortality. At 10 per cent dilution 
also CG and ALS exhibited significantly higher activity when compared to LC. This 
seems to indicate that extracts from A. sativum bulbs and Calotropis gigantica possess 
better lousicidal properties than Lantana camara which were directly proportionate to the 
concentration. The results also concur with that of Kumar et al. (2011) who reported that 
mortality percentage of adult ticks increased as the concentration of herbal extracts 
increased and as the time interval progressed. Nchu et al. (2005), evaluating the toxic 
effects of extracts of A. sativum bulbs on adults of Hyalomma and Rhipicephalus sp of 
ticks concluded that ethanolic extracts caused mortality of adult ticks after 24 hours of 
exposure while dichloromethane extracts caused mortality in less than an hour. Nalamwar 
et al. (2009) inferred that Acorus calamus rhizomes contain certain constituents 
responsible for mortality of D. caprae. Preliminary investigations on lousicidal activity of 
A. sativum extracts against D. caprae infestation in goats were promising (Bindu 
Lakshmanan et al.,2013).Subramanian and Kaushik(2014) had demonstrated  the 
insecticidal properties of A.sativum  against flies of the genera Musca and Aedes. 
Birrenkott et al. (2000) reported that topical application of garlic reduced northern mite 
infestation in laying hens. The results of this study also suggests the potent lousicidal 
efficacy of C.gigantica (Erukku) and A .sativum (garlic) against M. gallinae and 
L.caponis of poultry. This would improve the chances of appropriate selection of the 
herbal ectoparasiticidal agent, either alone or in combination since the treatment so far 
adopted was the application of different classes of chemical insecticides. However, 
further studies are needed to identify the active components in the Erukku and garlic 
extract responsible for this activity. Besides, in vivo studies using suitable formulations 
against different types of infestations are to be considered to exploit their insecticidal 
properties. 
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ABSTRACT 

The present study utilizes the morphology and ultrastructure of fully engorged female 
Rhipicephalus (Boophilus) annulatus ticks as a tool to evaluate the cytotoxic potential of 
deltamethrin and amitraz on the ovary. The ovary of R. (B.) annulatus was panoistic type 
with asynchronous development of oocytes. The wall of the ovary was composed of a 
layer of epithelial cells to which the oocytes were attached by means of pedicel cells. The 
oocytes were classified into stages I to V based on morphologic characteristics like size 
and shape, presence / absence of germ vesicle, cytoplasmic appearance, presence and 
distribution of yolk granules and formation of chorion. Ultrastructurally, the oocyte was 
bound by three cell membranes viz., plasma membrane, chorion and basal lamina. adult 
immersion test (aIT) results showed that deltamethrin at 30 ppm completely blocked the 
hatching of laid eggs. on the other hand, amitraz at 300 ppm caused only 50 % eclosion 
blocking effect. In general, both the drugs induced changes in oocyte, pedicel cells and 
germinal epithelium of tick ovaries. Histological analysis revealed undulated basement 
membrane and vacuole around germinal vesicle of oocytes in case of amitraz treatment. 
deltamethrin treated ticks showed detachment of basement membrane, thickening of 
nuclear membrane in oocytes and pedicel cell vacuolation. disrupted nuclear membrane 
and vacuoles inside lipid droplet were the major ultrastructural changes observed in case 
of amitraz treatment. whereas swelling and crystolysis of mitochondria as well as 
detachment of outer layer of basal lamina of oocytes were seen in deltamethrin treated 
ticks. Ultrastructurally, deltamethrin produced more prominent and extensive 
morphological alterations when compared to amitraz. The study further revealed that, in 
addition to the proven neurotoxic effects, these compounds act directly on the ovary of 
tick. 

INTRODUCTION 
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Nearly 80% of the world cattle population suffers from tick infestation that causes severe 
economic losses in livestock industry. The economically most important ixodid ticks of 
livestock in tropical regions belong to the genera of 
Hyalomma, Boophilus, Rhipicephalus and Amblyomma. Control of these blood sucking 
ectoparasites and the diseases transmitted through them remain a challenge in tropical and 
subtropical countries [Lodos et al., (2000)]. Many studies are currently in progress to find 
an effective control strategy that would minimize the damage caused by these 
ectoparasites. However, presently, tick control is most efficiently done by using chemical 
compounds such as deltamethrin and amitraz which frequently act on the nervous system 
of the ticks.  

In our previous studies on toxicity of commercial preparations of chemical acaricides, the 
interferences of these in the ovaries and vitellogenesis of R. (B.) annulatus have been 
observed [Ravindran et al., (2014)]. The reproductive system of these Ixodidae, mainly in 
females, is considered as a vital organ for their biological success. However, specific 
studies on the tick’s cell biology are still scarce and there are no ultrastructural and 
morphological data in the literature demonstrating the action of deltamethrin and amitraz 
on tick reproductive process. Thus, the present study utilizes the morphology and 
ultrastructure of fully engorged female R. (B.) annulatus ticks as a tool to evaluate the 
cytotoxic potential of deltamethrin and amitraz on the germinative cells. 

Materials and methods 

Ticks: Fully engorged adult female R. (B.) annulatus were collected manually from 
naturally infested animals with no prior exposure to formulations containing deltamethrin 
or amitraz. 

Chemical compound: Pure compounds of deltamethrin and amitraz (purity of 99 per cent) 
(AccuStandard, New Haven, CT, USA) were used in the present study. Different dilutions 
of deltamethrin (10, 20, 30, 40, 50, 60, 80, 100, 200, 400 ppm) and amitraz (200, 250, 
300, 350 ppm) were prepared in methanol.  

Adult immersion test (AIT):  Adult immersion test was carried out as per the protocol of 
Drummond et al. (1973). Percentage of adult tick mortality was assessed based on the 
number of ticks that died within 15 days of treatment. The eggs laid by the ticks in each 
tube were collected, weighed and observed under the same incubation conditions in the 
BOD incubator for the next 30 days for visual estimation of hatching rate. Ticks under 
different concentrations were compared with the control ticks. The index of egg laying 
(IF) and percentage inhibition of fecundity (InF) were calculated as per Food and 
Agricultural Organization (FAO) 2004.   

Statistical analysis: Data were expressed as the mean  standard error of mean (SEM). 
Groups were compared using one-way analysis of variance (ANOVA) for repeated 
measurements using statistical package for the social science (SPSS) software. Duncan’s 
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test was used for post-hoc analysis in order to understand significance levels for the 
difference between the groups of means. A value of P<0.05 was considered significant 

Histology and Ultrastructure -Transmission Electron Microscopy (TEM): Eighty fully 
engorged female ticks were used for studying the histology and ultrastructure of ovary. 
They were divided into three groups of 20 ticks each and immersed for 2 minutes in 
separate beaker containing 10 ml each of methanol (100%), amitraz (300 ppm) and 
deltamethrin (30 ppm) respectively. The control ticks were also composed of twenty 
females that had been immersed in distilled water for the same period. The ticks were 
then recovered from the respective solutions, dried on absorbent tissue paper towels and 
placed in separate plastic specimen tube (25 X 50 mm).  They were kept in the Biological 
Oxygen Demand incubator (BOD). After 24 hours, they were taken out from the 
incubator, dissected in 0.9 per cent saline solution and the ovaries were removed under a 
stereozoom microscope (M/s Carl Zeiss, Germany). For histology, the ovaries were fixed 
in formaldehyde acetone fixative in the ratio of 9:1 for 18 hours at 4 °C (Arnosti et al., 
2011). Dehydration was carried out in ascending grades of ethanol for 15 minutes each 
followed by clearing in xylene for 20 minutes. They were embedded in paraffin (melting 
point 58-60 °C). Serial sections were cut at 4 µm thicknesses, stained by hematoxylin and 
eosin staining method [Singh and Sulochana, (1996)] and observed under microscope 
(Leica, Germany). For ultrastructural studies the ovaries were fixed in Karnovsky’s 
fixative for 36 hrs. The specimens were then prepared for electron microscopy as per 
standard protocols [Luft, (1961)]. Semi thin sections were cut at 500 nm using 
ultramicrotome (Leica Germany) and stained with toluidine blue. The areas were selected 
and then ultrathin sections (60 nm) were further cut and lifted on copper grids, stained by 
uranyl acetate and lead citrate. Then they were analyzed and photographed in an Electron 
Microscope model (FEI 200volts).  

Results and Conclusion 

Adult immersion test (AIT): Deltamethrin elicited a concentration dependent increase in 
adult tick mortality (Table 1). At 30 ppm, adult tick mortality was only 16.66±6.8 per 
cent. However, inhibition of fecundity was 68.68 per cent while the drug did not allow 
hatching of laid ova. The results of AIT using different concentrations of amitraz are 
shown in Table 2. The adult tick mortality ranged from 12 - 33 per cent. Also, a very high 
percentage of inhibition of egg laying was observed. At 300 ppm percentage of inhibition 
of fecundity was 75.80 and hatching percent was 50 per cent. 

Histology and ultrastructure:  Group I (control): Histological analysis revealed that the 
ovary of R. (B.) annulatus was of panoistic type with asynchronous development of 
oocytes. The wall of the ovary was composed of a layer of epithelial cells to which the 
oocytes were attached by means of pedicel cells. The oocyte were classified into oocytes 
(I-V) according to size and shape, presence / absence of germinal vesicle (oocyte nuclei), 
cytoplasmic appearance, presence or absence of yolk granules and presence of chorion 
(Fig 2A). The oocytes (I-V) of ticks of control group exhibited the following 
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characteristics: Oocyte I:  small and elliptical, basophilic with presence of germinal 
vesicle (with visible nucleolus) in the homogenous cytoplasm devoid of granules. Oocyte 
II:  larger than oocyte I, elliptical with central germinal vesicle present in homogenous 
cytoplasm. Oocyte III: larger and rounder, with germinal vesicle seen towards the pole in 
contact with the pedicel. Cytoplasm filled with small yolk droplets. Oocyte IV: larger 
than oocyte III, elliptical to round, with germ vesicle not easily visible with large yolk 
droplets were fully formed throughout the cytoplasm. Oocyte V: largest and spherical 
with germ vesicle not visible, large yolk droplets found to be merging in the centre. 
Ultrastructure details revealed that the oocyte was bound by three membranes viz., plasma 
membrane, chorion and basal lamina (Fig 2 A).  

Group II (treated with methanol):  All stages of oocytes exhibited the same morphological 
characteristics as group I. 

Group III (treated with amitraz 300ppm): Individuals of this group exhibited many 
oocytes with morphological alterations compared to those of the previous group (Fig 1 
II). Oocyte I: reduction in size and basophilia. Oocyte II: cytoplasmic vacuoles of various 
sizes around germinal vesicle. In some oocytes, the position of germinal vesicle was 
completely occupied by a homogenous fluid. Ring shaped nucleoli was seen inside the 
germinal vesicle. Vacuolations were also observed in the pedicel region. Oocyte III: large 
vacuoles were also observed towards the periphery with depletion of yolk droplets. The 
basement membrane appeared wavy. Oocyte IV and V: drastic reduction in size and 
number. Spaces were seen between yolk droplets indicating their retraction. Integrity of 
yolk droplets was lost and difficult to appreciate individual yolk droplets. Ultrastructure 
details revealed that amitraz treated ticks showed oocytes with alterations such as 
interrupted basal lamina, irregular nuclear membrane and vacuolated lipid droplets (Fig 
2B).  

Group IV (treated with deltamethrin): The majority of the oocytes exhibited the most 
prominent morphological changes compared to oocytes of the other groups (Fig 1 III). 
Oocyte I: vacuoles were seen inside the germinal vesicle. Oocyte II: Irregular shape of 
oocytes, appearance of space around nucleus with thickening of nuclear membrane. 
Oocyte III: drastic reduction in size and irregular shape. Vacuolations in the cytoplasm. 
Oocyte IV and V: Drastic reduction in number majority of the oocytes are broken. Spaces 
were seen between the yolk droplets. Further, analysis of ultrastructure of ovary of 
deltamethrin treated ticks revealed prominent alterations such as  detachment of the basal 
lamina, irregular nuclear membrane, change in shape of lipid droplet, ring shaped nucleoli 
and mitochondrial swelling of oocytes (Fig 2C). 

It may be thus concluded that both deltamethrin and amitraz effectively inhibits the 
reproductive process of R. (B.) annulatus in addition to their action on the nervous 
system. The complete eclosion blocking effect observed with deltamethrin is due its more 
prominent effect on oocytes compared to amitraz. 
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Table 1. Effects of analytical grade deltamethrin against R. (B.) annulatus 

 

Sl. 

No 

Deltamethrin Mean ticks 
weight  per 
replicate ± SEM 

(g) 

 

Mean % 
adult 
mortality 
within 15 
days ± SEM 

Mean eggs 
mass per 
replicate ± 
SEM 

(g) 

Index of 
fecundity ± 
SEM 

Percentage 
Inhibition 
of 
Fecundity 
(%) 

Hatching  
% 

(Visual) 

1. 
Methanol 
(control) 

 1.089 ± 0.001b 0 ± 0a 0.251 ± 0.03d 0.230 ± 0.030d 0 
100 

2. 10 ppm 1.075± 0.004a 0 ± 0a 0.121 ± 0.02c 0.112 ± 0.019c 51.30 30 

3. 20 ppm 1.069 ± 0.002a 0 ± 0a 0.107 ± 0.02c 0.099 ± 0.022c 56.56 30 

4. 30 ppm 1.075 ± 0.007a 16.66 ± 6.80b 0.077 ± 0.01c 0.072± 0.015c 68.68 nil 

5 40 ppm 1.065 ± 0.002a 16.66 ± 6.80b 0.105 ± 0.02c 0.098± 0.026c 57.17 nil 

6 50 ppm 
1.071 ± 0.004a 16.66 ± 6.80b 0.060± 

0.02abc 
  0.058 ± 
0.023abc 

74.50 
nil 

7 60 ppm 
1.069 ± 0.004a 20.82 ± 4.16b 0.060 ± 

0.01abc 
 0.057 ± 
0.012abc 

75.24 
nil 

8 80 ppm 
1.074 ± 0.004a 20.82 ± 4.16b 0.030 ± 

0.02ab 
0.032 ± 0.021ab 85.75 

nil 

9 100 ppm 
1.070 ± 0.004a 24.99 ± 4.81b 0.020 ± 

0.01ab 
0.025 ± 0.010ab 88.79 nil 

10 200 ppm 1.064 ± 0.001a 24.99 ± 4.81b 0.005± 0.01a 0.005 ± 0.002a 97.61 nil 
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11 400 ppm 1.063± 0.002a 24.99 ± 4.81b 0.006 ± 0.01a 0.006 ± 0.004a 97.48 nil 

 

n = 4, Values are Mean ± SEM, means bearing different superscripts a, b, c, d (P<0.05), 
indicate significant difference when compared with the control. 

Table 2:  Effect of Amitraz against R. (B.) annulatus 

 

Sl. 

No 

Amitraz Mean ticks 
weight  per 
replicate ± SEM 

(g) 

 

Mean % 
adult 
mortality 
within 15 
days ± 
SEM 

Mean eggs 
mass per 
replicate ± 
SEM 

(g) 

Index of 
fecundity ± 
SEM 

Percentag
e 
Inhibition 
of 
Fecundity 
(%) 

Hat
ng  %

(Visu
l 

1. 
Methanol 
(control) 

0.874±0.039b 0±0a 0.395±0.02
3b 

0.4529±0.02
2b 

0 100

2. 200 ppm 0.748±0.025a 12.49±7.99
a 

0.044±0.00
5a 

0.059±0.009a 86.91 10 

3. 250 ppm 0.767±0.030ab 12.49±4.16
a 

0.092±0.02
3a 

0.121±0.031a 73.33 25 

4. 300 ppm 0.816±0.027ab 16.66±6.80
ab 

0.088±0.01
3a 

0.109±0.018a 75.80 50 

5. 350 ppm 0.753±0.047a 33.33±6.81
ab 

0.095±0.01
7a 

0.127±0.025a 71.94 50 

n = 4, Values are Mean ± SEM, means bearing different superscripts a, b, c (P<0.05), 
indicate significant difference when compared with the control. 

 Fig:1                                                          Fig: 2 
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ABSTRACT 

The present study was carried out to evaluate the antipyretic activities of methanolic, 
hydroalcholic and aqueous extracts of Mallottus philippensis(Lam.) Muell. arg and 
Allophylluscobbe(L.) Raeusch.in endotoxin (Lipopolysaccharide from E.coli serovar 
o127,b8) induced pyrexia in wistar rats of either sex. Phytochemical analysis of these 
extracts revealed presence of phenolics, alkaloids, glycosides, tannins, terpenes and 
flavonoids. no acute toxic symptoms were observed on oral administration of any of these 
extracts at 2000 mg/kg. oral administration of 250 mg/kg methanolic and hydroalcoholic 
extracts of M. philippensis and aqueous extract of A. cobbe significantly reduced the 
pyrexia induced by lipopolysaccharide at dose rate of 50 µg/kg intramuscularly. The 
reduction in temperature caused by hydroalcoholic extract of M. philippensis and aqueous 
extract of A.cobbe were comparable to standard antipyretic drug paracetamol by the 
second hour of study. 

INTRODUCTION: 

Fever is a natural mechanism of the body to eliminate the infectious agent, albeit high 
fever increases the tissue catabolism and dehydration thereby increases the chance of 
disease progression. Antipyretic drugs used in the treatment of pyrexia inhibit the COX-2 
expression which reduces the PGE2 synthesis (Shah et al.,2010).Synthetic antipyretic 
drugs possess high selectivity to COX but are toxic to hepatic cells, glomeruli, cortex of 
brain and heart muscles.Medicinal plants have a long history in the treatment of diseases 
of man and animals. About 60% of the world population depends on medicinal plants for 
primary health care (WHO, 2001). Herbal drugs have many advantages over synthetic 
drugs because of low cost, accessibility and reduced side effects (Gege-Adebayo et 

al.,2013). 

Mallottus philippensis (Lam.) Muell. Arg. locally known as Kamla is a woody shrub 
belonging to the family Euphorbiaceae (Vijay et al., 2013). Different parts of the M. 

philippensis is used in the treatment of various disease conditions like cancer, diabetes, 
bronchitis, skin problem, diarrhea, dysentery etc. (Sharma et al., 2014). There are reports 
of antioxidant activity of M. philppensis bark and fruit extract (Arfan et al.,2007). 

Allophyllus cobbe(L.) Raeusch is an erect shrub belonging to family Sapindaceae. 
Allophyllus is used in various disease conditions like inflammation,oedema,bone fractures 
and gastric ulcers (Chavan et al.,2010). 
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Reports on the antipyretic activity of these medicinal plants are limited. Hence the present 
study is used to evaluate the antipyretic activity of methanolic, hydroalcoholic and 
aqueous extracts ofleaves of M. philippensis and A. cobbe.  

II.Materials and methods 

1. Plant material 

The leaves of plant were collected from different parts of the district of Wayanad. The 
collected leaves were identified and authenticated by a Botanist at M.S. Swaminathan 
Research Foundation, Kalpetta. Plant materials collected were cleaned and dried under 
shade at room temperature to remove water.  They were pulverized to coarse powder 
using temperature controlled electrically operated grinder and kept in sealed containers 
until extraction. Methanolic and hydroalcoholic extracts of the leaves were obtained 
following extraction with 100 % and 50 % methanol respectively in a soxhlet extraction 
apparatus and aqueous extract was taken as a decoction. The extracts were dried using a 
rotary vacuum evaporator and stored under refrigeration till further use. 

2. Phytochemical analysis  

The extracts were analyzed qualitatively for various phytochemical constituents as per the 
standard procedures (Harborne, 1998). 

3. Assessment of antipyretic activity 

a.Animals: 

Forty eight Wistar albino rats of either sex were used forthe experiment. Animals were 
procured from the Small Animal Breeding Station, College of Veterinary and Animal 
Sciences, Mannuthy and they were maintained under standard laboratory conditions.The 
research was done observing the stipulations laid down under the Prevention of Cruelty to 
Animals Act (Amendment, 1998). They were divided into eight groups of six animals 
each. 

b. Induction of pyrexia: 

Initial rectal temperature of animals was recorded. Lipopolysaccharide (LPS from E.coli 

serovar O127,B8) at the dose rate of 50µg/ml/kgintramuscularly were given to all animals. 
After 18hrs, those animals showing a rise in body temperature of more than 1F were 
selected and divided into eight groups of 6 animals each. This was taken as 0th hour and 
extracts/drugs were administered as described below. Rectal temperature of animals was 
recorded every hour after the drug therapy till 5hrs (Annanet al.,2013). 

c. Group Design 

Group  Treatment 
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Group I 0.1 % Normal saline per os (p.o) 

Group II Paracetamol@ 100mg/kg body weight p.o 

Group III Aqueous extract of leaves ofA. Cobbe @ 250mg/kg body weight p.o 

Group IV Methanolicextract of leaves of A. cobbe @ 250mg/kg body weight p.o 

Group V Hydroalchoholicextract of A. cobbe @ 250mg/kg body weight p.o 

Group VI Aqueous extract of leaves of M. philippensis @ 250mg/kg body weight p.o 

Group VII Methanolicextract of leaves of  M. philippensis @ 250mg/kg body weight p.o 

Group VIII Hydroalchoholicextract of leaves of M. philippensis @ 250mg/kg body weight p.o 

4. Assessment of the acute oral toxicity 

 The acute oral toxicity of all the extracts tested were done in rats at the dose of 
2000mg/kg as per OECD guidelines 420.  

III.       Results  

Constituents M. philippensis A. cobbe 

A
qu

eo
us

 

M
et

ha
no

lic
 

H
yd

ro
al

ch
oh

ol
ic

  

A
qu

eo
us

 

M
et

ha
no

lic
 

H
yd

ro
al

ch
oh

ol
ic

 

Phenolics + + + + - + 

Alkaloids - + + + - + 

Steroids - - - - + - 

Glycosides + + + - + - 

Tannins + + + + - + 
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The results of phytochemical analysis of the methanolic, hydroalcoholic and aqueous 
extracts of M. philippensis and A. cobbe are presented in table 1. Phytochemical analysis 
revealed the presence of  phenolics and tannins in almost all extracts where as steroids 
were present in the methanolic extract of A. cobbe. Flavonoids were absent in the 
methanolic and hydroalcoholic extracts of A.cobbe.  

Table1. Phytochemical constituents of methanolic, hydroalcoholic and aqueous leaf 
extracts of M.phillippensis and A. cobbe 

Assessment of the antipyretic activity 

  The antipyretic activities of the treated as well as the control groups are presented in Fig 
1. The methanolic and hydroalcoholic extracts of M. philippensis and aqueous extract of 
A. cobbe alone reduced the elevated body temperature of rats treated with LPS. 
Fig1.Antipyreticactivity of the active leafextracts ofM. phillippensis and A. cobbe

 

 

 From the results it is evident that the body temperature of rats in group II was 
reduced by the first hour itself and the temperature became normal by the third hour. The 
antipyretic activity of hydroalcoholic extract of M. philippensis and aqueous extract of 
A.cobbe were comparable with that of the standard drug paracetamol by the second hour. 
But the aqueous extract of  A. cobbe could not produce a sustained effect as the 
temperature could not be brought to near normal level.  

Assessment of the acute oral toxicity 

Terpenes - + + + - - 

Saponins + - - + - - 

Flavanoids + + + + - - 
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 No mortality was observed in animals treated with the extracts. Also no untoward 
clinical signs were noticed in any of the animals treated with the extracts during the entire 
period of study. 

IV.  CONCLUSION: 

   Methanolic and hydroalchoholic extracts of M. philIppensis and aqueous extract of A. 

cobbe have been found to possess significant antipyretic activity inrats.The activity of 
hydroalcoholic extract M. philIppensis and aqueous extract of A. cobbe were comparable 
with that of paracetamol by the second hour of study. Further fractionation and isolation 
study needs to be undertaken for the development of potent safe herbal antipyretic drug 
from these plants. 
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ABSTRACT 

A study was conducted to assess the effect of malic acid and fumaric acid either 
individually or in combination on methane reduction for ruminants in 60 % paddy straw 
based complete diet by in vitro gas production technique (IVGPT). The IVGPT was 
carried out by incubating the complete diet with malic acid (five levels) and fumaric acid 
(five levels) either individually or in combination (five levels) in shaking water bath for a 
period of 24 hours. The malic acid at 0.39 % and fumaric acid at 0.21 % was able to 
decrease methane (15.95 % and 10.30 %) and methane per 100 mg of truly digested 
substrate (15.69 % and 10.46 %) significantly (P<0.05) than control on individually. The 
malic acid was more effective than fumaric acid on reduction of methanogenesis. The 
methane and methane (ml) per 100 mg of truly digested substrate was significantly 
(P<0.01) decreased in the combination of malic acid + fumaric acid at 0.26 % + 0.14 % 
added group than other treatment groups. This combination of malic acid and fumaric 
acid (0.26 % + 0.14 %) reduced the methane and methane (ml) per 100 mg of truly 
digested substrate by 14.29 % and 13.54 % respectively than control. The total gas 
production, percentage of methane on total gas production, in vitro true dry matter 
digestibility (IVTDMD), Co2 and pH were not altered. It was concluded that the 
maximum decrease in methane per 100 mg of truly digested substrate was observed in the 
combination of 0.26 % malic acid and 0.14 % fumaric acid added group when compared 
to the individual effect of malic acid and fumaric acid for ruminants by IVGPT.Count of 
8325 ± 486.88 MPn/100 ml. The water used to wash the animals and shed had a mean 
E.coli count of 57.14 ± 42.85 MPn/100 ml and pig shed wastewater had a mean E.coli 
count of 7114.29 

± 639.72 MPn/100 ml. after different physical (gravity separation), chemical (alum 
treatment), biological treatment (slow sand filter) and disinfection (chlorination) the 
reclaimed water had a mean total coliform count of 44.6 ± 39.1 MPn/100 ml and no E. 

coli count. The wastewater was effectively treated using the model developed and the 
reclaimed water could be reused in pig farm as it was in accordance with the discharge of 
Effluents IS 10500 Part a. 

Keyword: Malic Acid, Fumaric Acid, Methane, Ruminants 

INTRODUCTION 
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Methane is the second major gas after carbon dioxide (CO2) responsible for the global 
warming and ozone layer depletion. It is a potent green house gas as it has 23 times 
higher global warming potential than CO2 (IPCC, 1996). Estimates of global methane 
production ranged between 350-820 Tg/year (Khan et al., 2001). The consequences of the 
global warming was iceberg melting, increased ocean level, upsets of local and global 
eco-system, changes in the rainfall patterns, changes in pathogenesis of plants, animals 
and human beings and alteration in life of the people (Kumar et al., 2008). Ruminants 
contribute 20-30 % of the world total methane production. Rumen microorganisms are 
responsible for the methane emission from ruminants like cattle, buffalo, sheep, goats and 
camel, etc., The global cattle population is responsible for 73 % of methane emissions of 
all livestock (McCrabb and Hunter, 1999). Tropical grasses had 13 % lower dry matter 
(DM) digestibility than temperate grasses and are often deficient in critical nutrients such 
as protein and phosphorus. Under such conditions, more methane produced from 
ruminants. Methane also represents a loss of 10–12 % gross energy intake. In this context, 
a suitable feeding strategy has to be developed to minimize the methane emission from 
ruminants, which is a desirable in long-term mitigation of methane and also improve the 
economic benefits by increasing production through the saved energy utilization of 
methane. Recently plant metabolites (Bharathidhasan, 2013) like tannin, saponin and 
organic acids like malic acid and fumaric acid also modulates the rumen microbial 
populations and reduces the methane production. Hence the present study was conducted 
to identify the effect of standard malic acid and fumaric acid either individually or in 
combination on reduction of methane emission by in vitro gas production technique 
(IVGPT) in 60 % paddy straw based complete diet.  

Materials and Methods  

In vitro gas production technique 

    The IVGPT was carried out as per the Menke and Steingass (1988) to study the 
effect of malic acid and fumaric acid either individually or in combination on reduction of 
methanogenesis in 60 % paddy straw and 40 % concentrate mixture based complete diet. 
The digestible crude protein (DCP) and total digestible nutrients (TDN) content of the 
diet was     7.42 % and 52.21 %. The malic acid at 0, 0.13, 0.26, 0.39 and 0.52 % of 
substrate and fumaric acid at 0, 0.07, 0.14, 0.21 and 0.28 % of substrate and in 
combination of malic acid + fumaric acid at 0, 0.13 + 0.07, 0.26 + 0.14, 0.39 + 0.21 and 
0.52 % + 0.28 % of substrate were added along with rumen inoculums to study the rumen 
methanogenesis and rumen fermentation characteristics by in vitro. The rumen fluid 
collected from three cattle maintained on grazing and it was squeezed through four layers 
of gauze in to an Erlenmeyer flask under continuous flushing with CO2 and it was 
maintained at the temperature of 39 oC. Then rumen fluid was mixed with media as 
described by Menke and Steingass (1988). The complete diet or substrate of 200 mg was 
taken in 100 ml calibrated syringes and weighed quantity of malic acid and fumaric acid 
were added either individually or in combination to the glass syringes in triplicate. Then 
30 ml of rumen inoculum was anaerobically transferred to glass syringe and it was 
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incubated in a shaking water bath at 39 oC for 24 hrs. At the end of the incubation period 
the total gas was measured and pH also determined in fermentation fluid. The gas 
samples were collected in vacuotainer for estimation of methane and fermented fluid was 
collected for the estimation of in vitro true dry matter digestibility (IVTDMD). 

Estimation of methane  

Methane concentration was estimated using Gas Chromatography (Perkin Elmer, Claurus 
500 model) fitted with Flame Ionization Detector (FID) and capillary column (30 meter 
length and 250 micrometer diameter). Helium was used as carrier gas with oven 
temperature at 60o C, injector temperature at 100oC and detector temperature at 110oC. 
Methane concentration in samples (%) was calculated using the following formula. 

Methane (%) = (Peak area of sample gas/ Peak area of standard gas) x standard 
CH4Concentraytion (%) 

Estimation of in vitro true dry matter digestibility (IVTDMD) 

After incubation the fermented fluid was centrifuged and the residue or pellet was 
transferred into the glass crucible and fitted in Fibretec and 100 ml of Neutral Detergent 
Solution (NDS) was added. Then it was refluxed for one hour and residue was recovered. 
The true digestibility was calculated as the weight of substrate incubated minus the 
weight of the residue after NDS treatment (Van Soest and Robertson. 1988). The methane 
emission per 100 mg of true digestible substrate was also worked out. All collected 
observations were statistically analyzed. 

Results and Conclusion 

 The effect of supplemental malic acid and fumaric acid either individually or in 
combination on total gas (ml), methane (ml), percentage of methane on total gas 
production, IVTDMD, methane (ml) per 100 mg of truly digested substrate, CO2 and pH  
were presented in Table1, Table 2 and Table 3 respectively.  

Effect of malic acid on methane reduction 

The methane emission was significantly (P<0.05) decreased in 0.26, 0.39 and 0.52 % 
malic acid added groups than control. The minimum level of malic acid at 0.39 % was 
able to decrease the methane emission significantly (P<0.05) by 15.95 % than control.  

Table.1.   Effect of malic acid on total gas (ml), methane (ml), percentage of methane 

on total gas production, IVTDMD, methane (ml) per 100 mg of truly digested 

substrate, CO2 and pH  (Mean# ± S.E)  

Trea

tmen

Inclusion 

level of 

supplementa

Total 

gas 

Methan

e 

Percentage 

of methane 

on Total 

IVTDMD 

(%) NS 

Methane 

(ml) per 

100 mg of 

CO2 

(ml) NS 

pH 
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t l malic acid 

(%) 

 

(ml) 

 

(ml) 

 

gas 

production
NS 

truly 

digested 

substrate   

 

 

1 0 15.10 ± 
0.61 

3.01 ± 

0.06 c 

20.01 ± 

1.23 

46.28 ± 

0.89 

3.25 ± 

0.08 c 

12.20 ± 
0.53 

6.87 ± 
0.09 

2 0.13 15.13 ± 
0.12 

2.83 ± 

0.07 bc 

18.70 ± 

0.52 

46.11 ± 

1.78 

3.08 ± 

0.16 bc 

12.30 ± 
0.15 

6.83 ± 
0.03 

3 0.26 14.47 ± 

0.94 

2.71 ± 

0.08 ab 

18.95 ± 

1.56 

46.23 ± 

0.84 

2.93 ± 

0.04 ab 

11.75 ± 
0.96 

6.87 ± 
0.03 

4 0.39 14.87 ± 
0.37 

2.53 ± 

0.18 a 

17.11 ± 

1.56 

46.22 ± 

2.36 

2.74 ± 

0.06 a 

12.33 ± 
0.54 

6.90 ± 
0.06 

5 0.52 14.87 ± 
0.32 

2.51 ± 

0.05 a 

16.91 ± 

0.14 

46.20 ± 

1.84 

2.73 ± 

0.07 a 

12.35 ± 
0.27 

6.83 ± 
0.02 

#Mean of three observations with triplicates; NS Not significant 

Means bearing different superscripts in the same column differ significantly (p<0.05)  

The methane per 100 mg of truly digested substrate was also significantly (P<0.05) 
decreased in 0.26, 0.39 and 0.52 % of malic acid added groups than control. The 
minimum level of malic acid at 0.39 % was significantly (P<0.05) reduced the methane 
(ml) per100 mg of truly digested substrate by 15.69 % than control. Earlier studies also 
reported that the addition of malic acid supplementation decreased the methane emission 
by in vitro (Jalc et al., 2002; Foley et al., 2009). There was no significant difference was 
observed in total gas production, percentage of methane on total gas production, in vitro 
true dry matter digestibility, CO2 and pH. However there was a numerical decrease in 
percentage of methane on total gas production. The addition of malic acid did not alter the 
digestibility and pH (Foley et al., 2009). 

Effect of fumaric acid on methane reduction 

   The methane emission was significantly (P<0.05) decreased in 0.14, 0.21 and 
0.28 % fumaric acid added groups than control.  

Table.2.Effect of standard fumaric acid on total gas (ml), methane (ml), percentage 

of methane on total gas production, IVTDMD, methane (ml) per 100 mg of truly 

digested substrate, CO2 and pH  (Mean# ± S.E)  
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Treat

ment 

Inclusion 

level of 

suppleme

ntal malic 

acid (%) 

 

Total gas 

(ml) 

 

Methane 

(ml) 

 

Percentage 

of methane 

on Total gas 

productionN

S 

IVTDMD 

(%) NS 

Methane 

(ml) per 

100 mg of 

truly 

digested 

substrate   

CO2 

(ml) 

NS 

 

 

1 0 
15.10 ± 
0.61 

3.01 ± 

0.06 c 

20.01 ± 

1.23 

46.28 ± 

0.89 

3.25 ± 

0.08 b 
12.09 ± 
0.67 

2 0.07 
15.17 ± 
0.49 

2.90 ± 

0.10 bc 

19.13 ± 

0.54 

46.67 ± 

0.42 

3.11 ± 

0.12 b 
12.27 ± 
0.43 

3 0.14 15.23 ± 

0.37 

2.80 ± 

0.06 ab 

18.39 ± 

0.22 

46.23 ± 

0.50 

3.03 ± 

0.03 ab 

12.43 ± 
0.32 

4 0.21 
15.33 ± 
1.04 

2.70 ± 

0.06 a 

17.75 ± 

1.04 

46.34 ± 

0.58 

2.91 ± 

0.05 a 
12.63 ± 
1.02 

5 0.28 
15.13 ± 
0.53 

2.69 ± 

0.06 a 

17.84 ± 

0.73 

45.59 ± 

0.59 

2.90 ± 

0.06 a 
12.44 ± 
0.53 

#Mean of three observations with three replicates; NS Not significant 

Means bearing different superscripts in the same column differ significantly (p<0.05) The 
methane (ml) per 100 mg of truly digested substrate was also significantly (P<0.05) 
decreased in 0.14, 0.21 and 0.28 % of fumaric acid added groups than control. A 
significant (P<0.05) reduction by 10.46 % was observed at the minimum level of 0.21 % 
of fumaric acid added group than control. In earlier studies was also reported that an 
addition of fumaric acid decreased the methane by 12 % (Newbold et al., 2002) and 23 % 
(Bayaru et al., 2001) than control.  There was no significant difference was observed in 
total gas production, percentage of methane on total gas production, in vitro true dry 
matter digestibility, CO2 and pH.  

Effect of malic acid and fumaric acid on methane reduction 

The methane emission was significantly (P<0.01) reduced in 0.26 + 0.07, 0.39 + 0.21 and 
0.52 + 0.28 % of  malic acid + fumaric acid added groups than control. The methane (ml) 
per100 mg of truly digested substrate was significantly (P<0.01) decreased in 0.26 and 
0.14 % of  malic acid and fumaric acid added groups than control. 
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Table.3.Effect of standard malic acid and fumaric acid in combination on total gas 

(ml), methane (ml), percentage of methane on total gas production, IVTDMD, 

methane (ml) per 100 mg of truly digested substrate CO2 and pH  (Mean# ± S.E)  

Treat

ment 

Inclusion 

level of 

standard 

malic acid + 

fumaric acid 

(%) 

Total 

gas 

(ml) NS 

 

Methane 

(ml) 

 

Percentage 

of methane 

on Total gas 

productionNS 

IVTDM

D%NS 

Methane 

(ml) per 100 

mg of truly 

digested 

substrate 

CO2 

(ml) NS 

 

1 0 15.10 ± 
0.61 

3.01 ± 

0.06 b 

20.01 ± 

0.23 

46.28 ± 

0.89 

3.25 ± 

0.08 b 

12.09 ± 
0.67 

2 0.13 + 0.07 15.35 ± 
0.19 

2.73 ± 

0.04 ab 

17.76 ± 

0.04 

46.38 ± 

2.57 

2.96 ± 

0.19 ab 

12.63 ± 
0.15 

3 0.26 + 0.14 15.52 ± 

0.58 

2.58 ± 

0.19 a 

16.77 ± 

1.79 

46.00 ± 

0.75 

2.81 ± 

0.19 a 

12.94 ± 
0.73 

4 0.39  + 0.21 15.12 ± 
0.19 

2.41 ± 

0.09 a 

15.94 ± 

0.61 

46.35 ± 

1.45 

2.61 ± 

0.16 a 

12.71 ± 
0.19 

5 0.52  + 0.28 15.07 ± 
0.54 

2.38 ± 

0.05 a 

15.80 ± 

0.41 

46.50 ± 

0.55 

2.56 ± 

0.06 a 

12.69 ± 
0.51 

#Mean of three observations with three replicates; NS Not significant 

Means bearing different superscripts in the same column differ significantly (p<0.01) The 
significant (P<0.01) decrease in methane per 100 mg of truly digested substrate was 13.54 
% at the minimum level of  0.26 + 0.14 % of malic acid and fumaric acid added groups 
than control. Lopez et al. (1999) also reported that that the supplementation of fumarate 
and malate decreased the methane emission than control. Further the other earlier studies 
also reported a decrease in the methane emission by in vitro (Asanuma et al., 1999) and in 

vivo (Bayaru et al., 2001). The malic and fumaric acid were more effective alternate 
hydrogen sink competing with methanogenesis (Newbold et al., 2002) in ruminants and 
hence methane production decreased. Further, fumaric acid and malic acid are the direct 
metabolic precursor of propionic acid and it has potential to decrease the methane 
emission by directing hydrogen into succinate rather than in to methane production 
(Lopez et al., 1999).  
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There was no significant difference was observed in total gas production, percentage of 
methane on total gas production, IVDMD, CO2 and pH. McGinn et al. (2004) also 
reported that the supplementation of fumaric acid did not affect the dry matter 
digestibility of feedstuff. The pH also did not alter in an early study (Gomez et al., 2005). 

It was concluded that the combined effect of malic acid and fumaric acid was able to 
mitigate the methane at the maximum than individual effect of malic acid or fumaric acid.  
Further, malic acid at 0.26 % and fumaric acid at 0.14% had decreased the methane ml 
per 100 mg of truly digested substrate by 14 % than control. There were no significant 
variations in the rumen fermentation characteristics. 
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ABSTRACT 

wastewater treatment was conducted at the Centre for Pig Production and Research, 
CVaS, Mannuthy from oct 2012 to jan 2013. Total coliform count and Escherichia coli 
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count of wastewater were analyzed as per aPHa, 2005. The water used to wash the 
animals and shed had mean total coliform count of 2131.86 ± 971.46 MPn/100 ml and pig 
shed wastewater had a mean total coliform 

INTRODUCTION 

In India, over 70 per cent of the rural households own livestock and a majority of 
livestock owning households belong to small, marginal and landless category. Pig rearing 
plays a multi-faceted role in socio-economic development of rural households and has a 
significant positive impact on equity in terms of income, employment and poverty 
reduction in rural areas. 

Kerala with an area of 38,863 sq. km. and a total population of 3.33crore (census 2011) is 
one of the thickly populated states of our country. Kerala has 59017 pigs (Livestock 
census, 2007) concentrated mainly in Idukki, Kottayam, Ernakulam, Thrissur, Kannur 
and Wayanad districts. Due to rapid population growth, there is a phenomenal increase in 
the demand for livestock products and this situation has led to changes in the farming 
system from ‘subsistence’ to ‘commercial and intensive farming’ system, which has 
caused adverse impacts on the environment. Lack of scientific knowledge in animal 
husbandry practices has eventually resulted in the poor waste management and 
subsequent neighborhood problems due to environmental pollution.  

The major problem with pig farms is that they require large amounts of water for 
effective cleaning. The resulting wastewater contains high concentration of organic 
matter, dissolved and suspended solids and pathogenic micro-organisms which pollute the 
environment. Pollution of environment has significant impact on all living organisms. 
The water otherwise let out for irrigation or into streams and canals cause environmental 
pollution and adds to the amount of wastewater. Cote et al. (2006) reported that in the 
environment coliforms and Escherichia coli are used as fecal contamination indicators, E. 

coli being more effective. Rufete et al. (2006) opined that pig slurry induced the highest 
initial and also persistent presence of total and fecal coliform bacteria in soil. The higher 
application rate induce a long-lasting persistence of the fecal coliform  population in the 
soils. The conservation of water is the need of the hour and necessary steps have to be 
adopted to reuse this wastewater for efficient use.  

MATERIALS AND METHODS 

 The study was conducted for from October 2012 to January 2013  at the Centre for Pig 
Production and Research, College of Veterinary and Animal Science, Mannuthy, located 
7 km east to Thrissur in Kerala ( Lat 10˚20’ to 10˚56’N Long 76˚05’ to 70˚45’E ). 

The wastewater treatment was done as per the standards followed in water treatment 
plants.  The tap water used for washing the shed and animals were taken as control (T1). 
The wastewater from the sty was subjected to the following stage wise treatments. The 
flow of wastewater from the pig shed was diverted to the wastewater treatment unit after 
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sieving through two improvised sieve of 0.4 mm2 and another sieve of 0.2 mm2 in the 
intake pipe of the storage tank of wastewater treatment unit.  

The water collected in the tank (T2) was allowed for gravity separation for eight hours. 
The water from storage tank was transferred to the sedimentation tank (T3) and alum 
(aluminum sulphate) was added to facilitate sedimentation for 16 hours. The supernatant 
water from sedimentation tank (T3) was passed through a tank of slow sand filters (T4). 
This filtered water was collected and stored in a tank. The sand filter was flooded with 
wastewater for seven days for zoogeal layer formation prior to application of treatments. 
Samples positive for coliform count obtained from T4 were subjected to chlorination 
(T5). 

Microbiological characteristics of pig farm wastewater like total coliform count and E. 

coli count were analyzed as per Standard Methods for the Examination of Water and 
Wastewater (APHA, 2005). The data collected were analyzed statistically as per methods 
described by Snedecor and Cochran (1994) and Statistical Package for the Social 
sciences. (SPSS, 2007) 

RESULTS AND CONCLUSIONS 

1.Total coliform count 

 Tap water used for drinking and washing purpose had high level of mean total coliform 
count 2131.86 ± 971.46 MPN/100 ml (table) with a range of 0 to 4508.9 MPN/100 ml. 
Screened wastewater had a total coliform count of 8325 ± 486.88 MPN/100 ml with a 
range of 7173.7 to 9476.2 MPN/100 ml. Alum treated wastewater had a total coliform 
count of 8371 ± 187.35 MPN/100 ml with a range of 7912.9 to 8829.8 MPN/100 ml. 
Sand filtered wastewater had a mean total coliform count of 7575 ± 528.39 MPN/100 ml  
with a range of 6325.5 to 8824.4 MPN/100 ml.  Chlorinated wastewater had a mean total 
coliform count of 44.6 ± 39.1 MPN/100 ml with a range of 0 to 153.17 MPN/100 ml. 

Mean total coliform count of T-2 (8325 ± 486.88 MPN/100 ml) is significantly higher 
(p<0.05) than that of all other treatments. This finding is in accordance with that of 
Rufete et al (2006) who opined that pig slurry induced the highest initial and also 
persistent presence of total and faecal coliform bacteria in soil. There is no significant 
difference between T4 (7575 ± 528.39 MPN/100 ml), T2 (8325 ± 486.88 MPN/100 ml) 
and T3 (8371 ± 187.35 MPN/100 ml) in increasing trend. T5 (44.6 ± 39.10 MPN/100 ml) 
had the lowest total coliform count and was significantly different from T1. T5 had the 
lowest total coliform count because of disinfection using chlorine. Since the total 
coliform count values are within the limits of the Indian Standards IS 10500 this water 
can be recommended for reuse in pig shed as far as total coliform count is concerned. 

2. Escherichia coli count  
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              The water used to wash the animals had a mean E. coli count of 57.14 ± 42.85 
MPN/100 ml (table- 1) with a range of 0 to 162 MPN/100 ml. This finding is in 
accordance with  Cromwell (1999) who reported that water originating from deep wells 
generally has low bacterial counts, while water originating from ponds or other surface 
sources have higher bacterial counts. The screened wastewater from the pig sty had E coli 
count of 7114.29 ± 639.72 MPN/100 ml with a range of 5548.9 to 8679.6 MPN/100 ml. 
Alum treated wastewater had E. coli count of 7371.43 ± 358.3 MPN/100 ml with a range 
of 6494 to 8248.3 MPN/100 ml. Sand filtered wastewater had a mean E. coli count of 
6075 ± 722 MPN/100 ml with a range of 4367.6 to 7782.3 MPN/100 ml. Chlorinated 
wastewater had no E. coli present. Chlorination of wastewater had completely reduced the 
bacterial count.      

The mean E.coli count of T1 (57.14 ± 42.85 MPN/100 ml) and T5 (0.0) are not 
significantly different (p<0.05) from each other, but significantly different from that of T3 
(7371.43 ± 358.3 MPN/100 ml), T2 (7114.29 ± 639.72 MPN/100 ml) and T4 (6075 ± 
722.0 MPN/100 ml) in decreasing trend. This may be due to chlorination of tap water and 
reclaimed water.  E. coli count of 57.14 ± 42.85 MPN/100 ml was recorded in tap water 
which is in accordance with the finding of Lee and Kim, (2002) who found that fecal 
coliforms and injured coliforms were detected in many household tap water samples. E. 

coli count was not reduced in different treatments T3, T2 and T4 and hence disinfection 
was necessary. After disinfection the E. coli count values of water from T5 is within the 
limits of the Indian Standards IS 10500, this water can be recommended for use in pig 
shed as far as E. coli count is concerned 

 

Means bearing the same superscript do not differ significantly (p<0.05) 

Sl 
no 

Parameter Treatment-1 

Tap water 

 

mean ± s.e 

Treatment-2 

Pig shed 

wastewater 

mean ± s.e 

Treatment-3 

Alum treated 
wastewater  

mean ± s.e 

Treatment-4 

Sand filtered 
wastewater 

mean ± s.e 

Treatment-5 

Chlorinated 
wastewater  

mean ± s.e 

1 Total 
coliform, 
MPN/100 ml 

2131.86 ± 
971.46b 

8325 ± 
486.88c 

8371 ± 
187.35c 

7575 ± 528.39c 44.6 ± 39.10a 

2 E. coli count 

MPN/100 ml 
57.14 ± 
42.85a 

7114.29 ± 
639.72b 

7371.43 ± 
358.3b 

6075 ± 722.0b 0.0a 

                       Table -   Comparative Analysis of Different Treatments 
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ABSTRACT 

Microbes cause 25 per cent of the total 57 million annual deaths that occur worldwide 
according to world Health organisation (2012). The Central disease Control identifies 31 
foodborne pathogens which cause foodborne illness and amongst these L. monocytogenes 
isranked in thetop five, contributing to domestically acquired foodborne illness resulting in 
the death. Listeria spp. are psychrotrophic foodborne zoonotic bacteria which are ubiquitous 
in the environment. only Listeria monocytogenes and rarely L. ivanovii are pathogenic to 
humans, among the six sub species of Listeria innocua, L. monocytogenes, L. ivanovii, L. 

grayi, L. welshimeri, and L. seeligeri. The antibiotic resistance in Listeria spp. was found 
due to the acquisition of three types of mobile genetic elements; self transferable and 
mobilisable plasmids and conjugative transposons. This study was carried out to evaluate the 
antimicrobial susceptibility of Listeria isolates from food, animal, human and environmental 
samples. antibiotic sensitivity test was carried out against commonly used fourteen different 
antimicrobial agents (amoxicillin, ampicillin, azithromycin, cefuroxime, cefotaxime 
chloramphenicol, cloxacillin, cotrimoxazole, doxycycline, erythromycin, gentamicin, 
rifampicin, streptomycin and vancomycin) by bauer-kir disc diffusion assay. Sensitivity 
pattern of Listeria speices to antibiotics is found to vary according to sources and species. 
Isolates from all sources were found to be 100 per cent sensitive to chloramphenicol, 
cotrimoxazole, doxycycline, gentamicin and vancomycin except the isolates obtained from 
animal sources (94 per cent sensitivity). Similarly, species wise too, 100 per cent sensitivity 
was exhibited by the aforesaid antibiotics. The isolate from marine samples was less 
sensitive to rifampicin. only the isolates obtained from fishes and vegetables showed 
sensitivity to ampicillin (25 per cent). none of the isolates obtained from food samples 
showed sensitivity to cloxacillin, except in case of vegetable samples (83.3 per cent). Isolates 
of L. monocytogenes were intermediate sensitivity (18.2 per cent) to cloxacillin. Isolates of 
all the four Listeria spp. were found to be resistant to ampicillin whereas 66.7 per cent 
isolates of L. welshimeri were sensitive to the antibiotic. Hundred per cent of L. welshimeri 
isolates showed resistance to azithromycin. all L. ivanovii isolates were sensitive to all 
antibiotics. one of the L. monocytogenes isolate isolated from beef showed the multidrug 
resistance to six antibiotics points out the importance of enforcing the application of HaCCP 
system, so as to identify and control the hazards in foods and especially in meat products. 
The decreased antibiotic sensitivity pattern of L. monocytogenes isolates in the study points 
towards the acquisition of major therapeutic problem in future clinical practices. 

INTRODUCTION 

Listeria monocytogenes is a gram positive, facultative intracellular zoonotic bacteria that 
causes listeriosis, mainly in immunocompromised and elderly individuals and pregnant 
women, characterized by sepsis, meningitis and miscarriage (Allerberger 2010). The genus 
Listeria include 9 different species- Listeria monocytogenes, L. ivanovii, L. seeligeri, L. 
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innocua, L. welshimeri, L. grayi, Listeria marthii (Graves et al., 2010), Listeria rocourtiae 
(Leclercq et al., 2010) and  Listeria weihenstephanensis (Halter et al., 2012).  L. 
monocytogenes is pathogenic for human, while L. ivanovii is rarely pathogenic for humans 
(Lortholary Olivier et al., 2010). L. monocytogenes comprised of a diversity of strains of 
varying pathogenicity. According to previous reports, among 13 serotypes, the most food-
borne listeriosis outbreak belong to1/2a, 1/2c, 1/2b and 4b (Doumith et al., 2004). It was 
found that the trends of human listeriosis cases from the year 2000 to 2010, the 1/2a is 
dominant. Serotyping is a universally accepted subtyping method for Listeria monocytogenes 
and is important from the epidemiological point of view. L. monocytogenes possess at least 
12 serotypes (i.e. 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4c, 4d, 4e and 7) by the conventional 
serotyping slide agglutination techniques. Since slide agglutination is not easily adapted for 
testing and due to the high cost of acquiring subtype-specific antisera, serotyping methods 
are not routinely performed in clinical laboratories. Like biochemical methods, serotyping 
methods are also liable to give occasional discrepant results because of their dependence on 
the phenotypic characteristics of Listeria bacteria. For these reasons, molecular serotyping 
methods have largely been used, that are intrinsically more specific and sensitive for the 
identification and differentiation of Listeria species. The majority of Listeria monocytogenes 

isolates recovered from food was serogroup 1/2, especially 1/2a and 1/2b. The ability to 
precisely track the strains involved in listeriosis outbreaks and rapid determination of their 
pathogenic potential is critical for the control and prevention of further occurrences of this 
deadly disease. The main objective of this study was to identify the serotype of L. 

monocytogenes isolates isolated from the food (vegetable, meat and fish) samples by 
molecular serotyping by PCR serotyping.   

Materials and Methods 

The confirmed L. monocytogenes isolates obtained from food (vegetable, meat and fish) 
samples by conventional and molecular method were subjected to this study of molecular 
serotyping by PCR. Isolation of L. monocytogenes from the samples was performed as per 
the US Department of Agriculture (USDA) method described by (Donnelly and Baigent 
1986) with suitable modification. The isolates were then subjected to biochemical tests as 
described by (Cowan and Steel 1994) and also confirmed by PCR identification of six 
virulence genes (Nightingale et al., 2004) encoding phosphatidylinositol phosphase C 
activity (plcA), regulatory activity (prfA), actin polymerization protein (actA), haemolysin 
activity (hlyA), invasion associated p60 protein (iap), internalin associated protein (inlA). 
The serotyping PCR of confirmed L. monocytogenes isolates was performed primarily by 
using four sets of primers viz. D1, D2, Fla A and GLT. The primers D1 and D2 classify the L. 

monocytogenes into two major phylogenetic classifications. Further classifications of 
serotypes were done based on the presence or absence of GLT and flA. GLT primers and 
FlaA primers were used to identify 1/2a or3a and 1/2b or 3b serotypes respectively. Even 
after grouping, that is by knowing in which lineage or division the isolates belong to, were 
then screen for secondary screening for identification of serovar. The Imo 0737 primers 
specific for 1/2a serovar, ORF 2819 primers specific for 1/2b serovar and ORF 2110 primers 
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specific for 4b serovar were also tested against the isolated L. monocytogenes isolates. The 
PCR was performed with 7 primers and the reaction mixtures with primers at a concentration 
of 50 pmol/µl, 1 U of Taq polymerase, 1X reaction buffer, 0.2 mM each deoxynucleoside 
triphoshate, 2.5 mM MgCl2, and 2 µl of template DNA (50 ng). The cycling condition of 
simplex PCR included an initial denaturation at 95˚C for 3 minutes, followed by 30 cycles 
each of 30 seconds denaturation at 95˚C, 30 seconds annealing at 45 to 59˚C and 1 minute 
extension at 72˚C. It was followed by a final extension of 10 minutes at 72˚C and hold at 
4˚C. The cycling condition of multiplex PCR were: 95˚C for 3 minutes followed by 35 
cycles at 95˚C for 30 seconds, 45˚C for 90 seconds and 72˚C for 90 seconds. The sequences 
of oligonucleotide primers were listed in table 1. 

 Table 1. Primers used in PCR for serotyping of L. monocytogenes. 

Primer 

name 

 

 

Sequence (5ˈ-3ˈ)  Size 

(bp) 

 

 

Target Reference 

D1 -F  

D1-R 

 

 

CGATATTTTATCTACTTTGTCA 

TTGCTCCAAAGCAGGGCAT 

 

 

 

214 

 

 

Lineage 
I 

Jinneman 
and Hill, 
2001 

D2-F 

D2-R 

 

 

GCGGAGAAAGCTATCGCA 

TTGTTCAAACATAGGGCTA 

 

 

 

140 

 

 

Lineage 
II 

Jinneman 
and Hill, 
2001 

flA-F 

flA-R 

 

 

TTACTAGATCAAACTGCTCC 

AAGAAAAGCCCCTCGTCC 

 

 

 

538 

 

 

serovar 
1/2b or 
3b 

Jinneman 
and Hill, 
2001 

GLT-F 

GLT- R 

 

 

AAAGTGAGTTCTTACGAGATTT 

AATTAGGAAATCGACCTTCT 

 

 

 

483 

 

 

serovar 
1/2a 
or3a 

Jinneman 
and Hill, 
2001 

lmo0737F 

lmo0737R 

 

 

AGGGCTTCAAGGACTTACCC 

ACGATTTCTGCTTGCCATTC 

 

 

691  Serovars 
1/2a 

Doumith et 

al., 2004 

ORF2819F 

ORF2819R 

 

 

AGCAAAATGCCAAAACTCGT 

CATCACTAAAGCCTCCCATTG 

 

 

471  Serovars 
1/2b 

Doumith et 

al., 2004 

ORF2110F 

ORF2110R 

 

 

AGTGGACAATTGATTGGTGAA 

CATCCATCCCTTACTTTGGAC 

 

 

597  serovars 
4b 

Doumith et 

al., 2004 
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The resultant PCR products were analyzed by submarine gel electrophoresis by using 1.5% agarose 
gels with ethidium bromide (0.5µg/ml) and visualized by gel documentation system.  

Results and Conclusions  

The L. monocytogenes isolates obtained during the study were subjected to serotyping using seven 
sets of primers viz. D1, D2, GLT, fla A, Imo 0737, ORF 2819 and ORF 2110. The result showed that 
the strain isolated from vegetable belongs to Division I group of serovar 1/2b and 4b. The strains 
isolated from beef sample and fish samples belong to Division II group of serovar 1/2a. From the 
previous reports, it has been observed that about 95 per cent of L. monocyogenes strains isolated from 
clinical and food samples belong to serovars 1/2a, 1/2b, 1/2c and 4b and are the causative agent for 
human listeriosis. Serotype 1/2a is most frequently isolated from food, serotype 4b causes the 
majority of human epidemics. It is significant to trace the contaminating strains of L. monocyogenes 
isolates within the food chain and is very important in preventing epidemiological listerial outbreak in 
future. Routine analysis of L. monocyogenes by serotyping by traditional agglutination methods is 
limited by cost, availability of and quantity of antisera and typeability of isolates. Hence performing 
PCR serotyping which increases the feasibility and accessibility of correct L. monocyogenes 

serogrouping. 
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Fig 1: PCR profile of L. monocytogenes               Fig 2: PCR profile of 1/2b serovar  

                     isolates with D1 and D2 primers      with ORF 2819 primer 

 

                                                  

             Lane 1 : 100 bp ladder, Lane 2 : BM2                     Lane 1 : 100 bp ladder 

              (L. monocytogenes isolate from beef,              Lane 2 : CR6 (Coriander, 471 bp) 
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          D2-140 bp), Lane 3 : F4 (Fish, D2-140 bp),  

             Lane 4 : CB2 (Cabbage, D1-214 bp),  

             Lane 5 : CR6 (Coriander, D1-214 bp) 

 

      Fig 3: PCR profile of 4b serovar                   Fig 4: PCR profile of 1/2a serovar 

                    

 

 

 

 

 

 

 

 

with ORF 2110 primer with Imo0737 primer                                                               

                            Lane 1 : 100 bp ladder Lane 1 : 100 bp ladder  

                         Lane 2 : F4 (Fish, 691 bp),                         Lane 2 : CB2 (Cabbage, 597 bp), 

                       Lane 3 : BM2 (Beef, 691 bp) 
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ABSTRACT 

The anthelmintic activity of various extracts of leaves of ocimum sanctum and Mallotus phillipensis 
was assessed invitro against Setaria digitata. The leaves of ocimum sanctum and Mallotus phillipensis 
were collected and were extracted using methanol, dried and stored under refrigeration till further use. 
The aqueous extract was taken as a decoction. The methanolic extract was further fractionated by 
taking solvents of increasing polarity viz, hexane, chloroform, n-butanol and water. The extract as 
well as the fractions were analysed qualitatively for various phytochemical constituents. The presence 
of flavonoids and tannins were detected in all the extracts whereas phenolics was absent in the hexane 
fraction. fresh nematodes (Setaria digitata) were recovered manually from the peritoneum of infested 
buffalo, were washed and transferred to the extract containing petriplates (concentrations of 50, 25, 
12.5, 6.25, 3.125 and 1.56mg/ml) immediately and the motility/ death of Setaria digitata was noted. 
The methanolic extract of Tulsi and kamla produced death of nematodes in concentrations of 3.125 
mg/ml and the extract of tulsi was found to be more potent. Similar results were also observed in the 
case of hydro alcoholic extract whereas the aqueous extract showed no effect. The chloroform fraction 
of ocimum sanctum and n-butanol and chloroform fractions of Mallotus were equally potent in 
inhibiting the motility and producing death of the worms. The control drug, albendazole produced 
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death in 30 minutes in both the concentrations. Hence it could be concluded that higher doses of the 
extract are as potent as albendazole. 

INTRODUCTION 

 Helminthosis is a major threat to ruminant populations leading to economic losses in areas where 
extensive grazing is practised. The major method of treatment of hemlinthosis is use of commercially 
available chemical anthelmintics. They are not economically viable  and also possess the risk of 
anthelmintic resistance (Eguale et al., 2007). The use of herbal preparations and plants as 
anthelmintics is prevalent in many parts of the world, mainly developing countries. The evidence of 
anthelmintic properties of plants is developed mainly through ethnoveterinary practices (Githori et al., 
2006). 

 Ocimum sanctum L. is a shrub grown all over India belonging to Lamiacea, possess a wide variety 
of pharmacological properties. It has proven analgesic, anti-inflammatory, antibacterial, antifungal, 
immunomodulatory, hepatoprotective, anticarcinogenic, antidiabetic and  wound healing properties 
(Rahman et al., 2011). The volatile oil of tulsi contains mainly eugenol which attributes to the major 
pharmacological properties. Mallotus Philippensis is a small to medium- sized monoecious tree, up to 
25 meters tall of the family Euphorbiaceae. The crude powder of Kamala obtained as a glandular 
pubescence from the exterior of fruits is found to have anthelmintic activity and active against thread 
worms, hook worms, round worms and earthworms. The drug was found to be 100% effective against 
tapeworms. The leaves are bitter, cooling, give appetite, causes flatulence and constipation (Priya et 

al., 2014). The present investigation was undertaken to assess the effect of different extracts of leaves 
of O. sanctum and M. phillipensis on Setaria digitata 

Materials and methods: 

Plant Material 

1. Collection and extraction 

The leaves of Ocimum sanctum and Mallotus phillipensis were collected from the different parts of 
Wayanad, Pookode, and were authenticated by a Botanist at MSSRF, Kalpetta,  dried under shade and 
pulverized. They were extracted using methanol in soxhlet extraction apparatus, dried using a rotary 
vacuum evaporator and stored under refrigeration till further use. The aqueous extract was taken as a 
decoction whereas hydroalcoholic extract was taken in a soxhlet with methanol and water in the ratio 
1:1. 

2. Fractionation of the extract 

 The methanolic extract was further fractionated in a separation funnel by taking solvents of 
increasing polarity viz, hexane, chloroform, n-butanol and water. They were also dried using the 
rotary vacuum evaporator and sored under refrigeration till further use.  

I.Phytochemical Analysis 

II.  The extract as well as the fractions was analyzed qualitatively fovarious phytochemical 
constituents (Harborne, 1998). 

III.  Assessment of Nematodicidal activity 

1.  Collection of Nematode parasite 
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Fresh nematodes (Setaria digitata) were recovered manually from the peritoneum of infested  buffalo 
slaughtered at the Malabar meat Plant, Sulthan Bathery, Wayanad in tyrodes solution. They were 
washed and transferred to the extract containing petriplates immediately (Jeyathilakan et al., 2010 ).  

2. Identification of the parasite 

The worms present in the  peritoneum of buffaloes were collected in 10 per cent formalin solution and 
brought to the Department of Veterinary Parasitology, College of Veterinary and Animal Sciences, 
Pookode, Wayanad for identification. The nematodes were dehydrated in ascending grades of alcohol 
and then cleared in creosote (Spraker et. al., 2003) 

3. Test drug preparation 

Extracts were diluted in tyrodes solution at 50, 25, 12.5, 6.25, 3.125 and 1.56 mg/ml concentrations in 
petriplates to get a total volume of 20 ml. The negative control contained only tyrodes solution and 
albendazole @ 10mg/ml and 1 mg/ml were kept as positive control.  

4. Test procedure 

6 nematodes were placed in the petriplates containing the extract/ drug and their motility/ wriggling 
movements were noted every 15 minutes. The motility was scored as per the method of 
Jiraungkoorskul et al., 2005 with minor modifications. Cessation of movements even on stimulation 
were considered as the death point. The experiment was done in triplicates.  

5. Gross morphological examination: 

The treated worms as well as control worms were examined under light microscope for identifying 
gross morphological changes (Soulsby, 1982).  

IV. Assessment of Acute Oral toxicity 

The acute oral toxicity of the tested extracts were done in rats as per OECD guideline 420 in the limit 
dose of 2000 mg/kg body weight.  

Fig. 1. Minimum inhibitory concentration of the extracts on Setaria digitata 
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The methanolic extract of Tulsi and Mallotus produced death of nematodes in concentrations of 3.125 
mg/ml and 1.56 mg/ml respectively and the extract of Mallotus  was found to be more potent. Similar 
results were also observed in the case of hydroalcoholic extract where as the aqueous extract showed 
no effect. The chloroform fraction of Ocimum sanctum and n-butanol and chloroform fractions of 
Mallotus were equally potent in inhibiting the motility and producing death of the worms. The control 
drug, albendazole produced death in 30 minutes in both the concentrations. Hence it could be 
concluded that higher doses of the extract are as potent as albendazole.  

3. Identification of the parasite: 

The worms were milky white in colour and taper towards the hind end. The mouth was surrounded by 
cuticular ring. The tail of the male worms was with pre and post cloacal papillae and that of female 
with conical projections.  

Gross Morphological Examination: 

Initially, before the treatment of extracts, the worms were highly motile and elongated.  The gross 
morphological examination revealed shrinkage of the worms and they became slender, the paralysed.  

4. Acute Oral Toxicity 

The acute oral toxicity test revealed no untoward clinical reactions or mortality in the entire time 
period of observation. There was no abnormal behavioural reactions.  

Conclusion 

  From the results of the present study, it could be concluded that the methanolic and hydro 
alcoholic extract of Tulsi and Kamla produced death of nematodes in concentrations of 3.125 mg/ml 
and the extract of tulsi was found to be more potent. The aqueous extract showed no effect. The 
chloroform fraction of Ocimum sanctum and n-butanol and chloroform fractions of Mallotus were 
equally potent in inhibiting the motility and producing death of the worms. The activity in higher 
doses could be compared to the standard drug albendazole.  
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ABSTRACT 

The anthelmintic activity of methanolic, aqueous and hydro-alcoholic extracts of the leaves ocimum 
sanctum and Vitex negundo and the hexane, chloroform and n-butanol fractions of methanolic extract 
were investigated on the trematode, Gastrothylax crumenifer. adult motility assay was used in the 
study and the results were compared with the standard drug, oxyclosanide. The study was conducted 
at six different dilutions of extracts viz. 50, 25, 12.5, 6.25, 3.125 and 1.56 mg/ml prepared in tyrodes 
solution. The Minimum Inhibitory Concentration of various extracts on Gastrothylax crumenifer was 
calculated by using the serial dilution technique. The phytochemical analysis of the extracts were 
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done and the acute oral toxicity was assessed in rats. The methanolic extract of Tulsi as well as its 
chloroform fraction showed maximum potency with MIC of 1.56 mg/ml and the extracts of Vitex 

negundo were not as potent as Tulsi. on gross examination, the extract treated worms showed 
shrinkage, loss of motility and were dead in a dose dependent manner. Histopathology of the extract 
treated amphistomes showed damage to the syncytium and subsyncitium as well as parenchymal cells 
indicating the activity on the tegument. The extracts showed the presence of flavonoids, tannins and 
phenolics which may be the cause of anthelmintic activity, producing damage of tegument. none of 
the extracts showed any toxicity reactions in rats, hence ocimum sanctum can be a lead for synthesis 
of a new trematodicidal drug. 

Introduction: 

 In a developing country like India, buffaloes deliver food self-sufficiency to poor rural farmers by 
providing milk, meat, skin, manure and traction. Due to the grazing nature of buffaloes in wet lands 
they are very vulnerable to various parasitic diseases. Parmphistomosis is one of the economically 
considerable problem affecting these livestock industry by reducing the production (Haque et al., 
2011).These amphistomes impart serious pathogenesis especially the immature stages which are 
embedded in the mucosa and are plug feeders, drawing pieces of mucosa in to suckers causing 
necrosis and haemorrhages (Soulsby, 2005). Chemotherapy is the widely accepted method to cure this 
infection, but high cost of the drugs and development of resistance are the problems to the poor 
farmers. Traditional plant based eco-friendly medicines offer an alternative to overcome some of 
these problems and are having high percentage of cure with a single therapeutic dose (Singh et. al, 
2008; Swarnakar, and Kumawat, 2014). 

The present study investigates the adulticidal activity of Ocimum sanctum and Vitex negundo against 
Gastrothylax crumenifer. Ocimum sanctum, also called as holy basil (Tulsi) is an annual shrub and is 
known for its medicinal properties which include antibacterial, antifungal, hepatoprotective, 
expectorant, anti-inflammatory and analgesic activites (Rathanayaka, 2013). It contains eugenol, 
monoterpens and diterpenes which add to the medicinal properties (Mali& Mehta, 2008). Vitex 

negundo is a large shrub grown throughout India and has many medicinal properties which is made 
use of in the Indian systems of medicine. There are several reports on the anti-inflammatory, 
analgesic, antioxidant, antimicrobial and antifungal properties of the various extracts of the plant 
(Sathiamoorthy et al., 2007). 

Materials and methods: 

1. Collection and preparation of the extract 

The leaves of Ocimum sanctum and Vitex negundo were collected from the campus of College of 
Veterinary & Animal Sciences, Pookode, identified and authenticated by a Botanist at MSSRF, 
Kalpetta, were dried under shade and pulverized. They were extracted using methanol in soxhlet 
extraction apparatus, dried using a vacuum evaporator. The aqueous extract was taken as a decoction. 
The hydroalcoholic extract was taken as a 1:1 combination of methanol and water in soxhlet 
extraction apparatus. All the extracts were stored under refrigeration after drying.  

2. Fractionation of the extract 
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 The methanolic extract was further fractionated in a separation funnel by taking solvents of 
increasing polarity viz, hexane, chloroform, n-butanol and water. They were also dried using the 
rotary vacuum evaporator and sored under refrigeration till further use.  

3. Phytochemical Analysis 

The extract as well as the fractions was analyzed qualitatively for various phytochemical constituents 
(Harborne, 1998) 

II. Assessment of Amphistomicidal activity 

6. Collection of Amphistomes 

Fresh amphistomes were recovered manually from the rumen of buffalo slaughtered at the Malabar 
meat Plant, Sulthan Bathery, Wayanad and were collected in tyrodes solution. Care was taken not to 
damage the sucker. They were washed and transferred to the petriplates containing extracts.  

7. Identification of the parasite: 

Some fresh amphistomes after washing were pressed between two slides, tied with twine and 
transferred to 10% formaline solution for 2-4 days. Then these amphistomes were put in carmine 
staining. After few days these were destained with 1% acid alcohol, dehydrated in ascending grades of 
alcohol and cleared in creosote, mounted in DPX for identification. 

8. Test drug preparation 

Extracts were diluted in tyrodes solution at 50, 25, 12.5, 6.25 3.125 and 1.56 mg/ml concentrations in 
petriplates to get a total volume of 20 ml. The negative control contained only tyrodes solution and 
oxyclosanide @ 10mg/ml and 1 mg/ml were kept as positive control.  

9. Test procedure 

Amphistomicidal activity was done as per Ghangle et al., 2009 with minor modifications. Briefly, 6 
amphistomes were placed in the extract containing petriplates and their motility/ wriggling 
movements were noted every 15 minutes. Cessation of movements even on stimulation were 
considered as the death point. The experiments were done in triplicates and the average was taken.  

10. Histopathology 

 The dead amphistomes were fixed in Bouins solution for 12 hrs and then transferred to 10% 
formalin for routine histopathological examination. The tissues were made into sections, stained using 
haematoxylin and eosin and then examined under oil immersion microscope for finding out the 
changes (Jeyathilakan et al., 2010).  

III. Assessment of Acute Oral toxicity 

The acute oral toxicity of the tested extracts were done in rats as per OECD guideline 420 in the limit 
dose of 2000 mg/kg body weight.  

Results 

1. Table 1.  Phytochemical Analysis 
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Constituents Ocimum sanctum Vitex negundo 
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Phenolics + + - + + + + + + + + + 

Alkaloids - + - + - + - - - - - - 

Steroids - - - - - - + - - - - - 

Glycosides - - - - - - - + + + - - 

Tannins + + + + + + + + + + + + 

Terpenes + + + + + + - + - + + + 

Saponins - + - - + + + - - - - - 

Flavanoids + + + + + + + + + + + + 

 

 All the extracts showed the presence of flavonoids and tannins whereas the hexane fraction of 
the methanolic extract of Ocimum sanctum showed absence of phenolics. The presence of flavonoids, 
tannins and phenolics could be implicated in the anthelmintic activity. Tannins bind to proteins, 
inactivate many mechanisms including the nutrient availability, impair vital process like feeding, 
reproduction of the parasite and disrupt the integrity of the cuticle (Bachaya et al., 2009).  

II. Adulticidal activity of different extracts against Amphistome 

Table 2. Effect of various extracts on the motility/ death of Gastrothylax crumenifer (Duration; 

min) 

Ocimum 

sanctum leaf 
Concentration 
(mg/ml)  

50 25 12.5 6.25 3.125  1.56 

 Methanolic extract 30 30 30 60 60 60 

 Hydroalcoholic 90 90 90 150 150 Nil 

 Hexane Nil Nil Nil Nil Nil Nil 

 Chloroform 60 60 90 90 120 120 

 N-butanol 120 120 120 150 150 Nil 
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 Water  Nil Nil Nil Nil Nil Nil 

 Aqueous Nil Nil Nil Nil Nil Nil 

Vitex negundo 
leaf 

Methanolic extract 120 120 120 150 150 Nil 

 Hydroalcoholic Nil Nil Nil Nil Nil Nil 

 Hexane Nil Nil Nil Nil Nil Nil 

 Chloroform 60 90 90 90 120 Nil 

 N-butanol Nil Nil Nil Nil Nil Nil 

 Water  Nil Nil Nil Nil Nil Nil 

 Aqueous Nil Nil Nil Nil Nil Nil 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Minimum Inhibitory Concentration of various extracts on Gastrothylax crumenifer 

 

The methanolic extract of Tulsi as well as its chloroform fraction showed maximum potency with 
MIC of 1.56 mg/ml. The extracts of Vitex negundo were not as potent as Tulsi. The positive control 
drug, oxyclosanide caused the death of all the worms with in 10 minutes of observation. Eventhough 
the activity of oxyclosanide and extracts could not be compared, the extracts could form a lead to the 
synthesis of a natural anthelmintic with less side effects.  

2. Identification of the parasite: 

The worms showed an anteriorly opening ventral pouch extending the whole ventral surface, a 
posterior terminal sucker, intestinal caeca that extends upto the level of lobed horizontal testes and 
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also showed the crossing of uterus from right to left. Thus it was confirmed that these amphistomes 
are Gastrothylax crumenifer. 

3. Gross morphological examination: 

The treated worms became shrunken, paralysed and then finally died after 60 minutes in the case of 
methanolic extract of Tulsi and about 150 minutes in case of methanolic extract of Vitex in a dose 
dependent manner 

4. Histopathology:  

The morphology of the normal and extract treated amphistomes were compared under light 
microscope and the extract treated worms showed detachment of the tegument and discontinuation of 

the syncytium (Fig 2). The longitudinal and 
smooth circular muscles of the sub syncytial 
layer were found to be shrunken and disrupted 
in worms that were treated with higher dose 
of the extract where as only syncytial and 
subsyncitial changes were noticed in case of 
worms that were treated with lower doses. 
This showed a dose dependent activity on the 
cuticle as well as the tegument of 
amphistomes. The results were in accordance 
to many other similar works on amphistomes 
(Jeyathilakan et al., 2010) 

III. Acute oral toxicity 

 No mortality was detected in all groups of animals treated with the extract. Also no untoward 
clinical signs were noticed in any of the animals treated with the extract during the entire period of 
observation.  

Conclusions: 

 From the study, it could be concluded that the methanolic and hydroalcoholic extracts of 
Tulsi, the chloroform and n-butanol fractions of its methanolic extract as well as the methanolic 
extract of Vitex negundo with its chloroform subfraction possess trematodicidal property on 
Gastrothylax crumenifer. The presence of flavonoids, phenolics and tannins could be the reason for 
the anthelmintic activity. The extract produced damage to the syncytium, subsyncitial layer and 
parenchyma of tegument which could be the mechanism of action. The extract of Tulsi could form a 
lead to the synthesis of a novel trematodicide anthelmintic.  
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NEW PERSPECTIVES ON THE USE OF CASHEW APPLE WASTE AS FUTURISTIC 

ANIMAL FEED RESOURCES 
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The present investigation was undertaken to exploit commercial value of cashew apple fruit waste 
obtained after extraction of juice as a feed stock for animal feed. four fields in kasargod estates of 
Plantation Corporation of kerala (PCk) were selected for fruit yield prediction study and fruit nut yield 
study. The scientific flower pattern study may be employed in cashew industries to predict 

cashew nut yield accurately. The study on proximate composition of cashew apple waste obtained 
after juice extraction suggested that it could be used as feeding material. Cashew apple waste contains 
crude protein (13.03%), crude fat (4.83%), crude fibre (13.20%), total ash (1.51%) and nitrogen free 
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extract (67.31 %) on dry matter basis. The cyanogenetic glycosides content (in terms of HCn /100g 
sample) in different varieties of cashew apples varies between 20.65mg to 26.61mg; and oxalic acid 
content in the cashew apples were found to be in the range 1.2 % to 1.7 %. These values were found 
to be well within the acceptable limit and inclusion level and will not have any adverse effect on the 
animal feeding. The mineral analysis and vitamin analysis reveals this cashew apple waste can be 
used as a feed alternative for non ruminant animals. 

INTRODUCTION 

Indian Livestock census (2007) accounts 304.42 millions of dairy cattle and buffaloes, 648.88 million 
numbers of poultry and 0.42 million of rabbit. They are mainly dependent on residues from crops 
grown for human food, conventional forage crops and natural pastures. However, the demand and 
supply of the green and dry fodder projection in Year 2025 was estimated ~64.87 per cent deficit of 
greens and 24.92 per cent of dry fodder (Livestock census, 2007). In times of low reserve and high 
prices of feed, feed manufacturers often look for unconventional feeds to bridge the gap. “Waste” 
feeds may appear attractive due to lower price but there are issues to consider. The inclusion of 
alternative feedstuffs in animal diets might be interesting in some circumstances (relative price, feed 
quality), but it is limited because of the lack of information on their nutritive value.  

Cashew apple (Anacardium occidentale L)-an important nut crop is grown in India on an area of 
9,45,000 ha which produced 6,53,000 tones of raw nuts in 2010 -2011. Every year 65 lakh metric tons 
of fresh cashew apple fruits are wasted, after collecting nuts from the field without any commercial 
exploitation except few thousand tones in Goa. In Kerala, Plantation Corporation of Kerala (PCK) (A 
Kerala Government undertaking unit) owns 5738 Ha area under cashew cultivation in Kasargod and 
Kannur districts. The objective of this paper is to highlight the commercial value of cashew apple fruit 
waste obtained after extraction of juice as futuristic animal feed resource. 

MATERIALS AND METHODS 

Four fields in Kasargod estate of Plantation Corporation of Kerala (PCK) was selected for fruit yield 
prediction study (Sapkal, 1994) and fruit nut ratio study. The 5 trees in each field of different varieties 
viz Ullal, Anakkayam, Dharasri, Sulabha, Anagha, Priyanka, Madakathara I and II varieties were 
selected for prediction. The cashew apple waste obtained after extraction of juice was studied for its 
proximate composition as per AOAC (1990). The cyano-genetic glycosides content (in terms of HCN 
/100g sample) and fat soluble vitamins in different varieties of cashew apples are analysed as per 
Pathak,1996. 

RESULTS AND DISCUSSIONS 

Estimation of availability of the cashew apple  

Practically, the estimation of cashew nut yield in the each cashew estates are done by the tendered rate 
offered by the contractors rather than the actual quantity of nuts collected during the period. The rate 
offered in the tender need not calculate the number of nut yield only but also the price of cashew nut 
in the market. However, the fruit/nut yield is variable due to variation in the climatic factors. Hence, 
the scientific prediction of fruit/nut is need of this hour in cashew industry. The present investigation 
was undertaken to extrapolate the availability of cashew apple in PCK and Kerala state.  

Based on the flowering pattern study, the predicted nut yield and actual nut yield are presented in 
Table-1. The predicted nut yield against actual nut yield varies between fields significantly (p < 0.05). 
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The rank correlation between predicted and actual nut yield revealed significant and positive 
correlation (R2=0.76) indicating that the effect of climatic factors on nut yield can be used for 
predicted efficiently.  

Table-1 .Predicted Vs Actual Nut Yield 

Fields Predicted  

Nut Yield 

(Numbers) 

Actual Nut  

Yield 

(Numbers) 

Predicted Nut 

Yield 

(Kg per Tree) 

Actual Nut  

Yield 

(Kg per Tree) 

Nenjamparamba 522.80ab 306.00a 3.23ab 1.89a 

Kakkiyod 815.60b 821.00c 5.03b 5.07c 

Kotoor II 485.60a 464.00ab 3.00a 2.87ab 

Kotoor I 634.60ab 581.80b 3.92ab 3.59b 

Means in columns with same superscript are not significant (p< 0.05) 

The variety wise fruit weight, nut weight and fruit: nut ratio are given in Table -2. Out of eight cashew 
varieties, fruit weight, nut weight and fruit: nut ratio calculation reveals that Priyanka variety fruit 
(93.49 gms), nut (12.03 gms) weighs more than other varieties. The fruit: nut ratio ranges between 
7.77:1 (Priyanka) to 12.01:1 (Anagha).  

Table -2: Cashew Fruit weight, Nut Weight and Fruit: Nut Ratio 

Sl.No Variety n Fruit Weight 

(Gms) 

Nut Weight  

(Gms) 

Fruit: Nut ratio 

1 Ullal-3 11 46.98a 5.33a 8.82:1 

2 Anakayam 11 53.76ab 5.87ab 9.16:1 

3 Dharasri 11 63.05cd 5.90b 10.69:1 

4 Madakathara I 103 61.82bc 6.06bc 10.20:1 

5 Madakathara II 108 58.94bc 6.00bc 9.82:1 

6 Sulabha 108 70.99de 7.89d 9.00:1 

7 Anagha 71 78.56e 6.54e 12.01:1 

8 Priyanka 11 93.49f 12.03f 7.77:1 

Means in columns with same superscript are not significant (p< 0.05) 

The linear regression prediction equation developed for fruit weight is given as 
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Y = 36.49 + 4.00 X 

where Y= Cashew fruit weight and X=Nut Weight. The prediction equation can be used to estimate 
the cashew fruit weight by recording the nut weight collected from the fields. There is total of 6300 ha 
of cashew plantation in PCK, in each ha there is approximately 200 trees planted per ha with average 
yield of 543 numbers of nuts and cashew fruits. The cashew nuts weighing 3.35 Kg and fruits 
weighing 33.123 Kg per tree respectively. There would be 41,734 tones of unutilized cashew apple in 
PCK every year, which can be used for animal feed purpose. 

Proximate composition of cashew apple waste 

The Proximate Composition of Cashew apple waste is summarized in Table-3. The crude protein 
content varies between 9.81 to 14.88 per cent for different varieties of cashew apple which is 
comparable to De-oiled rice bran available in the market. The sun dried cashew apple waste crude 
fibre content is comparatively less than first grade de-oiled rice bran. Meanwhile, the sand and silica 
content very low where de oiled rice bran contains 3.0 - 5.0 per cent.  

Table - 3. Proximate Composition of Cashew Apple Waste (In Percent) 

Sample Moisture CP* EE* CF* Total Ash* SS* NFE* 

Akshaya 7.51 13.51 5.51 13.47 1.67 0.13 65.83 

Dharasri 6.7 12.84 4.16 12.41 1.74 0.05 68.86 

Ullal 9.26 12.10 4.02 10.62 1.34 0.09 71.91 

Madakkathara II 8.4 12.78 4.10 12.14 1.43 0.04 69.54 

Madakkathara I 6.645 14.71 5.05 14.36 1.04 ND 64.85 

Priyanka 7.925 13.11 5.35 14.09 1.39 0.03 66.07 

Sulabha 7.94 14.22 5.67 12.86 1.99 0.12 65.26 

Anagha 9.24 9.81 4.45 13.52 1.30 0.09 70.91 

Anakkayam 8.09 13.53 4.30 14.61 1.35 ND 66.21 

Dhana 7.35 14.88 5.30 14.82 1.42 ND 63.57 

Senile & old ( R ) 7.69 13.06 4.85 12.10 1.80 0.07 66.83 

Senile & old ( Y )  7.21 11.69 5.14 13.35 1.74 0.05 68.10 

*Results on Dry Matter Basis 

Fat Soluble Vitamins content 

The Fat soluble vitamins content in Cashew apple waste results are summarized in Table-4.The Beta 
Carotene content in Old senile variety was significantly more than other hybrid varieties. However the 
Vitamin E, D2, C content in all varieties were not different significantly. 

Table - 4. Fat Soluble Vitamins composition of Cashew Apple Waste 
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VARIETY Beta Carotene as 

precursor of 

Vitamin A 

(mg/Kg)  

Mean+ SE 

Vitamin E  

as Tocopherol 

(mg/gm) 

Mean+ SE  

Vitamin D2 

(as 

Ergocalciferol) 

(mg/Kg) 

Mean+ SE 

Vitamin C 

(mg/100gm) 

Mean+ SE 

Madakkathara I 33.460 a + 6.544 37.440a+ 0.940 1.839a + 0.594 59.953a+1.1
41 

Dharasri 46.953a + 2.685 27.965a + 5.095 1.931a+  0.605 56.183a+1.8
49 

Anakkayam 39.727a + 6.724 37.090a +3.680 1.097a + 0.399 58.047a+1.1
77 

Madakkathara II 58.003ab + 8.444 37.910a + 0.470 1.483a+ 0.554 56.626a+0.9
22 

Priyanka 67.983ab + 9.393 29.190 a+ 2.060 1.708a+ 0.536 59.536a+0.7
87 

Old Senile (Yellow) 93.410 bc + 17.653 34.665a + 3.765 2.204a+ 0.579 59.4000a+1.
695 

Dhana 103.89 bc + 11.652 30.335a+ 7.415 2.045a+ 0.549 58.560a+0.3
40 

Old Senile (Red) 126.51c+ 30.399 41.865a + 2.975 1.615a+0. 430 57.253a+ 
2.251 

Means+ SE in columns with same superscript are not significant ( p < 0.05) 

Anti Nutritional Factors 

The cyano-genetic glycosides content (in terms of HCN /100g sample) in different varieties of cashew 
apples varies between 20.65mg to 26.61mg; and oxalic acid content in the cashew apples were found 
to be in the range 1.2 % to 1.7 % [4]. These values were found to be well within the acceptable limit 
and inclusion level and will not have any adverse effect on the animal feeding. 

Conclusion 

In Kerala, there is 4,97,000 tones of Cashew fruit is not utilized for any purpose. The preliminary 
study on feeding value of Cashew apple waste obtained after juice extraction suggested that it could 
be used as feeding material for animals. The mineral analysis and vitamin analysis reveals the Cashew 
apple waste can be used as a feed alternative for non ruminant also. The Plantation Corporation of 
Kerala (PCK) may promote collection of Cashew fruits among the cashew farmers and the same may 
be used by the feed manufacturing units as alternative feed raw material.  
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EFFECT OF FEEDING CALCIUM SALTS OF PALM OIL FATTY ACIDS ON MILK 

COMPOSITION AND FATTY ACID PROFILE IN LACTATING CROSSBRED COWS 
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ABSTRACT 

An investigation was undertaken to study the effect of feeding calcium salts of palm oil fatty acids 
(Pfa) on milk composition and fatty acid profile in lactating crossbred cows. a total of twenty lactating 
crossbred cows yielding 10 to 15 liters milk daily were selected and divided into four groups of five 
animals each in such a way that the average milk yield in all the groups remain uniform. The animals 
were placed in four different dietary treatments viz. control, 2, 4 and 6 per cent bypass fat along with 
the concentrate mixture. The feeding trial included 21 days control period followed by one week 
adjustment period and there after experimental feeding period lasted for 90 days. a digestion trial for 6 
days in all the 20 experimental crossbred cows was conducted in the middle of the experimental 
period of 90 days. The milk samples were collected at fortnightly intervals during control and entire 
experimental feeding period for analyzing the milk composition and fatty acid profile. analysis of 
covariance was done to study the effect of calcium salts of Pfa on milk composition and fatty acid 
profile. The average adjusted values of fat yield for group I,II, III and IV were 0.45, 0.49, 0.56 and 
0.51 kg per day, respectively and the differences among the groups were not significant. The adjusted 
values for solid not fat were 1.10, 1.07, 1.23 and 1.15 kg per day, respectively and the differences was 
statistically significant (p<0.05).The supplementation of ration with calcium salts of palm oil fatty 
acid caused a reduction in caproic, caprylic , capric acids and significant increase of palmitic, stearic, 
oleic, linoleic and linolenic acids. The results of the present study revealed that supplementing the 
ration of lactating cows with calcium salts of Pfa caused substantial improvement in the milk quality 
and increase of unsaturated fatty acids in milk which may be beneficial to consumers having heart 
problems. 

keywords: Calcium salts of palm oil fatty acid, milk composition, bypass fat and unsaturated fatty 
acid 

INTRODUCTION  

The crossbred lactating animals, especially with 50% or more exotic germplasm require better inputs, 
out of which nutrition is most important. In developing countries the high yielding lactating cows are 
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generally fed with low energy density ration and hence cows are not able to meet the energy 
requirements after calving as dry matter intake during this period is limiting. This leads to substantial 
loss in body weight which adversely affects production, milk quality and reproductive performance in 
dairy animals. Unlike carbohydrates, the energy content of fat is scarcely modified by the microbial 
activity in the rumen. The net energy value of fat is therefore considerably higher than that of 
carbohydrates. Thus energy density of rations can be increased by incorporating bypass fat in ration of 
lactating animals (Scott et al, 1995). Rumen bypass fats increase the energy content of ration 
considerably without any detrimental effect on rumen fermentation. Most recent method of protecting 
fat is to use the potential fat sources in the form of calcium soaps (Tajendjaja et  al, 1993). The 
unsaturated fatty acid are also not affected by microbial bio-hydrogenation and feeding protected fat 
containing unsaturated fatty acids has been claimed to increase the unsaturated fatty acids content in 
milk fat which is beneficial to consumers having heart problems (Oster and Thompson,1996).  The 
present study has been planned with the objective to study the effect of feeding calcium salts of palm 
oil fatty acids on milk composition and fatty acid profile in lactating cross bred cows. Material and 

Methods  

Twenty lactating crossbred cows were divided in to four groups of five animals each in such a way 
that the average milk yield in all groups remains uniform and were placed in four different dietary 
treatments. The feeding trial included 21 days control period followed by one week adjustment period 
and there after the experimental period lasted for 90 days. A digestion trial for 6 days in all the 20 
experimental crossbred cows was conducted in the middle of the experimental period of 90 days.  The 
four dietary treatments were as follows. Treatment I- Concentrate mixture without calcium salts of 
palm oil fatty acids  

Treatment II- Concentrate mixture supplemented with calcium salts of palm oil fatty acids at  

2.  level.  

 Treatment III- Concentrate mixture supplemented with calcium salts of palm oil fatty acids at  

4  % level. 

Treatment IV- Concentrate mixture supplemented with calcium salts of palm oil fatty acids at  

6.  level.   

 The milk samples were collected at fort nightly intervals during the experimental period and pooled 
milk samples of individual cows were analyzed for milk composition.  The fatty acid methyl esters of 
ghee were prepared by base catalyzed trans methylation reaction. For this sodium-methoxide method 
was used (Christie, 1982) Analysis of covariance was done to  

study effect of calcium salts of PFA on milk composition and fatty acid profile.  

Results   

Fat percentage  

The average adjusted values for fat percentage for group I, II III & IV were 3.99, 4.04, 4.07 and 3.87 
respectively. The fat percentage values in milk did not differ significantly among the different groups. 
However there was higher fat percentage in cows of group III fed with ration containing  

4.  bypass fat.  
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Solid Not Fat percentage (SNF)  

 The average adjusted mean values for solid not fat were 9.32, 9.08, 9.25 and 8.92 %, respectively for 
group I, II, III & IV. The SNF content in milk of cows under group I was  significantly (p<0.05) 
higher than group II and IV. However group II and IV, Group I and III did not differ significantly.  

Total solids  

 The average adjusted values for total solids were 13.29, 13.09, 13.34 and 12.76 % respectively for 
group I, II, III and IV .A significantly higher total solid content was observed in group III than group 
IV, however there was no significant difference between group I, II and IV.    

Protein  

The average adjusted protein content in milk of group I, II, III and IV was 3.43, 3.49, 3.46 and 3.34 
percent respectively. The protein percent values did not differ significantly among different groups of 
cows fed ration containing bypass fat.  

Lactose  

 The average adjusted lactose content in milk were 5.20, 4.85, 5.16 and 4.85 percent respectively for 
groups I (control), II (2 percent bypass fat, III (4 percent bypass fat) and IV (6 percent bypass fat). No 
significant difference was noted in lactose content of milk among cows of different groups fed ration 
containing bypass fat.  

Ash  

 The average adjusted ash content values for Group I, II, III and IV were 0.70, 0.71, 0.70 and 0.68 
percent respectively. There was no significant difference in ash content of milk among different 
groups of cows. Overall Average Milk Composition of Different Treatment Groups of Lactating 

Cross Bred Cows Fed Rations Containing Bypass Fat during Experimental Feeding Period 

Experimental Groups  

Fort nights  

Group I  Group II  Group  Group IV  S.E Significan 

(Control)  (2%  III  (6%  m  ce  

bypass  (4%  bypass fat)  

fat)  bypass  

fat)  

Total solids %  13.31a  ± 0.21  13.09ab  ±  13.34a  ±  12.77b  ±  0.11  *  

0.06  0.07  0.20  

Fat %  4.01 ± 0.13  4.04 ±  4.08 ±  3.86 ± 0.19  0.87  NS  

0.08  0.13  

Protein %  3.45 ± 0.10  3.49 ±  3.45 ±  3.37 ± 0.10  0.38  NS  
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0.08  0.07  

Lactose %  5.20a  ± 0.10  4.84b  ±  5.16a  ±  4.87b  ±  0.91  *  

0.09  0.14  0.06  

Ash %  0.69 ± 0.01  0.71 ±  0.69 ±  0.69 ± 0.01  0.01  NS  

0.01  0.01  

Solid –  not- 9.31a  ± 0.11  9.08a  ±  9.26a  ±  8.91b  ±  0.77  *  

fat%  0.04  0.08  0.04  

NS = Non –  Significant  

ab Values bearing different superscripts in a row differ significantly from each other  

.*P<0.05  

Fatty Acids Concentration in Milk Fat  

Butyric Acid  

The average butyric acid concentration in milk fat was 5.00+0.10, 4.76 + 0.17, 4.46 + 0.13 and 5.03 + 
0.42 (g/100g fat) respectively for groups I,II,III and IV. There was no significant  difference  between  
differences  in  butyric  acid  concentration  among  different treatment groups of cows.  Caproic 

Acid The average caproic acid concentration in milk  fat was 3.47 + 0.14,3.14+0.17, 3.07 + 0.17 and 
2.93 + 0.20 5.00+0.10, 4.76 + 0.17, 4.46 + 0.13 and 5.03 + 0.42 (g/100g fat) respectively for groups 
I,II,III and IV. There was a significantly (p<0.05) higher value of caproic acid for group I (control) 
than other groups.  

 Caprylic Acid  

The caprylic acid concentration for group I, II, III and IV were 2.46 + 0.12, 2.1 + 0.08, 1.75 +0.23 and 
1.84+ 0.12 g/100g fat respectively. There was a significant (p<0.05) higher caprylic acid 
concentration in milk fat of cows under Groups I (control) than groups III and IV. However there was 
no significant difference between groups II, III and IV.  

Lauric acid  

The average lauric acid concentration in group I, II, III and IV was 6.43 + 0.15, 6.07+ 0.19, 6.01 + 
0.19 and 5.80 + 0.14 g/100g fat, respectively. There was no significant difference in lauric acid 
concentration in milk fat among various treatment groups.  

Palmitic Acid  

The average values of Palmitic acid content  in milk fat of cows in group I, II, III and IV was 26.59 + 
0.26,28.08+ 0.27.28.78+0.25 and 29.80 + 1.64 g/100g fat, respectively. The palmitic acid 
concentration was significantly (p<0.01) higher in group IV (6 percent bypass fat) than group I , II 
and III. Groups II and III showed significantly higher palmtic acid concentration  than  group  I  
(control).  There  was  an  increasing  trend  in  palmitic  acid concentration in milk fat with increases 
in bypass fat supplementation in the ration. Stearic Acid   
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The stearic  acid concentration in milk  fat were 6.77 +0.15, 7.85 + 0.23, 7.830 + 0.16 and 8.26+ 0.21 
(g/100 g fat) respectively for groups I,II,III and IV. There was a significantly (p<0.01) highest value 
for stearic acid in group IV followed by group II and III and lowest in group I (control). However 
group II, III and IV did not differ significantly among each other.  

 Oleic acid  

The average values of oleic  acid concentration  in milk fat of cows in group I, II, III and IV was 
16.69 + 0.24,17.82+ 0.27.18.28+0.33 and 19.52 + 0.25 g/100g fat, respectively. Treatment IV(6 
percent bypass fat) was significantly (p<0.01) higher in oleic acid content of milk fat than group III(4 
percent bypass fat),II (2 percent bypass fat)  and I(control) and there was also a significantly (p<0.01) 
high oleic acid content in milk fat of cows under  groups III and II than Group I (control).  

 Linoleic acid  

The values for linoleic acid content in milk fat of cows fed ration s containing bypass fat were 2.22 
+0.13,2.48+0.11,2.64+0.13 and 2.55 + 0.05 (g/100g fat), respectively for groups I,II,III and IV. There 
was a significant (p<0.05) effect of bypass fat supplementation in the ration on linoleic acid content of 
milk fat. The linoleic acid content was significantly highest in milk fat of cows in group III fed rations 
containing 4 percent bypass fat followed by groups IV, II and lowest in groups I (control)  

Linolenic acid   

The average values of linolenic  acid concentration  in milk fat of cows in group I, II, III and IV was 
0.55 + 0.01,0.68+ 0.03.0.71+0.10 and 1.00 + 0.05 g/100g fat, respectively. The  linolenic acid 
concentration of milk fat in group IV was significantly (p<0.01) higher than groups III,II and I and 
there was an increasing trend in Linolenic acid concentration in milk fat with increases in bypass fat 
supplementation in the ration. Arachidonic Acid  

The average values of arachidonic acid content in milk fat of cows in group I, II, III and IV were 0.44 
+ 0.01, 0.66+ 0.11, 0.69+0.17 and 0.80 + 0.11 g/100g fat, respectively and there was  no  significant  
difference  among  different  treatment  groups.  However  there  was  an increasing trend in 
arachidonic acid concentration in milk fat. 

Average Fatty Acid Concentration in the Milk Fat (G/100G Fat) on Groups of Lactating 

Crossbred Fed Rations Containing Bypass Fat.  

Attributes  Experimental Groups  S.Em.  Signif 

Group I  Group II (2%  Group III  Group IV  icanc 

(Control)  bypass fat)  (4%bypass  (2%bypass  e  

fat)  fat)  

Butyric acid  5.00 ± 0.10  4.76 ± 0.17  4.46 ± 0.13  5.03  ±  0.42  0.19  NS  

  

Caproic acid  3.47a  ± 0.14  3.14b  ± 0.17  3.07b  ± .019  2093b  ±  0.20  1.00  *  

Caprylic acid  2.46a  ± 0.12  2.11ab  ± 0.08  1.75b  ± 0.23  1.84b  ± 0.12  0.13  *  
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Capric acid  5.65a  ± 0.42  5.29ab  ± 0.23  5.00b  ± 0.21  4.82b  ± 0.10  0.17  *  

  

Lauric acid  6.43 ± 0.15  6.07 ± 0.19  6.01 ± 0.19  5.80 ± 0.14  0.16  NS  

  

Myristic acid  10.92 ± 0.25  10.91 ± 0.11  10.54 ± 0.23  10.38 ± 0.13  0.20  NS Palmitic acid  26.59c  
± 0.26  28.08b  ± 0.27  28.78b  ± 0.25  29.80a  ± 0.16  0.21  **  

  

Stearic acid  6.77b  ± 0.15  7.85a  ± 0.23  7.83a  ± 0.16  8.26a  ± 0.21  0.13  **  

  

Oleic acid  16.69c  ± 0.24  17.82b  ± 0.27  18.28b  ± 0.33  19.52a  ± 0.25  0.26  **  

  

Linoleic acid  2.22b  ± 0.013  2.48a  ± 0.11  2.64a  ± 0.13  2.55a  ± 0.05  0.73  *  

Linolenic acid  0.55b  ± 0.01  0.68b  ± 0.03  0.71b  ± 0.10  1.00a  ± 0.05  0.57  **  

 Arachidonic  0.44 ± 0.01  0.66 ± 0.11  0.69 ± 0.17  0.80 ± 0.11  0.11  NS acid  

NS=Non –  Significant  

abc values bearing different superscripts in a row differ significantly from each other.*P<0.05  

Conclusion  

From the findings of the present study it was concluded that supplementing the ration of lactating 
cows with calcium salts of palm oil fatty acids caused a substantial improvement in the milk quality, 
total solids & SNF yield in milk of cows. Analysis of milk fat revealed an increase of unsaturated 
fatty acids like oleic acid, linoleic acid and linolenic acid which may be beneficial to consumers 
having heart problems.  Thus supplementing the ration of lactating cows with bypass fat improved the 
milk production as well as milk quality.  
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ABSTRACT 

A case of herpes viral infection associated with prostatitis was diagnosed in a 7 ½ m old German 
shepherd pup from the clinical signs, general physical examination, haemato-biochemical results, 
ultrasound scanning.Small vesicles were noted in the conjuctival mucous membrane and hyperemic 
vesicles could be observed on bulbaglandis while collecting prostatic fluid. on ultrasonography the 
prostatic capsule was thickened and mixed echogenic changes were observed in the prostatic 
parenchyma. The prostatic length, depth, width and prostatic volume were 3.02 cm, 3.65 cm, 1.54 cm 
and 8.88 cm3 respectively. The serum creatinine was also elevated. Culture and sensitivity of prostatic 
fluid was also conducted. The case was diagnosed as prostatitis associated with herpes virus infection 
based on the clinical signs, prostatic fluid cytology, culture, ultrasonography and clinical response. 

Introduction 

Canine herpes viral infection is well known, to be capable of producing generalized infection with 
predilection for upper respiratory, genital and neurologic tissues leading to death in neonatal and 
foetal pup. Although this virus is a common pathogen in immunosuppressed patients, its presence in 
the male genital tract is relatively rare. The mortality in neonatal or infant puppies is virtually 100% in 
most of the outbreaks of canine herpes viral infection. The oropharyngeal and genital forms were 
milder than other forms.  The transmission of canine herpes viral (CHV) may be venereal, 
transplacental, respiratory or by vaginal contact during birth.  In pups, CHV causes a fatal disease 
characterized by generalized necrosis and bleeding. The disease is usually mild or subclinical in adults 
and consists of conjunctivitis, a serous or mucopurulent ocular and/or nasal discharge, and vaginal 
lesions that start as vesicles early in the course of the disease but then become circular and pock-like. 

Case History and Observation 

A German shepherd male dog aged 7 ½ month was presented with the history of anorexia, vomiting, 
straining while defecation and difficulty in urination since 10 days. The animal was less active. The 
temperature was 103.2 F, pulse 79/min, respiration 24/min and visible mucous membranes were 
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slightly congested. Small vesicles were noted in the conjuctival mucous membrane and hyperemic 
vesicles could be observed on bulbaglandis while collecting prostatic fluid. 

The prostate gland was found to be warm to touch on rectal digital examination and positioned 
intrapelvically. The prostate was smooth, firm and slight enlargement could be observed on rectal 
digital palpation. The prostate gland was movable and the animal exhibited slight pain while doing 
rectal examination. On ultrasonography the prostatic capsule was thickened and mixed echogenic 
changes were observed in the prostatic parenchyma. The prostatic length, depth, width and prostatic 
volume were 3.02 cm, 3.65 cm, 1.54 cm and 8.88 cm3 respectively. Both kidneys had focal 
hyperechoic areas. The right kidney was enlarged. 

Prostatic fluid collected by ejaculation was slightly purulent in nature. The cytological evaluation 
revealed clumps of neutrophils and occasional cuboidal cells indicating inflammatory process. The 
culture and sensitivity of prostatic secretion revealed the presence of staphylococcus. The organism 
was sensitive to enrofloxacin, resistant to chloramphenicol, tetracycline and gentamicin. The values of 
haemoglobin, erythrocyte count and PCV were 9.9 g/dl, 4.33 millions/cu mm and 25.5 % 
respectively. Total leukocyte count, percentage of neutrophils, lymphocytes and eosinophils were 
14400 /cu mm, 60, 30 and 10 respectively. The platelet count was 279000/ cu mm. Total protein, 
albumin, globulin and AG ratio were 3.90 g/dl, 1.00 g/dl, 2.90 g/dl and 0.30 respectively. The serum 
creatinine on the day of admission was 3.80 mg/dl and the subsequent value on seventh day was 5 
mg/dl. Blood urea nitrogen was 32 mg/dl. The serum glucose and calcium were 68 mg/dl and 7mg/dl 
respectively. The serum acid phosphatase and prostatic fraction values were 12 U/L and 3.5 U/L 
respectively. The serum testosterone level was 0.9 ng/ml. The urine pH and specific gravity were 7.5 
and 1.004 respectively. Proteinuria (4+) was present whereas, blood pigments were negative. The 
culture and sensitivity result of urine sample was negative for any microbial growth. 

The case was treated with enrofloxacin @ 10 mg/kg IV, fluids, antiemetics (Inj Metoclopramide @ 
0.2 mg/kg BW SC) and proton pump inhibitors (Inj Pantoprazole @ 1 mg/kg BW IV) for 10 days. 
Additionally, the dog was treated with tablet Althrocin 250 mg, tablet Zinnetac 150 mg and Herperax 
(acyclovir) ointment. The vesicular lesions of the eye and bulbaglandis were cured. Food intake also 
improved and there was slight reduction in constipation but the serum creatinine level further 
increased to 5 mg/dl. Since the owner was not interested in continuing the treatment, further 
observations could not be made. Hence the present case was diagnosed as prostatitis associated with 
herpes virus infection based on the clinical signs, prostatic fluid cytology, culture, ultrasonography 
and clinical response.                           

 

 

Figure 1 German shepherd showing dyschezia              Fig. 2 (a) &(b) Vesicular lesions in 

conjuctival mucous membrane 
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 Fig. 5 After treatment 

 

 

Discussion 

Canine herpes viral infection is well known, to be capable of producing generalized infection leading 
to death in neonatal and foetal pup. The mortality in neonatal or infant puppies is virtually 100% in 
most of the outbreaks of canine herpes viral infection. (Carmichael et al. 1965). Whereas, Sigel 
(1962) reported that the age of an animal at the time of infection with many viruses often determines 
the outcome of disease. Anvik (1991) reported that herpes could cause both systemic and localized 
disease and had predilection for upper respiratory, genital and neurologic tissues. The author also 
reported that oropharyngeal and genital forms were milder than other forms. 

The present case was reported in a 7-½ month old German shepherd male dog. The dog might be 
exposed to canine herpes virus in utero, during passage through the birth canal, or as newborns from 
the dam, infected littermates, or formites (Anvik, 1991). Immunosuppressive factors were facilitating 
the viral reactivation. 

The case was reported with a history of soft stools with straining while defecation. Other clinical signs 
were anorexia, vomiting, difficulty in urination and malaise. Hashimoto et al. (1978) reported 
greenish yellow diarrhea, anorexia, vomiting, serous nasal discharge and dyspnoea in naturally 
occurring cases of canine herpes viral infection. The difficulty in urination might be due to renal 
failure that developed from the necrosis and hemorrhage in kidney produced by the herpes viral 
infection as reported by Hashimoto and Hirai (1984). Neonates infected with canine herpes viral 
infection could show severe ocular inflammation characterized by cataracts, keratitis and retinitis 
within five days of inflammation (Anvik, 1991). 

   Fig. 4                                           

echogenisity in prostate 

             Fig. 3 Hyperemic vesicles on 

bulbous glandis                                                    

Thickened capsule and mixed                            
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Pyrexia, hyperemic vesicular lesions in the conjuctival mucous membranes and petichae, vesicular 
and roughened surface on bulba glandis were the clinical observations after four days of presentation. 
Similar observations were reported by Anvik (1991). Warmness and pain on per rectal examination of 
prostate revealed presence of prostatitis. 

Ultrasonographic appearance of prostate suggested prostatitis, which could be correlated with the 
results of cytological evaluation of prostatic fluid and the culture report of prostatic fluid, which was 
positive for staphylococcus infection. The latent herpes viral infection might have either emerged into 
active infection due to the immunosuppression by staphylococcal infection or the prostatitis could 
develop from herpes viral infection as the virus could cause genital lesions and staphylococcal 
infection occurred secondary to herpes infection. Kraft et al. (1986) reported that the stress of 
concurrent disease could play a role in the activation of latent infection. 

The hemogram suggestive of mild anemia observed might be due to focal hemorrhage in kidneys, 
liver, lungs and intestines and hyperemia on penis due to herpes virus infection. The mild leucocytosis 
with eosinophilia may be due to infectious process. Eosinophilia might occur with the inflammation 
of gastro intestinal, urogenital, respiratory tracts, or the skin (Allen et al, 2005). Hypoalbuminemia 
might be due to liver and kidney disorder by herpes infection and also from increased stress condition 
such as fever and infection. The elevated level of serum creatinine (5 mg/dl) and BUN (32 mg/dl) 
correlated with the ultrasonogram of kidney indicating renal failure, which occurred due to herpes 
viral infection. Hypocalcemia (7 mg/dl) might be due to renal insufficiency. The serum glucose level 
was within normal range. The increased level of serum prostatic acid phosphatase (4.5U/L) was in 
accordance with report of Wadstrom et al. (1984). The reason for that was probably due to 
degeneration of prostatic secretory cells induced by prostatitis. The low specific gravity and 
proteinuria correlates well with the renal failure. 

The treatment with the enrofloxacin alleviated the prostatitis only moderately. The vesicular lesions of 
eye and bulba glandis were cured completely by althrocin tablets and herperax ointment. Anvik 
(1991) reported that the treatment regimens for CHV infection have not been documented, but King 
(1984) reported that drugs such as acyclovir were used to lessen the severity of herpes virus 
infections.  
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ABSTRACT 

Deviation from the traditional believes and values have resulted in the manifestation of threat to the 
habitual dwellers of the forest. The present work was undertaken to study the gross anatomical 
features of the hind limb of the mouse deer which will form a basis for further physiological and 
pathological studies and also aid in the treatment and surgical procedures, when these animals are 
accidentally caught from the forest. The os coxae in mouse deer resembled to those of carnivores and 
rabbit. In the ilium, gluteal line was not so prominent and the sacral surface was very much extensive. 
Tuber coxae lay at a lower level to the iliac crest. The lesser ischiatic notch was absent and the 
ischiatic spine was less prominent. acetabulum was large and deep. obturator foramen was typically 
oval with an approximate length of 1.5 cm and width of 1 cm. The pelvic inlet was typically “U” 
shaped. femur was comparatively long, the head was prominent, but smaller than the acetabulum and 
the articular surface extended on to the neck. Head was at a higher level than the trochanter as in cat. 
The neck was relatively long, so that the femoral head was bowed medially and the fovea capitis was 
rudimentary. Greater trochanter was comparatively a small process. Proximal aspect of the cranial 
surface presented the nutrient foramen. Medial and lateral supracondyloid fossae and the lateral 

1122

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



supracondyloid crest were absent. Trochlear ridges were sagittal and equal. Intercondyloid fossa was 
comparatively wide. Patella was arched, narrow and elongated. articular surface was divided by a 
vertical ridge into two strongly concave areas of which the lateral one was larger. Tibia was the 
longest bone of the hind limb. The triangular proximal end was much more massive than the anterio-
posteriorly compressed distal end. fibula was much reduced. Proximal row of tarsal bones consisted 
of the tibia tarsal and fibular tarsal, the middle row was constituted by the quadrilateral, well 
developed, fused central and fourth tarsal and the distal row presented the first and fused second and 
third bones which were very small. The third metatarsal formed the well-developed large metatarsal 
bone and the second and fourth metatarsals were very thin and long bones which extended up to the 
distal third of the large metatarsal bone. distally the large metatarsal presented two trochleae separated 
by the intertrochlear incisor which was very deep and extended up to the level of distal interosseous 
foramen. The dorsal metatarsal groove was very wide and deep and extended obliquely from the 
proximal to the distal end. Medial half of the dorsal surface presented a ridge which extended from 
the proximal to distal third of the large metatarsal. The two well developed digits presented three 
phalanges and three sesamoids each as in other ruminants. The skeletal peculiarities represent 
adaptation of the species in its habitat and aid in escaping from its predators. 

INTRODUCTION 

Mouse deer belongs to the family Tragulidae (Patton, 2004) and is the smallest ruminant in the world.  
This animal is found only in the tropical forests in southern Asia, including the islands of Java, 
Sumatra and Kalimantan. The population of mouse deer is thought to decline due to habitat 
destruction and conversion into agricultural uses and hunting activity as well as the threat of predators 
(Najamudin et al., 2012). They are solitary or live in pairs, and feed almost exclusively on plant 
material. However, they have primitive features, closer to non-ruminants such as pigs. Each and every 
animal of the forest plays its own role in keeping the balance of food chain and in turn the ecological 
balance. The threat to these species must be abruptly stopped so that further decline can be arrested to 
an extent. Traditional rituals and values must be imbibed in protecting the forests and in the broadest 
sense the nature, for survival of future generations. The present study on the gross anatomical features 
of the hind limb of the mouse deer will form a basis for further physiological and pathological studies 
in the species and also aid in the treatment and diagnosis of these animals. 

Materials and Methods 

Three specimens from different habitat groups constituted the material for this study.  The materials 
were obtained from post mortem specimens brought to the Department of Veterinary Pathology.  The 
bones were prepared for study as described by Young (1980).  

Results and Conclusions 

The os coxae in mouse deer resembled to those of carnivores and rabbit. The long axis of the ilium 
was almost in line with that of the ischium as seen in pig (Fig. 1) (Nickel et al., 1981). The wings of 
ilium were concave dorsally. The gluteal line was not so prominent. Tuber coxae lay at a lower level 
to the iliac crest. Greater ischiatic spine was low and everted. Sacral surface was very much extensive 
as in pig (Hilary et al., 1996) and the surface was comparatively smooth. Iliac surface was very 
narrow and became thicker towards the sacral tuber. Iliac crest was convex, thick and rough in the 
middle which formed the highest point of the bone. Sacral tuber and coxal tuber were lower than the 
crest. Tuber coxae lay at a lower level to the iliac crest. The lateral border of the ilium ended abruptly. 
The sacro- pelvic surface was apparently smooth and presented a ridge at the distal extremity towards 
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the body of the ilium. The iliac crest was comparatively thin except at the outer border of the tuber 
coxae, where it was thick and comparatively smooth. 

Acetabulum was large and deep as reported in small ruminants and dog (Evans and Christensen, 
1979; Konig et al., 2009 and Siddiqui et al., 2008).  Acetabular notch was seen on the caudal part of 
the rim just in front of the obturator foramen. Ischiatic symphysis was not ossified. Obturator foramen 
was typically oval with an approximate length of 1.5cm and width of 1 cm. The pelvic inlet was 
typically “U” shaped. Ischium was comparatively a perfect quadrilateral. The dorso-pelvic surface 
was slightly concave. The lesser ischiatic notch was absent and the ischiatic spine was less prominent. 
Caudo- lateral angle was comparatively thick, smooth and rudimentary in nature.  

Femur was comparatively long (8 cm), the head was prominent, but smaller than the acetabulum and 
the articular surface extended on to the neck. Head was at a higher level than the trochanter as in cat 
(Arnbjerg and Heje, 1993 and Dyce et al., 2002). The neck was relatively long, so that the femoral 
head was bowed medially as in Apterodontinae (Grohe et al., 2012). The fovea capitis of the femoral 
head was rudimentary.  Greater trochanter was comparatively a small process. It continued distally on 
the caudal surface of the shaft as thin faint ridge.  The trochanteric fossa was wide and broad and 
guarded by the oblique intertrochanteric crest that extended from the inconspicuous lesser trochanter 
to the greater trochanter. Proximal aspect of the cranial surface presented the nutrient foramen. Medial 
and lateral supracondyloid fossae and the lateral supracondyloid crest were absent. Trochlear ridges 
were sagittal and equal. Intercondyloid fossa was comparatively wide.  

Patella was arched, narrow and elongated as in rabbit (Fig. 1) (Popesko et al., 1992). It was 
compressed transversely and presented three surfaces as in pig (Konig et al., 2009). Cranial surface 
was comparatively convex and smooth. Articular surface was divided by a vertical ridge into two 
strongly concave areas of which the lateral one was larger.  Lateral border was strongly convex and 
comparatively smooth and possessed numerous prominent nutrient foramina. Base was comparatively 
wider. 

Tibia was the longest bone of the hind limb (9 cm) as reported in llama (Hilary et al., 1996). The 
triangular proximal end was much more massive than the anterio-posteriorly compressed distal end as 
in new goat-like camelid (David and Webb, 2005). The popliteal surface was rough proximally and 
smooth distally and the lateral border presented a groove leading to the nutrient foramen.  In cat 
Arnbjerg  et al. (1993) noticed numerous tiny nutrient foramina along the lateral border of tibia. The 
popliteal surface presented a single popliteal line. The intercondyloid eminence was divided into two 
but the lateral and medial parts were of the same height. The intercondylar area was well separated 
and showed numerous tiny foraminae. Tibial tuberosity was well developed and the tibial crest was 
short and very prominent. Fibula was much reduced. The distal end of the tibia was notable for the 
great distal extent of its medial malleolus as seen in new goat-like camelid (David and Webb, 2005).  
Fibula was much reduced. The lateral malleolus was fused with the tibia and reached up to the same 
level as that of the medial malleolus and on its lateral side there was a rough, highly pitted notch 
which extended upwards along the lateral border of the tibia. 

Proximal row of tarsal bones consisted of the tibia tarsal and fibular tarsal, the middle row was 
constituted by the quadrilateral, well developed, fused central and fourth tarsal and the distal row 
presented the first and fused second and third bones which were very small. The centroquartal bone 
was pierced by a canal which was continuous with the large metatarsal for the lodgement of blood 
vessels.  It also presented a hook-like plantaro-medial projection which articulated with the large 
metatarsal.  The third metatarsal formed the well developed large metatarsal bone (5.5 cm long) and 
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the second and fourth metatarsals were very thin and long bones which extended up to the distal third 
of the large metatarsal bone. Distally the large metatarsal presented two trochleae separated by the 
intertrochlear incisor which was very deep and extended up to the level of distal interosseous 
foramen.  The dorsal metatarsal groove was very wide and deep as reported in domestic ruminants by 
Frandson et al. (2009). Medial half of the dorsal surface presented a ridge which extended from the 
proximal to distal third of the large metatarsal. The two well developed digits presented three 
phalanges and three sesamoids as in other ruminants.  The proximal phalanx was the biggest of all as 
in rabbit (Çevik et al., 2007). The skeletal peculiarities represent adaptation of the species in its 
habitat and aid in escaping from its predators. 

Fig. 1. The skeleton of hindlimb : Mouse Deer 
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ABSTRACT 

Streptococcus suis infections are one of the major issues in both medical and veterinary fields due to 
the economic importance of the infection in swine industry, zoonotic potential of the organism, and 
lack of efficient vaccines. The present paper reports an outbreak of peracute streptococcal meningitis 
caused by S. suis type 2 in a herd of swine and its successful control measures. a mortality of 10% 
within 2 days in a herd of 100 animals was reported in a piggery unit located in kannur district of 
kerala. during necropsy no gross lesions were observed in any of the organs other than severe 
congestion, petechiae and cloudy areas in the meninges. Cerebral blood vessels were also congested. 
Experimental inoculation of blood agar with the brain tissue from affected areas yielded small, 
translucent, and α-haemolytic colonies in pure form. based on the morphological and biochemical 
properties the isolate was characterized as S. suis type 2. for the selection of suitable antibiotic for 
treatment, antibiotic sensitivity testing was carried out. The results showed that the organism was 
susceptible only to Enrofloxacin, ofloxacin, Rifampin and Co-trimoxazole. The isolate showed 
resistance to Penicillin-G, amoxicillin, amoxicillin – Sulbactam, Ticarcillin, Cloxacillin, Methicillin, 
Clindamycin, nalidixic acid, Streptomycin, novobiocin, oxytetracycline, Meropenem, Cefoperazone, 
nitrofurantoin, Erythromycin, Lincomycin, Polymyxin b, Cefixime, Cefalexin, Ceftriaxone, 
Vancomycin and Piperacillin. as per the results the remaining affected animals were treated with 
fortivir (enrofloxacin10% w/v) and melonex injections which resulted in clinical improvement and 
further mortality was not recorded in the herd. Thus, the present study emphasizes the need for early 
diagnosis and selection of suitable antibiotics for the control of streptococcal infections in swine 
industry. The possible zoonotic implications of S. suis infections are also discussed here. The present 
paper also points to the need for reevaluation of the use of penicillin for the treatment of all S. suis 
infections. 

INTRODUCTION 

Streptococcus suis is an important pathogen that can cause serious systemic infections in pigs and is 
responsible for considerable economical loss to the porcine industry (Gottschalk et al., 2010). In pigs, 
the most important clinical feature associated with S. suis is meningitis although other pathologies 
such as arthritis, endocarditis, pneumonia, and septicaemia have also been described (Higgins and 
Gottschalk, 1999). S. suis was first reported by veterinarians in 1954, after outbreaks of meningitis, 
septicaemia, and purulent arthritis occurred among piglets (Field et al., 1954). Fourteen years later, 
the first human S. suis cases were diagnosed in Denmark (Perch et al., 1968). Now it is considered an 
emerging zoonotic agent in most parts of the world responsible for septicaemia, meningitis, arthritis, 
endocarditis, ataxia and permanent deafness in humans (Gottschalk et al., 2007). The bacterium is 
also reported to cause purulent lesions in the lungs and other extramammary sites of cattle, sheep, and 
goats (Acha and Szyfres, 2003). Most S. suis organisms isolated from diseased pigs belong to 
serotypes 1–8 (Higgins and Gottschalk, 2005) with serotype 2 as the most prevalent and virulent 
strain worldwide, which causes invasive infections in pigs and humans (Goyette-Desjardins et al., 
2014).  

In the present paper we are describing an outbreak of meningitis caused by S. suis serotype 2 in a herd 
of swine. The microbiological and clinical features of this case are discussed and compared with those 
presented in the literature. The limited availability of efficient vaccines, and the virulence and 
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zoonotic potential of S. suis necessitate employment of rapid diagnostic and characterization 
techniques for successful elimination of the pathogen and the present paper underscores the same. 

Materials and Methods 

Two piglets (8 weeks of age) were brought from a private piggery unit located in Kannur district of 
Kerala to the Department of Veterinary Pathology, College of Veterinary and Animal Sciences, 
Pookode, for post mortem examination. Clinical history of the animals stated that there was an 
outbreak of a peracute disease in a herd of 100 pigs, with symptoms such as anorexia, fever and 
depression followed by death. Mortality was as high as 10% within the first 2 days. Following 
postmortem examination, a microbiological investigation was undertaken to diagnose the disease.  

Necropsy was conducted and observed for gross pathological lesions. Sterile swabs of the brain 
lesions were collected and streaked on 5% bovine blood agar and incubated under increased carbon 
dioxide tension (HiMedia Laboratories, Mumbai, India). Smears prepared from colonies formed on 
blood agar were then morphologically characterized by Gram’s method (Quinn et al., 1994). The 
isolate was sub-cultured on brain heart infusion (BHI) agar (HiMedia Laboratories). Biochemical 
characterization of the isolate was then done by oxidase test, catalase test, IMViC tests (Indole, 
Methyl red, Voges–Proskauer and Citrate utilization), optochin sensitivity and bacitracin sensitivity 
tests (Quinn et al., 1994). The organism was then sub-cultured on Edward’s medium (HiMedia 
Laboratories, Mumbai, India) for the determination of growth characteristics and esculin hydrolysis. 
Simultaneously, the organism was sub-cultured on MacConkey agar and 6.5% NaCl broth. Sugar 
fermentation tests were then carried out for the species identification (Quinn et al., 1994) using paper 
discs of various sugars (HiMedia Laboratories, Mumbai, India). The various tested sugars included 
melibiose, mannitol, raffinose, adonitol, inositol, dulcitol, salicin, galactose, trehalose, rhamnose, 
inulin, fructose, arabinose, maltose and lactose. Antibiotic susceptibility testing was carried out by 
standard disc diffusion method (Bauer et al., 1966), with slight modifications because of the fastidious 
nature of the organism, by using 26 commercially available antibiotic discs (HiMedia Laboratories). 
Briefly, bacterial suspension in log phase of growth was plated in BHI agar and antibiotic 
impregnated discs were applied aseptically. The plate was incubated at 37⁰C overnight and zones of 
inhibition were measured, recorded and interpreted according to the manufacturer’s instructions. 

Results and Conclusions 

Streptococcus suis, an increasingly important pathogen, has a significant economic impact on swine 
production due to the decreased performance and mortality in affected animals (Staats et al., 1997). 
At the same time there is growing concern about the impact of S. suis as a zoonotic agent, particularly 
for individuals who handle pigs and pig carcasses (Byra et al., 2011). The present paper reports an 
outbreak of meningitis in a pig herd along with the microbiological characteristics of the isolate. 

During the necropsy no gross lesions were observed in any of the organs other than brain. There was 
severe congestion, petechiae and cloudy areas in the meninges. Cerebral blood vessels were also 
congested. The cultivation of the swab prepared from the brain lesions yielded small, translucent, and 
α-haemolytic colonies in pure form on blood agar after 48 hours of incubation under increased carbon 
dioxide tension (Fig.1). Gram's staining revealed that the isolate was gram positive coccus (Fig. 2). 
Catalase and oxidase tests were negative which proved that the cocci isolated were of Streptococcus 
species. For further confirmation, colonies were grown on Edward's medium and small black esculin-
positive colonies were observed (Fig.3). Sub-culturing the isolate on MacConkey agar and 6.5% NaCl 
broth yielded no colonies. The isolate was also found to be positive for methyl red test and negative 
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for indole, nitrate reduction, Voges-Proskauer, citrate utilization and urease tests. The isolate was 
resistant to both optochin and bacitracin. In sugar fermentation test, the isolate produced acid from 
lactose, salicin, maltose, trehalose, cellobiose, galactose and raffinose. There was no acid production 
from rhamnose, inulin, fructose, arabinose, adonitol, dulcitol, inositol, melibiose and mannose. Thus, 
the results demonstrated that the isolated organism belonged to S. suis type 2. Our results are exactly 
similar to the previous descriptions of S. suis type 2 by various authors (Higgins and Gottschalk, 
1990; Quinn et al., 1994; Tarradas et al., 1994).  

 

Fig. 1: α-haemolytic colonies on blood agar Fig. 2: Result of Gram’s staining 

 

 

  

Thus, the present case was diagnosed as an outbreak of peracute 
streptococcal meningitis caused by S. suis type 2. The pigs were 
found dead in this outbreak with no specific premonitory signs 
other than anorexia and depression. A similar case of peracute 
streptococcal meningitis in piglets was reported earlier (Sanford and 

Tilker, 1982). As in this outbreak, S. suis infections were frequently reported from pigs of 5-10 weeks 
of age (Higgins et al., 1990).  Soon after diagnosis, measures were taken to control the outbreak. For 
the selection of suitable antibiotic in treatment, antibiogram of the isolate was performed by standard 
disc diffusion method (Bauer et al., 1966) using 26 commercially available antibiotic discs. Results 
showed that the organism was susceptible only to four antibiotics (Enrofloxacin, Ofloxacin, Rifampin 
and Co-trimoxazole). Although penicillin and its derivatives are the commonly used antibiotics for the 
treatment of streptococcal infections in both animals and humans (Prieto et al., 1994), the isolate in 
the present case was found to be resistant to all the tested penicillin derivatives (Penicillin-G, 
Amoxicillin, Amoxicillin – Sulbactam, Ticarcillin, Cloxacillin, Methicillin and Piperacillin). Similar 
to our observation, Sanford and Tilker (1989) also reported the presence of penicillin-resistant 
streptococcal isolates. They had also stated that as the clinical implications of S. suis resistance to 
penicillin are very serious and susceptibility of S. suis to this class of antimicrobial agents can no 
longer be assumed for all isolates, the treatment of S. suis infections may need to be reevaluated. 
However, there are also reports of isolation of S. suis, from pigs, which was sensitive to Penicillin and 
Amoxicillin and resistant to Co-trimoxazole (Ravishankar et al., 2005). As per our results, the 
remaining animals were treated with Fortivir (enrofloxacin 10% w/v) and melonex injections which 
resulted in clinical improvement and there was no further mortality in the herd.  

 In conclusion, the present paper reports an outbreak of 
peracute streptococcal meningitis caused by S. suis type 2 
in a herd of swine. In the absence of veterinary 
intervention, S. suis infections could result in devastating 
economic loss for, and significant challenges to the health 
of the farmer. Coupled with these problems, lack of 
efficient vaccines make S. suis infections a major issue in 
both medical and veterinary fields. The present paper also 
highlights the reduced reliability of the penicillin group of 
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antibiotics for the treatment of all S. suis infections.  Accordingly, the present paper emphasizes the 
need for the early diagnosis and selection of suitable antibiotics for the control of streptococcal 
infections in swine industry.  

Fig. 3: Colonies formed on Edward's medium   
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ABSTRACT 

Staphylococcus aureus is an important agent of food poisoning. The present study was undertaken to 
investigate the prevalence and antibiotic sensitivity of S. aureus isolated from poultry meat collected 
from different markets of kalpetta and vythiri in wayanad district, kerala. a total of thirty eight poultry 
meat samples were collected. out of thirty eighty samples twenty nine were found positive for S. 

aureus by culture and these isolates were confirmed by biochemical methods. The isolates were 
subjected to invitro antibiotic sensitivity test. The isolates were found highly sensitive to 
chloramphenicol (93.10%), cefuroxime (82.75%), gentamicin (75.86%), ciprofloxacin (75.86%), 
moderately sensitive to erythromycin (48%) and found resistant to methicillin, ampicillin, amoxyclav 
and co-trimoxazole, tetracycline. This study confirmed the presence of S. aureus, especially 
antibiotic-resistant strains in poultry meat. 

keywords: antibiotic sensitivity, S. aureus, poultry meat 

INTRODUCTION 

Bovine  fasciolosis  is  an  economically  important  parasitic  disease  of  cattle  which imposes  direct  
and  indirect  economic  impact  on  livestock  production.  (Keyyu et al., 2005). Fasciola  hepatica  
and  Fasciola  gigantica  are  the  two  liver  fluke  species  reported  to  cause fasciolosis  in  
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ruminants.  Generally,  the  distributioin  of  fasciolosis  is  worldwide,  however, the  distribution  of  
Fasciola  hepatica,  is  limited  to  temperate  areas  and  highlands  of tropical  and  sub-tropical  
regions.  The  common  definitive  hosts  for  Fasciola  hepatica  are sheep  and  cattle.  The  life  
cycle  of  trematodes  involves  snail  as  an  intermediate  host (Walker et al., 2008).  The  geographic  
distribution  of  trematode  species  is  dependent  on  the distribution  of  suitable  species  of  snails.  
The  genus  Lymnaea  in  general  and  Lymnea trancatula  in  particular  is  the  most  common  
intermediate  host  for  Fasciola   hepatica.  

Infected  host  exhibit  poor  weight  gain,  lower  milk  yield  with  metabolic  diseases. Kithuka  et  

al.,(2002)  reported  upto  0.26 million  USD  annual  losses  due  to  fasciolosis associated  liver  
condemnations  in  cattle  slaughtered  in  Kenya.  The  present  study  aimed  at determining  the  
prevalence  and  the  economic  loss  due  to  liver  condemnation  in  buffaloes slaughtered  in  an  
abattoir  at  Wayanad  district  in  Kerala. 

MATERIALS  AND  METHODS 

DESCRIPTION  OF  THE  STUDY  AREA 

The  study  was  conducted  in  a  slaughter  house  at  Wayanad  district  of  Kerala. Wayanad  district  
is  located  at  a  latitude  11.27’-15.58’ N  longitude  of  about  75.47'-70.27' E,  and  at  an  elevation  
ranging  from  700  m  to  2100  m  above  sea  level.  The  study  area receives  a  mean  average  
rainfall  of  about  2322  millimeters.  The  annual  mean  minimum and  maximum  temperature  
during  the  study  period  were  18  and  29  degree  Celsius respectively.  

STUDY  POPULATION 

The  study  population  include  2212  adult  male  buffaloes  slaughtered  in  Wayanad district  of  
Kerala.  The  buffaloes  were  procured  from  different  markets  at  Anthra  Pradesh and  Tamil  
Nadu.  

STUDY  DESIGN 

A  cross  sectional  type  study  was  conducted  from  April  2014  to  September  2014  to  determine  
the  prevalence  rate  and  the  economic  significance  of  bubaline  fasciolosis  by using  post-mortem  
examination  of  different  organs  in  general  and  liver  of  each  slaughtered  animal  was  carefully  
examined  by  visualization  and  palpation  of  the  entire organ  that  was  followed  by  transverse  
incision  of  the  organ  across  the  thin  left  lob  in order  to  confirm  the  case.  Species  
identification  of  the  recovered  Fasciola  was  also performed  (based  on  the  morphological  
features  of  the  agents)  and  classified  in  toFasciola  hepatica, Fasciola  gigantica  and  
unidentified  or  immature  forms  of  liver  fluke. (Urquhart 1996).  Pathological  lesions  were  
judged  to  be  condemned  based  on  guidelines  on  meat  inspection  for  developing  countries  
(Herenda  et al.,(2000.  Carcass  of  affected animals  are  approved  if  in  a  good  flesh  and  
condemned  if  emasciated.  Heavily  infested parasitic  liver  is  condemned. 

DATA COLLECTION 

The  average  weight  of  buffalo  liver  and  price  per  kilogram  were  calculated  to  be  4 kg and Rs 
180 respectively.  The  direct  loss  computed  as: 

Monthly  loss  estimated  due  to  liver  condemnation = Number  of  livers  condemned  monthly X  
Average  weight  of  each  buffalo  liver  X  Average  cost  of  buffalo  liver  per  kilogram.  
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STATISTICAL ANALYSIS 

Prevalence  of  fasciolosis  was  calculated  as  the  number  of  buffalo  found  to  be infected  with  
Fasciola,  expressed  as  a  percentage  of  the  total  number  of  buffalo slaughtered  (Thrusfield 
1995).  The  economic  significance  of  the  problem  was  analyzed based  on  the  calculations  
monthly  basis. 

RESULTS  

PREVALANCE  OF  FASCIOLOSIS 

A  total  of  212  adult  male  buffaloes  were  slaughtered  at  the   abattoir  and  examined for  
fasciolosis.  Of  the  total  buffaloes  slaughtered  and  examined (N=212), 22.64% (n= 48)  of them  
were  found  to  be  positive  for  lesion  of  fasciolosis (Table 1).  

Table 1: Prevalence  of  fasciolosis  and  the  different  fasciola  species  recovered  during  the study  
period. 

 

No. of Buffaloes 
examined 

No. of positive   
livers(%) 

Prevalence of 
Fasciola hepatica(%) 

Prevalence of 
Fasciola 

gigantica(%) 

Prevalence of 
unidentified or 
immature(%) 

212 48 (22.64) 0 43 (20.28) 5 (2.35) 

 

FASCIOLA  SPECIES  IDENTIFICATION  

From  a  total  of  48 livers  found  positive  for  fluke  infection  during  post  mortem inspection  of  
slaughtered  animals,  43  livers  (89.58 %)  harboured  Fasciola  gigantica,  5 livers  (10.42 %)  
infected  with  unidentified  species  due  to  immature  fluke  (Table 2).  

Table 2: Species  of  Fasciola  encountered  in  affected  livers  during  post  mort  examination  of  
slaughtered  animals 

 

 

SEVERITY OF INFECTION 

Species of Fasciola No.  of  livers Percentage 

Fasciola  gigantica 43 89.58 

Fasciola  hepatica 0 0 

Unidentified  or  immature 5 10.42 

Total 48 100 
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The  pathological  conditions  in  liver  were  classified  as  severe,  moderate,  light  and 
undifferentiated  types. 

 

Pathological lesions of liver No of livers affected (%) Average fluke burden 

Severe 18  (37.5) 60 

Moderate 20  (41.6) 45 

Light   5  (10.41) 32 

Undifferentiated   5  (10.41) 10 

total 48  (100)  

 

ECONOMIC  LOSS 

From  the  result  of  the  study,  the  economic  loss  due  to  liver  condemnation  was estimated  to  
be  an  amount  of  Rs.  30240  during  a  period  of  6 months.  

CONCLUSIONS  

This  study  demonstrated  that  fasciolosis  which  is  prevalent  in  buffaloes  brought  to slaughter  at  
Wayanad  district  from  Tamilnadu  and  Anthra  Pradesh  cause  a  considerable  economic  loss  as  
a  result  of  condemnation  of infected  livers.  
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ABSTRACT 

A study was conducted in an abattoir at wayanad district to determine the prevalence rate of bubaline 
fasciolosis and the economic loss due to liver condemnation by using post-mortem examination of 
liver of each slaughtered animal. from the total number of buffaloes slaughtered during the study 
period (212), 22.64% (48) of them were found to be positive for fasciolosis. Fasciola gigantica was 
found to be the most important liver fluke species affecting buffaloes slaughtered in the study area. 
89.58 % of the total livers which were found positive for bubaline fasciolosis were infected by 
Fasciola gigantica whereas 10.42% of livers were infected with unidentified or immature forms of 
Fasciola species. as regards the economic importance of bubaline fasciolosis in the study area, the 
problem caused a loss of an average of Rs 5760 per month. The present study indicate that Fasciola 

gigantica infection is an important condition that leads to high liver condemnations in buffalo 
tendered for slaughter in wayanad district. 

keywords: abattoir, bubaline fasciolosis, wayanad district 

INTRODUCTION 

Bovine  fasciolosis  is  an  economically  important  parasitic  disease  of  cattle  which imposes  direct  
and  indirect  economic  impact  on  livestock  production.  (Keyyu et al., 2005). Fasciola  hepatica  
and  Fasciola  gigantica  are  the  two  liver  fluke  species  reported  to  cause fasciolosis  in  
ruminants.  Generally,  the  distributioin  of  fasciolosis  is  worldwide,  however, the  distribution  of  
Fasciola  hepatica,  is  limited  to  temperate  areas  and  highlands  of tropical  and  sub-tropical  
regions.  The  common  definitive  hosts  for  Fasciola  hepatica  are sheep  and  cattle.  The  life  
cycle  of  trematodes  involves  snail  as  an  intermediate  host (Walker et al., 2008).  The  geographic  
distribution  of  trematode  species  is  dependent  on  the distribution  of  suitable  species  of  snails.  
The  genus  Lymnaea  in  general  and  Lymnea trancatula  in  particular  is  the  most  common  
intermediate  host  for  Fasciola   hepatica.  

Infected  host  exhibit  poor  weight  gain,  lower  milk  yield  with  metabolic  diseases. Kithuka  et  

al.,(2002)  reported  upto  0.26 million  USD  annual  losses  due  to  fasciolosis associated  liver  
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condemnations  in  cattle  slaughtered  in  Kenya.  The  present  study  aimed  at determining  the  
prevalence  and  the  economic  loss  due  to  liver  condemnation  in  buffaloes slaughtered  in  an  
abattoir  at  Wayanad  district  in  Kerala. 

MATERIALS  AND  METHODS 

DESCRIPTION  OF  THE  STUDY  AREA 

The  study  was  conducted  in  a  slaughter  house  at  Wayanad  district  of  Kerala. Wayanad  district  
is  located  at  a  latitude  11.27’-15.58’ N  longitude  of  about  75.47'-70.27' E,  and  at  an  elevation  
ranging  from  700  m  to  2100  m  above  sea  level.  The  study  area receives  a  mean  average  
rainfall  of  about  2322  millimeters.  The  annual  mean  minimum and  maximum  temperature  
during  the  study  period  were  18  and  29  degree  Celsius respectively.  

STUDY  POPULATION 

The  study  population  include  2212  adult  male  buffaloes  slaughtered  in  Wayanad district  of  
Kerala.  The  buffaloes  were  procured  from  different  markets  at  Anthra  Pradesh and  Tamil  
Nadu.  

STUDY  DESIGN 

A  cross  sectional  type  study  was  conducted  from  April  2014  to  September  2014  to  determine  
the  prevalence  rate  and  the  economic  significance  of  bubaline  fasciolosis  by using  post-mortem  
examination  of  different  organs  in  general  and  liver  of  each  slaughtered  animal  was  carefully  
examined  by  visualization  and  palpation  of  the  entire organ  that  was  followed  by  transverse  
incision  of  the  organ  across  the  thin  left  lob  in order  to  confirm  the  case.  Species  
identification  of  the  recovered  Fasciola  was  also performed  (based  on  the  morphological  
features  of  the  agents)  andclassifie in  to Fasciola  hepatica, Fasciola  gigantica  and  unidentified  
or  immature  forms  of  liver  fluke. (Urquhart 1996).  Pathological  lesions  were  judged  to  be  
condemned  based  on  guidelines  on  meat  inspection  for  developing  countries  (Herenda  et 

al.,(2000.  Carcass  of  affected animals  are  approved  if  in  a  good  flesh  and  condemned  if  
emasciated.  Heavily  infested parasitic  liver  is  condemned. 

DATA COLLECTION 

The  average  weight  of  buffalo  liver  and  price  per  kilogram  were  calculated  to  be  4 kg and Rs 
180 respectively.  The  direct  loss  computed  as: 

Monthly  loss  estimated  due  to  liver  condemnation = Number  of  livers  condemned  monthly X  
Average  weight  of  each  buffalo  liver  X  Average  cost  of  buffalo  liver  per  kilogram.  

STATISTICAL ANALYSIS 

Prevalence  of  fasciolosis  was  calculated  as  the  number  of  buffalo  found  to  be infected  with  
Fasciola,  expressed  as  a  percentage  of  the  total  number  of  buffalo slaughtered  (Thrusfield 
1995).  The  economic  significance  of  the  problem  was  analyzed based  on  the  calculations  
monthly  basis. 

RESULTS  

PREVALANCE  OF  FASCIOLOSIS 
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A  total  of  212  adult  male  buffaloes  were  slaughtered  at  the   abattoir  and  examined for  
fasciolosis.  Of  the  total  buffaloes  slaughtered  and  examined (N=212), 22.64% (n= 48)  of them  
were  found  to  be  positive  for  lesion  of  fasciolosis (Table 1).  

Table 1: Prevalence  of  fasciolosis  and  the  different  fasciola  species  recovered  during  the study  
period. 

 

No. of Buffaloes 
examined 

No. of positive   
livers(%) 

Prevalence of 
Fasciola hepatica(%) 

Prevalence of 
Fasciola 

gigantica(%) 

Prevalence of 
unidentified or 
immature(%) 

212 48 (22.64) 0 43 (20.28) 5 (2.35) 

 

FASCIOLA  SPECIES  IDENTIFICATION  

From  a  total  of  48 livers  found  positive  for  fluke  infection  during  post  mortem inspection  of  
slaughtered  animals,  43  livers  (89.58 %)  harboured  Fasciola  gigantica,  5 livers  (10.42 %)  
infected  with  unidentified  species  due  to  immature  fluke  (Table 2).  

Table 2: Species  of  Fasciola  encountered  in  affected  livers  during  post  mort  examination  of  
slaughtered  animals 

SEVERITY OF INFECTION 

The  pathological  conditions  in  liver  were  classified  as  severe,  moderate,  light  and 
undifferentiated  types. 

Pathological lesions of liver No of livers affected (%) Average fluke burden 

Severe 18  (37.5) 60 

Moderate 20  (41.6) 45 

Light   5  (10.41) 32 

Undifferentiated   5  (10.41) 10 

total 48  (100)  

Species of Fasciola No.  of  livers Percentage 

Fasciola  gigantica 43 89.58 

Fasciola  hepatica 0 0 

Unidentified  or  immature 5 10.42 

Total 48 100 
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ECONOMIC  LOSS 

From  the  result  of  the  study,  the  economic  loss  due  to  liver  condemnation  was estimated  to  
be  an  amount  of  Rs.  30240  during  a  period  of  6 months.  

CONCLUSIONS  

This  study  demonstrated  that  fasciolosis  which  is  prevalent  in  buffaloes  brought  to slaughter  at  
Wayanad  district  from  Tamilnadu  and  Anthra  Pradesh  cause  a  considerable  economic  loss  as  
a  result  of  condemnation  of infected  livers.  
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ABSTRACT 

The study was conducted to investigate the effect of glutamine on growth, digestive capacity and 
expression of GH, IGf-1 and IGf-2 genes in Cyprinus carpio fingerlings. Common carp fingerlings 
were fed with isonitrogenous diets containing 0.4%, 0.8% and 1.6% glutamine containing feeds and 
control feed. fish were fed in duplicate tanks with 20 fingerlings in each tank. 10% of the body weight 
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of the fish was given as feed, daily for 90 days. after feeding trial, there was significant increase in 
weight gain in experimental fish compared to control. amylase, protease and lipase activities were 
higher in glutamine fed fish. There was no significant difference in the expression of GH, IGf-1 and 
IGf-2 genes in 0.4% and 0.8% glutamine fed fish. while significant difference was obtained in the 
expression of GH, IGf-1 and IGf-2 genes in 1.6% glutamine fed fish. Highest growth, digestive 
enzyme activity and expression of GH, IGf-1 and IGf-2 genes were found in the case of fish fed with 
1.6% glutamine containing feed. 

INTRODUCTION 

Glutamine is an amino acid present in the plasma of animals (Wu et al. 1994). Its metabolism can 
provide 30–65% of the energy required for mammalian cell growth (Reitzer et al. 1979; Zielke et al. 
1984). Growth hormone is produced by the pituitary gland and it binds with the receptor, on the target 
tissue to initiate physiological processes such as growth  and metabolism (Perez Sanchez et al. 2002). 
GH-IGF-1 system acts as an axis with IGF-1 mediating the physiological action of GH (Butler and Le 
Roith 2001).  

The insulin growth factors play a vital role in growth and physiological processes related with insulin, 
thyroid hormones, sex steroids and the growth hormone (Reinecke and Collet 1998). Bony fish are 
mostly studied animal mainly due to their great use in aquaculture. IGF-1 in fish is produced not only 
in liver, but also in several extra hepatic sites indicating an important role of local IGF-1 through 
paracrine and autocrine mechanisms (Caelers et al. 2004).  

The aim of the present study was to investigate the effect of glutamine on growth, digestive capacity 
and expression of GH, IGF-1 and IGF-2 genes in Cyprinus carpio fingerlings. 

Materials and Methods 

Animal rearing and experimental diets 

Cyprinus carpio var. communis fingerlings were collected from College of Fisheries, Mangalore, 
India and transported to the laboratory in polythene bags filled with oxygenated water. Fish were 
acclimatized in tank for 30 days at 28 ± 4ºC and natural photoperiod (12 L/12 D). During acclimation, 
fish were fed with basal feed containing fish meal, ground nut oil cake, wheat flour and rice bran in 
the form of dry pellets and supplemented with adequate amount of vitamin drops (A–Z drops, 
ALKEM Laboratories Ltd, Mumbai). Control feed was prepared in our laboratory according to the 
method of (Hardy 1980; Johnson 2004; Manju et al. 2013). The feed ingredients in the diet and 
proximate composition of diet are given in Table 1 and Table 2 respectively. The experimental feeds 
were prepared by supplementing 0.4%, 0.8% and 1.6% glutamine respectively along with the 
components of control feed (Yan and Qiu-Zhou 2006). 

Uniformly sized Cyprinus carpio var. communis fingerlings (0.3g ± 0.02) were selected for the study. 
The fish were weighed and length was measured. They were then introduced in the water tank with 
the water level maintained at 30 liters. Ten fingerlings were distributed to each tank. Duplicates were 
maintained for each treatment. During rearing, the fish were fed on 10% of their body weight feed 
twice a day between 8 – 9 am and 4 – 5 pm. The faecal matter was collected daily before changing the 
water with least disturbance to the fish. Approximately 75% of water in the tank was replaced with 
dechlorinated tap water every day. The experiment was continued for 90 days and on the final day the 
body weight and total length and breadth of each fish were measured (Yan and Qiu-Zhou 2006). 
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Sample collection and Analytical Methods 

Growth 

The mean body weight and total length of fish were measured at the termination of the experiment.  

Digestive enzyme analyses 

The fish were harvested 24 hours after the final feed for the analysis of digestive enzymes and GH, 
IGF-1 and IGF-2 gene expression at the termination of the feeding. Fish were then immediately 
dissected and the gut from control and experiment fish were taken out, washed in PBS, homogenized 
and centrifuged at 8000rpm for 5 minutes. The clear supernatant after centrifugation was used for 
enzymatic assays. Total protein of the gut samples was analysed by the method of Bradford (1976). 
The α-Amylase assay activity was determined by the method of Bernfeld (1955). Protease and lipase 
activity were determined using the method of Keay et al. (1970) and the method of Winkler and 
Martina (1979) respectively. 

RNA Isolation  

RNA isolation was done by Trizol method. Briefly brain and muscle tissues were isolated from the 
fish using sterilized scissors and surgical blades. Samples were immediately transferred in to 1mL Tri 
reagent (Sigma Aldrich) and kept in -80°C refrigerator till the processing for RNA isolation. The 
quality and concentration of RNA was determined by measuring absorbance at 260 and 280 nm in a 
Nano drop (Thermoscientific, USA) and the RNA integrity was confirmed by agarose gel 
electrophoresis. 

cDNA synthesis and Real time PCR (RT PCR) analysis of GH, IGF-1 and IGF-2 genes in Cyprinus 

carpio. 

1μg of RNA from each of the samples were used to prepare cDNA in 10μL nuclease free water. 
Briefly 1μg of RNA was added to 10µL PCR mix (Applied Biosystem, USA). The RNAs were 
converted into cDNA using commercially available cDNA Synthesis kit (Applied Biosystem, USA) 
as per the details given  in Table 3. 

RT reactions were done with LC 480 RT PCR (Roche, USA ). The primers (Table. 4) for the specified 
genes were dissolved in nuclease free water according to the specification in the IDT (Integrated DNA 
Technologies, USA) Primer chart sheet. The expression level of three genes IGF-1 (Insulin like 
Growth Factor 1), IGF-2 (Insulin like Growth Factor 2) and GH (Growth Hormone) were analysed 
with β-Actin as the internal control. All the readings were performed in triplicate with appropriate 
Non Template Control (NTC).  

Statistical analysis 

The data were statistically analyzed by one-way analysis of variance (ANOVA), using SPSS. Results 
were expressed as mean ± SD. Mean values of different superscript letters (a, b, c and d) are 
significantly different (p <0.05) as determined by Duncan’s multiple range test (Duncan 1955). 

Results and Conclusion 

The supplementation of glutamine diet for 90 days of feed trial in common carp fingerlings increased 
the body weight in glutamine diets compared to control feed. The survival rate was observed to be 
higher in glutamine fed fish (personal observation). There is a gradual rise in body weight of 

1140

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



fingerlings with 0.4%, 0.8% and 1.6% glutamine supplementation. The highest weight gain was 
observed in 1.6% glutamine fed fish (Figure 1). The activity of digestive enzymes amylase, protease 
and lipase showed a significant increase with different concentrations of glutamine. Amylase, 
protease and lipase activities were higher in 1.6% glutamine fed fish (Table 5).  

 There was a significant difference in expression of GH, (Figure 2) IGF-1 (Figure 3) and IGF-
2 (Figure 4) genes in 1.6% glutamine fed fish, with no significant change in the expression of GH, 
IGF-1and IGF-2 genes in 0.4% and 0.8% glutamine fed fish. The final body weight was significantly 
affected by glutamine. Similar findings were observed by Han et al. (2014) in Japanese flounder. 

 The activity of digestive enzymes amylase, protease and lipase are significantly increased in 
our study. There was an increase in intestinal lipid digestion with glutamine in Jian carp (Yan and 
Qiu-Zhou 2006). It may be due to lipid synthesis in adipocytes by utilizing glutamine carbon as a 
precursor (Kowalchuk et al. 1988), attributed to the glutamine dependency of lipogenic enzymes, such 
as fatty acid synthase (Rumberger et al. 2003). The highest growth and digestive capacity was 

observed in fish fed with 1.6% 
glutamine. The intestine plays an 
important role in nutrient digestion and 
absorption. Dietary glutamine correlates 
with intestinal development, intestine 
weight and length (Yan and Qiu-Zhou 
2006). The digestive enzyme activities 
of species indicate their ability to utilize 
a particular nutrient in the feed 
(Lundstedt et al. 2004). Kitt et al. (2002) 
showed improved feed efficiency by 
dietary intake of 1% glutamine in 
weanling pigs. Glutamine has an 
important role in the synthesis of 
nucleotides, amino acids and many other 
biologically important molecules (Souba 
1993). Glutamine is a substrate for 
rapidly dividing cells such as intestinal 

enterocytes (Calder and Yaqoob 1999). In bony fish, both IGF-1 and IGF-2 genes are controlled by 
GH (Vong et al. 2003) in all organs 

In conclusion, the present study shows that 1.6% glutamine in feed gives the highest growth, digestive 
capacity and expression of GH, IGF-1 and IGF-2 in common carp fingerlings. This is the first study to 
report that glutamine supplementation does have a positive influence in the gene expression of GH, 
IGF-1 and IGF-2 in Cyprinus carpio fingerlings. Glutamine is commercially available for less than 20 
USD/kg (Cheng et al. 2012). So, in aquaculture, glutamine as a dietary component in the fish feed will 
be more cost effective. The present study reveals that glutamine supplementation in aquaculture feed 

preparation does 
have a positive 
effect in growth of 
common carp.  
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ABSTRACT 

The waterbody selected for the present study is a temple pond namely the Vayambachira associated 
with the very famous anandavalleswaram devi temple which is located about 9 km from 
kesavadasapuram, Thiruvananthapuram district. This chira is irregularly squarish and in a dilapidated 
state. It has a hard rocky bottom with small patches of sand among the boulders. The chira is used by 
the local people for various domestic purposes like bathing, cleaning and washing. The water in the 
chira is pale green in colour. It receives wastes and other contaminants and drainage from surrounding 
areas so the water is not potable. during summer months, water from this chira is used for irrigation 
purposes by the corporation. as there was no published work on this chira, this study was designed. 
Even though this water body is more than 150 years old, no earlier systematic study was attempted 
either on the water, sediment characteristics or on the biotic components. 

INTRODUCTION 

Plankton are a form of aquatic life and inhabit all water bodies such as ponds, rivers, lakes, estuaries 
and sea. They are mostly small, many of them are minute and their structure can be seen clearly only 
with the aid of a binocular or compound microscope, with the exception of some large animals, such 
as certain medusae (Cyanea, Physalia, etc.), heteropods (Pterotrachea) and tunicates (Pyrosoma). This 
lack self motivity which differs from both nekton (swimming freely in water) and benthos (crawling 
or attached to the bottom). However, the local abundance of plankton varies horizontally, vertically 
and seasonally. 

Planktons are broadly classified as plant plankton (phytoplankton) and animal plankton 
(zooplankton). The structure and abundance of the phytoplankton populations are mainly controlled 
by inorganic nutrients such as nitrogen, phosphorus, silica and iron. Phytoplankton are able to 
reproduce rapidly in favourable conditions. The excessive growth of phytoplankton can cause 
significant threats to local biodiversity and ecosystem functioning, as in the case of toxic algal 
blooms. Phytoplankton study provides a relevant and convenient point of focus for research on the 
mechanism of eutrophication and its adverse impact on an aquatic ecosystem (Meshram and Dhande, 
2000). 

Zooplankton communities of freshwater bodies constitute an extremely diverse assemblage of         
organisms represented by most of the invertebrate phyla (Sivakumar et al., 2001). Due to their large 
density, shorter lifespan, drifting nature, species diversity and different tolerance to the stress, 
zooplankton are being used as indicator organism for the physical, chemical and biological process in 
the aquatic ecosystem. Zooplanktons are also capable of concentrating large quantities of heavy 
metals from water bodies. In ponds, zooplankton are important as they are grazers reducing the 
abundance of phytoplankton.   

MATERIALS AND METHODS 
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The water body selected for the present study was the temple pond, Vayambachira associated with the 
very famous Anandavalleswaram Devi Temple which is located at Mannanthala about 9 km from 
Kesavadasapuram, Thiruvananthapuram District. 

Vayambachira is a fresh water ecosystem geographically located at latitude 8 ° 33′0'' and longitude 8 ° 
33′0'' (Figs. 1a-e). It has a hard rocky bottom with small patches of sand among the boulders. The 
main source of water is rain water and it also receives drainage from the surrounding places. It 
receives wastes, other contaminants and drainage from surrounding areas so the water is not potable. 
The entire chira was surveyed during the month of November 2012 and three sampling stations were 
fixed based on their ecological differences.  

The main objective of the present study was to analyse the hydrographical features and planktons of 
the pond and the study was carried out during November 2012 to July 2013. Water samples were 
collected at monthly interval in the early morning hours between 7.30 am and 8.30 am. The 
physicochemical parameters analysed were temperature (atmospheric and water), pH, transparency, 
dissolved oxygen, free carbon dioxide, total alkalinity, total hardness, chlorides, total solids, total 
dissolved solids and total suspended solids. 

Water samples collected were used for estimating pH, dissolved oxygen, free carbon dioxide, total 
alkalinity, calcium and magnesium hardness, total hardness, chlorides, total solids, total suspended 
solids and total dissolved solids. These analyses were done in the lab by using classical Winkler’s 
method (1883) and APHA method (1998). Measured quantity of water (100 litre) from the surface 
collected using a plastic bucket was filtered through a plankton net made of bolting silk (Standard 
grade No: 25, mesh size = 60 µm). The residue retained in the plankton net was transferred into a 
plastic bottle containing 5% formalin for further studies. Wet mounts of plankton samples were 

examined under an 
inverted phase-contrast 
microscope (Model 
CK2, Olympus, Japan) 
and whenever required, 
under a compound 
research microscope 
(TRM Model BX50, 
Olympus, Japan). The 
elements were 
identified upto the 
generic level with the 
help of standard 
identification keys 

(Edmondson, 1992).  

 

RESULTS AND CONCLUSION 

Seasonal variations in the atmospheric, water temperatures and hydrological parameters of the three 
stations of Vayambachira (Figs.1a, b, c, d and e) are presented in Table 1. Seasonal distribution, 
abundance and diversity on the planktons of Vayambachira was carried out and the results are 
presented in Tables 2 and 3, Figs. 2 and 3 respectively. The total numbers of plankton collected are 
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categorised into three groups such as 0-25 as ‘rare’, 26-50 as ‘abundant’ and 51-100 as ‘very 
abundant’. 

There is no wide fluctuation in seasonal variation in atmospheric and water temperature of three 
stations in Vayambachira. The atmospheric temperature in stations 1 and 2 is greater than water 
temperature but in station 3 water temperature is greater than atmospheric temperature. During certain 
months the chira was highly turbid particularly in station 3 and it is found to be transparent during 
other months.  

Vayambachira was slightly acidic in nature throughout the study period. The dissolved oxygen in 
Vayambachira recorded the highest in station 3 and lowest in station 1. The reason for the high 
dissolved oxygen is due to the photosynthetic activity of aquatic plants. The amount of dissolved CO2 
in the chira was found to be high compared to amount of dissolved oxygen. There was not much 
variation in alkalinity, total hardness and total dissolved solids in three stations. Calcium hardness 
recorded the highest in station 2 and also the lowest in certain months in this station. Magnesium 
hardness was almost similar throughout the study period. The chlorides in Vayambachira recorded the 
highest in station 1 and also lowest value was recorded in certain months. There is a wide variation in 
total solids in station 2 and lowest value was recorded at station 1. Total suspended solids in station 2 
show higher variation than stations 1 and 3.  

Phytoplankton stands at the lowest rung of the nutritional ladder of an aquatic ecosystem. These 
planktons supply both energy and essential nutritional requirements such as protein, carbohydrate and 
lipids. They not only serve as food for aquatic animals, but also plays key role in maintaining proper 
equilibrium between abiotic and biotic components and the biodiversity of the aquatic ecosystem 
(Kalyani and Charya, 1999). 

 In the present study 20 species of phytoplankton were identified and they belong to 3 families namely 
Cyanophyceae, Chlorophyceae and Bacillariophyceae. The family Cyanophyceae was represented by 
5 genera: Anabaena, Oscillatoria, Phormidium, Nostoc and Spirulina. Family Chlorophyceae was 
represented by 8 genera and they are Coelastrum, Cosmarium, Oedogonium, Pediastrum, Spirogyra, 

Ulothrix, Volvox and Rhizoclonium. Bacillariophyceae Family was represented by 7 genera: 
Pleurosigma, Diatoma, Navicula, Nitzschia, Synedra, Cymbella and Tabellaria. 

Singha et al. (2002) reported 81 species of phytoplankton from different freshwater bodies in 
Arunachal Pradesh. Harilal (2005) observed phytoplanktons of the genus representing Desmidiaceae, 
Cyanophyceae and Bacillariophyceae in Neyyar and Karamana rivers. Binushma Raju (2011) 
reported 93 species of phytoplankton belonging to 5 families constituted by Bacillariophyceae, 
Chlorophyceae, Myxophyceae, Euglenophyceae and Dinophyceae. Dash et al. (2012) recorded 28 
genera having 42 species of phytoplanktons under the families Chlorophyceae, Cyanophyceae, 
Bacillariophyceae and Euglenophyceae in the hot spring of Atri, Odisha.  

In Vayambachira, Chlorophyceae was found dominant over Cyanophyceae and Bacillariophyceae in 
all the three stations. Shihabudheen (2006) noted that the species richness of phytoplankton was 
greater during premonsoon than during postmonsoon seasons in Thripadapuram pond. Lekshmy 
(2012) observed that though densities of Chlorophyceae differed between systems and of 
Myxophyceae between seasons, these differences were not projected in the multivariate tests implying 
that, on the whole, there were no significant quantitative differences for planktons either between 
extensive and modified extensive culture systems or between seasons.  
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The important zooplankton in freshwater bodies comprised of protozoans, annelids, rotifers, insects, 
crustaceans and molluscs. In the present study 7 species of zooplankton were identified and they 
belong to 2 groups namely Crustacea and Rotifera. Crustacea was represented by six genera: 
Daphnia, Cyclops, Moina, Calanus, Diaptomus and Nauplii, however, Rotifera was represented by 
only one genus, Brachionus..Vishnu Nair (2009) noted that crustaceans dominated among 
zooplankton in Thavakkal Aar, Thiruvananthapuram. In the present study, zooplanktons were found 
less in number during postmonsoon than monsoon seasons. Rotifers dominated over the crustaceans 
in all the three stations of Vayambachira.  

Vayambachira has a diverse phytoplankton fauna. Zooplankton were rarely present only in the 
postmonsoon season. In Vayambachira, phytoplankton dominated over the zooplankton in all the 
three stations. Even though the pond is used for cleaning clothes and bathing, the pond is not polluted. 
It may be recommended that a strict vigil and frequent monitoring is needed inorder to keep this 
precious water body free from pollution and any further damage or unjudicious human interferences. 

Table1. Atmospheric and water temperatures and hydrological parameters of three stations of 

Vayambachira 

Sl. 
No
: Parameters Seasons 

    Postmonsoon Premonsoon Monsoon 

    Stn 1 Stn 2 Stn 3 Stn 1 Stn 2 Stn 3 Stn 1 
Stn 
2 Stn 3 

1 
Atmospheric 
temperature (0C) 32.5 32.5 32 32.75 33.25 33.25 32 

32.
5 

32.2
5 

2 
Water temperature 
(0C) 32.16 

32.3
3 32.16 

33.87
5 

33.37
5 33.25 

32.7
5 32 32 

3 Transparency (cm) 71.66 72 75 59.25 57.75 64.5 58 
57.
5 60 

4 pH 6.466 6.6 6.466 6.6 6.475 6.575 6.35 
6.5
5 6.55 

5 DO (mg/l) 6.66 7.33 5.866 4.9 5.4 6.1 4.8 5 6.8 

6 CO2 (mg/l) 16.13 26.4 
16.13
3 38.5 40.7 35.2 44 

37.
4 35.2 

7 
Total alkalinity 
(mg/l) 48.33 

41.6
6 38.33 42.5 35 43.75 50 

42.
5 40 

8 
Total hardness 
(mg/l) 20 

18.6
6 21.33 27.5 27 28 30 30 28 
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Table 2. Seasonal distribution of Phytoplankton at three stations 

Table 3. Seasonal distribution of Zooplankton at three stations 

Sl. No: 
Families / 
Genera Seasons 

   

Postmonsoon Premonsoon Monsoon 

   

Stn 1 Stn 2 Stn 3 Stn 1 Stn 2 Stn 3 Stn 1 Stn 2 Stn 3 

I Crustacea 24.33 20.33 22.5 35.66 33.5 35.5 30.33 30 31.16 

II Rotifera 27 30 29 36 40 42 33 34 40 

 

9 Ca hardness (mg/l) 7.2 6.13 7.2 8.4 10 9.2 11.2 
10.
8 10.4 

10 Mg hardness (mg/l) 0.48 
0.80
6 0.806 

1.542
5 

0.602
5 

1.212
5 1.9 

0.7
1 0.94 

11 Chlorides (mg/l) 57.73 
55.2
6 61.04 60.05 61.75 60.69 67.5 

67.
4 

64.5
5 

12 TS (mg/l) 17.6 33.8 46.13 20.6 55.3 29 42.6 
52.
6 54 

13 TDS (mg/l) 10.93 
20.6
6 23.86 22 19.7 14.2 27.4 20 7.4 

14 TSS (mg/l) 6.66 
12.1
3 22.26 10.6 35.6 14.8 15.2 

32.
6 46.5 

Sl. 
No: 

Families /  

Genera Seasons 

   

Postmonsoon Premonsoon Monsoon 

   

Stn 1 Stn 2 Stn 3 Stn1 Stn 2 Stn 3 Stn 1 Stn 2 Stn 3 

I Cyanophyceae 22.8 23.2 25.2 38.2 39.4 39 35.6 35.6 36.2 

II Chlorophyceae 29.25 28.125 30.875 45 44.625 44.625 42 41 41.5 

III Bacillariophyceae 23.857 25.285 29.929 42.437 40.714 43.142 34.857 37.857 39.428 
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PREVALENCE OF PARASITEMIA OF HAEMOPROTEUS COLUMBAE IN DOMESTIC 

PIGEONS(COLUMBA LIVIA DOMESTICA) OF KOZHIKODE DISTRICT, KERALA. 
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College of Veterinary and animal Sciences 

kerala Veterinary and animal Sciences University,Pookode, wayanad. vspramod14@gmail.com, 
asifmasifvet@gmail.com, jithuks@gmail.com, vsathira24@gmail.com 

ABSTRACT 

Haemoproteus is a genus of protozoa that is parasitic on birds, reptiles, and amphibians. among the 
members of the genus, Haemoproteus columbae is the one which affects pigeons. Pigeons are 
distributed everywhere on earth and domesticated for hundreds of years. H. columbae is usually non-
pathogenic in pigeons, and causes disease only when they are stressed. It is one of the main causes of 
economic loss of pigeon handlers and breeders. The occurrence of H. columbae has been studied all 
over the world. There is only limited number of studies on pigeon blood parasites in kerala. The aim 
of this study was to determine the prevalence of Haemoproteus columbae in domesticated pigeons in 
kozhikode district, kerala.one-hundred and twenty pigeons (both exotic and native breeds of 
domesticated pigeons) were investigated from four talukes (Tamarashhery taluk, koyilandi taluk, 
kozhikode taluk & Vadakara taluk) in kozhikode district during december 2013 to September 2014. 
out of these 52.5% were males and 47.5% were females birds. Blood samples were collected from the 
wing vein. blood smears were prepared and stained with geimsa and examined under microscope at a 
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magnification of 100X. The study showed that the prevalence rate of Haemoproteus columbae was 
48.33%, that is 58 were infected out of 120 birds examined. among the infected birds 51.72% were 
males and 48.27% were females.Pseudolynchia caranienesis (vector for H. columbae) was observed 
in 39 (32.5%) pigeons. out of the ten microscopic fields observed infected RbCs were observed in >8, 
5-8 and 1-4 numbers in 25.86 % (15/58), 31.03 %(18/58) and 43.10% (25/58) of pigeons respectively. 

There is no enough information about the prevalence of avian blood parasites in kerala. Hence, more 
surveys and studies seem to be necessary to assess the prevalence of Haemoproteus columbae 
infection in domesticated pigeons of kerala, in order to adopt control strategies and eradication 
programs such as vaccination, vector control and regular screening to reduce economic loss due to H. 

columbae infection in domesticated pigeons. 

Keywords: Haemoproteus columbae; pigeon; Pseudolynchia canariensis, kozhikode. 

Introduction. 

In many cultures, pigeons have been raised as pets for thousands of years. Pigeon keeping is growing 
day by day in rural and urban areas. Like other birds, several health problems can affect pigeon but 
parasitic infections play a major role. Haemoproteus columbae, a haemoprotozoan parasite relating to 
classical malarial parasite–Plasmodium, causes pigeon malaria in domestic and wild pigeons and is a 
common haemoprotozoan infection in domestic pigeons (Powers, 2002). Blood sucking insects 
including mosquitoes, hippoboscid flies (louse flies) and culicoides species (biting midges) have been 
incriminated as vector (Soulsby, E.L., 1982).It is mainly transmitted by Pseudolinchia canariensis, a 
Hippoboscid vector fly. Both H.columbae and P.canariensis are widely distributed in the world, 
particularly in warm temperate climates (Soulsby, E.L., 1982). The pathogenecity of Haemoproteus 

columbae is generally low but an acute form of the infection has been reported in pigeon nestling, in 
which heavy mortality has been recorded. In post-mortem examination, liver and spleen were 
enlarged and dark (Soulsby, 1982).Studies, to date have determined that the most common blood 
parasite found in pigeons is H. columbae and the infection rate may be as high as 75% ranging from 6 
to 86% (Qureshi, M.I. and A.H. Sheikh, 1978; Aguirre, A., A. Mena and L. Barnett, 1986;Subbiah, 
T.V. and S.A. Joseph, 1988). 

In India a higher prevalence of H. columbae parasitaemia in pigeons has been reported form Uttar 
Pradesh and Mumbai (Shindeet al., 2008;Jahanet al.,2011). There seems no such reports from Kerala. 
The aim of this study was to determine the prevalence of Haemoproteus columbae infection in 
domesticated pigeons in Kozhikode district and its clinical manifestations and management. 

Materials and Methods 

The study was carried out from December  2013 to September  2014, involving 120 domesticated 
pigeons from different localities of four talukes (Tamarashhery taluk, Koyilandi taluk, Kozhikode 
taluk &Vadakara taluk) in Kozhikode. Blood samples were collected from exotic domesticated pigeon 
breeds includes Musky,Siras,Astralian 
Gold,Kanyaka,Subas,Umer,Sabjapully,Surumamaina,Oblixat,Kaira, ,Holand Pouter,Magpy 
Pouter,PomerianPouter,Sattinett,Blondinett,GermanNunn,SilkyFantaile,Houtran,Anapouter,White 
homers,Racing Homers,Fedangs,BlackFantaile,Blue Ribbon fantaile,Satty, and Han pouter (Table2) 
and native breeds like 
Mayilpravu,Kanyasthreepravu,Muthena,Mughi,Rajasthanbeauty,Indianfantaile,Nadanpravu,Erumben,
Katthanga and Kaira (Table 3).Age, sex, average body weight and presence of ectoparasites were 
recorded (Table 5).Their body weights ranged from 250 grams to 750grams and their ages were 
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between 6 months to 5 years. Pigeons reach sexual maturity by about 6 months of age and their sex 
was determined on the basis of reproductive behaviours. Pigeons were regimented into three group - 
less than six months old pigeons (36 numbers ofpigeons,average weight below 250 grams), between 
six and twenty four months old (47 numbers of pigeons, weight range 250-480 grams) and more than 
twenty four months old (37 numbers of pigeon, weight range >480 grams). 

 Blood was collected from the wing vein and a thin blood smear was prepared.Blood smears were air 
dried and fixed in absolute alcohol for 3 minutes immediately after sample collection. Later stained 
with Giemsa stain as per standard procedure.Then the slides were examined under microscope for the 
detection of the protozoa using immersion oil objective in Veterinary Parasitology Laboratory, 
Department of Veterinary Parasitology, College of Veterinary and Animal Sciences, Pookode, 
Wayanad. 

Then the slides were carefully studied and positive cases were recorded. Louse flies (Pseudolynchia 

canariensis) were monitored carefully by observing birds while they were sampled. The rate of 
parasitaemia was determined by counting the number of infected Red Blood Cells (RBC) and number 
of total RBC in the each microscopic fields.  

Results and Discussion 

 Out of 120 pigeons examined 48.33% (58/120) of pigeons were infected by H.columbae of which 
51.72% (63/120) were males and 48.27% (57/120) were females .In 39 pigeons (32.5%) 
P.caranienesis was observed. Prevalence of Haemoproteus colombae infections (10 to 100%) were 
reported from different geographical locations like Costa Rica,Alaska, Japan, Bulgaria, Australia, 
Iran, USA and Columbia which varied from (Paperna,2002; Valkiunas et al., 2004 ; Adlard et al., 
2004;Youssefi et al., 2010). 

In the present study some non specific symptoms viz. dullness, weakness, reduced appetite and 
torticollis were observed in pigeon shaving heavy infection of H. columbae. (Fig 3).Dullness, 
depression and anorexia were observed in 17 pigeons, of which 6 pigeons showed torticollis (Fig. 1). 
Usually one gametocyte was seen in each red blood cell, comprehensive data is shown in Tables 4. 
Among pigeons the highest prevalence was observed in the 6 to 24 months age group, followed by 
nestling (up to 6 month). Similar findings were reported by Msoffeet al., (2010) who found H. 

columbae more significantly prevalent in adult than in nestlings (11%). 

Prevalence of Haemoproteus parasitemia was relatively low in pigeons of age group more than 24 
month.  

Out of the ten microscopic fields observed infected RBCs were observed in >8, 5-8 and 1-4 numbers 
in 25.86 % (15/58), 31.03 % (18/58) and 43.10% (25/58) of pigeons respectively. Single typical 
'halter' shaped gametocytes of Haemoprotozoan columbae were seen in erythrocytes (Fig. 2).Personal 
interview with pigeon handlers revealed that higher mortality rate was in rainy season  which may be 
due to the higher stress experienced by the birds during the rainy season. 

Haemoproteus spp. infections are generally asymptomatic. Nevertheless, high parasitemia can lead to 
clinical illness in an immune compromised or stressed bird (Ritchie etal., 1992). Diagnosis of 
Haemoproteus infection is generally based ondetection of intra-erythrocytic gametocytes in the blood 
smears; gametocytes partially encircle the erythrocyte nucleus forming a 'halter' shaped appearance 
(Weisman, 2007).(Fig. 2) 
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Proper care and nutrition, control of ectoparasites, vaccination and elevating stressful conditions helps 
in controlling the disease. Further investigation of the prevalence of Haemoproteus columbae 

infection in order to adopt control strategies and eradication programs to prevent and reduce economic 
loss due to H. columbae infection in domesticated pigeons it seems to be necessary. 

 

Table 1 :Locality, number, age and sex of examined pigeons 

 

Sl: 

no 

Locality  Number of 

pigeons 

examined 

Age   Sex  

   Below 6 

month 

age(250 

grams) 

Between 6 

-24 

months 

(250-470 

grams) 

More 

than 24 

months. 

>450 

grams. 

Male  female 

1 Tamaressherytaluk. 31 11 13 7 16 15 

2 Kozhikodetaluk. 32 10 11 11 18 14 

3 Vadakarataluk. 26 7 9 10 15 11 

4 Kozhilandytaluk. 31 8 14 9 14 17 

 Total 120 36 47 37 63 57 

 

Table 2 ,Breeds of pigeons  are examined. 

Sl:no Breeds of pigeons examined (exotic) Total number 

1 Musky&siras 7 

2 AstralianGold 3 

3 Subas,umer,kanyaka 6 

4 Sabjapully,suruma 4 

5 Oblixat.&kaira 3 

6 Pouter pigeons(Han,Holand,Pomerian,ana ,Magpie pouters) 6 

7 Sattinet&Blondinett. 3 

8 Homer pigeons(white &racing) 4 
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9 Fentails (black ,silky and blue ribbon) 9 

10 Satty.& Germen nunn. 6 

 Grand total. 51 

 

Table 3: number and breeds of native breeds examined. 

Sl;no Breeds of pigeons examined (Indian variety) Total number 

1 Indian fentails. 9 

2 Indian carrier. 3 

3 Mukee,Chuachand&Chandrakala 7 

4 Mayilpravu,nadanpravu,Muthena&Katthanga. 29 

5 Rajasthan beauty,Erubanpravu 13 

6 Kanyastreepravu. 8 

 Grand total . 69 

 

 

Table 4;Infection rate according to locality and sex. 

 

Sl:no Locality . No.infected 

male out of total 

male birds. 

No. infected female 

out of total female 

birds. 

Infection rate% 

1 Tamarassherytaluk. 9 (56.25%) 7 (46.66%) 16 (51.61%) 

2 Kozhikodetaluk.  10 (55.55%) 9 (64.28%) 19 (59.37%) 

3 Kozhilandytaluk. 6 (40%) 5 (45.45%) 11 (42.31%) 

4 Vadakarataluk. 5 (35.71%) 7 (41.17%) 12 (38.71%) 

 Total.  30 (47.62%) 28 (49.12%) 58 (48.33%). 

 

Table 5: Prevalence of by Pseudolinchia canariensis, a Hippoboscid vector fly in pigeons. 

Name of ecto 

parasites 

No.of host  No. of host infected Incidence  

1155

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



examined (%) 

P.canariensis. 120 39 32.5% 

 

Torticollis due to heavy infection of Haemoproteus columbae ,blood sample was severely positive 

for haemoprotozoa.( fig1) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Blood smear showing infection of Haemoproteuscolumbae in erythrocytes (marked with arrow) 

(fig 2)Micro (B) and Macro(A) Gametocytes . 
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ABSTRACT 

Canine parvovirus 2 (CPV-2) is the causative agent of acute hemorrhagic enteritis and myocarditis in 
dogs. Rectal swabs were taken from dogs suspected of CPV-2 infection and subjected to polymerase 
chain reaction (PCR) to detect a 160 bp fragment of the VP2 gene of the virus for confirmatory 
diagnosis. The samples were collected from breeds like German shepherd and Rottweiler and the 
symptoms shown by the dogs were weakness and hemorrhagic diarrhoea and faeces was having a 
fishy odour. out of the five samples collected, four were tested positive for CPV-2 genome by PCR 
giving a positivity of 80 per cent. Thus PCR was found to be a sensitive method for confirmative 
diagnosis of CPV-2 infection in dogs. The result also emphasises the need to resort to confirmatory 
tests to diagnose contagious diseases. 

Introduction  

Canine parvovirus-2 (CPV-2) causes a highly contagious disease characterised by vomiting and 
hemorrhagic gastroenteritis in dogs of all ages and myocarditis in pups of less than 3 months of age.  
The virus was named CPV-2 in order to differentiate it from a closely related parvovirus of canine 
known as canine minute virus formerly known as canine parvovirus 1 (CPV-1). It is a member of 
family Parvoviridae and is a small, non-enveloped, icosahedral virus with single stranded DNA 
genome of about 5.2 kb (MacLachlan and Dubovi, 2011). The main source of infection for dogs is 
faeces from affected dogs which has a high titre of virus. CPV-2 can be detected by several methods 
such as virus isolation in cell culture, haemagglutination assay, electron microscopy, DNA 
hybridization etc. In recent years, PCR technique has been increasingly used as a tool for 
confirmatory diagnosis of CPV-2 infection. In this paper, PCR based confirmation of CPV-2 in faecal 
samples of dogs suspected of CPV-2 infection is reported.  

Materials and Methods   

Faecal samples were collected from five dogs presented to the Teaching Veterinary Clinical Complex 
of College of Veterinary and Animal Sciences, Pookode, Wayanad with symptoms of fever, 
weakness, hemorrhagic diarrhoea and vomiting. The faecal samples were collected in the form of 
rectal swab in normal saline solution. The samples were submitted to the Department of Veterinary 
Microbiology, College of Veterinary and Animal Sciences, Pookode for confirmatory diagnosis. DNA 
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was extracted by using phenol – chloroform method as described by Kumar and Nandi (2010). 
Briefly, 200µl sample was added to 200µl of Tris saturated phenol and mixed and centrifuged for 
10,000 rpm for 3 min and pipetted out the aqueous phase. Then added 100 µl of Tris saturated phenol 
and added 100 µl chloroform and again centrifuged at 10,000 rpm for 3 min and the aqueous phase 
was pipetted out. Then 200 µl of chloroform was added and centrifuged as above. The aqueous phase 
was pipetted out and added 1/10th volume of 3M sodium acetate solution and 1 ml of ethanol for DNA 
precipitation and kept at -20ºC overnight. The samples were brought to room temperature and 
centrifuged at 10,000 rpm for 15 min and the supernatant was discarded and the DNA pellet was dried 
at 70ºC. The pellet was resuspended in 30µl of nuclease free water (NFW) and kept under -20ºC until 
testing. 

                          Figure 1: Agarose gel showing 160 bp amplicons of VP2 gene of CPV-2 

 The PCR was carried out as described by 
Kumar and Nandi (2010). The reaction 
mixture consisted of 2.5 µl of template 
DNA, 2.5µl of 10X Taq buffer (containing 
15 mM magnesium chloride), 1µl each of 
forward and reverse primer (10 picomoles), 
1µl  of dNTPs mix  (10 mM), 1 µl of Taq 
DNA polymerase (1U/µl) and NFW up to 
25 µl. The cycling conditions were one 
cycle of initial denaturation  at 94ºC for 5 
min, followed by 30 cycles of  94ºC for 30 
sec, 55ºC for  30 min  and 72ºC for 30 sec 
and final extension  at  72ºC for  5 min. A 
no template control (NTC) reaction was 

also kept which contained NFW instead of template DNA. After PCR, the amplified products were 
analysed on 1.5% agarose gel containing ethidium bromide to a final concentration of 0.5µg/ml and 
run along with 100 bp DNA ladder as marker in 0.5X TBE electrophoresis buffer. The gel was 
visualized in a gel documentation system. 

Results and Conclusions 

 Out of the five samples tested, four samples were positive for CPV-2 nucleic acid as 
evidenced by a 160 bp product on agarose gel electrophoresis (Figure 1). No nonspecific bands were 
observed in the samples and no band was detected in the NTC. CPV-2 was first recognized in 1977 
and since then it has been well established as an enteric pathogen of dogs throughout the world with 
high morbidity (100%) and frequent mortality up to 91% in pups and 10 % in adult dogs. Canine 
parvovirus is believed to be having originated as a host range variant from feline panleucopenia virus 
(FPV). Since its emergence in the 1970s, continuing genetic variation has resulted in the appearance 
of novel strains of CPV- 2. The disease was reported for first time in India in 1982 (Ramadass and 
Khader, 1982). Since then a large number of outbreaks have been reported from different part of the 
India involving different variants of CPV-2 both in vaccinated and non vaccinated animals.  

 A number of methods are available to diagnose CPV-2 infection. These include virus 
isolation in the cell culture, haemagglutination test, electron microscopy and ELISA. In recent years, 
PCR has become a useful and sensitive technique for the detection of CPV-2 in clinical samples 
(Kumar et al., 2011). The sensitivity of PCR is reported to be more than that of conventional tests for 
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the detection of CPV-2 in clinical samples (Senda et al., 1995). In addition PCR is more economical 
than virus isolation because it requires neither cell culture facilities nor highly trained specialists. In 
the present study, PCR was used to successfully detect CPV-2 virus DNA in faecal samples of dogs. 
One out of the five samples tested was negative and the positivity was 80 per cent. There are many 
reports of the use of PCR for diagnosis of CPV-2 infection in dogs. In this context it should be noted 
that one sample which was tentatively diagnosed as CPV-2 was found to be negative in PCR. This 
highlights the fact that tentative diagnosis based on clinical signs should be followed by confirmatory 
diagnosis to ascertain the etiology.   
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ABSTRACT 

amphistomosis is a ruminant disease causing high morbidity in tropical and subtropical countries 
resulting in great economic losses. The disease is most prevalent in monsoon and post-monsoon 
periods and the climatic conditions of kerala are most favourable for the occurrence of the disease. 
The rumen amphistomes particularly Paramphistomes and Gastrothylax crumenifer have marked 
seasonality in egg production which makes the task of conventional diagnosis involving egg detection 
difficult. adult amphistomes are less pathogenic while immature stages cause severe haemorrhagic 
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inflammation in the alimentary tract. The present study aims at evaluating the efficacy of serology for 
early diagnosis by ELISa using antibody detection. a comparison of dot ELISa for antibody detection 
and faecal sample examination for ova detection was carried out in forty dairy cattle. Sensitivity of 
dot ELISa was found to be 100% with a positive predictive value of 31.2% and a negative predictive 
value of 100% when compared to conventional coprological diagnosis. Eventhough preliminary 
evaluation of dot ELISa is proved to be a fast, simple and inexpensive test suitable for field diagnosis, 
further studies are to be directed to analyze the cross reactivities with related helminth species and to 
increase the specificity of the test. 

Introduction 

Amphistomosis is one of the common parasitic disease affecting dairy cattle resulting in morbidity 
and reduced milk production. The disease is most prevalent in monsoon and post-monsoon periods  
and the climatic condtions of Kerala are most favourable for the occurrence of the disease. The rumen 
amphistomes particularly Paramphistomesand Gastrothylaxcrumenifer have marked seasonality in 
egg production which makes the task of conventional diagnosis involving egg detection difficult. 
Hence traditional diagnosis by  observing eggs in faeces can be performed only two months post-
infection in cattle while immature amphistomosis occurs as early as three weeks post infection.  
Coprological diagnosis has poor sensitivity during the patent period itself as there is seasonality in egg 
production. To improve diagnosis during early infections attention is directed towards sero-diagnosis 
as a rapid, simple to perform and inexpensive technique (Awad,W.S., 2009). ELISA is being practised 
as the most effective diagnostic technique for detection of antiparasitic antibodies. But 
immunodiagnostic techniques have their own limitations in terms of non-specificity and 
crossreactivity. ELISA based antibody detection systems are excellent for the early diagnosis of 
fasciolosis in animls and are suitable for epidemiological studies (Bossaert et al., 2000). The present 
study was undertaken to evaluate the effectiveness in diagnosis of amphistomosis by ELISA using 
serum antibodies and conventional coprological examination.  

Materials and Methods 

Preparation of Somatic Antigen 

Rumen flukes were collected in chilled phosphate buffered saline from cattle slaughtered at Municipal 
slaughter hall, Thrissur. The parasites brought to the laboratory were washed thoroughly in PBS and 
identified by morphology. Most common identified flukes were then homogenized in PBS and 
sonicated for 8minutes (4 cycles of 2minutes each). The homogenate was then centrifuged at 
10,000rpm for 30 minutes at 4oc. The supernatant obtained was tested for protein concentration as per 
Lowry et al (1951) and stored at -20oc to be used as somatic / whole worm antigen (WWA). 

A total of forty faecal samples were collected per rectum from adult dairy cattle and was subjected to 
routine microscopic examination. Blood was collected from the same animal and serum was separated 
for use in Dot-ELISA. The hyper-immune serum raised against somatic antigens in rabbits as well as 
sera from ova positive animals served as known positive controls whereas, foetal calf serum was used 
as negative control. 

Indirect Dot-ELISA was used for the detection of antibodies to amphistomes. The NCM cut to 1cm2 

was coated with one microliter of diluted somatic antigen. It was airdried and incubated in blocking 
buffer (5%skim milk in PBS-T) at 37oc for one hour. The NCM strips were then incubated in known 
positive and negative bovine sera (1:50) in blocking buffer at room temperature for one hour. After 
washing with PBS-T, the strips were incubated with anti-bovine IgG HRP conjugate (1:2000) at room 
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temperature for one hour. Further the strips were washed again with PBS-T and the reaction was 
visualized using di-amino-benzidine as substrate in dark for 2 to 3 minutes. Development of dark 
brown spot indicated positive reaction. Negative and positive controls were also included. 

Results and Conclusion  

Morphological studies of the collected flukes identified Gastrothylax crumenifer, Fischoederius 

elongatus, F.cobboldi and Cotylophoron cotylophorum as the most commonly occurring species. 

 Microscopical examination of faecal sample, revealed ten (25%) out of the forty samples 
positive for amphistome ova.  Immunodot assay of serum collected from same animals for detection 
of antibodies to amphistomes detected 32 (80%) positive samples indicated by colour reaction. In the 
present study sensitivity of  Dot-ELISA was 100% which was in comparison with Hassan et al (2006) 
who reported 93% sensitivity. Dot-ELISA gave positive signals in all known positives and negative in 
all known negatives and was in agreement with the work of Saifullah et al (2013). Statistical analysis 
showed a positive predictive value of 31.2% and a negative predictive value of 100% for Dot-ELISA. 

 

 

Percentage incidence by ELISA revealed that 
early diagnosis is very important in reducing 
the occurence of disease. ELISA especially 
Dot-ELISA can be used as an effective 
diagnostic technique for detection of 
antiparasitic antibodies (Hassan and Juyal., 
2006). It is a fast, simple and inexpensive test 
and found suitable for field diagnosis of 
amphistomosis in cattle. Serological assays 

using somatic antigens  are often confounded with problems of cross reactivity 
with snail borne trematodes and related helminthes. Hence further cross reactivity studies using 
different antigens are to be carried out to give results with increased specificity. 
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ABSTRACT 

Trichostrongylus axei is a common strongyle seen in the abomasum and sometimes in the small 
intestine of cattle, responsible for diarrhoea, loss of appetite and reduced production. The present 
study was aimed to examine the antigenic protein fractions of T. axei. adult T. axei worms were 
obtained from the abomasums of cattle slaughtered at abattoirs of Thrissur district. crude soluble 
extract of T. axei was prepared and stored at -20°C until the time of analysis. Thesoluble extract was 
electrophoresed on 5% stacking and 12% resolving polyacrylamide gels. Protein banding pattern on 
the gels was visualized by Coomassie blue stain as well as silver nitrate staining. Three protein bands 
53, 40 and 18 kda were detected using SdS-PaGE with Crude Somatic antigen (CSa) of T. axei. These 
antigens represent useful candidates for serodiagnosis of cattle trichostrongylosis. It also necessitates 
further investigation in their role in detecting antigens during infection in cattle and as target antigens 
for production of vaccines. 

Introduction 

 Trichostrongylus axei is a common strongyle seen in the abomasum and sometimes in the 
small intestine of cattle which is responsible for diarrhoea, loss of appetite and production loss. 
Diagnosis is usually by faecal examination and faecal culture for identifying the infective larvae. T. 

axei has a direct live cycle, adult worms lay eggs that hatch outside the animal. The larvae moult 
twice to become the 3rd stage infective larvae which when ingested during grazing leads to infection. 
There is a final moult in the abomasum to the adulthood. The aim of this study was to determine the 
antigenic components of T. axei. This is a preliminary step for selecting target protein candidates for 
use as diagnostic material and also as targets in vaccine development. 

Materials and Methods 

 Adult T. axei worms were obtained from the abomasums of cattle slaughtered at abattoirs of 
Thrissur district. They were identified as per Soulsby (1982). CSA was prepared using about 150 
worms and the protein content was estimated by Lowry’s method. It was stored at -20°C.  

 The polypeptide profile of T. axei was analysed using a one- dimensional SDS-PAGE in a 
vertical electrophoresis apparatus as per the method described by Laemmli (1970) with relevant 
modification. The soluble extract was electrophoresed on 5% stacking and 12% resolving 
polyacrylamide gels 

 The stacking gel was snipped off and the resolving gel was subjected to the Coomassie 
brilliant blue staining. Alternatively silver nitrate staining technique was also performed in cases of 
very low protein concentrations. Silver nitrate staining kit of BioLitTM, Sisco Research Laboratory, 
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Mumbai was used for the purpose.  The gels were then photographed and analysed by using Gel 
Analyser 2010a.  

Result  

The protein content of the CSA of 150 T. axei was found to be 1.036 mg/ml. CSA of T. axei gave 
approximately 53, 40 and 18 kDa molecular weight bands when stained with Coomassie brilliant blue 
staining solution as well as with silver nitrate staining  

Discussion 

 Silver nitrate staining of the Trichostrongylus sp. also gave three protein bands at 
approximately 53 kDa, 40 kDa and 18 kDa respectively as was revealed by Coomassie blue staining. 
Silver nitrate was found more sensitive as opined by Shevchenko et al. (1996). Electrophoretic pattern 
of T. colubriformis was studied by many researchers (Vadlejch et al., 2006 and Kiel et al., 2007).  

 In order to select a diagnostic reagent from parasitic materials, it is necessary to break the 
whole organism down into individual components.  Therefore, the present paper is a preliminary 
study for selecting diagnostic reagents for detection of circulating T. axei antigen. This is a 
preliminary step for selecting target protein candidates for use as diagnostic materials and also as 
targets in vaccine development. The study of the protein profile of parasites helps to augment the 
knowledge of immune responses to different parasite species, in addition to creation of a database 
with a holistic view of host-parasite interactions, based on evolutionary concepts of host immune 
responses to a parasite. This paves way not only to discover drugs and vaccines but also to study the 
characterization of proteins whose function is implied in the behavioural manipulation in many taxa. 
Electrophoretic protein profile study is also a tool for diagnosis and control of stongylosis (Tak et al. 
2013). 
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ABSTRACT 

Gelatin Methacrylate (GelMa) was synthesized by reacting Type a porcine gelatin in phosphate 
buffered saline (2% w/v) with methacrylic anhydride at 50oC for 180 min with constant stirring. 
Resultant product was subjected to dialysis for 7 days in distilled water. It was further concentrated 
using rota evaporator, lyophilized and characterized by spectroscopic analysis. GelMa was 
copolymerized with 2-hydroxy propylmethacrylate (HPMa) using redox initiators at varying ratios. 
Hydrogels obtained were characterized using spectroscopic techniques. Their mechanical properties, 
swelling ratio, rehydration ratio and swelling percentage were determined. GelMa copolymerized with 
80 parts of HPMa was selected for further studies because of its easy handling and rehydration 
characteristics. Polyethylene glycol (PEG) protected silver nanoparticles (0.1%) synthesized in the lab 
was incorporated into the hydrogel and antimicrobial properties studied. The results of porosity, 
antimicrobial character, degradation profiles and non-cytotoxic behavior indicated the hydrogel to 
have potential application as a wound dressing material. 

keywords: wound dressing, hydrogel, silver nanoparticles, gelatin methacrylate, hydroxypropyl 
methacrylate, antimicrobial character                                                                                                                                       

1. INTRODUCTION 

 Wound care regimens have changed during the past 35 years, as the physiology of wound 
healing has become better understood. Current concepts suggest that moist wound environment is 
essential for proper wound healing (Bolton, Monte, and Pirone 2000). 

In order to meet all the requirements for a good modeling of the wound surface, dressing material 
should be atraumatic, make possible contactless monitoring of the wound, produce no toxic and 
irritant reaction, capable of being sterilized, provide a maximum level of comfort, be simple in 
maintenance. Modern wound dressings currently used are hydrocolloids, alginates and hydrogels. But 
studies suggest that hydrocolloid dressings are not cost effective  and prolonged use results in 
hypergranulation of wounds and alginate dressings cannot be used in non-exudative dry wounds, run 
the risk of dehydrating wound bed, and result in delayed wound healing(Agren 1996). 

Hydrogel is a permanent or chemical gel capable of imbibing and retaining large amounts of water 
inside the matrix, stabilized by covalently cross-linked networks(Hoffman 2012). They have a cooling 
and soothing effect on the wound. Hydrogels can be made by polymerizing monomers such as 2-
hydroxyethyl methacrylate [HEMA], 2-hydroxypropyl methacrylate [HPMA], N-Vinyl pyrrolidone 
etc. Natural polymers such as collagen(Ramshaw, Werkmeister, and Glattauer 1996), hyaluronic 
acid(Doillon and Silver 1986),chitosan (Ishihara et al. 2002), alginates and elastin (Vasconcelos, 
Gomes, and Cavaco-Paulo 2012) also can act as hydrogels.  Advantages of using hydrogels are that 
they do not leave any residues, improve reepithelialization of wounds, allow good transport of 
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nutrients to cells and products from cells, can be easily modified with cell adhesion ligands, can be 
injected in vivo as a liquid that gels at body temperature and biocompatible.  

Gelatin is a naturally occurring material, has a high absorptive capacity, high degree of cross-linking, 
low immunogenicity and excellent bioaffinity. Previous studies have also shown that gelatin has 
potential to be used as wound dressings(Tabata et al. 1998). However, gelatin tends to exhibit poor 
mechanical property, too brittle when fully dried or too soft when fully wet, and is easily soluble in 
aqueous media(Vandervoort and Ludwig 2004). Instead, gelatin can be converted to gelatin 
methacrylate (GelMA(Van Den Bulcke et al. 2000) by chemically modifying  its ε-amino group with 
methacrylic anhydride (methacrylamide, MA) which can enhance its mechanical properties. Though 
GelMA hydrogels can be prepared by photo polymerization, thermal, UV treatment or -irradiation, 
redox polymerization is the conventional technique that has been used effectively for polymerization. 
Poly-2-hydroxypropyl methacrylate [pHPMA] hydrogels have demonstrated excellent mechanical 
properties but have not received much attention as much as pHEMA hydrogels due to its relatively 
lower water absorbing capability. In this study, we have attempted to copolymerize GelMA with 
HPMA using redox polymerization, which is expected to result in a hydrogel material with optimum 
mechanical properties.  

  Silver has been used in antimicrobial dressings since 1895 for surgical wounds. In its 
nanoparticle form, it is known to possess excellent antimicrobial character. 0.1% (w/w) Silver 
nanoparticle [SNP] incorporated into Poly-caprolactone scaffold was found to be effective as an 
antimicrobial agent(Madhavan et al. 2011). In this study, we have attempted to copolymerize 
methacrylamide modified Gelatin and HPMA in the presence of PEG protected silver nanoparticles 
using redox initiators in order to develop antimicrobial wound dressing with appropriate strength. 

2. MATERIALS AND METHODS 

2.1. Materials: Gelatin Type A (Porcine skin), methacrylic anhydride and all other reagents used 
were of analytical or equivalent grade. Singly distilled water was employed throughout in all in vitro 
experiments.  

 2.1.1. Synthesis of gelatin methacrylate monomer: 10% (w/v) Gelatin solution in PBS at 50ºC 
reacted with 2 %( v/v) Methacrylic anhydride (MAA) for 3hrs. Product was dialyzed for 1 week 
against DI water, distilled under vacuum and lyophilized subsequently for 4-5 days.  

2.1.2. Hydrogel preparation: GelMA solutions in PBS at different concentrations mixed with 
HPMA in 1: 0.8 ratios and 0.1% (w/w) PEG-SNPs were added and kept under stirring for 15min at 
40ºC. From this, monomers and initiators (3% solutions of Sodium metabisulphite and potassium 
persulfate) were mixed in 5:0.5:0.5 ratio and cast on to the desired mold. The characterization of 
GelMA-HPMA hydrogels was carried out by FTIR. 

2.1.3. Hydrogel swelling analysis: Rectangular hydrogel samples with dimension 7cm x 1.5cm x 
0.2cm were prepared in a mold using different formulations and used in the study.  Swollen weight (in 
24hrs) and dry weights were used to determine the swelling ratio. Rehydration was analyzed by 
incubating lyophilized samples for 48hrs in PBS. Six samples from each formulation were used for 
swelling analysis. 

Mass Swelling Ratio = Initial swollen weight / Dry weight 

Rehydration Ratio = Rehydrated weight / Initial swollen weight 
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Swelling percentage = [(Ws – Wo)/Wo] x 100 

Equilibrium fluid content(%) = [(Ws –Wo)/Ws]x 100 

Ws -swollen weight of hydrogel and Wo - dry weight of hydrogel. 

2.1.4. Mechanical testing: Mechanical properties (tensile and compression) of hydrogels were 
determined using a Universal Testing Machine (Instron 3365, UK) at 22oC. Tensile testing of 
hydrogel samples with dimension 7cm x 1.5cm x 0.2cm was conducted at a cross head speed of 10 
mm/min using a 10 N load cell. 8mm diameter discs blotted dry and compressed at a rate of 20% 
strain/min using a 10 N load cell. Six samples per group were tested. 

2.1.5. Morphology: Surface morphology of the 
hydrogel samples were studied using Scanning 
Electron Microscope (SEM) (Hitachi S2400, Japan). 
The dried and samples were gold coated and placed 
on the aluminum stub and observed under vacuum in 
SEM.  

2.1.6. Porosity and 3-dimensional micro 

architecture: Polymerized hydrogel samples were 
initially stored for 24 h in PBS, divided into two 
groups before lyophilization in which one was used 
after storing in deionized water for 48 hours 
[washed,[W]] and the other directly without rinsing 
[unwashed,[UW]]. Micro CT was used to study the 
porosity distribution present in the lyophilized hydrogel samples (45kV X-ray energy, 177µA 
intensity and 10µm resolution). 

2.1.7. Hydrogel degradation studies: As reported previously(Benton et al. 2009). 

2.1.8. Antibacterial test: Antimicrobial properties of G20HP80Ag [W] and [UW] samples were 
carried out by Agar diffusion method. Hydrogel discs of 8mm diameter and 2mm thickness were used 
for evaluating antimicrobial property against Staphylococcus. aureus (ATCC 25923). Gentamicin disc 
(10µg) was used as positive control. G20HP80 were used as negative control.  

 2.1.9. Cytotoxicity by direct contact assay:  Circular hydrogel discs were placed on a confluent 
primary fibroblast monolayer. Medium was replenished every other day. After 48 hours of culture, 
hydrogels were removed and cell monolayer integrity was observed through phase contrast 
microscopy. Cells were collected and analyzed using live dead apoptosis assay kit (Molecular probes, 
USA). Stained samples were analyzed by BD FACS Aria I flow cytometer . 

 2.1.10. Cell attachment assay: Hydrogels seeded with a cell were stained with texas red conjugated 
antibodies against actin cytoskeleton and kept at 40C for overnight and were counter-stained with 
DAPI (4', 6-diamidino-2-phenylindole). Washed thoroughly and observed through an inverted 
fluorescent microscopy (Leica DMIRB, Germany) 

3. RESULTS AND DISCUSSION 

Figure1: Comparison of FTIR spectrum 

of GelMA, HPMA and GelMA hydrogel 
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3.1. GelMA hydrogel preparation: An examination of the IR spectrum (Fig 1) of GelMA shows the 
disappearance of the unsaturated groups of MAA at 1636 cm-1and                                      
formation of the amide linkage characterized by the 1658-1662 cm-1 peak. HPMA shows 
characteristic strong hydroxyl absorption peak at 3431 cm-1, ester peak at 1719 cm-1 and unsaturated 
C=C peak at 1635cm-1. FTIR spectrum of hydrogels shows disappearance of the unsaturated olefinic 
linkage present at 1636cm-1.  

3.2. Swelling properties: Increasing 
the HPMA concentration in the 
mixture tends to reduce swelling from 
574% to 305% (Fig.2A), swelling ratio 
from 6.7 to 4.09 (Fig2B) and 
rehydration  

 ratio from1.04 to 0.89 (Fig 2C) 
significantly. This reduction in values 
may be due to the hydrophobic 
character of HPMA, which is retarding 
the ability of hydrogels to absorb the  
solvent. Addition of silver 
nanoparticle is also observed to 
decrease swelling properties of 
hydrogels significantly. Fluid uptake  

 

 

 

ability for G20HP80 and 
G20HP80Ag hydrogels were found 
to reach equilibrium after 96hrs 
during equilibrium swelling studies 
with a value of 89% and 82% 
respectively (Fig 2D). 

Figure 2: Swelling analysis of hydrogels: A) Swelling 

percentage B) Swelling ratio C) Rehydration ratio D) 

Equilibrium swelling of hydrogels. 

Figure 4: Surface morphology of Hydrogels A) G20HP80 B) 

G20HP80Ag [UW] C) G20HP80Ag [W] samples. 

Figure 3: Mechanical properties of GelMA 

hydrogels A) Tensile Stress B) Tensile Strain C) 

Compressive properties. 
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 3.3. Mechanical properties: Tensile stress is found to improve from 83.9 KPa to 200.56 KPa 
(Fig.3A) and strain was found to decrease from 22.44% to 10.71% (Fig 3B) with increasing HPMA 
concentration. Addition of silver nanoparticles increased the tensile stress from 172.9 to 247.87 KPa, 
tensile strain from 14.08 to 19.69(%). Compressive modulus also was found to improve with 
increasing  

concentration of HPMA and also after the addition of SNP(Fig3C) from 67.95 to 82.08 KPa for 
G20HP80 hydrogels. Statistical analysis shows a significant change in tensile and compressive 

 

 

 

 

 

 

Figure 5: EDS of hydrogels A) 

G20HP80Ag hydrogel spectrum. B) Silver 

elemental distribution by EDS: a) 

G20HP80Ag [UW] b) G20HP80Ag [W]. 

Figure 6 Micro-CT A)3D morphology and B) 

pore size distribution images of  G20HP80  

 

Figure 8. Degradation profile of 
G20HP80Ag  

Figure 7:  Pore size distribution in G20HP80, 

G20HP80Ag [W] and  [UW] samples. Figure 8. Degradation profile of 

G20HP80Ag 1169
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properties (p<0.05).  

 

 

 

3.4. Morphology analysis: G20HP80 samples exhibited 
pores with uniform open nature having pore sizes of 
approximately 32µ (Fig4A). Addition of SNP resulted in 

pores (Fi 

g4B) with lower porosity, but washing the hydrogels in PBS for 3 days resulted in pores regaining its 
open porous structure with slight increase in pore size (Fig.4C). EDAX analysis spectrum showed 
characteristic peak of silver in the hydrogel (Fig.5A). EDAX images showed uniform distribution of 
SNP in G20HP80AG [W] samples [Fig.5B (a)] compared to the G20HP80Ag [UW] samples [Fig.5B 
(b)]. 

   3.5. Porosity and 3D micro architecture:  Porosity and 3D micro architecture of G20HP80, 
G20HP80Ag [W] & [UW] were analyzed using µ-CT after lyophilization (Fig.6 A, B &C). Fig 7 
shows G20HP80 samples having maximum pore size of 32µ (43.911%). G20HP80Ag [UW] showed 
a pore-volume percentage of 31.796%, 27.059%, and 22.048% for 32µ, 48µ and 64µ respectively. But 
after washing, an increase in the pore size distribution was noticed. G20HP80Ag [W] showed 
33.028%, 31.850% and 22.244% for 32µ, 48µ, and  64µ pores respectively. Interpretation of three 
dimensional morphometry and porosity evaluation data using micro CT results imply that washing in 
PBS can  

 

Figure 9: Antimicrobial property of 

G20HP80Ag [W] and G20HP80Ag 

[UW] 

 Figure 10: Initial toxicity phaseconrast images A: 

Control fibroblast cells, B: G20HP80Ag [UW],C: 

G20HP80Ag [W]. 

Figure 11: Phase contrast images of hydrogels after 3 days 

washing and conditioning in SFM. A. Control fibroblast, 

B.G20HP80Ag [UW], C.G20HP80Ag [W]. 
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 increase the porosity of the 
hydrogels  

to a small extent, which may be due 
to the swelling phenomena and 
dissolution of PEG in PBS. 

3.6. Degradation profiles: GelMA, 
like gelatin in its native state, 
maintains its susceptibility to 
enzymatic degradation. From Fig 8, 
it was clear that 77% mass of 
G20HP80Ag was remaining 

after the degradation with 1U/ml collagenase but 44% mass was remaining when 2.5U/ml enzyme 
was used. Increased collagenase enzyme activity accelerated the degradation rate of hydrogels as 
expected. 

3.7. Antimicrobial activity of 

G20HP80Ag hydrogels: Fig 9 
shows the image of bacterium 
infested on agar plate that has 
been loaded with Gentamicin, 
G20HP80, G20HP80Ag both 
[W] and [UW] hydrogels. Based 
on the result, no zone of 
inhibition was observed by 
G20HP80. On the other hand, 
G20HP80Ag [W] and [UW] 
hydrogels showed a zone of 
inhibition.  

3.8. Cytotoxicity evaluation 

and cell adhesion:  Compared 
with the control (Fig.10A) 
severe cytotoxicity was observed 
when fibroblast cells were 
cultured in the presence of G20GP80Ag [UW] (Fig.10B) and G20HP80Ag [W]  (Fig.10C) hydrogels. 
However, cytotoxicity was found to be decreasing from severe to moderate when hydrogel  were 
washed in serum free medium for were washed in SFM for another 3 days(Fig12A-B). Fig.13A, B, C 
and D) shows flow cytometric analysis of cells harvested from culture after 48 h of seeding. Dead 
cells are propidium iodide-positive in Q1, cells positive for both apoptotic and dead cells are in Q2, 
cells negative for both apoptotic and dead cells are in Q3, apoptotic cells positive for –V are in Q4.By 
actin staining of fibroblast cells, there attachment and spreading on hydrogels could be distinguished. 
Cell attachment and spreading was found to be less on G20HP80Ag hydrogels compared to control 
samples (Figs.14A-B). 

4. CONCLUSION: The polymeric hydrogel synthesized using the monomers GelMA and HPMA 
could be successfully prepared with a good yield and when incorporated with nanoparticle is found to 

Figure 12: Phase contrast micrographs of hydrogels after 

washing and 6 days conditioning in Serum Free Medium 

A) Control fibroblast B) G20HP80Ag [W]. 

Figure 13: Flow cytometric analysis, 

Apoptosis assay of G20HP80Ag [W] 

hydrogels: A) Dot plot of unstained 

fibroblast B) Fibroblast unstained C) 

Fibroblast on material D) Fibroblast 

without material. 

Figure 14: Actin 

staining of fibroblast 

cells: A) Control 

cells B) G20HP80Ag 

[W]. 
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exert antimicrobial property. Swelling, rehydration and equilibrium swelling properties of these 
polymeric hydrogels were found to be optimal for maintaining a moist wound environment. In 
addition, studies on mechanical, porosity, antimicrobial character and cytocompatibility revealed the 
hydrogel to have potential application as a wound dressing material. 
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ABSTRACT 

Consolidation of various functions for the conception of multifunctional nanoparticles capable of 
targeting, imaging and drug delivery is an emerging area of research in cancer therapy and, 
multilayered polymeric assembly is a promising approach. PEGylated polyelectrolyte microcapsules 
(PCLnP) with layer-by-layer (LbL) assembly of sodium poly(styrene sulfonate) (PSS) and 
poly(allylamine hydrochloride) (PaH) of 500nm size were synthesized and characterized by SEM, 
TEM and zeta potential. The polymer capsules exhibited photoluminescence and emitted green 
fluorescence. for toxicity evaluations, cellular morphology, MTT & nRU assay, membrane leakage of 
LdH, RoS & RnS generation and apoptosis measurement by faCS were assessed in L929 mouse 
fibroblast cells after 24 hrs exposure. Results indicated the cyto-compatibility of PCLnP.anticancer 
drug doxorubicin was loaded into PCLnP and increased drug release was observed at acidic pH in 
comparison to that at physiological pH. Cell uptake and cytotoxicity of drug loaded PCLnP (dox-
PCLnP) was studied in MCf7 breast cancer cells. fluorescent micrographs provided support for the 
successful uptake of drug loaded polymer capsules by the cells. Results of MTT assay and RoS 
generation demonstrated cell killing efficacy of drug loaded capsules, which is achieved by apoptosis 
as evidenced by faCS analysis and higher caspase activity in dox-PCLnP treated group. Present study 
corroborates the nontoxic nature of polymer encapsulated lanthanide doped microcapsules in vitro. 
Severe toxicity of drug loaded capsules makes them promising delegates for the formulation of 
multifunctional particles for cancer cell imaging and drug delivery. 

INTRODUCTION   

Cancer is the second leading cause of death worldwide. Majority of the cases are diagnosed after they 
have metastasized. In 2010, more than 556000 cancer deaths were estimated in India for people of all 
ages 71·1% occurred in people aged 30–69 years, and more than ten thousand cancer deaths have 
been reported in Kerala. [www.thelancet.com Published online March 28, 2012 DOI:10.1016/S0140-
6736(12)60358-4]. The Hindu had recently reported that Breast cancer incidence has been shooting 
up in Kerala state, recording an incidence rate of 40 (per 1,00,000 women), as per the latest estimation 
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(2012) of the Population-Based Cancer Registry for Thiruvananthapuram at the Regional Cancer 
Centre (RCC). [http://www.thehindu.com/todays-paper/tp-national/tp-kerala/breast-cancer-cases-
shoot-up-in-state/article5935823.ece]. Existing therapies such as radiation therapy and chemotherapy 
cause damage to the neighboring normal cells along with cancer cells and there is the possibility of 
recurrence of the disease.  The present situation demands the development of targeted treatment 
modalities against this problem by safeguarding the normal cells.  

Recently, nanomaterials caught attention in the biomedical fields due to their characteristic properties 
such as cellular internalization, fluorescent properties, prospects of surface modification etc. Cancer 
nanotechnology includes the creation of devices or materials in 1 – 1000nm range that holds the 
possibility of advancing cancer therapeutics and tumor imaging. [Ferrari, M, (2005)]. 

Polymer-based drug delivery systems reduce immunogenicity; improve the solubility and 
bioavailability of cancer therapeutic drugs at tumor site. [Sivakumar et al, (2009)]. Stealth particles 
that can escape reticuloendothelial system (RES) can be developed by coating poly (ethylene glycol) 
(PEG) on the surface of the nanoparticles. PEG reduces the adsorption of proteins to the particles and 
also the complement activation thereby masking the particles and avoiding them from being identified 
as foreign. [Peracchia, (2003)]. 

Polyelectrolyte capsules of varying diameters ranging from nano- to micrometers with drug delivery 
application have been engineered by the sequential deposition of oppositely charged materials.  [C.Y. 
Gao, E, (2002)]. The therapeutic agents can be accumulated into the capsules making them 
comparatively more useful for controlled release. Lanthanide doped nanoparticles are characterized 
by sharp absorption and emission lines, high quantum yields, long lifetimes and has unique 
luminescence properties, hence are potent agents for cancer cell imaging. [Jan W. Stouwdam, (2003), 
Jiao Chen, (2012)]. Hence, LBL assembly over lanthanide doped particles hold capability for the 
development of a multifunctional agent for cancer cell imaging and site directed drug delivery.  

In this paper, we have reported the synthesis and in vitro toxicity analysis of Layer by Layer (LbL) 
assembled polymer capsules with Tb3+ doped LaVO4 particles (PCLnP) carried out in L929 mouse 
fibroblast cell line. Then we loaded the polymer capsules with anticancer drug, doxorubicin 
hydrochloride (Dox), and checked for the application of drug loaded PCLnP in cancer cell imaging 
and drug delivery in human breast cancer cell line, MCF7. The study has been carried out in 
collaboration with Department of Chemical Engineering, Indian Institute of Technology, Kanpur. 

Materials and Methods 

All chemicals and reagents used in this study were of analytical grade. L929 and MCF7 cells were 
procured from National Centre for Cell Sciences, Pune, India. Cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM), with 10% FBS at γ70C, 5% CO2 and 1% antibiotic-antimycotic 
solution.  

Layer by Layer (LbL) assembled polymer capsules with Tb3+ doped LaVO4 nanoparticles (PCLnP) 
were synthesized and characterized in the Department of Chemical Engineering, Indian Institute of 
Technology Kanpur, UP, India.  

Multilayered capsules were fabricated by alternate adsorption of layers of PSS [Poly (sodium 4 
styrene sulfonate)]/PAH [Poly (allyl hydrochloride)] with a final layer of PEG (polyethylene glycol) 
onto PEI encapsulated Tb3+ doped LaVO4 coated on silica template (synthesized by Stober’s process) 
[Stober (1968)].  Silica core shell was etched out using   2 M HF: 8 M NH4F (pH 5) to get LbL 
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assembled polymer capsules with Tb3+ doped LaVO4 nanoparticles inside. Characterization was 
performed using SEM, TEM and zeta potential.  

Cytotoxicity studies were carried out in L929 mouse fibroblasts cells at two different concentrations 
of PCLnP (P1- 5x102 and P2- 5x10 numbers of capsules/cell) after an exposure for 24hrs. Toxicity 
evaluation was conducted by MTT assay [Mosmann T J, (1983)], neutral red uptake assay [Guillermo, 
(2008)], Lactate dehydrogenase (LDH) release (by Cayman’s LDH cytotoxicity assay kit), 
measurement of Reactive oxygen species (ROS) and Reactive nitrogen species (RNS) [Wang et al, 
(1999)] and apoptosis measurement by FACS (fluorescent activated cell sorting) after Annexin V 
staining (Muse kit). Morphological examination of cells was carried out by viewing them under phase 
contrast microscope.  

Dox was encapsulated into the polymer capsules by adding Dox solution (containing 20µg 
doxorubicin hydrochloride) to PCLnP, and keeping in an orbital shaker (200rpm) overnight, after 
which it was centrifuged. Drug loading was followed using UV–vis spectroscopy by measuring 
absorbance at 480nm, before and after encapsulation. Difference in absorbance gave the quantity of 
drug encapsulated. Amount of drug released at neutral and acidic pH was also determined using UV-
vis spectroscopy. [Xiaoling Yang et al, (2005)].  

In vitro cytotoxicity of the drug loaded polymer capsules was  assessed in MCF7 breast cancer cell 
line by MTT assay, measurement of ROS generation & caspase γ activity (by Cayman’s Caspase 
assay kit) and apoptosis measurement by FACS after annexin V staining, by treating cells with drug 
loaded capsules corresponding to 2 µM dox for 24 and 48hrs. Results were compared to  cells exposed 
to equivalent amount of free doxorubicin. Uptake of PCLnP and drug loaded capsules was also 
conducted in MCF7 cells.  

All statistical calculations were carried out using statistical package for social sciences (SPSS) 
software program (version 17 for Windows). [Steel et al, (1997)]. 

Results and Conclusion 

Synthesis and Characterization of PCLnP: LbL assembled polymer capsules with Tb3+ doped LaVO4 

(PCLnP) of 500nm size were synthesized and characterized by SEM, TEM & zeta potential (Fig.1A, 
1B, 1C & 1D). The PCLnPs were photoluminiscent and exhibited green fluorescence. The 

photoluminiscent property was conferred by 
doping of LaVO4 with Tb3+. 

  

 

 

 

 

 

Cytotoxicity: Results of the cytotoxicity studies of PCLnP on L929 cells using MTT assay and NRU 
uptake assay is summarized in Fig. 2A. The former measures reduction of MTT (3-(4, 5-
Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a tetrazole) to purple formazan in the 
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mitochondria of living cells and the latter 
measures incorporation and binding of the 
supravital dye, neutral red [3-amino-m-

dimethylamino-2-methylphenazine 
hydrochloride] in the lysosomes. Results 
indicate more than 90% cell viability at both 
the concentrations.  

If cells are damaged by any toxic material, 
LDH which is normally present in cytosol is 
released into medium. The results of LDH 

release assay as shown in Fig.2B, indicates that membrane integrity is not affected by PCLnP at both 
concentrations. The findings are supported by the morphology of L929 cells in PCLnPs treated 
groups, when compared to that of cisplatin treated positive control. (Fig 2C). 

Cells might respond 
to a toxic material 
by increasing its 
ROS & RNS 
generation, which 
can disrupt the 
cellular process. 
PCLnP at both the 
concentrations do 
not make any 
significant change 

to the levels of ROS & RNS when compared to normal cells. (Fig 3A & 3B). 

 

 

 

 

 

 

 

Fig 4 shows the apoptotic profile of cells treated with PCLnP. It is evident that polymer capsules do 
not induce apoptosis there by confirming its biocompatible nature. Hence, it was confirmed that LbL 
assembled polymer encapsulated lanthanide doped particles are cytocompatible. 

Drug Encapsulation and Therapeutic Efficacy: UV-spectroscopy studies showed that 75% 
doxorubicin was successfully loaded into polymer capsules by virtue of the pores in microcapsules. 
Over a period of 72hrs, more that 70% drug was released from polymer capsules at acidic pH, 
whereas less than 20% drug release was observed at physiological pH. This increased drug release 
percentage at acidic pH makes the polymer capsules a better option for drug delivery at tumor site, 
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because of the acidic nature of tumor. As seen in Fig 5, PCLnP and drug loaded polymer capsules 
were taken up by MCF7 cells.  

 

 

 

 

 

 

MTT assay exhibited time dependent cytotoxicty in cells treated with dox loaded PCLnP and free dox 
(fig 6A). An increased ROS generation was observed in both drug- loaded PCLnP (dox-PCLnP) 
treated as well as free dox treated cells (fig 6B).  

FACS analysis after Annexin V staining in cells 
treated with dox- PCLnP, exhibits a time dependant 
cell killing by apoptosis (Fig 7A). The results are in 
accordance with that of the caspase 3 activity in 
both groups (Fig 7B). Anticancer drug doxorubicin 
renders its cytotoxic effect on MCF7 by the 
generation of reactive oxygen species, which in turn 
results in apoptosis in tumour cells [Sinha et al, 
(1987)]. Results demonstrate that dox- loaded 
capsules increases ROS generation and apoptosis in 
MCF7. 

The present study indicates that Layer by Layer (LbL) assembled polymer capsules with Tb3+ doped 
LaVO4 particles (PCLnP) are cytocompatible. As the polymer capsules are photoluminiscent in 
biological media, they find application in biomedical diagnostics and as labeling agents for 
fluorescent based cancer cell imaging.  

Drug loaded capsules are severely cytotoxic in breast cancer cell line, thereby demonstrating their 
suitability as carriers of drug to 
the tumour site. Doxorubicin, is 
a clinically active anthracycline 
antitumor drug against a variety 
of human malignancies. But, one 
the major adverse side effects 
associated with the use of 
doxorubicin is the onset of 
cardiomyopathy. [Buzdar et al, 
(1985)].  

Studies point out that the diameter of intracellular openings of vascular endothelium in tumor blood 
vessels can be upto 2µm and this increases the vessel leakiness. Vascular abnormality of tumors along 
with poor lymphatic drainage results in EPR (enhanced permeability and retention) effect, that can be 
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exploited for selective localization and entrapment of the drug loaded capsules to tumor site, thereby 
restricting penetration of these drugs to normal tissues. Passive targeting allows the passage of drug 
carriers in size ranging from 10 to 500nm through the vastly permeable tumor vasculature. 
[McDonald, (2002), Torchilin, V. P, (2002)]. PCLnPs are cytocompatible, and being 500nm size, are 
promising nontoxic vehicles for tumor targeted drug delivery based on passive targeting. The present 
study on PCLnP provides a platform for the formulation of theranostic multifunctional drug delivery 
systems for cancer cell imaging and drug delivery. 
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ABSTRACT 

Targeting of drugs specifically to tumors can increase the concentration of the drugs in the tumor 
milieu while minimising the drug concentration in other tissues, thereby minimising systemic 
toxicities. This would greatly enhance the therapeutic potential. The drugs can be complexed with 
magnetic nanoparticles and can be directed to specific sites following administration, under the 
influence of an external magnetic field. In the present study magnetic nanoparticles of iron oxide (nP) 
are utilized to deliver a cytotoxic phytoceutical, berberine (bbn) to tumors growing on the hind limbs 
of mice. The tumor volume was measured at specific intervals following administration the drug 
complexes (nP-bbn). Significant regression of the tumor volume was observed in the group of mice 
administered with nP-bbn complexes and treated with an external magnetic field on the tumors. The 
mechanism underlying the regression of the tumor in the treatment group was found to be due to 
induction of apoptosis. The expression of genes such as bax and caspases were investigated by 
quantitative real time PCR and these genes were found to be up regulated. The pathological 
examination of the tumor tissues also corroborated the apoptotic mechanism. 

INTRODUCTION 

Several natural compounds have been identified as anti-proliferative and cytotoxic agents. Berberine 
(BBN), an isoquinoline alkaloid isolated from the bark and roots of Berberis species, have shown 
potential cytotoxic properties and induce apoptosis in HeLa and L1210 cells and also inhibited  the 
proliferation of human esophageal cancer cell lines (Jantova et al, 2003  and Iizuka et al, 2000).  The 
cytotoxicity and antiproliferative activity of the compound is dependent on its concentration and the 
therapeutic efficacy can be explained on the basis of its specificity of action.  The specificity in the 
treatment can be achieved by the use of particles in nanoscale.  
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Figure 1: Structure of Berberine chloride. 

Since these particles possess unique properties such as small size (< 100nm), large surface to volume 
ratio, longer circulation time, ability to reach target sites, nanoparticles can be used as an effective 
drug delivery systems.  In order to supply oxygen and nutrients for rapid growth, the tumor cells must 
enhance the formation of new blood vessels.  The epithelial cells lining of these new vessels are not 
properly arranged and it becomes leaky and also, the tumor tissue lacks a normal lymphatic drainage 
system.  On account of these, nano-sized particles get accumulated in tumor tissues. This phenomenon 
is known as Enhanced Permeability and Retention (EPR) Effect. Thus, nanoparticles can reduce the 
exposure of drugs to normal, healthy cells by limiting its distribution to target organ (Greish et al, 
2007).  Magnetic iron oxide nanoparticles have attained a lot of respect in tumor therapy and imaging 
because of its biocompatibility and magnetic properties.  The direction of movement of the 
nanoparticles can be manipulated by the application of an external magnetic field (Hiroshi et al, 2000, 
Saratchandran and Nair, 2011 and Neuberger et al, 2005).  In the present study, magnetic iron oxide 
nanoparticles (NPs) were complexed with BBN and directed to tumor in particular by the use of an 
externally applied magnetic field. 

Materials and Methods 

Animals 

Female Swiss albino mice weighing 22-25 g were obtained from the Small Animal Breeding Section 
(SABS), Mannuthy, Thrissur, Kerala. They were kept under standard conditions of temperature and 
humidity in the Centre’s Animal House Facility. The animals were provided with standard mouse 
chow (Sai Durga Feeds and Foods, Bangalore, India) and water ad-libitum.  All animal experiments in 
this study were carried out with the prior approval of the Institutional Animal Ethics Committee 
(IAEC) and were conducted strictly adhering to the guidelines of Committee for the Purpose of 
Control and Supervision of Experiments on Animals (CPCSEA) constituted by the Animal Welfare 
Division of Government of India.  

Chemicals  

All chemicals were purchased from reputed national and international manufacturers. The magnetic 
iron oxide nanoparticles were prepared by coprecipitation method (Saratchandran and Nair, 2011) and 
were complexed with BBN by sonochemical method and characterized by Infra- Red spectroscopy, 
X-ray diffraction and transmission electron microscopy. 

Experimental design 

The Dalton’s Lymphoma Ascites (DLA) cells were grown on hind limbs of the animal by 
transplanting 5×106cells/animal. Fourteen days after transplantation, the animals were grouped into 
five with five animals in each group as described below. 
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Group 1:  Control- untreated tumor- bearing animals. 

Group 2: NP+Magnet (tumor-bearing animals orally administered with NP and treated with an 
external magnetic field) 

Group 3: BBN (tumor- bearing animals orally administered with BBN; 100mg/kg) 

Group 4: NP+BBN (tumor-bearing animals orally administered with NP-BBN complexes); 100mg/kg  

Group 5: NP+BBN+Magnet (tumor-bearing animals orally administered with NP-BBN complexes 
and treated with an external magnetic field); 100mg/kg. 

The animals were administered with NP-BBN complexes for seven consecutive days. 

Tumor regression study 

The thickness of hind limb was measured using Vernier calliper every alternative day during drug 
administration. Tumor volume was calculated as follows. 

Tumor radius= radius of tumor-bearing hind limb – radius of normal hind limb 

Tumor volume= 
    3 where ‘r’ is the radius. 

The cellular DNA damage analysis 

Alkaline single cell gel electrophoresis (Comet assay) was performed to study cellular DNA damages.  
The cells were embedded on slides pre-coated with 1% normal agarose.  The cellular membranes 
were lysed by incubating cells in lysis solution. Finally electrophoresis was carried out for 30 minutes 
(20V, 0.3A).  The comet parameters such as tail length, % DNA in tail, tail moment and olive tail 
moment were calculated by Comet Assay Software Programme (CASP) (Anderson et al, 1998 and 
Klaude et al, 1996). 

RNA isolation  

RNA was isolated from tumor tissues of animals by acid guanidium thiocyanate-phenol-chloroform 
extraction method (Chomczynski et al, 1987).                                                                       

Polymerase Chain Reaction 

Conventional reverse transcriptase (RT) and Real Time (RTq) PCR were performed in tumor tissues 
to identify the changes in the expression of genes such as bax, bcl2 and caspases 3, 8 and 9 which are 
related to apoptotic cell death mechanism.  Agarose gel electrophoresis of the RT-PCR product was 
carried out for 1hr at 10V/cm and calculated the band width as a measure of intensity of expression.  
The qRT-PCR data was performed to calculate fold change in the expression of genes in comparison 
with the expression of β-actin (positive control) to indicate the down and up- regulation of the genes- 
bax, bcl2 and caspases.   The comparative CT method was used to calculate relative fold change in the 
expression of genes (Thomas et al, 2008).  The primers used for RTq-PCR were listed in table 1. 

Name Forward Reverse Accession 

number 

1181

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Real- time PCR primers 

 

Morphology analysis 

The tissues such as tumor, liver and kidney were excised and fixed them in 10% formalin and 
embedded in paraffin wax for pathological examinations. Sections of 5 micron thickness were 
prepared and stained with haematoxylin- eosin at Pathology Laboratory, Pushpagiri Institute of 
Medical Sciences and Research Centre, Tiruvalla, Kerala, India (Culling et al, 1974). 

Statistical analysis 

The results were presented as Mean ± SD (standard deviation) and were analyzed by GraphPad 
PRISM software version 5.  Statistical analyses of the results were performed using One- way 
analysis of Variance (ANOVA) with Tukey-Kramer multiple comparisons test. 

Results and Discussion 

Tumor regression  

Figure 3 presents the data on the volume of the tumor on the hind limbs of animals following various 
treatments.  It can be seen that the treatment with magnetic field after administration of NP-BBN 
complexes, more drastically reduced the tumor volume from 1.0cm3 to 0.12± 0.04 cm3 on eighth day, 
than control and other treatment groups.  This indicated the increased delivery of drug in tumor tissues 
due to the application of external magnetic field. 

β-actin 5’ATGAGCTGCCTGACG
GCCAGGTCATC γ’ 

5’TGGTACCACCAGACAG
CACTGTGTTG γ’ 

 

NM_007393.3 

bax 5’TGCTACAGGGTTTCA
TCCAG γ’ 

5’CACGTCAGCAATCATC
CTCT γ’ 

 

NM_007527.3 

bcl2 5’AGGATTGTGGCCTTC
TTTGA γ’ 

5’ATGCTGGGGCCATATA
GTTC γ’ 

 

BC068988.1 

caspase 9 5’TGACATCCTTGTGTC
CTACTC γ’ 

5’CCAGGAATCTGCTTGT
AAGTC γ’ 

 

AB019600.1 

caspase 8 5’GATGTTGGAGGAAG
GCAATC γ’ 

5’ATTCCAACTCGCTCAC
TTCT γ’ 

 

AJ007749.1 

caspase 3 5’GAAATTCAAAGGAC
GGGTCG γ’ 

5’GGACACAATACACGG
GATCT γ’ 

 

Y13086.1 
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Figure 3: Volume of tumor after various treatments. Note: The values are expressed as mean ± 

standard deviation (SD). 

The cellular DNA damage analysis 

BBN induces apoptotic degradation of DNA occurs in tumor cells.  The data presented in table 2 
reveal that all comet parameters in the cells of tumor tissues are significantly increased in NP-BBN-
Magnet treated animals compared to control as well as other groups.  This could have been due to   
the increased delivery of BBN to tumor tissues. 

Table 2: The comet parameters of the cells of tumor tissues following various treatments. 

Treatments 

 

Tail Length 

 

Tail DNA % 

 

Tail Moment 

 

Olive Tail 

Moment 

 

     Control 30.08± 20.5 4.57± 2.0 4.0± 2.9 4.04± 2.04 

NP+   Magnet 31.0±  15.2ns 7.3± 8.6 ns 4.5±  3.4 ns 4.79± 3.5 ns 

BBN 29.5± 19.5 ns 6.7± 1.4 ns 6.3±  1.8 ns 6.19±5.5 ns 

NP+BBN 80.8±  39.1*** 24.1±21.3*** 37.5±  5.0*** 23.74± 11.8*** 

NP+BBN+  Magnet 168.5± 15.1*** 37.6±22.4*** 81.0±  6.5*** 56.34± 13.5*** 

Note: The values are expressed as mean ± SD.  ns- non significant and ***- significant (P<0.001) 
when compared to control (untreated tumor –bearing) animals. 

Relative expression of genes 

The data on analysis of the expression of the genes bax, bcl2 and gapdh studied by conventional PCR 
on cDNAs prepared on the isolated mRNAs are presented in figure 4. 
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Figure 4: Relative expression of genes bax and bcl2 after various treatments. Note: The values 

are expressed as mean ± SD. 

The relative expression of genes such as bax and bcl2 were calculated on the basis of a house keeping 
gene, gapdh.  The expression of apoptotic gene bax was up regulated and anti-apoptotic gene bcl2 
was down regulated in NP-BBN and NP-BBN-Magnet treated animals as represented in figure 4, 
indicating the role of apoptosis in tumor regression. 

Fold change in the expression of genes 

The fold changes in the expression of genes involved in apoptosis were calculated for confirming the 
mechanism behind the regression of tumor. From the figure 5 it can be seen that there was an up-
regulation in bax gene expression by 2-fold in tumor of NP-BBN-Magnet treated animals compared to 
control.  The expressions of genes caspase 9, 8 and 3 were up-regulated and bcl2 was down regulated 
in the same treatment group strongly suggested the role of apoptosis. 

Figure 5: Fold change in the expression of genes related to apoptosis. Note: The values are expressed 
as mean ± SD. 

Morphology analysis 

 

Figure 6: Images of histopathology in tumor and normal 

tissues. 

The histopathological analyses of the tumor tissues 
following various treatments are presented in figure 6.   The 
histopathology of tumor from NP-BBN-Magnet treated 
animals showed decrease in the number of live cells and 
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condensation in nucleus compared control (figure 6A).  However, in liver and kidney tissues of both 
control and treated animals did not show any significant changes indicated the specificity in the 
treatment, NP-BBN-Magnet figure 6B and 6C). 

Conclusion 

The cytotoxic alkaloid BBN can be complexed with iron oxide nanoparticles.  These complexes are 
effective in controlling growth of DLA solid tumor in mice.  From the molecular studies it was 
evident that the specific delivery of NP-BBN complexes by externally applied magnetic field 
increases the therapeutic efficacy of the treatment and   induction of apoptosis was the underlying 
mechanism. 

Acknowledgement:  SS thanks University Grants Commission (UGC), Government of India for the 
research fellowship. 
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ABSTRACT 

 Neutrophil extracellular trap (nET) formation is a mode of defense exhibited by neutrophil 
when phagocytosis, RoS production and degranulation become ineffective in controlling infection. 
nET studded with antimicrobial peptides of neutrophil granules and histones fence in or kill pathogens 
and limit infections effectively. However, these structures should be cleared off after this task in order 
to avoid surrounding tissue injury. diabetes mellitus is a metabolic disorder which if left uncontrolled; 
leads to severe infections and mortality. These infections are attributed to defective immune response 
against pathogen which was recently extrapolated to defective nET formation in them. Therefore, this 
study aims to elucidate the impact of hyperglycemia and hyperinsulinemia, two characteristic features 
of type II diabetes; on nET formation in vitro. Healthy human neutrophils were isolated by ficoll-
hypaque density gradient centrifugation and nET formation in the presence of Hyperglycemia, 
hyperinsulinemia or hyperglycemia+hyperibsulinemia conditions were studied. nET formation was 
assessed by nET-dna quantification and microscopic observation. RoS production, myeloperoxidase 
and elastase activity of these neutrophils were also assessed. nET formation was found to be increased 
in hyperglycemia and hyperglycemia+hyperinsulinemia conditions but not in hyperinsulinemia 
condition. RoS generation and Elastase activity were also increased during these conditions. However, 
we failed to observe an increase in MPo activity in any of the studied conditions. In light of all these 
data, it is concluded that nET generation is not decreased as expected but increased by Hyperglycemic 
state and other factors present during diabetic conditions may reason the failure of nET formation 
observed in diabetic PMns. 

INTRODUCTION 

 Diabetes mellitus, a multifactorial disease; is characterized by severe infections, amputation 
and even mortality. This condition is most often correlated with altered immune response in these 
patients. Any type of infection is first tackled by our innate immune mechanisms, initially by recruited 
neutrophils. Neutrophil cells act as soldiers that limit infection using a variety of weapons and thus 
play an important role in determining the fate of an infection. They exert protection through effective 
chemotaxis, phagocytosis and killing via antibacterial proteins stored in their granules. They also 
produce cytokines, chemokines and other secretory products and regulate the function of subsequently 
recruited neutrophil cells to the infection site. Yet another important and recently discovered 
mechanism is the Neutrophil Extracellular Trap (NET) formation or NETosis where these cells eject 
out its genomic/mitochondrial DNA studded with antimicrobial granular proteins and citrullinated 
histones to the surrounding in an attempt to trap and kill pathogen. Exact molecular mechanism of 
casting NET is unknown but PAD-4 enzyme activation; ROS production, neutrophil elastase and 

1186

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



myeloperoxidase are shown to facilitate NETosis. As NETosis helps in containment/killing of 
pathogens, this mechanism is speculated to be suppressed in Hyperglycemic conditions. Therefore, 
this study enquires about the fate of NETosis during hyperglycemia and hyperinsulinemia, two salient 
features observed in type II Diabetes. 

MATERIALS AND METHODS 

Isolation of Neutrophil 

The study was conducted in neutrophil cells isolated from blood of healthy volunteers with no 
immediate history of any infection. The experiments were approved by Institutional Human Ethics 
Committee and informed consent was obtained from the volunteers. Neutrophil cells were collected 
from 10 ml blood by Ficoll- Hypaque density gradient centrifugation (1500 rpm for 30 minutes) after 
removing RBC by Dextran sedimentation. The neutrophil layer was collected and the contaminating 
erythrocytes were lysed hypotonically. The isolated cells were then washed twice with PBS and 
collected by centrifugation at 1500 rpm for 10 minutes. The cell pellet was re-suspended in 1 ml PBS. 
Cells preparations were routinely found to be 99% neutrophils with ≥95% viability, as determined by 
Giemsa staining and trypan blue dye exclusion methods respectively. 

For studying the effect of HG and /or HI, freshly isolated neutrophil cells were treated with hyper 
glucose (12mM), hyper insulin (400pmol/L) or both (hyper glucose and hyper insulin) at 370C with 
5% CO2. Neutrophils treated with normoglycemic (120mg/dL) condition were taken as the control. 

NET formation 

Neutrophil cells (1x105cells/) were treated with hyperglucose, hyperinsulin, or both. Cell-free 
bacterial filtrate obtained from 24-hour S. aureus culture was used as the stimulant for NETosis. Non- 
stimulated neutrophils and the neutrophil treated with normal glucose and insulin conditions were 
taken as negative and positive controls respectively. Hoechst 33258 stain was added at a final 
concentration of 5µM to detect extracellular DNA and was kept at room temperature in dark. After 1 
hour, the cells were vigorously agitated and the NET-DNA concentration was measured using 
multiplate reader at excitation 346/ emission 460nm. 

For observing NETosis in light microscopy, the fixed cells were stained with Hoechst stain for 
15minutes followed by Giemsa stain for 30 minutes.  

Nitro Blue Tetrazolium (NBT) Assay 

 The assay was performed with 1x104 neutrophil/ ml to assess Reactive oxygen species (ROS) 
production by neutrophils. The cells were incubated with 0.1% NBT for 30 minutes at 37 0C with 5% 
CO2 in the presence of hyper glucose, hyper insulin or both. After incubation, a drop from each 
sample was carefully transferred to a grease free glass slide and a smear was made. The smear was 
allowed to dry and fixed with ethanol for 3 min. The slides are then stained with saffranin for 3 
minutes; air dried and observed under 40 X objective. The percentage of cells containing blue 
formazan particles (NBT –positive cells) was determined by evaluating 100 cells under microscope. 

MPO Activity assay 

Neutrophil cells (1x104cells/) were treated with hyperglucose, hyperinsulin, or both and stimulated 
with S. aureus culture filtrate. After 90 minutes, it was vigorously vortexed to detach NET and total 
MPO activity was determined. Assay mixture contained 40 mmol/1 guaiacol, and 0.02 mol/1 
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cetyltrimethylammonium bromide in 0.2 mmol/1 sodium phosphate buffer (pH 7.0) in a total volume 
of 1ml. After the addition of 0.5mmol/1 H2O2) the absorbance was determined at 470 nm for 3 
minutes at 1 minute interval. Intracellular MPO activity was expressed as the ability of tetraguaiacol 
production. 

Elastase Activity 

Neutrophil cells (1x104cells) were treated with hyperglucose, hyperinsulin, or both conditions and 
stimulated with Bacterial filtrate of S. aureus.  Samples were digested with DNase and centrifuged at 
γ000 rpm for 5 min. Neutrophil elastase activity in the supernatant was quantified with 100 μM of the 
peptide substrate N-(Methoxysuccinyl)-Ala-Ala-Pro-Val 4-nitroanilide for 15 min at room 
temperature. Optical density was measured at 405 nm. 

Statistical Analysis 

All experiments were done in triplicates and all data were expressed as Mean± SD (Standard 
deviation). For the comparison between two groups, Student’s online T test (two-tailed) was used. 

RESULTS AND DISCUSSION 

NET-DNA is increased in Hyperglycemia condition: 

To assess the impact of high glucose conditions on neutrophil NETs formation, we incubated 
neutrophils from normal subjects in the presence or absence of high glucose and the cells were 
stimulated using S aureus cell-free supernatant. On stimulation, neutrophils started ejecting out the 
DNA after 90 minutes which was intensified as time interval increased and NETosis was observed 
even at 4th hour after stimulation. After 90 minutes, NET-DNA was quantified to analyze the extent of 
NET release (Fig: 1D). NET-DNA was found to be elevated during Hyperglycemia (p>.05) and 
hyperglycemia+hyperinsulinemia conditions (p>0.05). 
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Fig: 1A. Neutrophil ejecting its nuclear material for casting NET. Fig: 1B. DNA released from 

neutrophil cells after 30min. 

Fig: 1C.  DNA released from Neutrophil cells at 90 minutes post-stimulation (Hoechst 33258 staining 
, 400X).  Fig: 1D. The effect of hyperglycemia and/ or hyperinsulinaemia on neutrophil  NET 
production. 

ROS Production and Elastase activity are enhanced in hyperglycemia 

To find out the authenticity of the result of NET formation, we examined the ROS generation, 
myeloperoxidase activity and elastase activity of neutrophils. ROS generation is quintessential for 
NET release. Chronic Granulomatous Disease (CGD) patients with mutated NADPH Oxidase enzyme 
that produce ROS, failed to produce NET (Fuchs et al,2007) while ROS supplementation normalized 
NET formation in them.  

 

 

 

 

 

Fig: 2. Effect  of hyperglycemia and/ or hyperinsulinaemia on neutrophil  ROS production 

In this study, ROS generation convincingly showed exactly similar pattern as that of NET release. 
Like NETosis, ROS was also found to be increased in Hyperglycemia (p>0.05) and hyperglycemia + 
hyperinsulinemia conditions (p>0.05), however it was not increased in hyperinsulinemia condition 
(Fig: 2) suggesting that hyperglycemia triggers ROS generation in neutrophils. Hyperglycemia was 
reported to cause oxidative stress in type II diabetes (Kawahito et al, 2009) and was shown to induce 
secondary diabetic complications.  

 

                              
  

 

 

 

 Degranulation and translocation of granular enzymes elastase and myeloperoxidase to the 
nucleus is observed before Chromatin decondensation and NETosis. These granular components are 
also observed in NET structures in their active state. As a result, Elastase knock out mouse and 
myeloperoxidase deficient patients released only reduced amounts of NETs. Therefore, we expected 
increased activities of these two enzymes during hyperglycemia. But, we did not observe significant 
difference in myeloperoxidase activity during hyperglycemia, hyperinsulinemia or 

Fig: 3. Neutrophil  MPO activity in the 

presence of hyperglycemia and/ or 

0 

0.05 

0.1 

0.15 

M
ye

lo
pe

ro
xi

da
se

 a
ct

iv
ity

 Normoglyc

emia 

0 

0.001 

0.002 

0.003 

1 

E
la

st
as

e 
A

ct
iv

ity
 Normoglyc

emia 

Hyperglyce

mia 

1189

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



hyperglycemia+hyperinsulinemia conditions. However, we observed a small increase in the mean 
MPO activity in hyperglycemia and hyperinsulinemia conditions. Studies using pharmacological 
inhibition of MPO revealed that low level of MPO is sufficient for casting NET (Metzler et al, 2011). 
In parallel observations, lesser or mildly increased MPO activity were reported in Diabetes patients 
(Weirsma et al, 2008).  Therefore, the nominal increase observed in the present study may also 
facilitate NETosis. Nonetheless, completely MPO-deficient individuals are generally healthy and 
reported occasional incidence of severe or recurrent infections only when they have diabetes mellitus. 

Neutrophil Elastase (NE) is a key component of neutrophil granule. During NET formation these 
antimicrobial protein will come out with NET and will help in the effective removal of pathogens. 
Activated NE released from azurophilic granule of neutrophil cells degrade histones particularly H4 
and facilitate chromatin decondensation (Papayannopoulos et al, 2010) and this is critical for NET 
generation. Myeloperoxidase synergizes with NE in driving chromatin decondensation. In the present 
study, Elastase activity was found to be increased in hyperglycemia (p> 0.05) and 
hyperglycemia+hyperinsulinemia (p> 0.005) conditions. Here also, the key factor that regulates 
elastase activity is Hyperglycemia and not hyperinsulinemia. Neutrophil Elastase was earlier found to 
be increased in diabetes patients (Wang et al, β014) and α1-antitrypsin (Α1AT) a major endogenous 
inhibitor of neutrophil serine 3 proteases are decreased in Type 1 DM patients 

Taken together, all these data suggest increased NETosis during Hyperglycemia conditions. However 
two reports by Joshi et al (2013) and Riyapa et al (2012) reported decreased NET generation by 
diabetic PMNs. Both studies were conducted with neutrophils isolated from diabetic patients and 
hyperglycemia is not the only factor that affects the functions of neutrophils in them. Hyperketonic 
state is common in diabetic conditions and inhibits NET formation (Grinberg et al, 2008). The above 
reported study also did not correlate NET formation with HbA1C levels which is an indication of 
duration hyperglycemic state in patients.   

As hyperglycemia increased neutrophil NET formation, increased infection in diabetes mellitus 
cannot be correlated with defect in neutrophil NETosis.   However, the proteins that are released 
during NET release may trigger tissue destruction as these antigens are concentrated in that area and 
are shown to cause tissue injury (Yu and Su, 2013). Therefore, control of glucose level may decrease 
tissue injury in these patients.  This will also reduce the level of ketone bodies in our body and aid in 
effective NET release and pathogen removal. 
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ABSTRACT 

Invertebrates are the most explored groups in the field of cytotoxic/ anti-cancer marine natural 
products research, considering their ecological and evolutionary significance. Hence an attempt has 
been done to evaluate the possible cytotoxic activities of the Indian green mussel Perna viridis. 
bioassay guided fractionation and evaluation of the cytotoxic activity of the ethyl acetate extract of P. 

viridis was was done using TLC and brine shrimp lethality bioassay. The active fraction was 
separated using HPLC and the retention times were noted. HPLC fraction f1 which proved to be more 
cytotoxic was analysed by mass spectrophotometer (ESI-MS) to find out the molecular mass. 
Successive bioassay guided fractionation using TLC and HPLC resulted in two distinct peaks f1 and 
f2, at 260 nmwith retention times6.023 and 11.976 respectively. for brine shrimp lethality bioassay, 
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the activity was slightly higher for f1 than f2 with percentage mortalities of 56.7 and 43.3 % 
respectively. The highest intensity peak of fraction f1 was observed at m/z (mass to charge ratio) 
425.2 with intensity 1104931.7 and a base peak of 100%. Therefore the molecular mass of the 
cytotoxic component was assumed to be 424.2 (M+1). The results shows that crude and the fractions 
of ethyl acetate extract of P. viridis possess potent cytotoxic activities, which can be a promising 
candidate for cancer therapy in future. 

Introduction  

In recent years, more and more researchers have come to the realization that marine organisms hold 
immense potential as a source of novel molecules and new anticancer agents. Over the past decade 
intense efforts were made to more effectively explore new anticancer clinical and preclinical agents 

from the rich chemical diversity offered by marine 
life. Comprehensive research into the medicinal 
properties of marine organisms in 1960s examined 
a large number of shellfish products, particularly 
with the aim to isolate possible natural 
compounds for cancer treatment. Molluscs 
represent good candidates for anti-cancer natural 
products research considering their evolutionary 
and ecological significance. Currently, natural 
products isolated from molluscs and their 
structural analogues are particularly well 
represented in the anticancer compounds in 

clinical trials [Simmons et al, (2005)]. The species P. viridis, commonly known as the Indian green 
mussel, is a widely distributed edible mytilid bivalve seen all along both east and west coast of India. 
Even though many research have been done with regard to pollution studies as a sentinel organism, P. 

viridis is been sparsely included in pharmacological studies. Some previous works conducted of this 
kind include, inhibition of HIV virus replication [Mitra and Chatterji, (2004)], anti-microbial 
[Annamalai, (2007); Chandran, (2009)], radioprotective [Sreekumar, (2007)], anti-angiogenic 
[Mirshahi et al, (2009)] and anti-inflammatory [Sreejamole et al., (2011)] properties of this mussel 
recently. However, no attempts were made to find out its cytotoxic properties so far. Therefore, the 
present work is first of its kind investigating the cytotoxic properties of crude ethyl acetate extract 
followed by bioassay guided fractionation and identification of the active component employing TLC, 
HPLC and ESI-MS.  

Materials and methods  

The mussel Perna viridis was collected from its natural bed at Anthakaranazhi, Alappuzha District 
(Kerala, India). They were brought to the lab in aerated plastic containers filled with sea water of 
ambient salinity. After separating from the shell, the whole mussel tissue (300 g) was extracted with 
ethyl acetate (EtOAc). The extract was concentrated using vacuum evaporator (35-55oC) under 
reduced pressure and the resultant extract was weighed and kept in clean glass vials at -80 oC until 
use. 

The dried cysts of brine shrimps (Artemia sp.) were hatched in a shallow rectangular glass dish filled 
with filtered sea water. Ten nauplii each were transferred to vials containing different concentrations 
(30-225 µg/ml) of EtOAc extract dissolved in DMSO (1%) and the total volume was made up to 5 ml 
using sea water of 30 ppt. A control vial with 1 % DMSO was also maintained. A drop of dry yeast 

1192

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



suspension was added as food to each vials and maintained under illumination. The experiments were 
done in triplicate. Number of survivors was counted after 12 h and 24 h and the percentage of death at 
each dose and control were determined [Mayer et al, (1998)].  

Separated bands of 
EtOAc extract 

Rf values Yield  (mg) 

E1 

E2 

E3 

E4 

E5 

E6 

E7 

0.17 

0.28 

0.50 

0.60 

0.71 

0.83 

0.93 

5.5 

 

203.8 

 

30.7 

 

150.2 

 

449 

 

390 

 

632.1 

 

Table 1. Rf values and yield of TLC fractions of EtOAc extract of P. viridis  

The extract (2 gm) was subjected to TLC and the seven bands of the chromatogram were scraped out 
into separate glass beakers. The components bound to the stationary phase were eluted out using 
appropriate quantity of hexane: ethyl acetate (7:3, v/v). Later on each fraction was concentrated in a 
rotary evaporator at reduced pressure and finally dried under a blow of nitrogen and the yields were 
measured.  Cytotoxicity of the seven separated fractions (E1- E7) of ETOAC extract (20 µg/ml) was 
evaluated using brine shrimp lethality bioassay for 24 h as described above. 

The fraction E4, which showed higher lethality with brine shrimp bioassay was again subjected to 
TLC using the solvent system; toluene: chloroform (9:1, v/v). Each of the five concentrated fractions 
was tested for cytotoxicty using brine shrimp nauplii as explained before. The assays were done in 
triplicate and the averages of these were taken.  

Chromatographic separation was performed on a Shimadzu® liquid chromatographic system (Tokyo, 
Japan) equipped with 5G C-18 (ODS) phenomenex column (150 X 4 mm) and SPD-20A Prominance 
UV visible detector. EtOAc was used as the mobile phase, which was delivered at a flow rate of 1 ml/ 
min with detection at β60 nm. The sample with an injection volume of β0 μl was applied and the 
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analysis was performed at ambient temperature. Cytotoxicity of the two fractions F1 and F2 (10 µg/ 
ml) was checked using brine shrimp lethality bioassay as described before. 

Mass spectrometry was performed using Waters 3100 Mass detector under electrospray ionization 
(ESI) mode. Fraction F1 was injected directly into the mass spectrometer with a flow rate of 0.5 ml/ 
min and an injection volume of 10 µl. A full ion scan was conducted at a range of 100–2000 Da with 
acetonitrile (gradient grade) as the solvent system.  

Results and discussion  

Thin layer chromatography of ETOAC extract of P. viridis yielded seven separate bands in the 
chromatogram which were named as E1 to E7. Rf values and the yield in mg of each fraction is shown 
in Table 1. Chemical composition of the EtOAc extract of P. viridis was found to be complex as 
judged by chromatogram on TLC with seven bands.  Earlier study on the same extract showed the 
presence of diverse group of secondary metabolites like alkaloids, polyphenols, terpenes, steroids and 
saponins [Sreejamole and Radhakrishnan, (2010)]. Incubation of the hatched artemia with EtOAc 
extract of P. viridis showed a dose dependent mortality rate for 12 and 24 h experiments (Figure 1) 
and the IC50 values were found to be 176 and 92.4 µg/ml respectively.  

Figure 2 shows the effect of ETOAC TLC 
fractions (E1-E7) on brine shrimp mortality. 
Highest percentage mortality of 73.3% was 
shown by fraction E4 at a concentration of 20 
µg/ml. Thin layer chromatogram of the active 
fraction E4 showed five separate bands (E4.1- 
E4.5). Yield of each fraction is given in Table 2.  

Among the separated fractions (E4.1-E4.5), 
fraction E4.4 showed highest percentage 
mortality of 96.7% (Fig. 3), whereas the 
fraction E4.5 exhibited no activity at all. 

HPLC separation of the active fraction E4.4 
on C18 column showed two distinct peaks F1 
and F2, at 260 nm (Fig. 4). The retention times 
for the F1 and F2 were 6.023 and 11.976 
respectively. The cytotoxic  

Table 2:  Rf values and yield (mg) of active 

fraction E4 on TLC  

activity was slightly higher for F1 than F2 (Fig. 5) with percentage mortalities of 56.7 and 43.3 % 
respectively at 10 µg/ml.  

The highest intensity peak in mass spectra was 
observed at (mass to charge ratio) m/z 425.2 
with intensity 1104931.7 and a base peak of 
100% (Fig. 6).  Therefore the molecular mass of 
the cytotoxic component was assumed to be 
424.2 (M+1).  

Fractions Rf  Values Yield  
(mg) 

E4.1 

E4.2 

E4.3 

E4.4 

E4.5 

0.29 

0.36 

0.42 

0.48 

0.58 

9.5 

49 

30.8 

19.2 

29.2 
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Previous chemical analysis of EtOAc extract of P. viridis gave positive results for phenolics for E4  

Fig 3 

 

 

 

 

 

 

 

 

      
  

[Sreejamole and Radhakrishnan, (2010)] which is been found to be the final active fraction. Since 
phenolic compounds have been seldom reported from mlolluscs, their presence in P. viridis tissues 
was expected because these natural molecules are relatively easy to assimilate [Bravo, (1998); 
Karakaya, Fig6(2004)] and the main food sources of this suspensivorous benthic invertebrate are 
phytoplankton and particles derived from degrading marine macro-algae, rich in phenolic compounds. 
Moreover, there are reports on blue mussel Mytilus edulis L’ from which a cystine-rich polyphenolic 
protein has been detected [Rzepecki et al, (1992)]. Owing to this, the cytotoxic activity can most 
likely attribute to be due to a phenolic compound. However, such a conclusion will be elementary 
until further characterization of the compound is done, because a single separated band in a 
chromatogram (TLC) may contain several components and one among them may be a phenolic 
compound.  

In ESI-MS (Electrospray ionization mass spectra), the highest intensity peak is considered as the 
molecular peak. Therefore, highest peak observed at m/z 425.2 in the mass spectra of F1 fraction can 
be taken as the molecular peak. Since in ESI mass spectra, M+ 1 peak were observed the molecular 
mass of the cytotoxic component was assumed to be 424.2. 

Fig. 4. HPLC chromatogram of the active 

fraction E4.4   

Figure 5. Effect of HPLC fractions, F1 and F2 

on brine shrimp lethality. The values are 

expressed as mean±S.D, n=3  

Fig. 6. ESI- Mass spectra of the HPLC fraction F1 
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ABSTRACT 

Hyperglycaemia plays a crucial role in pancreatic –cell dysfunction. Thus, the present study was 
aimed to explore the beneficial effects of Cissus quadrangularisstem fraction (CQSf) on pancreatic  
cells by assessing markers of oxidative stress and antioxidant competence in streptozotocin/ 
nicotinamide induced diabetic rats. oral administration of CQSf (100 mg/kg body weight) to diabetic 
rats for 60 days showed a significant decline in the levels of blood glucose and glycosylated 
haemoglobin with concomitant elevation in plasma insulin. There was significant normalization on 
the activities of antioxidant enzymes like superoxide dismutase, catalase and glutathione peroxidase in 
pancreatic tissue. further, CQSf treated diabetic rats elicited a notable attenuation in the levels of 
malondialdehyde and protein carbonyls in pancreatic tissues. Similarly, mRna analyses substantiated 
that CQSf treatment notably normalizes the pancreatic expression of nrf2 gene in diabetic rats. 
Histopathological observations also reinforce our findings. The results were compared with the 
standard oral hypoglycaemic drug metformin. The present study demonstrated that CQSf exhibits 
significant anti–diabetic potential by attenuating hyperglycaemia, enhancing insulin secretion and 
antioxidant competence in pancreatic  cells of diabetic rats. 

Introduction 

Diabetes mellitus is a global public health concern which is characterized by chronic hyperglycaemia 
due to abnormal insulin secretion or insulin resistance affecting metabolism of carbohydrate, protein, 
and fats. Chronic hyperglycaemia evokes oxidative stress by a variety of mechanisms that eventually 
results in –cell dysfunction and finally diabetes complications (Brownlee, 2005). Hyperglycaemia–
mediated oxidative stress plays a crucial role in the progression of diabetic complications such as 
nephropathy, retinopathy, cardiovascular disease, and peripheral neuropathy. The pancreatic  cells 
are highly vulnerable to oxidative stress as a result of their low content of antioxidants compared with 
other tissues (Prasanth et al., 2013). Moreover, chronic oxidative stress of pancreatic  cells in turn 
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causes defective insulin gene expression and insulin secretion as well as increased –cell apoptosis 
that ultimately results in the deterioration of pancreatic  cells (Robertson, β004). Currently, it is 
recommended that therapy with natural antioxidants may signify a useful pharmacologic overture to 
the management of diabetes.  

Cissus quadrangularis Linn. is a perennial tendril climber, belonging to the family Vitaceae. It is used 
by common folk in India to hasten the fracture healing process. It has been prescribed in Ayurveda for 
skin infections, constipation, piles, anaemia, asthma, irregular menstruation, burns and wounds. The 
leaves and stem of Cissus quadrangularis is commonly used as a vegetable and it exhibit various 
biological activities, such as antimicrobial, antiulcer, antioxidant, anti-inflammatory and anti- 
osteoporotic activities (Chidambaram and Carani, 2010). 

Materials and Methods 

Preparation of CQSF 

The stems of Cissus quadrangularis were shade dried, powdered and extracted with methanol. The 
crude methanolic extract was concentrated and defatted with petroleum ether and then partitioned 
with ethyl acetate to get ethyl acetate fraction (CQSF) which was concentrated and supplemented as 
drug. 

Experimental design 

Experimental diabetes was induced in overnight fasted male albino Sprague–Dawley rats (150–200g) 
by single intraperitoneal injection of freshly prepared streptozotocin (45 mg/kg body weight) 
dissolved in 0.1 M citrate buffer (pH 4.5), 15 min after the intraperitoneal administration of 
nicotinamide (110 mg/kg body weight). Rats were divided into 5 groups of 6 each. 

Group I - Normal control rats 

Group II- Normal rats treated with CQSF (100mg/kg body weight) 

Group III- Diabetic control rats  

Group IV- Diabetic rats treated with CQSF (100mg/kg body weight) 

Group V- Diabetic rats treated with Metformin (100mg/kg body weight) 

Biochemical Parameters 

At the end of the experimental period (60 days) the rats were fasted overnight and sacrificed. Blood 
and pancreas were collected immediately for various biochemical estimations. Fasting blood glucose 
was monitored by glucometer (One Touch Horizon, Johnson and Johnson). Insulin was estimated by 
using ELISA kit (DRG Diagnostics, USA) according to the manufacturer’s protocol. HbA1c was 
estimated using kit (ion exchange method) purchased from Beacon Diagnostics Pvt. Ltd. India. 
Activities of antioxidant enzymes were determined by the following procedures:  Catalase (CAT)–
Maehly et al. (1954), Superoxide dismutase (SOD)–Kakkar et al. (1984) and Glutathione peroxidase 
(GPx) by the method of Rotruck et al. (1973). Reduced glutathione (GSH) content in pancreas was 
measured by the method of Patterson et al. (1955). Lipid peroxidation product Malondialdehyde 
(MDA) was determined by the method of Ohkawa et al. (1979) and protein carbonyl content by the 
method of Abraham and Lester (1994). The protein in the enzyme extract was estimated by the 
method of Lowry et al. (1951). Histology of pancreas was studied using hematoxylin and eosin (H & 
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E) staining. Total RNA was isolated from the pancreatic tissue by the method described by 
Chomcynski &Sacchi (1995). 

Results and Conclusion 

Effect of CQSF on glycaemic control 

The blood glucose level (Fig. 1) and HbA1c% (Fig. 2) were significantly (p < 0.05) reduced in 
diabetic rats treated with CQSF (D+CQSF) as well as metformin (D+M) than that of diabetic group of 
rats (D). Plasma insulin level decreased significantly in diabetic group when compared with other 
groups and was significantly increased (p ˂ 0.05) as a result of treatment with CQSF and metformin 
(Fig. 3). 

Fig. 1 Fasting blood glucose levels 

 

Values are expressed as mean ± SD of six rats in each 
group. Similar alphabets indicate no significant 
difference between groups  

Fig. 2 HbA1c % 

 

Values are expressed as mean ± SD of six 
rats in each group. Similar alphabets indicate 
no significant difference between groups  

Fig. 3 Plasma insulin levels 

Values are expressed as mean ± SD of six rats in each group. Similar alphabets indicate no significant 
difference between groups  

 

Effect of CQSF on the activities of antioxidant enzymes 
and GSH content in pancreas 

Administration of CQSF and metformin significantly (p 
< 0.05) increased the activities of antioxidant enzymes 
in diabetic rats to near normal levels (Table 1). The 
concentration of non–enzymatic antioxidant GSH 
content was significantly (p < 0.05) improved by the 
treatment with CQSF and metformin (Fig. 4).  
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Table 1. Effect of CQSF on the activities of antioxidant enzymes in pancreas 

Groups SOD 

(U/mg protein) 

CAT 

(×10-3U/mg protein) 

 

GPx 

(U/mg protein) 

N 1.23 ± 0.11a 

 

3.50 ± 0.32a 41.40 ± 3.78a 

N + CQSF 1.21 ± 0.11a 

 

3.39 ± 0.28a 40.96 ± 3.74a 

D 0.17 ± 0.02b 

 

1.01 ± 0.09b 15.80 ± 1.44b 

D + CQSF 0.92 ± 0.07c 

 

2.40 ± 0.21c 32.65 ± 2.97c 

D + M 0.65 ± 0.06d 

 

1.80 ± 0.17d 27.13 ± 2.47d 

Values are expressed as mean ± SD of six rats in each group. Similar alphabets in the same column 
indicate no significant difference between groups  

Fig.4 GSH content in pancreas 

 

Values are expressed as 
mean ± SD of six rats in 
each group. Similar 
alphabets indicate no 
significant difference 
between groups  

 

 

 

 

Effect of CQSF on peroxidation products in pancreas 

Treatment with CQSF and metformin resulted in the marked decline (p ˂ 0.05) of HP, CD, MDA and 
protein carbonyl content in pancreas which was elevated in diabetic control group (Table 2).   
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Table 2. Effect of CQSF on the levels of peroxidation products in pancreas 

 

Groups 

MDA 

(mM/100g tissue) 

Protein carbonyls 

(nM/mg protein) 

N 0.73 ± 0.07a 1.41 ± 0.13a 

N+CQSF 0.72 ± 0.06a 1.61 ± 0.15a 

D 2.62 ± 0.24b 4.33 ± 0.36b 

D+CQSF 1.16 ± 0.11c 2.17 ± 0.21c 

D+M 1.48 ± 0.13d 3.31 ± 0.33d 

Values are expressed as mean ± SD of six rats in each group. Similar alphabets in the same column 
indicate no significant difference between groups  

Effect of CQSF on the mRNA expression of Nrf2 in pancreas 

The altered mRNA expressions Nrfβ gene was significantly (p ˂ 0.05) normalized by the oral 
administration of CQSF as well as metformin (Fig. 5).  

      Nrf2 

       GAPDH 

 

 

Fig. 5 Expression of Nrf2 at the mRNA level 

 

Values are expressed as mean ± 
SD of six rats in each group. 
Similar alphabets indicate no 
significant  

difference between groups  

Histopathology of pancreas 

 a) Normal                         b) 
Normal + CQSF                c) 
Diabetic 
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 d) Diabetic + CQSF          e) Diabetic + Metformin 

  

Fig. 6 Histology of pancreas in experimental rats after 60 days of treatment. 

Thus, it may be concluded that oral administration of CQSF to streptozotocin/nicotinamide induced 
diabetic rats exhibited significant ameliorative potential possibly by attenuating the hyperglycaemia 
mediated oxidative stress and preserving the structural and functional integrity of pancreatic  cells. 
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ABSTRACT 
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ataract is a significant global health problem with increasing prevalence with age. Currently no 
pharmacological measures are discovered to prevent and treat  

cataract and a significant number of epidemiological studies have suggested the potential role of 
antioxidants in the prevention of cataract by scavenging free radicals and preventing lens protein 
derangement. The main goal of the present study is to evaluate the role of ethyl acetate fraction of 

Cassia tora leaves (ECT) in preventing selenite induced cataract in rat pups.Sprague Dawley rat pups 
were divided into four experimental groups. Group I is control rats and Group II is control with ECT 
(5μg/g body weight). Group III and Group IV were selenite challenged (4μg/g body weight) by a 
subcutaneous injection on the 10th day. Group IV rat pups received ECT (5μg/g body weight) by 
gastric intubation from 8-15th days. Morphology, antioxidant status and membrane integrity of lenses 
were restored along with the down regulation of trace elements level and stress associated genes, nf 
κb and Egr 1 in ECTadministered group, compared to cataract induced animals. biochemical changes 
reiterate the role of oxidative stress in selenite induced cataractogenesis with polyphenols in the ethyl 
acetate fraction of Cassia tora leaves playing the role of antioxidant and free radical quencher and are 
able to attenuate experimental cataractogenesis. Thus the present investigation suggests the possible 
role of Cassia tora in preventing and alleviating the pathology of cataract and as it is an edible plant, 
incorporation of theses leaves in daily food is a good attempt to prevent or delay cataract. 

INTRODUCTION 

Cataract is a global health problem and accounts half of blindness worldwide (Babizhayev 2012). It is 
a vision impairment condition in which the natural crystalline lens of the eye becomes opaque which 
causes a gradual and painless loss of sight. The pathogenesis of most cataracts is believed to be the 
result of multiple factors acting over many years. The balance between the production and catabolism 
of oxidants by cells and tissue is essential for maintenance of the biologic integrity of the tissue and 
this is regulated by antioxidant mechanism. Imbalance between pro-oxidants and antioxidants gives 
rise to cellular oxidative stress, which plays an important role in the pathogenesis of cataract. This 
hypothesis is supported by studies that examined the anticataractogenic effect of different nutritional 
and physiological antioxidants (Venkateshet al., 2001). Oxidative stress resulting in protein and lipid 
modifications, loss of protein function, ion imbalance, formation of protein aggregates of high 
molecular mass etc. and all these which decreases the transparency of lens and resulting in lens 
opacities. 

As cataract is a protein oxidation disease, the opacity is irreversible and the only strategy for its 
treatment is the surgical removal of opaque lens and replacement with an artificial one. However, the 
expense of surgery, post operative complications etc. still made this a social burden. Hence exploring 
a pharmacological measure to prevent or delay cataract pathology is of great interest. 

Plants have been the basis of traditional medicines throughout the world and according to World 
Health Organization, 80% of world’s population rely on traditional medicine therapy using plant 
extracts and their active components for their primary health care because of better cultural 
acceptability, better compatibility with the human body and lesser side effects (Winston, 1999). 
Cassia tora Linn. (Family: Caesalpiniaceae) is an annual herb, growing as a wasteland rainy season 
weed. The leaves and seeds of Cassia tora are found to be used in leprosy, ring worm, flatulence, 
colic, dyspepsia, cough, bronchitis and cardiac disorders in the Ayurvedic system of medicine 
(Mazumder et al., 2005). The present study was carried out to investigate the anticataractogenic 
potential of ethyl acetate fraction of Cassia tora leaves (ECT) in selenite induced in vitro and in vivo 
cataract models. 
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MATERIALS AND METHODS 

PLANT MATERIAL 

Cassia tora Linn. leaves were collected from kariavattom campus, authenticated by an expert and 
deposited in the herbarium of Department of Botany, University of Kerala, Thiruvananthapuram, 
India (Accession No: KUBH 5844). The leaves dried under shade and extracted with 80% methanol, 
filtered and the solvent was evaporated. The dry extract is partitioned successively using petroleum 
ether, ethyl acetate, butanol and water. Each fraction was concentrated again and bulk of the 
antioxidant activity was showed by ethyl acetate fraction of Cassia tora (ECT). It was dissolved in 
phosphate buffered saline (prepared in sterile water) for the animal experimentations. 

ANIMALS 

Sprague Dawley rat pups at 8-10 days postpartum were housed along with their mother in 
polypropylene cages under a day/night cycle of 12 h, at 25 ± 1°C room temperature. The rats received 
laboratory chow (Hindustan Lever Ltd., India) and distilled water. All ethical guidelines were 
followed for the conduct of animal experiments in strict compliance with the Institutional Animal 
Ethical Committee and Committee for the Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA), Government of India (IAEC-KU-5/2012-13, BC. AA32b). Each experimental 
group comprised of ten animals. 

EXPERIMENTAL PROCEDURES 

A dose response study was carried using ECT at different concentrations (1, β.5, 5 and 10 μg/ g body 
weight) against selenite induced cataract. The minimal effective dose was fixed as 5 μg/g body weight 
by measuring the activities of Superoxide dismutase, Catalase and Calcium ATPase. The rat pups 
were grouped into four with 10 pups in each group. Group I- Normal, Group II-  Normal+ ECT 
(5μg/g body weight), Group III- Sodium selenite (4μg/g body weight) and Group IV- Sodium selenite 
(4μg/body weight) + ECT (5μg/g body weight). Group II and Group III were given a single 
subcutaneous injection of sodium selenite (4 μg/g body weight) on the 10th day, while rats of Group I 
were injected with sterile water. ECT administered by gastric intubation from 8th day upto 12th day at 
a concentration 5 μg/g body weight to Group II and IV. Cataract could be visualized from the 16th day 
with the help of an ophthalmoscope and later on with the naked eye and animals were euthanized by 
sodium pentothal injection on the 30th day. 

ANALYTICAL PROCEDURES 

BIOCHEMICAL PARAMETERS 

Selenium, copper and iron concentrations in the lens samples were assayed by atomic absorption 
spectroscopy (Shimadzu) after digestion in nitric acid/perchloric acid mixture (5:1). Superoxide 
dismutase (SOD) was assayed by the method of Kakkar et al., 1984 , Catalase (CAT) by the method 
of Aebi, 1984, Vitamin C by the method of Omaye et al., 1979, Vitamin A and E by the method of 
Rutkowski et al.,2006 and 2005, Ca2+ATPase activity by the method of Rorive and Kleinzeller, 1974, 
Na+ K+-ATPase activity by the method of Pradip, 2002 and Lens protein was fractionized by the 
method of Rooban et al., 2011 and protein values by the method of Lowry et al., 1951. RNA was 
isolated from the isolated rat lens by means of trizol reagent and RT-PCR and PCR amplifications 
were carried out using kits from Thermo Scientific, India. All statistical calculations were carried out 

1204

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



(Steel et al., 1996) with statistical package for social sciences (SPSS) software program (version 17.0 
for Windows).  

RESULTS AND CONCLUSIONS 

LEVEL OF SELENIUM 

Selenite induced (4μg/g body weight) cataract was the most effective, rapid, reproducible and 
universally accepted cataract model and it shows similarities to human senile cataract (Shearer et al., 
1997). It is essential to reach selenium at the lens to induce cataract and the level of selenium in all the 

experimental group was evaluated to check 
whether the anticataractogenic potential of ECT 
is by chelating of selenium and preventing the 
entry to the lens. Selenium chelating role of 
ECT was analyzed in lenses of all experimental 
groups after 24 hours of subcutaneous injection 
of sodium selenite. Group III and IV rats 
displayed elevated selenium compared to Group 
II and III rats (Fig 1).  

 

LENS MORPHOLOGY 

Selenite administration in rat pups results in the visible 
development of dense opacity in Group III rats and the 
level of opacity is negligible in ECT treated group is 
comparable with normal rats (Fig. 2). 

 

 

 

 

 ENZYMATIC ANTIOXIDANTS 

Enzymatic antioxidants SOD and CAT were measured in the lens as they are scavengers of 
superoxide anion and H2O2 respectively. The mean activities of these enzymes show a decrease in 
cataract group and ECT restores the activity close to normal levels in Group IV (Fig 3).  

TRACE ELEMENTS LEVEL IN LENS 
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As iron and copper involved in metal mediated oxidative stress and cataractogenesis, chelating 
capacity of these metals by ECT was evaluated in experimental animals. Both iron and copper levels 
were raised in selenite induced groups (Group III) and ECT treatment significantly lowers their level 
near to normal (Table1) 

 

 

METABOLIC ANTIOXIDANTS 

Lens vitamins especially Vitamin C, A and E are important defense against free radical mediated 
damage.  Their level in the lenses of group III was significantly (p<0.05) lower than lenses of group I 

and 

group II.  By contrast, lenses treated with ECT (group IV) resulted in a significant (p<0.05) increase 
in the level of these vitamins and decrease in the DHA level as indication of free radical stress 
alleviating effect of ECT (Fig 4 and Table 2). 

MEMBRANE ATPASES 

As lens membrane damage is associated with cataract pathology, the activities of Ca2+ATPase and 
Na+ K+-ATPase activity are evaluated to study the role of ECT on lens ion balance. Their activities 
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were found to be reduced in the lenses of group III when compared to control lenses. But their 
activities were found to be significantly increased (p<0.05) in ECT treated group (Fig 5 and 6). 

 LENS PROTEIN FRACTIONATION 

Protein insolubilization is found to be the major mechanism behind cataractogenesis. There was a 
decrease in total protein and water soluble protein levels and an increase in water insoluble (urea 
soluble) protein level was found in cataract induced group compared to normal rat lenses. The ratio of 
soluble to insoluble protein ratio was modulated by ECT treatment in Group IV (Fig 7). 

EXPRESSION STUDIES 

The mean levels and gene transcripts of oxidative damage markers NF κ B and Egr 1  were found to 
be significantly (p<0.05) higher in lenses of cataract induced rats compared to Group I rat lenses and 
the expression is down regulated in ECT treated group (Fig 8). Relative expression was compared to 
the expression of  actin in the same sample 
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In conclusion, ECT pretreatment is effective in preventing oxidative stress induced cataractogenesis 
and the effect is associated with scavenging of free radicals, improving antioxidant capacity, 
maintaining membrane integrity and preventing the alteration of m RNA level of stress related 
proteins in the lens. These data suggest that polyphenols present in Cassia tora leaves prevent selenite 
induced cataractogenesis and may serve as a potential therapeutic agent for the prevention of cataract.  
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ABSTRACT 

The increasing integration of social science knowledge into medicine has led to the consideration of 
social, psychological as well as biological factors in the etiology and treatment of physical illness and 
disease. This shift away from a theory of biological primacy that ignores the role of social and 
psychological factors( Munch, 2002) toward more holistic perspectives was indeed warranted. There 
are many physical illnesses which are of psychosomatic etiology. one such disease is hyperemesis 
gravidarum (HG), severe nausea and vomiting during pregnancy. HG is a severe form of nausea and 
vomiting which affects one in 200 pregnant mothers. although rare, its clinical and social impact can 
be immense. HG was characterized as a diagnostic and therapeutic enigma for the obstetrician (Starks, 
1984) as there is no known cause or cure. The physiologic basis of HG is controversial. HG appears to 
occur as a complex interaction of biological, psychological, and socio-cultural factors. Social 
psychological theories viewed HG as a response to psychosocial stressors. This also takes into 
consideration of the influence of the personality traits in the causation of HG. This advocates a theory 
of psychogenesis by suggesting that the etiology of HG is due to the pregnant woman’s inability to 
cope with environmental stress. The major objective of the study was to compare the personality traits 
between the antenatal women with and without HG. The study also aimed at comparing the perceived 
stress between the antenatal women with and without HG. Then, the study aimed at finding out the 
correlation between personality traits and perceived stress among the antenatal women with and 
without HG.The sample comprised of 30 antenatal mothers with HG and 30 antenatal mothers without 
HG between the age of 18-40, who were taken from the Gynecology department of amala Institute of 
Medical Sciences, Thrissur using systematic sampling technique.The tools used were 16 Pf 
questionnaire and perceived stress questionnaire. To know the difference between the antenatal 
women with and without HG, on perceived stress and personality traits, t-test was administered . 
Pearson product-moment correlation coefficient was administered to know the correlation between the 
personality traits and perceived stress. Result reveals that there is significant difference in personality 
traits and perceived stress between the antenatal women with and without HG. The study found that 
there exist significant differences in different dimensions of personality. Extraversion, liveliness, 
openness to change and social boldness were found to be higher among the antenatal women without 
HG. antenatal women with HG have higher scores on self-reliance which shows that they are more 
solitary, self-reliant and individualistic. The results also showed that the perceived stress in the 
antenatal women with HG is significantly higher than the antenatal women without HG. This study 
clearly shows the negative relationship between extraversion and perceived stress. 

keywords: Hyperemesis gravidarum, antenatal women, personality traits, and perceived stress. 
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INTRODUCTION 

There are many physical illnesses which are of psychosomatic etiology. Psychosomatic means mind 
(psyche) and body (soma). A psychosomatic disorder is a disease which involves both mind and body. 
Some physical diseases are thought to be particularly prone to be made worse by mental factors such 
as stress and anxiety. Current mental state can affect how bad a physical disease is at any given time. 
There is a mental aspect to every physical disease. How we react to and cope with disease varies 
greatly from person to person.  However, the term psychosomatic disorder is mainly used to mean a 
physical disease that is thought to be caused, or made worse, by mental factors. There are many 
illnesses in which there is controversy of biological versus psychological etiology of the illness. One 
such disease is hyperemesis gravidarum (HG), severe nausea and vomiting during pregnancy.  HG 
was characterized as a diagnostic and therapeutic enigma for the obstetrician (Starks, 1984). HG 
appears to occur as a complex interaction of biological, psychological, and sociocultural factors. This 
advocates a theory of psychogenesis by suggesting that the etiology of HG is due to the pregnant 
woman’s inability to cope with environmental stress. In a study done by Uguz, Gezginc & Haydar 
(2012), avoidant personality disorder and obsessive–compulsive personality disorder was found to be 
significantly higher in women with HG compared to the control subjects. Another large prospective 
cohort study of healthy nulliparous women with HG has demonstrated that women with HG displayed 
elevated scores for anxiety, perceived stress, depression and limiting behavior in response to 
pregnancy. (McCarthy, Khashan & North, 2011). The major objective of the current study was to 
compare the personality traits between the antenatal women with and without HG. The study also 
aimed at comparing the perceived stress between the antenatal women with and without HG. Finally, 
the study aimed to find out the relation between the personality traits and perceived stress among the 
antenatal women with and without HG. 

METHOD & MATERIALS 

The sample comprised of 30 antenatal mothers with HG and 30 antenatal mothers without HG 
between the age of 18-40, who were taken from the gynecology department of Amala Institute of 
Medical Sciences, Thrissur, using systematic sampling technique. A total of 60 participants were 
taken for the study from gynecology department of Amala Institute of Medical Sciences after the 
approval of the investigator’s research proposal by the ethics committee of Amala Institute of Medical 
Science. Tools used were 16 PF questionnaire and the perceived stress scale. The Sixteen Personality 
Factor Questionnaire (16PF) is a comprehensive measure of normal range personality found to be 
effective in a variety of settings where an in-depth assessment of the whole person is needed. It was 
developed by Raymond Cattell. (Cattell,1973). The Perceived Stress Scale is a measure of the degree 
to which situations in one's life are appraised as stressful (Cohen, Kamarck& Mermelstein,1983).  

Plan of the study was initially submitted to the guide and after receiving approval, submitted to the 
Principal, AIMS. After the study was approved by the ethical committee, data collection was started 
from the Amala Institute of Medical Sciences Gynaecology Department. Those who were selected for 
the study were initially interviewed by the investigator and a good personal rapport was established 
with the patients. The investigator explained about the purpose of her visit and consent was taken 
from the patients who were willing to cooperate with the study. All the respondents who gave consent 
were then provided with the above mentioned questionnaires and persuaded to fill by their own. After 
data collection, tabulation was done and then, the Statistical Program for the Social Sciences (SPSS) 
Version16.0 was used to establish a database. t-test was administered to know the difference between 
the antenatal women with and without HG in personality traits and perceived stress.  Pearson product-
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moment correlation coefficient was administered to know the correlation between the personality 
traits and the perceived stress. 

RESULTS AND CONCLUSION 

Table 1: Means, Standard deviation and t value of 16 personality traits between the antenatal 

women with HG and without HG 

Dimensions Antenatal women with HG 
(N=30) 

Antenatal women without HG  
(N=30) 

t value 

Mean SD Mean SD 

Warmth 3.8 1.40 4.30 1.5 1.24 

Reasoning 3.4 1.13 3.5 1.25 0.32 

Emotional stability 3.93 1.26 4.43 1.45 1.42 

Dominance 3.03 1.32 3.26 1.80 0.58 

Liveliness 4.7 1.58 5.83 1.46 2.89** 

Rule-consciousness 4.43 1.14 5.0 1.17 1.90 

Social boldness 4.3 1.35 5.4 1.07 3.40** 

Sensitivity 5.9 1.14 6.0 1.29 0.21 

Vigilance 7.8 1.80 7.9 1.41 0.40 

Abstractedness 5.8 2.28 6.4 1.54 1.26 

Privateness 5.4 2.07 6.4 1.19 2.20* 

Apprehension 5.9 1.50 6.2 1.19 0.95 

Openness to change 3.4 1.83 4.6 1.81 2.56* 

Self reliance 8.6 1.24 8.0 1.0 2.29* 

Perfectionism 3.3 1.37 3.03 1.78 0.65 

Tension 5.1 2.19 5.6 2.0 0.87 

Introversion-
Extraversion(Q1) 

2.9 0.96 4.0 0.94 4.47** 

Low- high Anxiety 
(QII) 

6.33 1.12 6.50 1.61 0.46 

Tough-poise-
receptivity (QIII) 

5.47 1.33 5.87 0.86 1.38 
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**significant at 0.01 level         *significant at 0.05 level 

The table 1 shows that the antenatal women without HG have significantly higher mean values on 
liveliness, social boldness ,and openness to change(5.83,5.4,4.6 respectively)  compared to the 
antenatal women with HG(4.7,4.3,3.4 respectively) . These three qualities, ie, liveliness, social 
boldness and openness to change, will help them to adapt to stresses in their life very boldly. In 
contrast, mean value of the privateness (p<0.05)of the antenatal women without HG(6.4)  is higher to 
that of antenatal women with HG (5.4) by which they wants to maintain private, non-disclosing 
attitude. Moreover, self reliance (M= 8.6) among the antenatal women with HG are higher compared 
to that of antenatal women without HG (M=8.0), (p<0.05). The higher scores on self reliance among, 
the antenatal women without HG, shows that they are more solitary, self reliant and individualistic.  
Similarly, among the second order factors, on the introversion- extraversion (QII) continuum, 
antenatal women without HG have significantly higher values (M=4.0, SD=0.94) compared to 
antenatal women with HG (M=2.9, SD= 0.96).  As findings of recent studies indicate, the interacting 
roles of biological, socio-cultural and psychological variables in making an individual prone to 
psychosomatic disorders and maintaining them have been sensed (Chakravarthy, 2013). As symptom 
perception presumably contributes to defining oneself as ill, personality characteristics linked to 
symptom reporting may also have implications for the reporting of illness (Costa & McCrae, 1985).  

Table 2: Means, SD and t value of Perceived stress  

**Significant at 0.01 level 

The table 2 shows that the mean and SD of the perceived stress among the antenatal women with HG 
are 20.20 and 6.33 respectively and that of the antenatal women without HG are 12.63 and 2.82 
respectively. The t value was calculated to be 5.88**(p>0.01). This shows that the Antenatal women 
with HG have higher perceived stress compared to control group. This finding is similar to many 
other studies which pointed towards the role of environmental stress in causing HG. In a large 
prospective cohort study of healthy nulliparous women, the magnitude of these scores was greatest in 
women with severe HG. (McCarthy, Khashan& North, 2011). Similarly, based upon a case study of 
four hyperemetic women, Katon et al. (1980) concluded that the hospitalized hyperemetic women 
seek a ‘time out’ from a stressful world.  Therefore, it can be assumed that, it is the combination of the 
social stress and the psychological inadequacy to deal with the increased environmental stress, can 
augment the physiological tendency for nausea and vomiting in pregancy and lead to HG. 

Table :3 Correlation between Different Dimensions of personality and Perceived stress  

Independence-
accommodation(QIV) 

5.13 1.11 5.37 1.45 0.70 

Dimensions Antenatal women with HG 
(N=30) 

Antenatal women without HG  
(N=30) 

t value 

Mean SD Mean SD 

Perceived 
stress 

20.20 6.33 
12.63 2.82 5.98** 

 Introversion- Low- high Tough-poise- Independencea
ccommodati-
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** significant 
at     0.01 level 

Table 3 shows 
that the 

extraversion is correlated with perceived stress (r-0.331, p>0.01). This clearly shows the significant 
negative correlation between extraversion and perceived stress. This might point to the existence of a 
protective function of extraversion in stress coping.  In a study examining effects of personality on 
daily events predicting night-time stress, it was asserted that coping strategies deployed by extraverts 
reduces the level of stress faced ((Longua, DeHart, Tennen, & Armeli, 2009)). The findings in this 
study can be supported by another study indicating that extroverts are able to ‘capitalise’ their positive 
emotions  to combat stress(Gable, Reis, Impett, & Asher, 2004).  

Understanding the etiology of HG has important implications for women’s health care. There is 
multiplicity of causes, yet scarcity of research on the topic of HG. Hence this study to explore the 
etiology of HG is a very significant attempt to improve women’s health care.  
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ABSTRACT 

Acute myeloid leukemia (aML) is a hematopoietic disorder in which there are too many immature 
blood-forming cells accumulating in the bone marrow, resulting in hematopoietic failure. 
approximately 50% to 60% of newly diagnosed aML are associated with cytogenetic abnormalities. 
because of its pivotal role in the prognosis stratification in aML, cytogenetic characterization is 
essential for proper subclassification according to wHo 2008.To date, very few Cytogenetic profiling 
were done in asian countries. However, no systematic study has been undertaken in cytogenetic 
profiling of aML patients in India especially from south India.our aim was to define the frequencies 
and subtypes of chromosomal abnormalities among aML patients and to analyze the prognostic status 
of chromosomal abnormalities in the south Indian population. In the present study, cytogenetic 
patterns were analyzed in 210 de novo adult aML patients. Cytogenetic G-banding analysis, 
fluorescence in situ hybridization and spectral karyotyping were performed by standard methods. 
among successfully karyotyped 196 aML patients, 81 of them had chromosomal aberrations and 115 
patients showed normal karyotype. The most frequent cytogenetic abnormality was t(8;21)(13%) 
followed by t(15;17) in 11% and +8 in 3%. apart from recurrent chromosomal changes, we got 
infrequent chromosomal translocations in five patients. among these, three patients had rare 
chromosomal translocations (t(10;11),t(13;14) and t(14;14)) and two patients showed novel 
chromosomal abnormality (t(X;2) and t(1;22)). Concerning cytogenetic prognostic subgroups, 49 
(25%) patients come under good prognostic group, 115 (59%) patients under intermediate prognostic 
group and 7 (4%) patients under poor prognosis group.Twenty five patients showed infrequent 
chromosomal abnormalities, which doesn’t come under any of the wHo prognostic group. In the 
future, molecular characterization of these rare cytogenetic abnormalities would provide insights into 
the heterogeneity of genomic rearrangement which further leads to tumorigenesis and thereby add 
information to prognosis which helps in improved patient management. To conclude, more 
epidemiological studies involving different ethnic populations should help unfold the true nature of 
environmental and genetic interplay in the development of aML. 

Introduction 

Acute myeloid leukemia (AML) is a hematopoietic disorder in which there are too many immature 
blood-forming cells accumulating in the bone marrow, resulting in hematopoietic failure. 
Approximately 50% to 60% of newly diagnosed AML are associated with cytogenetic abnormalities 
such as translocations, inversions, deletions, duplications, monosomies etc. [Mrózek K and 
Radmacher MD (2009)]. In AML, numerous recurrent structural and numerical cytogenetic 
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aberrations have been identified and many of them are not only  diagnostic markers for specific AML 
subtypes, but also constitute independent prognostic factors for the attainment of complete remission 
(CR), relapse risk, and overall survival (OS) [Mrózek K and Marcucci G (2007)]. Cytogenetic 
abnormalities that indicate a good prognosis include t(8;21), inv(16) or t(16;16), and t(15;17). Normal 
cytogenetics portends average-risk AML. Patients with AML characterized by deletions of the long 
arms or monosomies of chromosomes 5 or 7; by translocations or inversions of chromosome 3, t(6; 
9), t(9; 22); or by abnormalities of chromosome 11q23 have a particularly poor prognosis with 
chemotherapy. Because of its pivotal role in the prognosis stratification in AML, the World Health 
Organization classification defines AML with t(8;21)(q22;q22), t(15;17)(q22;q11–12), 
inv(16)(p13q22) and 11q23/MLL rearrangements as distinct subtypes [Vardiman JW and  Thiele J 
(2009)]. 

                  To date, very few Cytogentic profiling were done in AML patients in Asian countries. 
However, no systematic study has been undertaken in cytogenetic profiling of AML patients in India 
especially from south India. In the present study, cytogenetic patterns were analyzed in 210 denovo 
adult AML patients, most of whom were from Kerala. Our aim was to define the frequencies and 
subtypes of chromosomal abnormalities among AML patients in the south Indian population. 
Knowledge on the contribution of rare abnormalities to AML disease, progression and prognosis is 
limited. In addition to the identification of recurrent chromosomal abnormalities in AML, we also aim 
to identify the rare chromosomal abnormalities by using conventional and molecular cytogenetic 
techniques for future prognostic stratification of these abnormalities.  

Materials and Methods 

Patient samples 

The present study was conducted at the Regional Cancer Centre, Trivandrum, Kerala, India. The 
study was carried out in 210 de novo AML patients, aged 18-84 years who attended the Medical 
Oncology Clinic of the Regional Cancer Centre. The diagnoses were pathologically confirmed. Bone 
marrow samples (2 ml) from AML patients were collected in heparinised vacutainers for cytogenetic 
analysis after obtaining written informed consent. The study was approved by the Ethical Committee 
of the Regional Cancer Centre.  

Cytogenetic and molecular cytogenetic analysis 

Bone marrow aspirate withdrawn at the time of disease diagnosis was used for classical cytogenetic 
analysis after short-term culture after receiving official institutional approval. Harvesting and GTG 
banding were performed as per the standard procedure [Henegariu O and Heerema NA (2001)]. 

Karyotypes were described according to ISCN 2013[Shaffer LG and Slovak ML (2013)]. Twenty 
metaphases were karyotyped using the Cytovision Software (Cytovision, USA). FISH analysis was 
performed to confirm the  recurrent [t (8;21), t(15;17) and inv (16)] associated with specific FAB 
subtypes M2, M3 and M4 respectively ] and other rare chromosomal  abnormalities using locus 
specific (Vysis) and whole chromosome painting (Kreatech) probes .Spectral Karyotyping (SKY) was 
performed to confirm the novel chromosomal translocation. A 22x22 mm region of the metaphases 
preparation on one of the GTG slides was hybridized with ASI-SKY paint probe mixture (Applied 
Spectral Imaging, Migdal Ha’Emek, Israel). The result was analyzed using the SKY system according 
to the manufactures instructions. 

Results and Conclusions  
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Successful cytogenetic analyses were achieved in 196 (93%) patients, among whom 81 (41%) had 
detectable clonal abnormalities, whereas 115 (59%) were considered cytogenetically normal. In 
successful cases, the most frequent cytogenetic abnormality was t(8;21)(13%) followed by t(15;17) 
(Fig.1) in 11% and +8 (Fig.3) in 3%. According to the Moorman classification [Moorman AV and 
Roman E (2001)], 29% had translocational karyotypes, 2% had deletional karyotypes and 7% had 
trisomic karyotypes. 

Among   twenty six   t(8;21) cytogenetically positive cases, six  patients  showed the loss  of  sex 
chromosome(X/Y)(Fig.2) and one patient showed three way translocation involving chromosomes 1,8 
and 21. Apart from recurrent chromosomal changes, we got infrequent chromosomal translocations in 
five patients. Among these  three patients had rare chromosomal translocations (t(10;11),t(13;14) and 
t(14;14)) and two patients showed unreported chromosomal abnormality (t(X;2) and t(1;22)). All the 
chromosomal translocations confirmed to be mutually exclusive. 

FISH analysis confirmed the presence of t(8;21) in all the  cytogenetically positive AML- M2 cases 
(Fig.4 ). In AML- M3 cases two cytogenetically normal patients showed the presence of t(15;17) 
(Fig.5). The difference in accuracy of conventional cytogenetic and molecular cytogenetic (FISH) 
technique were more prominent in detection of inv (16) in AML-M4 cases. Seven cytogenetically 
normal AML- M4 patients showed the presence of inv (16) in FISH analysis (Fig.6). In addition to 
these, we confirmed loss of sex chromosomes and rare chromosomal abnormalities by using specific 
FISH probes .By using spectral karyotyping and FISH, we also confirmed the novel chromosomal 
abnormalities. 

Considering FAB subtype, M2, M6, M1, cases had the highest incidence of translocation, deletion and 
trisomy respectively. Complex karyotype was more common in the M4 subgroup.  Concerning 
cytogenetic prognostic subgroups, 49 (25%) patients come under good prognostic group, 115 (59%) 
patients under intermediate prognostic group and 7 (4%) patients under poor prognostic group.  
Twenty five patients showed infrequent chromosomal abnormalities, which does not come under any 
of the WHO prognostic group. In the future, molecular characterization of these rare cytogenetic 
abnormalities would provide insights into the heterogeneity of genomic rearrangement which further 

leads to tumorigenesis and 
thereby add information to 
prognosis which   helps in 
improved patient 
management. To conclude, 
more epidemiological 
studies involving different 
ethnic populations should 
help unfold the true nature 
of environmental and 
genetic interplay in the 
development of AML. 
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Fig. Karyotype Showing (1)46,XY,t(15;17)(q22;q21) (2) 45,X,-Y, t(8;21)(q22;q22) (3) 47,XY,+8 
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                        Fig.6A                                                             Fig.6B                                                                                       

Fig.4.A nucleus (A) lacking (B) showing t(8;21) in FISH analysis 

Fig.5.A metaphase (A) lacking (B) showing t(15;17) in FISH analysis 

Fig.6.A nucleus(A) lacking (B) showing inv inv(16) in  FISH analysis  
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ABSTRACT 

Metastasis has become a major challenge in the management of cancer. There is a need for active 
antimetastatic agents that can prevent the spread of cancer cells to different parts of human body. 
although there are potent chemotherapeutic agents available in the market, they pose toxicity effects 
in normal cells also. Earlier studies on plant polysaccharide, PSP001 isolated from the fruit rind of 
Punica granatum in our laboratory have proved that PSP001 to be nontoxic in balb/c mice upto 
2000mg/kg and showed excellent antioxidant, immunomodulatory and antitumor activities. The 
present study was carried out to evaluate the antimetastatic effect of PSP001 on a549 and b16f10 
cancer cells using in vitro experiments such as clonogenic assay, wound healing assay, invasion and 
migration assay, in vivo peritoneal angiogenesis and pulmonary metastasis assay using C57bL/6 mice. 
Clonogenic assay showed surviving fraction to be 56.81 and 61.36% at 100 and 200µg/ml of 
PSP001in a549 cells. In wound healing assay, PSP001 showed wound closure inhibition of 79% in 
200 µg/ml in a549 cells and 48% in b16f10 cells at 100 µg/ml respectively. Invasion and migration 
assays with PSP001 in a549 and b16f10 also reveal its anti-invasive and anti-migratory properties. In 

vivo pulmonary metastasis experiments on C57bL/6 mice using b16f10 murine cancer cells showed 
reduced number of colonies in the lung nodules in PSP001 treated mice when compared to the 
control. all these experiments highlight the anti-metastatic activity of PSP001. future clinical studies 
with PSP001 can bring a possible way to tackle the problem of metastasis more effectively. 

Introduction    

The cells within malignant tumors have the ability to invade neighboring tissues and organs, thus 
spreading the disease. It is also possible for cancerous cells to break free from the tumor site and enter 
the bloodstream, spreading the disease to other organs. This process of spreading is called metastasis. 

1218

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

http://www.ncbi.nlm.nih.gov/pubmed/16960150
http://www.ncbi.nlm.nih.gov/pubmed/16960150
http://www.ncbi.nlm.nih.gov/pubmed/16960150
http://www.ncbi.nlm.nih.gov/pubmed?term=Mr%C3%B3zek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19468266
http://www.ncbi.nlm.nih.gov/pubmed?term=Radmacher%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=19468266
http://www.ncbi.nlm.nih.gov/pubmed/?term=.Mr%C3%B3zek+K%2C+Radmacher+MD%2C+Bloomfield+CD%2C+Marcucci+G%3A+Molecular+signatures+in+acute+myeloid+leukemia.+CurrOpinHematol.16%3A64-9+\(+2009\).
http://www.ncbi.nlm.nih.gov/pubmed/?term=.Mr%C3%B3zek+K%2C+Radmacher+MD%2C+Bloomfield+CD%2C+Marcucci+G%3A+Molecular+signatures+in+acute+myeloid+leukemia.+CurrOpinHematol.16%3A64-9+\(+2009\).
http://www.ncbi.nlm.nih.gov/pubmed?term=Vardiman%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=19357394
http://www.ncbi.nlm.nih.gov/pubmed?term=Thiele%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19357394
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blood+114%3A937-51+\(2009\).


Metastasis refers to the dissemination of cancer cells from initial tumor to distant sites and involves a 
series of processes, including loss of adhesion, acquisition of cell motility, extracellular proteolysis, 
and angiogenesis. Cell motility plays a fundamental role in the onset and progression of cancer and is 
particularly important in tumor invasion and metastasis. Since the acquisition of metastatic properties 
in tumor cells is one of the most important factors governing clinical prognosis of the individual 
during the process of carcinogenesis, the need to elucidate the molecular mechanisms of cancer 
metastasis, as well as to develop effective means to prevent or treat metastasis was raised.  

Apart from the antitumor and immunomodulatory activities, polysaccharides could be used as 
antimetastatic agents or therapeutic cancer vaccines. Therefore, polysaccharides are of vital 
importance in cancer treatment and management. In our previous studies, PSP001 has been reported 
to exhibit potential antioxidant, antitumor and immunomodulatory properties from our laboratory 
(Sreelekha T T et al, Manu M Joseph et al). In this study we investigated the antimetastatic effects of 
PSP001 with special emphasis on inhibition of clonogenicity, wound healing, cell invasion and 
migration in vitro and pulmonary metastasis in vivo. 

Materials and Methods 

1. Isolation and purification of the polysaccharide PSP001 

Fruit rind of Punica granatum was collected and shade dried. Hundred grams of powdered seed 
kernel was extracted with petroleum ether at room temperature for 72 hours with occasional stirring in 
order to remove any fat present in it. The dried material was extracted with distilled water and the 
aqueous extract was centrifuged at 20,000 x g for 15 minutes. Polysaccharide was precipitated with 
ethanol with constant stirring and kept overnight at 40C. The precipitate was pelleted by centrifugation 
at 20,000 x g for 15 minutes and the residue was dissolved in distilled water. It was treated with equal 
volume of chloroform in a separating funnel and the denatured protein formed as a gel at the water 
chloroform interphase was removed and the process was repeated till the interphase became clear. 
This was followed by dialysis against distilled water for 48 hours at several changes of water. The 
content of dialysis bags was collected, concentrated and treated with ethanol to precipitate the 
polysaccharide. Precipitate was collected by centrifugation at 20,000 x g and the residue was 
dissolved in distilled water (100ml) and dialyzed against distilled water, concentrated and lyophilized. 

2. Cell Lines 

The human cancer cell line A549 (human lung adenocarcinoma) and murine cancer cell line B16F10 
(melanoma) were procured from National Centre for Cell Sciences, Pune. The cells were maintained 
in DMEM supplemented with 10% fetal bovine serum (FBS) at 37◦C and 5% CO2 incubator.  

3. Clonogenic Assay  

Clonogenic assay was followed according to Nicholas A.P. Franken et.al (2006). About 5×105cells 
were seeded per well in a T25 cell culture flask and allowed to attach overnight. The next day medium 
was replaced with fresh medium containing different concentration (100, 200µg/ml) of PSP001 and 
incubated for 72h. Following incubation, cells were harvested by trypsinisation and counted. For 
clonogenic assay 1000 A549 cells in 2ml medium were seeded in 6-well plate and were incubated at 
37°C for 14 days without any disturbances. Following incubation, the medium was removed and 
colonies were fixed and stained with 0.5% crystal violet. The colonies were counted. The Plating 
efficiency and surviving fraction of the cells were calculated using the formula. Plating Efficiency 
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(PE) = no. of colonies formed /no. of cells seeded x100. Surviving fraction (SF) = P.E of treated 
cells/P.E of control x100 

4. Wound Healing Assay  

Wound healing assay was carried out the protocol mentioned by Chun Chi Liang et. al, (2007). A549 
cells were seeded at 2.5 x 105 cells in 6-well plates and grown till the cells became confluent. The 
monolayer cells were physically wounded by scratching the surface with a pipette tip (100 µl) as 
uniformly and straight as possible, followed by washing once with PBS. Various concentrations of 
PSP001 were added to the respective wells for the indicated time points (0, 12 and 24 hrs). The 
images of cells invading the scratch were captured using Olympus inverted light microscope. The 
pictures were evaluated by measuring the difference in the area of the wounds with a Leica image 
analysis system (Leica, Mannheim, Germany) and migration rate expressed as percentage of scratch 
closure was calculated as follows: % of scratch closure = Percentage of wound closure = Area of 
initial wound at time t0 – (Area of wound at time t)/Area of initial wound at time t0). The experiments 
were repeated in triplicate wells at least two times. 

5. Invasion and Migration Assay  

An invasion assay was carried out using 24-well plate (Corning). A polyvinyl-pyrrolidone-free 
polycarbonate filter (8 μm pore size) (Corning) was coated with matrigel (BD). The lower chamber 
was filled with medium containing 20% FBS as chemoattractant agents. The coated filter and upper 
chamber were laid over the lower chamber. Cells (1 × 105 cells/well) were seeded onto the upper 
chamber wells containing PSP001 cells at desired concentrations. After incubation for 72h at 37°C, 
the filter was washed with PBS, fixed and stained with 0.5% crystal violet (15min). After being dried, 
the stained cells were enumerated under light microscope at 10 × objective. For migration assay, the 
above protocol was followed but cells were seeded onto upper chambers that were not coated with 
matrigel (Shuo-Chueh Chen et.al, 2014). 

6. Peritoneal Angiogenesis Assay  

Ehrlich Ascites Carcinoma (EAC) cells (5x 106) were injected intraperitoneally (i.p) into mice (2 
groups of mice, 6 in each group) and growth was recorded every day from the day of transplantation. 
PSP001 at 200 mg/kg body weight was injected into the peritoneum of the EAC bearing mice every 
day from the 6th day of transplantation. On the 12th day, the animals were sacrificed and the volume of 
ascites formed both in the treated and untreated mice were recorded. The pelleted cells were counted 
by trypan blue dye exclusion method using a hemocytometer. The animals were dissected to observe 
the effect of these polysaccharides on peritoneal angiogenesis (Rashmi Vinayak et.al, 2014). 

7. Evaluation of antimetastasis assay of PSP001 on C57BL/6 mice  

Highly metastatic B16F10 melanoma cells (1 × 106 cells/ 0.2 ml PBS) were injected to each C57BL/6 
mice via lateral tail vein on day 0. PSP001 at 200 mg/kg was administered intraperitoneally 
simultaneously with the induction of metastasis and continued for 10 days respectively. Six animals 
from each group were sacrificed after 20 days of tumour induction, the lungs were dissected out and 
blood was collected. The number of blackish metastatic colonies present over the entire surface of the 
five lobes of the lung will be counted under a dissecting microscope. Tumor formation and survival 
was monitored for more than 2 months (N Sawada et.al (2004). 

Results and Conclusions  
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The ability of a cancer cell to proliferative indefinitely was assessed in clonogenic assay. PSP001 was 
shown to remarkably reduce the number of colonies when compared to the control after 14 day 
experiment and the surviving fraction of PSP001 was found to be 66.66 % and 27.77% at 100 and 200 
µg/ml respectively when compared to the control. The lower surviving fraction clearly indicates the 
inhibitory effect of PSP001 in colony formation of A549 cells at 100 and 200 µg/ml.  

  

 

 

 

 

 

 

 

Figure 1: Clonogenic Assay of PSP001  Figure 2:  Surviving fraction of PSP001   

In the wound healing assay, PSP001 was added at a concentration of 100µg/ml, 200µg/ml to the 
wounds and the photos were taken at the time period of 0, 12, 24 hours. PSP001 down regulated A549 
and B16F10 cell migration in a dose-dependent manner, with a wound healing inhibition of 46 and 
79.04 % when compared with the untreated controls. The greater percentage of inhibition of cancer 
cell migration by PSP001 shows its effectiveness as an antimigratory agent. 

 

Figure 3-Wound healing assay on A549 cells 

 

 

 

 

A-Control -0 hour      B-Control - 12 hour  C- Control - 24 hour 
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 D- PSP001 - 100µg/ml  0 hour  E-PSP001 - 100µg/ml 12 hour   F-PSP001 - 100µg/ml 24 

hour 

Figure 4- Wound healing assay on B16F10 cells 

  

 

 

 

 

A-Control - 0 hour     B- Control -12 hour     C- Control -24 hour 

         

  

 

 

 

 

  D- PSP001 - 100µg/ml 0 hour    E-PSP001 - 100µg/ml 12 hour     F-PSP001 - 100µg/ml 24 hour 

Invasion and migration assays on A549 cells shows less number of invaded cells in PSP001 treated 
cells when compared to control. In PSP001 treated cases number of invaded cells reduced to 8 cells 
from 300 in control. In migration assay, the number of migrated cells in PSP001 treated group was 
reduced to 25 from 262 and in B16F10 cells it was reduced from 438 to 9.  

Figure 5-Invasion assay on A549 cells 
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  A-Control   B-PSP001 - 100µg/ml  

 

 

Figure 6-Migration assay on A549 (A&B) and B16F10 (C&D) cells 

 

 

 

 

    A-A549 control  B-PSP001-100µg/ml       C-Control            D-PSP001 - 200µg/ml 

 

Peritoneal Angiogenesis assay was carried out in Balb/c mice and was noted a reduction in the 
formation of new blood vessels in PSP001 treated mice when compared to the control. The 
immunohistochemical analysis for CD31 marker on PSP001 treated peritoneum showed 1.7% 
positivity for CD31 marker when compared to 36.3% positivity in the control peritoneum sections. 

Figure 7-Peritoneal angiogenesis and CD 31 immunohistochemical ananlysis 

 

 

 

 

 

A.  Control   B. PSP001- 200mg/kg      C. Control IHC         D. PSP001- 200mg/kg 

IHC 

 

In Pulmonary metastases assay in vivo, B16F10 cells were given via tail vein and metastasis in the 
lung was noted on 21st day on C5BL/6 mice. PSP001 treated mice revealed lesser number of 
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metastatic lung nodules (40) when compared to the control (132). The survival rate also was increased 
by 61% in PSP001 treated mice when compared to the control. 

 

Figure 8- In vivo pulmonary 

metastasis 

 

  

 

A. Control  B. PSP001- 200mg/kg 

  Metastasis, the major difficulty currently faced in the treatment of cancer can be 
effectively brought under reins by administering the natural plant polysaccharide PSP001 either alone 
or in combination with a chemotherapeutic agent as they are nontoxic to normal cells and can reduce 
the toxicity of chemotherapeutic agents to increase the survival rate and bring a ray of hope to cancer 
patients.  
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EVALUATION OF ANTI-ARTHRITIC PROPERTIES OF POLY HERBAL 

FORMULATION ON ADJUVANT INDUCED ARTHRITIC RATS 

Narendhirakannan R.T. and Blessy Varghese karunya University, bionaren_phd@yahoo.co.in 

ABSTRACT 

RA is a debilitating disease usually manifesting as inflammation of multiple joints. Severity of the 
disease ranges from minor pain to joint deformity. However the biological response modifiers are 
available in the market but still under critical examination for their effects in Ra patients. with 
increasing awareness, a large section of Ra patients have started adopting alternate therapeutic 
measures. a Traditional and folklore medicine bequeathed from generation to generation is rich in 
domestic recipes and communal practice. In this milieu,it is basic need to evaluate suitable, simple, 
and safe anti arthritic drugs from natural resources. Phytochemical analysis of poly herbal formulation 
revealed the presence of most of the biologically active molecules such as flavanoids, alkaloids, 
terpenoid, saponins, tannins, steroids in the extract. Mineral analysis reveals the presence of 
magnesium, zinc and iron. The presence of magnesium in the plant extract will help to reduces the 
inflammation in rheumatoid arthritic patients based on the results of the present investigation, it can 
be concluded that aqueous extracts of poly herbal formulation possess significant anti rheumatic 
activity. Rats administered with poly herbal formulation resulted in dose dependant and significant 
improvement in oxidative status. These antioxidant studies proved superior efficiency of poly herbal 
formulation. as poly herbal formulation is of natural origin it is a safe and effective intervention for 
free radical mediated diseases. further, the isolation of the compounds responsible for the activity has 
to be taken up which may result in a modern drug from this poly herbal formulation. 

INTRODUCTION 

Arthritis is a form of joint disorder that involves inflammation of one or more joints. There   are   over   
100   different   forms   of   arthritis. The   most   common   form, osteoarthritis (degenerative joint 
disease), is a result of trauma to the joint, infection of the joint,   or   age.   Other   arthritis   forms   
are rheumatoid   arthritis, psoriatic   arthritis,   and related autoimmune disease (Wollenhaupt and 
Zeidler, 1998) 

RHEUMATOID ARTHRITIS 

It   is    an autoimmune    disease that    results    in    a chronic, systemic inflammatory disorder that 
may affect many tissues and organs, but principally attacks flexible (synovial) joints. It can be a 
disabling and painful condition, which can lead to substantial loss of functioning and mobility if not 
adequately treated. (Majithia and Geraci, 2007). The process  involves an  inflammatory response  of 
the capsule around  the  joints (synovium) secondary to swelling (turgescence) of synovial cells, 
excess synovial fluid, and the development of fibrous tissue (pannus) in the synovium.  

SYMPTOMS OF RHEUMATOID ARTHRITIS 

RA affects the joints and also organs in  15–25%   of individuals. Symptoms commonly associated 
with rheumatoid arthritis include: Joint pain, joint swelling, morning st iffness and redness around 
affected skin or joints are symptoms of both arthritis and rheumatoid arthritis,  include fever, weight 
loss, fatigue, tender joints and firm bumps under the skin on arms. 

DISTRIBUTION AND PREVALANCE 
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RA is a systemic inflammatory disease affecting approximately 1% of people worldwide irrespective 
of race. [Firestein,2003]. Its prevalence is estimated around 2.5-3% in the adults above 50 years of 
age. Women get rheumatoid two to three times more often than men and their RA typically goes into 
remission when they get pregnant. Since it is a chronic disease, RA continues indefinitely. Frequent 
flares in disease activity can occur. It is a systemic disease which means it can affect other organs in 
the body. Studies have shown that early aggressive treatment of RA can limit joint damage, which in 
turn limits loss of movement, decreased ability to work, higher medical costs and potential surgery 

ETIOLOGY 

Although etiology and pathogenesis of RA is poorly understood, pro-inflammatory cytokines  are  
considered  to  be  one  of  the  most  important  mediators  invo lved  in  the pathogenesis of RA 
(Leech et al., 2003). Mclnnes et al. compiled the recent investigations of this subject thoroughly and 
discussed the role of cytokines in RA (Mclnnes and Schett, 2007). Tumor necrosis factor [TNF-] is 
known to play a critical role in the pathogenic mechanisms of RA,  and  is  now targeted  in the  
standard  treatment  of patients with RA. MIF  is  implicated  in  leukocyte recruitment, activation, 
proliferation and survival, as well as the production   of   pro- inflammatory  cytokines  and  
mediators,  and mechanisms of bone and cartilage injury, all of which contribute to the pathology of 
RA (Eric et al., 2006). 

FREE RADICALS: 

In RA patients, free radicals have been implicated as mediators of tissue damaging, which are released 
in large amounts into the surrounding tissue. Free radicals are defined as atoms, molecules, or ions 
with unpaired electrons or an open shell configuration. Free radicals may have positive, negative, or 
zero charge. With some exceptions, these unpaired electrons cause radicals to be highly chemically 
reactive.Lipid peroxidation is a critical mechanism of the injury that occurs during rheumatoid 
arthritis, which is often measured by analysis of tissue malonaldehyde. The large amount  of 
malonaldehyde in arthritic control group is consistent  with the occurrence of damage mediated by 
free radicals (Wills, 1987; Jira et al.,1997). 

DIAGNOSIS AND TREATMENT 

Diagnosis is based on clinical, laboratory and imaging techniques. All the steroidal and  non-steroidal  
anti-inflammatory drugs [NSAID’s],  despite their  great  number,  cause undesired and serious side 
effects.. Research on plants with medicinal properties and identification of the chemical components 
responsible for their activities have corroborated the traditional uses of ancient healing wisdom and 
lore and have proven the enduring healing potential of many plant medicines even in today’s hi-tech 
community. 

Drugs used  in  the treatment  of RA are NSAIDs,  glucocorticoids,  IL-1  receptor antagonist, and anti 
TNF – drug.. Nowadays, public interest in phyto pharmaceuticals to inhibit chronic diseases is 
gathering momentum. (Prakash Babu et al.2009). 

Studies  show  that  poly  herbal  formulation  improves  health  when  ingested  by animals. It is high 
in key nutrients, such as protein, calcium, iron, magnesium, phosphorus, potassium and  zinc,.  It  has 
been argued  that  poly  herbal formulation  helps  blood  flow, digestion and general detoxification of 
the body. These claims have not been reliably substantiated. 

MATERIALS AND METHOODLOGY: 
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Collection of plant specimen:  

Collection of Plant sample from commercial supplier. The plant materials were shade dried 
completely. The plant  which are chosen to  prepare poly herbal formulation are  Cleome 

gynandra,Cardiospermum halicacabum,Sida  rhombifolia , Boerhavia  diffusa , Asparagus 

racemosus, Tinospora cardofolia , Rasna – Pluchea lanceolata. 

Preparation of poly herbal formulation 

The poly herbal formulation was prepared  according to Indian Ayurvedic Pharmacopeia standard (to 
1 part of plant 16 parts of water was added and reduced to 1/8 finally) (“Sarangadhara sanhita” P.H.C. 
Murthy, chaukhambha publications). 

  IN VIVO STUDIES 

Animals used: Male albino rats of Wister strain weighing around 120±10g   were procured from 
Kerala University of Veterinary and Animal Sciences, Mannuthy,Thrissur, for the present study. The 
animals were housed in solid-bottomed polypropylene cages and acclimatized to animal  house  
conditions.  The  rats were  fed  with commercial rat  diet  [Hindustan  Lever Limited, Mumbai, 
India]. The experiments were designed  and conducted in accordance with the ethical norms approved 
by Ministry of Social Justices and Empowerment, Government of India and Institutional Animal   
Ethical  Committee   Guidelines.   Once arthritis developed, food was served on the bottom of the 
cages as severely arthritic rats have difficulty in feeding from the cage top. 

Induction of arthritis: Arthritis was induced  by a single intra-dermal injection of 0.1 mL of 
Freund’s complete  adjuvant  [FCA]  containing  1.0 mg  dry  heat-killed Mycobacterium tuberculosis 
per milliliter sterile paraffin oil into a foot pad of the left hind paw of male rats [Mizushima et al., 
1972]. A glass syringe [1 mL] with the locking hubs and a 26G needle was used for injection.  The 
rats were anesthetized  with ether  inhalation prior  to  and  during  adjuvant injection, as the very 
viscous nature of the adjuvant exerts difficulty while injecting. The swelling in hind paws were 
periodically examined in each paw from the ankle using plethysmography [Winter et al., 1962]. 

Experimental setup 

Animals were divided into seven groups as follows:  

Group I: Normal rats. 

Group II: Control, Adjuvant induced arthritic [AIA] rats. 

Group III: Rats treated with poly herbal formulation (100mg/kg.wt) (n=6) 

Group IV: Rats treated with Poly herbal formulation (200mg/kg.wt) (n=6)  

Group V: Rats treated with Poly herbal formulation (300mg/kg.wt) (n=6) 

Group  VI:  Adjuvant  induced  arthritic  rats  administered  with  extract  of  poly  herbal formulation 
[250 mg/kg body weight/rat/day for 28 days by intubation starting 10 days after adjuvant injection]. 

Group VII: Adjuvant induced arthritic rats administered with standard drug Indomethacin [1.5mg/ kg 
body weight/rat/day for 28 days by intubation starting 10 days after adjuvant injection] 
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At the end of the experimental period, rats were fasted overnight and the anesthetized rats were 
sacrificed by cervical decapitation. Cartilage tissue was removed and stored until further use. 

 Measurement of paw volume: The paw volume was measured using Vernier caliper.  During the 
experimental period scoring of paw was restricted to once in order to avoid excessive handling of 
animals as this can reduce the severity of incidence of arthritis after adjuvant induction and paw 
edema was calculated. 

Collection of blood and tissue: Animals were sacrificed on day 28 by cervical decapitation; blood 
was collected with  and  without  EDTA  for  plasma  and  serum  separation.  Joint  tissue  is  
removed immediately,   and  kept   in  formalin   solution.   These   samples   were  used   for   further 
investigation. 

Preparation of tissue homogenate: Liver homogenates were centrifuged at 600g for 10 min.The 
sediment which containing nuclei, unbroken cells and plasma membranes [nuclear fraction] were 
separated and the supernatant was subjected to centrifugation at 16,000g for 30 min.  The sediment 
was suspended in 0.25 M sucrose buffer.   Aliquots were withdrawn at 0 and 30 min intervals, 
immediately cooled at 0   and centrifuged at 16,000g for 30 min. Enzyme activity in the supernatant 
was determined. 

HAEMATOLOGICAL PARAMETERS: 

 The various hematological parameters like Haemoglobin, Blood cell sedimentation rate, 
Packed cell volume, RBC, Platelet, WBCwere measured using Span kits. 

Toxicity Study 

Toxicity is the degree to which a substance can damage an organism. Toxicity can refer to the effect 
on a whole organism, such as an animal, bacterium, or plant, as well as the effect on a substructure   
of   the   organism,   such   as   a cell (cytotoxicity)   or   an   organ   such   as the liver(hepatotoxicity).  
By extension,  the word  may  be metaphorically used  to  describe toxic effects on larger and more 
complex groups, such as the family unit or society at large. The liver(hepatotoxicity). By extension, 
the word may be metaphorically used to describe toxic effects on larger and more complex groups, 
such as the family unit or society at large. (Toxicity Endpoints & Tests, 2012) 

Histological studies 

Hind limbs were removed and fixed in 10% buffered formalin. Limbs were decalcified in 15% formic 
acid, processed for paraffin embedding, sectioned to 5 lm thickness and subsequently stained with 
haematoxylin eosin for histological examination.(Ohkawa et al,1979) 

RESULTS:  

Paw volume 

Figure 1 depicts the anti 
arthritic effect of poly herbal 
formulation on the changes in 
paw edema of control and 
experimental rats. Swelling 
and redness developed over a 
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24 h period in the foot injected with adjuvant. There was an appreciable increase in paw volume in 
group II rats. This inflammation reaction was then increased at the time when disseminated arthritis 
appeared and remains constant by the end of 3 weeks. A significant reduction in paw volume was 
observed in treated rats group III, when compared to arthritis induced group (G Toxicity Studies 

Acute toxicity studies: 

 The poly herbal formulation was given orally for 14 days and was kept under observation. 
Initial and final body weights, water and food intake, were monitored and mortality was noted. At the 
end of study period blood sample was collected for analyzing Haematological parameters, AST, ALT, 
glucose, cholesterol and creatinine. 

The variation in the mean body weight of the Rats is mentioned in the table below. 

DAYS Control Group I Group II Group III 

DAY1 120±1.2 121.5±1.1 124.2±0.8 122.8±1.3 

DAY 5 125.7±0.9 123.9±1.1 125.6±1.2 123.9±1.1 

DAY 10 126.6±1.1 125.2±1.5 126.5±1.2 124.6±0.9 

DAY 14 128.2±0.8 126.3±1.2 127.1±1.0 127.2±1.1 

 

GROUP CONTROL I 

100mg/kg of body 

weight 

II 

200mg/kg of body 

weight 

III 

300 

mg
RBC (x106/mm3) 7.2±0.2 7.5±0.2 7.2±0.3 7.1

±0.
3 WBC(x103/mm3) 4.8±0.3 4.9±0.2 4.9±0.1 4.8
±0.
2 HAEMOGLOBIN 

(g/dL) 

13.1±0.3 12.8±0.6 12.8±0.5 12.
6±
0.6 

CREATININE 

(mg/dL) 

0.52±0.01 0.56±0.01 0.62±0.02 0.6
4±
0.0

 

Values are expressed as Mean ± S.D for three animals 

Hematological parameters 

 Table 2 demonstrates the hematological parameters such as Hb, RBC count, PCV, WBC 
count, Differential count, platelet count, and ESR. A significant increase in the levels of Hb, RBC 
count  Differntial count and PCV count were observed in arthritic rats (Group II) when compared with 
normal rats (Group I). Administration of poly herbal formulation to arthritic rats (Group III) resulted 
in an increase of Hb, RBC count , Differential count and PCV count to near normal levels.The 
increased levels of WBC, platelets and ESR were suppressed by the poly herbal formulation extract 
administration to arthritic rats. 
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Table 2- Hematological parameters 

PARAMETERS Group I Group II Group III Group IV 

WBC(X10³/mm³) 8.2±0.3 12.65±0.25*a 8.6±0.26*b 8.35±0.3*b 

 

 

 

 

 

Polymo

rph 
51±0.41 80±0.52*a 63±0.44*b 57±0.5*b 

Lymph

ocyte 
42±0.23 19±0.25*a 35±0.29*b 39±0.3*b 

Eosino

phils 
0 0 0 0 

Monoc

yte 
5±0.06 1±0.01*a 2±0.01*b 3±0.015*b 

Hb%(g/dL) 14.1±0.19 11.2±0.18*a 12.5±0.2*b 13.8±0.25*b 

RBC(X106/mm³) 4.4±0.25 2.9±0.21*a 3.4±0.21*b 3.8±0.2*b 

PCV 35±2.02 28±2.36*a 31.5±2.18*b 33±2.2*b 

Platelet Count 

 

3.9±0.19 2.4±0.175*a 3.5±0.21*b 3.7±0.22*b 

RA Factor Negative Positive Negative Negative 

ESR 30 Min 2.1±0.09 7.2±0.16 2.4±0.1 2.2±0.11 

ESR 60 Min 4±0.12 13.1±0.15 4.3±0.08 4.2±0.12 

 

  HPTLC 

Mobile phase: Ethyl acetate-methanol-water (10 : 1.35 : 1) 

 Spray reagent: Dragendorff's reagent followed by 10% Ethanolic sulphuric acid reagent. 

Detection: Yellow, Orange-yellow coloured zone at  visible  mode was present  in the tracks,  it  was 
observed  from the  chromatogram  after  derivatization,  which  confirmed  the  Presence  of Alkaloid 

/ Nitrogen 
containing 
compound 

in the 
given 

standard 
and may 
be in the 
sampl 

Track STD –  Alkaloid standard Peak densitogram display (Scanned at 254nm) 

Track Peak Rf Height Area Assigned substance 

STD 1 0.53 229.3 7106.2 Alkaloid Standard 

Sample B 2 0.08 225.3 10188.7 Alkaloid 1 

Sample B 3 0.18 52.3 815.5 Alkaloid 2 

Sample B 17 0.81 42.0 480.4 Alkaloid 3 
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Aqueous extract plant sample 

Peak densitogram display 

(Scanned at 254nm) 

 

 

 

 

 

 

 

HISTOPATHOLOGICAL STUDIES Specimen: Liver 

Group I: control (induced) 

Sections studied from the liver shows normal lobular architecture. Hepatocytes shows 
dilation,(ballooning), binucleation and with some nuclei showing reactive atypia. Focal areas of Zone-
2 necrosis are also seen. Sinusoids show dilation. Central vein shows mild dilation. 

 Group III: Standard 

 Section studied from the liver shows normal lobular architecture. Hepatocytes show no            
pathology. Portal traid is histologically normal. Sinusoids and central vein shows no pathology. 

Specimen: Paw 

Group –I :  control 

Section of skin with underlying bony tissue shows epidermis histologyically normal. Dermis shows 
multiple foci of lymphoplasmacytic infiltration and it shows areas of haemorrhages. There is no 
necrosis seen 

Group II: Polyherbal 

Section of skin with underlying bony tissue shows epidermis histologyically normal. Dermis shows 
few scattered lymphoplasmacytic infiltration and macrophages. Areas of haemorrhages noted. There 
is no necrosis seen. 

Group – III :  Standard 

Section of skin with underlying bony tissue shows epidermis histologyically normal. Dermis shows 
no inflammatory cells. Areas of haemorrhages noted. There is no necrosis/ inflammation seen. 
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EXPERIMENTAL ANIMALS 
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ABSTRACT 

The cardio protective effect of cardiotonic (Polyherbal formulation) was studied on Isoproterenol 
induced Myocardial Infarction in male wistar rats. The Polyherbal formulation was prepared using 6 
different plant sample parts that includes Allium sativum (pulp), Andrographis paniculata(leaves), 
Boerhavia diffusa (leaves), Moringa oleifera (bark), Piper betle (leaves), Piper longum (seed).The 
toxicity studies was carried out at concentration of 100, 250, 500 mg/kg of body weight for 14 days. 
The activity of liver enzymes in serum sample was analyzed and found to be non-toxic up to the 
maximum range of 500mg/kg of body weight. The cardio protective study was carried out by 
administering 250mg/kg of body weight of the cardiotonic in the experimental rats for 30 days. on the 
29th and 30th day 150 mg/kg body weight Isoproterenol was injected i.p. to induce Myocardial 
Infarction. after the study period serum sample was collected for biochemical analysis like 
Cholesterol, free fatty acids, Triglycerides. The activity of cardiac marker enzymes like aST, aLT, 
LdH, Ck, Ck-Mb were also analyzed. The level of cholesterol and activity of cardiac marker enzymes 
in treated groups were found to be decreased as compared with the control group rats. The 
histopathology studies were carried out for heart tissue by hematoxylin and eosin staining. 

Keywords:  Myocardial Infarction, cardiotonic, Isoproterenol, cardiac marker enzymes 

INTRODUCTION  

In pathology Myocardial Infarction is defined as myocardial cell death owing to delayed ischemia. 
Following myocardial ischemia, histological cell death takes after a period of moment to develop. It 
takes several hours to identify the macroscopic or microscopic post-mortem examination of cardiac 
cells before myocardial necrosis (Kristian et al., 2012). Myocardial infarction is obvious with the 
impaired systolic and diastolic function, ventricular dilatation eventually leading to congestive heart 
failure (Sudhakumari et al., 2012). Recent studies (Upaganawalar et al., 2011) spot that apoptosis also 
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plays a role in the process of tissue damage succeeding to myocardial infarction. Globally, 
cardiovascular diseases (CVD) comprise a leading cause of mortality. Developing countries like India 
are also struggling to manage the impact of CVD along with the increasing yoke of obesity. By the 
year 2020, it is expected for one third of the deaths among the world population. The occurrence of 
these diseases is more in metropolitan than in countryside areas (Rajalakshmy et al., 2011). 

In Traditional (Herbal/ Alternative) medicine more than 2000 plants have been listed and some of 
these are providing wide-range of relief from cardio-vascular diseases. Herbal treatments have been 
used in patients with “hyperlipidemia” and “ischemic heart disease (Arya et al., 2011). Several 
mechanisms for the cardio toxic effects of high levels of ISO have been suggested. These mechanisms 
include: 1) ischemia and functional hypoxia, 2) coronary insufficiency, 3) alterations in metabolism, 
4) decrease in level of high energy phosphate stores, 5) intracellular Ca2+ overload, 6) changes in 
electrolyte contents and 7) oxidative stress. Even though these changes signify individual pathological 
conditions, they are known to affect each other. (Aman et al., 2011) 

Herbal medicine is progressively gaining more acceptances from people due to greater advances in 
the understanding of the mechanisms by which herbs influence health positively and the quality of life 
(Berman, 2000).  

Cardiotonic is an ayurvedic polyherbal formulation possessing protective role against Myocardial 
Infarction (Upaganlawar et al., 2011). This poly herbal formulation is prepared using six different 
plant samples of herbal origin that is used in traditional medicine for various purposes such as anti-
oxidant properties, anti-hyperlipidemic property, anti - lipid per oxidative properties. Plant that acts as 
carrier for the distribution of active molecules in the Cardiotonic to the site of action is also used for 
the preparation of Cardiotonic Eg: Piper betle. In the present study, the protective role of this cardio 
tonic against Isoproterenol induced Myocardial Infarction in male Wistar rats was studied. Not 
surprisingly, this is a thorough research, not entirely about the treatment, but mainly to the prevention 
of these diseases. In order to overcome all these problems and side effects, the deposition of Low 
Density Lipoproteins (bad cholesterol) content in human body can be reduced with the help of natural 
sources. Of the different sources available the present study is carried out on preparing a cardio tonic 
(poly herbal formulation) based on Ayurvedic pharmacopeia using six different plant sources like 
Allium sativum (pulp), Andrographis paniculata (leaves), Boerhavia diffusa (leaves), Moringa 

oleifera (bark), Piper betle (leaves), Piper longum (seed).  

MATERIALS AND METHODS 

Collection of Plant Sample  

The dried plants samples were purchased from commercial market (Regd. No. 18/16/5509).  

Drugs and Chemicals 

 Isoproterenol was purchased from Hi-Media and the other chemicals for biochemical studies were 
purchased from Sigma Companies Group Pvt Ltd. 

Composition of Cardio tonic 

The poly herbal formulation was prepared using aqueous extract of 6 different medicinal plants with 
the bases of sugar syrup.  

                Table 1. List of Plants used for Cardio tonic preparation 
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S.No Plant Part of the 

plant used 

1. Allium sativum Pulp 

2. Andrographis paniculata Leaves 

3. Boerhavia diffusa Leaves 

4. Moringa oleifera Bark 

5. Piper betle Leaves 

6. Piper longum Seed 

   

Preparation of cardio tonic 

The poly herbal formulation was prepared using the 6 different plant samples according to Indian 
Ayurvedic Pharmacopeia standard. To 1 part of plant 16 parts of water was added and reduced to 1/8 
of its initial volume finally (“Sarangadhara sanhita” P.H.C. Murthy, chaukhambha publications). It 
was then filtered and stored in amber bottles for future use. To 1 litre of the prepared tonic 1 gram of 
Sodium benzoate was added in order to preserve it. 

Animals 

Adult male Wistar rats (weighing 110±10 grams) purchased from Kerala Veterinary College were 
used for this study, after obtaining approval from the ethical committee and experiments were 
conducted as per Institutional Animal Ethical Committee, India (IAEC) guidelines (IAEC no. 
IAEC/KU/BT/14/07). They were kept in an environment with controlled temperature (24 -26 ºC), 
humidity (55 - 60%) and photoperiod (12:12 h) light – dark cycle. A commercially balanced diet and 
tap water were provided ad libitum. The animals received human care, in compliance with the present 
institutional guidelines. All experiments were conducted as per the guidelines of the Animal Ethics 
Committee CPCSEA according to Government of India accepted principles for lab animal’s use and 
care. 

Experimental design for acute toxicity studies 

 The toxicity studies were carried out with various three different concentrations like 100mg/kg, 
250mg/kg, and 500mg/kg body weight of rats in each group. Animals were divided into four groups: 
(i) Group I, Normal diet; (ii) Group II, receiving cardiotonic of 100mg/Kg of body weight; (iii) Group 

III, receiving cardiotonic of 250mg/Kg of body weight (iv) Group IV, receiving cardiotonic of 
500mg/Kg of body weight. 

Experimental design for Myocardial Infarction studies 

Myocardial Infarction was induced to experimental animals by intra peritoneal injection of 
Isoproterenol (150mg/kg of body weight) (Daniela et al., 1998). Animals were divided into four 
groups, consisting of a minimum of six animals each, as follows: (i) Group I, normal diet; (ii) Group 

II, Rats will be induced Myocardial Infarction by administering Isoproterenol i.p. on 29th and 30th day 
(150 mg/kg of body weight); (iii) Group III Isoproterenol (150mg/kg of body weight) was given to 
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the Rats pre-treated with Simvastatin (10mg/kg of body weight); (iv) Isoproterenol (150mg/kg of 
body weight) was given to the Rats pre-treated with Cardio tonic (250mg/kg of body weight)  

HPTLC analysis of cardiotonic 

The Cardio tonic was centrifuged at 3000 rpm for 5min. 2 µl of test solutions and 2 µl of standard 
solution were loaded as 5mm band length in the 3 x 10 Silica gel 60F254 TLC plate using Hamilton 
syringe and CAMAG LINOMAT 5 instrument. The plate was developed in the respective mobile 
phase up to 90mm. The plate was kept in Photo-documentation chamber. Before derivatization, the 
plate was fixed in scanner stage (CAMAG TLC SCANNER 3) and scanning was done at UV 254nm. 
The software used was win CATS 1.3.4 version. 

Induction of Myocardial Infarction 

150mg/kg of body weight of Isoproterenol was used to induce Myocardial Infarction. It was weighed 
and mixed with 0.5ml and 0.9% saline. It was intraperitonially injected to the group II, III and IV 
animals on 29 th and 30 th day of the study period. 

Acute toxicity studies 

The animals in group II, III and IV received about 100, 250, 500 mg/kg of body weight. The poly 
herbal formulation was prepared and it was given orally for each animal in the group. The extract was 
administered orally (Sawadogo et al., 2006.) The control group was treated with normal diet. After a 
period of 14 days study the blood sample was collected from experimental animals for various 
analyses like Haematological parameters, AST, ALT, glucose, cholesterol and creatinine. Initial and 
final body weights, water and food intake, were monitored and mortality was noted.  

Determination of serum biochemical parameters 

Protective effect of poly herbal formulations against Isoproterenol induced Myocardial Infarction 
(MI) in Rats was determined. Cardio protective effect of formulations was studied in ISO-induced 
myocardial infracted rats. Rats were administered with 250 mg/kg doses of formulation orally for 30 
days and at the end of treatment MI was induced by injecting                          150 mg/kg i.p. dose of 
Isoproterenol twice at the interval of 24 h. The protective effect of formulation was evaluated by 
comparing the results with vehicle-treated rats injected with Isoproterenol. The experimental design 
for the study has been shown in Table 1. At the end of experiment, rats were sacrificed under 
chloroform anesthesia, blood was collected through carotid artery, and serum was separated. Serum 
levels of cardiac marker enzymes like lactate dehydrogenase (LDH), creatine kinase isoenzymes (CK-
MB) and alkaline phosphatase (ALP) along with uric acid was determined in order to evaluate the 
cardiac injury 

Collection of blood and serum samples 

Paired blood samples were collected by cervical decapitation from diethyl ether anaesthetized rats into 
heparinised bottles for hematological studies; blood samples collected in clean non-heparinised bottles 
were allowed to clot. The serum was separated from the clot and centrifuged into clean bottles for 
biochemical analysis. 

Estimation of Serum Biochemical Parameters 
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          The various serum biochemical parameters includes lipid profiles such as cholesterol, 
triglycerides (TG), Low Density Lipoprotein-cholesterol (LDL), High Density Lipoprotein- (HDL), 
Kidney function marker such as creatinine, urea. The cardiac enzymatic markers such as AST 
(Aspartate transaminase), ALT(alanine transaminase) , ALP (Alkalaine Phospatase) , LDH (Lactate 
dehydrogenase), Creatine kinase, Creatine kinase - MB were detected using Span kits  

Histopathology Examination 

Animals were sacrificed by cervical dislocation and the blood was collected by cardiac puncture. The 
heart tissue was removed and washed in saline and was preserved in 10% formalin immediately after 
removal from the animal for histopathological evaluation. Hematoxylin and eosin staining. 

Statistical Analysis  

All the grouped data were statistically evaluated using SPSS software package (Statistical Package for 
the Social Sciences). Data were statistically analyzed using one-way ANOVA as primary test 
followed by Dunnett’s test using graphpad instatγ.0 software. Values are expressed as mean ± SD 
(Standard Deviation) for six animals in each group. Changes were considered to be statistically 
significant if the P-value was less than 0.05.   

RESULTS  

HPTLC Analysis Details 

Mobile phase: Ethyl acetate-methanol-water (10: 1.35: 1)  

Spray reagent: Dragendorff's reagent followed by 10% Ethanolic sulphuric acid               reagent. 

Detection: Yellow, Orange-yellow coloured zone at visible mode was present in the tracks, it was 
observed from the chromatogram after derivatization, which confirmed the Presence of Alkaloid / 
Nitrogen containing compound in the given standard and may be in the samples. 

Table 2. HPTLC peaks 

Track Peak Rf Height Area Assigned substance 

STD 1 0.53 229.3 7106.2 Alkaloid Standard 

Sample A 1 0.04 503.0 8821.4 Alkaloid 1 

Sample A 15 0.84 15.6 385.2 Alkaloid 2 
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Fig.9 Alkaloid standard peak      Fig 10. Sample peaks 

ACUTE TOXICITY STUDIES 

The list of plants used for the preparation of poly herbal formulation is mentioned in Table .1. The 
poly herbal formulation was given orally for 14 days to the rats in toxicity group (Table 2.) and was 
kept under observation. Initial and final body weights, water and food intake, were monitored and 
mortality was noted. At the end of study period blood sample was collected for analyzing 
Haematological parameters, AST, ALT, glucose, cholesterol and creatinine.  

The variation in the mean body weight of the Rats is mentioned in the table below. 

   Table 6. Mean weight of animals (grams) 

DAYS  Normal Group I  Group II  Group III 

DAY1  122.2±1.2  121.5±1.1  123.2±0.8  121.8±1.3  

DAY 5  123.7±0.9  122.9±1.1  124.6±1.2  122.9±1.1  

DAY 10  125.6±1.1  124.2±1.5  125.5±1.2  123.6±0.9  

DAY 14  127.2±0.8  125.3±1.2  127.1±1.0  125.2±1.1  

  Values are expressed as Mean ± S.D for three animals                                                                                                            

Table 7. Biochemical analysis for Acute Toxicity studies. 

 

Group 

I 

Normal 

II 

100mg/kg of 

body weight 

III 

250mg/kg of 

body weight 

IV 

500 mg/kg of 

body weight 

AST  
(U/L) 

5.2 ±0.1 5.4 ±0.2*a 5.7±0.1*b 

 

5.7±0.2*b 

ALT  
(U/L) 

10.7 ±0.3 

 

11.5±0.4*a 

 

11.7±0.5*b 

 

11.8±0.3*b  

CHOLESTEROL 
(mg/dL) 

157±2.6 

 

158±4.4*a 

 

171±8.5*b 

 

172±6.7*b 

 

RBC  
(x106/mm3) 

6.8±0.2 

 

6.5±0.2*a 

 

6.2±0.3*b 

 

6.1±0.3*b  

WBC 
(x103/mm3) 

3.8±0.3 

 

3.9±0.2*a 

 

3.9±0.1*b 

 

3.8±0.2*b 
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HEMOGLOBIN 
(g/dL) 

14.1±0.3 

 

13.8±0.6*a 

 

13.8±0.5*b 

 

13.6±0.6*b  

CREATININE 
(mg/dL) 

0.62±0.01 

 

0.66±0.01*a 

 

0.72±0.02*b 

 

0.74±0.02*b 

 

Values are given as mean Mean± SD for groups of three animals each.  

a- Comparison made with Group I and Group II,  

b- Group III and Group IV compare with Group II 

*  Values are statistically significant at p< 0.05  

From this data obtained it was found that the cardio tonic did not show any toxic effects in the animal 
of all groups. In order to carry out the cardiac protective studies 250mg/kg of Cardiotonic was 
administered to rats for further studies. 

 

 

Effect of cardiotonic on the total 
cholesterol (TC), triglyceride 
(TG), HDL, LDL, Urea and Free 
Fattyacids levels in Isoproterenol  
rats. Values are the mean ± SD for 
six animals in each group. Values 
are statistically significant at **P 
< 0.05 ; statistical significance 
was compared within the groups 
as follows. a Myocardial 
Infarction rats were compared 
with normal rats. B Simvastatin 

and cardiotonic treated rats were compared with Myocardial Infarcted rats. 

Histopathology 

The section of tissue from the Group II section showed focal myocyte degeneration with dense 
infiltration of lymphocytes and macrophages. The blood vessels showed congestion and Mild edema 
was also seen. The group III of animals showed mild edema with few scattered lymphocytes. There 
was no myocyte degeneration observed. The tissues from                          group IV showed no 
pathology in the myocytes. There was no focal accumulation and the blood vessels showed 
congestion. 
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Fig.21. Photographs of hematoxyline & eosin stained paraffin sections of rat hearts, 

Magnification 40 X 

Conclusion 

In the present study a cardio tonic (polyherbal formulation) was prepared based on Ayurvedic 
pharmacopeia using six different plant sources like Allium sativum (pulp), Andrographis paniculata 
(leaves), Boerhavia diffusa (leaves), Moringa oleifera (bark), Piper betle (leaves), Piper longum 
(seed). The toxicity studies were carried out at three different concentrations (100mg/kg, 250mg/kg, 
500mg/kg) and the optimum level dosage was fixed based on the variation in activity of liver 
enzymes. Isoproterenol was used to induce Myocardial Infarction at the concentration of 150mg/kg 
body weight. The study on cardio-protective role of polyherbal formulation was carried out for 
30days. Animals were orally given with Cardiotonic at concentration of 250mg/kg and on 29th and 
30th day Isoproterenol was given intraperitoneally. On 30th day animal was sacrificed by cervical 
dislocation and the serum and cardiac tissue was collected. Alterations in cholesterol, triglycerides, 
Urea, Free fatty acids level were determined. The variations in activity of cardiac marker enzymes 
like ALT, AST, CK,CK-MB, LDH were analyzed. The Histopathology studies were carried out to 
know the pattern of inflammation in the heart tissues. 
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ABSTRACT 

To study the effect of ayurvedic immunomodulator supplementation on outcome of treatement for 
sputum positive pulmonary tuberculosis when given with anti Tb drugs under Revised national Tb 
Control Programme (RnTCP) . 

21 cases of sputum positive pulmonary tuberculosis registered for RnTCP treatment in alappuzha 
Tuberculosis unite were selected randomly to be included in the study. They were given one tablet of 
a commercially available preparation of an ayurvedic immunomodulator twice daily during the entire 
intensive phase of the treatment. Sputum examination, weight and ESR were recorded at the start and 
end of intensive phase. 21 identical cases were taken as control of the 21 cases, 19 cases are converted 
to negative by end of second month. 2 cases remained positive [9.5%]. . The average weight gain was 
2.5 kg and the average reduction in ESR was 30mm/hour. 

In control group, of 21 cases, 15 were converted to negative and 6 remained positive. The average 
weight gain was 1.5 kg and reduction in ESR as 20 mm/hour. There was one death in control group 
ayurvedic immunomodulators seen to have a beneficial effect on treatment outcome of pulmonary Tb 
cases getting anti Tb treatment. 

INTRODUCTION 

 Tuberculosis is on increase world wide. WHO estimates that nearly 1.7 Billions are infected 
with Mycobacterium Tuberculosis, out of which approximately 20 Millions are active cases. 3 Million 
die each year and 8 Million new cases occur in each year. 1 India is one of the 22 high burden 
countries. Here nearly 300 Million people are infected with Mycobacterium tuberculosis2. 12 to 14 
Million have active disease and there are about 5 lakh deaths per year. 3,4 The problem in India is on 
the verge of an explosion with the emergence of increasing HIV infection  and spread of Multi drug 
Resistant TB. 

 Revised National TB Control Programme (RNTCP) is being implemented all over India since 
1993. Today more than 90% of country has been covered under RNTCP. It has been noticed from 
many districts that a high grade smear positive cases are unlikely to be converted to negative at the 
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end of the intensive phase.5,6 The patient is  infectious during this sputum positivity period. A 
supplementary medication is advisable with intermittent therapy for rapid smear conversion.  

Tuberculosis is an infection where the host immune responses are highly determining the outcome. 
Hence an immuno modulatory drug supplementing the anti mycobacterial therapy is relevant. In 
India, there are many traditional Ayurvedic medicines with immuno modulatory action used in 
various clinical conditions. Here we are trying to evaluate the effect of such an immunomodulator 
given as supplement to DOTS for high grade smear positive cases. 

OBJECTIVES 

 To study the effect of Ayurvedic Immunomodulator supplementation on sputum conversion, 
in patients with sputum positive pulmonary tuberculosis put on DOTS 

MATREIALS AND METHODS 

 The study population included all newly diagnosed cases of sputum smear positive pulmonary 
TB, registered in the Alappuzha Tuberculosis Unit (TU), during the period June 2002 – December 
2002. Patients with diseases like diabetes mellitus, HIV infection etc which depress the immunity and 
those on immuno suppressant drugs were excluded from the study. 

By the method of simple randomization, cases were selected to receive the immunomodulator drug 
during the intensive phase of anti tuberculose therapy under DOTS. Rest of the study population was 
taken as the control group who received DOTS alone as per the RNTCP guidelines. 

The patients were followed up regularly with periodic sputum examination and weight recording as 
per the guidelines. ESR was also repeated at the end of the intensive phase.  

The results were analyzed statistically by the test of proportion. 

OBSERVATION 

 During the study period, 42 cases were registered in Alappuzha TU, who satisfied the 
selection criteria. 21 of them were selected to receive the immunomodulator drug along with ATT, 
during the intensive phase (IP). Rest of them had ATT alone. All the patients were under DOTS 
regime.  

 The age of the patients ranged from 14 years to 76 years with a mean of 46 years in the study 
group and 21 to 78 years with a mean of 43 years in the control group (Table I & Figure I). The male 
– female ratio was 1.5 : 1 and 3.6 : 1 in the study and control groups respectively. Thus a male 
preponderance was seen in both groups, which was more evident in the control group.  

Age Group of Study Population 

Age Group Study Control 

11-20 2 0 

21-30 1 7 

31-40 4 3 
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41-50 5 4 

51-60 5 4 

61-70 3 2 

71-80 1 1 

Total 21 21 

 

Table I 

 

Figure I 

 The sputum status of the patients was as shown in Table II. While there were more of sputum 
2+ cases in the study group, more of 3+ cases were seen in the control group. But when the 2+ and 3+ 
cases were considered together, the two groups were comparable.   

Sputum Grade 

Grade Study Control 

Scanty 0 1 

1+ 5 4 

2+ 9 5 

3+ 7 11 

Table II 
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 At the end of the IP of ATT, 19 patients in study group and 15 in the control group became 
sputum negative. Thus the sputum conversion rates were 90.5 % and 71.4 % respectively. The rest of 
the patients (9.5%) showed scanty bacilli in the sputum AFB smears in the study group and 6 patients 
(29%) remained positive in the control group. There was one death in the control group. The average 
weight gain during the two month period was 2.5 Kg and 1.5 Kg respectively. A similar difference in 
the fall of ESR was also observed (30 mm/hr vs 20mm/hr). See Table III  

 

 Study Control 

TOTAL 21 21 

Negative  at end of  IP 19 (90.5%) 15 (71.4%) 

Positive at the end of IP 2 (9.5%) 6 (28.6%) 

Average Reduction in 

ESR 

30mm/hr 20mm/hr 

Average Wt. gain 2.5 Kg 1.5 Kg 

Table III 

DISCUSSION 

Chronic mycobacterial infections are major causes of morbidity in 20% of tropical countries like 
India. The inflammatory cascade following these bacterial infections often leads to tissue damage and 
perpetuates necrosis, fibrosis and the disease process. Pulmonary tuberculosis and multi-drug resistant 
tuberculosis not only affects individuals but also the society at large. Current remedial measures using 
various technological platforms alone do not produce effective and appreciable reduction in global 
disease burden. On the contrary, the conventional chemotherapeutic chemical moieties have resulted 
to variable pharmacogenomic expression, increased drug resistance, and non-compliance to the strict 
prolonged drug regimens, with debilitating side effects and contraindications. Furthermore, secreted 
inflammatory cytokines lead to chronic infection, immune deviation, and immunopathology in the 
lungs. Hence, identification of immune escape mechanisms leading to chronic mycobacterial 
infections is crucial to aid in the development of new therapeutic agents and protocols. This review 
discusses basic pathogenic mechanisms in tuberculosis, as well as novel approaches that should be 
considered in developing new therapeutic strategies. 

 Early sputum conversion and thus prevention of spread of infection are of prime importance 
in the TB Control Programmes. Even though late conversion is the recognized fact of DOTS therapy, 
it is more evident in the developing countries 7. This is probably due to the peculiar socio economic 
situation there, with poor living conditions and nutritional status of the individuals. Thus a 
supplementary treatment is advisable for enhancing sputum conversion in high-grade positive cases. It 
will be more acceptable if cheaper and traditionally used supplements are considered. Many of the 
constituents of the immunomodulator preparation used in the present study are being utilized widely 
in India for their anti bacterial, anti inflammatory, immuno modulatory 8and anti oxidant activities.  
The commercially available preparation of IMMUNOCIN we used in the present study contains the 
following ingredients. Azadirachta indica (Neem), Tinospora cordifolia (Guduchi), Boerhaavia 
diffusa (Punarnava), Withania somnifera (Aswagandha), Curcuma Longa (Haridra), Piper longum 
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(Pippali) and Ocimum sanctum (Tulasi). The extract of Neem is reported to increase the production of 
alpha and gamma interferon which are the most important defense factors against many infections and 
enhances the cell killing activities of phagocytes and natural killer cells. It also reported to increase 
the production of interleukin II 9,10. Guduchi has been reported to increase the number and function of 
neutrophils and monocytes while Punarnava, a Rasayana drug produces significant leucocytosis 11,1213. 
The efficacy of Ashwagandha as an antistress agent and adaptogen has also been confirmed by many 
investigators13 and its immunomodulating properties are also well studied 14.  Curcuma longa has been 
claimed of possessing the property of imparting immunity and increase body resistance against many 
diseases 15 . Immuno stimulatory, anti allergic and anti-histaminic activity of piper longum is also well 
studied 16,17. Ocimum sanctum is also well evaluated for its anti oxidant, immuno augmentory and anti 
histaminic action19,20. Review of these literature indicate that extract of these plants act by stimulating 
both non specific and specific immunity by either humoral and cell mediated immunity. 

 The study results indicate that those patients who received the immunomodulator drug as an 
adjunct to DOTS, showed a statistically significant higher sputum conversion rate (91% Vs 71% ; p < 
0.01).  

 The cost of therapy with the immunomodulator was around Rs. 5/- per day. Thus the total rise 
in the treatment cost will be approximately Rs. 300/- for the entire course. Hence this mode of 
supplementing anti tuberculous treatment may be acceptable for low income countries.  

The sample size of the study is too small to arrive at definite conclusions. Standardization in terms of 
sex and nutritional status was not obtained in the study. The immunomodulator preparation contains 
various ingredients; the effect of each could not be assessed individually.  

Hence a more elaborative multi centric study needs to be conducted using more refined preparation 
containing the individual ingredients separately, with better quality control of these products. 

CONCLUSIONS 

 Sputum positive pulmonary TB patients showed a better sputum conversion rate when treated 
with the Ayurvedic Immunomodulator, along with DOTS. An elaborate multi centric study in a larger 
population needs to be conducted using more refined preparations of the ingredients of the presently 
used drug (Immunocin) with better quality control.  Thus we can probe in to the possibility of 
utilizing our indigenous medicines in the treatment of tuberculosis, there by contributing our own 
share in fighting with this enemy of mankind. 
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ABSTRACT 

Diabetes is a major public health problem. The development of new therapies that are able to improve 
glycemia management and even to cure diabetes is of great study. Averrhoa bilimbi Linn commonly 
known as bilimbi, cucumber tree belongs family - oxalidaceae. The present study was designed to 
evaluate the biochemical effects of ethyl acetate fraction of Averrhoa bilimbi linn fruits (abaEE) on 
lipid peroxidationin in streptozotocin-induced diabetic rats. Streptozotocin (STZ) administration (40 
mg/kg body weight, ip) caused hyperglycemia, that led to various physiological and biochemical 
alterations. The findings were compared among normal, diabetic, abaEE and metformin treated 
diabetic rats. Plasma glucose, glycosylated hemoglobin, toxicity markers like SGPT and SGoT, lipid 
peroxidation and antioxidant enzyme levels were markedly altered in streptozotocin (STZ) induced 
diabetic rats. oral administration of abaEE (25mg/kg) for a period of 60 days restored all these 
biochemical parameters to near normal. on histopathological examination, the cytotoxicity of heart 
tissue was also ameliorated by treatment with abaEE. The results of the present study revealed that 
Ethyl acetate fraction of aqueous extract of Averrhoa bilimbi Linn fruitssupplementation is useful in 
controlling hyperglycemia and also beneficial in preventing diabetic complications from lipid 
peroxidation and antioxidant systems in experimental diabetic rats; therefore, it could be useful for 
prevention or early treatment of diabetes mellitus 

INTRODUCTION 

Diabetes mellitus is a serious metabolic disorder with micro and macrovascular complications that 
results in significant morbidity and mortality. The increasing number of ageing populations, 
consumption of calorie rich diets, obesity and sedentary life-style have lead to a tremendous increase 
in the number of patients with diabetes worldwide (Simpson et al., 2003). The World Health 
Organization (WHO) has predicted that the worldwide number of patients with diabetes will double 
by the year 2025, from the current number of approximately 150 million to 300 million (WHO, 2002).  

Streptozotocin-induced diabetes mellitus is associated with the generation of reactive oxygen species 
causing oxidative damage (Szkudelski, 2001). Oxidative stress plays an important contributory role in 
the process of aging and pathogenesis of numerous diseases like diabetes, cancer, neurodegenerative 
diseases and respiratory tract disorders. Diabetics and experimental animal models exhibit high 
oxidative stress due to persistent and chronic hyperglycaemia, which thereby depletes the activity of 
antioxidative defense system and thus promotes de novo free radicals generation. In diabetes mellitus, 
protein glycation and glucose auto-oxidation may generate free radicals, which in turn catalyse lipid 
peroxidation.  
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Chemicals with antioxidant properties and free radical scavengers may help in the regeneration of -
cells and protect pancreatic islets against the cytotoxic effects of streptozotocin (Alvarez et al., 2004). 
Under physiological conditions, a wide range of antioxidant defenses protects against the adverse 
effects of free radical production in vivo. Decreased lipid peroxidation and improved antioxidant 
status may be one mechanism by which dietary treatment contributes to the prevention of diabetic 
complications. 

Management of diabetes without any side effects is still a challenge to the biomedical application. 
This leads to increasing demand for natural products with anti-diabetic property and without adverse 
effects. Many synthetic drugs are used in treatment of diabetes, but plant drugs are frequently 
considered to be less toxic, and are free from side effects. Indian traditional medicines belong to one 
of the richest medicinal systems among those available in the world. Averrhoa bilimbi Linn 
commonly known as bilimbi, cucumber tree belongs family - Oxalidaceae. The fruits of A.bilimbi 

possess antibacterial, antiscorbutic, astringent and postpartum protective properties (Wee, 1992 and 
Gosh, 1995). 

This study was designed to investigate the protective effect of Ethyl acetate fraction of Averrhoa 

bilimbi Linn (ABAEE) on lowering the blood glucose level, tissues lipid peroxides and enzymatic 
antioxidants in STZ induced diabetic rats. 

MATERIALS AND METHODS 

Plant Material and Extraction: Fruits of Averrhoa bilimbi were collected from 
Thiruvananthapuram, Kerala, India. Cleaned and chopped bilimbi was shade dried and refluxed with 
distilled water followed by filtration and lyophilisation. The crude aqueous extract was successively 
fractionated with various solvents viz, petroleum ether (PE), ethyl acetate (EA), butanol (BU) and 
water (WA). These fractions were collected and screened for the invitro antioxidant activities. EA 
fraction of ABAE have highest antioxidant effects and selected for in vivo studies.  

Experimental Animals: Male albino rats (Sprague - Dawley) of body weight 200 – 220gm, were 
used for this study. The rats were housed in polypropylene cages in a room maintained at 26   1°C 
with a 12 hr light and dark cycle. The animal experiment were designed and conducted in accordance 
with the ethical norms approved by Institutional Animal Ethics Committee Guidelines [IAEC-KU-
20/2013-14-BC-sm (22)]. 

Chemicals: STZ was procured from SRL Chemicals, stored at -4°c and protected from light. Kit for 
glucose and glycated hemoglobin estimation was purchased from Agappe Diagnostics, Thane, India. 
All other chemicals used for all the experiments were of analytical grade. 

Induction of Experimental Diabetes: Experimental diabetes was induced by administering single 
intraperitonial injection of a freshly prepared streptozotocin solution (40mg/kg b.wt) in 0.1 M cold 
citrate buffer (pH 4.5). The rats were allowed to drink 5% glucose solution overnight to overcome the 
drug-induced effect of hypoglycemia. Animals with a fasting blood glucose range above 250mg/dl 
were selected for further experiment. 

Experimental Design: The experimental rats were divided into four groups each comprising seven 
rats each as given below. ABAEE and metformin were orally administered daily up to 60 days using 
intragastric tube. 

Group1: Normal Control  
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Group2: Diabetic control rats  

Group3: Diabetes rats treated with ABAEE (25mg/kg b.wt) 

Group4: Diabetic rats treated with metformin (100mg/kg b.wt) 

At the end of the experimental period, all the rats were deprived of food overnight and anesthetized 
and sacrificed by cervical dislocation. Blood and Heart tissues were collected for the estimation of 
various biochemical parameters.  

Biochemical Parameters: Blood glucose (Hugget and Nixon, 1957), HbA1c (Trivelli et al., 1971), 
toxicity markers like SGPT and SGOT (Reitman and Frankel, 1957) were assayed. Activity of 
antioxidant enzymes SOD (Lawrence and Burk, 1976), GPx (Maehly and Chance, 1954) and CAT 
(Lowry et al., 1951), lipid peroxidation products like Thiobarbituric acid reactive substances (Jiang et 
al., 1992) and hydroperoxides (Patterson and Lazarow, 1955) and GSH (Kakkar et al., 1984) were 
estimated. 

Histopathological Studies: Heart tissues from all groups were subjected to histopathological studies. 
The whole Heart from each animal was removed after sacrificing the animal under anesthesia, 
collected in 10% formalin solution and immediately processed by the paraffin technique. Sections of 
5µm thickness were cut and stained with hematoxylin and eosin for histological examinations. Stained 
sections were qualitatively evaluated using a photo microscope (Zeiss Axioscope 2 plus, USA) 
equipped with Canon Zoom Browser EX digital camera (Japan). 

Statistical Analysis: Results were expressed as mean ± SD for four rats in each experimental group. 
Statistical analysis was performed using SPSS 17 software. The data were analysed using one-way 
analysis of variance (ANOVA) and group means were compared with Duncan’s Multiple Range Test 
(DMRT). P-values < 0.05 were considered as significant. 

RESULTS AND CONCLUSION 

The effect of ABAEE and metformin on blood glucose and HbA1c levels of normal and STZ-induced 
diabetic rats are depicted in graph 1and 2. There was a significant increase in the levels of blood 
glucose and HbA1c in diabetic rats when compared with control rats. Oral administration of ABAEE 
and metformin significantly reduced the level of blood glucose and HbA1c in diabetic rat to near 
normal.  

Graph 1 & 2. Effect of ABAEE for 60 days on Blood glucose and Glycosylated Hemoglobin in 

control and experimental groups  

Values 
are 

given 
as 

mean ± 
SD for 
groups 

of 
eight 

animals each. Values are statistically significant at *p<0.05. a, Diabetic rats were compared with 
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control rats; b, ABAEE treated diabetic rats were compared with diabetic rats; b,  metformin-treated 
diabetic rats were compared with diabetic rats. 

Toxicity markers like SGPT and SGOT in diabetic rats were found to be significantly increased as 
compared to the normal control. Treatment with ABAEE and metformin reduced the toxicity markers 
level in diabetic rats to near normal (graph 3). 

Graph 3. Effect of ABAEE for 60 days on SGPT and SGOT in control and experimental groups  

 

Values are given as mean ± SD for groups 
of eight animals each. Values are 
statistically significant at *p<0.05. a, 
Diabetic rats were compared with control 
rats; b,ABAEE treated diabetic rats were 
compared with diabetic rats; b,  metformin-
treated diabetic rats were compared with 
diabetic rats. 

The activities of antioxidant enzymes like CAT, GPX and SOD and non enzymatic antioxidant (GSH) 
were significantly decreased in diabetic rats as compared to normal rats. However, ABAEE and 
metformin treatment significantly increased these enzymes and GSH in diabetic rats to near normal 
(Table 1). Lipid peroxidation products like TBARS and HP in diabetic rats was found to be 
significantly increased as compared to the normal control. 

Treatment with ABAEE and metformin restored the lipid peroxidation products to near normal levels 
(Table 2). 

Table 1. Effect of ABAEE for 60 days on superoxide dismutase, catalase, glutathione peroxidase 

and reduced glutathione in Heart of control and experimental groups  

 

Parameters Normal Diabetic 

 

Diabetic + Ethyl 

acetate fraction of 

Averrhoa bilimbi 

(ABAEE) 

Diabetic+ 

Metformin 

SOD (U/mg 
protein) 

 

1.34 ± 0.12 

 

 

0.33 ± 0.04a 

 

0.76 ± 0.08b 

 

0.70 ± 0.07b 

CAT (U/mg 
protein×10-3) 

5.97 ± 0.54 2.67 ± 0.24a 4.18 ± 0.37b 3.93 ± 0.36b 

GPx (U/mg 
protein) 

 

23.10 ± 2.0 8 

 

12.38 ± 1.14a 

 

18.13 ± 1.64b 

 

17.66 ± 1.61b 
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GSH (mg/100 
g tissue) 

 

57.54 ± 5.26 

 

35.98 ± 3.30a 

 

46.44± 4.25b 

 

44.89 ± 4.10b 

 

Values are given as mean ± SD for groups of eight animals each. Values are statistically significant at 
*p<0.05. a, Diabetic rats were compared with control rats; b,ABAEE treated diabetic rats were 
compared with diabetic rats; b,  metformin-treated diabetic rats were compared with diabetic rats 

Table 2. Effect of ABAEE for 60 days on Lipid Peroxidation Products in Heart of control and 

experimental groups  

Parameters Normal Diabetic 

 

Diabetic + Ethyl 

acetate fraction of 

Averrhoa bilimbi 

(ABAEE) 

Diabetic+ 

Metformin 

TBARS (mM 
TBARS/100g of wet 
tissue) 

 

0.33 ± 0.03 

 

 

0.85 ± 0.08a 

 

0.66 ± 0.06b 

 

0.68 ± 0.06b 

HP (mM 
Hydroperoxide/100g 
of wet tissue) 

6.95 ± 0.64 21.92 ± 2.00a 13.07 ± 1.20b 13.38 ± 1.22b 

 

Values are given as mean ± SD for groups of eight animals each. Values are statistically significant at 
*p<0.05. a, Diabetic rats were compared with control rats; b,ABAEE treated diabetic rats were 
compared with diabetic rats; b,  metformin-treated diabetic rats were compared with diabetic rats 

Streptozotocin induced diabetic rats showed multifocal myocardial degeneration in Heart muscle. But 
the extract feeding and metformin treatment helped to regain normal histology of Heart (Fig 1).  Fig 

1. Photograph of Heart stained with Haemotoxylin – Eosin (40 X) 
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CONCLUSION 

It can be concluded from the data that ethyl acetate fraction of Averrhoa bilimbi (ABAEE) fruits 
extract supplementation is beneficial in controlling the blood glucose level and prevents diabetic 
complications from lipid peroxidation and antioxidant systems in experimental diabetic rats. This 
could be useful for prevention or early treatment of diabetic disorders. 
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ABSTRACT 

In this study we have evaluated the role of ethyl acetate fraction of Vernonia cinerea (EaVC) on 
selenite induced cataract in Sprague dawley rats. Several studies suggested that phytochemicals or 
natural plant products retard the process of cataractogenesis by scavenging free oxygen radicals. 
Hence, the presence study sought to assess the efficacy of EaVC on in vivo selenite induced cataract 
models. The antioxidant activity was comparatively studied using dPPH radical scavenging and 
reducing power assay. EaVC exhibited higher dPPH radical scavenging as well as reducing power 

assays. In this study, 
cataract was induced 
by a single 

subcutaneous 
injection of sodium 
selenite (4µg/ g body 
weight) on the 10th 
day. EaVC was 
administered as orally 
from 8th day upto 21st 
day at a concentration 
5 µg/g body weight. 
Cataract was found on 

16th day. on the 30th day, rats were euthanized by sodium pentothal injection, lenses were excised and 
the biochemical parameters such as activity of catalase (CaT), Ca2+ aTPase and the content of 
Reactive oxygen Species (RoS), lipid peroxidation products (TbaRS) were estimated and found 
effective in the treatment of cataract. we could also carried out to determine the nontoxic effect of 
EaVC in liver, kidney and serum of experimental animals.   

INTRODUCTION 

Visual disability and blindness is a common condition globally, affecting approximately 45 million, 
and more than a third of blindness is caused by cataract (Resinkoff et al., 2008). Approximately 25% 
of the population over 65 and about 50% over 80 has serious loss of vision because of cataract (Foster 
et al., 2005). At present, the most effective treatment of cataract is surgical extirpation of opaque lens, 
but it is expensive and not free from risk factors (Bockelbrink et al., 2008). Development of a drug 
which could prevent or delay the onset or progression of cataract will help to reduce the number of 
people getting blind due to cataract worldwide. Several studies reported that natural antioxidants and 
herbal drugs have potential anticataract activity (Rooban et al., 2012). 

Naturally occurring compounds like flavonoids, alkaloids, tannins, anthocyanins, terpenoids etc are 
known to exhibit antioxidant activity contain highly active pharmacological compounds. These 
compounds isolated from a part or whole of the medicinal herb act as pharmaceutical drugs have 
therapeutic potential against cataract (Sasikala et al., 2010). Vernonia cinerea, commonly known as 
little ironweed, is a common annual weed (Asteracea) with a wide range of geographical distribution. 
The plant has great medicinal value in diverse traditional usage in different nations. The whole plant 
is used in decoction or infusion to treat fever.  Chloroform extract exhibited antidiuresis (Adeboye et 
al., 1997). CCl4 fraction of methanolic extract possess significant antioxidant properties (Kumar and 
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Kuttan et al., 2009). This study was undertaken to evaluate the biochemical changes of the rat lens in 
a selenite-induced cataract and to assess the preventive role of EAVC as an animal model. 

Material and Methods 

All the biochemicals were 
purchased from Sigma-
Aldrich Chemical Company 
(St. Louis, USA) and other 
chemicals and solvents of 
analytical grade were from 
SRL Chemicals (Mumbai, 
India). TLC plates were (silica 
gel 60F254) were purchased 
from Merck (Darmstadt, 
Germany), Column 
chromatography was carried 
out on silica gel 60, E. Merck, 

mesh size 60-120 and 230-400. 

Collection and Identification of plant materials 

Whole plant of Vernonia cinerea was collected from Thiruvananthapuram, Kerala, India in November 
2011. This plant was identified by Dr. Valsala Devi, Curator, Department of Botany, University of 
Kerala. The reference sample for the plant was KUBH, Accession Number 5809. 

Extraction, isolation and estimation of flavonoids from Vernonia cinerea 

The shade dried plant material –leaves (550) was crushed for extraction. This was taken in a round-
bottomed flask and 80% methanol added to cover the material and refluxed in a water bath at 65 °C 
for 24 h. The supernatant was removed and the extraction was repeated twice. The extract was 
decanted, filtered and evaporated in a Rotary vacuum evaporator to remove the solvent completely to 
obtain the residue. Extract was cleared off low polarity contaminants such as fats, terpenes, 
chlorophyll and xanthophyll by repeated extraction with Petroleum ether (60-80 °C), Benzene and 
Ethyl acetate respectively.  The Ethyl acetate fraction contained the bulk of polyphenols, which 
contain the flavonoid. This flavonoid fraction of Vernonia cinerea (FVC) was dissolved in 
appropriate solvents in required concentrations for the studies. The flavonoid content in this fraction 
was determined using quercetin as reference and was found to be 20.845% of yield. 

Animal Experiments 

Sprague-Dawley rat pups at 8-10 days postpartum were housed along with their mother in 
polypropylene cages under a day/night cycle of 12 h, at 25±1°C room temperature. The rats received 
laboratory chow (Hindustan Lever Ltd., India) and distilled water. All ethical guidelines were 
followed for the conduct of animal experiments in strict compliance with the Institutional Animal 
Ethical Committee and Committee for the Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA), Government of India [Sanction No: IAEC-KU-40/2011-'12-BC-AA(25)]. The 
rat pups were grouped as follows with 12 pups in each group- 

G I - Control 
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G II - Selenite-induced (4 μg/ g body weight) 

G III - Sodium selenite + FVC (5 μg/ g body weight) 

G II, III were given a single subcutaneous injection of sodium selenite (4 μg/g body weight) on the 
10th day, while rats of G I were injected with sterile water (Ostadalova, Babicky & Obenberger, 
1978). FVC was administered as orally from 8th day upto 21st day at the concentration 5 μg/g body 
weight. Cataract could be visualized from the 16th day with the help of an ophthalmoscope and later 
on with the naked eye. On the 30th day, rats were euthanized by sodium pentothal injection, lenses 
were excised and the experiments conducted. 

 

Biochemical analysis 

Toxicity examination 

Activity of SGOT/GOT was 
measured by the method of 
Reitman and Frankel.  

Antioxidant studies 

DPPH free radical scavenging 

activity  

The DPPH radical scavenging 
activity was measured by the 

method of Blois.  

 Ferric reducing antioxidant power (FRAP) assay  

FRAP assay was performed according to the methods of Benzie and Strain with slightly modification.  

Estimation of the activity of Catalase  

Activity of catalase was measured by the method of Aebi.  

Estimation of the activity of Ca2+ATPase  

The activity of Ca2+ ATPase in the lens samples was measured by the method of Rorive and 
Kleinzeller  

 Determination of Thiobarbituric acid reactive substance (TBARS)  

Levels of TBARS were estimated by the method of Niehaus and Samuelsson.  

Determination of reactive oxygen species (ROS)  

The level of ROS was determined by the method of Davidson et al which is expressed as fluorescence 
intensity (FI)/mg lens protein.  

Estimation of protein content 
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The protein content of the samples was determined by the method of Lowry et al using bovine serum 
albumin as the standard.  

Statistical analysis 

All statistical calculations were carried out with statistical package for Social Sciences (SPSS) 
Software Program. The values were expressed as the mean ± SD. The data were statistically analyzed 
using one-way analysis of variance (ANOVA) and significant difference of means was determined 
using Duncan’s multiple range tests at the level of p < 0.05. 

Results 

Antioxidant properties of FVC are associated with DPPH radical scavenging activity as well as 
reducing power assay.  The data are represented in Figure 1 and 2. The nontoxic nature of FVC were 
analyzed by GOT and GPT in liver, kidney and serum (Table1, Figure 3). In our study, selective 
administration resulted in large nuclear opacities at 5-6 days post injection in 100% cases. 
Morphology of lens in control, selenite induced and treated groups are shown in Figure 4. The 
activities of CAT, Ca2+ATPase were decreased in the selenite injected group. In treated group, no 
appreciable change in these enzymes when compared to GII and the activity were near normal to that 
observed in GI. Here MEVC treated group maintains almost similar activity as in control group 
(Figure 5A, 5B). Selenite induction resulted in the increased level of TBARS and ROS when 
compared to that of control groups. Whereas the pretreatment with MEVC before selenite induction 
maintained the activity in near normal levels compared to GI. There is no significant variation in the 
activity among these treated groups (Figure 6A, 6B). Active component present in the FVC was 
characterized with TLC screening. TLC of the separated material using ethyl acetate: toluene (1:1) 
showed a single spot (Figure 7).  

 

Conclusion 

These results suggest that FVC treatment 
was effective in protecting the lens 
proteins by maintaining antioxidant status, 
controlling oxidative stress, prevention of 
calcium accumulation, maintenance of 
Ca2+ ATPase activity, prevention of 
protein oxidation and structural changes 
under selenite induction, which are 
supportive of its protective effect against 
cataract.   

Table 1: Activity of GOT and GPT in 
Group I (G I), Group II (G II) and Group III (G III)  lenses of rat 

Parameters    G I          GII         GIII 

SGPT    24.87± 2.46a 24.04± 2.61a 24.02± 2.16a 

SGOT    54.36± 4.17b 54.83± 3.2b 55.23± 3.29b 
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Liver GPT   11.32± 1.38c 10.16± 1.52c 11.28± 1.26c 

Liver GOT   20.98± 1.04d 20.76± 1.32d 18.83± 0.94d 

Kidney GPT   5.38± 0.25e 5.34± 0.28e 5.58± 0.16e 

Kidney GOT   12.61± 0.83f 12.74± 0.86f 11.61± 1. 
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ABSTRACT 

Diabetes mellitus (dM) is the leading cause of morbidity and mortality, with a number currently 
diagnosed as high as 371 million. diabetic nephropathy (dn) is one of the most severe complications 
associated with dM. oxidative stress plays a crucial role in the progression of diabetic nephropathy in 
hyperglycemic conditions. Plant-based therapy could be an ideal choice because of fewer side effects 
and wider acceptability. The present study, therefore, examines the beneficial action of ethanolic 
extract of seeds of Ensete superbum (ESSE) on diabetes induced renal damage in STZ-induced 
diabetic rats. oral administration of ESSE at a dose of 400 mg/kg b.wt showed a reduction in blood 
glucose, Hba1c, levels of renal function markers (urea, creatinine and uric acid), and increase in 
serum protein and albumin level. Elevated levels of serum aspartate amino transferase (aST) and 
alanine amino transferase (aLT) in diabetic rats were also restored by ESSE treatment. Treatment with 
ESSE enhanced the activities of renal CaT, Sod, GPx and GRd in the diabetic rats. Moreover,ESSE 
treatment revealed a significant improvement in reduced Glutathione content, with a significant 
decline in TbaRs level in kidney of diabetic rats. ESSE treatment up-regulated the renal mRna 
expression of selected genes related to antioxidant defense system such as antioxidant transcription 
factor nuclear factor E2-related factor-2 (nrf-2), antioxidant enzyme Heme oxygenase-1 (Ho-1) in 
diabetic rats and down regulate keap1 and inflammatory marker nfκb in diabetic rats. our results 
indicated that Ensete superbum reduces hyperglycemia, effectively protects the kidneys from 
hyperglycemia-mediated oxidative damage. These findings demonstrated the nephroprotective nature 
of Ensete superbum by attenuating markers of oxidative stress in diabetic rats. 

INTRODUCTION 

Diabetic mellitus is one of the most recognizable endocrine metabolic disorders fundamentally 
characterized by hyperglycemia via disruption of carbohydrate, fat and protein metabolism from 
insufficiency of secretion or action of endogenous insulin (WHO). Diabetes mellitus causes many 
complications including cardiovascular diseases, chronic renal failure, neurological complication, and 
diabetic retinopathy. Diabetic nephropathy is one of the major complications of DM. Hyperglycemia 
is a well distinguished pathogenic factor of chronic complications in diabetic mellitus and not only 
generates excessive free radicals (reactive oxygen species; ROS) but also attenuates antioxidative 
machineries through glycation of the antioxidant enzymes [Bonnefont-Rousselot et al. (2004)]. 
Diabetic nephropathy is characterized by sequential pathological changes, including renal hypertrophy 
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and basement membrane thickening in the early stage and extracellular matrix (ECM) accumulation, 
glomerulosclerosis, and interstitial fibrosis in the late stage, which eventually results in the loss of 
renal function. Hyperglycemia-induced oxidative stress has been concerned in the development of 
diabetic nephropathy (DN), which may cause kidney damage associated with inflammation and 
fibrosis.  

Nuclear related factor E2, Nrf2 is responsible for the defense system against oxidative stress 
[Vomhof-Dekrey and Picklo, (2012)] and inflammation [Pedruzzi et al. (2012)] by regulation of phase 
II detoxifying enzymes and redox-related antioxidant proteins. Nrf2 is an oxidative stress-dependent 
transcription factor that regulates numerous downstream targets, many of which are involved in 
cytoprotection.  Under basal conditions, Nrf2 is sequestered in the cytoplasm by a repressor protein 
Kelch-like ECH-associated protein 1 (Keap1). Upon exposure of cells to oxidative stress Nrf2 easily 
dissociates from its repressor protein, translocates into the nucleus, binds to antioxidant response 
elements and transactivates the genes of detoxifying and antioxidant enzymes such as heme 
oxygenase-1 (HO-1). Transcription factor NFκB induced by oxidative stress is one of the most critical 
transcriptional regulatory factors that control the expression of a large number of genes involved in 
inflammatory response, including cytokines (such as TNF-α and IL6), chemokines, growth factors, 
and adhesion molecules [Ghosh  and Hayden, (2008)]. It mediates damages in extracellular matrix, 
glomerulosclerosis, and renal failure, thus stimulating the development of DN. 

Agents with significant antioxidant potentials have been reported to elicit protection on diabetic 
kidney damage. Medicinal plants are efficient ameliorator of oxidative stress associated with DM. 
Ensete superbum Cheesm.(Wild/Rock Banana, cliff banana, kalluvazha) belongs to the family 
Musaceae is a medicinal plant, and is a large monocarpic herb found in Western Ghats of India. 
Indigenous communities consume its flowers, fruits and stem as vegetable [Arinathan et al. (2007)]. 
In Ayurvedic system of medicine the pseudostem and seeds of Ensete superbum (Wild/RockBanana) 
were used for the treatment of various human ailments like diabetes, kidney stone [Yesodharan  and  
Sujana, (2007)]. E. superbum has been reported to have broad range of therapeutic and nutritional 
values. In tribal medicines the seed powder of the E. superbum is used to treat diabetes and kidney 
related diseases [Sarojkumar et al., (2010)]. The present study was aimed to investigate the 
ameliorative potential of Ensete superbum on renal dysfunction in streptozotocin induced diabetic 
rats. 

Materials and Methods 

Plant material and extraction 

The seed powder of E.superbum was extracted with ethanol. The whole extract (ESSE) was collected, 
filtered and further concentrated in vacuum under pressure. The dried extract was dissolved in 
distilled water and used for experimental study. 

Experimental animals: Normal healthy male Wistar albino rats of body weight 200-220 gm were used 
for the study. 

Induction of diabetes 

Experimental diabetes was induced in rats by single intraperitoneal injection of streptozotocin (40mg 
/kg b.wt) dissolved in freshly prepared 0.01M citrate buffer, pH 4.5. All the animals were allowed free 
access to tap water and pellet diet and maintained at room temperature in plastic cages.  
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Experimental design 

The experimental animals were divided into four groups, each group comprising of a minimum of six 
rats detailed as follows. Group I-Normal; Group II - Normal + ESSE (400mg/Kg b.wt); Group III - 
Diabetic; Group IV - Diabetic + ESSE (400mg/Kg b.wt). Ethanolic extract of seeds of E.superbum 
(ESSE) administered orally (400mg/kg body wt) for 60 days. At the end of experimental period, all 
rats were fasted overnight and sacrificed; blood and kidneys were collected for estimation of various 
biochemical parameters. 

Biochemical parameters 

Blood glucose, HbA1c, total protein (TP) & albumin, serum aspartate amino transferase (AST) and 
alanine amino transferase (ALT), urea, uric acid and creatinine was estimated by Erba diagnostics 
kits. 

Enzymatic and non- enzymatic parameters 

Antioxidant enzymes such as catalase (CAT) [Maehly & Chance, (1954)], Superoxide dismutase 
(SOD) (Kakkar et al, 1984), Glutathione peroxidase (GPx) [Agerguard & Jence, (1982)], Glutathione 
reductase (GRd) [David & Richard, (1983)] and glutathione content (GSH) [Patterson & lazarow, 
(1955)] were evaluated. 

Lipid peroxidation 

Level of Lipid peroxidation products such as Thiobarbituric Acid Reactive substances (TBARs) 
[Okhawa et al., (1979)] was determined.  

RNA isolation & RT-PCR: The total RNA was isolated by trizol method. RNA samples were 
quantified and used as templates for generate cDNA. The gene expression levels were quantified by 
densitometry using Quantity one software. 

Results and Conclusion 

In the present study, oral administration of ESSE for 60 days resulted in significant decrease in the 
blood glucose level and HbA1c in diabetic rats (Fig 1 & 2). This indicates hypoglycemic effect of 
ESSE in diabetic rats. ESSE treatment to diabetic rats significantly improved total protein & albumin 
to near normalcy compared to diabetic controls (Fig 3).  Supplementation of ESSE showed a 
significant reduction in the levels of urea, uric acid & creatinine in the diabetic rats (Fig 4). This 
indicates positive effect of ESSE in improving renal function in diabetes.  

Results were presented as mean ± SD. n=6; P < 0.05. ‘a’ indicates that values are significantly 
different when compared to Group I, ‘b’ indicates values are significantly different when compared to 
group III. 

Fig 1.Concentration of glucose   Fig 2. Concentration of HbA1c         
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  Fig 3. Serum TP & albumin       Fig 4. Renal function markers 

     

As shown 
in fig 5, 

serum 
levels of 
AST and 
ALT were 
elevated in 
the diabetic 

control rats compared to normal rats. Increase in level of 
AST and ALT in diabetic rats were reduced by supplementation of ESSE. ESSE regulated the activity 
of ALT and AST in rats intoxicated with streptozotocin. 

Fig  5. Serum AST and ALT 

 

Reduced activities of antioxidant enzymes in diabetic rats contribute to the worsening of the oxidative 
stress and leads to increased level of lipid peroxidation. Table 1 showed that ESSE supplementation 
significantly attenuated the altered activities of enzymatic antioxidants (CAT, SOD, GPx, GRd) and 
enhances the levels of non-enzymatic antioxidant GSH content in kidney of diabetic rats. ESSE 
administration in diabetic rats demonstrated a marked decrement in the levels of renal TBARs (Table 
1). ESSE reduced lipid peroxidation, restored activities of antioxidant enzymes and increased 
glutathione levels kidney of diabetic rats. 

 

Table 1. Effect of ESSE on renal antioxidant enzymes, GSH content and lipid peroxidation level 

Groups I II III IV 
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Cat 

(10-3 U/mg proein) 
2.66±24 3.09±.28 0.95±0.09a 1.84±.17b 

SOD 

(U/mg proein) 
15.05±1.36 16.23±1.48 9.59±0.88a 12.35±1.12b 

GPx 

(U/mg proein) 
25.64±2.33 27.33±2.43 11.60±1.04a 20.31±1.68b 

GRd 

(U/mg proein) 
14.96±1.36 17.88±1.62 6.53±.59a 11.09±1.01b 

GSH 

(mM/100g tissue) 
46.05±4.20 48.09±4.39 29.78±2.71a 38.58±3.51b 

TBARs 

(mM/100g tissue) 
0.92±.03 0.82±.03 2.18±.07a 1.03±.04b 

Results were presented as mean ± SD. n=6; P < 0.05. ‘a’-values are significantly different compared 
to Group I, ‘b’-values are significantly different compared to group III. 

The mRNA expression of Nrf2 and its downregulatory genes such as HO-1 was significantly declined 
with simultaneous increase in Keap1 and NFκB in the renal tissue of diabetic rats. However, these 
altered mRNA expressions were significantly normalized in the diabetic rats by oral administration of 
ESSE (Fig 6.). This indicate that ESSE supplementation provide beneficial effects on the Nrf2-
mediated oxidative stress pathway and attenuated the hyperglycemia-induced inflammatory responses 
through the regulation of the NFκB in diabetic rats. 

Fig 6. Effect of ESSE on renal mRNA expression of Nrf2, HO-1, Keap1 and NFκB 

 

In conclusion, our study shows that Ensete superbum markedly reduced hyperglycemia and exerts a 
protective effect on the diabetic kidney. Ensete superbum alleviates oxidative stress by improving the 
antioxidant status in kidney of diabetic rats. Ensete superbum also restored the renal expression of 
genes related to antioxidant defense and inflammation. Thus, Ensete superbum regulates oxidative 
stress, inflammation and protects from diabetic kidney damage. Ensete superbum could be useful in 
preventing the development of diabetic nephropathy. Ensete superbum might be a promising 
candidate for the improvement of diabetes and its complications such as diabetic nephropathy. 
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ABSTRACT 

Eye being a most delicate organ, ocular drug delivery is a challenge for the formulator. Most ocular 
treatments like eye drops suffer from the inherent drawback that the majority of the medication they 
contain is immediately diluted in the tear film as soon as the eye drop solution is instilled into the cul-
de-sac, and is rapidly drained away from the pre-corneal cavity by constant tear flow and lacrimo-
nasal drainage. Latanoprost is a prostaglandin f2-alpha analogue, which reduces intraocular pressure 
and is absorbed through the cornea, where esterases hydrolyze it into to the active acid. Currently 
ophthalmic solution 0.005% is only available and has to be administered once daily in the evening. 
Hence the current study developed novel ocular drug delivery systems for the latanoprost as ocuserts, 
that can prolong the release and bioavailability of the drug compared to solutions. In the present work 
ocuserts were prepared by solvent casting technique, using biodegradable polymers; gelatin and 
chitosan to prolong the pre-corneal residence time of drug. formulations were optimized by 2-factor 3-
level full factorial design matrix to determine the effect of various process variables on efficacy of 
formulation. Cumulative percentage drug release at 24 hour was taken as response and the polymer 
concentration as independant variables. all the batches were physicochemically evaluated and 
characterized. In vitro release study was conducted in simulated tear fluid pH 7.4 and release data 
obtained were fitted to various kinetic models. The ocular inserts prepared were transparent and 
uniform in physicochemical properties. due to use of mucoadhesive polymer, the surface of inserts 
was hydrophilic enough to be easily wetted by tear film and adhere to corneal surface. weight of the 
ocuserts increased with increase in polymer concentration. The films were not thick (0.115 mm to 
0.224 mm) enough to produce any irritation in the eye. films with uniform drug content ranging from 
99.07% to 102.13% were obtained. ocuserts showed sustained release for about 24 hours. korsemeyer 
and Peppas model fitted the best for the inserts (R2 =0.9867). from the n value(0.8054) it can be seen 
that all the formulations follow non fickian diffusion of drug release. 

INTRODUCTION 

Continuous delivery of drugs to the eye offers major advantages over conventional therapies that 
involve administration of drug solutions or suspensions as eye drops. Eye drop administration often 
results in poor bioavailability and therapeutic response due to rapid precorneal elimination of the drug 
and is also associated with patient compliance problems.. This is due to tightness of the corneal 
barrier and rapid loss of the instilled solution from the precorneal area. There are two main strategies 
for improvements of ocular drug delivery: increasing the corneal permeability and prolonging the 
contact time on the ocular surface. Most formulation efforts aim at maximizing the absorption through 
prolongation of the drug residence time in the conjunctival sac. Many colloidal drug carriers like 
nanoparticles, liposomes, niosomes have been investigated as an alternative approach to deliver the 
drug at right dosage to right target organ, to prevent degradation, metabolism and cellular efflux in the 
course of drug delivery. A basic concept in ophthalmic research and development is that the 
therapeutic efficacy of an ophthalmic drug can be greatly improved by prolonging its contact with the 
corneal surface. Ophthalmic inserts offer many advantages over conventional dosages forms, like 
increased ocular residence, possibility of releasing drug at a slow and constant rate, accurate dosing, 
exclusion of preservatives and increased shelf life. Design, construction and technology of ocular 
insert in a controlled and sustained ocular delivery device are gaining rapid improvement to overcome 
these constraints [Schoenwald, (1990)]. 
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MATERIALS AND METHODS 

Latanoprost was obtained as a gift sample from Sun Pharmaceuticals, Gujarat. Gelatin, Chitosan, 
Span 60, Cholesterol and glycerine were USP/NF quality and procured from Nice Chemicals, Cochin, 
Kerala. 

Preparation of ocular inserts: The matrix films were prepared by solvent casting technique from 
gelatin (14.0 %w/v) and chitosan (2.0 %w/v) as medium level using 32 full factorial design. 
Percentage cumulative drug release at 24 hour was taken as response for optimization. The required 
quantity of polymers and glycerin were weighed and dissolved in purified water for gelatin and in 
acetic acid (1.0 % v/v) for chitosan, the mixture was heated at 600C on a water bath until the entire 
polymer was dissolved. The chitosan and gelatin solutions were mixed and the weighed amount of 
Latanoprost (6mg) was added and stirred for 6 h at 400C on magnetic stirrer to get uniform dispersion. 
After complete mixing the casting solution 0.25 ml was poured in the ring. The rings were cooled at 
100C by placing on ice until the inserts were gelled. The gelled inserts were taken out from ice and 
allowed to dry at room temperature for 24 h [Murthy, (1997)]. 

Cross linking of the gelatin ocular inserts was done by placing the prepared inserts in 5 ml of 10 % 
w/v solution of glutraldehyde in isopropyl alcohol for a time period of 30min; the inserts were 
transferred to an aqueous sodium metabisulfite solution (2.0 % w/v) and then immediately removed 
and placed in absolute alcohol bath to remove the excess of glutaraldehyde from the inserts [Amar 
and Ashish, (2012)]. 

Physicochemical Evaluation of ocular Inserts: Prepared inserts were evaluated for physical 
appearance, surface pH, thickness, weight variation, folding endurance, tensile strength, and moisture 
uptake and drug content uniformity. 

Surface pH was determined by placing pH paper on swelled ocular inserts in a closed petridish at 
room temperature for 30 minutes in 0.1ml of distilled water [Pandit, (2004)]. Thickness was evaluated 
using a micro meter of sensitivity of 0.001mm; average of ten readings was taken. 

Weight variation was determined by weighing ten inserts from each batch using digital balance and 
mean weight was recorded. 

Folding endurance was determined by repeatedly folding a small strip of ocular film at the same place 
till it broke [Manvi and Rathod, (2004)]. 

Drug content was estimated by triturating ocular inserts in 20 ml of simulated tear fluid (STF) pH 7.4 
with the help of mortar and pestle. The solution was filtered and one ml solution was withdrawn, 
diluted and measured by UV-Visible Spectrophotometer at 274 nm [Gupta and Mukherjee, (2003)]. 

Tensile strength was determined from the weights that were gradually added (5.0gms/min) to the pan 
to increase the pulling force till the film was broken. Percentage elongation at break and tensile 
strength was calculated using the following formulae:where Io is the original length of the film and IB 
is the length of the film at break when stress was applied. 

Tensile strength = Break force / ab (1+ ΔL/L). 

Where a, b, L ΔL are width, thickness, length and elongation at break of the strip respectively. Break 
force = weight required to break film [Mundada and Shrikhande, (2006)]. 
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The percentage moisture uptake test was done by weighing ocular films individually and placed in 
desiccators containing 100 mL of saturated solution of sodium chloride (~ 75 % humidity). After 
three days, films were taken out, reweighed and the percentage moisture uptake was calculated 
[Sankar and Chandrasekaran, (2006)]. 

The in vitro drug release was studied by using bi‐chambered donor receiver compartment model 
designed using commercial semi‐permeable membrane of transparent and regenerated cellulose type 
for 24 hours. Drug content was analyzed at 210 nm using respective dissolution mediums as blank on 
UV‐ Spectrophotometer. The release data were kinetically analyzed using different kinetic models to 
determine the mechanism of drug release from the prepared ocular inserts [Costa and Lobo, (2001)] 

RESULTS AND CONCLUSION 

The factors and their levels used in the optimization studies: 

 

Run Gelatin concentration (%w/v)  Chitosan concentration (%w/v)  

     

1 13  2.5  

     

    

2 13  1.5  

     

    

3 15  1.5  

     

    

4 13  2.0  

     

    

5 15  2.0  

     

    

6 14  1.5  
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7 14  2.0  

     

    

8 14  2.5  

     

    

9 15  2.5  

     

 

Optimum batch: Gelatin concentration - 14% w/v, Chitosan concentration – 2% w/v. 

Physicochemical evaluation: Prepared inserts were transparent, colourless and smooth in texture, 
uniform in appearance and showed no visible crack. 

Surface pH varied between 6- 7 indicating that the inserts did not have an irritation potential as the pH 
is within the accepted ocular range [Abilash and Jayaprakash, (2005)]. 

Weight of the films varied from 7.23 mg to 9.25 mg. It was also accounted that weight of films were 
increasing with increasing polymer concentration. 

Thickness of the films was from 0.115 mm to 0.224 mm, indicating that formulations were not thick 
enough to produce any irritation while placing and being in cul-de-sac. 

Highest tensile strength was observed with gelatin (1.34 ± 0.05 kg/cm2) whereas increase in 
elongation break with chitosan (12.63 ± 0.4) suggests high elasticity with these films. Moisture uptake 
of the films enhanced with increased gelatin amount due to their hydrophilic properties showing 
higher drug release rate initially [Dandagi and Manvi, (2004)]. 

Drug content was found in the range of 99.07% to 102.13% attributing that the process employed to 
prepare films in this study was capable of giving films with uniform drug content and minimum batch 
variability. 

Fig 1: In vitro release pattern of ocuserts 
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Maximum drug release was found at lower polymer concentration and as the polymer amount was 
increased, the release was found to be decreased. Korsemeyer and Peppas model fit the best for all the 
inserts (R2 =0.9867). From the n value (0.8054) it can be seen that all the formulations follow non 
fickian diffusion of drug release [Di Colo and Burgalassi, (2001)]. 
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ABSTRACT 

The worldwide prevalence of diabetes mellitus had risen dramatically. nowhere is the diabetes 
epidemic more pronounced than in India. The total number of diabetic subjects to be around 40.9 
million in India and this is further set to rise to 69.9 million by the year 2025. kerala is the diabetes 
capital of India with a prevalence of diabetes as high as 20% double the national average of 8%. To 
curb the escalating diabetes epidemic, primary prevention through promotion of a healthy diet and 
lifestyle should be a global public policy priority. The present study is an attempt to assess the growth 
in the occurrence of type 2 diabetes in Thiruvananthapuram city and the influence of lifestyle 
parameters on their health and morbidity indices. The study was undertaken as a hospital-based 
descriptive study with retrospective data collection. a total of 7946 Inpatients (2005-2013) and 7136 
outpatients (2011-2013) with diabetes, diagnosed by a physician as type 2 diabetes mellitus were 
identified. The retrospective data indicate steady increase in type 2 diabetes in the selected city. The 
study also identified a slower trend in growth of diabetes among youngsters below 20 years old. age, 
gender, appetite, type of meal, outside food consumption, smoking, coffee/tea consumption, sleep 
hours and exercise were the lifestyle parameters selected to develop two indices viz, normalcy Index 
(nI) and Morbidity Index (MI) and each selected parameter were associated against the two indices to 
establish if there existed any association between the individuals life style parameters and the indices. 
In this study, the retrospective data indicated steady increase in type 2 diabetes in the selected city. 
Conclusively, the findings suggest that lifestyle parameters, especially smoking habit was associated 
with health status (nI), whereas vegetarian diet and exercise habits were highly associated with the 
morbidity status (MI) of type 2 diabetes patients. 

Introduction 

The worldwide prevalence of diabetes mellitus had risen dramatically. 347 million people worldwide 
have diabetes (Danaei et al, 2011). The International Diabetes Federation (IDF) estimates the total 
number of diabetic subjects to be around 40.9 million in India and this is further set to rise to 69.9 
million by the year 2025 (Sicree et al, 2006). Kerala is the diabetes capital of India with a prevalence 
of diabetes as high as β0% ─ double the national average of 8%. In a large multi-center study 
involving nearly 20,000 subjects, the prevalence of diabetes in Thiruvananthapuram was 17% 
compared to 15% in Hyderabad and New Delhi, 4% in Nagpur and  3% in Dibrugarh (Mohan et al, 
2007). 

The reasons for the escalation in diabetes in Indians are i) increased insulin resistance, ii) stronger 
genetic factors and iii) environmental factors viz, epidemiological transition, physical inactivity, 
obesity and dietary alterations, particularly associated with urbanization (Mohan, 2004). Globally 
>2.5 million people are affected by diabetic retinopathy, the leading cause of vision loss in adults in 
developed countries. Diabetes (all types) is the most frequent cause of kidney failure and amputations 
(Kanavos et al, 2012). To curb the escalating diabetes epidemic, primary prevention through 
promotion of a healthy diet and lifestyle should be a global public policy priority. 

The present study is an attempt to assess the growth in the occurrence of type 2 diabetes in 
Thiruvananthapuram city and the influence of lifestyle parameters on their health and morbidity 
indices 

Materials and Methods 
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The study was undertaken as a hospital-based descriptive study with retrospective data collection. For 
this, computerised Inpatient (IP) medical register for all available periods i.e, from 2005 through 2013 
and manual Outpatient (OP) medical register from 2005 through 2013 were taken from the clinical 
database of leading tertiary care diabetes hospitals in Thiruvananthapuram city. A total of 7946 
Inpatients and 7136 Outpatients with diabetes, diagnosed by a physician as type 2 diabetes mellitus 
were identified from the registers. Further, from the list of computerized IP register, 10 per cent of the 
medical records were subjected for in depth study through systematic sampling method. The data 
were subjected for statistical analysis using SPSS Version 10.0 

Results  

1. Distribution of Type 2 Diabetes Patients Based on Age and Sex 

TABLE 1- DISTRIBUTION OF PATIENTS BASED ON AGE AND SEX (OUTPATIENTS)  

Year of 
enroll-
ment 

No.of 
patients Males Females  

 Percentage of patients  

≤19 20-29 30-39 40-49 50-59 ≥60 

2011  4919 

1985 

(40.4) 

2934 

(59.6)   0.3 2.3 5.7 17.0 30.4 44.4 

2012  

 

5762 

(+17.13)* 

2521 

(43.8) 

3241 

(56.2) 0.5 2.5 5.8 16.3 29.1 45.9 

2013  

 

6533 

(+13.38)* 

2630 

(40.3) 

3903 

(59.7) 0.5 1.8 5.5 14.8 28.6 48.8 

*percentage growth in the occurrence                     (Numbers in the parenthesis are percentage) 

The retrospective OP data shows an upswing in the occurrence of diabetes across the year 2011 to 
2013. The occurrence percentage was found higher among females when compared to males 
throughout study periods. Eventhough the occurrence rates were higher among seniors above 50 years 
old, the study identified a similar though slower trend in growth among youngsters below 20 years old 
also. Hence it is increasingly becoming apparent that type 2 diabetes has become prevalent even 
among younger age groups, which could have long lasting effects on the health of the nation and its 
economy.  

TABLE 2- DISTRIBUTION OF PATIENTS BASED ON AGE AND SEX (INPATIENTS)  

 Year of 
admission 

No.of 
patients Males Females  

Percentage of patients 

20-29 30-39 40-49 50-59 >60 

2005  406 
206 

(50.7) 

200 

(49.3) 
0 2.2 11.8 29.1 56.9 

2009  486 290 196 0.8 2.1 11.3 33.3 52.5 
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(59.7) (40.3) 

2010  
1576  
(+224.28)* 

913 

(57.9) 

663 

(42.1) 0.3 2.7 11.7 29.6 55.7 

 

2011  

1540 

 (-2.3)* 

879 

(57.1) 

661 

(42.9) 0.3 2.6 12.9 27.7 56.6 

 

2012  

1831  

(+18.9)* 

1066 

(58.2) 

765 

(41.8) 0.4 3.2 11.3 26.1 59.0 

2013  
2107 
(+15.07)* 

1160 

(55.1) 

947 

(44.9) 0.4 2.8 11.4 22.7 62.6 

*percentage growth in the occurrence                   (Numbers in the parenthesis are percentage) 

The IP data in the table above shows that there is escalation in the occurrence of diabetes through 
2010 to 2013 except in the year 2011. In disagreement to the OP data, the occurrence rates were 
higher among males when compared to females. Clear cut examinations of data indicate that there is a 
significant increase in growth in the occurrence of diabetes among above 60 year old patients than any 
other age group.  

2. Influence of Lifestyle Parameters on Health and Morbidity Status of Diabetes Patients 

The lifestyle parameters like age, gender, appetite, type of meal, outside food consumption, smoking, 
coffee/tea consumption, sleep hours and exercise were used to develop two indices Normalcy Index 
and Morbidity Index. 

The observation on health variables of the patients were transformed according to the class (based on 
the standard values) to which these values really belong. The class and their standard classification are 
as detailed: 

Class Values 

Normal 1 

Permissible range 2 

At risk 3 

Morbid 4 

Normalcy Index (NI) 

The Normalcy index is defined; as NI= Number of variables for which a patient is normal/Total 
number of variables selected (here it is 28) X 100. 

The range of NI generally varied from 0-100. In the present study NI ranged from 28.6-67.9. Thus in 
this study NI was classified into 4 classes, according to the range value obtained. 
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Class Value of NI 

Healthy ≤ γ8 

Relatively healthy 39-48 

Moderately healthy 49-58 

Unhealthy >58 

Morbidity Index (MI) 

The Morbidity index is defined as; MI= The weighted sum of the variables for which the patients is 
not normal X 100/ (4X28) 

The range of MI generally varied from 0-100. In the present study the observed range was 25.85-50. 
Thus, MI was classified into 5 classes, according to the range value obtained. 

Class Value of MI 

Low <30 

Tolerably morbid 31-35 

Needs medical attention 36-40 

Needs treatment 41-45 

Highly morbid >45 

 

After preparing the contingency tables of all nine lifestyle variables X1, Xβ, ……….,X9, on the two 
dependent variables NI (Y1) and MI (Y2), Chi-square values were computed to establish if there 
existed any association between the individuals life style parameters and the dependent variables. The 
details are presented in the tables given below 

TABLE 3 – ASSOCIATION OF LIFESTYLE PARAMETERS ON NORMALCY INDEX 

  

Healthy 
Relatively 
healthy 

Moderately 
healthy Unhealthy 

Chi-
sqaure 
(with 
df) 

 

Score 1 2 3 4 

 

 

N= 9 80 99 12 

 
Age Chi-square- corrected 

   

2.465 
(1) 

 

1)<30 

 

1 1 1 
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2)30-39 

 

1 3 1 

 

 

3)40-49 1 13 17 1 

 

 

4)50-59 4 15 31 1 

 

 

5)60-69 3 24 30 6 

 

 

6)>70 1 26 17 2 

 
Gender 

     

0.883 
(1) 

 

1)MALE 6 48 52 8 

 

 

2)FEMALE 3 32 47 4 

 
Appetite 

     

0.218 
(1) 

 

0)POOR 3 36 39 6 

 

 

1)FAIR 6 44 60 6 

 

 

2)GOOD 

     
Meal 

     

0.049 
(1) 

 

1)VEGETARIAN 1 12 14 1 

 

 

2)NON-
VEGETARIAN 8 68 85 11 

 Out-
food 

     

0.002 
(1) 

 

0)NEVER 8 62 76 11 

 

 

1)OCCASIONAL 1 6 12 1 

 

 

2)DAILY 0 12 11 0 

 
       
Smoke 

     

3.86 
(1) 

 

0)NEVER 8 64 68 9 

 

 

1)OCCASIONAL 0 4 14 1 

 

 

2)DAILY 1 12 17 2 

 Coffee 

     
1.554 
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 (1) 

 

0)NEVER 

     

 

1)<2 0 0 11 12 

 

 

2)2-4 6 56 12 1 

 

 

3)4-6 2 12 12 1 

 

 

4)>6 1 1 1 8 

 Sleep 
(hr) 

     

0.141 
(2) 

 

1)<5 2 24 26 4 

 

 

2)5-7 7 48 63 7 

 

 

3)7-9 0 8 10 1 

 

 

4)>9 

     
Exercise 

     

0.647 
(1) 

 

0)NEVER 5 57 73 10 

 

 

1)2-
4DAYS/WEEK 0 12 10 1 

 

 

2)DAILY 4 11 16 1 

 (Numbers in the parenthesis are corresponding degrees of freedom of the Chi-square values) 

Except smoking none of the other variables were found to affect the NI of the patients. Smoking 
significantly affected NI at 5 percent level. A number of primary studies have assessed the association 
between smoking and incidence of glucose abnormalities, suggesting that active smoking could be 
independently associated with glucose intolerance, impaired fasting glucose, and type 2 diabetes; 
smoking may therefore be a modifiable risk factor for type 2 diabetes (Wannamethee, 2001). 

TABLE 4 – ASSOCIATION OF LIFESTYLE PARAMETERS ON MORBIDITY INDEX 

  

Low  
Tolerably 
morbid 

Needs 
medical 
attention 

Needs 
treatment 

Highly 
morbid 

Chi-
sqaure 
(with 
df) 

 

Score 1 2 3 4 5 

 

 

N= 9 53 71 54 13 

 

 
Chi-square- 

     
3.49 
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corrected (4) 

        Age 1)<30 1 0 1 1 0 

 

 

2)30-39 1 0 2 2 0 

 

 

3)40-49 1 9 11 10 1 

 

 

4)50-59 1 14 21 11 4 

 

 

5)60-69 3 20 22 15 3 

 

 

6)>70 2 10 14 15 5 

 
Gender 

      

0.174 
(2) 

 

1)MALE 4 30 41 27 12 

 

 

2)FEMALE 5 23 30 27 1 

 
Appetite 

      

2.34 
(4) 

 

0)POOR 2 5 8 9 3 

 

 

1)FAIR 2 14 21 18 2 

 

 

2)GOOD 5 34 42 27 8 

 
        
Meal 

      

4.72 
(2) 

 

1)VEGETARIAN 4 4 6 11 3 

 

 

2)NON-
VEGETARIAN 5 49 65 43 10 

         Out-
food 

      

2.9 (2) 

 

0)NEVER 6 45 51 44 11 

 

 

1)OCCASIONAL 1 6 8 4 1 

 

 

2)DAILY 2 2 12 6 1 

 
Smoke 

      

0.72 
(2) 

 

0)NEVER 6 40 55 39 9 
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1)OCCASIONAL 1 4 7 4 3 

 

 

2)DAILY 2 9 9 11 1 

 Coffee/ 

      

1.6 (2) 

Tea 0)NEVER 0 2 0 3 0 

 

 

1)<2 0 7 4 4 1 

 

 

2)2-4 9 37 4 40 10 

 

 

3)4-6 0 4 48 0 2 

 

 

4)>6 0 3 15 7 0 

 
Sleep 

      

0.35 
(2) 

 

1)<5 1 17 21 14 3 

 

 

2)5-7 7 34 41 33 10 

 

 

3)7-9 1 2 9 7 0 

 

 

4)>9 

              Exercise 

      

6.4 (2) 

 

0)NEVER 5 34 53 42 11 

 

 

1)2-4DAYS/WEEK 0 5 11 6 1 

 

 

2)DAILY 4 14 7 6 1 

 (Numbers in the parenthesis are corresponding degrees of freedom of the Chi-square values) 

From the above table it can be inferred that among the nine variables selected and studied 
vegetarianism and exercise were significantly associated with MI at 5 percent level. Physical activity 
contribute to improve insulin sensitivity, decrease blood glucose and blood pressure level, weight 
loss, reduce triglycerides and cholesterol, increase muscle tone, improve circulation, stress relief and 
well being feelings (American Diabetes Association, 2008).  

Conclusion 

In this study, the retrospective data indicated steady increase in type 2 diabetes in the selected city. 
Conclusively, the findings suggest that lifestyle parameters, especially smoking habit was associated 
with health status (NI), whereas vegetarian diet and exercise habits were highly associated with the 
morbidity status (MI) of type 2 diabetes patients.  
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FORMULATION,PHYSICAL CHARACTERIZATION AND IN-VITRO RELEASE STUDIES 

OF ETODOLAC ALGINATE BEADS PREPARED BY IONOTROPIC GELATION FOR 

SUSTAINED RELEASE 
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ABSTRACT 

Oral drug delivery is the most desirable and preferred method of administering therapeutic agents for 
their systemic effects. Multiple unit dosage forms such as microspheres or micro beads have gained 
popularity as oral drug delivery systems because of the uniform distribution of drug in the 
gastrointestinal tract, enhanced drug absorption, reduced local irritation and elimination of unwanted 
intestinal retention of polymeric material, when compared to non-disintegrating single unit dosage 
forms. Etodolac is a non-steroidal anti-inflammatory drug with potent analgesic and anti-arthritic 
properties. It has a short biological half life of 6.4 hours and is administered in a dose of 200-400mg 
every 6-8 hours. In the present study, a suitable particulate system of etodolac has been developed by 
ionotropic gelation method for sustained release that would result in prolonged clinical efficacy, 
reduced frequency of administration and lesser side effects. Microbeads were prepared with and 
without using maize starch as polymer and were evaluated for particle size and size distribution, flow 
properties, loose surface crystal study, entrapment efficiency, swelling ratio, percentage yield, drug 
content uniformity and in-vitro drug release.It was found that the particle size distribution of both 
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formulations varied within a narrow size range. but the mean particle size increased with the presence 
of maize starch. drug leaching (15.46 % ± 0.118) was more with presence of maize starch. 
Entrapment efficiency was retarded with the presence of maize starch because of the less number of 
binding sites in sodium alginate. Polymer incorporated microbeads were free flowing, leading to its 
feasibility for tabletting and encapsulation.Swelling ratio (54.29 ± 0.151)suggested that maize starch 
beads swelled more to behave as a matrix for controlled drug delivery. formation of highly viscous 
dispersion with the incorporation of polymer led to high percentage yield (51.48% ± 0.180)by 
minimizing the loss during manufacturing process. The drug release behaviour of both the 
formulations of microbeads were evaluated in phosphate buffer (pH 6.8) and release data was fitted 
into various kinetic models.Release of drug from maize starch blended microbeads was found to be 
lower than that of microbeads without maize starch. kinetic data revealed that microbeads exhibited 
‘kosemeyer’ and ‘Peppas’ model with n value 0.γγ9, indicating ‘fickian’ diffusion of drug through 
matrices.The present study revealed that the maize starch incorporated sodium alginate beads can be 
utilized as an alternative and cheaper carrier for the oral controlled delivery of Etodolac. 

Introduction 

Safe and efficient oral sustained release drug delivery systems are formulated to release active 
ingredient gradually and predictably over a long period and is getting greater attention due to 
convenience and acceptance among patients. Sustained release is a sub classification of controlled 
release system which release drug over an extended period of time. Generally, hydrophilic polymer 
matrix is used for formulating sustained dosage forms. Various physicochemical and biological 
factors are also considered while formulating oral sustained drug delivery system [Ratnaparkhi and 
Gupta, (2013)]. Micro beads are small, solid and free flowing particulate carriers containing dispersed 
drug particles either in solution or crystalline form that allows a sustained release or multiple release 
compared to the monolithic formulations. Micro beads release the active ingredients through a double 
mechanism: diffusion or biodegradation of the polymer. The use of coating substances which can 
dissolve either in different areas of the gastrointestinal tract (depending on pH and the enzymes 
present) or after a preset time (depending on the thickness) allows coated microbeads to be used both 
in a space and time focussed manner [Ganesh et al., (2013)]. 

The present paper elaborates the preparation of microbeads of etodolac by ionic gelation with and 
without maize starch as polymer, and studies various pre and pro evaluation parameters. 

Materials and Methods  

Chemicals and Reagents: Etodolac was a gift sample from Dr. Reddy’s Laboratories, Hyderabad. 
Maize starch, methanol AR, sodium alginate AR, calcium chloride AR, and sodium hydroxide AR 
were USP/NF quality and were procured from Nice Chemicals, Cochin, Kerala.  

Preparation of Etodolac alginate microbeads: Alginate microbeads, each containing 200 mg 
Etodolac were prepared by ionotropic gelation method. The composition of various formulations of 
the microbeads with their codes is listed in Table 1. Formulation F2 was prepared with maize starch, 
while F1 was devoid of maize starch. Active ingredient etodalac was added to slurries of 2.5% w/v 
sodium alginate. Both the slurries were separately dispersed thoroughly using mechanical stirrer for 
15 minutes and taken in 10 ml hypodermic needle fitted with a 20 gauge needle. The mixtures were 
added drop wise to calcium chloride solution (3% w/v), and stirred at 200 rpm. The gelation time of 1 
hour was allowed to complete the curing reaction and to produce spherical and rigid microbeads. The 
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beads were collected by decantation, washed 3 times with distilled water and dried at 60o C for 2 
hours in a hot air oven [Alfred Martin, (2011)].  

Table 1: Formulation details 

Formulation 

code 

Drug 
(mg) 

Sodium 
alginate  

(% w/v) 

Calcium 
chloride 

 (% w/v) 

Maize 
starch  

(mg) 

Curing 
time (min) 

F1 200 2.5 3 nil 30 

F2 200 2.5 3 200 30 

Physical characterisation: The particle sizes of the microbeads were determined using optical 
microscopy method. The microbeads were mounted in light liquid paraffin and the diameters of 100 
particles were measured by means of an optical microscope with calibrated micrometers and the mean 
diameter was calculated [Yellanki and Nerella, (2010)] 

Loose surface crystal study (LSC) was conducted to estimate the amount of drug present on the 
surface of the microbeads. 100 mg of microbeads were suspended in 100 ml phosphate buffer (pH 
6.8), simulating the dissolution media. The samples were shaken vigorously for 15min in a 
mechanical shaker. The amount of drug leached out from the surface was analyzed 
spectrophotometrically at 274 nm. Percentage of drug released with respect to entrapped drug in the 
sample was recorded [Yurdasiper and Sevgi, (2010)] 

Entrapment efficiency was calculated to determine the ability of microbeads to entrap the drug 
[Lachman and Lieber mann, (2008)]. About 50 mg of accurately weighed drug loaded microbeads 
were crushed in a glass mortar and  pestle and mixed with 100 ml phosphate buffer (pH 6.8) and kept 
for 24 hours. The solution was stirred on a magnetic stirrer for 15 min, filtered and 1ml of the filtrate 
was diluted using phosphate buffer (pH 6.8) and analysed spectrophotometrically at 274 nm. The drug 
entrapment efficiency was calculated as per the following formula.                  

Entrapment efficiency (%)     =     Actual drug content / Theoretical drug content    100 

The flow properties of microbeads were investigated by measuring the angle of repose of drug loaded 
microbeads using fixed base cone method. Microbeads were allowed to fall freely through a funnel 
fixed at 1cm above the horizontal flat surface until the apex of the conical pile just touches to the tip 
of the funnel. The height and diameter of the cone was measured and angle of repose was calculated 
using the formula:  

θ = tan-1 (h/r) 

where; h = cone height, r = radius of circular base formed by the microbeads on the ground. 

The bulk and tapped densities were measured in a 10 ml graduated cylinder as a measure of 
packability of the microbeads. The sample contained in the measuring cylinder was tapped 
mechanically by means of constant velocity rotating cam. The initial bulk volume and final tapped 
volume were noted from which, their respective densities were calculated [Vyas and Khar, (2006)].                                  

Compressibility index or Carr’s index value of microbeads were computed according to the     
equation; 
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Carr’ index (%) = (Tapped density – Bulk density)/Tapped density x 100 

Hausner’s ratio of microbeads was determined by comparing the tapped density to the bulk density 
using the equation; 

Hausner’s ratio= Tapped density / Bulk density 

Swelling properties of the drug loaded microbeads were determined at pH range 6.8 [Malviya et al., 
(2013)]. Thirty dried beads were placed in phosphate buffer (pH 6.8) and allowed to swell at 37o C. 
After 2 hour interval, the equilibrium swollen beads were observed and measured by optical 
microscopy. Swelling ratio was determined from the following relation;  

Swelling ratio = (Mean diameter at time t   initial diameter)/Initial diameter of beads   100 

The percentage yield of micro beads has been calculated using following equation [Radhika et al., 
(2012)].  

Percentage yield of microbeads = Total yield of microbeads/Total weight of polymer   100 

The in-vitro drug release behaviour of the microbeads was evaluated in phosphate buffer (pH 6.8). 
The basket method was used to conduct the dissolution tests. The basket position was set at 2.5cm 
from the bottom of the flask and speed was adjusted to 75 rpm. The dissolution studies were carried 
out in 900 ml phosphate buffer maintained at 37 ± 0.5°C. Microbeads containing 200 mg of the drug 
were employed in each case. Aliquots of 5ml were withdrawn and immediately replaced the 
dissolution medium to maintain a constant volume of 900 ml. The samples were taken at the 
following intervals of 0.0, 0.1, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 hours respectively. Stirring was continued 
for 5 hours and speed was increased to 200rpm for the last 15 minutes in order to estimate the 100 % 
release point. The samples were filtered and absorbance was determined at 274 nm using UV-Visible 
spectrophotometer against an appropriate buffer as a blank [Badarinath, et al. (2010)]   

Statistical analysis: Each experiment was carried out in triplicate and the results are mean ±SD. 

Results and Conclusions 

Particle size and size distribution analysis: It was found that the particle size distribution of both 
formulations varied within a narrow size range as shown in Table 2. However, the mean particle sizes 
were different among these formulations. The results indicated that the proportional increase in the 
mean particle size of microbeads increased with the presence of maize starch in the formulation. This 
could be attributed to the formation of large droplets during addition of polymer solution to the 
gelling agent. 

Table 2: Mean diameter of the alginate beads 

Parameter Formulation F1 Formulation F2 

Length number mean diameter (µm) 412.00 ± 0.577 419.00 ± 0.548 

Surface mean diameter (µm) 415.48 ± 0.122 422.29 ± 0.151 

Volume mean diameter (µm) 418.96 ± 0.543 425.56 ±0.339 

Surface-length mean diameter (µm) 418.99 ± 0.547 425.60 ± 0.868 
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Volume-surface mean diameter (µm) 426.01 ± 0.171 432.19 ± 0.467 

Weight- moment mean diameter (µm) 432.97 ± 0.275  438.71 ± 0.208 

Loose surface crystal study: The percentage of drug release was found to be more for the 
formulation containing maize starch as polymer F2 (15.46 % ± 0.118) than F1 (10.93 % ± 0.176) due 
to the less dense matrix structure. 

Entrapment efficiency: The amount of drug entrapped was more in F1 (36.08% ± 0.125) compared 
to F2 (28.75% ± 0.291). This may be attributed to lesser number of binding sites of alginate for Ca2+ 
ions resulting in the formulation of a less compact gel membrane which, in turn, increases influx of 
Ca2+ ions leading to decrease in drug entrapment efficiency. 

Flow properties: The results presented in Table 3 showed that F2 which has the polymer 
incorporated is free flowing than F1 which lack polymer. Thus, the microbeads if tabletted or 
encapsulated, requires less amount of lubricants and ensures low production cost leading to its 
feasibility for large scale production. 

Table 3: Flow property parameters of F1 and F2. 

Properties F1 F2 

Angle of repose 27.82° ± 0.071 28.01° ± 0.112 

Bulk density (g/ml) 0.43 ± 0.042  0.46 ± 0.055  

Tapped density (g/ml) 0.58 ± 0.068   0.50 ± 0.103  

Carr’s index (%) 24.58 ± 0.211  8.04 ± 0.140  

Hausner”s ratio 1.33 ± 0.065 1.09 ± 0.117 

Swelling ratio and percentage yield of microbeads: The mean diameter of swelling beads to dried 
beads was found to be greater for formulation prepared by utilizing maize starch polymer F2 (54.29 ± 
0.151), compared to F1 (58.27 ± 0.199) suggesting that maize starch microbeads may begin to swell 
more and behave as matrices for controlled release of incorporated drug [Ashok et al., (2010)]. 

The percentage yield was found to be higher for the formulation prepared using maize starch polymer 
F2 (51.48% ± 0.180) when compared to F1 (45.17 %± 0.142). This could be due to the formation of 
high viscous polymer dispersion which is not lost during manufacturing process. The drug release 
behaviour of both the formulations of microbeads was evaluated in phosphate buffer (pH 6.8).The 
release profiles of the formulations are shown in Figure 1.  

 

Figure 1. Cumulative percentage 
release vs time graph for F1 and 
F2 

The results indicate that releases 
of drug from maize starch blended 
microbeads were found to be 
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lower than that of microbeads that doesn’t contain maize starch. The drug release kinetics is presented 
in Table 4 and follows a complex order drug release. The correlation co-efficient (r2 = 0.966) 
indicates that the release mechanism is diffusion and the n value of Peppas model (0.339) indicates 
that the mechanism of drug release follows Fickian diffusion. This suggests that drug release occurs 
mainly by diffusion through polymer matrix from a region of high concentration to lower 
concentration[Kumar et al., (2009)]. 

Table 4:  Release kinetic models 

Formulation Code Correlation co-efficient (r2 value) 

Zero order First order Peppas model Higuchi model 

F1 0.771 0.614 0.836 0.898 

F2 0.847 0.654 0.966 0.941 
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ABSTRACT 

Inhalers are the mainstay in the treatment of asthma and CoPd and are handheld devices which 
provide rapid, cost effective and safe method of delivering drugs directly into the lungs. The optimum 
drug delivery into the airways depends on the inhaler technique of the patient. Effective disease 
control is achieved only when the patient uses the inhaler devices appropriately along with the other 
disease control measures. no study has been reported from South India on this topic. Majority of the 
studies reported elsewhere evaluated the inhaler techniques or medication adherence of the patients 
and only few studies examined the impact of improved inhaler techniques and medication adherence 
on disease outcome of patients. our study was done with an objective to evaluate the inhaler 
techniques(Metered dose inhaler and Metered dose inhaler with spacer) of patients diagnosed with 
asthma/ CoPd at baseline and at two consecutive follow-ups in order to assess the impact of 
educational interventions to the patients by clinical pharmacists on inhaler techniques, medication 
adherence and disease outcome.A prospective interventional study was carried out in the Pulmonary 
Medicine department of aIMS hospital, kochi after obtaining ethical clearance by the Institutional 
Review board. a total of 152 patients prescribed inhaler devices for asthma/CoPd were selected for the 
study as per inclusion and exclusion criteria. The study evaluated the patient’s knowledge of their 
prescribed inhaler device techniques and their disease control at baseline and at two consecutive 
follow-ups using a validated checklist, Inhaler device assessment Tool and asthma Control Test /CoPd 
assessment Test Questionnaires. Medication adherence of the patients was evaluated using Morisky 8-
Item adherence Scale at baseline and at two consecutive follow-ups. after baseline measurements, the 
patients were given educational interventions by a clinical pharmacist by demonstration of proper 
inhaler techniques supplemented with booklets on disease information and leaflets on proper use of 
inhalers. Due to the clinical pharmacist’s intervention there was significant improvement in inhaler 
techniques of the patients prescribed either type of inhalers in the 2nd follow-up as compared to the 
baseline (p<0.001). asthma patients were found to be more adherent to MdI (p<0.001) while CoPd 
patients were more adherent to MdI with spacer (p<0.001). adherence of both asthma/CoPd patients 
improved significantly at each of the two follow-up visits (p<0.001). The improvement in inhaler 
techniques was to the same extent when asthma and CoPd patients were compared which proves that 
irrespective of disease, there was improvement in inhaler techniques. This was translated into 
significant improvement in disease control as measured by aCT/CaT scores (p<0.001). Routine 
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assessment of inhaler device techniques and educational intervention by a clinical pharmacist can 
improve the inhaler techniques and adherence to therapy of patients. This in turn can achieve better 
control of their disease (asthma/CoPd). 

INTRODUCTION 

Inhalers are the mainstay in the treatment of asthma and chronic obstructive pulmonary disease 
(COPD). Inhalers are handheld devices which deliver asthma medications directly into the lungs. The 
ease of use and convenience of inhalers provide direct, rapid, cost effective and safe method of 
delivering drugs like β-agonists, anticholinergics and glucocorticoids into the lungs. But the 
optimum drug delivery into the airways is dependent on the inhaler technique of the patients. 
Effective asthma control is achieved only when patients use their inhaler devices properly along with 
other asthma control measures. The poor patient inhaler techniques and poor patient compliance are 
two major causes for poor asthma control among asthmatic patients (Arora 2014, Lars 2005, Virchow 
et al 2008, Roy 2011). 

Non-adherence to medication regimens is a major problem in the management of patients with 
chronic illness. According to the reports of WHO non-adherence to medications vary from 15% to 
93% (Antonia, 2011). Non-compliance to inhaler medications lead to poor asthma/COPD control 
(Mehuys and Van, 2007).These two factors can be improved by proper education by a trained health 
care professional, especially a clinical pharmacist. No studies correlating inhaler techniques and 
medication adherence with disease outcome has been reported from South India. Majority of the 
studies reported elsewhere evaluated either the inhaler techniques or medication adherence or both 
(Baquai et al 2011; Prabhakaran et al 2006). Hence our study was undertaken to measure the impact 
of educational interventions by a clinical pharmacist on inhaler techniques, medication adherence and 
disease control of asthma/COPD patients attending a tertiary care hospital in Kochi, Kerala. 

MATERIALS AND METHODS 

A prospective, interventional study was conducted on outpatients being treated at the pulmonary 
medicine of Amrita Institute of Medical Sciences (AIMS), Kochi from 1st October 2013 to 30th June 
2014 after obtaining ethical clearance by the institutional review board.. AIMS is a 1250 bedded 
tertiary care teaching a hospital located in health sciences campus at Ponekkara in Cochin. The 
Department of pulmonary medicine provides care to patients with diseases of lungs, including asthma, 
COPD and tuberculosis. About 70 to 90 patients visit pulmonary medicine department as outpatients 
on a daily basis. 

Study sample consisted of patients reporting to the department of pulmonary medicine during the 
study period and who satisfied the inclusion and exclusion criteria. To be eligible for the study, 
subjects had to be: (1) diagnosed with asthma/COPD, (2) prescribed with inhaler devices Metered 
Dose Inhaler (MDI) and MDI with spacer, (γ) of age ≥18years, and (4) willing to provide informed 
signed consent. Patients excluded were those (1) who had stroke, parkinsonism, rheumatoid arthritis, 
psychiatric problems, hearing impairment or difficulty holding the inhaler device (2) who were unable 
to read, write, speak or understand English or Malayalam or non-cooperative or (3) who were 
prescribed dry powder inhalers. Sample size of 150 was needed to get a confidence level of 95±5% at 
0.05 significance level. Patients prescribed inhalers were referred to clinical pharmacists by the 
consultants in the pulmonary medicine clinics on a daily basis. Patients who satisfied the inclusion 
and exclusion criteria were selected and baseline control of their disease and medication adherence 
were assessed using the Asthma Control Test (ACT)/COPD Assessment Test (CAT) Questionnaires 
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and Morisky 8-Item Medication (MMA) adherence Questionnaires respectively. Informed signed 
consent was obtained from all the study participants. 

The patients were asked to demonstrate the use of inhalers and their inhaler techniques were evaluated 
using a validated checklist. Triggering factors of disease were also noted for relevant patients (Figure 
1). Patient education was provided by clinical pharmacists by demonstration of inhaler devices and 
educating the relevance of each step of inhaler use and importance of medication adherence. Each 
patient was also provided with leaflets on correct steps of inhaler techniques (MDI and MDI with 
spacer) and a booklet containing information on asthma and its triggering factors. Patients were 
advised about the avoidance of triggering factors. The patients were then reassessed for the same 
parameters using the respective tools for two consecutive follow-ups at two months intervals. Patient 
education was also provided to those who had incorrect inhaler techniques at the 1st and 2nd follow up 
visits.  

Statistical analysis 

The collected data were compiled using the Microsoft Excel and descriptive statistics was used to 
calculate mean, median and standard deviation. Paired sample t-test was used to find associations 
within the group whereas student’s t-test was used to find associations between groups using 
statistical package for social sciences (SPSS version 20). 

RESULTS & COCLUSIONS 

152 patients satisfied the inclusion and exclusion criteria and all were selected for the study after 
obtaining informed signed consent. Baseline characteristics of the study patients and the baseline 
pattern of their inhaler use are summarized in Table 1 and Table 2 respectively. Inhaler techniques of 
the study patients at baseline and at the 2nd follow up visits are given in Figure 2 and Figure 3 
respectively. 

Table 1. Baseline characteristics of study population 

Characteristics Asthma (n=101) COPD (n=51) Total (n=152) P value 

Age (years) 

Mean ±SD 

Median (Range) 

 

47.71 ± 14.46 

49 (20-76) 

 

66.24 ± 9.64 

68 (37-79) 

 

53.89 ±15.66 

56 (20-79) 

 

<0.001 

Gender No. (%) 

 Male  

 Female  

 

48 (47.52) 

53 (52.47) 

 

44 (86.27) 

7 (13.73) 

 

92 (60.52) 

60 (39.47) 

 

<0.001 

Level of Education No. 

(%) 

Primary or below  

Secondary 

 

7 (6.9) 

23 (22.8) 

24 (23.8) 

 

20 (39.2) 

15 (29.4) 

4 (7.8) 

 

27 (17.8) 

38 (25.) 

28 (18.4) 

 

 

<0.001 

1287

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



Higher Secondary 

Graduates and above 

47 (46.5) 12 (23.5) 59 (38.8) 

Disease duration (years) 

≤1 

2-5 

6-10 

≥11 

 

40 (39.60) 

26 (25.7) 

19 (18.9) 

16 (15.8) 

 

21 (41.18) 

23 (45.1) 

3 (5.9) 

4 (7.8) 

 

61 (40.13) 

49 (32.2) 

22 (14.5) 

20 (13.2) 

 

 

<0.001 

Smoking Status No. (%) 

Smoker 

Ex-smoker 

Non-smoker 

 

7 (6.9) 

15 (14.9) 

79 (78.2) 

 

4 (7.8) 

27 (52.9) 

20 (39.2) 

 

11 (7.2) 

42 (27.6) 

99 (65.1) 

 

 

<0.001 

 

Table 2. Pattern of  inhaler use in the study patients 

Characteristics Asthma (n=101) COPD (n=51) Total (n=152) 

Type of inhaler No. (%) 

Metered Dose Inhaler 

Metered Dose Inhaler with Spacer 

 

41 (40.6) 

60 (59.4) 

 

25 (49.0) 

26 (51.0) 

 

66 (43.4) 

86 (56.6) 

Duration of inhaler use (years) No. (%)  

First time user 

≤1 

2-5 

6-10 

≥11 

 

48 (47.5) 

21 (20.8) 

19 (18.8) 

7 (6.9) 

6 (5.9) 

 

20 (39.2) 

18 (35.3) 

8 (15.7) 

2 (3.9) 

3 (5.9) 

 

68 (44.7) 

39 (25.7) 

27 (17.8) 

9 (5.9) 

9 (5.9) 

Prior inhaler education No. (%) 

Yes 

No 

 

12 (11.88) 

65 (64.35) 

 

32 (62.74) 

43 (84.31) 

 

44 (28.94) 

108 (71.05) 
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Figure 1. Identification of triggering factors of asthma/COPD in the study patients 

 

 

 

 

 

 

 

 

Figure 2. Assessment of patients correctly performing each step of MDI with spacer (n=86) 

 

 

 

 

 

 

 

 

Figure 3. Assessment of patients correctly performing each step for MDI (n=66) 

Due to the clinical pharmacist’s intervention there was significant improvement in inhaler techniques 
of the patients prescribed either type of inhalers when compared to the baseline (p<0.001). A total of 
152 patients were included in the study which consisted of 101(66.44%) patients of asthma and 51 
(33.55%) COPD patients. The mean age of the study participants was 53.89 ± 15.66 years and 60.52% 
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of patients were males. Young patients were affected more with asthma whereas elderly population 
was affected more by COPD (p<0.001) as the mean age of the patients with asthma and COPD were 
47.71 ± 14.46 and 66.24 ± 9.64 years respectively. Asthma patients were prescribed more with MDI 
with spacer (59.4%) whereas in the COPD group both types of inhaler devices were equally 
prescribed (p=0.322). According to IDAT scoring(Lung Association 2012), only 19.70% (n=13) of 
patients followed ‘good technique’ of MDI at baseline, but at second follow up the number of patients 
with ‘good technique’ of MDI  increased to 87.88% (n=58). Similarly, only 8.1γ% (n=7) of patients 
followed ‘good technique’ of MDI with spacer at baseline, but this number improved to 91.86% (n= 
79) after educational interventions by clinical pharmacists. Paired sample statistics shows that there 
was a significant improvement (p <0.001) in the percentage of steps corrected for both MDI and MDI 
with spacer on subsequent follow up visits among asthma and COPD patients. The common errors 
observed were inappropriate shaking of inhalers prior to use (39.07%) and failure to hold breath after 
inhalation (71.21%). Shaking the inhaler is important as it contains medications in the form of 
suspension which requires uniform distribution of drug prior to administration, or else it may lead to 
the delivery of under doses in the beginning and overdose towards the end of the use. After continued 
use for more than one week the spacer may get clogged due to the adhesion of drug particles by 
electrostatic force and hence requires cleaning on a weekly basis for optimum performance. At 
baseline more than 70% of the patients had no knowledge of cleaning the spacers. But their 
knowledge on spacer cleaning improved to 100% at the second follow up (p <0.001). Special 
procedures are to be followed to prevent development of electrostatic force and the spacers are to be 
air dried instead of wiping with a cloth etc. 

At baseline most of the patients exhibited poor adherence (52.26%) towards the medication and 
inhaler devices. But the average MMAS score improved from 5.39 at baseline to 7.23 at the second 
follow up (p <0.001). But it was noticeable that asthma patients showed more adherence towards MDI 
at baseline and COPD patients towards MDI with spacer at baseline. This may be because COPD 
patients are elderly patients who have difficulty coordinating breathing and actuation of inhaler 
device. The use of a spacer with inhaler will overcome this coordination problem. 

Evaluation of the CAT scores revealed that there was significant improvement in the CAT score of 
patients after each follow-up whether prescribed with MDI or MDI with Spacer (p<0.001). Similarly 
significant improvement (p<0.001) was also observed in the ACT scores after each follow up 
irrespective of the type of inhaler device prescribed. 

Thus an overall improvement in the inhaler techniques was observed among patients prescribed with 
either type of inhalers from baseline to 2nd follow-up (p<0.001) but when asthma and COPD patients 
were compared  inhaler techniques improved to the same extent in both type of patients. This 
indicates that irrespective of the disease, improvement in the inhaler technique was due to the clinical 
pharmacist’s intervention. Future studies can be undertaken to include other types of inhaler devices 
like dry powder inhalers and the cost effectiveness of the involvement of clinical pharmacists and the 
sustainability of the interventions. 

CONCLUSION 

Inhaler device techniques and medication adherence of asthma and COPD patients can be improved 
by educational interventions by clinical pharmacists. Educational interventions by clinical pharmacists 
can bring about improvement in outcome of the disease as well. 
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ABSTRACT 

Angiogenesis, the formation of new blood vessels from preexisting vasculature, plays a key role in 
physiological as well as in pathological conditions like tumour progression. a number of factors are 
responsible for the stimulation and inhibition of the angiogenic process. dysregulation of the balance 
between pro-angiogenic and anti-angiogenic factors can lead to excess angiogenesis or inhibition of 
angiogenesis contributing to pathological conditions. VEGf (vascular endothelial growth factor) is the 
important pro-angiogenic factor, which has been a potential target for anti-angiogenic therapy. 
Triphala churna (THL) is a traditional Indian ayurvedic herbal formulation made up of three dried 
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fruits of medicinal plants, Terminalia bellirica, Terminalia chebula, and Embelica officinalis. It is 
used as herbal drug for the treatment of various diseases. However, the mechanisms by which THL 
mediates its anti-tumor actions are still being explored. Literature survey revealed that triphala 
contains over fifteen phytochemicals with different pharmacological effects. To examine whether 
these compounds can target angiogenesis, molecular docking scores were computed against various 
components of the VEGf dependent angiogenesis pathway, using autodock vina. Molecular docking 
studies revealed that chebulagic acid, chebulinic acid and gallic acid showed favorable binding 
compared to the other phytochemicals and currently used anti VEGf molecules. This was further 
validated by using discovery Studio. The result shows that the chebulagic acid has the higher docking 
affinity and interaction. It was further tested experimentally using rat aortic rings in culture. aortic 
sprouting was inhibited by chebulagic acid in this model system confirming the anti-angiogenic effect 
revealed in the docking study. 

Introduction: 

Angiogenesis is the formation of new blood vessels from preexisting vasculature. It is essential for the 
maintenance of vascular supply to normal tissues [1,2], for the development, progression and 
metastasis of malignant tumors. Angiogenesis is regulated by pro-angiogenic factors and anti 
angiogenic factors. Dysregulation of the balance between pro-angiogenic factors and anti-angiogenic 
factors can lead to excess angiogenesis or inhibition of angiogenesis contributing to pathological 
conditions. Vascular endothelial growth factor, VEGF is the principal endothelial cell specific 
angiogenic factor.  

VEGF is an angiogenic glycoprotein with mitogenic action on vascular endothelial cells. The human 
VEGF gene family is composed of five members: VEGF-A, placenta growth factor (PlGF), VEGF-B, 
VEGF-C, and VEGF-D. Alternative exon splicing of the gene encoding VEGF-A results in the 
generation of at least five molecular variants that differ in total amino acid number. In humans, these 
correspond to VEGF-A121, VEGF-A145, VEGF-A165, VEGF-A189 and VEGF-A206, of which 
VEGF-A165 is the predominant form [4, 5]. The biological effects of VEGFs are mediated via three 
specific cell surface-expressed receptors, VEGFR-1 / Flt-1, VEGFR-2/KDR/Flk-1 and VEGFR-3/ Flt-
4. All three consist of an extracellular domain comprising seven Ig-like domains, a transmembrane 
domain, followed by a kinase domain that is divided in two parts by the insertion of a non-catalytic 
100-amino-acid residue sequence, and a C-terminal tail. VEGFR-1 and VEGFR-2 are mainly 
expressed on endothelial cells, although other cell types of haemopoietic or other origins can also 
express these receptors. VEGFR-3 is found mainly in the lymphatic endothelium; moreover, this is 
not a receptor for VEGF-A. VEGF, binds to VEGFRs located at the surface of endothelial cells which 
leads to the dimerization and the auto-phosphorylation of the intracellular kinase domains. This will 
result in signaling cascades that promote endothelial cell proliferation and migration, and tube 
formation critical in angiogenesis from pre-existing vasculature [3, 4, 5&7].  

Polyhedral formulations containing multiple pharmacologically active components are used in 
traditional systems of medicine. Triphala churna is a traditional Indian ayurvedic herbal formulation 
made up of three dried fruits of medicinal plants, Terminalia bellirica, Terminalia chebula, and 
Embelica officinalis. It is used as herbal drug for the treatment of various diseases. However, the 
mechanisms by which THL mediates its anti-tumor actions are still being explored. Literature survey 
revealed that triphala contains over fifteen phytochemicals with different pharmacological effects. 
The main objective of the present study was to understand the effect of phytochemicals of triphala on 
angiogenesis. 
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Materials and Methods: 

1. Target preparation 

The X-ray crystallographic of structure of  VEGF & VEGF R were retrieved from protein data bank 
(PDB). The raw proteins were further prepared for docking studies by removing ligands, hetero 
atoms, water molecules and adding of hydrogen to polar groups using Discovery Studio 4.0 and MGL 
Tools 1.5.6.The active site of each target was determined as a grid box using MGL Tools 1.5.6. 

2. Ligand preparation 

The phyto profiles of three herbs in Triphala churna (Terminalia bellirica, Terminalia chebula, and 
Embelica officinalis) are collected form the literature review. Literature survey revealed that triphala 
contains over fifteen phytochemicals with different pharmacological effects. The chemical structure 
of triphala constituents anti VEGF molecule like thalidomide was retrieved from Pubchem compound 
database. All the chemical structures were prepared for the docking studies using MGL Tools 1.5.6. 

3. Molecular docking & dynamics study 

Molecular Docking calculations were undertaken using AutoDock vina, which is an open-source 
program for doing molecular docking. It was selected because it permits robust molecular docking 
with high efficiency. The stability of the highly active ligand bound at the active site of the target was 
determined using molecular dynamics (MD) simulation. The simulations were carried out for the 
docked pose of best four designed ligands using NAMD module of Discovery studio 4.0. 

4. In vitro biological study  

The Effect of highly active phytocompound on angiogenesis was studied using aortic ring assay. 

Rat thoracic aortas 1mm thick were maintained in minimum essential medium containing 10% FBS 
at37∘ Cina95% air and5% CO2 atmosphere in a Sanyo CO2 incubator. Thoracic aortas were taken 
from 4- to 6- week-old Sprague-Dawley rats and immediately transferred to a sterile tube containing 
minimum essential medium [6]. After removing the fibroadipose tissue around the aorta, it was 
sectioned into approximately 1mm long aortic rings with a sharp sterile surgical blade. The rings were 
placed in culture plates supplied with MEM containing FBS with or without active compound. Six to 
eight aortic rings were used in each set and the sprouting of cells from the aortic rings was examined 
micro photographically using a Leica microscope. The extent of sprouting was quantitated using 
QWIN Leica software. All experiments were carried out in accordance with the guidelines of the 
Institutional Animal Ethics Committee. 

Result and Discussion: 

1. Binding of Phytochemicals to VEGF & VEGF R –Molecular docking 

Docking study was carried out for measuring the binding affinity of phytochemicals of triphala (THL) 
on VEGF & VEGF R. The study revealed that the phytochemical constituent Chebulagic acid showed 
most favorable binding energy compared to others (Table 1, Fig: 1).   Literature   search also revealed 
that the relative levels of these compounds are also high in THL compared to other constituents.  The 
molecular dynamics (MD) simulation reveals that Chebulagic acid has the potential binding ability. 

2. Validation of docking study by angiogenesis assay 
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Since chebulagic acid (CA) showed most favourable binding to VEGF in docking analysis, its effect 
on angiogenesis was analysed biologically using angiogenesis model assays. Rat aortic rings in 
angiogenesis promoting conditions start sprouting in culture in vitro. Progressive increase in sprout 
density was observed with progress of culture. In aortic rings treated with CA, no /delayed sprouting 
was observed indicating inhibition of angiogenesis by CA (Fig: 2) 

 

SI No Phyto chemicals in 

THL 

Affinity (Kcal/mol) 

VEGF (1FLT) VEGF R2 (1Y6A) 

1. Gallic Acid -6.0 -5.0 

2. Chebulagic Acid -14.3 -15.4 

3. Chebulinic Acid -12.1 -15.1 

4. Beta-sistosterol -7.1 -8.0 

5. Ellagic Acid -7.4 -7.8 

6. Chebulic Acid -6.7 -6.0 

7. Shikimic Acid -5.9 -4.8 

8. Dehydro-shikimic Acid -5.6 -5.0 

9. Quinic acid -6.0 -5.0 

10. Triacontanoic Acid -5.0 -5.3 

11. Palmitic Acid -4.8 -4.8 

12. Corilagin -8.6 -7.9 

13. Maslinic -7.6 -8.2 

14. Arjunolic Acid -7.7 -7.8 

15. Thalidomide -7.4 -7.4 

 

 

 

 

 

 

 

Table: 1   Phyto chemical ligands, targets & corresponding docking scores  
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Conclusion: 

Molecular Docking studies revealed that chebulagic acid has showed favorable binding to 
components of VEGF & VEGF R compared to thalidomide, which are currently used anti VEGF 
molecules. Since chebulagic acid showed the most favorable docking score, it was further tested in 
wet lab experiments using rat aortic rings and endothelial cells in culture. Aortic ring assay and 
analysis of expression of angiogenic markers showed inhibition of angiogenesis by CA   further 
validating the binding study by molecular docking. Further investigations are required to examine 
whether these different compounds can exert synergistic effect. 
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Fig: 1 Visualization of Chebulagic acid –VEGF R2 protein     
interaction profile by Discovery Studio 4.0 

Fig: 2 Effect of CA on sprouting of rat aortic rings after 48 hours 
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ABSTRACT 

Recurrent stroke is a major contributor to disability and death. Taking medications as prescribed is 
central to recovery post-stroke and recurrent stroke prevention. Pharmacists can play a major role by 
providing effective counseling regarding stroke and its modifiable risk factors, proper management of 
medications especially antithrombotic drugs and thereby improve the overall Health Related Quality 
of Life (HRQoL) of patients.no studies have been reported from India on the impact of clinical 
pharmacist’s interventions on post stroke patients. Hence a study was designed to assess the impact of 
clinical pharmacist’s interventions on post strokepatients’knowledge and awareness of disease, on 
control of modifiable risk factors of stroke and on their HRQoL.A prospective interventional study 
was conducted in the out-patient department of stroke division, department of neurology in a 1250 
bedded tertiary care referral hospital in kochi from 1st September 2013 to 30th june 2014after 
obtaining ethical clearance. one hundred ischemic stroke patients were evaluated for their baseline 
knowledge and awareness on disease and HRQoL using validated questionnaires. Their baseline 
blood pressure (bP), haemoglobin a1C and lipid profiles were recorded on day of discharge. Patients 
were then given educational interventions on modifiable risk factors and symptoms of stroke with aid 
of stroke specific booklets. a subgroup of 47 patients who were prescribed oral anticoagulants were 
given additional educational interventions and booklets on oral anticoagulation upon discharge and 
their knowledge on oral anticoagulation was evaluated using oral anticoagulation test. The 
achievement of goal InR values was also evaluated. all the post stroke patients were followed up for 
two visits at two month intervals and all the above parameters were reevaluated. Medication 
adherence of all the patients was assessed in the follow up visits using Morisky medication adherence 
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scale.A significant reduction in modifiable risk factors like high bP, elevated total and LdL 
cholesterol was achieved in the post intervention phase (P<0.001). disease knowledge and awareness 
of the patients increased from 4.39±1.07 points at baseline to 13.32±0.56 (P<0.001) after the 
intervention. 96% of the patients had low medication adherence at the first follow up and the mean 
adherence score improved significantly (P<0.001) after intervention. QoL of patients improved 
significantly (P<0.001) in the domains of energy, language, mobility, mood, personal, self-care, 
thinking, upper extremity function and vision. knowledge score of patients on oral anticoagulation 
increased from 4.48±1.09 to 16.37±0.75 points (P<0.001). 24% of patients had their InR within the 
target levels at the time of discharge where as 64.8% patients on oral anticoagulants attained goal InR 
after the intervention. Educational interventions by clinical pharmacists can improve control of 
modifiable risk factors, knowledge and awareness of stroke, medication adherence and HRQoL in 
post stroke patients. Clinical pharmacist’s interventions can provide better anticoagulation control and 
contribute to better health outcomes in post stroke patients. 

INTRODUCTION 

Stroke is a major cause of mortality worldwide and occurs commonly amongst elderly (Johnston 
2009). WHO estimates that 15 million people suffer a stroke each year, and of these, 5 million die and 
5 million people are left with permanent disability (Mackay 2004). Recurrent stroke is a major 
contributor to disability and death. Early stroke recurrence can increase motor weakness scores, early 
mortality, and duration of hospital stay (Ralph et al 1997). The costs involved in caring for these 
patients are enormous and have adverse social implications. The major focus is given to the 
management of modifiable risk factors for stroke including hypertension, diabetes, dyslipidemia, 
atrial fibrillation and other cardiac conditions, carotid artery stenosis (CAS), cigarette smoking, 
physical inactivity, obesity etc. (Susan 2005). Results from a randomized controlled study on 160 
ischemic stroke patients showed that pharmacist’s educational interventions had significant 
improvement in control of blood pressure but not with other modifiable risk factors like blood glucose 
and lipid profile (Chiu 2008). Pharmacist led interventions have also been shown to improve the use 
of antithrombotic therapy especially among elderly (Bajorek 2005). No studies have been reported 
from India on the impact of clinical pharmacist’s interventions on post stroke patients. Hence a study 
was designed to assess the impact of clinical pharmacist’s interventions on post stroke patients’ 
knowledge and awareness of disease, on control of modifiable risk factors of stroke and their 
medication adherence and Health Related Quality of Life (HRQOL).  

MATERIALS AND METHODS 

Prospective interventional study was done for a period of 8 months from 1st September 2013 to 30th 
June 2014 in the out-patient (OP) department of stroke division, department of neurology, Amrita 
Institute of Medical Sciences and Research Centre, Kochi-41, a 1250 bedded tertiary care hospital. 
The study patients consisted of stroke OP patients who satisfied the inclusion and exclusion criteria. 
All stroke patients admitted under stroke department and discharged from stroke unit, including those 
started on oral anticoagulants with age ≥18 years were included. Pregnant and breast feeding patients 
or those with severe liver/renal insufficiency or those who were on long term follow up prior to the 
commencement of the study or  patients and /or their caregivers unwilling to provide written informed 
consent were excluded. Relevant data were obtained by personal interview of patients and/or their 
caregivers, examination of electronic medical records and assessment using validated questionnaires.  

On the day of discharge all the patients were evaluated for their baseline blood pressure (BP), 
haemoglobin A1C and lipid profiles and their knowledge and awareness of stroke using locally 
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prepared validated questionnaires and knowledge on anticoagulation using oral anticoagulation 
knowledge test. Patients were then given educational interventions on modifiable risk factors and 
symptoms of stroke with aid of stroke specific booklets.  Patients on oral anticoagulants were given 
additional educational interventions and booklets on oral anticoagulation. Also the patients were 
assessed during their first follow up visit for their baseline medication adherence using Morisky 
medication adherence 8 item scale, HRQOL using stroke specific quality of life scale and functional 
abilities using modified Rankin scale. After discharge, the patients were followed up for two visits in 
the postintervention phase and the impact of educational interventions of clinical pharmacists was 
reassessed using the same tools. Quality of life and functional abilities were reassessed at 3 months 
after their first visit. 

The data were tabulated using Microsoft excel and statistical analysis was done using Statistical 
package for the Social Sciences (SPPS) software version 21. The significance of the study results 
were assessed using independent‘t’ test and paired‘t’ test. 

RESULTS 

One hundred ischemic stroke patients were selected for the study and majority of whom were males 
(67%) and the baseline characteristics of our study patients are shown in Table 1. Hypertension (81%) 
and diabetes (42%) were the major co-morbidities present in the study patients. There was significant 
reduction in the total number of modifiable risk factors post intervention as depicted in Table 2. There 
was significant improvement in control of modifiable risk factors like high BP and elevated total and 
LDL cholesterol in the post intervention phase (P<0.001). 

Table 1. Baseline characteristics of the study patients (n=100) 

Characteristics Value 

 

Mean age (years) 

 

59.699.56 

Gender (%) 

Male 

Female 

 

67 

33 

Modifiable risk factors (% of Patients)  
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Cigarette smoking 

Alcohol intake 

Physically inactive (before the event) 

Haemoglobin A1C>7 

Blood pressure above target level 

LDL above target level 

35 

39 

88 

42 

81 

66 

Table 2. Reduction in the modifiable risk factors after intervention  

Characteristics Mean value at 

baseline 

Mean value at 

end of study 

P value 

Total number of modifiable 

risk factors 

3.66±0.755 2.72±0.753 <0.001 

Systolic blood pressure (mm 

of Hg) 

15440 12620 <0.001 

HbA1C (%) 9.29 1.53 7.14  0.50 <0.001 

LDL cholesterol (mg/dl) 148.59 28.46 132.3  13.12 <0.001 

 

Disease knowledge and awareness score of the patients increased significantly from 4.391.07 points 
at baseline to 13.32±0.56 (P<0.001) after the intervention. Fig 1 shows that 96% of the patients had 
low medication adherence and the remaining (4%) medium adherence at baseline in the first follow 
up. The mean adherence score improved significantly (P<0.001) after intervention, 42% of patients 
achieved high adherence and 58% medium adherence at the end of the study period.  

 

Figure 1. Medication adherence 

of study patients during the 

study period 
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QOL of patients improved significantly (P<0.001) in the domains of energy, language, mobility, 
mood, personal, self-
care, thinking, upper 
extremity function and 
vision. Knowledge 
score of patients on oral 

anticoagulation 
increased from 
4.481.09 to 16.37±0.75 
points. 24% of patients 
had their INR within the 
target levels at the time 
of discharge where as 
64.8% patients on oral 
anticoagulants attained 
goal INR after the 
intervention.Modifiable 

risk factors like physical inactivity improved, smoking and alcohol consumption reduced after 
educational interventions by clinical pharmacist and are shown in Fig 2 and Fig 3.  

 Figure 2. Physical activity of patients in the post intervention phase     

 

  Figure 3. Cigarette 

smoking status of the 

study patients after 

intervention 

             

Only 2% of patients were 
aware of the warning signs 
of stroke, and 27% 
recognized hypertension 
as a modifiable risk factor 

for future stroke at the baseline. After intervention 92% recognized hypertension as the modifiable 
risk factor for stroke.  Fig 4 shows the baseline mean score for various domains assessed using stroke 
specific (SS) QOL scale. QOL of patients improved significantly in all the domains.  

 

Figure 4.  Mean score of 

quality of life of study 

patients using SSQOL 

scale 

Out of these 100 patients 
47 were on oral 
anticoagulants and the 
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baseline characteristics of these patients are shown in Table 3.   

            Table 3. Baseline characteristics of patients on oral anticoagulants (n=47) 

Characteristics Value 

Mean age (years) 59.699.56 

 

Gender (%) 

Males 

Females 

 

85 

15 

Indication (% of patients) 

Atrial  fibrillation 

Mitral valve replacement 

Double valve replacement 

Secondary prevention of stroke 

 

34 

1 

3 

9 

 

Baseline anticoagulation knowledge score of the subgroup of patients on oral anticoagulation was 
4.481.09 points upon discharge. After intervention, the knowledge score increased significantly to 
16.37±0.75 points (P<0.001) at the study end point. The time in therapeutic range of the study patients 
during this period was 0.612. Twenty four percent of the patients had their INR within the target 
levels at the time of discharge and 64.8% patients on oral anticoagulants attained goal INR during the 
study period. Drug and food interactions were identified and adequate modifications were suggested.  

 CONCLUSION 

Educational interventions by clinical pharmacist can improve control of modifiable risk factors, 
knowledge and awareness of stroke, medication adherence and HRQOL in post stroke patients. 
Clinical pharmacist’s interventions can provide better anticoagulation control and contribute to better 
health outcomes in post stroke patients 
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ABSTRACT 

Increased incidence of kidney stones in the industrialised world is associated with improved standards 
of living and is strongly associated with race or ethnicity and region of residence. (Stamatelou et 

al.,1994) The herbal sources have become a vital area in the search of new antilithiatic drugs. The 
present study the antilithiatic activity of Indian shilajit has been investigated scientifically to validate 
its folkloric uses. a total of 20 male Swiss albno mice were randomly divided into 3 groups of 5 
animals each such as control, ethylene glycol control, ethylene glycol + shilajit in 500mg/ kg 
bodyweight respectively. biochemical analysis shows that serum phosphorus ,creatinine, Urine 
Creatinine ,Phosphorus Uric acid and oxalate,were elevated in ethylene glycol treated groups thereby 
contributing to renal stone formation. The shilajit treated groups significantly (p<0.05) reduced the 
elevated levels. Histological study of kidney tisues showed significant data to confirm the efficiency 
of shilajit as having antilithargic activity. all these observations revealed that shilajit has curative 
effects on stone formation induced by ethylene glycol. 

keywords :- Antilithiatc , Shilajit, Ethylene Glycol, Renal Calculi 

INTRODUCTION 

  Lithiasis is the formation of calculi (stone) in the kidney and urinary tract that    prominently cause 
variable degree of pain in abdomen and the groin, bleeding from urethra, pus in the urine, and further 
may lead to secondary infection.  Urolithiasis is a common disease occurring in approximately 12% of 
population in India in which men are four times more likely to get kidney stones than women 
(Surendra et al.,2011).  Prevention of kidney stones is very important. The present day medical 
management of lithiasis includes lithotripsy and surgical procedures. Unfortunately, these techniques 
do not correct the underlying risk factors; therefore, continued medical supervision and therapy for 
preventing stone recurrence are mandatory (Halbe al ., 1994)  Traditional medicine is an integral part 
of the health care system in a number of developing countries, including India.  Shilajit, also known 
as salajit is a pale-brown to blackish-brown exudation, of variable consistency, from layers of rocks in 
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many mountain ranges of the world, especially the Himalayan ranges of the Indian subcontinent 
(Kong et al.,1987;  Srivastava et al., 1988). The biological effects of shilajit are believed to be due to 
two distinct classes of bioactive compounds:  DBPs,( both mono- and bis- compounds) and fulvic 
acids(FAs)  The purpose of this study is to determine the antilithiatic effect of shilajit on ethylene 
glycol induced lithiasis in mice. 

MATERIALS AND METHODS 

Experimental Animal: Female Swiss Albino mice weighing 20-30 gm were housed in well-
ventilated cages (5 to 6 cage), maintained at 25± 20C under 12 h light-dark cycle. They were fed with 
commercial pellet diet (Sanjay biological museum, Amritsur India) and had free access on water. The 
animals were maintained in these conditions for 1 week before the experimental session. This study 
was approved by our institutional animal ethical committee. 

  EXPERIMENTAL DESIGN 

1. Toxicity and Behavioural study: For toxicity study, male swiss albino mice were grouped 
into four, dosed with 500, 1000, 1500 and 2000mg/kg body weight of shilajit.  And animals 
were observed in 2 days for any behavioural changes and mortality. 

2. Induction of Lithiasis and follow up study: The lithiasis was induced in mice by giving 
Ethylene glycol(2%/kg body wt ) orally for 28 days along with the normal diet (except to the 
control group) Animals were randomly divided into Three groups of six  animals each. 

Group 1: Normal control, received distilled water orally for   42    days .Group 2: Positive control, 
received (2%) ethylene glycol orally for 28 days, in addition received distilled water for 15 days. 
Group 3: Experimental group, received (2%) ethylene glycol for 28 days, 500mg/kg body weight of 
shilajit orally for 15 days. At the end of the experiment the animals were sacrificed, blood samples 
were collected by cardiac puncture and serum was separated for biochemical analysis kidney was 
excised, stored in buffered formalin for Histopathological analysis. The amount of food and water 
consumed in 24 hour was measured for all control and experimental groups.  The quantity of feed and 
water supplied and the amount of remaining by the end of each experimental period were measured. 

3  Body weight and Organ weight: The body weight was taken before and after the treatment of 
ethylene glycol and shilajit.  The organ weight such as kidney, liver, brain and thyroid was measured 
after sacrificing the animal. 

MICROSCOPIC EXAMINATION 

Calcium oxalate crystal study and Blood smear study: Mice were kept separately in metabolic 
cages for collection of urine. After 24 hrs, collected urine was tested for the detection of stone by an 
image analyser (Leica). The blood smear were prepared for analyse the changes in the blood cells and 
granulocytes. 

BIOCHEMICALAND HISTOLOGICAL STUDIES 

Urine and Serum were utilized for the estimation of various biochemical parameters including Serum 
creatinine, Serum phosphorus and urine creatinine, urine phosphorus uric acid, and urea level in urine 
samples using standard kits (Fisher scientific Ltd, India). Tissues for our histological studies were 
obtained from euthanized Swiss albino mice.  Viscera were cut opened and the needed tissues were 
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taken out and preserved in buffered formalin and Bouin’s fluid.  Three day fixation was needed for 
the tissues fixed in Bouin’s and one day fixation for tissue in buffered formalin. 

STATISTICAL ANALYSIS:  

 All the data were subjected to one way analysis of variance (ANOVA) followed by Duncan’s 
multiple range test to determine the level of significance between the control and treatment means in 
different groups.  Statistical analysis was performed using the SPSS Statistical Software Package 
(statistical package for the social sciences, Salem, or USA). 

RESULTS 

Toxicity and Behavioural Study: There were no behavioral changes; signs of toxicity and mortality 
observed after the administration of pharmaceutical dose of shilajit up to 2000 mg/kg. Hence shilajit 
was said to be safe when given orally. The food consumption rate was reduced and water 
consumption rate was increased in. in ethylene glycol treated groups But in shilajti treated group 
maintained the food and water consumption level.  

Body weight and organ weight: Oral administration of ethylene glycol for 28 days (2%) cause a 
significant (p<0.005) reduction in body weight as compared to the control.  However, administration 
of shilajit after ethylene glycol treatment significantly ameliorated the weight loss. kidney weight 
significantly (p<0.000) increases in ethylene glycol group compared to the control.  However, the 
administration of shilajit (500mg/kg) casue decrease in kidney weight.  (Graph 1)  

MICROSCOPIC EXAMINATION 

Calcium oxalate crystal and Blood smear study: Calcium oxalate monohydrate crystals and 
calcium oxalate dyhydrate crystals were significantly detected in urolithiasis induced mice . The 
enlargement of blood cells, increase the number of neutrophils  in ethylene glycol group than normal.  
However, the shilajit group regains the normal level.  

BIOCHEMICAL STUDIES 

A. SERUM ANALYSIS 

Serum Urea, creatinine, phosphorus 

Ethylene glycol causes significant (p<0.05) increase in serum urea, creatinine and phosphorus level.  
Treatment of shilajit (500mg/kg) showed significant (p<0.000) reduction in the serum urea creatinine 
and phosphorus level.  (Graph 2, 3, 4). 

B. URINE ANALYSIS 

Uric acid in Urine, Creatinine, Phosphorus 

  Oral administration of ethylene glycol causes significant increase(p<0.000)  in uric acid ,creatinine 
and phosphorus level in urine compared to the normal group.  silajit group  (500mg/kg) showed 
significant reduction in the uric acid ,creatinine and phosphorus level(Graph 5,6,7). 

Histopathological study: Histopathological study shows that crystal deposition, increase the number 
of glomerulus and tubules, necrosis of glomeruli, tubular dilation and severe tubular leakage appeared 
in ethylene glycol treated group compared to the normal control.  However, the administration of 
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shilajit (500mg/kg) noticed the reduction in the ethylene glycol toxicity and maintaind its original 
state.  

 

 
    Graph 1 showing the effect of Shilajit   Graph 2 showing the effect of 
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Graph 6 showing the effect of shilajit  Graph 7 showing the effect of    

on urine creatinine      Shilajit on urine phosphorus 
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NTR- Neutrophils 

    

Histopathology 

RG-Renal glomerulus  

DISCUSSION 

Natural products which have been used for centuries in treating various illnesses play a major role in 
forming the basic platform of modern medicines (Wan Rosli et al.,2010).  The therapeutic effects of 
many traditional medicine are due to the presences of natural antioxidants, especially phenolic 
compounds (Liu et al., 2011). Traditionally, Shilajit was believed to be a general restorative tonic, 
meaning it helps fight a range of illness and is also taken to maintain good health.. The ethylene 
glycol induced lithiasis agreed with other published data in this animal model , the stones formed in 
kidneys made them heavier (Yogesh et al., 2013). 

The predominance of uric acid crystals in calcium oxalate stones and the observation that uric acid 
binding proteins are capable of its crystallization (Kalaiselvi et al.,1999). In present study, shilajit,  
decreasing the risk of stone formation. A gradual increase in urinary phosphorous  and   creatinine in 
urine due to the renal dysfunction.  However, the treatment of shilajit regain its level. The elevated 
serum level of urea, creatinine, and phosphorus indicate reduced ability of the kidney to eliminate the 
toxic metabolic substances.  In haematopoietic study, the enlargement of blood cells and increased 
number of neutrophils occurred.  This is due to the intoxication of ethylene glycol and shilajit can 
regain the original state of blood cells. Microscopic examination of kidney section derived from 
ethylene glycol induced Urolithic mice showed polymorphic irregular crystal deposits inside the 
tubules which causes dilatation of the proximal tubules along with interstitial inflammation. This 
might be attributed to oxalate. (Khanna,2008 and Mittal,2009). Curative properties of  shilajit are 
provided by, strong antioxidant fulvic acids ( Vucskits,2010), triterpenes, eldagic acid, some fatty 
acids, resins, latex, gums, albumins, sterols, aromatic carboxylic acids, 3,4-benzocoumarins, amino 
acids, polyphenols, and phenolic lipids(Chopra 1958. Khanna,2008 and Kong,1987). The presence of 
these triterpenes may be the reason for the decreasing of stone formation. The exact mechanism for 
the observed antilithiatic effect is not known.  Further studies are needed to confirm these findings. 

                  CONCLUSION 

      Lifestyle changes are giving rise to a very large number of diseases these days, the commonest 
ones being obesity, diabetes, cholesterol  hypertension and kidney stone .The present study indicates 
that shilajit reduces the stone formation and it can be effectively used to control elevated levels of 
Serum Urea, creatinine, phosphorus. The present findings are significant for the development of 
alternative, inexpensive and perhaps safer strategies to control cholesterol. There is every reason to 
use natural methods like this rather than dangerous, expensive drugs with serious side effects. 
Remember that natural health means a natural lifestyle and especially a natural diet. 
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ABSTRACT 

Liver cirrhosis is one of the major non communicable diseases, which is expected to be a prime health 
care concern of the 21st century. In the present world, the number of persons suffering from the liver 
disorders is increasing. This may be due to the change in lifestyle and many stress related factors. 
Identification of the triggering elements of cirrhosis is of great importance in the current health care 
scenario for the effective prevention of this frustrating disease. Since the treatment of liver cirrhosis is 
primarily depend upon the nature of complication, it is necessary to evaluate the complications too. 
The aim of the study was to identify the predisposing factors and complications in cirrhotic patients. 
This was an observational prospective study carried out in in-patient department of gastroenterology, 
amrita Institute of Medical Sciences for a period of 8 months. 150 patients diagnosed with liver 
cirrhosis and who satisfied the inclusion criteria were included. Specially designed standardized data 
collection form was used from this study, we identified that that the majority of the patients were male 
who belonged to the age group 51-60 years and majority of them were from urban area. Positive 
family history was noted in few patients.we also found that alcohol was the main pre disposing factor 
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found in cirrhotic patients (78%) and portal hypertension was the main complication (72%) observed 
in cirrhotic patients. 

INTRODUCTION 

Cirrhosis is a severe, chronic, irreversible and non-communicable disease, which is characterised by 
histological development of regenerative nodules surrounded by fibrous bands in response to chronic 
liver injury. The natural history of cirrhosis is dependent on both the etiology and treatment of the 
underlying cause. The exact prevalence of cirrhosis is unknown. A large proportion of cirrhosis 
patients only come into clinical attention until complications arise and previously undiagnosed 
cirrhosis is still frequently found at autopsy. It can be primarily divided into two; compensated 
cirrhosis and decompensated cirrhosis. Initial clinical presentation of patients with decompensated 
cirrhosis is still common and is characterized by the presence of dramatic and life-threatening 
complications, such as variceal haemorrhage, ascites, spontaneous bacterial peritonitis, or hepatic 
encephalopathy[Bosch J, Garcia-.Pagan JC(2003)]. The treatment is continued based upon the 
complication occurred.This gave us the idea to generate our study. The general laboratory signs that 
are frequently elevated in cirrhosis are AST, ALT, ALP and OGT. The general clinical features of 
cirrhosis include jaundice, nodular liver and spider angionitis[Foutch PG, Sullivan JA, Gaines JA, 
Sanowski RA(1988)].Ultrasonography, Helical CT and MRI, Fibro scan are the imaging techniques 
available now to identify the structural modifications of liver. The main pre disposing factors leading 
to cirrhosis include viral, alcohol, primary biliary, genetic, autoimmune, etc. and the complications 
mainly found are portal hypertension, variceal bleeding, hepatic encephalopathy, ascites, spontaneous 
bacterial peritonitis, etc.[Roger Walker, Cate Whittlesea(2012)]. 

Identification of predisposing factor  enabled  us to determine the most critical factor for 
cirrhosis;which helps to identify the better treatment regimen for treatment.The purpose of study was 
to identify the root causes and complications associated with cirrhosis and thus to decrease the 
circumstances of becoming a cirrhosis patient and to minimise the risk to avail complications. Family 
history helped us to identify the effect of genetic factor in cirrhosis. Identification of area of residence 
of patient helped in evaluating the life style factors leading to cirrhosis. 

MATERIALS AND METHODS 

It was a non-experimental (Observational), prospective and cross sectional study conducted  in the 
department of gastroenterology, Amrita Institute of Medical Sciences( a tertiary care referral and 
teaching hospital, in Kochi, Kerala located in an urban area that captures patients from all settings: 
Rural through Urban).The hospital established in 1998,is approved by the Medical Council of India 
for conducting graduate and post graduate course in medicine. The Gastroenterology department is 
the only full-fledged gastroenterology centre in the entire state of Kerala and provides advanced care 
for cirrhosis as well as complex hepatic diseases. There are full facilities for the investigation and 
treatment of gastroenterological problems in adult, paediatric and geriatric patients and all 
complication of cirrhosis.Patients visiting the inpatient department of gastroenterology and who 
satisfy the inclusion criteria were the study population.Sample size was determined as 150.Patients 
under all age groups,patients diagnosed to have cirrhosis,Patients willing to participate in the study 
and Patients visiting inpatient department of gastroenterology came under inclusion criteria.Exclusion 
criteria included the patients unwilling to co-operate and patients visiting outpatient department of 
gastroenterology.Patients were selected on the basis of inclusion and exclusion criteria.Data collection 
was done by examination of Patient medical record directly and by using AHIS (Amrita Hospital 
Information System).Data collection was carried out using patient data collection form for a period of 
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8 months from 1st July 2013 to 28th February 2014. The data collection form provided demographic 
details of the patients which included age, sex and location of the patients. Additional information 
including predisposing factors and complications were also noted. Individual analysis of patient 
record was carried out to minimise errors. Microsoft Excel was used in statistical analysis. 

RESULTS 

From the analysis of medical records considering 150 patients, we identified that alcohol is the major 
predisposing factor for cirrhosis nowadays.Only 0.67% showed the etiology of autoimmune or genetic 
causes.[FIGURE I].Considering the complications, portal hypertension was the most observed 
one[TABLE I];with an overall of 78%. In the present study, the majority of the patients (34%) 
belonged to the age group of 51-60 years, followed by the age group of 41-50 years (26%)[TABLE 
II].only 2.67% of the patients were in the age groups of 21-30 years and 2% for 71-80 years. None of 
the patients were above 80 years and below 20 years. The youngest patient was 23 years old and 
oldest 74 years and the male to female ratio were 20:1[FIGURE II]. It also showed that (57.33%) of 
the patients were from urban area and the remaining (42.67%) from rural area [TABLE III]. Only 
14.67% of the patients had a family history of cirrhosis and in majority of patients there was no 
history of cirrhosis in the family [FIGURE III]. 

DISCUSSION 

The results from our study showed that most of the subjects are having the predisposing factor as 
alcohol of 72%. The viral factor and primary biliary factors constitutes of 13.33% and 8.67% 
respectively. The least chances of factors include genetic and autoimmune cause with 0.66% patients. 
According to the retrospective study conducted by Wlazlo N, Beijers H J, Schoon E J, et al [Wlazlo 
N,Beijers H J,Schoon E J,et al(2010)] named as High prevalence of diabetes mellitus in patients with 
liver cirrhosis; the results are similar in nature; alcohol (59%), viral hepatitis (10%) and biliary 
cirrhosis (3%).The lifestyle changes and stress factor is expected to be the reason for the increased 
level of alcohol consumption which finally leads to liver diseases such as alcohol.This can be 
extended to the need of decreasing alcohol consumption in humans by decreasing the availability and 
also by counselling the public to aware about the villain of present era,alcohol. In the case of 
complication in cirrhosis, portal hypertension in combination with others are seen most; at a total of 
78%.This is in controversial to the retrospective study of Bruce A. Runyon,[Bruce A. Runyon(2009] 
“Management of adult patients with ascites due to cirrhosis”; which states that variceal bleeding is the 
major complication with 71%; ascites with 60% and Spontaneous Bacterial Peritonitis with 50%.In 
the total of 150 cases of cirrhosis taken, the majority of the patients were male who belonged to the 
age group 51-60 years. In a retrospective study, The risk for bacterial endocarditis in cirrhotic 
patients: a population based 3 year follow up study by Tsung-Hsing Hung, Yu-His Hsien et al [Tsung-
Hsing Hung, Yu-His Hsien et al(2013)]. showed 71.1% males and 28.9 females. It also showed that 
most patient have age group between 60-74(34.7%).Our study showed that (57.33%) of the patients 
were from urban area and the remaining (42.67%) from rural area. In the retrospective study 
conducted by Rongey C, Hui shen, Hamiton N et al [Rongey C, Hui shen, Hamiton N et al.(2013)], 
30% patients live in rural or highly rural areas. The change in lifestyle and stress factor is the most 
reliable reason for the result. Positive family history was noted in few patients. 

TABLES AND FIGURES 

TABLE I: OBSERVED COMPLICATIONS IN CIRRHOTIC PATIENTS (n=150) 
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COMPLICATIONS NUMBER OF 

PATIENTS(No.) 

PERCENTAGE OF 

PATIENTS (%) 

PORTAL 
HYPERTENSION+ASCITES 

33 22.0* 

PORTAL HYPERTENSION 30 20.0 

SPONTANEOUS BACTERIAL 
PERIONITIS 

17 11.33 

PORTAL 
HYPERTENSION+VARICEL 
BLEEDING+ASCITES+HEPATIC 
ENCEPHALOPATHY 

17 11.33 

PORTAL 
HYPERTENSION+HEPATIC 
ENCEPHALOPATHY 

16 10.67 

PORTAL 
HYPERTENSION+VARICEAL 
BLEEDING 

10 6.67 

PHTN+ASCITES+SBP+HEPATIC 
ENCEPHALOPATHY 

6 4 

SBP+PORTAL 
HYPERTENSION+ASCITES 

5 3.33 

ASCITES 8 5.33 

HEPATIC ENCEPHALOPATHY 7 4.67 

SBP+HEPATIC 
ENCEPHALOPATHY 

1 0.67 

TOTAL 150 100 

TABLE II: AGE AND SEX  DISTRIBUTION OF CIRRHOSIS PATIENTS (n=150) 

AGE 

(Years) 

MALES FEMALES TOTAL 

Number 

TOTAL 

Percentage 
Number Percentage Number Percentage 

1-10 0 0 0 0 0 0 

11-20 0 0 0 0 0 0 

21-30 4 2.79 0 0 4 2.67 

31-40 15 10.49 1 14.29 16 10.67 
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41-50 39 27.27 0 0 39 26 

51-60 47 32.87 4 57.14 51 34 

61-70 35 24.48 2 28.57 37 24.67 

71-80 3 2.09 0 0 3 2 

›80 0 0 0 0 0 0 

TOTAL 143 100 7 100 150 100 

TABLE III: AREA OF RESIDENCE OF CIRRHOSIS PATIENTS (n=150) 

AREA OF RESIDENCE NUMBER OF 

PATIENTS 

PERCENTAGE OF 

PATIENTS 

RURAL 64 42.67 

URBAN 86 57.33 

TOTAL 150 100 

FIGURE I: PREDISPOSING FACTORS ASSOCIATED WITH CIRRHOSIS IN THE 

SAMPLE POPULATION (n=150) 

 

FIGURE II: GENDER 

DISTRIBUTION OF PATIENTS 

WITH CIRRHOSIS (n=150)

 

FIGURE III: FAMILY HISTORY OF CIRRHOSIS IN THE SAMPLE POPULATION (n=150) 
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Alcohol was the most common predisposing factor associated with cirrhosis.So,the necessity for 
reducing the alcohol consumption in society should be reviewd by authorities.Since the present 
scenario is full of stress and have an tremendous change in lifestyle,the number of persons having 
alcohol is increasing day by day;this can be reduced by decreasing the availability and by proper 
counselling and education at root level of society. The most common complication seen in cirrhosis 
was portal hypertension.By reducing the chances for complications,the quality of life of patients can 
be improved and also,can decrease the cost of treatment. Males are most prone to cirrhosis than 
females at an age group of 51-60 years. This may be mainly due to the increased alcohol 
consumption, which is one of the most important predisposing factors for cirrhosis by men in Indian 
scenario. Since the urban life is a burden, stress factor and lifestyle changes are highly variable and as 
a result, more number of cirrhosis patients are seen in this area. 
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VULNERABILITY SCORE CARD TO PREDICT THE CHANCE FOR TURNING TO BE A 

SAM CHILD 
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ABSTRACT 

Simply stated, under-nutrition is one of the world’s most serious but least addressed health problems. 
The human and economic costs are enormous, falling hardest on the very poor and on women and 
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children. It is estimated or predicted that in developing countries nearly one-third of children are 
underweight (weight for age) or stunted (low height for age due to chronic malnutrition). This is 
routinely resulted from poor maternal nutrition or poor feeding to adolescent females. Under nutrition 
interacts with repeated bouts of infectious disease, causing an estimated 3.5 million preventable 
maternal and child deaths annually and responsible for about 1.3million child deaths in India. and its 
economic costs in terms of lost national productivity and economic growth are huge but not 
considered obviously as such. but the fact is that under-nutrition is largely preventable and correctable 
so that the evidence of exceptionally high development returns to a number of direct nutrition 
interventions is conclusive. There are two complementary approaches to reducing under-nutrition—
direct nutrition specific interventions and a broader multi-sectoral approach like accelerating action on 
determinants of under-nutrition, integrating nutrition, increasing “policy coherence” through 
government-wide attention to unintended negative consequences on nutrition of policies in other 
sectors. Apart from nIn Hyderabad, investigating the underlying determinants on infant deaths due to 
malnutrition attributed to possible maternal malnutrition and underweight. a plethora of programmes 
are in place in attapady to combat malnutrition. The common thread running through almost all of 
them is providing readymade food to tribals for a specified time or until the nutritional status 
improves is addressing only the immediate determinants of malnutrition. In spite of all these efforts, 
malnutrition is still evidenced through Lbw children, anemic school children, anemic pregnant 
females, malnourished young females, etc.now it is coming out with the old saying ‘prevention is 
better than cure’, after identifying the major determinants of malnutrition a scoring based on the 
weight age against chances a score card is developed to predict the vulnerability of becoming 
SaM/MaM. A survey using questionnaire is administered among the systematically selected samples 
of normal, MaM and SaM children listed from jaTak system. data is collected through personal 
interview with the mothers of these children and information collected from MCH register, a record 
kept in the sub centers of Health department interviewers understanding based on the findings on 
investigation and personal visit to the household. Thirteen parameters found to have direct influence 
on any child’s status of malnutrition and weight age is given based on statistical analysis done using 
SPSS (relative risk). The parameters are listed as follows: Category /caste, age of the child, Gender, 
bMI of mother during pregnancy, Maternal Education, birth weight, SaM/MaM children in the family 
(sibling status), Main water source, Practice of open defecation /Regular toilet use, Regular use of 
soap for hand washing, Cooking fuel, accessibility to health facility/anganawadi, History of wild 
animal attacks/frequent sightings of wild animals or proximity to the forest. The maximum possible 
score is 50 and the lowest is 10.The vulnerability score is designed as: above 40 : Very High 
Vulnerability, 30-40 :High vulnerability, 25-29 :Medium vulnerability, 15 to 24 :Low vulnerability, 
below 15 : Very Low vulnerability. 

INTRODUCTION 

Malnutrition account for 60% of all underfive deaths globally and one in every four children is 
malnourished. According to WHO ,malnutrition is responsible for about 1.3million child deaths in 
India. Further, more than half of the malnourished children live in just 14 countries .The, most crucial 
phase in life is the first 1000 days, from pregnancy to 2 years of age and nutritional abnormalities at 
this age can irreversibly affect physical, mental and cognitive abilities. A malnourished child is more 
likely to mature as a malnourished adult, thus setting in a vicious cycle of malnutrition and 
intergenerational inequalities. In addition, as such addressing child malnutrition is one important 
aspect in bring about equity in health. Further, a malnourished child is more likely to die from 
diarrheal diseases and respiratory infections, thereby not only worsening the nutritional status but also 
impairing learning ability and diminished growth.Discussions, studies, Enquiries and recent 
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researches in the Attapady region more or less focused on infant deaths due to malnutrition .Though, 
Infant and Child  deaths were always there, it was highlighted when two infants from Attapady died in 
Medical College Hospital (Thrissur) were found to be severely malnourished. Apart from the study 
undertaken by the National Institute of Nutrition Hyderabad, there has not been a systematic study in 
the area investigating the underlying determinants of malnutrition. The study attributed infant deaths 
to maternal malnutrition and underweight. The report also briefed on the complicated pregnancies 
arising due to pregnancy-induced hypertension, diabetes, and infection leading to high abortion rate, 
still birth and premature birth. Further studies were advised to answer the problem scientifically. The 
studies undertook by various departments and agencies were more or less trying to find out 
administrative and process issues alone.  

A plethora of programmes is in place in Attapady to combat malnutrition, even though most of them 
were established after this instance. To name a few, Nutritional Rehabilitation centres(NRC), 
community management of SAM/MAM children, community kitchen, Organising special WHND, 
etc. The common thread running through all these programmes are providing readymade food to tribal 
children for a specified time or until the nutritional status improves .A common shortfall of these 
programmes is that all of these programmes are addressing only the immediate determinants of 
malnutrition. In spite of all these programmes, malnutrition is a pressing problem in the region and 
malnutrition deaths continues to occur as usual. In this scenario, it was highly recommendable to 
undertake a study to find out the real causes behind malnutrition and to identify interventions, which 
can have an extensive effect. Observing the many shortfalls of programmes implemented till date, it is 
coming out with the old saying ‘prevention is better than cure’. After identifying the determinants of 
malnutrition a scoring based on the weight age against chances a score card is developed to predict the 
risk of predicting becoming SAM/MAM. This will help in giving more attention to those children 
through the existing system so that it will help from preventing the after effects of becoming 
malnourished. 

MATERIALS AND METHODS 

A survey using questionnaire is administered among the systematically selected samples of normal, 
MAM and SAM children listed from JATAK system. Data is collected through personal interview 
with the mothers of these children and information collected from MCH register, a record kept in the 
sub centers of Health department interviewers understanding based on the findings on investigation 
and personal visit to the household. Thirteen parameters found to have direct influence on any child’s 
status of malnutrition and weight age is given based on statistical analysis done using SPSS (relative 
risk).  

The questionnaire contains two parts. The first part is general information which has basic 
information like Jatak ID of the child, so that many more information is available on figure tips. AWC 
Name . Sub center name, child’s name and mothers name are all available through Jatak ID but it is 
again collected to verify the information in the Jatak system. Second part has question related to the 
factors which were found to have direct relationship with the status of the child which was made 
evident from the relative risk assessment with these parameters against the status of the children who 
were identified as SAM/MAM in the primary survey.  

The parameters are listed as follows: Category /caste, Age of the child, Gender, BMI of mother during 
pregnancy, Maternal Education, Birth weight, SAM/MAM children in the family (sibling status), 
Main Water source, Practice of Open defecation /Regular toilet use, Regular use of soap for hand 
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washing, Cooking fuel, Accessibility to health facility/Anganawadi, History of wild animal 
attacks/frequent sightings of wild animals or proximity to the forest.  

The maximum possible score is 50 and the lowest is 10.The vulnerability score is designed as: Above 
40 : Very High Vulnerability, 30-40 :High vulnerability, 25-29 :Medium vulnerability, 15 to 24 :Low 
vulnerability, Below 15 : Very Low vulnerability. Further the score card is time tested in a larger 
sample size of 600 children among which 200 each were SAM, MAM and Normal and from different 
geographical location in Attappady. 

I.Vulnerability Indicators 

 

1.Cateogory/Caste 

-5 

-3 

-1 

-1 

-1 

2.Age of the child 

-1 

-3 

-4 

-4 

3.Gender 

-2 

-1 

4.BMI of mother 

-5 

-1 

-30-0 

5.Maternal Education 

-4 

-3 
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-2 

-1 

6.Birthweight 

-4 

-3 

-1 

-0 

7.History of SAM/MAM children in the family 

-3 

-1 

8.Main Watersource 

-5 

-2 

-0 

-2 

-2 

9.Practice of Open defaecation /Regular toilet use 

-4 

-1 

10.Regular use of soap for handwashing 

-4 

No-1 

11.Cooking fuel 

-4 

-1 

-0 

12.Accessibilty to healthfacility/Anganawadi and constrained use,especially during 

rainy seasons 
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-4 

-1 

13.History of wild animal attacks/frequent sightings of wild animals or proximity to the 

forest 

-2 

-1 

II.Questionnaire Applied 

 

I.General Information 

Jatak ID:                                               AWC  :                                 Subcentre: 

 

Child’s Name:                                     Mother’s Name: 

 

II.Vulnerability Index 

1.The caste cateogory to which the child belongs to 

ST                                  SC                  OBC                   General                   Minority 

2.Age of the child in months  

Less than 3                      3 to 6                 6 to 12                            Greater than 12 

 

1. Gender of the child 

2.   Male                               Female 

4.BMI of mother  

Below 18.5                   18.5 to 24.9               Between 25-30 

5.Maternal Education 

No Education                      Primary              Secondary                  Tertiary 

 

6.Birthweight  

<1 Kg                <1.5               1.5 to 2.5                     2.6 to 3                 Greater than 3 
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7.History of     SAM/MAM children in the family 

    Yes                    No 

8.Main        Watersource 

River/Pond                   Well                      Pipewater                  Dug pits    Filter  

Mountain Source    Any other Please specify…………………. 

9.Practice  of        Open defaecation /Regular toilet use  

   Yes                       No 

10.Regular use of soap for handwashing 

   Yes                             No 

 

11.Cooking fuel 

  Only wood                                                      Combinations including wood              

Other than wood 

12.Accessibilty to healthfacility/Anganawadi  and constrained use,especially during rainy 

seasons 

Yes                     No 

13.History of wild animal attacks/frequent sightings of wild animals  or proximity to the forest 

  Present                    Absent 

RESULTS AND CONCLUSIONS  

A vulnerability score card is designed from this which will very well predict the chance a child at any 
point of time to change their status to SAM or MAM from normal status and based on the nutritional 
and social determinants. The interpretations based on the assessment of a child with this score card is 
as follows. 

 The maximum possible score is 50 and the lowest is 10.The vulnerability score is 

designed as: 

 Above 40 : Very High Vulnerability 

 30-40 :High vulnerability 

 25-29 :Medium vulnerability 

 15 to 24 :Low vulnerability 
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 Below 15 : Very Low vulnerability 

Geographical mapping of all children through JATAK software system( GIS based) provides 
significant clues pointing to river as their main water source. Malnutrition is found to be severe 
among those residing riverside. Even though, our study pointed to a range of other determinants, 
among the modifiable risk factors availability of safe drinking water was directly correlated with 
malnutrition in children in many of the hamlets. Water scarcity in the region is both absolute and 
relative. If absolute scarcity is due to below average rainfall, relative one is due to contamination of 
available water. As tribals do not have the practice of boiling water and practice of open defecation is 
yet to rein in, the immediate solution dawned on water purification and imparting behavioral change 
with regard to usage of sanitation facilities on a priority basis. 
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ABSTRACT 

 Stamp paper counterfeiting is an ever increasing menace in India, because of which the 
government is losing millions of rupees. Indian stamp papers are of two kinds, judicial stamp and 
non-judicial Stamp paper. judicial stamp paper is used for legal and court work while the non-judicial 
stamp paper is used for registration of documents, insurance policies etc. Though the stamp paper 
contains several security features, any manufactured visible feature is vulnerable to duplication. In the 
last decade, Telgi counterfeiting scam happened in India, about Rs.200 billion worth of Indian stamp 
paper was counterfeited. after the Telgi scam, the design of stamp papers has changed to include 
"intricate" security features. The new stamp papers are being printed on a special paper having 
window thread and security fibers. all Such features provide material security for the stamp paper but 
if the paper material itself is available to the fraudulent individuals such features will not be useful. 
Hence in this paper a novel method to create a unique Id, to authenticate the Indian stamp paper, by 
providing digital security based on chaotic elements having physical unclonable nature is proposed. 
The unique Id is created in the form of a QR (Quick Response) code and it is printed on the 
documents as a means of identification of the document. The method proposed in this paper is more 
simple and reliable because it uses the chaotic nature of unclonable feature of security fiber pattern 
embedded in the paper at the time of the manufacturing stage. apart from the security this Unique Id 
can be also used for secure track and trace application of the stamp paper distribution. 

INTRODUCTION 

Paper documents 
like stamp paper 
are still the most 
commonly used 
platform for 

governance 
procedures, even 
after the 

introduction of e- governance procedures. It is the most preferred and trusted method in countries like 
India where e-literacy rate is still very low. The genuineness of the stamp paper can be confirmed by 
examining distinctive features like Ashoka Pillar, four-headed lion emblem with the words “India 
Non- Judicial” in English and the words Satyameva Jayathe in Hindi. It also bears a water mark 
parallel to the stamp paper. But any manufactured visible feature is vulnerable to duplication so that 
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the stamp paper appears genuine. Also if the fraudulent individual gets hold of the printing machinery 
as in the case of the famous stamp paper fraud by Telgi, popularly known as Telgi scam in India, 
stamp paper counterfeiting is possible [1]. The Government is losing millions of rupees in stamp duty 
because of such duplication, for eg: in the case of Telgi scam, about Rs.200 billion worth of stamp 
paper was counterfeited. In a bid to counter the fake stamp paper menace after the Telgi scam, the 
design of stamp papers has changed to include "intricate" security features.  

The new stamp papers are being printed on a special paper with security inks and special techniques. 
Besides, the new stamps will now be state-specific — the names of states will be printed on the 
stamps. The stamps will also bear a serial number so that they can be easily tracked.  One of the 
general intricate security features introduced for paper security are the Window thread as shown in 
Fig.1. Window thread is partially embedded within the paper mass and partially appears at the paper 
surface [2]. Another intricate feature introduced for paper security is the randomly distributed security 
fibers in the paper mass at varying depths. There are visible as well as invisible fibers. IndianStamp 
papers use invisible security fibers, which are visible only under ultraviolet radiation. Such features 
provide material security for the stamp paper but if the paper material itself is available to the 
fraudulent individuals such features will not be useful. Hence in this paper a novel method to create a 
unique ID, to authenticate the Indian stamp paper, by providing digital security based on chaotic 
elements having physical unclonable nature is proposed. Here the unique ID is created in the form of 
a QR (Quick Response) code and it is printed on the documents as a means of identification of the 
document. There are some existing technologies which uses certain invisible features to create a 
unique ID. In one such method [3] they use the texture speckle patterns, a random bright/dark region 
formation at the microscopic level when light falls on to the paper, to create a unique ID. Also there 
have been methods [4] in which a region of paper is illuminated to make visible the randomly varying 
microscopic texture that is an inevitable result of the paper production process. An image of this 
texture is then captured with a video camera and digitized. This is used to generate a unique ID. 
Another method proposes the use of microscopic imperfections in the surface to create a unique 
physical identity code [5]. The problem with these methods are that the speckle, texture pattern and 
the imperfections on the surface will show variations in non – ideal conditions like crumpling, 
printing, soaking in water and aging. So the ID generated in such cases will be different to the ID 
generated in ideal conditions. But the method proposed in this paper is more simple and reliable 
because it uses the chaotic nature of unclonable feature like security fiber pattern embedded in the 
stamp paper while production of the same. Apart from security, such unique ID will facilitate 
automation, secure track and trace, effective maintenance of inventory at various levels; knowledge 
based identification and added protection as shown in fig. 2. 

Proposed Approach. 

 

(a) Chaotic elements: - A chaotic element 
means that the physical elements are formed 
from a totally random process independent 
from human intervention. Generally Chaotic 
elements have physical unclonable nature. 
Physical objects with some randomness, which 
are produced by an uncontrolled process, are 
good candidates for chaotic element. It is hard 
to produce an exact copy of the chaotic element 
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because of the randomness [6].  Chaotic elements are generated from intrinsic properties and are 
always unique even when made in the same way. In the case of stamp paper physical unclonability 
can be realized through the chaotic nature of surface characteristics like spatial distribution of the 
security fibers, texture and chemical composition. Physical unclonable features have the advantage 
that it requires only minimal added cost to incorporate, it is recognizable and it does not require 
specialized tools for authentication. In this study, the spatial distribution of the security fibers is 
considered as a chaotic element, since the security fibers are embedded into the stamp paper in a 
random manner. The security fiber pattern is generated by varying spacing, angle, depth and fiber 
colour and it forms a chaotic element having physical unclonable nature. This physical unclonable 
function can be used as a distinctive ‘fingerprint’ of the stamp paper. A unique ID is generated from 

the ‘fingerprint’ of the stamp paper in the form a QR code and it is printed on the 
stamp paper. The unique ID in the form of a QR code can also be stored in a 
database. This can be then used for verification and authentication of the stamp 
paper as shown in fig. 2. In Indian stamp paper invisible security fibers having 
fluorescent properties are used which are invisible under normal light. This is 
visible only under UV light. The main UV sources used in document examination 
are UV sources with 365/366 nm  (long-wave UV), 313 nm (medium wave UV) 
and 254 nm (short-wave UV) wavelength radiation. Ultraviolet "light" is not 
visible; only the visible fluorescence stimulated by UV light can be seen. In this 
document examination a 360 nm UV light source is used for the extraction of the 
features.  

Fig. 3 shows a stamp paper under the UV light having 360 nm wavelengths.  The first step in the 

unique ID  

(b) generation process is to extract the security fiber pattern from the stamp paper. Before 
extracting the pattern a Region Of Interest (ROI) has to be applied and 

only the security fiber patterns inside this ROI is extracted. In this project a 
rectangular region with the width as that of the pre printed stamp 
extending to a length near the bottom portion of the paper is taken as 

the ROI. The ROI is the rectangular area as shown in the Fig. 4. Now the 
fiber patterns inside the ROI are extracted. In order to extract the 
security fiber pattern from the image, colour detection algorithm to 
detect the green coloured portions in the image can be used [7], as the 
security fibers have a greenish colour under the UV image. The image 
processing steps using MATLAB to detect the green coloured portions 

in the image can be explained a follows. At first the UV image of the 
stamp paper is taken as the input. The input image is read into an array. Then the colour bands are 
extracted out from the image into 3 separate arrays, one for each colour component. The three basic 

colour bands are Red, Green and Blue 
colour bands. After that the image 
histogram of the three colour bands are 
plotted. The horizontal axis of the 
histogram graph represents the tonal 
variations, while the vertical axis 
represents the number of pixels of that 
particular tone. Image histograms can 
be a useful tool for thresholding. With 
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the image histogram plot, the tonal distributions of the three bands are found out as shown in the 
Fig.5. 

From the UV image of the stamp paper we require to isolate the green coloured portions which are the 
security fibers. So a threshold is set such that the Red and Blue bands are masked and only the green 
portions remain. So now the green portions in the image which are the security fiber pattern is 
extracted. Now the extracted pattern is used to generate a numerical value. The following variable 
parameters can be used: (I) Area of each security fiber - For this ‘regionprops’ function of MATLAB 
can be used. regionprops (image, ‘area’) can give area of the required pattern[8]. (II) Coordinates of 
the security fibers - ‘regionprops can be used for this too. ’regionprops(image, ‘centroid’) function 
gives the coordinates. Centroid is a vector that specifies the center of mass of the region. The first 
element of Centroid is the horizontal coordinate (or x-coordinate) of the center of mass, and the 
second element is the vertical coordinate (or y-coordinate).(III) Total number of security fibers.(IV) 

Shape of the security fibers -Security fibers can 
either have a bend shape or straight shape.  (V) 
Value of the stamp paper -The different 
denomination of stamps Stamp papers are from 
Rs.10, 20, 50,100, 500, 1000, 5000, 10000, 
15000, 20,000, 25,000. (VI) Serial number- there 
will be a unique serial number in each stamp 
paper. It will be a alpha numeric value like 
‘25AA456734’. (VII) State: Every Indian stamp 
paper will have the name of the Indian state in 
which it is issued printed on it. Using all these 
features this a N X 4 matrix is created. This 
matrix is given to a QR code generating software 
to generate the barcode. Here the software used 
is QR Code studio 1.0 by TEC-IT [9]. This QR 

code serves as the unique ID that can be printed on security documents to prevent impersonation. This 
entire process is explained in the flowchart given in Fig.6.  

Fig.7 shows the conversion of the matrix representing the numerical values of the security fiber 

pattern to QR code. 
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Where V is the value of the stamp paper, SN is the serial number, ST is the state of issue, K is the 
total number of security fibers. A1, A2,........, AK are the areas of the security fibers, (X1, Y1), (X2, Y2), ......( 

XK, YK) are the coordinates of the security fibers and Shape1, Shape2, ........, Shapek represents the 
corresponding shapes of the security fibers.  

Analysis 

In order to analyse the proposed system several stamp papers were collected, mapped the random 
distribution of the security fiber pattern and generated the unique ID in the form of QR code. The 
stamp paper denominations that were used for analysing are Rs.10, Rs.20 and Rs.50. The UV image 
of the stamp paper was obtained using a UV source with 360 nm wavelength. In order to obtain better 
clarity images 2 such UV sources were used. After the generation of the QR code, the proposed 
system was tested in both ideal and non ideal conditions. The analysis is as follows. 

1. Ideal conditions:-In the case of ideal conditions, untampered stamp papers which were brand new 
was tested. As there were no constraints in extracting the fiber pattern the proposed system works well 
in Ideal conditions.  

2. Non- Ideal conditions:-In order to study the effect of non- ideal conditions the stamp paper was 
tampered in different ways – Aging, crumpling, printing, water soaking. 

2.1 Aging:- Stamp papers kept in the storage closet for 4 years were used to study the effect of aging. 
Aging does not affect the fiber patterns that are embedded inside the paper material. So extraction of 
fiber material was still easily possible and hence the ID generated was unique even after aging for 4 
years. The fiber pattern in the stamp paper after aging will be as shown in the Fig.8(a). 

2.2. Crumpling:- Stamp papers were crumpled thoroughly to study its effect. Crumpling only affects 
the surface characteristics of the paper and it will not affect the fibers embedded internally in the 
paper. So reliable extraction of the security fiber features were possible even after crumpling of the 
paper. Fig. 8(b) shows the UV image of crumpled stamp paper.                          

2.3. Printing:- To study the effect of printing on paper, the entire ROI in the stamp paper was printed 
with text. Then the fiber feature extraction was performed. As it can be seen from Fig. 8(c) the 
security fiber pattern will be visible even if text is printed above it. In the case of extraction of speckle 
pattern it can withstand only 6% printing on top of the paper. But with the proposed system can 
generate a unique ID even if the entire ROI is printed with text. 

 

2.4 Soaking in water: - The stamp paper was submerged in water to study the effect of soaking with 
water. After drying the stamp paper it was kept under UV light and the image obtained was as shown 
in Fig. 8(d). As it can be seen from the figure the fiber pattern is not affected even after soaking in 
water. Hence the ID generated will be unique in this case too. So it is clear that the proposed system 
shows excellent performance in both ideal and non ideal conditions.  
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Conclusion 

This paper proposes a simple and cost effective security method to prevent counterfeiting of the 
Indian stamp paper. Here the security fiber pattern having physical unclonable natures which are 
embedded inside the stamp paper during the manufacturing process is used to generate a unique ID in 
the form of QR code. This unique ID is printed on the stamp paper and is used to prevent 
counterfeiting of stamp paper. The system was analyzed in ideal and non – ideal conditions. The 
system performs well in both the cases. The existing systems do not perform well in non – ideal 
conditions. So the proposed system is a viable alternative. 
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ABSTRACT 

 Word Sense disambiguation (wSd) aims to classify each ambiguous word in the particular 
context with a set of predefined classes. The task wSd is age old one in the field of natural Language 
Processing (nLP) and wasconsidered as an important step for many nLP applications. The sense of a 
particular word in a context gives significant amount of information about the word and its neighbours 
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which can be useful in a language model for different speech and text processing applications. There 
have been a number of researches performed in wSd for many languages, from dictionary-based 
methods to supervised learning methods and unsupervised learning approaches. This paper describes a 
corpus based approach to Malayalam word sense tagging, where machine learning technique called 
Support Vector Machines (SVM) is applied. This framework makes use of the contextual feature 
information along with the parts of speech tag feature in order to predict the various wSd classes. for 
training set, limited number of ambiguous words has been manually annotated with 16 wSd classes. 
The experimental results of the 10 fold cross validation shows the appropriateness of the proposed 
SVM based Malayalam word sense tagger and these results are very promising when large amount of 
annotated corpus was used and also handling morphology exhaustively. 

1. INTRODUCTION 
 Word Sense Disambiguation task is useful in several applications. Sense disambiguation is an 
‘intermediate module’ which does not end in itself, but rather is necessary at one level or another to 
accomplish most natural language processing tasks. In English bass, line, hard are the words with 
multiple meanings and such words are called polysemy. Machine translation is the original and most 
self evident application for WSD, but it also have relevant significance in almost every application of 
language technology, including information retrieval, lexicography, knowledge mining/acquisition 
and semantic interpretation, and is becoming increasingly important in new research fields such as the 
Semantic Web and bio-informatics. Automatic WSD systems are available for many languages like 
English, Spanish, Chinese and some Indian languages. In addition to the difficulties involved in Word 
Sense Disambiguation,the work on automatic WSD for non-English languages is a severe problem 
especially for unstructured language like Malayalam. Malayalam is an agglutinating language and 
exhibits very rich system of morphology. So the complexity level is even more in Malayalam. The 
most probable reason is being lack of labelled text corpora and unavailability of Malayalam language 
tools like dictionary and thesaurus. For example, consider a sentence 

‘അവ് നടന഼’  with  the  meaning  “He  walked”  and  ‘മ   ോ  ഗം  നടന഼’  with  the  

meaning“Meeting executed”. Here the distinction of the sense of the word ‘നട’ is very complex due 
to the lacks of capitalization information and free word order of the language.This paper is organized 
into different sections. First section dealt with the introduction part. The second section deals with the 
major works carried out in this area. The next sections explain the proposed work and 
implementation. The fourth section includes the experimental results obtained. The fifth section 
concludes the paper with future works that can be done as an outcome of this work. 

2. State of art of WSD 

There are many different approaches used for identifying WSD. The two main approaches are 
Dictionary based and Corpus based. The Knowledge-based method, uses external knowledge 
resources, which define explicit sense distinctions for assigning the correct sense of a word in context 
and in corpus-based methods, machine-learning techniques to induce models of word usages from 
large collections of text examples is used. Both knowledge-based and corpus-based methods have 
their own benefits and drawbacks. The former approach is mainly uses external lexical resources such 
as dictionaries, thesaurus, WordNet etc. They are easy to implement as it requires only simple look up 
of knowledge resources like machine readable dictionary. In later approaches large training corpus are 
involved with so many algorithms. The corpus based methods uses techniques from statistics and 
machine learning to induce language models. Learning can be done with supervised or unsupervised 
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methods, which learns sense classifiers from annotated data with minimal or partial human 
supervision respectively. 

Many standard machine learning techniques have been applied, including Naive Bayes (NB), 
Maximum Entropy (ME), Exemplar-based (kNN), Decision Lists (DL), Support Vector Machines 
(SVM) etc. One of the simplest algorithms of this type is Naive Bayes, which uses Bayes rule and 
given the class labels conditional independence of the features are assumed. It has been applied to 
many experiments in WSD with considerable success [T. Pedersen and R. Bruce, (1997)] [D. Yuret, 
(2004)]. The Maximum Entropy approach provides a flexible way to combine statistical evidences 
from many sources. It has been applied to many NLP problems and also appears as alternative in 
WSD [A. Suarez and M. Palomar, (2002)] [Niladri Chatterjee and Rohit Misra, (2009)]. Decision 
Lists were used in specific type of lexical ambiguity for Spanish and French accent restoration 
[Yorowsky David, (1994)] and used in other work by [Yorowsky David , (1995)] for WSD. 

In Malayalam only a few work has been published. A knowledge based approach to Malayalam WSD 
[Rosna P Haroon, (201)0] has been done. It is based on a hand devised knowledge source and uses the 
Lesks and Walkers algorithm and also using the concept of conceptual density with Malayalam 
WordNet as the Lexical resource. The knowledge based system will result in poor accuracies because 
of the dependency of the algorithm on the stored tag words with in the knowledge source. 

3. Support vector machine 

Nowadays, SVM have been successfully applied in many natural language applications like POS 
tagging, Named Entity Recognition, Chunking etc and also applied to word sense disambiguation [M. 
Murata, M. Utiyama, K. Uchimoto, Q. Ma, and H. Isahara, (2001)] [Y. K. Lee and H. T. Ng, (2002)] 
[Y. K. Lee, H. T. Ng, and T. K. Chia, (2004)]. SVM were initially designed for binary (two-class) 
problems. Since in WSD, one word may have more than one meaning so here SVM for WSD must be 
adapted to multi-class classification. When dealing with multiple classes, an appropriate multi-class 
method is needed. 

3.1 One against the Rest approach 

[Vapnik, (1995)] suggested comparing one class with the others taken together. This strategy 
generates n classifiers, where n is the number of classes. This method is also called winner-take-all 

classification. Suppose the dataset is to be classified into M classes. Therefore, M binary SVM 
classifiers may be created where each classifier is trained to distinguish one class from the remaining 
M-1 classes. For example, class one binary classifier is designed to discriminate between class one 
data vectors and the data vectors of the remaining classes. Other SVM classifiers are constructed in 
the same manner. During the testing or application phase, data vectors are classified by finding 
margin from the linear separating hyperplane. The final output is the class that corresponds to the 
SVM with the largest margin. 

3.2 One against One Approach 

In this method, SVM classifiers for all possible pairs of classes are created. Therefore, for M classes, 
there will be binary classifiers. The output from each classifier in the form of a class label is obtained. 
The class label that occurs the most is assigned to that point in the data vector. In case of a tie, a tie-
breaking strategy may be adopted. A common tie-breaking strategy is to randomly select one of the 
class labels that are tied. 
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The number of classifiers created by this method is generally much larger than the previous method. 
However, the number of training data vectors required for each classifier is much smaller. The ratio of 
training data vector size for one class against another is also. Therefore, this method is considered 
more symmetric than the One against- the-rest method. Moreover, the memory required to create the 
kernel matrix is much smaller. However, the main disadvantage of this method is the increase in the 
number of classifiers as the number of class increases. 

4. Implementation 

For WSD implementation, we used SVM and the experiment was carried out on five Malayalam 
ambiguous words. Table1 shows these words and classes (senses). 

Word Senses (classes) 

  

യഷം 

അന഼ഭഽതഺ, കരഺ,ഇടം, 

യ഼ചഺ,മെ്ക഼രഺ 

  

നട ്കഺ   , നട഼ക, പടഺ 

  

അടഺ ച഼വടള്,  ോപ ദം, ത്ല് 

  

ോവ നം മ ോ  നം, അഭഺമ ോ  നം 

  

ഉതയം 

മ ര഼പടഺ, മോച മദോമ തയം, 

ോത ങ് 

  

 

Table 1 Ambiguous Words and Senses (Classes) 

In order to accommodate day to day words and senses mostly we have used manually collected 
sentence from various Malayalam newspapers, wikipedia articles, blogs, books, novels etc. In order to 
avoid inconsistencies present in spelling, spacing and, punctuation, database is thoroughly checked. 
Presently we don't have any tagged data for Malayalam to start the word sense disambiguation task. 
So manual tagging of word senses and parts of speech tagging is carried out. 

4.1 Feature Descriptions 
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Feature selection plays an important role in Support Vector Machine (SVM) framework. The 
experiments have been carried out using basic context information and Parts of speech tag 
information features. The features also include possible combination of word and tag context. The 
features are binary valued functions which associate a tag with various elements of the context. The 
experiments used two groups of features: word and word + part-of-speech bigrams. Following are the 
details of the features that have been applied to WSD task. Word features are lexical features, unique 
words that occur in the training set in a specific window range. Word feature contain the following 9 
attributes. w-2, w-1, w, w+1, w+2, (w-2,w-1,w), (w-1,w,w+1), (w,w+1,w+2) , where the last three 
correspond to collocations of three consecutive words. Word + POS features are lexico-syntactic 
features combining POS information in a predefined range of the particular word. Word + POS 
feature contains w-2, w-1, w, w+1, w+2, with parts of speech information p, (w,p), (p-1,p) .BIS tagset 
was used for Malayalam POS tagging. Four models were developed using SVM-based framework 
using one against one approach and one against rest approach with word and word + POS feature. The 
same training text has been used to estimate the parameters for all the models. Yamcha toolkit, an 
SVM based tool for detecting classes in instances and formulating the sense tagging problem as 
sequence labeling task have been used. Here the one against rest approach and one against one 
approach have been used. Also used TinySVM classifier, an implementation of Support Vector 
Machines (SVMs) for the problem of pattern recognition . 

5. Experimental results 

For these experiments, the method of n-fold cross validation is used , each test set containing 10% of 
the total data that is 10 fold validation. Here we classifying skewed and highly imbalanced data, 
accuracy is very high and it does not reflect exactly the performance of the classifier. For this reason, 
precision (P), recall (R) and f-measure (F) scores are reported, this values can measure how precise 
and how complete the classification is on the positive class. 

Precision (P) = TP / (TP+FP) 

Recall (R) = TP / (TP+FN) 

F-measure = (2×P×R) / (P + R). 
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Where, TP, TN, FP and FN refer to true positives, true negatives, false positives and false negatives 
respectively. In a binary class based classification context, the terms positive and negative as used in 
these definitions are associated with membership to one of the two semantic classes involved in the 

est Set  

Word Feature 

 

Word + POS Feature 

 

No: 

   

       

        

 Precision Recall F-measure Precision Recall F-measure  

        

1 47.65 41.8 40.6 52.82 45.51 45.84  

        

2 57.15 50.57 50.01 60.03 51.78 54.26  

        

3 57.53 56.75 51.87 72.52 62.03 63.43  

        

4 59.5 48.81 50.24 51.71 51.55 49.48  

        

5 79.92 63.06 67.26 67.08 53.23 56.68  

        

6 67.68 59.32 59.89 52.04 51.48 48.67  

        

7 70.71 60.57 63.2 44.95 47.18 43.77  

        

8 62.11 49.26 51.43 56.01 54.63 52.88  

        

9 60.66 51.98 54.82 58.09 49.53 51.25  

        

10 70.58 56.4 60.13 51.78 45.77 45.3  

        

Average 63.349 53.852 54.945 56.703 51.269 51.156  
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classification (senses). For example, where disambiguation involves the class’s മ ോ  നം and 

അഭഺമ ോ  നം, TP (TN) refers to the മ ോ  നം (അഭഺമ ോ  നം) test occurrences correctly 

classified as such by the system. Likewise, FP (FN) refers to those അഭഺമ ോ  നം (മ ോ  നം) 

test occurrences that have been misclassified by the system as belonging to class മ ോ  നം 

(അഭഺമ ോ  നം). Table 2 and Table 3 shows that the results of 10 fold cross validation using SVM 

one against one approach one against rest approach for two types of feature contextual information 
feature as well as combination of word feature and parts of speech information feature. 

Table 2 Results of 10 Fold Cross Validation Using SVM one against rest approach with Word and 

Word + POS Feature 

Test Set  

Word Feature 

 

Word + POS Feature 

 

No: 

   

       

        

 Precision Recall F-measure Precision Recall F-measure  

        

1 57.16 61.63 58.93 55.59 51.48 51.5  

        

2 57.18 51.83 50.31 62.55 57.08 56.61  

        

3 61.57 59.83 58.49 55.95 47.64 48.97  

        

4 55.63 60.14 56.02 51.63 48.15 48.33  

        

5 53.93 43.01 45.8 62.66 64.21 61.38  

        

6 75.99 63.72 65.91 49.5 45.59 46.56  

        

7 69.48 58.22 58.73 77.61 56.5 61.65  
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8 50.86 47.54 48.9 66.32 49.87 53.73  

        

9 75.36 62.02 66.39 60.41 53.96 54.38  

        

10 73.42 69.86 69.52 65.24 58.76 60.79  

        

Average 63.058 57.78 57.9 60.746 53.324 54.39  

        

 

Table 3 Results of 10 Fold Cross Validation Using SVM one against one approach with 

Word and Word + POS Feature 

From these experiments we found that the overall average F-measure value of the contextual 
information feature i.e., word feature gives the best result for the feature: 

F = {w-2, w-1, w, w+1, w+2, (w-2, w-1,w), (w-1,w,w+1), (w,w+1,w+2)} 

This means that the information about the proceeding and following words gives the clue for the sense 
of the particular word in a context. Here we considered context window of size five, i.e., previous two 
and next two along with the current word. 

 

 

 

 

 

 

 

 

 

Fig. 1. Analysis of  F-measure result 

Also, it has been observed that the overall average F-measure value of the one against  one multiclass 
decision strategy gives best results than one against rest approach. 

6. Conclusion 
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In this work we have exposed the research carried out SVM based Malayalam word sense tagger. 
Very large amounts of text are needed for supervised methods to ensure that all of the possible senses 
of a word are represented.  Producing corpora hand-labeled for senses, however,  is  an  expensive,  
time-consuming  task,  and  the  results  are  often  less  than satisfactory. So we had to start with 
small amount of sense tagged corpus . Results based on the value of F-Measure shows that the 
performance of one against one approach gives best results with overall average precision, recall, f-
measure of 63.058, 57.78, and 57.9 respectively for 10-folds. The experimental results show the 
appropriateness of the proposed SVM based Malayalam word sense tagger and these results are very 
promising when large amount of annotated corpus was used and handling morphology exhaustively. 
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ABSTRACT 

 American Sign Language is a widely used and accepted standard for communication by 
people with hearing and speaking impairments. It utilizes hand gestures for alphabets as a means of 
communication. american Sign Language alphabet recognition is a complex hand gesture recognition 
task. american finger-spelling is single-handed and some of the signs in the alphabet are visually very 
similar. There is a large amount of variation in finger-spelling styles, hand object size and color. Thus 
designing a computational model for american Sign Language recognition is difficult. This paradigm 
is an application used for the identification of the static american Sign Language alphabets from 
captured images. The proposed scheme recognizes and interprets american Sign Language symbols 
that have static gestures. The system provides an opportunity for deaf and dumb individuals to 
communicate and learn using computers. The proposed system recognizes and translates static hand 
gesture of alphabets in aSL into textual output. This text can further be converted into speech. Thus, 
the scheme helps the hearing and speech impaired to talk using computers. The concepts of Principal 
Component analysis (PCa), Linear discriminant analysis (Lda) and Scale Invariant feature Transform 
(SIfT) are used on the static gesture images of the aSL alphabet. The PCa, PCa-Lda and SIfT features 
extracted from the image are used to classify the image into one of the aSL alphabet. The k-nearest 
neighbor (knn) and Support Vector Machine (SVM) classifiers are used along with PCa and PCa-Lda 
to recognize the aSL alphabets and the results are compared. a Point Pattern Matching algorithm is 
used to discriminate aSL gestures based on the extracted SIfT features. all the three techniques are 
compared and it is found that the aSL recognition using SIfT algorithm gives high recognition rate 
than PCa and PCa-Lda techniques. 

INTRODUCTION 

This paper presents a new scheme to recognize ASL alphabets from an image input. The interaction 
between human beings and computers will be more natural if computers are able to perceive and 
respond to human non-verbal communication such as hand gestures. It is required to develop a system 
capable of recognizing hand gestures which can help the hearing and speech impaired to 
communicate, talk and learn using computers. American Sign Language is a widely used and accepted 
standard for communication by people with hearing and speaking impairments. This paradigm is an 
application used for the identification of the static American Sign Language alphabets from images. 
Even though researches are done in a full-fledged manner, no efficient or accurate system has been 
developed for the same.  

Principal Component Analysis is a commonly used method for hand gesture recognition. In this 
paper, PCA based hand gesture recognition method is studied in detail by using PCA for feature 
extraction. The PCA based Linear Discriminant Analysis (LDA) is also implemented. The features 
extracted by PCA and PCA-LDA methods are given to K-Nearest Neighbor (KNN) and Support 
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Vector Machines (SVM) classifiers. The results show that PCA-LDA performs slightly well with 
respect to PCA. Thus PCA-LDA is an improvement to the PCA method for ASL recognition. The 
classification results of PCA and PCA-LDA features are improved by using SVM. However, even 
PCA-LDA-SVM does not perform well under changes in illumination, size and color of hand object. 
A Scale Invariant Feature Transform (SIFT) based ASL recognition system is also proposed in order 
to recognize ASL alphabets irrespective of size and color of hand object. The novelty of this approach 
is, it is a scale, size, illumination and rotation invariant approach. The approach works well with 
standard ASL static alphabets and the results are compared with PCA and PCA-LDA methods. The 
image should be in RGB color format and JPEG type. The input image should have dark uniform 
background. Since different humans have different finger spelling styles and different skin color and 
hand object size, accuracy of the ASL recognition is a great task. All the implemented approaches 
result in a textual output representing the recognized ASL alphabet. The textual output generated is 
converted to speech and the speech can be perceived through the speakers so as to develop an 
American Sign Language Interpreter System (ASLIS) which can help the hearing and speech 
impaired to talk using computers.  

Materials and Methods 

1. Principal Component Analysis and Linear Discriminant Analysis  

Preprocessing 

The efficiency of PCA technique can be improved by giving only the skin pixels of the hand region as 
its input. For this an efficient method is implemented, which separates skin pixels from the 
background pixels in the input image. Adaptive Skin Probabilistic Model is implemented which 
effectively separates skin and background pixels in the input image. Skin pixels lie in a particular sub-
space in both the infrared and visible domains. The Skin Model use simple bounds to model skin in 
both the color and infrared domains. Thus, the model obtains bounded images of both visible and 
infrared domains. Finally, the model selects pixels that appear as skin in both modalities by doing 
binary AND fusion of both the bounded images. The background pixels are separated by doing 
NAND fusion. The isolated pixels obtained can be removed by performing erosion and the border of 
skin pixels is obtained by performing dilation on the resulted image. Finally, the preprocessed image 
is given as input to PCA by reshaping it as a column vector.  

PCA Feature Extraction 

The proposed scheme extracts PCA features from the probable skin region. Principal component 
analysis (PCA) is a well-established method for feature extraction and dimensionality reduction. In 
PCA, we can represent the n-dimensional data in a lower-dimensional space. This will help to reduce 
the degrees of freedom, reduce the space and time complexities. The basic approach in principal 
components is theoretically rather simple. First, the d-dimensional mean vector and covariance matrix 
are computed for the full data set. Next, the Eigen vectors and Eigen values are computed, and sorted 
according to decreasing Eigen value. Subsequently, the largest k such Eigen vectors are chosen. PCA 
gives the projection of the object when viewed from its most informative viewpoint. This is done by 
using only the first few principal components so that the dimensionality of the transformed data is 
reduced. 

PCA-LDA Feature Extraction 
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Here in LDA method, Fisher’s Linear Discriminant is applied on the Eigen feature space. The PCA is 
implemented by projecting the data onto the Eigen space and then implemented LDA on the Eigen 
space projected data. LDA approach seems to be a complementary approach to the Eigen method. 
While PCA tries to generalize the input data to extract the features, LDA tries to discriminate the 
input data by dimension reduction. In subspace LDA, PCA is used for the purpose of dimension 
reduction by generalizing the data and LDA is used for classification due to its discrimination power.  

Classification 

The generated PCA and PCA-LDA features are used for classifying ASL alphabets. Classification of 
the ASL hand gestures is done by implementing two types of classifiers. 

1. k- Nearest Neighbor Classifier (KNN)  

2. Support Vector Machines (SVM).  

K-Nearest Neighbor Classifier: The KNN effectively classifies the ASL hand gestures based on the 
features. KNN classification classifies instances based on the similarity to the instances in the training 
data. The similarity can be determined by computing distance measures to all training data (E.g.: 
Euclidean Distance). The k- nearest neighbors are determined, where k > 1, neighbors and letting the 
majority vote decide the outcome of the class labeling. 

Support Vector Machine Classifier: The extracted PCA features from the query image and each 
training image are compared where the most matched hand gesture is selected as final recognition 
result. Here we use the Support Vector Machine (SVM) Classifier which is widely used for statistical 
classification and regression analysis. The SVM classifier learns from the data points in examples 
when they are classified belonging to their respective categories. SVM training algorithm builds a 
model that predicts whether a new example falls into one category or other. There are many possible 
linear classifiers that can separate the data, but there is only one that maximizes the margin 
(maximizes the distance between it and the nearest data point of each class). This line is termed the 
optimal separating hyperplane. Intuitively, we would expect this boundary to generalize well as 
opposed to the other possible boundaries. 

Multi-Class Support Vector Machines: In the ASL recognition systems based on PCA and PCA-LDA 
methods, the extracted features using the methods are given to SVM for classification. Since the 
recognition of 24 ASL gestures is a multi-class problem. A multi-class SVM is implemented. The 
typical procedure is to split up the multi-class problem into a number of binary classification tasks. 
The combination of binary classifier results into a multi-class classifier. 

2. Scale Invariant Feature Transform (SIFT) 

The SIFT features are invariant to image scaling, translation, and rotation, and partially invariant to 
illumination changes and affine or 3D projection. SIFT is divided into two stages, key point detection 
and key point description. Each stage consists of two sub-stages respectively. 

1. Constructing a scale space: The first stage of computation searches over all scales and image 
locations. It is implemented efficiently by using a difference-of-Gaussian function to identify 
potential interest points that are invariant to scale and orientation.  

2. Key point localization: At each candidate location, a de-tailed model is used to determine 
location and scale. Key points are selected based on measures of their stability.  
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3. Assigning an orientation to the key points: One or more orientations are assigned to each key 
point location based on local image gradient directions. All future operations are per-formed 
on image data that has been transformed relative to the assigned orientation, scale, and 
location for each feature, thereby providing invariance to these transformations.  

4. Key point descriptor: The local image gradients are measured at the selected scale in the 
region around each key point. These are transformed into a representation that allows for 
significant levels of local shape distortion and change in illumination. 

SIFT Point Pattern Matching Algorithm 

The point pattern matching algorithm uses the SIFT algorithm to find the key-points of the images. 
DistRatio is the parameter of SIFT algorithm for avoiding ambiguous matching. In the original 
implementation, this parameter is set as a constant. For this algorithm's recursivity it is made as a 
variable parameter and a threshold value is used for the MK-RoD algorithm to select valid matches. 
For finding the validity ratio MK-RoD algorithm is used. Once the validity ratio is calculated, mask 
the distances by taking the absolute which are below the algorithm's threshold. This operation is done 
in order to determine the similar pattern of the matched keypoints from the center of the matched 
keypoints. The procedure to find the Validity ratio of one database image versus query input image is 
as follows: 

1. For each image find the distances of the keypoints to its centre and then find the sum of 
distances in each image. 

2. The ratio of the distances in each image is calculated. 

3. The Distance Mask is calculated by considering only the matches whose absolute value of 
difference of distance ratios is less than the particular threshold and the Valid Ratio is the sum 
of the Distance Mask. 

4. Finally, the Validity Ratio is computed, which is the ratio of valid matches and total matches. 

Results and Conclusions 

The entire ASL recognition system was simulated using MATLAB.  The proposed system is tested 
using a database containing 240 images of 24 static ASL alphabets. The ASL recognition rate of the 
systems is tested using 10 images for each ASL alphabet. The images taken from different people, 
with different color and size of the hand object are included.  The database also includes images taken 
in different illumination conditions. All the images were taken against a dark uniform background. 
According to the inputs and the obtained outputs, the accuracy rates of PCA, PCA-LDA and SIFT 
based systems are calculated. Table: 1, 2 and 3 show the calculated accuracy rates for each recognized 
ASL alphabets using PCA, PCA-LDA and SIFT. The textual output generated by the ASL recognition 
systems are converted to speech using TTS (Text to Speech) command developed by Microsoft. 
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It is found that PCA-SVM, PCA-LDA-SVM and 
SIFT methods are the ASL recognition techniques 
with acceptable accuracy. The PCA-LDA method 
outperforms PCA method for ASL recognition. The 
main problem of PCA approach is that the spreading 
maximized (inside class). LDA approach takes 
advantage of within-class information, minimizing 
variation within each class, yet maximizing class 
separation. PCA-SVM performs better than PCA-
LDA-KNN. This explains the power of SVM in 
classification. KNN classifier is sensitive to noise, 
illumination and scaling as it is based on the 
Euclidean distance. KNN is also inefficient to solve 
the similarity problem in ASL dataset. SVM provides 
accurate and robust classification and it also helps to 
solve ambiguity problem of ASL alphabets. The ASL 
recognition using SIFT algorithm gives high 
recognition rate. Figure: 1 show the accuracy rates 
and execution time of all the discussed systems for 
proper analysis. The SIFT and PCA-LDA-SVM 
based ASL recognition methods have somewhat 
similar recognition rate but however SIFT performs 
better than PCA-LDA-SVM.  

 

The main drawback of SVM is that it is slow. The execution time of KNN systems are much less than 
that of SVM systems. The time complexity of SIFT system is much less than the PCA-LDA method 
thus SIFT method is the most recommended among the other methods discussed. Even PCA-LDA is 
sensitive to severe change in illumination, color and scaling. Distinctive features generated by SIFT 
provides robust feature extraction. It recognizes ASL hand objects of different colors even in case of 
ambiguous gestures. 

The topic focused by this paper is to make emphasis on the recognition of 24 static ASL alphabets. 
The commonly used Principal Component Analysis (PCA) method for hand gesture recognition is 
implemented and studied in detail. The efficacy of the PCA method is 

      Table 1: Accuracy rates of PCA method 
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Table 2: Accuracy rates of PCA-LDA method   Table 3: Accuracy rates of SIFT method 

enhanced by the use of Linear Discriminant Analysis (LDA) over PCA and SVM for classification. 
The KNN classifier is also used to classify the ASL alphabets based on the PCA and PCA-LDA 
results. The classification methods- KNN and SVM are compared based on their performances. The 
results corroborate that SVM outperforms KNN. The paper also suggest the Scale Invariant Feature 
Transform (SIFT) based ASL recognition system. It is an efficient method for recognizing ASL hand 
objects of different color and size. Thus, the work present PCA-LDA-SVM and SIFT methods as 
emphatic ASL recognition techniques. Finally, the textual outputs generated by the recognition 
systems are translated to speech. The work thus developed ASLIS (American Sign Language 
Interpreter System) which can give the hearing and speech impaired the ability to communicate using 
computers. 

  

 

 

 

 

 

Fig 1: (a) Accuracy and (b) Execution time of PCA, PCA-LDA and SIFT methods 

a b 
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ABSTRACT 

Sentiment analysis refers to the use of natural Language Processing (nLP), Statistics, or Machine 
Learning methods to extract, identify, or otherwise characterize the sentiment content of a text unit. 
Social media is generating a vast amount of sentiment rich data in the form of tweets, status updates, 
blog posts etc. Sentiment analysis of this user generated data is very useful in knowing the opinion of 
the crowd. This work has been carried out to find the sentiments from Malayalam reviews in different 
domain like Movies, novels, Products, etc. our paper attempts to find an aspect (feature) based domain 
independent system for sentiment analysis. we use a semi supervised semantic orientation scheme 
were we identify the features from the reviews and use these features along with patterns that 
influence the mood of the sentence for sentiment analysis. In order to achieve domain independence, 
we increase the weight of domain-free features and reduce the weight of domain-specific features. we 
classify the reviews into positive negative and neutral class and the rate of sentiment polarity is also 
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calculated. This domain independent aspect based approach is very much useful as some times we 
might want to review a book, but the book-labeled corpus are scarce and the labeled corpus in the 
product domain are abundant. 

Introduction  

The age of Internet has changed the way people express their views. It is now done through on line 
discussion forums, product review websites, blog posts etc. People depend upon this user generated 
content to a great extent. When someone wants to buy a product, they will look up its reviews on line 
before taking a decision. The amount of user generated content is too large for a normal user to 
analyze. So we need some automating mechanism. Sentiment analysis uses computational approach to 
identify user’s feedback by categorizing the text as positive, negative or neutral.  

There are mainly three types of approaches for extracting the sentiment from text [3] a) a machine 
learning approach based on text classifier- such as Naïve Bayes, Support Vector Machine with 
suitable feature selection scheme; (b) unsupervised semantic orientation scheme of extracting the 
relevant n-grams of the text by labeling them either positive or negative document; (c) SentiWordNet 
based approach using publicly available library that provides positive, negative and neutral scores for 
words.    

Malayalam belongs to the Dravidian family, a large family of languages of South and Central India. It 
is a highly agglutinative language. In quarter 9th century AD Malayalam language had formed. 
Sanskrit and Prakrit were influenced to the formation of Malayalam language. A good part of 
Malayalam language vocabulary is also of Sanskrit origin. Sentiment Analysis in Malayalam is not an 
easy task because it is highly depend on the words that are used for expressing the feeling of the 
public.  

Existing Work 

There had been wide range of work carried out in this topic in English. Two main research directions 
of sentiment analysis are that which operate on either document level or the sentence level. Both 
document level and sentence level classification methods are usually based on the classification of 
opinion words or phrases. Most of the works done in English are by using either of the three methods, 
Machine Learning Method, Semantic Orientation method or Rule Based approach. 

In Malayalam, the works on the sentiment analysis is in its starting stage. One of the notable paper 
was published by Geethu Mohandas - “Domain Specific Sentence Level Mood Extraction in 
Malayalam Text” [2]. They use a semantic orientation method for extraction of mood from any 
sentence. In this work it was said that in any language there are much variety of words that point out 
the emotional response of a particular situation. For example in Malayalam “ഷോത ശം” 

(Santhosham) that convey the feeling of happiness, exhibits a positive response. Similarly “ദ഼ഃഖം” 
(Dukham) conveys the sad feelings exhibiting a negative response. The extraction process involves 
parts of speech tagging of the input sentence, extracting the patterns from the input sentence which 
will contribute to the mood of the sentence, such as the adjective, adverb etc. and finally scoring the 
sentence on an emotive scale by calculating the semantic orientation of the sentence using the 
extracted patterns. In their study they have applied semantics orientation method using unsupervised 
learning technology for classifying the input text. The result classifying the sentence into one of the 
four classes – Joy, Sorrow, Anger or Neutral. Finally, the output will be produced showing the 
appropriate class of the input sentence and the strength of the semantic orientation.  

1343

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

23 
 

Another paper was published by Deepu S Nair- “Sentiment Extraction for Malayalam- “A Rule Based 
Approach” [1]. This paper proposes a method for extracting the sentiments from Malayalam sentence 
mainly with respect to film reviews. This paper uses rule based method using negation rule algorithm. 
In order to apply the negation rules they first applied sandhi rules. For this purpose sandhi splitter is 
used. For example “ന്ലത്ല മഺയ഼ന഼” is a combinational word, which needs to be splitted into 
unique word such as “ന്ല്”, “അ്ല മഺയ഼ന഼”, This process is necessary for assigning the 
sentiment. After applying sandhi splitter they extract the mood influencing word and assign sentiment 
using negation rules. 

Proposed Work 

We propose a feature based domain independent system for identifying the sentiments. Initially we 
manually created a domain independent corpus like negation, positive, negative word list and a 
dependent corpus. The domain-independent features generally perform consistently when the domain 
changes. For example, some words, such as “ഗംഭ഻യെ മ” (great) and “ഇടമപട഼ക” (like) 
always have a strong correlation with the positive class, regardless of domain. However, the domain-
dependent features indicate different sentiment in different domains. The word “മചരഺമ” (small), 
is usually appraised as negative for a hotel review “മചരഺമ െ഼രഺ” (small room) but positive for a 

product “മചരഺമ ോ  ൺ” (small phone). Domain dependent corpus  is created using labeling 
adaptation[6] mechanism, which identify those labels that have positive meaning in one domain and  
might express negative meaning in the another domain. Our goal is to increase the weight of domain-
independent features and reduce the weight of domain-dependent features in domain adaptation.  

Aspect identification [5] focuses on extracting the set of aspects or features from the source review or 
reviews. The word aspect is intended to represent the sentiment targets, which are also referred to as 
product features. For example, given the sentence, “കഺടക ഷ഼സ്പധെ ് “(The bed is 
comfortable) in a review about a hotel, the aspect being referred to is”കഺടക” (bed) and the opinion 
is positively expressed by means of the opinion word “ഷ഼സ്പധെ ്“(comfortable).Here we 
address the aspect-based summarization task which retrieves product features from a collection of 
free-text customer reviews about a product or service. Initially we created feature corpus which 
contain the features that are applicable for all domain. We define our problem to be the retrieval of 
product features from the review document. To address this problem, we assume that reviews provide 
a mapping between words that relates to product features. Such a mapping is hidden in the reviews. In 
order to identify that we perform an initial check to find those features which are available in the 
review and count the number of occurrence. These features will be used while we perform sentiment 
analysis and their count will influence the sentiment polarity of the sentence. 

Implementation 

First we split the reviews into sentences which is difficult in Malayalam. So we use a statistical 
approach which segments the sentence and we rate the efficiency of segmentation based on the 
following rules. 

Rule for Sentence Segmentation 

In order to implement segmentation we created an abbreviation and verb corpus. Initial scan is 
performed to find all abbreviations and are marked. Later we check for unambiguous markers like!,?, 
etc. and if find assign an end marker. If we find dot (“.”) assume it as end of the sentence and assign 
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an end marker. Last we check each word before end marker. If it is a verb form then we give high 
probability for sentence segmentation (As Malayalam sentence usually ends in verbs).Next step is 
feature identification. Based on the following rules we identify feature for each domain. 

Rule for Feature Identification for each Domain 

Initially we manually created a Domain free corpus which contains the features applicable for all 
domains. Using this corpus initial scan is performed in the target review document. Number of 
occurrence of each feature is calculated and a feature list is created which 
contain feature and its number of occurrence which is the feature rating.  

 

 

 

 

 

 

 

Figure 1.Architecture for Sentiment Analysis System   

Rule for Sentiment Analysis 

Select a sentence in the review. Split the sentence and check the occurrence of words in positive or 
negative corpus and if find assign a sentiment polarity. If an adjective/adverb is associated with 
negative or positive word then assign a high sentiment polarity for that word. If a feature is associated 
with negative or positive word then assign feature count as sentiment polarity. If the sentence contains 
feature words, adjective or adverb and no positive or negative words then mark the feature as positive 
and assign feature count as its polarity. If the sentence contain words in positive or negative corpus 
and is also available in domain dependent corpus decrease the sentiment polarity. If the sentence 
contains negation words which influence positive or negative word then the sentiment polarity of the 
sentence is negated. Based on the overall word polarity sentence is grouped into positive, negative and 
neutral class. Classify the review into positive, negative and neutral class based on the sentiment 
polarity of each sentence.  

Result and Conclusion 

Analyzed the system in various domains like movie, novel and product. Around hundred reviews 
were collected from each domain. For analyses we performed a manual, adjective and aspect based 
sentiment analysis. For manual analysis we read each review and marked the polarity of the sentence. 
For adjective or adverb based analysis we execute the program by not considering the feature module. 
For each domain we get the following rating.  
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Figure 2-Comparision between Manual, Adjective & Aspect Based Approach    

The overall rating of aspect based approach is far better than adjective based approach.  

 

Figure 3-Comparison Adjective &Aspect Based 

We would like to extend this work to develop a mobile based or web based application that extracts 
reviews about a particular product/service and provides sentiments.  
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ABSTRACT 

This paper compares the algorithms which are used to detect the fire flames from video sequences. 
There are several conventional methods for detecting such fire flames from the video sequences 
which get captured from outside or even indoor areas. Most of the methods should have a clear 
proximity towards the source of fire. Some of the conventional methods are fail to detect the actual 
fire from the video sequences and some are intended to detect non-fire as real fire. So each of these 
methods have their own advantages and disadvantages. In this paper, the algorithms which were used 
for the fire detection in video sequences are compared. Those algorithms are fire detection in video 
sequences using a generic color model(algorithm1) [Celik and demirel, (2009)], fire detection based 
on vision sensors and support vector machines(algorithm2) [koetal., (2009)], a computer vision-based 
method for real-time fire and flame detection(algorithm3) [Toreyin et.al., (2006)], a probabilistic 
approach for vision-based fire detection in videos(algorithm4) [borges and Izquierdo, (2010)] and fire 
flame detection in video sequences using multi-stage pattern recognition techniques(algorithm5) 
[Tung XuanTroung et.al, (2012) ]. The comparison study gives a clear idea that the multi-stage 
pattern recognition techniques used for the fire flame detection outperforms all other algorithms. but it 
requires more computational time since it uses four stages, which will be more complex than the other 
methods. 

1. Introduction 

Gene regulation is used to regulate the way that the information in genes is turned into gene products. 
It is essential for organism to increases the versatility and adaptability, by allowing the cell to express 
protein when needed. Gene expression is regulated to ensure that the correct proteins are made when 
and where they are needed. Regulation may occur at any point in the expression of a gene, from the 
start of transcription to the processing of a protein after translation. Gene expression can be modulated 
from transcriptional initiation, to RNA processing, and to the post-translational modification of a 
protein. In eukaryotic cells, the start of transcription is one of the most complicated parts of gene 
regulation. Transcription factor has an important role in regulating gene expression. It controls the 
flow of genetic information from DNA to mRNA. Transcription factor binding site is the DNA 
sequence that a transcription factor binds, also called response element. Transcription factor interact 
with their binding sites using a combination of hydrogen bonds, electrostatic and Van der Waals 
forces. Due to the nature of interactions, most transcription factors bind DNA in a sequence specific 
manner. The accurate prediction of transcription factor binding sites is useful for the getting 
information about the function and regulation of genes discovered in genome sequencing projects. For 

1347

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

27 
 

predicting the binding site of transcription factor different models of sites are used as strings and 
position weight matrices. Transcription factors show sequence-specific binding, they form stronger 
bonds with DNA sequences. Identification of a good binding site in the promoter for a gene suggests 
the possibility that the corresponding factor may play a role in the regulation of that gene.  

The aim of this paper is to build a useful transcription factor binding site prediction software tool. 
Various approaches are existing for finding TFBS in a genomic sequence. We developed a new tool 
TRANFABS: A tool for predicting TRANscription FActor Binding site and affinity of 
Saccharomyces cerevisiea is explained in the concluding part of this work. 

2. Materials and Methods 

2.1 Existing methods for TFBS prediction 

2.1.1 Consensus Sequences: The conserved sequence motifs are called consensus sequences and they 
show which residues are conserved and which residues are variable. The consensus sequence is the 
calculated order of most frequent residues, either nucleotide or amino acid, found at each position in a 
sequence alignment.  

2.1.2 Position Weight Matrix: Position weight matrix (PWM) is not only one of the most widely used 
Bioinformatics methods, but also a key component in more advanced computational algorithms for 
characterizing and discovering motifs in nucleotide or amino acid sequences.  

2.1.3 Position Specific Scoring Matrix: Position-specific scoring matrices (PSSM) offer a flexible 
way to represent the specificity of transcription factor/DNA interactions. PSSM can be built on the 
basis of a set of known binding sites for the factor of interest. The knowledge for PSSM can be 
obtained from various transcription factor databases. 

2.2 Data Set 

The Transcription Factors of  Saccharomyces cerevisiea are collected from YEASTRACT database.  
YEASTRACT contain 174 transcription factors. There are seven hundred thirty two (732) 
transcription factor binding sites are available in this database. These data were downloaded and used 
to construct a database using SQL database server 2008. Then PSSM for each of the transcription 
factor was created from alignments of known binding sites from the database. 

2.3 Features selected 

2.3.1. Position Specific Scoring matrix:  

 

 

 

The values of the distribution matrix are 0 and 1. When a base pair is present then the corresponding 
base value will be 1, otherwise 0.  

Fig1. Position Specific Scoring Matrix 

2.3.2 Energy  
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To predict the binding strength of a given transcription factor to a promoter sequences the PSM 
matrix is employed on the basis of the biophysical model,[2], calculates the local affinity and avoids 
this artificial separation by computing the occupancy of a TF to each site in the sequence using 
equation: 
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where∆Ei(λ) is the energy difference or mismatch energy – scaled by the parameter λ – between the 
binding energy of the factor to site i and the lowest binding energy possible with the factor bound to 
its consensus site (1). The second matrix dependent parameter R0 sets the binding energy of the factor 
to the consensus site as well as the TF concentration. The nucleotide dependent mismatch energies for 
each site in the promoter sequence are computed by: 
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wherevi,max is the frequency of the consensus base at position i in the PSM and vi,α is its frequency.  

2.4 Methodology 

The following algorithm is used for predicting TFBS using the features PSSM and energy. 

2.4.1 Algorithm 

Step1 : Create Transcription factor Matrix 

Step2: Convert TF matrix into position Weight matrix 

Step 3: Convert input Yeast genome sequence (<4000, FASTA format) to position count matrix . 

Step4: Add TF Weight matrix and input count matrix. The resultant matrix- PSSM.   

Step 5: Calculate mismatch energy 

                            ----------------------------------   Eq.1 [2] 

  Where                     [10] 

Step 6: Calculate Binding energy 

                       ----------------------------------------       Eq.2 [2]   

Step 7:   Calculate P-value from binding energy using normal distribution method [7] 

Step 8:   Calculate Local affinity of the   

                       ------------------------------ Eq.3 [2]   Where ln(                      

Step 9:  Complement TF matrix of the same TF repeat step 2 to step 8 
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Step 10:  Calculate Local affinity of the anti strand sequence 

                            --------------------------------Eq.4 [2] 

 Step 11: Calculate Total affinity 

  A=    +     ----------------------------------------Eq.5 [2]            

Step 12: Plot Binding energy graph and total affinity graph 

2.4.2. Implementation: The above algorithm was coded in MATLAB and the program is wrapped by 
a Visual studio C#.net script to maintain a user friendly web interface. 

3. Results and Discussion 

3.1 Predicted Result 

Our method for predicting the binding site and affinity of a protein towards DNA sequences is based 
on PSSM (Position Specific Scoring Matrix), binding energy and affinity.  Initially a database of 
transcription factors of Saccharomyces cerevisiea (Yeast) is created and then the PSSM which is a 
numerical representation of the DNA sequences for the TFs are generated computationally and stored. 
We implemented the above algorithm to devise a web tool named TRANSFABS based on the binding 
energy of the sequence. 

Organism Species TFName TFLengh Energyvalue Predicted Result 

Yeast Saccharomyces 

Cerevisiea 

Aft2p 7 0.011 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Dal80p 7 >1.57 Not a binding site 

Yeast Saccharomyces 

Cerevisiea 

Ecm22p 7 0.0443 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Gat3p 7 < 1.57 Not a binding site 

Yeast Saccharomyces 

Cerevisiea 

Gcn4p 7 0.0376 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Rds1p 7 0.0978 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Rgt1p 7 0.0137 Binding site 

Yeast Saccharomyces Ace2p  8 0.0403 Binding site 

1350

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

javascript:__doPostBack\('ctl00$ContentPlaceHolderMasterBody$GridViewPredictResult','Sort$Organism'\)
javascript:__doPostBack\('ctl00$ContentPlaceHolderMasterBody$GridViewPredictResult','Sort$Species'\)
javascript:__doPostBack\('ctl00$ContentPlaceHolderMasterBody$GridViewPredictResult','Sort$TFName'\)
javascript:__doPostBack\('ctl00$ContentPlaceHolderMasterBody$GridViewPredictResult','Sort$TFLengh'\)
javascript:__doPostBack\('ctl00$ContentPlaceHolderMasterBody$GridViewPredictResult','Sort$EnergyValue'\)
javascript:__doPostBack\('ctl00$ContentPlaceHolderMasterBody$GridViewPredictResult','Sort$PredictedResult'\)


 
 

30 
 

Table1. Predicted result of transcription factor name, length, energy value 

 

 

 

 

 

 

           Fig 2. Binding energy graph of Gcn4p                     Fig.3 Binding affinity graph of GCn4p 

 

 

. 

 

 

 

Fig.4. Sequence logo of transcription factor Gcn4p. 

3.2. WEB Tool  

TRANFABS (TRANscription 
FActor Binding tool for 
Saccharomyces cerevisiea) 

Fig: 5.Transcription Factor is  
Rgt1p and its Affinity gra 

Cerevisiea 

Yeast Saccharomyces 

Cerevisiea 

Adr1p 8 0.0849 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Tbf1p 8 0.0483 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Dal81p 11 0.00038121 Best Binding site 

Yeast Saccharomyces 

Cerevisiea 

Sip4p 13 0.00013397 Best Binding site 
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Fig. 6.Transcription Factor is  Rgt1p and its Binding energy graph 

 

 

 

 

 

 

 

 

4. Associated work 

As a part of a collaborative work, Bioinformatics prediction of transcription factor binding to 
UASsir2: We analyzed the 429 base pairs upstream of Sir2 regulatory region for identifying 
transcription factor binding sites of Saccharomyces cerevisiea. The analysis for finding transcription 
factors was performed by the statistical method [2] employed in the most widely used Transcription 
Factor Affinity Prediction TRAP tool. According to the prediction using the tool, eight transcription 
factors were found to have high binding affinity namely CUP9, RIM101, SOK2, TOD6, PHD1, 
TEC1, DOT6 and SUM1. The transcription factors from both the databases TRANSFAC and 
JASPAR with their ranks are as shown in Table 2. From the tabulation of data it is evident that Cup9 
shows highest binding affinity having p value 0.007. This result was verified in the wet lab and 

Sl No Rank  Matrix  Matrix name  p-value Sequence  

1 2  M01549  F$CUP9_01        0.00742  TCCTCAATGTGTCAATTAAC  

3  MA0288.1  CUP9                  0.00791  AATGTGTCA  

2 5   M01030  F$RIM101_01    0.0176  CCAAGCTA  

3 6  M01621  F$SOK2_01        0.0278  GCCTGCAACT  

7  MA0385.1  SOK2                  0.0329  TATATGCATGCG  

4 9  MA0350.1  TOD6                  0.0341  ATTTTTCCCTCATCGGCACAT  

5 10  M01523  F$PHD1_01        0.0343  ATGCTTATATGCATGCGCAT
A  

6 11  M01534  F$TEC1_01        0.0345  TTGCCAAAATTCTTGCTTTC  

7 12  M01537  F$DOT6_01        0.0355  ATTTTTCCCTCATCGGCACAT  

13  MA0351.1  DOT6                  0.0363  ATTTTTCCCTCATCGGCACAT  

8 14  MA0398.1  SUM1                  0.0424  TTAATTTAT  
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experimentally validated [6]. 

Table 2. The tabulated tool output of transcription factors from the databases JASPAR and 
TRANSFAC ranked according to the binding affinities where Matrix is the Matrix number for each 
transcription factor , Matrix name is the name of the PSSM databases and p-value the statistical score 
for ranking the transcription factors. 

5. CONCLUSION 

Identifying transcription factor binding sites (TFBSs) is helpful for understanding the mechanism of 
transcriptional regulation. The abundance and the diversity of genomic data provide an excellent 
opportunity for identifying TFBSs. Developing methods to integrate various types of data has become 
a major trend in this pursuit. We provide a systematic procedure of computationally predicted tissue-
specific binding targets for 100 yeast TFs and 400 transcription factor binding sites. Such 
comprehensive resource is useful for researchers studying gene regulation. We predict binding site 
with the help of TRANFABS tool. In this tool we use statistical method like PSSM and biochemical 
properties like binding energies and affinity. As per suggestions, we can use soft computing methods 
instead of the statistical method for predicting binding site. Next we improve by trying to include 
more DNA properties as parameters for binding site prediction and add more species and predict their 
binding sites. 
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ABSTRACT 

Named Entities are atomic elements in textual documents like names of persons, organisations, 
percentage values, place names etc. named Entity Recognition is mainly a subtask of information 
extraction and is one of the most important application areas of natural Language Processing that does 
the job of finding the named entities in textual documents. named Entity Recognition is used mainly 
for information retrieval systems, summarisation systems, question answering systems, semantic web 
search, classifying ambiguous strings correctly etc. named Entity Recognition can be done using 
many approaches like Rule based named Entity Recognition, Machine learning based named Entity 
Recognition as well as combining different approaches forming a hybrid approach. named Entity 
Recognition systems of English language gives good accuracy but in Indian languages especially for 
languages like Malayalam work in the field of named Entity Recognition has not made much progress 
because of various features of the language such as its agglutinative nature, free word order, lack of 
capitalisation information etc. This paper presents a comparative study of various named Entity 
Recognition approaches in English and Hindi in view to tune them and apply it to Malayalam 
language for developing a named Entity Recognition System with good performance in terms of 
Precision, Recall and f-measure. 

INTRODUCTION 

Named Entity Recognition (NER)  is the process of identifying the named entities like name of a 
person, location, organisation etc. from a document and grouping it to different classes. So it can be 
defined as a two-step process. First step identifies the named entities and second step attempts to 
classify it into its appropriate name class.  This task is difficult task as there exists many ambiguities 
in natural language like a word can belong to more than one name class based on contexts, a word can 
be a named entity (NE) in one context but not an entity in othercontext etc. For example the word 
‘Ganga’ can belong to name class river as well as name class person based on context. The phrase 
‘Named Entity’ was formally introduced in MUC-6. 

NER has lots of applications. First and foremost is its application in the field of information extraction 
which is the process of extracting structured information from unstructured data.It can also be used 
for the construction of question answering systems as well as for efficient search engines. Mostly the 
answers to fact based questions are named entities which can be recognised by NER Systems. It is 
also helpful in simplifying tasks like machine translation, aggregation of documents, summarization 
systems, automatic indexing of books etc. 

NER systems of English language is highly accurate. But in other Indian languages especially like 
Malayalam work [Jisha P Jayan, Rajeev R.R and Elizabeth Sherly(2013)] in the field of NER is slow 
compared to English. This is due to features of the languages like:- 

1354

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

34 
 

1.) Highly agglutinative nature. 

2.) Most of the Indian languages lack capitalisation information. 

3.) Most of the Indian languages are free word order in nature i.e. they lack subject – verb – object 
agreement. 

4.) Indian Languages lack resources like Gazetteers which are lists containing seed values of named 
entities. 

 General conceptual diagram for NER is given in figure1. The conceptual diagram gives only a 
brief overview about the whole process but does not detail on all the steps involved which depend on 
the technique which we are going to adopt for NER. When a particular sentence consisting of multiple 
tokens are given as input to NER System the system splits them into multiple tokens during pre- 
processing. Pre- processing involves many steps like stemming depending upon the technique which 
we are going to use for NER. These tokens are passed to NER systems which do the process of 
identification and classification into different name classes like person, organisation, location etc.  

 

 

 

 

 

 

Figure 1 General Conceptual Structure of NER system 

METHODOLOGIES 

Named Entity Recognition approaches are:- 

RULE BASED APPROACH 

 This approach [Deepthi Chopra, Nusrat Jahan and Sudha Morwal (2012)] does the NER using 
some rules, lists or a set of dictionaries and such other documents which are hand coded by human 
beings. This approach like any other approach formulates rules based on context in which each NE 
can appear. Main disadvantage of this method is that it requires lot of human effort, is highly language 
dependant and has very low performance. Rule based approach can be broadly classified as Linguistic 
Approach and List look up Approach. 

 Linguistic Approach 

 In this approach a linguist who is an expert in the specified language create hand crafted rules 
which should be satisfied by the particular word to belong to that specific name class or for the word 
not to be included to any of the name class. The rules formed in this manner are used to find patterns 
which are based on various syntactic, grammatical and orthographic features.An example for a rule: 

If Wi is numeric word, Wi+1 a month name,Wi+2  a four digit number then that is a date. 
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 List Look Up Approach 

 Lists containing named entities are used for this approach. Different lists can be formed 
containing named entities belonging to different name classes like person names, location names, 
organisations etc. These lists can be used to carry out the look up operation or searching for the 
identification and classification of named entities. This approach is not very accurate as the lists may 
not include all the named entities of a particular class. But Indian languages lack resources. So this 
approach can be applied to Indian languages only after the construction of these resources. 

MACHINE LEARNING BASED APPROACHES 

 Machine Learning based approaches are highly automated and can be broadly classified as 
unsupervised and supervised machine learning approaches. Unsupervised machine learning 
approaches does not use any training data. But the performance of systems using unsupervised 
machine learning approach is very low compared to supervised model. Some Techniques for 
Supervised Machine Learning Based Approach:- 

 Hidden Markov Model  

This model follows the markov chain property where the probability of occurrence of a particular 
state depends on just previous state. In this model [ D.M. Bikel, S. Miller, R. Schwartz  and R. 
Weishedel (1998)]  a statistical bigram language model is used in each of name class states.Given a 
sequence of words W and a sequence of name classes NC for those words most probable sequence of 
Name Classes NC can be obtained by the formula 

P(NC|W)=P(W,NC)/P(W).     ................ (1) 

Our aim is to maximise P(NC/W). A word is assigned with a particular name class such that the value 
of P(NC/W) is highest among all the other probabilities for the word to belong to other name classes. 
Viterbi algorithm is used to search the space of all name class assigned to words such that the 
assignment has maximum value for P(W,NC) of equation (1). 

In case of unknown words sufficient training will not be available in such cases the technique of Back 
off Models [G.D Zhou and J.Su (2002)] and Smoothing is applied. Separate training is provided for 
unknown words and unknown word model is formed which gathers statistical information. Let a={1-
(old c(Y)/c(Y))}1/(1+unique outcomes of Y/c(Y)) where c denotes the count, 'old c(Y)' denotes size 
of model which we are backing off then Pr(X|Y) assigns a weight of 'a' for direct computation and '1-
a' for back off model. 

 Maximum Entropy Model  

Maximum Entropy Based Model(MaxEnt) [A. Borthwick, J. Sterling, E. Agichtein, R. Grishman 
(1998)] is a statistical machine learning based model and is built based on features selected and the 
training corpus. This model [S.K Saha, S. Chatterji, S. Dandapat, S.Sarkar and P.Mitra(2008)] assigns 
a probability for each word to belong to a particular class. Most accurate or probable tag can be 
identified based on the probability. If sequences of words are given, the probability of each word to 
belonging to a name class is obtained. The tag with highest class conditional probability is assigned to 
that particular word. Some sequence of tags should not happen and in order to eliminate that some 
restrictions are framed. Beam Search algorithm which uses these restrictions are used to avoid tag 
sequences which should never happen. 
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 Support Vector Machines  

 Support Vector machines [Y. C. Wu,  T.K Fan, Y. S Lee and S. J Yen (2006)] are machine 
learning models. It is used for binary classification. SVM tries to find an optimal hyper plane which 
separates positive and negative examples with maximal margin. Many planes can be defined which 
separates the positive and negative examples, but SVM tries to find the optimal hyper plane which 
performs binary classification with maximal margin.  In case of NER SVMs can be used for 
classification by distinguishing a word as an example of a particular class and all the rest classes. 

RESULTS 

A comparative study of some of the above techniques was made. The techniques were compared on 
datasets collected for English and Hindi. The datasets for English and Hindi consists of some 
documents collected from web like a part of MUC 3 and 4 corpus and articles collected from IJCNLP 
sites. The data for training has been annotated in IOB format i.e. a B-xxx tag is given for first word of 
a NE and I-xxx tag is given for all the other words of the NE following the first word. O tag is given 
for those words which are not a NE or which are outside of a NE. 

The performance of the system has been measured in terms of 3 parameters:- 

1. Precision: % of selected items that are correct  

Precision = Number of correctly tagged words/ Number of words tagged 

2. Recall: % of correct items that are selected  

Recall=Number of correctly tagged words/ Number of named entities in the document. 

3. F-Score:A combined measure that assesses the P/R tradeoff is F measure 

F measure=2PR/(P+R) 

The results obtained are listed in tables 1 to 6. The comparative study is done for named classes such 
as person, organisation and location names. For English the corpus contains 70 person names which is 
denoted as PER, 110 location names denoted as LOC and  92 organisation names denoted as ORG. 
For Hindi the corpus contains 99 person names, 75 location names and 115 organisation names. The 
number of entities belonging to each class identified by each of the systems is listed in the tables and 
also number of entities which are correctly identified and tagged is also shown. Finally the parameters 
like precision, recall and F-measure are calculated and shown. Table 7 gives a comparison of f-
measure values of all the approaches applied to Hindi and English Corpus. 

Name Class No of 

NE`s in 

dataset 

No of NE`s 

identified 

No of NE`s 

identified 

Correctly 

Precision  

(%) 

Recall 

(%) 

F-measure 

(%) 

PERSON 99 75 51 68 51.5 58.6 

ORGANISATION 115 87 58 66.6 50.4 57.3 

LOCATION 75 56 38 67.8 50.6 57.9 
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Table 1: Results of Rule based Approach applied to Hindi Corpus 

Name Class No of 

NE`s in 

dataset 

No of NE`s 

identified 

No of NE`s 

identified 

Correctly 

Precision  

(%) 

Recall 

(%) 

F-measure 

(%) 

PERSON 99 98 89 90.8 89.8 90.2 

ORGANISATION 115 114 102 89.4 88.6 88.9 

LOCATION 75 75 67 89.3 89.3 89.3 

Table 2: Results of Hidden Markov Model Approach applied to Hindi Corpus 

Name Class No of 

NE`s in 

dataset 

No of NE`s 

identified 

No of NE`s 

identified 

Correctly 

Precision  

(%) 

Recall 

(%) 

F-measure 

(%) 

PERSON 99 97 81 83.5 81.8 82.6 

ORGANISATION 115 113 94 83.1 81.7 82.3 

LOCATION 75 74 63 85.1 84 84.5 

Table 3: Results of Maximum Entropy Model based Approach applied to Hindi Corpus 

Name Class No of 

NE`s in 

dataset 

No of NE`s 

identified 

No of NE`s 

identified 

Correctly 

Precision  

(%) 

Recall 

(%) 

F-measure 

(%) 

PERSON 70 67 45 67.1 64.2 65.6 

ORGANISATION 110 107 72 67.2 65.5 66.3 

LOCATION 92 90 62 68.8 67.3 68.04 

Table 4: Results of Rule based Approach applied to English Corpus 

Name Class No of 

NE`s in 

dataset 

No of NE`s 

identified 

No of NE`s 

identified 

Correctly 

Precision  

(%) 

Recall 

(%) 

F-measure 

(%) 

PERSON 70 69 65 94.2 92.8 93.4 

ORGANISATION 110 109 103 94.4 93.6 93.9 

LOCATION 92 92 85 92.3 92.3 92.3 

Table 5: Results of Hidden Markov Model based Approach applied to English Corpus 

Name Class No of 

NE`s in 

dataset 

No of NE`s 

identified 

No of NE`s 

identified 

Correctly 

Precision  

(%) 

Recall 

(%) 

F-measure 

(%) 
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PERSON 70 66 63 95.4 90 92.6 

ORGANISATION 110 105 100 95.2 90.9 93 

LOCATION 92 87 82 94.2 89.1 91.6 

Table 6: Results of Maximum Entropy Based Model applied to English Corpus 

Corpus Rule based HMM based Maximum Entropy 
based 

English 66.64 93.2 92.4 

Hindi 57.9 89.4 83.13 

Table 7: Comparison of average f-measure values for different approaches applied to English and 
Hindi Corpus. 

Conclusion and Future Work 

 This paper presents a comparative study of various approaches applied for NER for English 
and Hindi. We can conclude that NER Systems for Hindi is not much developed compared to English 
and Machine learning based approaches for NER performs superior to rule based approaches. In 
future various approaches can be combined and used to develop an efficient NER System for 
Malayalam. The systems present for Hindi needs to be tuned properly in order to develop it, as Hindi 
and Malayalam has lot of features in common. The efficiency of these systems also needs to be 
improved to achieve precision, recall and F-measure values almost near to that of English NER 
Systems. 
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ABSTRACT 

The identification of abnormal or anonymous entity from large data set has become a tedious problem 
in the area of homeland security. a large number of techniques are available in the area of data mining 
for the purpose of abnormal node detection. but only a little work has been done in discovering or 
finding the abnormal instances in large complex semantic graphs, whose nodes are richly connected 
with many different types of links. In this paper a novel approach is proposed as a solution to this 
problem. This approach includes a framework which leads to the discovery of abnormal node. 

General Terms and keywords 

Anomaly Detection, Data Mining, Knowledge and Data Engineering Tools and Techniques, Semantic 
Graphs. 

General Terms and Keywords 

Anomaly detection, data mining, knowledge and data engineering tools and techniques, semantic 
graphs. 

INTRODUCTION 

Nowadays home land security has become a big problem. Being able to find the abnormal or 
anonymous nodes or entity automatically from large data set has become a huge task for law 
enforcement agencies.  

In this work a novel approach is proposed to find the abnormal node from a semantic graph. A 
semantic graph simply means graph which provides the meaning. Here the whole work is divided into 
two stages: 1. Semantic Profile Generation Stage.  2. Abnormal Node Discovery Stage. In the first 
stage a semantic profile is created for each node in the semantic net. In the second stage a new 
approach is introduced for the abnormal node detection. 

This paper is divided into 5 sections. Section 2 describes the Related works, section 3 describes the 
proposed solution followed by the experimental results in section 4 and conclusion in section 5. 

RELATED  WORKS 
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A huge amount of work has been done in the area of data mining for the purpose of finding the 
abnormal node. Paper [1],  introduces a new method for finding the abnormal node. A rule-based 
system was introduced as result of this. In the rule based system a list of  rules followed by a pattern 
matching was done based on which the abnormal node or entity was discovered. In paper [5],  a 
supervised learning system was introduced ,according to this system they take manually labeled 
individuals as inputs to their system and the classification is done based on that. There were many 
disadvantages in using these approaches for the discovery of abnormal node, they are domain 
independent, expensive to create, and, most seriously, very sensitive to human bias. These methods 
were based on manually created rules so it does not work for all inputs. The advantage is that, it 
provides high Precision was achieved due to the manual crafting. So in order  to overcome the 
disadvantages explained above ,we feel that an unsupervised method system should be introduced. 
Another important advantage of an unsupervised system is that it can be easily adapted to a new 
domain, without having to produce a completely new set of rules or training examples, which could 
be very expensive and time consuming. 

There were several unsupervised methods earlier. Some of the methods were PageRank, random 
walks, and social network analysis (SNA)[8][9] . These methods were applied for homeland security 
and crime analysis with a certain level of success , but all these methods suffered from one drawback 
which was “semantics” .These methods did not preserve the semantic of the data which was very 
important. Our novel approach outperforms all the methods explained above.Our paper includes an 
unsupervised framework to capture the semantics of the node which we call as the semantic Profile 
Generation of nodes. Secondly a novel approach is proposed to find the abnormal node from them 
based on the abnormal behavior. 

PROPOSED SOLUTIONS 

The Solution approach is divided into 2 stages. I) Semantic Profile Generation Stage II) Abnormal 
Node Discovery Stage. 

I) Semantic Description Stage: 

This stage consists of: a) Path selection stage b) Dependency Calculation . 

A) Path Selection Stage: 

The path selection is based on the 
two random experiments. 

 

 

 

 

 

Fig. 1. Information flow in UNICORN Framework. 

Random experiment 1(Re1): In this experiment a path is taken randomly without many rules, ie if 
path is the total number of paths then the randomly taken path can be found out by 1/ path. 
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Random experiment 1(Re2): In this experiment random node is chosen first and based on that a path 
is selected which starts from that selected node. 

B)Dependency Calculation: 

For the purpose of dependency calculation a conditional dependency is calculated. After finding the 
path types of each node from the previous section , a conditional probability is applied on this. 

Example: Let the path type be made(?X; ?Y ) .We can assume that node BI can occur in many paths. 
made(B1; P1); . . .  made(B; P99); from these paths we can conclude that author B1 can published 99 
papers when compared to the other authors. So we can say that B1 contributes more than other 
authors.So the conditional probability can be given as (node=B1|Pathtype=made). In this case, we can 
say that the dependency measure between the node B1 and path type made is 0.99. 

II) Abnormal node discovery stage: 

In this stage an abnormal discovery task is done. From the above stage we got the semantic 
description of each node. This semantic Profile is taken as the input to the this stage, Fig 1. In this 
stage a new framework is introduced which is based on distance-based outlier algorithm. This outlier 
algorithm is based on the ranking process .  

According to this algorithm all the calculated contributions are ranked in an order and the highest 
ranked node (which has got highest contribution value) is taken as the abnormal node. The below 
algorithm explains the ranking algorithm based on the new framework which is named as  
UNICORN. 

ALGORITHM 1 

 

function UNICORN (M,mc,k) 

// M is an MRN<V, E, L> 

// mc is a meta-constraint for selecting  path types 

// k is the maximum path length for path types 

 

1. var profile array[|V|,|PT|] of float 

2. PT:=exractpathtypes (M,mc,k) 

3. for n ԑ v 

4.    for pt ԑ PT 

5.         profile[n,pt]:=getContribution (M,n,pt) 

6. return getOutliers(profile) 
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function exractpathtypes(M,mc,k) 

1. PT:={l1,….ll} 

2. for pathlength:=1 to k-1 

3.   for pt ԑ PT where length(pt)=pathLength 

4.     for l ԑ L 

5.       pt’=concatenate(pt,l) 

6.       if pathExist(M,pt’) and satisfies(pt’,mc) 

  7.      PT:=PT υ pt’ 

  8. return PT 

 

  function getContribution(M,s,pt) 

  1. starts:=number of path of type pt in M that s starts  

  2. all:= number of path of type pt in M 

  3. return start/all 

4. EXPERIMENTS AND EVALUATION 

The data sets used here are a part of a large suite of simulated data sets developed during the US 
Defense Advanced Research Projects Agency (DARPA)’s Evidence Extraction and Link Discovery 
Program for the purpose of evaluating link discovery algorithms such as pattern matchers, group 
detectors, etc. The data was generated by a simulator of a Russian organized crime domain that 
simulates the whole process of ordering, planning, and executing high-level criminal activities such as 
murders for hire or gang wars with a large number of possible variations and records an incomplete 
and noisy picture of these activities in the generated evidence files . 

We tested on six different data sets (D1 to D6) whose characteristics are described in Tables 1 and 2. 
Each data set contains roughly 6,000-9,000 nodes, whereas the number of links ranges from 8,000 to 
16,000. There are 16 different node types representing objects and events and 31 different link types 
representing the relationships between those nodes. Each data set contains 42 Mafia groups and 21 
different industries. The data sets differ in size (large or medium), observability (low, average, or 
high), and noise level (0, 1, or 2). The size parameter does not reflect the total number of nodes and 
links in the data but instead how many contract murder events there are. 
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TABLE 1:Properties of the Simulated Russian Organized Crime Data 

 

 

 

    TABLE 2: Node and Link Types 

Results  for each Algorithm 1 is shown in Table 3. 

5. CONCLUSION 

In this paper, we described a general unsupervised framework for identifying abnormal individuals in 
large complex semantic graphs. Our first contribution is the development of a novel framework, 
which can summarize the semantics of nodes into propositional semantic profiles. Given such 
profiles, we can compare and contrast nodes and exploit distance-based outlier algorithms to identify 
abnormal and suspicious nodes. Since the method is unsupervised and does not require training 
examples or user-defined features, it has the potential to discover truly novel instances without being 
biased by human analysts or training examples. 
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TABLE 3: Result Analysis 
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ABSTRACT 

Transcription   factors   (TFs)   are   regulatory   proteins   that   bind   DNA   in   promoter   regions   
of   the genome   and   either   promote   or   repress   gene   expression.  The   analysis   of   
regulatory   regions   in genome sequences is strongly based on the detection of potential transcription 
factor binding sites.    Prediction   of   transcription   factor   binding   sites   (TFBSs)   is   crucial   for   
promoter   modeling   and network inference. DNA binding sites for a given transcription factor are 
usually all different, with varying   degrees   of   affinity   of   the   transcription   factor   for   the   
different   binding   sites.  The affinity based approach towards comparative genomics may allow a 
more quantitative analysis of the principles governing the evolutionary processes.  

Different computational methods are currently available for identifying transcription factor binding 
site and affinity in the genomes of different species. We put forward a method for predicting the 
binding site and affinity of a protein towards DNA sequences based on PSSM (Position Specific 
Scoring Matrix), binding energy and affinity.  Initially a database of transcription factors of 
Saccharomyces cerevisiea (Yeast) is created and then the PSSM which is a numerical representation 
of the DNA sequences for the transcription factors are generated computationally and stored. Our 
algorithm predicts the Transcription Factor Binding Site and Affinity of transcription factors for a 
given sequence on the basis of the energy calculated from the PSSM stored in the database. We 
implemented the above algorithm to devise a web tool based on the binding energy of the sequence. 
In an associated research, we analyzed the 429 base pairs upstream of Sir2 gene of Saccharomyces 

cerevisiea and experimentally validated that the transcription factor CUP9 is having high binding 
affinity towards the heat shock protein HSP82 resulting in the transcriptional regulation of Sir2.  Our 
proposed method shows promise in revealing the complex mechanisms governing transcriptional 
regulation. 

1. Introduction 

Gene regulation is used to regulate the way that the information in genes is turned into gene products. 
It is essential for organism to increases the versatility and adaptability, by allowing the cell to express 
protein when needed. Gene expression is regulated to ensure that the correct proteins are made when 
and where they are needed. Regulation may occur at any point in the expression of a gene, from the 
start of transcription to the processing of a protein after translation. Gene expression can be modulated 
from transcriptional initiation, to RNA processing, and to the post-translational modification of a 
protein. In eukaryotic cells, the start of transcription is one of the most complicated parts of gene 
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regulation. Transcription factor has an important role in regulating gene expression. It controls the 
flow of genetic information from DNA to mRNA. Transcription factor binding site is the DNA 
sequence that a transcription factor binds, also called response element. Transcription factor interact 
with their binding sites using a combination of hydrogen bonds, electrostatic and Van der Waals 
forces. Due to the nature of interactions, most transcription factors bind DNA in a sequence specific 
manner. The accurate prediction of transcription factor binding sites is useful for the getting 
information about the function and regulation of genes discovered in genome sequencing projects. For 
predicting the binding site of transcription factor different models of sites are used as strings and 
position weight matrices. Transcription factors show sequence-specific binding, they form stronger 
bonds with DNA sequences. Identification of a good binding site in the promoter for a gene suggests 
the possibility that the corresponding factor may play a role in the regulation of that gene.  

The aim of this paper is to build a useful transcription factor binding site prediction software tool. 
Various approaches are existing for finding TFBS in a genomic sequence. We developed a new tool 
TRANFABS: A tool for predicting TRANscription FActor Binding site and affinity of 
Saccharomyces cerevisiea is explained in the concluding part of this work. 

2. Materials and Methods 

2.1 Existing methods for TFBS prediction 

2.1.1 Consensus Sequences: The conserved sequence motifs are called consensus sequences and they 
show which residues are conserved and which residues are variable. The consensus sequence is the 
calculated order of most frequent residues, either nucleotide or amino acid, found at each position in a 
sequence alignment.  

2.1.2 Position Weight Matrix: Position weight matrix (PWM) is not only one of the most widely used 
Bioinformatics methods, but also a key component in more advanced computational algorithms for 
characterizing and discovering motifs in nucleotide or amino acid sequences.  

2.1.3 Position Specific Scoring Matrix: Position-specific scoring matrices (PSSM) offer a flexible 
way to represent the specificity of transcription factor/DNA interactions. PSSM can be built on the 
basis of a set of known binding sites for the factor of interest. The knowledge for PSSM can be 
obtained from various transcription factor databases. 

2.2 Data Set 

The Transcription Factors of  Saccharomyces cerevisiea are collected from YEASTRACT database.  
YEASTRACT contain 174 transcription factors. There are seven hundred thirty two (732) 
transcription factor binding sites are available in this database. These data were downloaded and used 
to construct a database using SQL database server 2008. Then PSSM for each of the transcription 
factor was created from alignments of known binding sites from the database. 

2.3 Features selected 

2.3.1. Position Specific Scoring matrix: The values of the distribution matrix are 0 and 1. When a 
base pair is present then the corresponding base value will be 1, otherwise 0.  
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Fig1. Position Specific Scoring Matrix 

2.3.2 Energy  

To predict the binding strength of a given transcription factor to a promoter sequences the PSM 
matrix is employed on the basis of the biophysical model,[2], calculates the local affinity and avoids 
this artificial separation by computing the occupancy of a TF to each site in the sequence using 
equation: 
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wherevi,max is the frequency of the consensus base at position i in the PSM and vi,α is its frequency.  

2.4 Methodology 

The following algorithm is used for predicting TFBS using the features PSSM and energy. 

2.4.1 Algorithm 

Step1 : Create Transcription factor Matrix 

Step2: Convert TF matrix into position Weight matrix 

Step 3: Convert input Yeast genome sequence (<4000, FASTA format) to position count matrix . 

Step4: Add TF Weight matrix and input count matrix. The resultant matrix- PSSM.   

Step 5: Calculate mismatch energy 

                            ----------------------------------   Eq.1 [2] 

  Where                     [10] 

Step 6: Calculate Binding energy 
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                       ----------------------------------------       Eq.2 [2]   

Step 7:   Calculate P-value from binding energy using normal distribution method [7] 

Step 8:   Calculate Local affinity of the   

                       ------------------------------ Eq.3 [2]   Where ln(                      

Step 9:  Complement TF matrix of the same TF repeat step 2 to step 8 

Step 10:  Calculate Local affinity of the anti strand sequence 

                            --------------------------------Eq.4 [2] 

 Step 11: Calculate Total affinity 

  A=    +     ----------------------------------------Eq.5 [2]            

Step 12: Plot Binding energy graph and total affinity graph 

2.4.2. Implementation: The above algorithm was coded in MATLAB and the program is wrapped by 
a Visual studio C#.net script to maintain a user friendly web interface. 

3. RESULTS AND DISCUSSION 

3.1 Predicted Result 

Our method for predicting the binding site and affinity of a protein towards DNA sequences is based 
on PSSM (Position Specific Scoring Matrix), binding energy and affinity.  Initially a database of 
transcription factors of Saccharomyces cerevisiea (Yeast) is created and then the PSSM which is a 
numerical representation of the DNA sequences for the TFs are generated computationally and stored. 
We implemented the above algorithm to devise a web tool named TRANSFABS based on the binding 
energy of the sequence. 

Organism Species TFName TFLengh Energyvalue Predicted Result 

Yeast Saccharomyces 

Cerevisiea 

Aft2p 7 0.011 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Dal80p 7 >1.57 Not a binding site 

Yeast Saccharomyces 

Cerevisiea 

Ecm22p 7 0.0443 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Gat3p 7 < 1.57 Not a binding site 
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Table1. Predicted result of transcription factor name, length, energy value 

 

 

 

 

 

 

           

 Fig 2. Binding energy graph of Gcn4p                     Fig.3 Binding affinity graph of GCn4p 

.  

Fig.4. Sequence logo of transcription factor Gcn4p. 

Yeast Saccharomyces 

Cerevisiea 

Gcn4p 7 0.0376 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Rds1p 7 0.0978 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Rgt1p 7 0.0137 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Ace2p  8 0.0403 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Adr1p 8 0.0849 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Tbf1p 8 0.0483 Binding site 

Yeast Saccharomyces 

Cerevisiea 

Dal81p 11 0.00038121 Best Binding site 

Yeast Saccharomyces 

Cerevisiea 

Sip4p 13 0.00013397 Best Binding site 
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3.2. WEB Tool  

TRANFABS (TRANscription FActor Binding tool for Saccharomyces cerevisiea) 

 

 

4. Associated work 

 

As a part of a collaborative work, Bioinformatics prediction of transcription factor binding to 

Sl No Rank  Matrix  Matrix name  p-value Sequence  

1 2  M01549  F$CUP9_01        0.00742  TCCTCAATGTGTCAATTA
AC  

3  MA0288.1  CUP9                  0.00791  AATGTGTCA  

2 5   M01030  F$RIM101_01    0.0176  CCAAGCTA  

3 6  M01621  F$SOK2_01        0.0278  GCCTGCAACT  

7  MA0385.1  SOK2                  0.0329  TATATGCATGCG  

4 9  MA0350.1  TOD6                  0.0341  ATTTTTCCCTCATCGGCAC
AT  

5 10  M01523  F$PHD1_01        0.0343  ATGCTTATATGCATGCGC
ATA  

6 11  M01534  F$TEC1_01        0.0345  TTGCCAAAATTCTTGCTTT
C  

7 12  M01537  F$DOT6_01        0.0355  ATTTTTCCCTCATCGGCAC
AT  

13  MA0351.1  DOT6                  0.0363  ATTTTTCCCTCATCGGCAC
AT  

8 14  MA0398.1  SUM1                  0.0424  TTAATTTAT  

Fig: 5.Transcription Factor is  

Rgt1p and its Affinity grap 
Fig. 6.Transcription Factor is  

Rgt1p and its Binding energy 

graph 
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UASsir2: We analyzed the 429 base pairs upstream of Sir2 regulatory region for identifying 
transcription factor binding sites of Saccharomyces cerevisiea. The analysis for finding transcription 
factors was performed by the statistical method [2] employed in the most widely used Transcription 
Factor Affinity Prediction TRAP tool. According to the prediction using the tool, eight transcription 
factors were found to have high binding affinity namely CUP9, RIM101, SOK2, TOD6, PHD1, 
TEC1, DOT6 and SUM1. The transcription factors from both the databases TRANSFAC and 
JASPAR with their ranks are as shown in Table 2. From the tabulation of data it is evident that Cup9 
shows highest binding affinity having p value 0.007. This result was verified in the wet lab and 
experimentally validated [6] Table 2. The tabulated tool output of transcription factors from the 
databases JASPAR and TRANSFAC ranked according to the binding affinities where Matrix is the 
Matrix number for each transcription factor , Matrix name is the name of the PSSM databases and p-
value the statistical score for ranking the transcription factors. 

5. CONCLUSION 

Identifying transcription factor binding sites (TFBSs) is helpful for understanding the mechanism of 
transcriptional regulation. The abundance and the diversity of genomic data provide an excellent 
opportunity for identifying TFBSs. Developing methods to integrate various types of data has become 
a major trend in this pursuit. We provide a systematic procedure of computationally predicted tissue-
specific binding targets for 100 yeast TFs and 400 transcription factor binding sites. Such 
comprehensive resource is useful for researchers studying gene regulation. We predict binding site 
with the help of TRANFABS tool. In this tool we use statistical method like PSSM and biochemical 
properties like binding energies and affinity. As per suggestions, we can use soft computing methods 
instead of the statistical method for predicting binding site. Next we improve by trying to include 
more DNA properties as parameters for binding site prediction and add more species and predict their 
binding sites. 
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ABSTRACT 

 A fingerprint is an impression left by the friction ridges found on the inner surface of human 
fingers where friction ridge is a raised portion of the epidermis on the surface of palm. fingerprints are 
one of the unchangeable and infallible means of human identification since the ridge patterns in 
fingers are detailed, unique, never repeat, difficult to alter and persistent throughout life. due to this 
property, fingerprint technology is widely used in authentication systems. In these types of systems, 
during the enrollment process a fingerprint is read from a person, from which the features are 
extracted and they are stored on a database which are later used for authentication purpose. 

But today these systems face a problem with the privacy of fingerprints. a third party can steal the 
data and can be used to recreate the fingerprint pattern. So in order to secure the system, a method is 
proposed in which two fingerprints are combined and stored in database. In the enrollment, two 
fingerprints are captured from two different fingers. The minutiae positions from one fingerprint, the 
orientation from the other fingerprint, and the reference points from both fingerprints are extracted. 
based on these extracted information and some coding strategies, a combined minutia template is 
generated and stored in a database. In the authentication, the system requires two query fingerprints 
from the same two fingers which are used in the enrollment. by storing the combined minutiae 
template, the complete minutiae feature of a single fingerprint will not be compromised when the 
database is stolen. 

INTRODUCTION 

A fingerprint is an impression left by the friction ridges found on the inner surface of human fingers. 
A friction ridge is a raised portion of the epidermis on the surface of palms. The ridges have pores 
along their entire length which exude perspiration. So when fingers are made contact with somewhere 
on a polished surface, leaves an exact impression of the ridges and furrows which are called rugae and 
sulci respectively [Lee and Gaensslen, (2001)].  

Fingerprints are one of the unchangeable and infallible means of human identification because the 
ridge patterns are detailed, unique, never repeat, difficult to alter and persistent throughout life. Hence 
fingerprint technology is widely used in authentication systems to uniquely identify a person. In these 
types of systems, during the enrolment process a fingerprint is read from a person, from which the 
features are extracted and stored on a database which are later used for authentication purpose. But 
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today these systems face a problem with the privacy of fingerprints. A third party can steal the data 
and use it to recreate the fingerprint pattern.  So, in order to secure the system, a method is proposed 
here which involves the capturing of two different fingerprints which are combined, stored in database 
and used for authentication. 

MATERIALS AND METHODS 

The different phases in the proposed system are shown in figure 1. 

 

 

FINGERPRINT SCANNING 

A fingerprint image can be captured using inked method (offline) or using a livescan. During the 
enrolment process, the system captures two fingerprints from two different fingers, say fingerprint A 
and B from fingers A and B. After the acquisition of fingerprints both are converted to bi-level images 
which consist of only black and white pixels. 

THINNING OF FINGERPRINTS 

Then the fingerprints undergo thinning process or skeletonization. Whenever an image consists of 
strokes or curves of varying thickness, it is better to make them thin along the approximate middle of 
original stroke. Such thinned representations are easier to process which saves both time and space 
complexity. Guo-Hall thinning algorithm can be used to skeletonize the fingerprints [Guo and Hall, 
(1989)]. Let each of the fingerprint be defined by a matrix M where each pixel M(i,j) is either 1 or 0. 
The ridge consists of those pixels that have value 1. It is assumed that the neighbours of the point (i, j) 
are (i - 1, j), (i - 1, j + 1), (i, j + 1), (i + 1, j + 1), (i + 1, j), (i + 1, j - 1), (i, j - 1), and (i - 1, j -1) as 
shown in figure 2. 

 

 

 

 

In this algorithm an iterative method is used in which the new value given to a point at the nth iteration 
depends on its own value as well on its eight neighbours at the (n - 1)th iteration, so that all points can 
be processed simultaneously. A 3 x 3 window is used, and that each element is connected with its 
eight neighbouring elements. In order to preserve the connectivity of the skeleton, each iteration is 
divided into two sub iterations. In the first sub iteration, the point P1 is deleted from the fingerprint 
image if it satisfies the following conditions: 

P9(i-1,j-1) P2(i-1,j) P3(i-1,j+1) 

P8(i,j-1) P1(i,j) P4(i,j+1) 

P7(i+1,j-1) P6(i+1,j) P5(i+1,j+1) 

Figure 1: 
Different phases of fingerprint Authentication System 

Figure 2: 

Pixel P1 and its neighbouring 

pixels 
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(a) 2 <= B(P1) <= 6          (1) 

(b) A(P1)= 1           (2) 

(c) P2*P4*P6 = 0          (3) 

(d) P4*P6*P8=0          (4) 

where A(P1) is the number of 01 patterns in the ordered set P2, P3, P4, …, P8, P9 which are the eight 
neighbours of P1 and B(P1) is the number of nonzero neighbours of P1,that is, 

B(P1) = P2 + P3 + P4 + … + P8 + P9        (5) 

In the second sub iteration, only conditions (c) and (d) are changed as follows: 

(c') P2*P4*P8 = 0          (6) 

(d') P2*P6*P8=0           (7) 

and the rest remain the same. 

Thus by the first sub iteration only the south-east boundary points and the north-west corner points 
which do not belong to an ideal skeleton are deleted. Similarly in the second sub iteration a north-west 
boundary point or a south-east corner point are deleted. [Liu and Dai, (2011)]. 

 

 

 

 

 

 

 

 

A flowchart for the thinning process is given in figure 3. Initially, the original picture is stored in 
matrix M and a counter C is set to 0. The result of the processed picture is stored in matrix M. To save 
memory space, only two matrices, M and N, are used in computation. 

ORIENTATION ESTIMATION 

 

Figure 3: 

Flowchart for thinning 

Figure 4: 

Basic fingerprint patterns 
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The ridges and furrows form four basic types of fingerprint patterns as shown in figure 4. Every 
person in this world shares these patterns. An individual can have all of one type or even a mixture of 
all of them. In arch pattern, ridges and furrows course in straight lines transversely from one side to 
the other. Then little by little they become more curved in the middle, until they bent in arches which 
are nearly parallel. Tent pattern is almost the same as the arch, but the only difference is that the 
transversely coursing ridges are wrapped over a little peak. For loop pattern the oblique stripe by a 
simple curve returns to the side from which it came and follows many others in a similar curve. Near 
its base a triangle is formed from the different directions of the rugae and sulci. The whorl pattern is a 
circle where in the ellipse a simple line occupies the centre, in which there is a small island which is 
surrounded with concentric circles. The orientation, O represents the local ridge orientation at pixel. 
Local orientation of a pixel cannot be determined from the pixel alone but from the neighbouring 
pixels. So they are usually specified for a block rather than at every pixel. The image is divided into a 
set of W X W non-overlapping blocks and a single local ridge orientation is defined for each block. 
The local orientation in a block can be determined from the constituent pixel gradient orientations of 
the block. The orientation is obtained using algorithm which contains two phases: Ridge orientation 
estimation and verification algorithm (ROEVA) and fingerprint orientation restoration algorithm 
(FORA). The first phase divides a fingerprint into certain and uncertain blocks and the orientation of 
certain blocks are estimated. The second phase restores the orientation of uncertain blocks. 

MINUTIAE EXTRACTION  

Minutia is a small and precise detail of fingerprint. The two most important types of minute details are 
ridge ending and ridge bifurcation shown in figure 5. A ridge ending is a point in fingerprint where 
the ridge ends abruptly. A ridge bifurcation is defined as a point where ridge divides into branches. 
Other critical points in fingerprints are core and delta as in figure 6. A good quality fingerprint 
typically contains about 40-100 minutiae points. 

 

 

 

 

 

 

 

 

Each detected minutiae mi is described by four parameters: mi = (xi, yi, Өi , ti ) where: xi, yi are 
coordinates of minutiae points, Өi is minutiae direction typically obtained from local ridge orientation 

Figure 5: 

A: Ridge Ending 

B: Ridge Bifuracation 

Figure 6: 

Core and delta 
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and ti is type of the minutiae point. The position of the minutiae point is at the tip of the ridge or the 
valley and the direction is computed to the X axis as in figure 7 

 

 

 

 

 

 

 

REFERENCE POINTS DETECTION 

The reference points detection process use complex filters for singular point detection. The steps for 
reference points detection are 

1) Compute the orientation, O from the fingerprint and obtain the orientation in complex domain, 
where Z= cos(2O) +j sin(2O)         (8) 

2) Calculate a certainty map of reference points, Zref= Z* ref     (9) 

where“ *” is the convolution operator and  ref is the conjugate of Tref=(x+iy) 
      exp(

        )  which 

is the kernel for reference points detection. 

3) Calculate an improved certainty map 

C’ref= Cref. sin (Arg(Cref))   if Arg( Cref  )  > 0       (10) 

   0    otherwise 

Where Arg (z) returns the principal value of the argument of  z (defined from  - π to π ). 

4) Locate a reference point satisfying the two criterions:  

 the amplitude of C’ref  of the point  is a local maximum 

 the local maximum should be over a fixed threshold T 

5) Repeat step 4) until all reference points are located. 

6) If no reference point is found for the fingerprint in steps 4) and 5) locate a reference point 

with the maximum certainty value in the whole fingerprint image. 

COMBINED MINUTIAE TEMPLATE GENERATION 

Figure 7: 

Parameters of ridge endings 

and bifurcations 

1377

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

57 
 

Given a set of N minutiae positions, PA = { Pia = {xia, yia}  1<=i<=N} of fingerprint , the orientation 
OB  of fingerprint B and the reference points of fingerprints A and B, a combined minutiae template 
MC  is generated by minutiae position alignment and minutiae direction assignment as in figure 8. 

 

 

Among all the reference points of a fingerprint for enrolment, a reference point with the maximum 
certainty value is selected as the primary reference point. Let them be Ra and Rb for fingerprints A and 
B respectively. Let Ra is located at ra= (rxa, rya) with the angle βa and Rb is located at rb=(rxb,ryb) with 
the angle βb. The alignment is performed by translating and rotating each minutiae point Pia to 
Pic=(xic,yic) by ( Pic)

T =H. (Pia- ra) 
T + (rb)

T    (11) 

where H is the rotation matrix, 

   H=        cos(βb- βa)            sin (βb- βa) 

    - sin (βb- βa)  cos (βb- βa)   

 

Each aligned minutiae position Pic is assigned with a direction Өic is: 

Өic=OB(xic,yic) + ρi π where ρi is an integer which is 0 or 1. 

TWO STAGE FINGERPRINT MATCHING 

In the authentication phase, two query fingerprints from the same two fingers are required. Let them 
be fingerprints A’ and B’ from fingers A and B. From them the minutiae positions are extracted and 
the orientations from fingerprints are calculated. This extracted information is matched against the 
corresponding template stored in the database by using a two-stage fingerprint matching. The 
authentication will be successful if the matching score is over a predefined threshold [Li and Alex, 
(2013)]. 

 

 

RESULTS AND CONCLUSIONS  

Figure 8: 

Combined minutiae template 
generation 

Figure 9: 

Two stage fingerprint 

matching 
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The combined minutiae template is stored in database. So the complete minutiae feature of a single 
fingerprint will not be compromised when the database is stolen. Furthermore, it is difficult for the 
attacker to distinguish a combined minutiae template from the original minutiae templates. An 
authentication system is evaluated using the metrics False Rejection Rate (FRR) and False 
Acceptance Rate (FAR). False Rejection is the measure in which biometric security system will 
incorrectly reject an access attempt by an authorized user False Acceptance is the measure in which 
biometric security system will incorrectly accept an access attempt by an unauthorized user. The 
proposed system can achieve a very low error rate with good result. The performance evaluated is 
given in graph 1. 
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ABSTRACT 

 Neural network (nn) is an important tool for many pattern recognition tasks. Three java open 
source neural network frameworks (nnf) such as Encog v2.4, neuroph v2.4 and joonE 2.0 (java object 
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oriented neural Engine) are considered here for an experimental evaluation. The performance 
evaluation carried out by training feed-forward nn to recognize the XoR operator. nn as three layers: 
Input layer, hidden layer and output layer. Input to the XoR operator will be the input to the input 
layer of nn. In case of Encog, the sigmoid function is used as an activation function. a calling method 
is utilized to randomize all weights in every node in the nn. The random weights used here could not 
make nn to perform as XoR operation. So while training phase, we refined weights and allowed the nn 
to get output same as XoR operation. Two kinds of training methods are applied in Encog: Resilient 
Propagation (RPRoP) and Levenberg Marquardt (LMa). The LMa training technique converges from 
random weights rarely. This condition is true for a tiny network as we analysed here. So we used a 
redo strategy to re-randomize the weights, if there an improvement that smaller than 1% over the 5 
iterations. In case of neuroph, dynamic backpropagation is done with a Hyperbolic Tangent (TanH) 
activation function. In case of joonE, the hidden and output layers are both sigmoid. The nn loop-back 
through many epochs before the percentage of error becomes less than 1%. The training of entire 
network was completed in 45 iterations. after the training, the output from nn can be obtained. It may 
not exactly equal to the real output of XoR. but it will be a value so close to the ideal output. The 
training technique encompasses an enhanced version of backpropagation which utilizes a 
momentumto benchmark the nns. 

Introduction 

Rice, one of the world’s most important food plants, has important syntenic relationships with the 
other cereal species and is a model plant for the grasses. Farmers lose an estimated average of 37% of 
their rice crop to pests and diseases every year. All living organisms, ranging from microorganisms to 
plants and mammals have developed innate mechanisms to actively defend themselves against 
pathogen attack and in the production of antimicrobial peptides. The hypersensitive reaction to a 
pathogen is one of the most competent defense mechanisms in nature and leads to the induction of 
numerous plant genes encoding defense proteins. PR proteins are widely distributed in plants and are 
mainly induced by different stress situations. They were first discovered and designated as “b-
proteins” in tobacco leaves hypersenisitised to TMV; since then PR proteins have been described in 
various plant species including monocot and dicot plant [1]. The name “pathogenesis-related” 
proteins, or PRs, were proposed by Antoniw et al (1980) from different tobacco cultivars [2].  PRs are 
low-molecular weight proteins (6-43 kDa), extractable and stable at low pH (< 3), thermostable, and 
highly resistant to proteases [3, 4].   

Rice pathogenesis related PR4b protein plays an important role in the disease resistance responses of 
rice against the pathogen attack [5]. PR4b functions as a positive modulator of plant cell death and 
defense responses [6]. They belong to PR4 protein family, seen in both monocotyledonous and 
dicotyledonous plants. The conserved region common to all PR-4 proteins is the barwin domain 
which was characterized from the barwin protein isolated from barley [7].  

The lack of 3-D structures of Q6T5J8 is a constraint for understanding the molecular mechanisms of 
rice defense against the pathogen. Homology modeling is a novel way of elucidating the structural 
information of proteins where no crystal structure is available. Elucidation of the spatial 3D-
conformation and/or domain organization(s) of proteins are important pre requisites to better 
understand protein function. In the present study we report the comparative modelling of Q6T5J8 with 
1BW3.  
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Materials and methods 

Retrieval of target protein sequences 

The sequence of Pathogenesis Related 4b protein of Oryza sativa subsp. indica (Rice) protein 
(accession no: Q6T5J8; length: 151 residues) has been retrieved in FASTA format from SwissProt / 
Uniprot [8], which is a curated and annotated database. 

 

 

 

 

 

 

 

 

 

 

Template for Q6T5J8 modelling 

Template search was performed using BLASTP program against PDB database 
http://www.rcsb.org/pdb. Results obtained on  analysis gave a protein structure IBW3 A chain 
showing 83 % identity, which is considered to be good (>than 30%) for homology or comparative 
modeling of Q6T5J8. IBW3 protein structure is retrieved from Protein Data Bank (PDB) and used as 

template for comparative modelling. 

 

Figure 1: Ramachandran plot 

generated by ProCheck.  

Figure 2: Refinement and validation of the hypothetical structure of Q6T5J8 A) 

Energy minimized conformation of the modelled protein generated by Anolea, 

Qmean and Gromos. Green coloured vertical peaks indicated the minimum 

energy residues and red peaks showed the errors in the residues. (B) Energy plot 

obtained from ProSAI showed that the modelled protein is a minimum energy 

conformer. 
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Multiple sequence alignment 

Tree-based consistency objective function for alignment evaluation (T-COFFEE) is a multiple 
sequence alignment (MSA) program [9] and was used to detect the conserved regions.  

Homology modelling of Q6T5J8 

Based on high-resolution crystal structures of homologous proteins, 3D models of PR4b protein were 
built using the homology modelling software MODELLER 9v12 [10] on windows operating system. 
Loop refinement tool of MODELLER was used to refine the loop conformation of the model.  

Model Validation 

In order to select the best model, the structural validity of the models was performed by PROCHECK 
[11], PROSA1 [12]. Stereochemical quality of the polypeptide backbone and side chains was 
evaluated using Ramachandran plot obtained from PROCHECK . ProSA (Protein Structure Analysis) 
is an established tool employed in structure prediction, refinement and validation of experimental 
protein structures. The generated Z score of model is a measure of compatibility between its sequence 
and structure. Energy minimization for 3D structures was performed using three different molecular 
dynamic force fields viz. Anolea [13], Qmean [14] and Gromos [15]. 

The pairwise 3-D structure superimposition of the elucidated model of PR4b protein with its closest 
structural homologue was carried out using DaliLite [16] tool that computes the root mean square 

deviation (RMSD) between the 
Cα-atoms and all other atoms 
of the homology model and 
template.  

 

 

 

 

 

 

Model visualization 

Final model structure of Q6T5J8 was visualized in UCSF Chimera [17].  

Results and Conclusions 

In this study, 3D structure of Q6T5J8 was developed since the 3D structure of Q6T5J8 is not available 
in PDB. Protein Blast search against PDB data base revealed 83 percent sequence identity with 
experimental structure of PDB ID: IBW3. The predicted model obtained by using three software 
validated by energy minimization with three molecular dynamic force fields (Anolea, Qmean and 
Gromos), Ramachandran Plot and ProSAI. Primary and secondary structural analysis of Q6T5J8 

Figure 3: A) The refinement of the hypothetical model by ProSA server. The black dot 

represents Z-Score of the model in comparison with NMR structure of the template. 

Figure 4:Three-dimensional structural superimposition of Q6T5J8 

model with templ 
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protein possesses five domains and this domain is found in Barwin proteins from the region 28 to 148. 
The sequence alignment between the target and template showed 99 consensus regions. These regions 
represent the functional domain of the PR protein. The homology model was generated by using 
FASTA sequence of Q6T5J8 as the target and barwin, basic barley seed protein (PDB ID: 1BW3), 
chain A from Hordeum vulgare as the template sequence. The final model was generated by Modeller 
9v12 [10]. Then the structural validity of the model was performed by PROCHECK [11] analysis, 
reveals that 79.2% (84) of residues in most favoured region, 18.9% (20) of residues in additional 
allowed region, 0.9% (1) in generously allowed region and 0.9% (1) residue in disallowed region 
(figure 1). The structure was energy minimised by three different molecular dynamic force fields viz. 
Anolea, Qmean and Gromos (Figure 2). The energy profile of the model and the Z-score value were 
obtained using ProSA server that calculates the interaction energy per residue using a distance-based 
pair potential. The ProSA analysis of the model Q6T5J8 achieved a Z score of -6.19 (Figure 3) which 
indicates a good quality model. The superimposition and structure annotated pair wise alignment 
between modelled protein and template was predicted by DaliLite [16]. The superimposition showed 
that the structural alignment is in the allowed root mean square (RMS) cut off. The RMSD value 
between the target and template was estimated to be 0.2 Ǻ which indicate perfect structural 
alignments and high quality of the model 

In this study, 3D structure of Q6T5J8 was developed using available plant defensin as templates 
which revealed most identity with the Q6T5J8. Molecular model of Q6T5J8 protein was predicted 
using homology modelling method which is reliable and it may be proceed for further defensin 
mechanism. The proposed model may be useful to understand rice defensin protein against pathogen 
challenge and chemical induction. Thus, Q6T5J8 structure was explained here by an exceedingly 
similarity structure of barwin domain which contains six cysteine residues that combine to form three 
disulfide bridges. Sequence of barwin shows highly similarity with PR protein 4 from tobacco. 
Comparative modelling of Q6T5J8 with the three dimensional structure of Barwin seed protein may 
be a reliable 3D structure. Elucidation of the 3D structure of Q6T5J8 will leads to the functional 
studies and to inform design of novel defensin proteins.  
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ABSTRACT 

Databases consist of many data items at different granularity. different approaches have been 
proposed by researchers to address the problem of identifying malicious database transactions. This 
paper proposes a novel multi-level and multi-dimensional data dependency model for identifying 
malicious database transactions. data dependencies at different granularity level, such as attribute, 
relation, database, or even distributed site, can be derived for detecting well crafted malicious 
transactions. The proposed system consists of two parts, namely a data dependency mining 
mechanism and an intrusion detection mechanism. The data dependency mining part is responsible for 
discovering data dependencies at domain level. and in the intrusion detection part the transactions are 
extracted from the database log that may contain transactions submitted by malicious attackers. This 
method can achieve an efficient true and false positive rates when the confidence and support are set 
up appropriately. 

INTRODUCTION  

 Data represent today an important asset for many companies and organizations. Within a few 
seconds a large volume of electronic data is generated. So the security and privacy concerns about the 
data is very important. There is several approaches for data base security. But the involvement of data 
mining in the data base intrusion detection systems provides more efficiency for the systems. A 
considerable effort has been recently devoted to the development of Database Management Systems 
DBMS which guarantee high assurance and security. 

 The database centered applications are facing a rapidly growing number of threats. Malicious 
outsiders launch attacks to access or corrupt data by stealing access control credentials or exploiting 
application vulnerabilities [Srivastava, Sural and Majumdar (2006)]. Disgruntled insiders may 
sabotage databases by abusing privileges or masquerading as other users. Although various intrusion 
prevention and detection mechanisms are employed to protect against outsider and insider attacks, 
they are not very effective in detecting attacks targeted at databases. 

 There is a novel scheme for identifying malicious transaction patterns to detect attacks 
launched either by outsiders or insiders. This approach concentrates on profiling multi-level and 
multidimensional data dependencies based on a training set of legitimate transactions in the database 
log. Transactions that do not comply with the data dependencies specified by data dependency rules 
are identified as anomalous transactions. 

 Different approaches have been proposed by researchers to address the problem of identifying 
malicious database transactions. One existing approach is to detect anomalous SQL query structures 
[Halfond and Orso  (2005)] , [Bertino, Kamra, and Early, (2007)], [Bandhakavi, Bisht , Madhusudan 
and Venkatakrishnan(2007)] . Another approach is to mine database logs to form user profiles that 
can model normal behaviors and identify anomalous transactions in databases with role based access 
control mechanisms. The system is able to identify intruders by detecting behaviors that differ from 
the normal behavior of a role in a data base, that is, individuals that while holding a specific role, 
behave differently than expected [Bertino, Kamra, Terzi, and Vakali, (2005)]. The existence of roles 
makes this approach usable even for data bases with large user population. 
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 This system provides a novel multi-level and multi-dimensional data dependency model for 
identifying malicious database transactions [Yi, Alina, James, Irina and Justin, (2010)]. Data 
dependencies at different granularity level, such as attribute, relation, database, or even distributed 
site, can be derived for detecting well crafted malicious transactions. Multi-dimensional data 
dependencies reflect correlations between different data access operations, i.e., read and write 
operations. Data dependency rules generated reflect semantic relationships among data items and are 
less likely to change than SQL query structures and normal user behaviors therefore, they are ideal for 
profiling data correlations for identifying malicious database activities. 

 MATERIALS AND METHODS 

 The system’s architecture consists of two main components namely a data dependency 
mining mechanism and an intrusion detection mechanism [Yi, Alina, James, Irina and Justin, (2010)]. 
The data dependency mining part is responsible for discovering data dependencies at domain level, 
i.e., domain dependency rules and domain access sequence rules, and data dependencies at the finer 
intra-domain level, i.e., data item dependency rules and data access sequence rules. 

 The second intrusion detection part works as follows. User transactions are extracted from the 
database log that may contain transactions submitted by malicious attackers. Each user transaction is 
processed by a feature selection engine which converts committed transactions into the format 
O1(dl.al), O2(d2.a2).... On(dn.an) , where Oi represents either read or write operation, di.ai specifies a 
data item ai inside domain di. The database intrusion detection engine checks transactions against four 
types of data dependency rules to find suspicious transactions. The following figure illustrates the 
working of the proposed system. 

 

 

 

 

 

 

 

 

Figure 1 : Database Intrusion Detection System 

 

As soon as a transaction does not comply with one rule, it is identified as a malicious transaction and 
no further checking is needed and submits its assessment of the query (anomalous or not anomalous) 
to the response engine. The response engine consults a policy base of existing response mechanisms 
to issue a response depending on the assessment of the query submitted by the detection engine. The 
following sections describes about the data dependency mining process. 

DATA ITEM AND DOMAIN DEPENDENCY RULES 
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 Databases often contain a huge amount of information at different granularity levels. To make 
this model work at different granularity levels, the Data Item defined as a piece of information. The 
logical structure of the data item is not explicitly defined. A Domain is defined as a collection of some 
data items. For example, consider a relational database for managing employee information, in which 
a data item may be the Salary attribute in a relation employeeInfo. The relation employeeInfo is the 
domain. At a higher granularity level define the relation employeeInfo as a data item and the database 
employmentDB containing this relation as a domain. 

 Data Clique 

 A data clique consists of closely related data items that are often accessed together in a 
database transaction. A data clique is represented as O1(d1.a1), O2(d2. a2), . . . , On(dn.an) , where Oi  
ε r, w (r and w represent read and write operations respectively), di represents a domain, and ai 
represents a data item, 1 ≤ i ≤ n and n ≥ 2. 

 Data Item Dependency Rule 

 A data item dependency rule is defined as a rule of the format,  

O1(d1.a1),O2(d2.a2), ... , Oj(dj.aj)→OJ+1(dj+1.aj+1), Oj+2(dj+2.aj+2), ... , On(dn.an) [s,c] where Oi 
represents an operation, di . ai represents data item ai in domain di, 1 ≤ i ≤ n . This rule specifies that 
if data items d1.a1, d2.a2, ... , dj.aj are accessed by a transaction by operations O1, O2, ... , Oj 
respectively, then data items dj+1.aj+1, dj+2.aj+2, ... , dn.an are also accessed by operations Oj+1, 
0j+2, ... , On respectively in the same transaction with support s and confidence c. Also, ∀ Oi (di.ai) 
and Oj(dj.aj), 1 ≤ i , j ≤ n, the sequence of operations is irrelevant. 

 The support s of the rule indicates how significant the rule is, i.e. the percentage of database 
transactions on which the rule is based. The confidence c is the percentage of transactions containing 
the antecedent which also contain the consequent of the rule. When data item dependency rules are 
mined, only those found to have supports and confidences above pre specified user thresholds will be 
kept as relevant. 

 Domain Clique 

 A domain clique consists of closely related domains that are often accessed together in a 
database transaction. A domain clique is represented as O1(d1), O2(d2), . . . , On(dn), where Oi ε r, w 
and di represents a domain, 1≤ i ≤n. 

 Domain Dependency Rule 

 A domain dependency rule is defined as a rule of the format: 

O1(d1), O2(d2).... Oj(dj) → Oj+1(dj+1),Oj+2(dj+2), ... ,On(dn) [s, c] , where Oi represents an 
operation and di represents a domain 1 ≤ i ≤ n . This rule specifies that if data items in domains d1, 
d2, ... , dj are accessed in a transaction with operations O1, O2, ... , Oj respectively, then some data 
items in domains dj+1, dj+2, ... , dn are also accessed by Oj+1, 0j+2, ... , On respectively in the same 
transaction with support s and confidence c. Also, ∀  Oi (di) and Oj(dj), 1≤ i ,j≤n, the sequence of 
operations is irrelevant. 

 DATA AND DOMAIN ACCESS SEQUENCE RULES 
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 The data item and domain dependency rules described above do not consider the sequence of 
operations in the rules. If some data items are always accessed in a certain sequence in legitimate 
transactions, the sequential access patterns can be employed to increase the detection rate of malicious 
transactions. Transactions that access databases without following sequential access patterns profiled 
are identified as malicious transactions. 

 Data Access Sequence 

 A data access sequence consists of an ordered list of data items that are often accessed in 
sequence in a database transaction. A data access sequence is represented as <O1(d1.a1), O2(d2. a2), . 
. . , On(dn.an)> , where Oi ε r, w, di. ai represents data item ai in domain di, 1 ≤ i≤ n. 

 Data Access Sequence rule 

 A data access sequence rule is defined as a rule of either of the following types: 

<Ol(d1.a1), O2(d2.a2), ... , Oj(dj.aj) > → <Oj+l(dj+1.aj+l), Oj+2(dj+2.aj+2), ... , On(dn.an)> 

[s, c) ,  <Ol(d1.a1), O2(d2.a2), ... , Oj(dj.aj) >  ← <Oj+l(dj+1.aj+l), Oj+2(dj+2.aj+2), ... , On(dn.an)> 
[s, c) , where Oi represents an operation, di. ai represents data item ai in domain di, 1 ≤ i ≤ n . The 
first rule specifies that if data items d1.a1, d2.a2, ... , dj.aj are accessed in the order specified by 
operations O1, O2, . . . , Oj, then data items dj+1.aj+1, dj+2.aj+2, ... , dn.an are accessed in the 
sequence specified by operations Oj+1, Oj+2, ... , On afterward, with support s and confidence c. The 
second rule specifies that if data items dj+1.aj+1, dj+2.aj+2, ... , dn.an are accessed in the sequence 
specified, then data items d1.a1,d2.a2, ... , dj.aj are accessed sequentially before data items dj+1.aj+1, 
dj+2.aj+2, ... , dn.an are accessed. 

 Domain Access Sequence Rule 

 The domain access sequence rule is defined as a rule of one of the two following types: 

<O1(d1), O2(d2),... , Oj(dj) >→ <Oj+1(dj+1), Oj+2(dj+2), ... , On(dn) [s, c]. 

<O1(d1), O2(d2),... , Oj(dj) > ← <Oj+1(dj+1), Oj+2(dj+2), ... , On(dn) [s, c]. 

where oi represents an operation and di represents a domain 1 ≤ i ≤ n . The first rule states that if some 
data items in domains d1, d2,... , dj are accessed in the order specified by operations O1, O2, ... , Oj, 
then some other data items in domain dj+1, dj+2,... , dn are accessed in the sequence specified by 
operations Oj+1, Oj+2, ... , On afterward, with support s and confidence c. The second rule specifies 
that if some data items in domains dj+1, dj+2, ... , dn are accessed, then data items in domains d1, d2, 
... , dj are accessed (read or updated) in the order specified before data items in domains dj+1, dj+2,... 
, dn are accessed. Following the same reasoning as described above for data access sequence rules, 
these two rules are not identical. The presence of a rule of one type does not imply the existence of a 
reverse rule of the other type. 

RESULTS AND CONCLUSIONS  

 Today the data and database are emerging concepts and their applications are widely used. 
This is an effective log mining approach for detecting malicious database transactions is presented. 
Multi-level and multi-dimensional data mining are employed to discover data item dependency rules, 
data sequence rules, domain dependency rules, and domain sequence rules from the database log 
containing legitimate transactions. Database transactions that do not comply with the rules are 
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identified as malicious transactions. This system is evaluated in the basis of the relationship between 
true/false positive rates with support and confidence. The experiments are repeated for many times 
and the obtained results shows that this system provides better results when comparing with other 
intrusion detection systems. 

 Figure 2 presents the relationship between the confidence threshold of rules and true/false 
positive rate. The support threshold for the experiment illustrated by this figure is set at 10%. The true 
positive rates are generated by checking malicious transactions against data dependency rules 
generated from the legitimate training transactions. The false positive rates are derived by examining 
the log containing legitimate training transactions against rules generated from the same log.  

 Figure 3 shows the relationship between the support threshold of rules and true/false positive 
rate. The confidence threshold for the experiment generating this figure is set at 90%. By comparing 
Figure 3 with Figure 2, it is observed that the true positive rate is more sensitive to the change of 
support, whereas the false positive rate is not really susceptible to the change. This system provides a 
good true positive rate. 

 

Figure 2: Relationship between confidence           Figure 3: Relationship between support 

and true/false positive rates                                         and true/false positive rates 
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ABSTRACT 

In the past few years, we have seen a rapid expansion in the area of mobile ad hoc networks due to the 
rapid increase in the number of inexpensive and widely available wireless devices. This type of 
network, operating as a stand-alone network or with one or multiple points of attachment to cellular 
networks paves the way for numerous new and exciting applications. ManETs are characterized by a 
multi-hop network topology that can change frequently due to mobility, efficient routing protocols are 
needed to establish communication paths between nodes. It is very important that the routing protocol 
used must provide a well secure routing architecture and should not provide single bit of loop holes. 
This is pointing towards the topology exposure problem of existing routing protocols and tells about 
the need of topology hiding. Routing security is one of the hottest research areas in ManET currently. 
This paper provides insight into a comparative study of well known aoMdV routing protocol with a 
topology hiding multipath protocol and the need of hiding topology information within the protocol to 
resist various kinds of attacks such as blackhole attack, sybil attack and warmhole attack. This paper 
also discusses the technological challenges that protocol designers and network developers are faced 
with. 
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1. INTRODUCTION  

Mobile Ad-hoc networks are self-organizing and self-configuring multi hop wireless networks. Due to 
the mobility of the nodes the structure of the network changes dynamically. Nodes in these networks 
uses the same random access wireless channel, cooperatively in an intimate manner to engage 
themselves in multi hop forwarding.Routing security is currently one of the hottest research areas in 
MANET. There exist a wide variety of attacks that focus the weakness of MANET. Routing messages 
are an important component of mobile network communications. Each packet needs to be transmitted 
quickly through intermediate nodes in which the packet must traverse from a source to the destination. 
Various routing attacks can target the routing discovery or maintenance phase by deducing the 
network topology information specified by effective  routing protocols such as DSR or AODV 
[Bansal, Meenakshi, Rachna Rajput, and Gaurav Gupta,1999] [L. Abusalah, A. Khokhar, et al,2008]. 
More sophisticated and subtle routing attacks have been identified in recent published papers, such as 
the blackhole [Gerhards-Padilla, N. Aschenbruck,2007], wormhole [N. Abdesselam, B. Bensaou, et 
al,2008]  attacks and Sybil attacks. These problems are mainly pointing towards the topology 
exposure problem of existing routing protocols. 

This paper  effectively compares the working of ad hoc on demand multipath distance vector  routing 
protocol that expose the topology information with topology hiding multipath protocol namely THMR 
and propose the topology exposure problem thus by point out the need of topology hiding in multipath 
routing protocol. 

2. MATERIALS AND METHODS 

 2.1 Ad hoc On-Demand Multipath Distance Vector Routing 

Ad hoc on demand multipath distance vector routing protocol is an extension of the AODV protocol 
to compute multiple disjoint loop-free paths in a route discovery process. All nodes in the network has 
a unique identifier (UID) (e.g., IP address), and all links are bidirectional. AOMDV can be applied 
even in the presence of unidirectional links with additional techniques which will help to discover 
bidirectional paths [Marina MK, Das SR,2002]. 

2.1.1 Protocol Overview 

AOMDV [Marina, Mahesh K,Samir R. Das,2002] is based on the distance vector concept and uses 
hop-by-hop routing procedure. It also finds routes on demand using a route discovery procedure. 
AOMDV is an extension to AODV so that shares several characteristics with that. One of the main 
differences lies in the number of routes found in each route discovery process. AOMDV employs 
RREQ propagation from the source to the destination. It establishes multiple reverse paths both at 
intermediate nodes as well as the destination. These reverse paths are traversed by several RREPs 
back to form multiple forward paths to the destination. In AOMDV the Core portion of the protocol 
lies in ensuring that multiple paths discovered are loop-free and disjoint. So it will efficiently find 
such paths using a flood-based route discovery process. Loop-freedom and disjointness in AOMDV is 
maintained by applying the route update locally at each node. Next subsection deals with multipath 
route discovery procedure of AOMDV. 

2.1.2. Route discovery 

When a traffic source needs a route to a destination, the source initiates a route discovery process by 
generating a RREQ message. Node may receive several copies of the same RREQ, since the RREQ is 
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flooded network-wide. The first copy of the RREQ is used to form reverse paths and the duplicate 
copies that arrive later are simply discarded in AODV. These duplicate copies can be gainfully used to 
form alternate reverse paths. So, all duplicate copies are examined in AOMDV protocol for potential 
alternate reverse paths.  

Once an intermediate node obtains a reverse path via a RREQ copy, it checks for one or more valid 
paths to the destination. The node generates a RREP if so and sends it back to the source along the 
reverse path. Intermediate node does not propagate the RREQ further when RREP includes a forward 
path that was not used in any previous RREPs for this route discovery procedure. The node re-
broadcasts the RREQ copy if it has not previously forwarded any other copy of this RREQ .The 
destination also forms reverse paths in the same way as intermediate nodes on receiving RREQ 
copies. However, it employs a somewhat ‘looser’ policy for generating a RREP. Particularly, the 
destination generates a RREP in response to every RREQ copy that arrives via a loop-free path to the 
source even though it forms reverse paths using only RREQ copies. 

2.1.2. Route maintenance 

AOMDV uses RERR packets to employ route maintenance as in AODV. Node generates  a RERR 
message for a destination when the last path to the destination breaks. It also includes an optimization 
scheme so that   packets forwarded over failed links will be re-forwarded over alternate paths. 
Compared to AODV the timeout mechanism of AOMDV extends from a single path to multiple paths 
also has  the problem of setting proper timeout values is more difficult. Using very small timeout 
values to avoid stale paths can limit the benefit of using multiple paths . 

2.2 Topology-exposure problem and definition of topology-hiding 

Based on the routes from the source to the destination a node  can reveal all of its  intermediate node 
is said to be topology exposure. As a result, these routes enable node to obtain the whole network 
topology. This problem is said to be topology-exposure. The knowledge of the network topology 
enables many types of attacks such as blackhole attack, warm hole attack and Sybil attack in 
MANETs. In black hole attack if the malicious node intends to intercept the data packets to a specific 
destination, it should advertise that it has the route to this destination. 

2.3 THMR(Topology Hiding Multipath Protocol) 

THMR[Zhang, Yujun, et al,2012] is a topology hiding multipath Protocol designed so that to deal 
with topology exposure problem. This protocol will not allow packets to carry routing information. So 
the attacker nodes cannot deduce network topology and launch various attacks. It can also establish 
multiple node-disjoint routes in a route discovery attempt and exclude unreliable routes before packet 
transmission. 

2.3.1 Protocol design 

Topology hiding multipath protocol is designed to meet three main objectives. Malicious nodes could 
not deduce network topology since the link connection information is not visible in route messages. It 
can find  many node-disjoint routes even with the property of hiding topology. So  load balancing and 
efficient packet delivery can be effectively achieved. It can find unreliable routes before the packet 
transmission  and can exclude the malicious nodes from routes. Link connectivity information is 
hidden in route messages so that  node cannot reveal network topology information. THMR will 
specify a set of nodes that was placed on routes when a route is established. It will  prevents a node to 
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be placed on another route. In this  both hop count and the round-trip time are used for routing metrics 
measurements. So route discovery does not affected by  wormhole attack or rushing attack . 

2.3.2 Route discovery and Maintenance 

THMR employs three phases for its working. They are Route request phase, Route reply phase and 
Route probe phase. The routes  in the route reply phase are created in route request phase. The source 
node  will transmit a route request to the destination node via broadcasting procedure. Once a route 
request message is received , all intermediate nodes create a reverse route, and rebroadcasts the 
message if it is receiving the message for the first time. Similarly  the destination node will transmit a 
route reply message to the source node via broadcasting in route reply phase. It also finds as many 
node-disjoint routes as possible. An intermediate node will receive such a message and selects the 
neighbor nearest to the source node as the previous hop. This will be  informed to all its other 
neighbors, to make sure that no node is selected on multiple routes. The duty of route probe phase is 
to detect the unsafe routes before the packet transmission. 

2.3.3 THMR is topology-hiding. 

For any node ni ni and node nj nj, if nini can deduce a node is connected to nj nj, there must exist 
dist(ni,dj)≤2dist(ni,dj)≤2.then  nini cannot obtain any topology information more than 2 hops. The 
route request phase of THMR carries no routing information  in RREQ message. Every node only 
knows its neighbors, and thus this meets the requirement of topology-hiding. 

2.3.4 THMR is loop-free and node-disjoint. 

Route Request Phase of  protocol uses S,seq as the unique ID of RREQ messages. It  guarantees 
that no RREQ message will be forwarded twice in the procedure.In Route Reply Phase, once a node is 
placed on a route, it will be inserted into exNodeSet where exNodeSet is a set of nodes that cannot be 
intermediate nodes in the routes. This is to ensure the routes found for the source are node-disjoint. 
Nodes in exNodeSet cannot be placed on any route again.Hence, THMR is node-disjoint and loop-
free.  

2.3.5 Attack prevention 

A black hole attacker disrupts route discovery by creating a route to the destination. The attacker can 
intercept and discard the packets sending from source to destination via that route. Since THMR will 
not allow intermediate nodes to transmit route reply messages, it can block the black hole attack. In a 
warmhole attack, the action disrupts the route discovery mechanisms which only use hop count as 
routing metric since the private channel between the two attackers will be selected by considering the 
smaller hop account. THMR can resist wormhole attack by the topology-hiding nature. Thus it is not 
possible for attackers to select central positions to launch the attack .It uses round-trip time as a 
routing metric in route probe phase so it is robust against hop count modification. A Sybil attacker 
affects the route discovery by impersonating multiple  nodes. THMR does not include topology 
information in the routing messages so that  it is not possible for malicious nodes to obtain the identity 
information of other nodes. Thus it is resistant to Sybil attack. 

3. Result and Discussion 

AOMDV is one of the widely used effective routing protocol in mobile adhoc networks. Although it 
provides multiple loop free and node disjoint paths as similar to THMR it is having several 
drawbacks. AOMDV protocols only build reversed route for the first received RREP message in the 
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route discovery process whereas THMR builds reversed routes of all the received RREP messages, so 
that it maintains rich network connectivity information in route request phase as shown in fig.1  

 

Fig. 1 Procedure of Route discovery 

As the node strenuous task during finding routings in the route discovery process, the route was easy 
to break, which would lead to the loss of RREP packet. The broken node would discard error packet 
and notice the source node to resend request message when broadcasting RERR packets, which will 
cause time delay of subsequent packet. To eliminate loopback caused by new touring process, local 
repair may cause that the RREP sent by downstream node could be discarded, which reduces the 
probability of routing recovery. Despite with route maintenance mechanism, since  the node is mobile, 
the route may not be repaired timely or failed to repair, which reduces the utilization of network 
control information, and could increase the routing delay, thus affecting the performance of the 
network. Moreover, AOMDV ignore the topology-exposure problem. AOMDV does not require 
routing details to be written in route messages; these protocols extend route messages to contain 
routing information so that they can find as many routes. Thus, these protocols have the risk of 
exposing topology so that malicious nodes can extract the network topology and launch various types 
of attacks. 
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Fig. 2 Packet delivery ratio with blackhole and rushing attack 

Fig. 2(b) and (c) compare THMR with AOMDV when there are black hole attackers and rushing 
attackers, respectively. The packet delivery ratio in AOMDV decreases to 60% as the number of 
attackers increases to 10 as shown in the graph. AOMDV is greatly affected  by the attackers whereas 
the number of attackers  have small degree of  impact on THMR. After examining the common 
attacks and their dependence on the acquisition of network topology, this paper points out the need of 
hiding topology information in designing the routing protocols in mobile adhoc networks. 
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ABSTRACT 

 Character recognition is one of the important subjects in the field of document analysis and 
Recognition. Character recognition can be performed on printed text or handwritten text. Printed text 
can be of good quality documents or degraded documents. There are several kinds of degradation in 
any printed script documents such as broken characters, touching characters, heavily printed 
characters and backside text visible documents. The problem of broken characters commonly exists in 
all degraded documents. due to low resolution scanning, poor quality printing or thresholding errors 
most of the document image contains broken characters which decreases accuracy of optical 
Character Recognition (oCR). broken character means a character fragmented into more than one 
component. It is observed that fragmented characters cause more erroneous result than touching 
characters. The completeness of the input character images which is negligible to human eye, are still 
large enough to interfere with the ability of a computer to read printed text. The objective of this work 
is to propose a new approach to detection and reconstruction of broken characters present in degraded 
document containing printed Malayalam script. Vertical projection profile is analyzed to identify the 
broken segments of a character and detect the appropriate breakpoints of segments and then 
interpolate the points for getting the missing pixels. Heuristic approaches are also used for avoiding 
perplexity in identifying broken segments of a character. Utilizing this methodology precision of 
Malayalam oCR increased by 2-3%. 

INTRODUCTION 

 Phytoplankton  are microscopic plants, drifting at the mercy of water current. They do not 
have control over their movements thus they cannot escape pollution in the environment [Abowei et 

al., (2012)]. The distributions, abundance, species diversity and species composition of the 
phytoplankton are used to assess the biological integrity of the water body [Townsend et al., (2000)]. 
Planktons are very sensitive to the environment they live in and any alteration in the environment 
leads to change in plankton communities in terms of tolerance, abundance, diversity and dominance in 
the habitat. They react fast to the pollution in the aquatic environment. Therefore, plankton population 
observation may be used as a reliable tool for bio monitoring studies to assess the pollution status of 
aquatic bodies [Davies et al., (2009)]. Phytoplankton are the diagnostic tools in assessing water 
quality and hydrological status [Nwankwo, (2004)]. Its distribution, abundance and diversity reflect 
the physico-chemical conditions of aquatic ecosystem in general and its nutrient status in particular 
[Anene, (2003)]. There has been much interest in the processes influencing the development of 
phytoplankton communities, primarily in relation to physico-chemical factors [Akbay et al., (1999); 
Peerapornpisal et al., (1999)]. There are many detailed descriptions of phytoplankton succession 
being correlated with changes in environmental parameters particularly temperature, light, nutrients 
availability and mortality factors such as grazing and parasitism [Roelke and Buyukates, (2002)]. 
Phytoplankton satisfy conditions to qualify as suitable indicators in that they are simple, capable of 
quantifying changes in water quality, applicable over large geographic areas and can also furnish data 
on background conditions and natural variability [Lee, (1999)].  

Vembanad and Kol wetland are the third largest wetland system in India and is a designated Ramsar 
site. Vembanad wetlands, apart from their ecological, regional and economic importance serve as a 
sink for the disposal waste from different sources. Several studies explained the pollution status of 

1396

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

76 
 

Vembanad lake from various sources including domestic and municipal sewage, fertilizer and 
pesticide residues, heavy metals, coconut retting, industrial effluents from oil refineries, fertilizer 
plants and chemical industries [Rai et al., (1976); Remani et al., (1980); Saraladevi et al., (1979); 
Bijoy Nandan, (2003); Mohan and Omana, (2006)]. There are about 287 sea food exporters in Kerala 
with 124 processing plants and 169 cold storages. Kerala accounted for 10,8616 ton valued at 
Rs.1524.12 crores sharing 17.7% in quantity and 18.2% in value of marine export from India 

[KSIDC,(2013)]. The Kochi region has a vast majority of export processing plants within the state. 81 
out of the 91 registered exporters in Kerala are situated within the Kochi and Cherthala taluks [SIFFS, 
(2002)]. Effluents from fish and crustacean processing plants are generally characterized by high 
concentration of nutrients, high level of nitrogen content found as ammonia (NH3-N; 29 to 35 mg·L-
1), high total suspended solids (0.26 to 125,000 mg·L-1), increased biological oxygen demand (10 to 
110,000 mg·L-1) and chemical oxygen demand (496 to 140,000 mg·L-1), and by the presence of 
sanitizers (AMEC Earth and Environmental Limited 2003). The direct discharge of waste from the 
seafood processing industries into the adjacent wetlands affects the aquatic life and thus may affect 
the whole food chain. Uncontrolled discharge of waste disturbs the natural self purification capacity 
of the river.  The fish processing effluents detrimentally affect the quality of water bodies [Hamid et 

al., (2010)]. Considering the aforementioned reasons, the present study has been formulated to 
understand the seasonal variation of phytoplankton in relation to the physico-chemical parameters in 
selected sites of Vembanad wetland.  

 

 

           S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Total 

Bacillariophyceae 2415 2255 3094 2770 2119 2265 1883 1922 1893 1196 21812 

Dinophyceae 219 241 401 199 316 247 274 159 370 19 2445 

Chlorophyceae 703 1271 863 833 696 620 632 499 566 428 7111 

Cyanophyceae 715 977 897 715 753 524 484 335 438 280 6118 

Chrysophyceae 0 4 15 10 8 6 14 9 2 3 71 

Dictyochophyceae 1 2 6 2 2 4 1 3 1 0 22 

Rhodophyceae 10 8 4 3 8 13 15 10 7 14 92 

Haptophyceae 6 7 11 15 5 10 7 8 8 2 79 

Eustigmatophyceae 8 57 25 27 32 8 3 16 4 1 181 

Cryptophyceae 6 0 0 7 3 2 7 4 1 0 30 

Euglenophyceae 37 25 61 72 54 43 36 76 106 1 511 

Total 4120 4847 5377 4653 3996 3742 3356 3041 3396 1944 38472 

Table 1: Distribution of phytoplankton class in ten sites. 
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MATERIALS AND METHODS 

The surface water samples were collected from the ten pre-selected sites of Vembanad wetlands 
where a maximum number of processing plants are situated for a period of two years (October 2010-
September 2012) on a monthly basis. Nine of the selected sites (S1-S9) were closely associated with 
the discharge mouth of the sea food processing plants and one kept as the reference site (S10) which is 
free from the sea food plant discharge. Phytoplankton samples were collected from the surface water 
using a conical net of mesh size 50μm, for a period of two year on a monthly basis. A known volume 
(25litres) of water is passed through the net and was collected in a 50ml plastic container. The 
labelled samples were preserved in 4% formalin solution at the site itself, labelled and brought to the 
laboratory. Taxonomic identification of plankton up to genus level was done using standard keys 
[Adoni, (1985); Newell and Newell, (1986); Palmer, (1980); Santhanam et al., (1987)]. Quantitative 
analysis of plankton was done by employing Sedgewick-rafter cell counting chamber, one ml of 
filtered plankton sample was transferred to the counting chamber and counted using a binocular 
microscope and reported as units or organisms per milliliter (mL) [APHA et al ., (2005)].Season wise 
correlation analysis was employed to determine the relationship between physico- chemical 

parameters and phytoplankers.  

 

 

RESULTS AND CONCLUSIONS 

  During the study period, a total of 38,472 phytoplankton individuals belonging to 11 classes 
were reported from all the study sites.  The taxonomic classes reported were Bacillariophyceae 
(21,812 individuals), Chlorophyceae (7111 individuals), Cyanophyceae (6118), Dinophyceae (2445 
individuals), Euglenophyceae (511 individuals), Eustigmatophyceae (181 individuals), Rhodophyceae 
(92 individuals), Haptophyceae (79 individuals), Chrysophyceae (71 individuals), Cryptophyceae (30 

  Bacillariophyceae Dinophyceae Chlorophyceae Cyanophyceae 

S1 97.50±22.25 8.88±2.38 28.88±13.88 17.38±6.63 

S2 144.63±38.38 11.88±3.88 94.38±28.38 24.25±3.50 

S3 154.50±24.25 13.50±3.50 42.75±2.50 24.13±2.63 

S4 142.00±28.75 12.50±2.25 41.38±6.13 30.25±11.50 

S5 132.38±32.13 22.75±5.25 41.63±6.38 48.88±17.63 

S6 116.88±5.38 14.25±3.25 36.50±2.50 13.50±1.50 

S7 86.00±15.25 16.38±5.13 28.88±4.63 11.63±4.13 

S8 78.63±16.63 10.13±1.13 24.75±13.25 13.38±2.38 

S9 113.13±17.63 23.75±4.75 30.88±16.13 18.25±3.00 

S10 44.38±12.38 0.25±0.25 18.00±8.00 12.13±10.88 

Table 2:  Distribution of different phytoplankton class (Mean± SE) 

during the post monsoon season  
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individuals) and Dictyphyceae.  The study reported a dominance of Bacillariophyceae in all the nine 
sites (S1-S9) compared to the reference site. This may be due its tolerance to wide range of physico- 
chemical parameters as reported by [Ajuonu et al., (2011)]. [Bellinger and Siegee, (2010)] also 
reported that abundance of Bacillariophyceae is a characteristic feature of a eutrophic environment. 
The class Chlorophyceae followed by Cyanophyceae are the next dominant groups. These classes 
showed highest individuals in the polluted sites compared to the reference site (Table 1). According to 
[Rawson, (1956)], oligotrophic lakes are typically rich in the Chlorophyceae. Cyanophyceae 
dominance and its blooms are the most visible symptom of accelerated eutrophication of lakes and 
reservoirs [Moss et al., (1997)]. The fourth dominant class reported during the study period was 
Dinophyceae and its dominance is a characteristic of polluted water as reported by [Palmer, (1980)]. 

The Mean ± SE of the different phytoplankton classes were tabulated and given as Tables 2 to 4. To 
determine the extent of influence of the environmental factors on certain dominant classes of 
phytoplankton, season wise correlation coefficients were calculated (Tables 5 to 7). The correlation 
between different phytoplankton classes was also done (Tables 8 to 10). In the current study, 
phytoplankton group showed a few significant correlations with the physico chemical parameters.    

 

   

        

   

 

 

 

 

 

 

 

 

 

 

During post monsoon season, Bacillariophyceae was highest in S3 (154.50 ±24.25) and lowest in S10 
(44.38±12.38). The Dinophyceae was highest in S9 (23.75±4.75) and lowest in S10 (0.25±0.25). The 
Chlorophyceae was highest in S2 (94.38±28.38) and lowest in S10 (18.00±8.00). The Cyanophyceae 
was reported maximum at S5 (48.88±17.63) and minimum at S7 (11.63 ±4.13). During the post 
monsoon season, the Bacillariophyceae showed significant positive correlation with alkalinity 
(r=0.667; P≤0.05), hardness (r=0.824; P≤0.01), BOD (r=0.671; P≤0.05), phosphate (r=0.724; P≤0.05), 
nitrate (r=0.655; P≤0.05), ammonia (r=0.658; P≤0.05) and with silica (r=0.728; P≤0.05) whereas it 
showed significant negative correlation with DO (r=-0.644; P≤0.05).The Dinophyceae showed 

  Bacillariophyceae Dinophyceae Chlorophyceae Cyanophyceae 

S1 90.50±25.50 8.13±3.63 18.63±5.63 43.63±18.13 

S2 44.00±8.25 6.25±4.25 18.00±8.50 15.00±8.00 

S3 147.88±46.88 25.63±16.63 39.63±25.88 45.25±4.25 

S4 110.50±59.75 5.13±2.38 29.50±18.00 35.25±15.75 

S5 58.63±15.63 7.13±3.13 19.63±7.88 27.75±8.50 

S6 94.25±19.50 6.88±3.13 21.88±13.38 20.75±12.75 

S7 72.75±38.50 9.25±6.75 27.13±17.63 20.75±16.25 

S8 101.13±67.13 6.50±4.25 18.00±10.50 13.38±6.63 

S9 69.88±20.13 11.38±3.38 18.75±6.50 18.88±6.63 

S10 41.63±16.63 1.38±0.63 17.63±7.13 11.50±6.00 

Table 3: Distribution of different phytoplankton class (Mean± SE) during he pre 

monsoon season 
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significant positive correlation with alkalinity (r=0.859; P≤0.01), hardness (r=0.708; P≤0.05), BOD 
(r=0.849; P≤0.01), COD (r=0.686; P≤0.05), phosphate (r=0.740; P≤0.05), ammonia (r=0.689; P≤0.05) 
and silica (r=0.766; P≤0.01) while it showed negative correlation with pH (r=-0.735; P≤0.05) and 
transparency (r=-0.815; P≤0.01).        

 

  

                                                                                                                                                                                                  

 

 

 

 

 

 

  

 

 

 

 

During pre monsoon season, Bacillariophyceae was highest in S1 (113.88±41.38) and lowest at S9 
(53.63±19.88).  The Dinophyceae was highest in S2 (12.00±3.25) and lowest in S10 (0.75±0.50). The 
Chlorophyceae was maximum in S2 (46.50±9.25) and minimum in S10 (17.88±3.13). The 
Cyanophyceae was highest in S2 (82.88±42.63) and lowest in S8 (15.13±7.88). In the pre monsoon 
season, phytoplankton group showed a few significant correlations with the physico chemical 
parameters. The Bacillariophyceae showed significant negative correlation with air temperature (r=-
0.655; P≤0.05). The Dinophyceae showed significant positive correlation with BOD (r=0.805; P≤ 
0.01) and COD (=0.725; P≤0.05) and with phosphate (r=0.720; P≤0.05) while it showed significant 
negative correlation with transparency (r=-0.789; P≤001) and with DO (r=-0.728; P≤0.05). The 
Chlorophyceae showed significant positive correlation with light intensity (r=0.650; P≤0.05) whereas 
it showed significant negative correlation with air temperature (r=-0.733; P≤0.05). The Cyanophyceae 
showed significant positive correlation with pH (r=0.659; P≤0.05).  

 

 

 

  Bacillariophyceae Dinophyceae Chlorophyceae Cyanophyceae 

S1 90.50±25.50 8.13±3.63 18.63±5.63 43.63±18.13 

S2 44.00±8.25 6.25±4.25 18.00±8.50 15.00±8.00 

S3 147.88±46.88 25.63±16.63 39.63±25.88 45.25±4.25 

S4 110.50±59.75 5.13±2.38 29.50±18.00 35.25±15.75 

S5 58.63±15.63 7.13±3.13 19.63±7.88 27.75±8.50 

S6 94.25±19.50 6.88±3.13 21.88±13.38 20.75±12.75 

S7 72.75±38.50 9.25±6.75 27.13±17.63 20.75±16.25 

S8 101.13±67.13 6.50±4.25 18.00±10.50 13.38±6.63 

S9 69.88±20.13 11.38±3.38 18.75±6.50 18.88±6.63 

S10 41.63±16.63 1.38±0.63 17.63±7.13 11.50±6.00 

  Bacillariophyceae Dinophyceae Chlorophyceae Cyanophyceae 

Table 4: Distribution of different phytoplankton class (Mean± SE) during the  monsoon 

season 

Table 5: Correlation matrix relating Phytoplankton class with physico chemical 

parameters during the post monsoon season 
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Airtemp -.655* -.152 -.733* -.272 

Watertemp -.258 .177 .098 .294 

pH .093 -.049 .184 .659* 

TDS -.067 .277 .100 .312 

EC -.174 .362 .001 .232 

Salinity -.210 .290 -.090 .254 

Transparency -.144 -.789** -.177 -.126 

Lightintensity .621 .600 .650* .397 

FreeCO2 .026 .452 .033 -.028 

Alkalinity .012 .617 .052 .119 

Hardness -.096 .470 .077 .188 

DO -.390 -.728* -.450 -.226 

BOD -.017 .805** .097 .281 

COD .107 .725* .029 .166 

Phosphate -.160 .720* .013 .003 

Nitrate -.252 .537 -.116 -.144 

Ammonia -.124 .570 -.120 .075 

Silica -.202 .518 .003 -.026 

  Bacillariophyceae Dinophyceae Chlorophyceae Cyanophyceae 

Airtemp -.410 -.169 -.447 -.303 

Watertemp -.642* .128 -.295 -.356 

pH -.216 -.735* -.033 -.359 

TDS -.212 .375 -.296 -.269 

EC -.168 .332 -.317 -.301 

Salinity -.008 .434 -.215 -.154 

Transparency -.638* -.815** -.259 -.407 

Lightintensity .329 .474 .076 -.050 
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During monsoon season, Bacillariophyceae was highest reported in S3 (147.88±46.88) and lowest in 
S10 (41.63±16.63). The Dinophyceae was highest recorded in S3 and lowest in S10 (1.38±0.63).  The 
Chlorophyceae and Cyanophyceae was recorded maximum in S3 (39.63±25.88) (45.25±4.25) and 
minimum in S10 (17.63±7.13) (11.50±6.00) respectively. Statistically significant correlation was not 
shown by the physico chemical parameters and phytoplankton groups during the monsoon season.The 
season wise correlation analysis between phytoplankton groups also showed some statistically 
significant results. In the pre monsoon season the Chlorophyceae showed significant positive 
correlation with Bacillariophyceae (r=0.834; P≤0.01) and also with Cyanophyceae (r=0.725; P≤0.05). 
In the monsoon season, the Chlorophyceae showed significant positive correlation with 
Bacillariophyceae(r=0.782; P≤0.01) and with Dinophyceae (r=0.640; P≤0.05) while Cyanophyceae 
showed significant positive correlation with Bacillariophyceae (r=0.688; P≤0.05) and also with 
Chlorophyceae (r=0.644; P≤0.05). In the post monsoon season, the Chlorophyceae showed significant 
positive correlation with Bacillariophyceae (r=0.665; P≤0.05).  

 

 

 

 

 

 

 

FreeCO2 .590 .623 .459 .254 

Alkalinity .667* .859** .215 .627 

Hardness .824** .708* .375 .454 

DO -.644* -.431 -.139 -.437 

BOD .671* .849** .439 .374 

COD .474 .686* .354 .126 

Phosphate .724* .740* .323 .378 

Nitrate .655* .551 .238 .270 

Ammonia .658* .689* .099 .454 

Silica .728* .766** .140 .562 

  
Bacillario     
phyceae 

Dino 
phyceae 

Chloro 
phyceae 

Cyano 
phyceae 

Bacillariophyceae 1 .432 .665* .616 

Dinophyceae   1 .132 .403 

Chlorophyceae     1 .347 

Cyanophyceae       1 

Table 6: Correlation matrix relating Phytoplankton class with physico chemical 

parameters during the premonsoon season 

 

Table7: Correlation matrix relating Phytoplankton class with physico chemical 

parameters during the monsoon season 
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In all the seasons, the phytoplankton population (Mean±SE) was less in the reference site when 
compared to the other sites (S1-S9). The study showed that the physico- chemical parameters like DO, 
BOD, COD, transparency and pH significantly influenced the distribution of phytoplankton classes.  

The pH, DO, alkalinity and the dissolved nutrient are important for the phytoplankton production 
[Sivakumar and Kareppasmy, (2008)]. Plankton abundance and taxonomic diversity depend upon the 
supply of nutrients in natural waters [Chowdhury et al., (2007)]. The accumulation of organic matter 
from seafood waste will leads to the depletion of dissolved oxygen in the water column and reduces 
transparency [Mazik et al., (2005)] which in turn showed significant negative correlation with 
phytoplankton during the pre monsoon and post monsoon periods. A decrease in transparency was 
associated with elevated phytoplankton biomass [Cloern, (2001)]. In the present study, the highest 
plankton density was recorded during pre monsoon season when N-NO3 concentrations were found to 
be highest.  Similar positive relationship was observed by [Shukla et al., (2013)]. In this study 
phytoplankton responded positively to the higher phosphate concentration. These findings 
contradicted with [Patra and Azadi, (1987)] who found negative relationship between P-PO4 and  

plankton population. The physico- 
chemical parameters significantly 
influenced the phytoplankton 
population especially in the pre 
monsoon season. During summer 
season, the river water turns to 
more lacustrine and the  

 

 

 

 

additions of nutrients favoured the growth of plankton. Sileika et al., 2006. The season wise 
correlation of the physico-chemical parameters and the phytoplankton could be used as a baseline and 
reference point when assessing further changes in the wetland due to the discharge of sea food waste 

associated pollution.  

 

 

 

 

 

 

 

  
Bacillario     
phyceae 

Dino 
phyceae 

Chloro 
phyceae 

Cyano 
phyceae 

Bacillariophyceae 1 .432 .665* .616 

Dinophyceae   1 .132 .403 

Chlorophyceae     1 .347 

Cyanophyceae       1 

  
Bacillario     
phyceae 

Dino 
phyceae 

Chloro 
phyceae 

Cyano 
phyceae 

Bacillariophyceae 1 .432 .665* .616 

Dinophyceae   1 .132 .403 

Chlorophyceae     1 .347 

Cyanophyceae       1 

Table8 : Correlation matrix relating Phytoplankton class         

Table 9:Correlation matrix relating Phytoplankton class with 

other during post monsoon      
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IDENTIFYING FACTORS FOR SUDENT DROPOUTS USING DATA MINING 

TECHNIQUES – A COMPARITIVE STUDY 

Shaleena K.P. and Shaiju Paul 

ABSTRACT 

Computer Science and Engineering department, jyothi Engineering College, Cheruthuruthy Email: 
shaleenakp90@gmail.com Educational data mining is an emerging field ,which is concerned with 
methods for exploring large amounts of educational data. nowadays, most of the educational 
institutions face a big problem of student dropouts which can be caused due to several reasons. 
Researchers in the field of educational data mining is trying to solve this problem through different 
methods. by identifying the factors which leads to a dropout,one can solve this problem. Several black 
box and white box classification methods can be used for doing this.This paper presents a 
comparative study between different methods used for identifying the factors which leads to a 
dropout. 

1.INTRODUCTION: 

Educational data mining makes use of students data to analyze it and to develop methods using which 
the students and their learning behavior can be better understood.Educational Data Mining(EDM) is 
concerned with knowledge discovery, decisions-making, and recommendation systems.EDM emerges 
as a paradigm which has the ability  to design models, tasks,methods, and algorithms for exploring 
data from educational settings. EDM pursues to find out patterns and make predictions that 
characterize learners’ behaviors and achievements, domain knowledge content, assessments, 
educational functionalities, and applications . Source information is stored in repositories managed by 
conventional, open, and distance educational modalities..Nowadays, the most challenging  situation 
that an education instituition faces is regarding the student dropouts.So a great deal of research have 
been done on identifying the factors that account for the low performances of students.It is been a 
difficult task to find useful information from large data sets.The most promising solution to achieve 
this goal is the knowledge discovery in databases. 

 Data mining involves many methods and techniques to extract the knowledge from the 
available data,including association,classification and clustering.These mining techniques can be used 
to evaluate the patterns or behavior of learning.This paper deals with a comparative study of different 
data mining techniques that can be used to identify the most influential factors for dropout.Early 
identification of factors which can cause failure helps the academia to concentrate more on weak 
students. 

2.MATERIALS AND METHODS 
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2.1.Data Mining Framework 

The general framework of Knowledge Discovery and Data Mining consists of mainly  four stages.The 
main stages are: 

1)Data gathering: This stage consists of  gathering all available information on students. A set of 
factors that can affect the students’ performance must be identified and collected from the different 
sources of available data and  finally, all the information should be integrated into a dataset. 

2)Data Pre-processing: At this stage the dataset is prepared to apply the data mining 
techniques.Traditional pre-processing methods such as data cleaning, transformation of variables, and 
data partitioning have to be applied. 

3)Data mining: Different data mining algorithms are applied to the dataset.The data mining 
techniques can either be “black box” methods or “white box” methods.Black box is used for 
prediction,examples are neural networks and k nearest neighbors etc.White box is used for 
interpretation ,examples are classification trees  and regression. 

4)Interpretation:The obtained models are analysed. 

2.2.Data Mining Techniques  

2.2.1.White Box Methods 

In Data Mining and Machine Learning, a wide range of paradigms have been used to solve the 
problem of classification: decision trees, inductive learning, instance-based learning, and, more 
recently, artificial neural networks and evolutionary algorithms.In [Carlos Márquez-Vera,Alberto 
Cano,Cristóbal Romero,Sebastián Ventura(2013)] ,white box classification techniques are used to 
predict the dropouts.Decision trees and rules induction algorithms and evolutionary algorithms are 
mainly used as the “white box” classification techniques. White box classification algorithms obtain 
models that can explain their predictions at a higher level of abstraction by IF-THEN rules A decision 
tree is a set of conditions organized in a hierarchical structure.An instance can be classified by 
following the path of satisfied conditions from the root of the tree until a leaf is reached, which 
corresponds to a class label. Rule induction algorithms usually employ a specific-to-general approach, 
in which obtained rules are generalized until a satisfactory description of each class is obtained. 

The induction rule algorithms produce IF-THEN rules directly, and decision trees can be easily 
transformed  into these  rules.IF-THEN rules are the most popular forms of knowledge representation, 
due to their simplicity and comprehensibility. These types of rules are easily understood and 
interpreted by non-expert DM users, such as instructors, and can be directly applied in decision 
making process. 

The data pre processing part is the most important one in Knowledge Discovery and Data mining.It is 
necessary to carry out some pre-processing tasks like cleaning,integration,discretization and variable 
transformation before doing data mining.The quality and reliability of available information directly 
affects the results obtained.After pre-processing all the information from different sources needs to be 
integrated into a single data set.Two most important issues encountered in an educational data set are 
high dimentionality and data imbalance.That is,the no of attributes in the dataset will be high and also 
majority of instances belong to a particular class and less instances belong to the other one. The 
problem 
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with imbalanced data arises because learning algorithms tend to overlook minority classes and only 
pay attention to the majority classes. As a result, the classifier obtained will not be able to correctly 
classify data instances corresponding to minority classes. Inorder to solve these problems,feature 
selection and data balancing is done. Feature selection  tries to identify which feature has the greatest 
effect on the output variable  here it is the academic status.Sampling or balancing of class distribution 
can be done during pre-processing to the solve the problem of imbalance data.There are many data 
balancing or rebalancing operations.Classification using decision trees and rule induction algorithms 
can be done on the dataset after performing these pre-processing tasks. 

2.2.2.Evolutionary algorithm for Classification 

Evolutionary algorithms are a model based on the Darwin’ theory of evolution, where each individual 
codifies a solution and evolves into a better individual by means of genetic operators[Carlos Márquez-
Vera,Alberto Cano,Cristóbal Romero,Sebastián Ventura(2013)].The genetic operators are crossover 
and mutation. Genetic Programming (GP) is a machine learning technique used to optimize a 
population of computer programs according to a fitness function determined by a program’s ability to 
perform a given computational task. Genetic programming has been applied with success in various 
complex optimization, search and classification problems. Interpretable Classification Rule Mining 
algorithm (ICRM) that employs Grammar based Genetic Programming (G3P) to evolve rule-based 
classifiers and has been shown to perform well in other classification domains. G3P is a variant of 
genetic programming in which a grammar is defined and the evolutionary process proceeds, making 
sure that every individual generated is legal with respect to the grammar. The algorithm iterates to 
find the best rules for the different classes.A context-free grammar is used to specify which relational 
operators are allowed to appear  in the antecedents of the rules and which attribute must appear in the 
consequents  or the class. The use of a grammar provides expressiveness, flexibility, and ability to 
restrict the search space in the search for rules. The implementation of constraints using a grammar is 
a very natural way to express the syntax of rules. The rules must be constructed in such a way to find 
the conjunction of conditions on the relevant attributes that best discriminates a class from the other 
classes. To do so, there is a genetic operator that find the best condition on any other attribute that, 
when appended to the rule, improves its accuracy. The iterative process continues until the genetic 
operator could not find a new relevant attribute condition that improves the accuracy of the rule or 
until all the attributes have been covered. 

2.2.3.Association Rule Mining for EDM 

In data mining association rule learning[Sweta Rai,Priyanka Saini,Ajit Kumar Jain(2014)] is a popular 
method for discovering interesting relations.It is an implication form as X=>Y,where X and Y has 
nothing in common.Usefullness of association rules can be measured with support and confidence.In 
every domain data needs to be analysed to identify patterns associating different attributes in 
database.Association rule mining can be used to find out the causes or factors behind the failure or 
dropout of students.Discretization of variables are needed as association rule mining can be done on 
categorical data.A stepwise method in which variables are added to the model until satisfactory 
criteria is been met.Variables with high F-ratio is been entered on each step,until the F-enter value for 
no variable was higher than the specified F-enter value.Significance of discriminant analysis is based 
on Wilks’Lambda value. 

3.RESULT AND DISCUSSION 
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 In this paper,several data mining techniques for identifying factors leading to a student 
dropout is been discussed.Several white box classification methods like decision trees and rule 
induction algorithms is been discussed.These white box classification methods are more easier to 
understand as they can explain their predictions in a higher level in the form of IF-THEN rules.Thus it 
is very easy for a non expert data miner like a teacher to interpret the classification result.In the 
evolutionary model method,the ICRM model has obtained the best TN ratio and GM when using data 
balancing.It is able to obtain the most accurate and comprehensible classification models by means of 
classification rule bases with a low number of rules and conditions.Black box methods like 
association rules are considered to be more accurate but they are difficult for a non expert miner to 
interpret their outputs.Association rules can be used to explore relations between several factors 
which lead to a student failure.Many researches are still going on still in this area. 
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ABSTRACT 

Image segmentation plays an important role in image analysis and computer vision ,which is also 
regarded as the bottleneck of the development of image processing technology for until now there is 
no a technique that can handle all the segmentations of different types of image. The goal of image 
segmentation is partition of an image into a set of disjoint regions with uniform and homogeneous 
attributes such as intensity, color, tone or texture, etc. Many different segmentation techniques have 
been developed and detailed surveys can be found. The image segmentation approaches can be 
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divided into four categories, thresholding, clustering, edge detection, and region extraction. In this 
paper, four clustering based methods for image segmentation will be considered. Clustering is a 
process for classifying objects or patterns in such a way that samples of the same group are more 
similar to one another than samples belonging to different groups. Many clustering strategies have 
been used, such as k-Means, adaptive k-Means, fuzzy C Means and Quick fuzzy C Means clustering 
schemes, each of which has its own special characteristics. a comparative study of these clustering 
methods is described here. 

1.Introduction   

The process of image segmentation is defined as: “the search for homogenous regions in an image and 
later the classification of these regions”. It also means the partitioning of an image into meaningful 
regions based on homogeneity or heterogeneity criteria. Image segmentation techniques can be 
differentiated into the following basic concepts: pixel oriented, Contour-oriented, region-oriented, 
model- oriented, color oriented and hybrid. Color segmentation of image is a crucial operation in 
image analysis and in many computer vision, image interpretation, and pattern recognition system, 
with applications in scientific and industrial field(s) such as medicine, Remote Sensing, Microscopy, 
content- based image and video retrieval, document analysis, industrial automation and quality 
control.  The performance of color segmentation may significantly affect the quality of an image 
understanding system. The most common features used in image segmentation include texture, shape, 
grey level intensity, and color. The constitution of the right data space is a common problem in 
connection with segmentation/classification. In order to construct realistic classifiers, the features that 
are sufficiently representative of the physical process must be searched 

2. Materials and Methods 

2.1 Color Based Image Segmentation Using K-Means Clustering 

There are many methods of clustering developed for a wide variety of purposes. Clustering algorithms 
used for unsupervised classification of remote sensing data vary according to the efficiency with 
which clustering takes place. K-means is the clustering algorithm used to determine the natural 
spectral groupings present in a data set. This accepts from analyst the number of clusters to be located 
in the data. The algorithm then arbitrarily seeds or locates, that number of cluster centers in 
multidimensional measurement space [Anil Z Chitade, Dr. S.K. Katiyar, (2010)]. Each pixel in the 
image is then assigned to the cluster whose arbitrary mean vector is closest. The procedure continues 
until there is no significant change in the location of class mean vectors between successive iterations 
of the algorithms. As K-means approach is iterative, it is computationally intensive and hence applied 
only to image subareas rather than to full scenes and can be treated as unsupervised training areas.  

K-Means or Hard C-Means clustering is basically a partitioning method applied to analyze data and 
treats observations of the data as objects based on locations and distance between various input data 
points. Partitioning the objects into mutually exclusive clusters (K) is done by it in such a fashion that 
objects within each cluster remain as close as possible to each other but as far as possible from objects 
in other clusters.  Each cluster is characterized by its center  point i.e. centroid. The distances used in 
clustering in most of the times do not actually represent the spatial distances. In general, the only 
solution to the problem of finding global minimum is exhaustive choice of starting points. But use of 
several replicates with random starting point leads to a solution i.e. a global solution. In a dataset, a 
desired number of clusters K and a set of k initial starting points, the K-Means clustering algorithm 
finds the desired number of distinct clusters and their centroids. A centroid is the point whose co-
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ordinates are obtained by means of computing the average of each of the co-ordinates of the points of 
samples assigned to the clusters.  

2.1.1 Algorithmic steps for K-Means clustering 

1) Set K – To choose a number of desired clusters, K.  

2) Initialization – To choose k starting points which are used as initial estimates of the cluster 
centroids. They are taken as the initial starting values.  

3) Classification – To examine each point in the dataset and assign it to the cluster whose centroid is 
nearest to it.  

4) Centroid calculation – When each point in the data set is assigned to a cluster, it is needed to 
recalculate the new k centroids. 

 5) Convergence criteria – The steps of (3) and (4) require to be repeated until no point changes its 
cluster assignment or until the centroids no longer move [Soumi Ghosh, Sanjay Kumar Dubey, 
(2013)] 

2.2 Adaptive K-means clustering for Color Image Segmentation 

According to the indeterminate clustering number k and initial cluster center in K-means clustering 
algorithm while used in color image segmentation, a new segmentation approach by adaptive K-
means clustering algorithm was proposed. The major improvements include: Firstly, adopt Octree 
color quantization algorithm to quantize the color image, shown with representative characteristics; 
then, apply a mean-equivalent method to determine initial cluster center, based on the color 
distribution of image; finally, cluster with K-means algorithm, and define the optimal clustering 
number adaptively through a new cluster validity index designed here [Yong Zhou, Haibin Shi, 
(2011)] 

 K-means clustering algorithm can classify the image pixels according to a certain similarity criteria, 
and implements easily and efficiently. Yet it also has the following problems to be solved: (1) 
Performance of the algorithm depends on the initial cluster center; (2) Performance of the algorithm 
depends on the initial cluster center. Determine the clustering number k beforehand. To solve these 
problems, this paper introduced an adaptive K-means clustering method: before K-means clustering, 
Firstly, adopt Octree color quantization algorithm to quantize the color image, shown with 
representative characteristics; Then, apply a mean-equivalent method to determine initial cluster 
center, based on the color distribution of image; Finally, cluster with K-means algorithm, and define 
the optimal clustering number adaptively through a new cluster validity index designed here. 
Adaptive K-means clustering algorithm is clustering with K-means algorithm according to obtain the 
optimal clustering number and the initial cluster center adaptively, in which the key procedure is to 
define the optimal clustering number and initial cluster center adaptively.  

2.3 Fuzzy C-Means clustering method 

Bezdek introduced Fuzzy C-Means clustering method in 1981, extend from Hard C-Mean clustering 
method. FCM is an unsupervised clustering algorithm that is applied to wide range of problems 
connected with feature analysis, clustering and classifier design. FCM is widely applied in agricultural 
engineering, astronomy, chemistry, geology, image analysis, medical diagnosis, shape analysis and 
target recognition .  With the development of the fuzzy theory, the FCM clustering algorithm which is 
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actually based on Ruspini Fuzzy clustering theory was proposed in 1980’s. This algorithm is used for 
analysis based on distance between various input data points. The clusters are formed according to the 
distance between data points and the cluster centers are formed for each cluster. 

In fact, FCM is a data clustering technique in which a data set is grouped into n clusters with every 
data point in the dataset related to every cluster and it will have a high degree of belonging 
(connection) to that cluster and another data point that lies far away from the center of a cluster which 
will have a low degree of belonging to that cluster. FCM iteratively moves the cluster centers to the 
right location within a dataset. To be specific introducing the fuzzy logic in K-Means clustering 
algorithm is the Fuzzy C-Means algorithm in general. In fact, FCM clustering techniques are based on 
fuzzy behavior and they provide a technique which is natural for producing a clustering where 
membership weights have a natural interpretation but not probabilistic at all. This algorithm is 
basically similar in structure to K-Means algorithm and it also behaves in a similar fashion [Y. Yang, 
Ch. Zheng,  P. Lin, (2005)]. 

2.3.1 Implementation of Fuzzy C-Means Clustering   

The mat lab function fcm performs FCM clustering. The function fcm takes a data set and a desired 
number of clusters and returns optimal cluster centers and membership grades for each data point. It 
starts with an initial guess for the cluster centers, which are intended to mark the mean location of 
each cluster. The initial guess for these cluster centers is most likely incorrect. Next, fcm assigns 
every data point a membership grade for each cluster.  By iteratively updating the cluster centers and 
the membership grades for each data point, fcm iteratively moves the cluster centers to the right 
location within a data set. This iteration is based on minimizing an objective function that represents 
the distance from any given data point to a cluster center weighted by that data point's membership 
grade for each cluster.  By iteratively updating the cluster centers and the membership grades for each 
data point, fcm iteratively moves the cluster centers to the right location within a data set. This 
iteration is based on minimizing an objective function that represents the distance from any given data 
point to a cluster center weighted by that data point's membership grade. FCM clustering is an 
iterative process. The process stops when the maximum number of iterations is reached, or when the 
objective function improvement between two consecutive iterations is less than the minimum amount 
of improvement specified.  

2.4  Quick Fuzzy C-Means Algorithm   

This research aims at decreasing the number of distance calculations (usually the Euclidean distance) 
of the FCM by computing the distance between data points and the nearest cluster centers [Mohd 
Belal Al- Zoubi, Al-Dahoud Ali, Abdelfatah A. Yahya,(2006)]. The Euclidean distance between a 
query point (a cluster center) c and a data point x, in a D- dimensional space RD, is given as follows:  

                    2 

Applying equation (5), the calculation of one distance involves D multiplications, (D-1) additions and 
D subtraction, where D is the number of variables (dimensions). For computing N distances, then ND 
multiplications, ND additions and ND subtraction are involved. For large data sets with a large 
number of dimensions, the computation of distances requires a long CPU time, which hinders the 
development of effective processes that involve distance computations..  In the proposed approach, 
above equation  can be written as follows:   

                                          2 
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  The first and third terms of equation  can be calculated only once (for all runs) for the whole data set 
in a pre-processing step and stored as dimensionless quantities. This is also valid for computing W. 
Therefore, only the second term of equation is calculated in the run time and hence, ND additions can 
be saved and the performance of the distance computations is expected to increase. 

3. Result and Discussion 

   Using color based image segmentation; it is possible to reduce the computational cost 
avoiding feature calculation for every pixel in the image. Although the color is not frequently used for 
image segmentation, it gives a high discriminative power of regions present in the image. This kind of 
image segmentation may be used for mapping the changes in land use land cover taken over temporal 
period in general but not in particular.   

K-Means partitioning based clustering algorithm required to define the number of final cluster (k) 
beforehand. Such algorithms are also having problems like susceptibility to local optima, sensitivity to 
outliers, memory space and unknown number of iteration steps that are required to cluster. The time 
complexity of the K-Means algorithm is O(ncdi) and the time complexity of FCM algorithm is 
O(ndc2i). From the obtained results we may conclude that K-Means algorithm is better than FCM 
algorithm.  FCM produces close results to K-Means clustering but it still requires more computation 
time than K- Means because of the fuzzy measures calculations involvement in the algorithm. Infact, 
FCM clustering which constitute the oldest component of software computing, are really suitable for 
handling the issues related to understand ability of patterns, incomplete/noisy data, mixed media 
information, human interaction and it can provide approximate solutions faster. They have been 
mainly used for discovering association rules and functional dependencies as well as image retrieval. 
So, overall conclusion is that K-Means algorithm seems to be superior than Fuzzy C-Means 
algorithm. 

Two key problems were solved in the adaptive K-means clustering  algorithm: (1) Designed a mean-
equivalent method to obtain the initial cluster center, which greatly improved execution efficiency and 
stability of K-means algorithm; (2) Determine the optimal clustering number adaptively: according to 
the color image quantized by Octree color quantization, a new cluster validity index were designed to 
obtain the optimal clustering number adaptively, which effectively reduced the human intervention. 
Both theoretical research and experimental results prove the effectiveness and excellent performance 
of the proposed algorithm, and it is of high practical value.  

Quick Fuzzy C-Means algorithm (QFCM) is based on decreasing the number of addition operations 
when computing distances. The results were efficient and more than 30% of the CPU time had been 
achieved when applied to different data sets.  
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ABSTRACT 

In our day to day life network plays an important role, we depend on networks for sufficient 
communication and convenient information access. However network provide these facilities to the 
user it faces a variety of security problems. The network security is a very challenging task because 
new and new security issues are appearing and create a huge loss to the network and data. The main 
security problems are internet attacks, cyber crimes,doS attacks, illegal data access, data stealing etc. 
These attacks can cause users to loss of important data, loss of money etc. 

The traditional solution to network security problem are by implementing a preventive device such as 
firewall, antivirus program etc.but these traditional solutions have some shortcomings, to overcome 
this intrusion detection system(IdS) has been implemented.IdS is a hardware or software system used 
to monitor events occurring in a network.IdS notifies the network administrator when an attack 
happens or sometimes itself handles that attack and prevent it. The two main problems associated with 
IdS is they are not very sophisticated and they rely more on ad-hoc networks. So IdS Alappuzha 27-
29 January 2015 27th Kerala Science Congress needs various design tools to handle sophisticated 
attacks. 

Game theoretic approaches and concepts can be used to improve network security. It provides a 
mathematical framework for analyzing and solving network related security problems. In this 
approach each network attack is considered as a game. There are mainly two entities in a game: 
attacker and defender and each will makes their own strategies. 

Introduction 

            Today we are living in a networking world and has great benefits from the application of 
network technologies. People use networks as a sufficient medium for transmission of data and access 
services from the network. Using networks we can communicate with other user, receive information 
from that user etc. But today networks face a large amount of security problems. The attackers try to 
hack the network and steal the user’s personal data. The attack on networks can cause institutions and 
people to lose money. Important data etc. The different kinds of attacks possible on the network is 
Internet attacks, cyber crimes, flooding, Denial of Service (DoS) attacks, illegal data access, data 
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stealing, etc. The occurrence of new types of attack and providing security against these attacks is a 
challenging task. 

 The traditional solutions to network security uses either by using a preventive device, such as a 
firewall, or a reactive device. These types of solutions are not so sufficient for attacks which are 
occurring now a day. One of the solution to provide network security Intrusion Detection Systems 
(IDSs),which are type of reactive devices, to provide security. IDS can be defined as software or 
hardware system that is used to monitor events occurring in a network. An IDS is used to analyze the 
events occurring in network to determine whether an attack has occurred using some methods. Some 
of the methods that IDS uses is attack signature identification, pattern detection, and statistical 
analysis. Once an attack is detected, a alert is sent to the network admin and he/she will act to stop the 
attack and provide more security. Some types of IDSs are capable of responding to the attack 
automatically and such automatic response IDS are called Intrusion Prevention Systems (IPSs).The 
IDS decide whether to use automatic response or to notify the administrator based on Automatic Or 
Administrative response (AOAR) algorithm..Two Problems or limitations associated with the IDS 
are: not well sophisticated and they rely more on ad hoc schemes. Due to these two limitations IDS 
need well sophisticated design tools. 

Game theoretic methods have been proposed to improve network security. The main weakness of 
traditional methods to provide network security is their lack of a mathematical decision framework. 
Game theory overcomes this weakness in which multiple players with   goals compete with each 
other; Game Theory provide a mathematical framework for analyzing the security problems regarding 
networks and model appropriate solutions. .This can greatly help the administrator’s decision making. 
Game theory is well-suited to solve the security resource allocation and scheduling problems. New 
algorithms have been developed using game theory for providing network security. The important 
aspect of network security is confidentiality, integrity and availability. 

This paper presents various game theoretic solutions that have been applied to improve network 
security on detection of various attack 

Intrusion Detection System (IDS) 

  An Intrusion Detection System (IDS) is an important mechanism used to provide 
network security against a variety of attacks. IDS can be of two types; signature based and anomaly 
based. In Signature-based IDS, store a database of traffic or activity patterns related to known attacks 
and use these patterns for detection. The Anomaly-based IDS work by analyzing system behavior 
with normal behavior and by raising alerts when an abnormal behavior is detected. Sometimes IDS 
takes decision by its own they are called as Intrusion prevention Systems (IPS). 

Game Theory 

     Game theory is defined as a mathematical framework used to describe and solve network 
problems by considering it as games. The game theory consists of four basic elements: 

• Players: The entities which are competing in a game. These entities can be people, institutions, 
animals etc. 

• Actions: Each player takes an action for moving from one state to another. Every player knows 
actions of other players also. 

• Payoff: The return of each player is defined as payoff. The return can be positive or negative. 
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• Strategies: A player’s strategy is set of rules that specify which action to take based on his/her 
knowledge. Mixed strategies can also be used 

   There is a concept called Nash Equilibrium which is defined as point at 
which both attacker and defender will try to maximize their payoff. The figure below shows  the 
relationship among game theory for network security 

   Different kinds of attacks are possible on the network such as Denial of 
Service attack (DOS), Jamming attacks, flooding attacks etc. Game theoretic solutions are provided to 
prevent each of these attacks. Game theory uses client puzzle approach, detection algorithms etc.The 
solutions are modeled as games. 

 

 

 

 

 

 

 

 

 

Fig 1 Relationship among game theory applications in network security 

Methodology 

 Different game theoretic methods are used to prevent the occurrence of various attacks. In the 
case of Jamming attacks, the jamming attacks are mainly occurring in wireless sensor networks. The 
wireless sensor networks are vulnerable to the jamming attack because of its broadcast nature. The 
jamming attacks can be detected and prevented using game theoretic approach. The wireless networks 
consist of multiple nodes and attacks can be happen in any of the nodes. Using game theory we can 
avoid this attack, The network employs a monitoring mechanism. The monitoring mechanism consists 
of determination of node which will act as network monitoring nodes. We implement detection 
algorithm at each monitoring node. The monitor node detects attack and provides necessary security 
to network. The detection algorithm contains a set of rules. The defense strategy includes channel 
switching, channel access probability etc. 

 In the case of Flooding attacks, security can be provided using game theory. Some of the 
flooding attacks are SYNflood, smurf etc.when flooding attack happens, the victim is overwhelmed 
with number of requests and the resources are denied to actual users. One of the defensive 
mechanisms is reactive or preventive mechanism. Other defensive mechanism is client puzzle 
approach. So to prevent flooding attacks we use client puzzle approach based on game theory. In this 
the defender simply receives the request and in reply it will give a puzzle to the user to solve and 
return answer to the defender. If user gives correct answer the resources are allocated to the user 
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otherwise it is blocked. Since the puzzle solving is a resource consuming, attacker will not try to 
attack this network. Game theory provides best and optimal defensive strategy by client puzzle game. 
Here attacker and defender will be two players in the game. The type of puzzle will be based on the 
mode of flooding attack. 

 In the case of security problem with incomplete information can be solved using game theory. 
Game theory considers this as a two player fictious play game. Here the two players are unaware of 
others strategy. In FP games, each player makes observations on other players and make defensive 
strategies based on these observations. 

 Using Game theory we can provide security against attacks in heterogeneous attacks and for 
information security.Stackelberg games can be used to provide information security. 

Markov Decision Process 

Markov Decision Process (MDP) is a kind of discrete time Markov process. Markov Decision Process 
is a technique used in game theory for providing network security. 

1) Identify the elements of the game, which are the states that are vulnerable to attack.There are 
3 states denoted by ΓV , ΓL and ΓIS. 

2) Build action sets that capture the possible attack and defence methods in the security game for 
the two players. 

3) For every action of attacker and defender find the state transition probability. 

4) Determine the payoff function for each 3 states. 

  Using payoff function we select the optimal solution and optimal security solution is 
provided. 

Security Model Based On Game Theory 

 In this paper a game theoretic approach to attack-defense and performance metric taxonomy 
is implemented. The game security model is Game Inspired Defense Architecture (GIDA) .ADAPT  
is Attack-Defense And Performance Metric Taxonomy. Here in ADAPT, we uses performance 
metrics, based on the output from performance metrics, we select appropriate game model against 
attack. 

The ADAPT uses a attack defense 
analysis for providing security. IDA 
consists of  knowledge 
Base(KB),ADAPT and a game 
decision system. In the GIDA system 
there is a online vulnerability 
database which contains information 
about all attacks. The knowledge 
base (KB) consists of game models 
corresponding to different attacks 
and Provide security using that 
model. The ADAPT part provides the  
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performance metrics, payoffs and other related functions. We will take appropriate based on the 
output of ADAPT. The game decision system will decide which model is to be taken for providing 
security based on output of ADAPT and information about attack. 

CONCLUSION 

This paper provides a information about various games and using game theory for providing better 
security to the network. Game theory provides a powerful and mathematical tool for providing 
network security. 

 The game theory provides a mathematical framework for solving network security 
problems. Many network attacks can be prevented by the implementation of game 
theory. 

 New game theoretic approaches should be a pool of research directions on network 
security.  

 The limitations caused by IDS can be overcome by the implementation of game 
theoretic approach. 

 Game theoretic approach provides Easy and simple approach to network security. 
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ABSTRACT 

 Activity recognition, which takes the raw sensor reading from mobile sensors as inputs and 
predicts a user’s motion activity using data mining and machine learning techniques. In this 
paper,weanalyze the performance of two classification algorithm in an online activity recognition 
system working on android platforms that supports online training and classification using only the 
accelerometer data .First we use the knn classification algorithm and next we utilize an improvement 
of Minimum distance and k-nearest neighbor classification algorithms, called Clustered knn .for the 
purpose of online activity recognition, clustered knn eliminates the computational complexity of knn 
by creating clusters, i.e., creating smaller training sets for each activity and classification is performed 
based on these reduced sets. we evaluate the performance of these classifiers on four test subjects for 
activities of walking, running, sitting and standing in online activity recognition system. In this paper, 
we are also interested in the performance of classifiers with limited training data and the limited 
memory available on the phones compared to offline . 

1.Introduction  

 Human activity recognition  takes the raw senor reading as inputs and predicts a user’s motion 
activity. Many main stream smartphones are equipped with various sensors, including accelerometers, 
GPS, light sensors, temperature sensors, gyroscope, barometer, etc.Due  to its unobtrusiveness, 
low/none installation cost, and easy-to-use, smartphones are becoming the main platform for human 
activity recognition .In this paper, we focus on activity recognition using the embedded 
accelerometers on smartphones. In this paper,we are interested in the performance of classifiers with 
limited training data considering the limited memory available on the phones. In the system, training 
data can be collected only in a few minutes and can be used directly for classification steps which 
reduce the burden on the users. Being one of the first Android applications used for activity 
recognition is another important motivation for this study. In the literature, it has been reported that 
minimum distance classifier does not perform well when used alone . Additionally, KNN results are 
always better than minimum distance in terms of accuracy. However, KNN is not an online classifier 
since it requires high computational burden and especially considering the limited resources on 
smartphones, it does not appear as a preferable method. 

2. Smartphone Sensors 
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2.1Accelerometer 

 Accelerometer sensors sense the acceleration event of the smartphones. On most modern 
mobile devices there is a 3-way axis device that determines the phone’s physical position.  The raw 
data is represented in a set of vectors: Acc i =< x i ,y i , z i >,i =( 1, 2, 3,... ). A time stamp can also be 
returned together with the three axes readings. Accelerometer has been used heavily in smartphone 
sensors based activity recognition. Its popularity is due to the fact that it directly measures the 
subject’s physiology motion status. 

2.2 Compass sensor  

 Compass is a traditional tool to detect the direction  with respect to the north-south pole of the 
earth by the use of magnetism. The compass sensor  [ Nicholas D. Lane, Emiliano Miluzzo, Hong Lu, 
Daniel Peebles ,2010 ] on smartphones works with a similar functionality.    The raw data reading 
from a compass sensor is the float number between 0 º and 360 º . It begins from 0 º as the absolute 
north and the actual reading indicates the angle between current smartphone heading direction and the 
absolute north in clockwise. Compass reading can be used to detect the direction change in the user’s 
motion such as walking. 

2.3Gyroscope  

 A gyroscope is a device that uses Earth’s gravity to help determine orientation. Gyroscope 
measures the phone’s rotation rate by detecting the roll, pitch, and yaw motions of the smartphones 
along the x, y, and z axis, respectively [ Xing Su, Hanghang Tong, and Ping Ji ,2014 ].  The raw data 
stream from a gyroscope sensor is the rate of the rotation in rad/s (radian per second) around each of 
the three physical axes: Rotation i =<xi ; y i ; z i >; i =(1,2,3)In activity recognition search, gyroscope 
is used to assist the mobile orientation detection. 

2.4 Barometer  

 Barometer is one of the latest sensors equipped on some advanced smartphones .It measures 
the atmospheric pressure of the environment that the sensor is placed in. The air pressure varies with 
different altitude or even with places of the same altitude but having different structures (e.g., narrow 
and wide hallways) inside a building. Thus, barometer reading can be used to indicate the user’s 
position change in localization related activity recognition  .     

3 Core Techniques 

3.1KNN  

 K-Nearest Neighbor is a supervised learning algorithm where the result of new instance query 
is classified based on majority of K-Nearest Neighbor [ Sahak Kaghyan, Hakob Sarukhanyan, 2012] 
category. It is one of the most popular algorithms for pattern recognition. The purpose of this 
algorithm is to classify a new object based on attributes and training samples. The classifiers do not 
use any model to fit and only based on memory. K-Nearest Neighbor algorithm used neighborhood 
classification as the prediction value of the new query instance. 

 In pattern recognition, the k-nearest neighbor algorithm (K-NN) is a method for classifying 
objects based on closest training examples in the feature space. K-NN is a type of instance-based 
learning, or lazy learning where the function is only approximated locally and all computation is 
deferred until classification. The K-Nearest Neighbor algorithm is amongst the  
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simplest of all machine learning algorithms: an object is classified by a majority vote of its neighbors, 
with the object being assigned to the class most common amongst its k nearest neighbors (k is a 
positive integer, typically small). If k=1, then the object is simply assigned to the class of its nearest 
neighbor. The training examples are vectors in a multidimensional feature space, each with a class 
label. The training phase of the algorithm consists only of storing the feature vectors and class labels 
of the training samples. In the classification phase, k is a user-defined constant, and an unlabeled 
vector (a query or test point) is classified by assigning the label which is most frequent among the k 
training samples nearest to that query point. Usually Euclidean distance is used as the distance metric; 
however this is only applicable to continuous variables. In cases such as text classification, another 
metric such as the overlap metric or Hamming distance. 

3.2Clustered KNN 

 In clustered KNN, training data is first preprocessed and four features, which are average, 
minimum, maximum, and standard deviation, are extracted and in the second step classification takes 
place.  

3.2.1Preprocessing in Clustered KNN 

 In the preprocessing step, our objective is to define activity sets from the training data based 
on the mentioned features. Instead of comparing all the data in the training set, we compare the test 
data only with the compact training data set that we selected from the original training set. During the 
preprocessing step, compact training sets are created for each feature and for each activity. For each 
feature, except the standard deviation, K data points are selected from the training data .For instance, 
for the minimum feature set, K “minimum” data points are selected from the training data. Similarly, 
we create a “maximum” set by selecting the K maximum data points. The average value of the 
training data is calculated and nearest K data points are included in the “average” set. For the 
“standard deviation set”, standard deviation of training values for each activity is calculated. 
However, at the same time accuracy of the results are expected to decrease  with smaller K, so that 
there is an important trade off between accuracy and execution time considering the value for K. 

3.2.2 Classification in Clustered KNN  

 In the classification step, during a window with a predefined size we collect test data, in other 
words we segment the data. After the window is filled, classification starts, and average, minimum, 
maximum, standard deviation values of the data in the window is calculated. These values are 
compared one by one with the values in the compact training sets which were created during the 
preprocessing step. K nearest sample to test data is selected from training sets and voting is made by 
looking at the final list of activities. We label the data in the related window as the activity for which 
we have maximum amount of data in the final K set. The one which is closer to the standard deviation 
of that window is selected as the recognized activity by the standard deviation feature. At the end, we 
have four labels coming from voting results of each feature .We label the window as the activity for 
which we have the highest vote and finalize the classification.  

4.Activity Recognition in Android Platform 

 The clustered KNN classifier and the other classifiers are implemented on Android phones to 
detect four main activities; which are walking, running, standing and sitting [ Mustafa Kose, Ozlem 
Durmaz Incel, Cem Ersoy,2012 ]. For this purpose, the process is divided into two phases . 

1421

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

101 
 

 At first stage, training data is collected for each activity separately. For this purpose we 
developed an application called Activity Logger. In this application, user selects the activity to be 
performed, puts the phone into the packet and starts to perform the related activity. For each activity, 
the application creates different training data files in which raw data from the 3-axes of the 
accelerometer is being logged. Low pass filter is applied to raw data for noise removal. Before 
starting the activity recognition tests, a few minutes of training data for each activity is collected by 
each subject. In the second stage, activity recognition is performed using the selected classifier. First, 
the application extracts necessary features of training sets for each activity according to the  

classification method being used. Depending on the size of the training set and the processor 
performance of the phone, this step may take a few minutes. The main screen of the application 
allows the user to select the system parameters, such as the sensor sampling rate and window size. 

In order to monitor the recognition performance of the classifier, the ground truth data, i.e. which 
activity is actually performed by he user, is logged. For this purpose, the application gives voice  

commands repeatedly to perform an activity. Activity order is predefined in the system whereas 
activity duration “order interval” is given directly as the user input to the system in unit of  seconds. 
During our experiments each activity is performed for 60 seconds for one cycle. Finally, using these 
ground truth values, i.e., activity tags, activity recognition performance and other performance metrics 
of the classifiers are calculated. 

5.Result &Conclusion 

 In this paper, we proposed an activity recognition system working on Android platforms that 
supports online training and classification while using only the accelerometer data for classification. 
Online classification performance of KNN  classifier is evaluated and a clustered KNN method is 
used. The clustered KNN method exhibited a much better performance than the KNN classifier in 
terms of accuracy on mobile platforms with limited resources. We also evaluated the performance of 
clustered KNN in terms of execution times. As  expected, classification execution times are 
considerably reduced as K parameter is decreased. Moreover, classification times are highly 
dependent on the device model and capabilities as well. 
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TARGETING DISEASE RESISTANT GENES IN CASSAVA USING NUCLEOTIDE 

BINDING SITE (NBS) PROFILING 

P. vidya, sreekumar J and mohan c 

ABSTRACT 

 Central Tuber Crops Research Institute, Sreekariyam vidyapemail@gmail.com, 
sreekumarctcri@gmail.com, cmsan99@gmail.com. Cassava, Manihot esculenta Crantz 
(Euphorbiacea) is one of the most common food crops grown in many parts of the tropics and is a 
major staple food in the developing world, providing a basic diet for around 500 million people. one of 
the major constrain in cassava production is cassava mosaic disease (CMd), which can be kept under 
control by exploiting the host plant resistance. The present study target disease resistant R genes in 
cassava using nbS (nucleotide binding site) profiling. one of the most important features of nbS 
profiling is the use of single primer rather than two. In this study, two cassava varieties viz., Mnga-1 
and CI-732 were selected bases on CMd resistance and produced multiple bands with nbS primers. 
The polymorphic bands present in the resistant variety were eluted and sequenced. from this study, it 
was possible to identify and isolate RCa6 gene in cassava, non-specific LTPs (Lipid-transfer protein) 
involved in plant defense mechanism and heat shock proteins (Hsp 90) important for the proper 
functioning of many R genes. 

INTRODUCTION 

Cassava, the third most important source of calories in the tropics is infected with various pests and 
diseases. One of the major constrain in cassava production is cassava mosaic disease (CMD) causing a 
yield loss of 20 to 80% and was exacerbated by the clonal propagation, infected planting material and 
prolonged cropping cycle. It is caused by bipartite geminivirus transmitted by whitefly, Bemisia 

tabaci. During the 1990s, cassava production in Uganda was devasted by cassava mosaic geminivirus 
resulting in famine related deaths [Legg et al., (2004)]. Cassava saved the people of erstwhile 
Travancore province from the clutches of famine during II World war when the import of rice from 
Burma was stopped and the subsequent times of food scarcity. The use of resistant cultivars has 
become a valuable strategy to control crop disease. Host plant resistance is a long term effective 
strategy to tackle CMD and that can be introgressed from Manihot  glaziovii to cassava. This resulted 
in the development of many promising CMD resistant varieties (Tropical Manihot Selection-TMS and 
Tropical Manihot Esculenta-TME) in Africa. The nature of resistance in TMS lines (CMD1) was 
found to be recessive and polygenic whereas in TME lines (CMD2) were single dominant 
respectively. Later these varieties were used in cassava breeding program for the development of 
CMD resistant varieties.  

One of the most important inbuild character found in crop plant is its ability to defend themselves 
from the invasion of pathogens. When plant is attacked by a pathogen, numerous defense responses 
occur in plants to avoid infection [Yang et al., (1997)]. Most important is pathogen related proteins 
(PR proteins) found to be localized in almost all plant organs, though maximum abundance is found in 
leaves. Presently, 17 families of PR proteins are identified and are induced by various types of 
pathogens like virus, bacteria and fungi. In the last few years, genetic studies on plant-pathogen 
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interaction have allowed the identification of several resistance (R) genes which was proposed to 
function as receptors of race-specific elicitors [Ebel and Casio, (1994)]. When a plant recognizes a 
pathogen, there are several signaling cascades activated by R proteins which co-ordinate the initial 
plant defense response to prevent pathogen entry. The first R-genes isolated were Hm1 from maize 
which confers resistance to the leaf spot fungus Cochliobolus carbonum.  In plant viral infections, the 
replicase, the coat protein or the movement protein have been found to function as recognition 
determinants for R proteins [Padgett et al., (2001)]. A previous study in cassava resulted in the 
isolation of 12 classes of resistance gene candidate (RGCs) and mapped on the framework cassava 
linkage map [Lopez et al., (2000)]. Studies revealed the presence of about 150 NBS-LRR genes in 
Arabidopsis [Meyer et al., (2003), Tan et al., (2007)] and 500 in rice [Zhou et al., (2004)] and at least 
333 in Medicago truncatula [Ameline-Torregrosa et al., (2008)]. However a better understanding of 
NBS in cassava in relation to CMD will work effectively and efficiently in developing cassava 
resistance to CMD. This study was therefore carried out to isolate and characterize NBS-LRR type R 
gene like sequence in cassava. 

Materials and Methods 

In the study, two parents were selected which is highly contrasting in CMD resistance viz., Sree 
Padmananbha (MNga-1:  resistant to CMD) and a local cultivar CI-732 (susceptible to CMD). 

RNA isolation 

Total RNA was isolated from young leaves collected from two cassava varieties MNga-1 and CI-732 
using SpectrumTM Plant Total RNA isolation kit. To avoid the DNA contamination, the total RNA was 
treated with DNase (Thermo Scientific) and it was cleaned using Qiagen RNeasy kit with RNA 
cleanup protocol. RNA quality and purity were analyzed using 1.5% agarose gel electrophoresis.  

Double stranded cDNA and restriction digestion 

First strand cDNA was synthesized from total RNA using RevertAid First strand cDNA synthesis kit 
(Thermo Scientific) and these were then used for the second stranded synthesis using RNase H and 
DNA Pol1. Then the double stranded cDNA was purified using choloroform extraction. The quality of 
cDNA was checked using 1.0% agarose. A total 200ng of cDNA were digested with Mse 1 fast digest 
restriction enzyme (Thermo Scientific) and incubated at 37ºC for 5 minutes in water bath. Finally the 
reaction was stopped by keeping at 65°C for       5 minutes. The quality of digested products was 
checked in 1 per cent agarose.  

Adapter ligation  

An adapter was ligated to the ends of restriction fragments which was based on the one described in 
Fischer et al., 1995. For Mse1 ligation short strand of adapter                            (5  
TGGGATCTATACTT 3 ) was used and the adapter ligation was performed using high concentrate T4 
DNA ligase (5U/µl) 22°C for overnight. The reaction was terminated by heat inactivation.  

The two-step PCR procedure was employed in the NBS amplification. The first step was a linear 
(asymmetric) PCR with a limited amount of the NBS-specific primer (1.5 mM), 10 M dNTPs, 0.4 U 
Taq and 2.5 l Taq PCR buffer in a reaction volume of 25 l. The program consisted of 30 cycles of 
30 s at 95°C, 1 min 40 s at two different annealing temperatures one at 55°C for NBS5 and NBS7 
primers and other at 60°C for NBS2, and 2 min at 72°C. The PCR reactions were done in Bio-Rad 
thermal cycler. The second step was an asymmetric PCR with NBS primer and an adapter primer by 
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adding to the linear PCR product. A total of 50 l reaction volume consists of 15 pmol of each primer, 
200  M dNTPs, 0.4 U Taq, and   2.5 l Taq PCR buffer and the cycling program were similar to that 
of the linear PCR. The amplified products were checked in 2 per cent agarose and in 6 per cent 
denatured PAGE.  

 Table 1. Primer sequence 

Sl.N
o: 

Primer Sequence (5 -3 ) Targets  

1 NBS2 5 GTWGTYTTICCYRAICCISSCAT 3  Kinase-2 motif 

2 NBS5 5 YYTKRTHGTMITKGATGATGTITGG 3  P-loop motif 

3 NBS7 5  ATTGTTGGRATGGGMGGIMTIGG3  P-loop motif 

 

Gel elution and Purification 

Fragments were excised from gel using a sharp razor blade and eluted in TE buffer. 40µl of TE buffer 
were added to the eluted product, incubated at 65°C for 45 minutes. Then the eluted products were 
reamplified using the adapter primer and NBS primer with the same condition given for exponential 
PCR. The PCR products were checked on 2 per cent agarose to confirm the product size. Then the 
PCR bands of corresponding size were eluted and purified using the QIA quick® gel extraction kit 
(Qiagen). These products were directly sequenced using ABI3700 automated sequencer. 

Sequence analysis 

 BLASTN was performed with the identified sequence and cassava genome in Phytozome with default 
parameters. Functional annotations of the resulted sequences were also carried using Phytozome v10 
and NCBI databases. 

Results  

NBS profiling is an important technique used in the efficient targeting of disease resistant loci in many 
plants. The present study adopted the same procedure with little modification as reported by Gerard et 

al., 2004. In this study multiple bands (nearly 10 to 12) were obtained in both resistant and susceptible 
variety with NBS primers. The six bands in NBS2 and two bands in NBS5 were found to differentiate 
between resistant and susceptible were isolated and characterized by sequence similarity searches in 
public nucleotide databases using BLASTN program (NCBI) and Phytozome v10  

                                        

 

 

 

 

Fig. 2. Reamplified product separated 

in agarose  

 
Fig. 1. NBS profiling 

in PAGE  
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Functional annotation using Phytozome v10 

Functional annotations of sequences were done using Phytozome v10, provides access to forty eight 
sequenced and annotated green plant genomes including cassava which have been clustered into 
Malvidae gene family. Out of the eight bands sequenced, two protein coding regions were identified 
with NBS2 primers and one with NBS5 primers. First protein coding regions identified with NBS2 
primer were found to be in two scaffolds viz., scaffold 06872 (335059-335258) and scaffold 03623 
(93154-93307) which comes under linkage group 1 encode mainly two functional proteins. One is 
bifunctional inhibitor/lipid-transfer protein/seed storage 2s albumin superfamily showed similarity 
towards A. thaliana (AT5G38195.1_GX8P, AT1G07747.1_GX5P, AT1G48750.1_GX8P, 
AT1G73780.1, AT5G38170.1_GX6P, AT5G18280.1_GX9P, AT3G57310.1_GX4P, AT5G38160.1, 
AT1G48750.1) and another is a protease inhibitor/seed storage/LTP family protein precausor showed 
resemblance towards Oryza sativa (LTPL154 (LOC-OsO6g49190.1_GX5P) LTPL159 (LOC-
Os10g36160.1_GX3P), LTPL158 (LOC-Os1Og36110.1_GX2P), LTPL152 (LOC-
OsO5g47700.1_GX9P), LTPL153 (LOC-OsO5g47730.1_GX8P), LTPL162 (LOC-
Os11g40530.1_GX5P). 

Detailed analysis of structure and function revealed that Bifunctional inhibitor/ LTP/ 2s seed storage 
albumin is an eight cystein motif domain belongs protein family that share signal peptide mainly 
involved in lipid metabolism. The studies suggest that DIR1 is a Bifuctional inhibitor/ LTP/ 2s seed 
storage albumin found in A. thaliana is mainly involved in the peptide and lipid signals in systemic 
disease resistance response. DIR1 encodes a putative apoplastic lipid-transfer like protein (LTP) 
[Maldonado et al., (2002)]. Some protein members present in this group involved in the regulation of 
plant type hypersensitivity response (AT3G18280.1). It was also reported that certain plant storage 
proteins like 2S albumin, lectins, vilicin found in the storage vacuoles of the plant cell may act as 
antimicrobial agents in response to pathogen. LTPs are lipid-transfer proteins which have membrane 
permeability effect able to transfer phospholipids and other fatty acids group across cell membrane. 
Non-specific     lipid-transfer proteins (nsLTPs) were identified as Pathogen realated-14 proteins (PR-
14) implicated in plant defense against viral, bacterial and fungal plant pathogens [Blein et al., 
(2002)]. 

The second protein coding region (NBS2) comes in the scaffold 11243 (95894-95966) mainly encodes 
Heat shock protein (Hsp) which is similar to the different Hsp of A. thaliana and Oryza sativa. 
Important Hsp includes Hsp 81-2 (AT5G56030.2), Hsp 89-1 (AT3G07770.1), Hsp 90 

(LOC_0s09g36420.1). The functional analyses of Hsp 81-2 revealed that these were mainly involved 
in the defense response towards insect vector whitefly (Bohorquez et al) and Hsp 89.1 was mainly 
involved in plant pathogen interaction. Hsp 90 is 90KDa heat shock protein conserved in all living 
organism that are expressed ubiquitously and abundantly [Csermely et al., (1998)]. The studies 
suggest that Hsp 90 is required for the resistance mediated by R proteins Rx1 and N as well as RPMI 
and RPS2. Hsp 90 is also found to be associated with SGT1 and Rar1, two proteins required for the 
function of many R genes    [Liu et al., (2004)]. Analysis of the transcript of the NBS5 encodes 
universal stress protein. 

Functional annotation using NCBI (BLASTN) 
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The functional annotations of the sequences were also carried out in NCBI using BLASTN. Protein 
coding region (NBS2) showing much similarity to RCa 6 NBS type resistant protein found in cassava 
(AY187296.1, AY271886.1, AY271885.1, AY271883.1), also cyanohydrins UDP-glucosyl 
transferase, respiratory burst oxidase H, water dikinase-3, ribulose 1,5- bisphoshate carboxylase 
mRNA and TME 3 chloroplast complete genome were identified. The complete analysis of TME 3 
chloroplast genome showed that chloroplast play a very important role in innate immunity by 
producing defense signaling molecules like salicyclic acid, nitric oxide, ROS, NO and jasmonic acid. 
Respiratory burst oxidase is important for the generation of ROS [Mittler et al., (2004), Keller T et al., 
(1998)], which in conjuction with NO is required for pathogen induced programmed cell deaths 
[Delledonne et al., (1998)].  

Conclusion 

From the study, it was possible to identify and isolate NBS-LRR region which confer disease 
resistance in cassava. The study also helps to understand the importance of LTPs, Hsp proteins in 
innate defense mechanism in cassava. So identification of these genes in cassava is useful in the 
development of new markers for CMD resistance breeding. 
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ABSTRACT 

The present study investigated the nucleotide sequences of caprine nerve growth factor (nGf) gene,its 
tissue expression levels and SnPs (Single nucleotide Polymorphisms) in Malabari and attappady black 
breed goats of kerala. The complete mRna sequence of caprine nGf was comprised of three exons of 
935 bp with 726 bp open reading frame, which is completely located in the third exon, encoding a 
protein of 241 amino acids, in which the first 18 forms the signal peptide. nucleotide and amino acid 
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level sequence analysis revealed that nGf is a highly conserved gene among different species of 
animals. High level of nGf expression was noticed in the ovary (p 0.05), followed by uterus, oviduct, 
liver and muscle, i.e., nGf expression was highest in the reproductive tissues. So nGf gene has an 
important role in follicle development and oocyte maturation. a novel SnPG217a (accession no. 
kf724722) was observed at the coding region of cloned sequence with a non synonymous mutation, 
the codon GaC was changed into aaC. amino acid asparagine was replaced by aspartic acid. This 
polymorphism in the fragment within the coding region of nGf gene was studied in 277 goats of 
Malabari and attappady black by PCR-RfLP and sequencing. This new mutation could be detected by 
Ava II digestion of a PCR product spanning this site. Ava II PCR-RfLP analysis indicated only two 
genotypes, GG and aG. The frequencies of GG and aG genotypes were 0.74 and 0.26 respectively. 
association studies indicated that the effect of nGf genotypes on litter size was greatest for GG 
(p<0.05). Thus, nGf may be a major gene controlling the prolificacy in goats, and genotype GG is 
positively correlated with litter size. So the identified SnP can be used as a molecular marker for future 
prolificacy studies and Marker assisted Selection in goats. 

Keywords  Coding region, Expression, Litter size, NGF, PCR-RFLP, Polymorphism, Prolificacy 

INTRODUCTION  

Genetic information of genes that influence fecundity is an important tool in genetic improvement and 
extensive efforts are in progress to identify the genes involved in the control of prolificacy (Li et al., 
2011). Reproduction is the result of well-regulated interactions of endocrine and paracrine mediators. 
Nerve growth factor (NGF) is the first discovered member of the neurotrophin family (Ebendal., 
1992), essential for the development and functional integrity of nervous system (Aloe et al., 1997). It 
is 26 kDa polypeptide, belongs to the beta nerve growth factor family, required for the survival, 
maintenance and development of discrete neuronal populations in nervous system. It is synthesized 
from ovarian cells, involved in the ovarian innervation, follicular assembly and formation of new 
follicles (Ojeda et al., 2000). It is indicated as decisive factor in the developing ovary to facilitate the 
differentiation process by which early growing follicles become gonadotropin-dependent during 
postnatal life by increasing the synthesis of follicle stimulating hormone receptors (Romero et al., 
2002).  NGF and its receptors play a vital role in development of the mammalian ovary, oogenesis and 
folliculogenesis (Chaves et al., 2010). Significant increase in the expression of FSH and LH receptors 
in the oviduct after treatment with NGF also indicated its role in regulating the function of oviducts 
most likely via the interactions with gonadotropins (Li et al., 2014).  The genetic analysis of this gene 
would be useful in future breeding plans as a marker for selection and genetic improvement of goats.  
The complete mRNA sequence of NGF gene in goats including three exons is not reported yet.  
Keeping all these facts in view, the present investigation is aimed to compare the expression profile of 
NGF gene in the native goat breeds of Kerala, characterize the complete mRNA sequence to find out 
genetic variants and their association with prolificacy.  

Materials and Methods 

Animals and Tissue Collection 

 Tissue samples of ovary, oviduct, uterus, liver and muscle were collected from six Malabari 
and six Attappady Black goats from Kerala Veterinary and Animal Science University Meat Plant and 
immediately submerged in RNAlater (Sigma-Aldrich) for storage. Blood samples were collected from 
175 Malabari 102 Attappady Black goats.  
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RNA Isolation, CDNA Synthesis and Cloning of NGF Gene 

  Total RNA was extracted from the tissues using GenElute  Mammalian Total RNA 
Miniprep Kit (Sigma-Aldrich) and treated with RNase free DNase I (Sigma) to avoid DNA 
contamination. The purity and quality of RNA was confirmed by one percent formaldehyde agarose 
gel electrophoresis and quantified by NanoDrop (Thermo Scientific, USA) and stored at -80ºC until 
further use. One microgram each of ovarian RNA from Malabari and Attappady Black breeds were 
used to synthesize CDNA by RevertAid First Strand CDNA Synthesis Kit (Thermo Scientific). For 
complete NGF mRNA amplification, the forward and reverse primers were designed according to 
human NGF mRNA (NM_002506) and caprine NGF mRNA (JQ308184) (Table 1) using Primer3 
software. PCR was performed in 50µl reaction volume containing 100ng of cDNA, five µl of 10X 
Buffer for AccuTaq LA DNA Polymerase, one µl of 10mM dNTP, 10 pM each of forward and reverse 
primers and one µl of JumpStart AccuTaq LA DNA Polymerase (2.5U/µl) (Sigma). PCR was 
performed with initial denaturation of 96ºC for two min followed by 35 cycles of 95ºC for 30 s, 63ºC 
for 20 s and 68ºC for one min and finally 68ºC for 7 min. PCR products from both breeds were 
checked by one percent agarose gel electrophoresis, purified by PureLink Quick Gel Extraction Kit 
(Life Technologies, USA) and cloned into PGEM-T Easy Vector (Promega, USA). Positive clones 
were confirmed by colony PCR and EcoRI digestion of plasmids and sequenced (Xcelris, 
Ahmedabad), using T7 and SP6 primers. 

Nucleotide and amino acid sequence analysis 

Nucleic acid and deduced amino acid sequence of cloned NGF gene was analysed using on-line 
BLAST and multiple sequence alignment by ClustalW programme respectively and the phylogram 
was constructed. The signal peptide was predicted by the SignalIP program 
(http://www.cbs.dtu.dk/services/SignalP/). Secondary structure of deduced amino acid sequence was 
predicted by SOPMA (http://www.npsa-pbil.ibcp.fr/). Molecular weight and theoretical isoelectric 
point were predicted by ProtParam (http://web.expasy.org/protparam/). Cystine residues were 
predicted by CFSSP Server (Chou and Fasman Secondary Structure Prediction Server) (Fariselli et al., 
1999). Prediction for serine, threonine and tyrosine phosphorylation sites was done by the NetPhos 2.0 
server and protein kinase specific phosphorylation predictions were done by NetPhosK 1.0 Server. 

Tissue distribution and expression analysis of caprine NGF gene 

 The CDNA synthesized from ovary, uterus, muscle, liver and oviduct were used for real-time 
QRT PCR. GAPDH was used as the house keeping gene. Primers for qRT PCR for caprine NGF and 
GAPDH were designed using Primer3 software (Table1). Real- time quantitative PCR was carried out 
in 12.5 µl reaction volume containing 2X Maxima SYBR Green/ROX QPCR Master Mix (Thermo 
Scientific), 5 pM each of forward and reverse primers and 1µl of CDNA. The reactions were 
performed using Illumina Real-time PCR system, at 95ºC for three min followed by 40 cycles of 95ºC 
for 30 s, 60ºC for 15 s, 72ºC for 30s and finally 95ºC for 15 s, 60ºC for 15 s and 95ºC for 15 s to 
obtain the dissociation curve to ensure that no nonspecific product was formed in the PCR. Each 
reaction was carried out in triplicate and mean Ct values were taken for analysis. The R2 values and 
PCR efficiencies of the two genes were checked by forming standard curves with six levels of serial 
dilutions of the cDNA. NGF expression levels were calculated by 2- Ct method.  

PCR-RFLP analysis of NGF gene 
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Genomic DNA was isolated from the blood cells using the standard phenol, chloroform, isoamyl 
alcohol extraction. After checking the quality and quantity of DNA, the samples were diluted to a final 
concentration 50ng/µl and stored at -20ºC. According to caprine NGF gene sequence data generated 
from cloning, primers were designed (Table 1) to amplify 188bp PCR product spanning the SNP, 
G217A. The 25 µl volume PCR mixture contained 50 ng genomic DNA, 10X PCR buffer, 1.25 mM 
MgCl2, 0.5 ml 10mM dNTP mix, 10 pM each of forward and reverse primers, 0.2 units of Taq DNA 
polymerase and sterile distilled water. Amplification was carried out with initial denaturation of 95°C 
for three min, 35 cycles of 94°C for 30s, 66°C for 20s and 72°C for 30s, with final extension at 72°C 
at 5 min. PCR-RFLP genotyping protocol was developed using online program NEBcutter v2.0. The 
restriction enzyme AvaII (Fermentas, India) was used for RFLP analysis following manufacturer s 
instructions. RFLP products were subjected to Poly Acrylamide Gel Electrophoresis at 120V for 2h. 
Genotypes were recorded and frequencies were manually calculated. Amplicons with different 
banding patterns were sequenced. 

Statistical Analysis 

Data of real-time PCR was subjected to ANOVA and t-test to determine the significance of the fold of 
expression using SPSS 20 software. Statistical analysis for litter size was done by univariate analysis 
in the general linear model procedure of SPSS 20 software. The model was

ijklmljijkiijklm ECPGPBGY ++++++= )(µ
, where Yijklm is the litter size measured in each 

individual, µ  is the overall mean, Gi is the fixed effect associated with ith genotype, Bj is the fixed 
effect associated with jth breed, Pk is the fixed effect associated with kth parity, (GP)ik is the interaction 
between ith genotype and kth parity, Cl is the fixed effect due to lth centre and Eijklm is the random error. 

Table 1.Primer sequences for PCR 

Primer Sequence  Tm 

(0C) 

Product 

size (bp) 

NGFCD 

 

F-5 AGAGAGCGCTGGGAG3                    
R-5 GTGTAGAGGGGAGCAAGGAA3  

63 935 

NGFRT F-5 GTCATCCCACCCCGTCTTTC3  

R-5 ACCATCACCTCCTTGCCCTT3  

60 111 

GAPDHRT F-5 TGGAGAAACCTGCCAAGTATG3  

R-5 TGAGTGTCGCTGTTGAAGTC3  

60 127 

NGF-RFLP F-5 GACACAGTCCTCCGCAGA3  

R-5 GCCTCGAAGTCCAGATCCTG3  

66 188 

 

Results and conclusion 

Cloning, nucleotide and amino acid sequence analysis 
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In the present study, we firstly cloned all the three exons of the caprine NGF gene and the sequence 
data was submitted to the Genbank. The 5  untranslated region (5  UTR) was comprised of Exon one 
(33bp), exon two (124bp) and part of exon three (12bp).  The complete coding sequence was located 
in the third exon. A 935 bp long caprine NGF gene comprised of 726 bp ORF, encoding a protein of 
241 amino acids, in which the first 18 amino acids form the signal peptide (predicted by SignalIP 
program), with a molecular weight of 26.67 kDa and isoelctric point of 10.7. The secondary structure 
predicted by SOPMA indicated that caprine NGF gene has 47 alpha helices, 10 beta turns and 138 
random coils. The cysteine residues were same (six) in all species, indicating the similarity in structure 
of NGF protein. Phosphorylation sites predicted includes 9 serine, 4 threonine and 9 specific protein 
kinase phosphorylation loci. 

 The similarity between caprine NGF nucleotide and amino acid sequence with other nine species 
were analyzed by BLAST and multiple sequence alignment are presented in table 2, with 83-99% 
similarity indicating similar functions of NGF gene in these species substantiating the statement of 
Hallbook (1999), NGF is a highly conserved molecule that shares considerable homology within 
different species. The phylogram constructed is given in figure 1, caprine NGF has maximum 
similarity with sheep, buffalo and cattle. 

 

Figure 1. Amino acid sequence based phylogram of caprine Nerve Growth Factor  

Table2. Nucleotide and protein similarity between caprine NGF and other species 

Species Length 
of ORF 

Alpha 
helices 

Beta 
turns 

No. of 
amino 
acids 

Percent 
homology 
with goat 
(nucleotide) 

Percent 
homology 
with goat 
(amino 
acids) 

Random 
coils 

Goat 726 47 10 241 100 100 138 

Sheep 726 46 12 241 99 99 129 

Cattle  726 44 13 241 98 99 142 

Buffalo 726 33 10 241 99 99 153 

Horse 726 48 12 241 93 96 130 

Pig  726 40 9 241 93 95 145 

Cat  726 50 15 241 93 94 132 
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Human 726 52 10 241 88 92 136 

Rat  726 50 13 241 85 85 133 

Mouse 726 64 10 241 83 83 126 

Tissue MRNA expression 

Caprine NGF mRNA expression was analyzed in ovary, uterus, liver, muscle and oviduct in Malabari 
and Attappady Black breeds using qRT-PCR. PCR efficiencies of NGF and GAPDH genes for real-
time qRT PCR were 99 and 97 percent and R2 values were 0.989 and 0.993 respectively. The 
dissociation curves showed single peak only indicating the formation of specific products in PCR. The 
results showed that the relative NGF mRNA expression is highest in the ovary (p 0.05) followed by 
uterus, oviduct, liver and least in the muscle. So the results indicated that the NGF expression is 
highest in the reproductive tissues. Significantly higher levels of expression in reproductive tissues 
indicated its vital role in reproductive physiology of adult goats. According to Mayerhofer et al. 
(1996), NGF gene plays a critical role in ovarian angiogenesis and folliculogenesis. Similar line of 
high expression of NGF and its receptor NTRK1 (tyrosine kinase receptor 1) are also noticed in adult 
human ovaries (Abir et al., 2005). NGF accelerates nuclear progression in porcine oocytes during in 

vitro maturation by enhancing post diakinetic events of meiosis (Papp et al., 2005). Since the 
expression is highest in the ovary, we analyzed the relative mRNA expression of NGF gene in the 
ovaries of prolific Malabari and low prolific Attappady Black (Figure 2). Our results confirmed that 
the expression levels of NGF mRNA were significantly higher in ovaries of Malabari (p 0.05) 
compared to Attappady Black goats. This result suggests that NGF gene has an important role in 

fecundity in goats. So we can use this gene as a candidate gene 
for prolificacy in goats. 

 

Figure 2. NGF gene expression levels in ovaries of Attappady 

Black and Malabari goats 

SNP Identification and Association Analysis 

A novel SNP, G217A (Accession No. KF724722)  was detected 
at the coding region (exon 3) of cloned sequences, with a non 

synonymous mutation, the codon GAC was changed into AAC, amino acid Asparagine was 
substituted by Aspartic acid. This polymorphism in the fragment within the coding region of NGF 
gene was studied in 277 goats of Malabari and Attappady Black by PCR-RFLP with AvaII restriction 
endonuclease and sequencing (Figure 3). This enzyme digested the PCR product into two fragments of 
104bp and 84bp. Two genotypes, GG and GA were observed.    

The genotypic frequencies of GG and GA were 0.74 and 0.26 respectively. The association analysis 
showed that, this SNP has significant effect on 
litter size in goats. Association analysis results are 
shown in Table 3. 
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Figure 3. Pattern of AvaII digestion and sequencing maps of G217A with GG&GA genotypes 

Table 3. Association analysis of genotypes with litter size (least square means±SE) 

Genotype Litter size±SE MSS F-value P value 

GG(210) 1.60±0.068a 1.478 5.195 0.023 

GA(67) 1.26±0.14b    

The mutation causes an amino acid change and corresponding change in the secondary structure of 
NGF protein. This may be the reason for decreased mean prolificacy for GA genotypes. So NGF has a 
critical role in determining fecundity in goats. In a study conducted in Chinese goat breeds, (An et al., 
2013) reported a synonymous mutation A705G in caprine NGF gene and found significant association 
with litter size. The prolificacy directly depends on the development of multiple follicles and timely 
ovulation. Ovarian angiogenesis is cyclically regulated by vascular endothelial growth factor (VEGF). 
NGF is one of the factors controlling vascular endothelial growth factor (VEGF), which is essential for 
normal reproductive function and maintenance of pregnancy (Julio-Pieper et al., 2009). Further, NGF 
is also identified as an ovulation -inducing factor present in llama seminal plasma to induce high rate 
of ovulation with luteotrophic properties (Silva et al., 2014). The physiological functions, the mRNA 
expression profile in various tissues together with our results, we can say that NGF could be a strong 
candidate gene affecting litter size in goats.  
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ABSTRACT 

 Five novel brevinin like peptides, b1CTcu1-5 were isolated and characterized from C. 

curtipes, inhabiting in the western Ghats region of kerala. They exhibited antibacterial activity against 
several Gram positive and Gram negative bacterial strains and exhibited bactericidal pattern of killing. 
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Like other brevinin-1 peptides b1CTcu1-5 were also hemolytic in nature. b2CTcu2-5 attained an alpha 
helical character in 50% TfE. Though they were able to depolarize bacterial membrane,it was not 
correlated with bacterial killing. overall,the study will provide new template for the design and 
development of novel peptide antibiotics. 

INTRODUCTION 

  Antimicrobial peptides (AMP) are considered as nature s lethal weapon against disease 
causing bacteria. These cationic amphiphilic peptides are evolutionarily conserved component of the 
innate immune response which are produced as a part of their host defense mechanism (Yeaman and 
Yount, 2003). In vertebrates, antimicrobial peptide bio-synthesis is either constitutive or inducible at 
their epithelial surfaces, the location where the initial contact with all microbes, from symbionts to 
pathogens, takes place (Nguyen et al., 2011). Being the effector molecules of innate immunity they 
can act against gram-positive and gram-negative bacteria, fungi, parasites, enveloped viruses and even 
transformed or cancerous cells (Hancock and Sahl, 2006). Compared to the conventional antibiotics, 
AMP action is extremely rapid and the possibility of developing resistance by any microbial strain is 
several orders of magnitude lower than antibiotics (Zasloff, 2002). Unlike the majority of conventional 
antibiotics, AMPs have the ability to enhance immunity by functioning as immunomodulators. They 
may be involved in the clearance of infection, act as chemokines or induce its production, promote 
wound healing, may have the ability to alter host gene expression, module the responses of dendritic 
cells and the cells of adaptive immune response (Ganz, 2003). These diverse group of molecules also 
have the ability to destroy more serious antibiotic resistant strains of pathogens. 

Studies on AMPs isolated from amphibians so far dealt with only a few species from temperate region 
and very little is known about the type and nature of the peptides of amphibians especially frogs 
inhabited in tropical climate. The present study describes the isolation, characterisation and bio-
activity analysis of novel brevinin like peptides B1CTcu1-5 isolated from the skin secretion of the frog 
Clinotarsus curtipes of the Western Ghats region, Kerala state, India. 

Materials and Methods 

Collection of frog skin secretion: Fifty adult species of Clinotarsus curtipes were collected from 
Western Ghats and skin secretions were induced by a mild electric stimulation on the dorsal surface of 
the frog and collected using deionized water as previously described. The procedure was approved by 
RGCB ethical committee. 

HPLC purification and peptide profiling: The lyophilised skin secretion was dissolved in 
(water:acetonitrile: trifluro acetic acid, 80%:19.9%:0.1%,v/v/v) and purified by reverse phase high 
performance liquid chromatography using C18 column, at a flow rate of 1ml/min . Individual peak 
fractions were collected and further characterized by aminoacid analysis, automated Edman 
degradation and MALDI TOF/TOF MS. Frog protein uniprot database was incorporated in Protein 
Pilot 2.0 and all the MS/MS spectra were searched against it to give the peptide sequence.  

Peptide synthesis: C-terminal amidated   peptides and their analogs were synthesized manually by 
solid phase peptide synthesis methodology using CLEAR amide resin as the polymer support and 
Fmoc chemistry. 

Antimicrobial activity: Antimicrobial activity of the peptides against E. coli, Vibrio cholerae 
,Staphylococcus aureus, Bacillus subtillis and Staphylococcus epidermidis was analysed using  96 well 
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broth dilution assay and verified by plate count assay. In brief, stock cultures of bacteria were grown 
in luria bertani broth for 24 hours at 37 C under agitation. When the OD590 reached 0.6, the bacterial 
suspensions were diluted to 2x107 CFUs. It was incubated with serially diluted peptides, dissolved in 
double distilled water for 24 hours at 37 C. The plates were analysed at 590 nm in a Biorad micro 
plate reader. Each assay was performed in triplicate. For control, bacterial suspensions were incubated 
in Milli Q water.  

Killing kinetics assay: The killing kinetics of the peptides against gram-negative E. coli (MG1655) 
and gram-positive S. aureus (MTCC 9542) were carried out at its sub MIC concentrations. Cells in 
mid-logarithmic growth phase (OD600=0.6) was diluted to get 106 CFU/ml and incubated with the 
peptides at different time intervals 5, 30, 60, 90 and 120 min. Aliquots drawn at these time points were 
plated on LB agar. The colony number was counted after incubating the plates at 37oC for 24h.  

Hemolysis and cytotoxicity: Hemolysis was measured as the amount of hemoglobin released by lysis 
of   human erythrocytes obtained from healthy donors using standard  protocols (Nielsen et al., 2007).  

CD analysis: CD measurements were recorded using a Jasco J-715 spectropolarimeter at   25 ºC, over 
a range of 190-250 nm with a bandwidth of 1nM and a scanning speed of 50nM/min. Samples were 
prepared   in 80%(v/v) trifluoro ethanol water  and measurements were performed in a quartz optical 
cell with a pathlength of 1mm. The spectra were averaged over three consecutive scans, followed by 
subtraction of the CD signal of the solvent.  

Flow cytometry: E. coli MG1655 and S. aureus 9542 cells were incubated with peptides at their 
respective MICs for 1 h at 37 oC and the membrane potential sensitive dye bis-(1,3-dibutylbarbituric 
acid) trimethine oxonol [DiBAC4 (3)] (1µg/ml) was added to it. Peptide induced bacterial membrane 
depolarization was measured flow cytometrically using  argon laser with an excitation wavelength at 
490 nm and the emission maximum at 516 nm . The green fluorescence in the channel FL1 was 
measured. A total of 10,000-50,000 events were analysed in each sample and the data acquisition and 
analysis was performed using DIVA software (BD). 

Results and Conclusions 

HPLC purification and peptide sequencing 

The HPLC profile of the frog skin secretion is shown in Fig1. All the fractions were screened for their 
antimicrobial activity by disc diffusion assay, of which fraction 8 showed appreciable activity and was 
retained. All the peaks of this particular fraction were purified and sequence analysis was performed 
by MALDI TOF TOF analysis. It resulted in the identification of five peptides belonging to brevinin 
family, designated as brevinin1-5(B1CTcu1-5).  

                     

Fig.1 HPLC 

profile of the 

crude skin 

secretion of  C. 

curtipes 

 Peptide 

synthesis 
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B1CTcu1-5 were manually synthesized and purified by HPLC. The observed molecular mass of all the 
peptides by MALDI-TOF were approximately equal to the theoretical molecular masses. The 
disulphide bond formation in guanidium  HCl buffer system was confirmed using HPLC and MALDI 
TOF. 

Antimicrobial activity and killing kinetics 

Antibacterial activity demonstrated that these peptides are potential antimicrobial agents that can kill a 
broad range of bacteria with MICs ranging from 6.25-100 µg/ml (Table 1). Their killing kinetic 
analysis with E. coli and S. aureus showed that these peptides initiate their action immediately after its 
addition. About 50% reduction in the bacterial count was observed within a short period but complete 
elimination required 60-90 min. B1CTcu3 could kill the entire colonies of S. aureus in about 5 min 
and the entire E. coli in about 15 min (Fig. 2). S. aureus was more easily susceptible to B1CTcu1 - 
B1CTcu4 compared to B1CTcu5.  

Peptide 
name 

                                                Minimum Inhibitory 
Concentration (µg/ml)   

  E. coli  V.cholerae  S.aureus  MRSA B.subtilis B.coagulans VRE %hemolysis 

  MG1655   
MTCC 
9542 

ATCC 
43300 14416 ATCC 7050 

ATCC 
29212   

Brevinin1 

CTcu 1 10 12.5 12.5 NA >25 6.25 NA 1 

Brevinin1 

CTcu 2 10 12.5 12.5 50 12.5 6.25 50 17.8 

Brevinin1 

CTcu 3 6.25 12.5 6.25 50 12.5 6.25 100 45 

Brevinin1 

CTcu 4 20 25 25 <6.25 25 NA 25 54.8 

Brevinin1 

CTcu 5 7 15 NA NA >200 6.25 NA 37.5 

                

 

                                         Table 1:Antibacterial activity of  B1Ctcu1-5 

MIC: Minimum  inhibitory concentration. These concentrations represent the minimum dose required 
to kill the entire  

Microorganisms..  ND: no detectable activity tested upto 200µg/ml. IS is clinically isolated 
strain.These concentrations represent mean value of three independent experiments performed in 
triplicates. 
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Fig.2 Killing 

kinetics of B1CTcu1-5 against E. coli and S. aureus 

 

 

Cytotoxicity assays 

Human RBCs were used to analyse the hemolytic capability of the peptides and the result is shown in 
Table 1.The % hemolysis was calculated after treating RBCs with 10 µg/ml of peptide concentration. 
All peptides used in this study had the tendency to cause hemolysis.  

Circular dichroism  

The secondary structure formation of the peptides is purely solvent dependant as indicated by CD 
spectroscopy. All   peptides formed an alpha helical structure in 80% TFE (Fig. 3), which was shown 
by a positive (190nm) and two negative (208 and 222nm) bands in the spectra. 

 

 

 

 

 

 

                                                      

 

 

Fig. 3 CD spectra of B1CTcu1-5 

Flow cytometry analysis 
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Flow cytometric analysis using a membrane potential sensitive dye [DiBAC4 (3)] revealed that these 
peptides cannot induce any cytoplasmic membrane depolarization in the first hour of incubation. 
B1CTcu1, B1CTcu 2 and B1CTcu 4 at their respective MICs cannot bring complete membrane 
depolarization (Fig. 4) in  E. coli even after 3h of incubation. Though the peptides (B1CTcu1-4) 
completely eliminate S. aureus  in 30 min ,they require at least 3h to cause such membrane 
destabilising effect at its respective MIC. B1CTcu5 that was not effective against S. aureus did not 
show any shift in their population. 

 

 

 

 

 

 

Fig. 4 Membrane 

depolarization 

induced by B1CTcu1-5 in E. coli and S. aureus cells 
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manure. The standard method of composting involves the substitution of urea with nitrogen fixing 
bacteria viz. Azotobacter vinelandii and Azospirillum brasilense leading to the development of an 
improved method of coir pith. The combined action of the microorganisms could enhance the 
biodegradation of coir pith. In the present study, Pleurotus sajor caju, an edible mushroom which has 
the ability to degrade coir pith, and the addition of nitrogen fixing bacteria like Azotobacter vinelandii 
and Azospirillum brasilense could accelerate the action of the fungi on coirpith. The use of these 
microorganisms brings about definite changes in the nPk, ammonia, organic Carbon and Lignin 
contents in coir pith and changes in its particle size. This study will encourage the use of biodegraded 
coir pith as organic manure for agri/horti purpose to get better yields and can serve as a better 
technology to solve the problem of accumulated coir pith in coir based industries. 

INTRODUCTION 

 Studies on bacterial degradation of coir pith are limited due to poor degrading ability of 
bacteria to degrade the lignin present. Janshekar and Fiechter (1981) reported some bacterial cultures 
with the ability to degrade numerous phenols with structural relationship to lignin. Several studies 
indicate that it takes decades to decompose coir pith, due to its high lignin content, causing 
environmental pollutions and disposal problems (Pazhanivel et al., 2011). The filamentous blue-green 
algae (Cyanobacteria) were believed to be primarily responsible for nitrogen fixation in oceanic waters 
because low or negligible in situ rates were observed in their absence and there was a correlation of in 
situ N2 fixation with light intensity (Stewart, 1974), some Cyanobacteria were capable of degrading 
the coir pith. Some enhanced techniques show the use of coir pith based Cyanobacterial biofertilizer in 
sustainable integrated agro ecosystems (Prabha et al, 2009). Therefore such techniques could be useful 
to promote the growth of plant and increase the quality and quantity of crop yield (Hume, 2007). Most 
recently, cellulolytic nitrogen fixing bacteria have been isolated in large numbers, apparently as a pure 
culture, from a specialized gland found in ship worms (Waterbury et al, 1983). The work conducted 
by Anandharaj (2007) also shows the coir pith can be partially decomposed through the action of 
Cyanobacteria and can be used as bio-fertilizer for all varieties of food crops. 

Nitrogen fixation is an important source of nitrogen for biological productivity in the environment. 
Newton and Cavins, 2003 studied the nitrogen fixation (acetylene reduction) and ammonia liberation 
was studied in a facultative heterotrophic Cyanobacterium. Nitrogeneous fertilizers are one of the most 
widely used chemical fertilizers, as deficiency of nitrogen in the soil often limits crop yields (Sarita et 

al, 2008). Consumption of nitrogen fertilizer in Asia has increased from 1.5 to 47 million tonnes (mt) 
during the last 35 years (Dawe, 2000). Plant associated nitrogen-fixing bacteria have been considered 
as one of the possible alternatives for inorganic nitrogen fertilizer for promoting plant growth and 
yield (Ladha & Reddy, 2000). Nitrogen fixation is the reduction of atmospheric nitrogen to NH3 
(ammonia). Free living prokaryotes with the ability to fix atmospheric dinitrogen (diazotrophs) are 
ubiquitous in soil. The free living diazotrophs are subclassified. Aerobic diazotrophs, of which there 
are over 50 genera, including Azotobacter, methane-oxidizing bacteria and cyanobacteria require 
oxygen for growth and fix nitrogen when oxygen is present. Azotobacter, some related bacteria and 
some Cyanobacteria fix nitrogen in ordinary air but most members of this group fix nitrogen only 
when the oxygen concentration is low. Free living diazotrophs, which fix nitrogen only when oxygen 
is absent or vanishingly low, are wide spread. But our knowledge of their ecological importance and 
their diversity remains incomplete. In natural ecosystems, biological N2 fixation is most important 
source of N. The contribution of free-living N-fixing prokaryotes estimated to the nitrogen input of 
soil ranges from 0-60 kg/ha /year (Burgmann et al., 2003). It is also evident that the dinitrogen (N2)-
fixing microorganisms (diazotrophs) play important roles in ocean biogeochemistry and plankton 
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productivity (Church et al., 2005). Besides the nitrogen fixation, Azotobacter also produces Thiamine, 
Riboflavin, Indole acetic acid and gibberellins. When Azotobacter is applied to seeds, seed 
germination is improved to a considerable extent, so also it controls plant diseases due to above 
substances produced by Azotobacter (Kader et al., 2002). These organisms, characterized by high 
nitrogen fixing ability, are found in abundant numbers in the rhizosphere as well as in the intercellular 
spaces of the roots of certain cereals and other plants (Bashan and Holguin, 1997). Urea acts as an 
important nitrogen supplier to the coir pith to enhance their NPK value and make it efficient organic 
manure. The present study is targeted to replace the inorganic urea with the Nitrogen fixing bacteria 
like Azotobacter vinelandii and Azospirillum brasilense. A consortium using the above in combination 
this with appropriate fungal species for composting would make coir pith a perfect soil conditioner 
and bio organic manure. 

Materials and Methods 

1. Sample Collection 

Coir pith was collected from the coir industries in Kattukada, Alappuzha district. Fungal species were 
procured from Central Coir Research Institute (CCRI), Kalavoor, Alappuzha. Bacteria (Azotobacter 

vinelandii, MTCC No. 124 and Azospirillum brasilense, MTCC No. 125) were procured from 
Microbial Type Culture Collection (MTCC), Chandigarh. The composting process conducted in Rajiv 
Gandhi Chair in Contemporary Studies, School of Environmental Studies, Cochin University of 
Science and Technology (CUSAT). The biochemical estimations were carried out at Central Coir 
Research Institute, Alappuzha and Rajiv Gandhi Chair. 

2. Composting. 

The experiments consisted of 4 lots mounted in 5 kg coir pith heaps in triplicate.  The first lot 
consisted of raw coir pith, the second was supplemented with  Pleurotus sajor caju alone, and the third 
lot with both fungus (Pleurotus sajor caju) and bacteria (Azotobacter vinelandii). The fourth lot was 
supplemented with Pleurotus sajor caju and Azospirillum brasilense. The coir pith heaps were 
moistened daily and monitored regularly for 30 day. A control composting experiment using the 
conventional method was also carried out simultaneously. 

3. Estimation of Chemical Properties. 

i. Lignin. 

The lignin in coir pith was determined by Klason lignin method (Stephen and Carlton, 1992).  

ii. Nitrogen. 

Nitrogen in the coir pith samples were estimate by Alkaline permanganate method using Kjeldahl 
distillation Unit (Vogel, 1961).  

iii. Phosphorus. 

Phosphorous was estimated by Vanado Molybdo phosphoric yellow colour method. 

iv. Potassium. 

Potassium was estimated by Flame photometry.  
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v. Organic Carbon. 

Organic carbom was estimated by Walkey and Black method 

vi. Ammonia. 

Estimation of Ammonia in coir pith sample is done by Nesslerization method.  

4. Estimation of Enzyme Activity. 

i. Lignin Peroxidase. 

Lignin peroxide activity was estimated by prepared reaction mixture containing 2 mM Veratryl 
alcohol (Km = 60 µM), 0.4 mM H2O2 (Km = 80 M), 50 mM tartaric acid and enough ligninase to give 
an absorbance change of 0.2/min. One unit of enzyme activity is defined as the quality of enzyme 
required for the formation of 1 µM of Veratryl aldehyde per minute. 

ii. Manganese Peroxidase. 

Manganese peroxidase activity estimated by prepared 50 mM sodium tartarate buffer (pH-4.5), added 
MnSO4, H2O2 and phenol red at 0.2%, 0.1 mM and 0.0025% concentration respectively to the final 
volume of 5 ml reaction mixture. Read the change in absorbance at 431 nm. Maintained a heat killed 
enzyme source as control. One unit of enzyme activity is defined as the amount of enzyme required for 
0.1 OD change at 431 nm/min. 

5. Particle Size Analysis of Coir Pith by Scanning Electron Microscope (SEM). 

The surface particle size and pore size was studied using the Scanning Electron Microscope (SEM 
JEOL JSM 6380 LV). 

Result and Discussion 

Coir pith has been reported to have a C: N ratio of 112:1 (Nagarajan et al., 1985). White rot fungi 
which degrade cellulose and hemi cellulose as well as lignin are widely used to increase the 
digestibility of agro-residues (Kurtzman, 1981; Neelakantan, 1987; Zabrazil, 1987). The studies of 
coir pith degradation with the combination of Pleurotus sajor caju and nitrogen fixing bacteria 
(Azotobacter vinelandii and Azospirillum brasilense) shows a definite enhancement in nitrogen 
content after the coir pith biodegradation ( Fig I). Biodegraded Coir pith Compost (BCC) using 
A.vinelandii and A.brasilense has been observed to contain 0.78% and 0.79% nitrogen respectively. 
This is higher in comparison to that in raw coir pith and biodegradation with Pleurotus sajor caju 
alone. Barraquio et al., 2000; James et al., 2000 reported that, though a variety of nitrogen fixing 
bacteria like Acetobaccter, Arthrobacter, Azoarcus, Azospirillum, Azotobacter, Bacillus, Beijerinckia, 

Derxia, Enterobacter, Herbaspirillum, Klebsiella, Pseudomonas and Zoogloea have been isolated 
from the rhizosphere of various crops, interest in the beneficial nitrogen fixing growth promoting 
rhizobacterial plant association has increased recently due to their potential use as biofertilizers 
(Vessey, 2003). As these bacterial species cannot act on the rigid chemical compounds present in coir 
pith, with the combination of fungal species Pleurotus sajor caju, the degradation has observed to be 
more effective. Phosphorous content has also been observed to increase significantly to an amount 
from 0.85% (raw coir pith) to 1.87% (A. vinelandii) and 2.78% (A.brasilense). A definite increase has 
also been observed in the potassium content in the different combinations from 0.04% in raw coir pith 
to 0.28% in BCC using Pleurotus sajor caju alone to 0.36% in combination with A.vinelandii and to 
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0.38% with A.brasilense. The use of these biological nitrogen fixing agents for the bio manure 
preparation is very important. It is reported that very significant reduction in the use of nitrogen 
fertilizer could be achieved if biological nitrogen fixation is made available to crop plants (Dawe, 
2000).  

Lignin is the most abundant aromatic polymer on earth, being produced by plants. The first step in 
lignin degradation is depolymerization, catalysed by lignolytic enzymes. Degradation of lignin is 
carried out by a group of basidiomycetes categorized as white rot fungi (Kamitsuji et al., 2004) 
Lignocellulosic wastes (LCW) refer to plant biomass wastes that are composed of cellulose, 
hemicelluloses and lignin (Mtui, 2009). Out of these three, lignin is the toughest materials which 
degrade very slowly in nature. In the present study, a reduction of lignin was observed by composting 
with combination of fungi and bacteria. Raw coir pith contains 32% lignin and which is reduced to 
17% and 18% after biodegradation (Table V c). It should be noted that coir pith is resistant to 
biodegradation due to the presence of lignin. Normally coir pith is dumped as agricultural waste and 
accumulates as a waste product as heaps of course and fine dust (Ghosh et al, 2007). The coir pith 
decomposes very slowly in soil as its pentosan-lignin ratio is below 0.5, and because of chemical and 
structural complexity of lignin-cellulose complex (Ramalingam et al, 2004). High content of lignin in 
coir pith causes very slow decomposition following which it is used as raw organic manure for crops 
(Vinodhini et al, 2005). The degrading capacity of the combined consortium is more that by the 
individual organisms. Even, white rot fungi which are the most effective basidiomycetes for biological 
pretreatment of lignocellulosic materials (Sun and Cheng, 2002), when added with appropriate 
bacterial species, interesting results could be obtained. 

Ammonia is the indicator of nitrogen fixation, and attempts have been made in the present study to 
show the enhancement of ammonia in coir pith after biodegradation. Fig. 6 shows the value of 
ammonia in raw and biodegraded coir pith. Reghuvaran et al, 2011 reported a definite amount of 
increase in ammonia with the biodegradation of coir pith could be observed (Reghuvaran et al, 2011). 
Organic carbon was also observed to reduce considerably during the biodegradation . There are reports 
stating that coir pith contains 87% organic matter and 13% ash content (Thampan, 1987).Extracellular 
enzymes play an important role in the degradation of lignocelluloses. In our study the activity of 
Lignin peroxidase (LiP) and Manganese peroxidase (MnP) were estimated and the results have been 
tabulated in Fig. VII & VIII. White rot fungi have been observed to secrete these lignin degrading 
enzymes. White rot fungi, including P. ostreatus, produce a wide range of enzymes (laccase, 
peroxidases, cellulases and xylanases) that degrade lignocelluloses (Kues and Liu., 2000).  Several 
studies on Pleurotus species have been reported to grow on a wide spectrum of lignocellulosic waste 
materials due to their ability to secrete a range of degrading enzymes (cellulases, hemicellulases, 
xylanases, lignin peroxidase (LiP), manganese peroxidase (MnP) and laccases) and to produce protein 
rich biomass of fruiting bodies (Madan and Bisaria., 1983; Buswell and Chang., 1993; Rajarathnam et 

al., 1998). Combined consortium of microorganisms produce more enzymes when compared to 
biodegradation by Pleurotus sajor caju alone and thereby action of the consortium accelerates the 
lignin degradation. As the combined action of these organisms yields more extracellular enzymes it 
can be concluded that, the presence of these nitrogen fixing bacteria could attribute to accelerating the 
enzyme production of Pleurotus sajor caju and thereby speed up the biodegradation of coir pith. These 
results are in concordance with many works, the main enzymes involved are lignin peroxidase, 
manganese peroxidase and laccase (Hao et al., 2006; Mtui and Nakamura, 2007, 2008; Mtui and 
Masalu, 2008). 
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The structure of coir pith has also been observed to vary during composting.  Scanning Electron 
Microscope images of raw and biodegraded coir pith show variation in coir pith structures (Fig I to 
IV). It has been observed that the average size of coir pith reduces after degradation which could be 
attributed to the breakdown of components. The raw coir pith particle size has been observed to be 
816×480µm. Pleurotus sajor caju mediated BCC displayed size of 708×376 µm, Pleurotus and 
A.vinelandii  BCC showed a size of 569×337 µm and the BCC using Pleurotus and A. brasilense  
BCC displayed size of 365×231 µm. The big sized particles show high aeration porosity and those 
containing small sized particle size show high water holding porosity i.e. smaller particles do not hold 
much aeration and bigger particles do not hold much water (Jeyeseeli and Poul Raj, 2010). 

The potential of bioconversion of lignocellulosic wastes into value added products is emphasized in 
recent studies (Philippoussis & Zervakis 2000a; Poppe 2000). In our studies, we can conclude that coir 
pith can be converted to effective organic manure with biodegradation with Pleurotus sajor caju and 
Nitrogen fixing bacteria like Azotobacter vinelandii and Azospirillum brasilense. The combined action 
of these organisms with the white rot fungi, there was a marked reduction in the lignocelluloses 
content and particle size, enhancement of NPK content and the resultant product can be used as 
effective manure for plants. 

GRAPHS 

 

 

 

Fig I. Enhancement of 
Nitrogen (%) during biodegradation of coir pith 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 

 

 

 

 

 

Fig II. Enhancement of Phosphorus during biodegradation of coir pith. 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 
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Fig III. Enhancement of Potassium during biodegradation of coir pith. 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 

 

 

 

 

 

 

Fig. IV. Reduction of Lignin during biodegradation of coir pith 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 

 

 

 

 

 

 

Graph V . Reduction of Organic Carbon during biodegradation of coir pith. 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 

 

 

 

 

 

Graph VII. Enzyme Activity (Lignin Peroxidase) 

CP- Coir Pith, PS- Pleurotus sajor caju, A.v- Azotobacter vinelandii, A.b-Azospirillum brasilense 
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Graph VIII. Enzyme Activity (Manganese Peroxidase) 

CP- Coir Pith, PS- Pleurotus sajor caju, 
A.v- Azotobacter vinelandii, A.b-

Azospirillum brasilense 

       

 

 

 

 

Fig I. SEM images of Raw coir pith.   Fig II. SEM image of Pleurotus sojar caju 
BCC. 

 

 

 

 

      

Fig III. SEM image of with Pleurotus sojar caju + A.v BCC . Fig IV. SEM image of Pleurotus 

sojar caju+A.b BCC 
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ABSTRACT 

 Many areas of the cerebral cortex process sensory information or coordinate motor output 
necessary for control of movement. disturbances in cortical cholinergic system can affect locomotor 
coordination. The present study evaluated the cholinergic alterations in cerebral cortex during spinal 
cord injury and the role of stem cell therapy using autologous bone marrow cells in presence of co-
mitogenic neurotransmitters  Gaba and 5-HT in ameliorating these alterations to devise an effective 
therapy for spinal cord injury. we observed metabolic disturbance in cholinergic pathway in spinal 
cord injury group. The decreased receptor number along with down regulated gene expression and 
confocal imaging accounts for dysfunction of metabotropic acetylcholine receptors in spinal cord 
injury group. Ionotropic acetylcholine receptor alterations were evident from the decreased gene 
expression of alpha 7 nicotinic receptors and confocal imaging. our treatment with bone marrow cell 
in presence of Gaba and 5-HT showed a significant amelioration in cholinergic alterations. bone 
marrow cells in presence of Gaba and 5-HT helped in re-establishing the lost neuronal connections, 
thereby regaining the locomotor coordination in spinal cord injury group. The treatment with 
autologous stem cells and can be considered as a better treatment option with least side effects. 

INTRODUCTION 

Spinal cord injury (SCI) leads to persistent functional deficits due to loss of neurons and glia and 
limited axonal regeneration after injury. Acetylcholine (ACh) is the key neurotransmitter for 
parasympathetic nervous system. ACh is also found in the motor neurons [Villégier et al., (2010)]. 
Depletion in the motor neurons causes a decrease in ACh concentration (Rosario et al., 2007). 
Neuromodulation through cholinergic receptors  both muscarinic and nicotinic receptors is 
widespread in the Central nervous system and the effects of ACh on the neural network that generates 
locomotor like activity in the spinal cord are diverse. Choline acetyl transferase (ChAT) and 
acetylcholine esterase (AChE) activity can be considered as a marker of cholinergic innervation that is 
expressed by cholinergic axons. Cholinergic input is assessed by the activity of AChE and ChAT 
(Mancama et al., 2003). Considering the role of cholinergic system in motor control it is important to 
understand its functional alterations in condition like spinal cord injury where motor function is 
seriously affected. 
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A promising treatment of SCI is cell-based therapy due to the limited success of pharmacological 
treatment. Transplanted BMCs improvises neurological deficits in the CNS injury models by 
producing neural cells or myelin producing cells (Akiyama et al., 2002). Earlier reports from our lab 
showed that 5HT acting through specific receptor subtypes 5HT2 (Sudha & Paulose, 1998) and GABA 
acting through specific receptor subtypes GABAB (Biju et al., 2002) control cell proliferation and act 
as co-mitogens. These reports have paved way to study of the effect of 5-HT and GABA after SCI. 

The present study was designed to investigate the regulation of cholinergic function in cerebral cortex 
of spinal cord injured rats. The cholinergic function was studied by evaluating the expression of 
AChE, ChAT, metabotropic muscarinic receptors and ionotropic nicotinic receptors. The effect of 
novel treatment using BMC with GABA and serotonin in ameliorating these functional alterations 
were also investigated. This study will help in opening new possibilities for a better therapy to deal 
with motor deficits in spinal cord injured patients. 

 MATERIALS AND METHODS 

Male adult Wistar rats of 200 250 g body weight were used for all experiments. They were housed in 
separate cages under 12-h light and 12-h dark periods and were maintained on standard food pellets 
and water ad libitum. All animal care and procedures were in accordance with Institutional and 
National Institute of Health guidelines and Committee for the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA) guidelines.  

Induction of spinal cord injury and treatment group.  

Adult Wistar male rats (weight) were randomly divided into the following groups (a) Control (b) 
Spinal cord injured (SCI) (c) SCI treated with Serotonin, GABA and BMC (SCI+5-
HT+GABA+BMC). Sham operated rats were used as control. Spinal cord injury was induced in adult 
rats by shearing between T12 and T13 vertebra. The monoplegic rats were kept for 21 days and 
sacrificed by decapitation on the 22nd day of the experiment. The treatment group received 10µl of 
BMC (106 Cells/10 µl) suspension as a single dose on day 1 along with 5-HT (1 g/ kg body weight) 
and GABA (1 g/ kg body weight) given through the chamber for a period of 21 days (Romeo et al., 
2012) The cerebral cortex was dissected out quickly over ice and the tissues were stored at 80°C for 
various experiments. 

Gene expression analysis using Real time PCR 

RNA was isolated and total cDNA synthesis was performed using ABI PRISM cDNA Archive kit. 
Real Time PCR assays were performed in 96-well plates in an ABI 7300 Real Time PCR instrument 
(Applied Biosystems, Foster City, CA, USA).  PCR analyses were conducted with gene-specific 
primers and fluorescently labeled Taq probes. The CT method of relative quantification was used 
to determine the fold change in expression. The fold change in expression was then obtained (2- CT). 

Receptor binding studies in cerebral cortex 

Binding assay was done according to the modified procedure of Yamamura and Synder, 1974. Total 
muscarinic, and muscarinic M1 receptor binding parameter assays were done using [3H] QNB (0.1 2.5 
nM) and M3 receptor using [3H] DAMP (0.01 5 nM). The data were analysed according to Scatchard, 
1946. 

Confocal imaging of muscarinic M1 and 7 nicotinic acetylcholine receptors. 
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The experimental rats were transcardially perfused and brain was dissected out. 10µm sections of 
cerebral cortex were cut using Cryostat (Leica, CM1510 S). The sections were treated with PBST 
(PBS in 0.01% Triton X-100) for 20 min. Cerebral cortex slices were incubated overnight at 4 C with 
primary antibody for muscarinic M1, M3 or 7 nicotinic acetylcholine receptor. After overnight 
incubation, the slices were rinsed with PBST and then incubated with secondary antibody labeled with 
FITC. The sections were observed and photographed using confocal imaging system (Leica SP 5). 
Expressions of muscarinic M1 and 7 nicotinic acetylcholine receptor were analyzed using pixel 
intensity method.  

Statistical evaluations were done by ANOVA using InStat (Ver.2.04a) computer program. Linear 
regression Scatchard plots were made using Sigma Plot (Ver 2.03) Sigma Plot software (version 2.0, 
Jandel GmbH, Erkrath, Germany). Relative Quantification Software was used for analyzing real-time 
PCR results. 

RESULTS  

Gene expression analysis of ChAT and AChE in the cerebral cortex. 

Gene expression of both acetylcholine esterase and choline acetyl transferase mRNA showed 
significant (p<0.001) up regulation in the cerebral cortex of SCI rats compared to control with the fold 
increase in expression of AChE is prominently higher than ChAT. SCI+5-HT+GABA+BMC 
treatment showed a significant (p<0.001) reversal in the up regulated AChE expression with a further 
significant (p<0.001) up regulation of ChAT expression when compared to SCI rats (Figure-1).  

 

 

 

 

 

Figure-1: Real Time PCR amplification of AChE (A) and ChAT (B) in the cerebral cortex of 

control and experimental rats 

Muscarinic receptor biding studies and gene expression in the cerebral cortex 
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The Scatchard analysis for total muscarinic receptor showed that the Bmax and Kd decreased 
significantly (p<0.001) in SCI rats compared to control group. The Binding analysis of muscarinic M1 
receptor showed a significantly decreased Bmax and increased Kd (p<0.001) in SCI group when 
compared to control group.  Muscarinic M3 receptor binding showed that the Bmax and Kd were 
increased significantly (p<0.001) in SCI group when compared to control. SCI+5-HT+GABA+BMC 
group significantly (p<0.001) reversed Bmax and Kd when compared to SCI group (Table  1). Real 
Time-PCR analysis showed that the muscarinic M1 and M3 receptor subunits gene expression was 
down regulated significantly (p<0.001) in SCI compared to control rats and it was reversed and up 
regulated significantly (p<0.001) in SCI+5-HT+GABA+BMC rats (Figure-2).   

Table-1: Scatchard analysis of muscarinic receptor subtypes in the cerebral cortex  

Values are Mean ± S.E.M of 4-6 separate experiments. Each group consist 4-6 rats. 

 

 

Figure 2: Real Time PCR amplification of muscarinic (A) M1 receptor (B) M3 receptor mRNA 

in the cerebral cortex of control and experimental rat 

 

Confocal imaging of Muscarinic M1 receptor subunits in the cerebral cortex  

Muscarinic M1 receptor subunit antibody staining in the cerebral cortex showed a significant 
(p<0.001) decrease in the mean pixel value in SCI rats compared to control.SCI+5-HT+GABA+BMC 

Experim

ental 

groups 

Total muscarinic receptor Muscarinic M1 receptor  Muscarinic M3 receptor 

Bmax  

(fmoles/mg 
protein) 

Kd  

(nM) 

Bmax  

(fmoles/mg 
protein) 

Kd  

(nM) 

Bmax  

(fmoles/mg 
protein) 

Kd  

(nM) 

Control 
273.44 ± 
26.34 

0.72 ± 
0.04 

141.09 ± 11.02   
  1.15 ± 
0.07 

80.38 ± 6.6 0.81 ± 0.06 

SCI 
131.57 ± 
12.3a 

0.45 ± 
0.03a 

91.14 ± 6.50 a 
1.37 ± 0.08 
a 

272.49 ± 22.8 a 2.5 ± 0.02a 

SCI + 5-
HT + 
GABA + 
BMC 

231.09 ± 
21.4c,d 

0.66 ± 
0.05d 

113.75 ± 10.98 
b,f 

1.02 ± 
0.08a,d 

125.17 ± 
10.27b,d 

0.81 ± 0.07d 
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rats significantly (p<0.001) reversed the muscarinic M1 receptor expression in the cerebral cortex 
when compared to SCI rats (Figure-3).   

Figure-3:  Mucsarinic M1 receptor expression in the cerebral cortex  

 

Gene expression analysis and Confocal imaging of 7 nicotinic acetylcholine receptor subunit in 

the cerebral cortex. 

Real Time-PCR analysis showed that 7 nicotinic acetylcholine receptor gene expression did not show 
significant change in SCI rats when compared to control. It was also significantly (p<0.001) up 
regulated in SCI+5-HT+GABA+BMC rats when compared to control and SCI rats (Figure-4). 7 
nicotinic acetylcholine receptor subunit antibody staining in the cerebral cortex showed a significant 
(p<0.001) decrease in the mean pixel value in SCI rats compared to control. SCI+5-HT+GABA+BMC 
rats showed a significant (p<0.001) reversal in the 7 nicotinic acetylcholine expression in the cerebral 
cortex when compared to SCI rats (Figure-5).  

Figure-4: Real Time PCR amplification of 7 nicotinic acetylcholine receptor mRNA Figure-5: 

7 nicotinic 

acetylcholine 

receptor 

expression in the 

cerebral cortex 

 

DISCUSSION  

The 
present 

study 
indicates a 

drastic 
reduction 

in 
cholinergic 
function in 

SCI 
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condition demonstrated by the decreased muscarinic and nicotinic receptors along with functional 
alterations in the enzymes in cholinergic pathway. The results from our study showed the metabolic 
disturbance in cholinergic pathway as ChAT and AChE is up regulated in spinal cord injury group 
with the higher fold increase in expression of AChE. AChE, the enzyme involved in the breakdown of 
acetyl choline, is reported to show increased expression during stress condition (Romero-Vecchioneet 
al., 1987). Increase in AChE cause a decrease in acetylcholine content. The increased expression of 
AChE observed in our study will add on to the cholinergic deficits in the cerebral cortex of spinal cord 
injured rats. AChE is also considered as a marker of apoptosis. It is increased by the activation of 
members of caspase family (Jiang et al., 2007). Increased AChE has been observed during progressive 
disease conditions in alzeihmers condition (Mooradian, 1988). This points to the possibility of 
activation of apoptotic pathways in spinal cord injured condition in addition to the motor deficits 
contributed by the lack of cholinergic transmission. These altered expressions were significantly 
reversed in SCI+5-HT+GABA+BMC treatment group, indicating the restoration of cortical 
cholinergic function. 

From our study it is evident that the total muscarinic receptors along with muscarinic M1 receptor 
subunits showed a reduction in the receptor density and receptor expression in spinal cord injury 
group.  Also, in SCI rats, the mRNA level and binding parameters of muscarinic M3 receptors showed 
an increase in the cerebral cortex when compared to control. Muscarinic acetylcholine receptors are 
known to regulate numerous fundamental physiological processes, including central sensory, 
vegetative, and motor functions (Brown & Taylor, 1996).  The reduction in muscarinic receptor 
function in SCI can augment the locomotor disability and may act as one of the molecular mechanism 
which contributes to the severity of monoplegic condition. A significant reversal was seen in the 
binding studies, real time PCR analysis and immunohistochemical analysis of SCI+5-
HT+GABA+BMC treatment group when compared to SCI rats. Central muscarinic receptors are 
known to play key roles in memory and learning as well as in the regulation of many sensory, motor 
and autonomic processes (Levine & Birdsall, 1997). Thus, we speculated that 5-HT and GABA along 
with BMC have ability to modulate muscarinic receptors in cerebral cortex, thereby ameliorating the 
impaired locomotor performance shown by SCI rats. 

The immuno histochemical studies revealed a reduced expression of   7 nicotinic acetylcholine 
receptors in the cerebral cortex of spinal cord injured rats, even though gene expression level was not 
altered significantly. Along with a functional alteration in the metabotropic muscarinic cholinergic 
receptors spinal cord injury resulted in a reduction in the ionotropic nicotinic cholinergic receptors too.  
Nicotinic acetylcholine receptors could promote fast synaptic coupling between motoneurons, and thus 
play a role in somatic and visceral motor functions (Zaninetti et al., 1999).  Hence, the reduction in 
fast acting nicotinic cholinergic receptors can affect the motor functions in spinal cord injured 
condition. The expression of 7 nAChR was increased significantly in cerebral cortex of SCI+5-
HT+GABA+BMC treatment group. 

Our studies demonstrated the cholinergic impairment mediated through muscarinic and nicotinic 
acetyl choline receptors and the enzymes in acetyl choline metabolism in spinal cord injured rats. Our 
results points to the fact that the overall reduction in the cortical cholinergic function might have acted 
as one of the major contributors of the motor deficits exhibited in spinal cord injured condition. Our 
treatment with bonemarrow cells in presence of comitogenic neurotransmitters GABA and serotonin is 
found to be effective in ameliorating the cholinergic alterations thereby helping in restablishing the 
lost neuronal connections and regaining the locomotor coordination in spinal cord injury group. The 
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treatment with autologous stem cells and neurotransmitters can be ethically and biologically justified 
and can be considered as a better treatment option with least side effects. 
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ENHANCED ANTIOXIDATION POTENTIAL OF SACCHARUM ARUNDINACEUM 

(RETZ.) IN ASSOCIATION WITH AM FUNGI UNDER DROUGHT 
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ABSTRACT 

In the present study, the symbiotic association of arbuscular mycorrhizae (aM), Glomus sp. was 
established withSaccharum arundinaceum (Retz.), a potential bioenergy grass as evident from the 
increase in spore population and percentage of root infected. Various analysis were carried out to 
study the influence of aM association on enhancing the antioxidation potential of S. arundinaceum 
subjected to drought stress. The drought stress increased membrane lipid peroxidation (increase in 
Mda content) was more evident in a M non-inoculated than in inoculated plants. A M Association help 
S. arundinaceum for effective antioxidation by enhancing the activities of various antioxidant enzymes 
such as Sod (superoxide dismutase), aPX (ascorbate peroxidase) and Pod (guaiacol peroxidase) as well 
as accumulation of non- enzymatic antioxidants such as proline and phenols. based on these changes 
in physiological and biochemical parameters in S. arundinaceum associated with aM under drought 
stress, it was concluded that aM fungus could alleviate the damaging effects of drought stress. 

INTRODUCTION 

  Biomass has the potential to become a significant source of renewable energy. High 
biomass accumulating grasses (energy grasses) can be a potential source of renewable energy in the 
future. Interference of biomass production with the existing crop cultivation in arable land is a major 
problem which may ultimately result in increase of food prices. Hence, the challenge is to identify 
plant species that accumulate high biomass and at the same time can be grown in marginal lands. 
Utilization of marginal lands is a challenge for the growth of the plants, as it is adversely affected by 
stresses including water deficit, salinity, etc. Efforts are being made to develop novel technologies to 
enhance tolerance of plants towards water deficit stress. Among these, the protection of host plants 
using AM fungus from detrimental effects of drought is one of the most promising [Ruiz-Lozano, 
(2003)]. AM fungi enhances adaptation ability of host plants under water stress conditions and help 
the host plants to cope up with situations of drought. Therefore, the objective of this study was to 
investigate the influence of AM on enhancing antioxidation potential of S. arundinaceum, subjected to 
drought stress. 
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Materials and Methods 

Plant Material and Experimental Conditions 

The AM inoculum was developed by trap culturing and the plants used were S. arundinaceum grown 
in potting cover. The AM inoculums consisted of a mixture of rhizospheric soil from trap cultures 
containing spores, root fragments with AM association. 40 g of this inoculum (containing 
approximately 520 spores) was mixed with 4 Kg sterilized soil (by solarization for one month) and 
was filled in potting covers (28×30 cm) to which an individual plant was transplanted. After 55d, 
plants were subjected to different treatments such as 1) well watered (control; WW), 2) well watered 
and AM treated plants (WW +AM), 3) non-watered (water stress; WS) and 4) non-watered and AM 
treated plants (WS + AM). These plants were kept in a polyhouse with optimal conditions of light 
(800±100 µmol/m2/sec), temperature (27±3 C) and relative humidity (60±5%). 

Detemination of Mycorrhizal Colonization 

AM spores were extracted from the soil by wet sieving and decanting method as described by 
Gerdeman and Nicolson (1963). The AM infection in  roots were determined by the method of Phillips 
and Hayman, (1970).  

MDA Estimation 

Malondialdehyde (MDA) was estimated according to the method of Heath and Packer, (1968).  

Non-Enzymatic Antioxidants 

  Free proline content was extracted from leaf using 3% sulphosalicylic acid and 
estimated following the method of Bates et al. (1973) using L-proline as standard. Total polyphenols 
were extracted in 80% ethanol and estimated according to the procedures described by Folin and 
Denis, (1915) using Folin Ciocalteau reagent (0.5 ml of 1 N).  

Enzymatic Antioxidants 

The enzyme extract was prepared by the method of Yin et al. (2009). The activity of SOD was assayed 
by measuring its ability to inhibit the photochemical reduction of nitro blue tetrazolium (NBT), 
according to the method of Giannopolitis and Ries, (1977). One unit of SOD activity was defined as 
the amount of enzyme which causes 50% inhibition of the photochemical reduction of NBT. APX 
activity was assayed as described by Nakano and Asada, (1981). The activity of antioxidant enzyme 
peroxidase was estimated according to Gasper et al. (1975). One unit of the APX and POD was 
defined as moles of ascorbate and guaiacol oxidized per minute per gram of fresh weight 
respectively. 

Results and Discussion 

The Rate of AM Colonization 

The extend of AM colonization in roots are shown in Table 1. The microscopic examination of root 
samples revealed that control plants (without AM inoculation) were not at all colonized by AM fungi. 
The colonization of AM in infected plants declined with increase in the severity of drought stress. On 
12d after imparting drought, the spore count and root infection was reduced to 60 and 70% 
respectively as compared to the well watered plants with AM (12d). 
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Lipid Peroxidation 

  It is well documented that water deficit in plants 
increases the concentration of free radicals in cells, resulting in 
oxidative stress [Ruiz-Lozano, (2003)] and the production of 
malondialdehyde (MDA), a final product of the peroxidation of 
unsaturated fatty acids in phospholipids. In WS, the increase of 
MDA was 84, 238 and 420% in 4, 8 and 12d, whereas in 
WS+AM the increase was only 71, 175 and 314% on 4, 8, and 
12d, respectively (Fig. 1a). MDA content in AM plants was 
significantly lower than that in non-AM plants. This may be due 

to the enhanced activity of anti-oxidative enzymes and action of non-enzymatic antioxidants in S. 

arundinaceum by AM symbiosis. According to Porcel et al. (2004) AM symbiosis in soybean had 
lower oxidative damage of lipids under drought stress. These results very well correlate with our 
results. 

Non-Enzymatic antioxidants 

   

 

The proline content 
increased with 
increase in the 
severity of drought. 
In WS plants, the 
increase of proline 

was 194, 430 and 437% on 4, 8 and 12d of treatment and in WS+AM plants the increase was 240, 465, 
538%, respectively higher than that recorded in WS plants (Fig.1b). In order to tolerate drought stress, 
plants accumulate a higher concentration of organic osmolytes such as soluble sugars, proline or other 
amino acids to adjust the osmotic potential of cells for water absorption under drought stress 
conditions [Zhang et al. (2010)]. Accumulation of proline has been shown to protect plants from 
drought by playing the role of an active free radical scavenger [Netto et al., (2010)]. In WS, the 
increase of phenolic content was 35, 72 and 103% on 4, 8 and 12d of treatment respectively and in 
WS+AM, the increase was 46, 109 and 127% on 4, 8 and 12d of treatment respectively (Fig. 1c). 
Phenolic compounds also play an important role in scavenging free radicals and protect plants against 
the damaging effects of increased ROS levels under drought [Petridis et al., (2012)]. The enhancement 
of phenolic content can be linearly correlated with the antioxidant enzyme activity, indicating the 
formers role in antioxidation [Kang and Saltveit (2002)]. The results of enhanced proline and phenol 
accumulation and reduced MDA content ascertains the role of proline and phenol in free radical 
scavenging in AM associated S. arundinaceum.  

Antioxidative Enzyme Activities 

This study also  revealed that AM symbiosis cause an increase of antioxidant enzymatic activities in S. 

arundinaceum. Mycorrhizal plants subjected to drought had increased SOD activity as compared to 
non-mycorrhizal plants. In WS, the increase in activity of SOD was 57, 106 and 177% on 4, 8 and 
12d, whereas in WS+AM the increase was 63, 116 and 235% on 4, 8 and 12d respectively as 
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compared to the watered plant (Fig. 1d). Drought stress also increased the activity of APX enzyme and 
the highest activity was recorded in AM inoculated plants than non-inoculated ones. In WS, the 
increase of APX activity was 68, 216 and 336% on 4, 8 and 12d of treatment and the increase in 
WS+AM was 90, 279 and 531% on 4, 8 and 12d respectively (Fig.1e).  The higher APX activity and 
ASC content in AM plants would result in faster removal of H2O2 through the ASC GSH (ascorbate 
glutathione) cycle, which leads to alleviation of oxidative damage [Wu et al., (2006)].  Drought stress 
condition also enhanced the POD activity in WS plants as compared with non-stressed plants. In WS, 
the increase in POD activity was 152, 265 and 568% on 4, 8 and 12d respectively. But in WS+AM, 
the increase was 163, 304 and 680% on 4, 8 and 12d of initiating the treatment. The result shows that 
POD activity of S. arundinaceum was enhanced by AM inoculation. It was earlier found that AM 
symbiosis may increase the drought resistance of Cucumis melo by promoting antioxidant enzymes 
such as POD [Huang et al., (2011)]. The damaging effects of drought stress was lower in AM 
symbiosis compared to non-AM plant, it may presumed that the increased activities of SOD, APX and 
POD would have effectively scavenged free radicals and thus aided in imparting drought tolerance of 
AM plants. 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

AM developed a very good association with S. arundinaceum 
under control and water stress condition. The association of AM 

with S. arundinaceum, remarkably decreases the concentrations of MDA content produced in the 
plants as a result of drought. The lesser oxidative damage in AM plants may be due to higher acitivity 
of antioxidant enzymes and accumulation of non-enzymatic antioxidants. AM fungus association 
could successfully impart drought tolerance to S. arundinaceum. 
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   S. arundinaceum without AM inoculation (control) did not show neither hyphae nor the soil 
contained any spores. 

 

 

 

 

 

 

 

Fig. 1 Lipid peroxidation [MDA (a)], Non-enzymatic [Proline (b) and Phenol (b)] and enzymatic 
responses [SOD (a), APX (b) and POD (c)] of S. arundinaceum in response to the AM association 
under drought stress. The data is an average of recordings from three independent experiments each 
with three replicates (i.e. n=9). The data represent mean+standard error. 

References 

Bates L S Waldren R P and Teare I K (1973). Rapid determination of free proline for water studies. 

Plant Soil., 39, 205 

Folin O and Denis W (1915). A colorimetric method for the determination of phenols (and phenol 

derivatives) in urine. J. Biol. Chem., 22: 305-308 

Gaspar T  Penel C and Greppin H (1975). Peroxidase and isoperoxidase in relation to root and flower 

formation. Plant Biochem. J., 2: 33-47 

Gerdeman J W and Nicolson T H (1963). Spores of mycorrhizal Endogone species extracted from soil 

by wet-sieving and decanting. Trans. Br. Mycol., Soc. 46: 235-244. 

Giannopolitis C N and Ries S K (1977). Superoxide dismutase in higher plants. Plant Physiol. 59: 

309-314 

Heath R L and Packer L (1968). Phytoperoxidation in isolated chloroplasts. I- Kinetics and 

stoichiometryof fatty acid peroxidation. Arch. Biochem. Biophys., 125: 189-198 

Huang Z Zou Z He c He Z Zhang Z and Li J (2011). Physiological and photosynthetic responses of 

melon (Cucumis melo L.) seedlings to three Glomus species under water deficit. Plant Soil., 339: 391

9 

Kang H M and Saltveit K E (2002) Antioxidant capacity of lettuce leaf tissues increases after 

wounding. J. Agric. Food Chem., 50: .7536 7541 

Nakano Y and Asada K (1981). Hydrogen peroxide is scavenged by ascorbate- specific peroxidase in 

spinach chloroplasts. Plant Cell Physiol., 22: 867-880 

1462

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

Netto A L Jayaram K M and Puthur J T (2010). Clonal variation of tea [Camellia sinensis (L.) O. 

Kuntze] in countering water deficiency. Physiol. Mol. Biol. Plants., 16: 359-367 

Petridis, A., Therios, I., Samouris, G., Tananaki, C., 2012. Salinity induced changes in phenolic 

compounds in leaves and roots of four olive cultivars (Olea europaea L.) and their relationship to 

antioxidant activity. Environ. Exp. Bot. 79, 37 43. 

Phillips J M and Hayman D S (1970). Improved proceduring for clearing roots and staining parasitic 

and vesicular arbuscular mycorrhizal fungi for rapid assessment of infection. Trans. Br. Mycol. Soc., 

54: 53 63. 

Porcel R and Ruiz-Lozano J M (2004). Arbuscular mycorrhizal influence on leaf water potential, 

solute accumulation, and oxidative stress in soybean plants subjected to drought stress. J. Exp. Bot. 

55: 1743-1750 

Ruiz-Lozano J M (2003).  Arbuscular mycorrhizal symbiosis and alleviation of osmotic stress: new 

perspectives for molecular studies. Mycorrhiza., 13: 309 317 

Wu  Q S and  Xia R X (2006). Effects of arbuscular mycorrhizal fungi on leaf solutes and root 

absorption areas of trifoliate orange seedlings under water stress condi-tions. Front. For. China., 1: 

312 317. 

Wu Q S Zou Y N and Xia R X (2006). Effects of water stress and arbuscular mycorrhi-zal fungi on 

reactive oxygen metabolism and antioxidant production by citrus (Citrus tangerine) roots. Eur. J. Soil 

Biol., 42, 166 172 

Yin D Chen S Chen F Guan Z and Fang W (2009). Morphological and physiological responses of two 

Chrysanthemum cultivars differing in their tolerance to waterlogging. Environ. Exp. Bot., 67 : 87-93  

Zhao J L and He X L (2007). Effects of AM fungus on the growth and drought-resistance of Artemisia 

ordosica. Acta Agric. Boreali. Sin., 22: 184 8 

Zhang J J (2010). The diversity of arbuscular mycorrhizal fungi in yellow-brown soilcitrus orchards. 
Huazhong Agricultural University, Wuhan, China, MD Disserta-tion (in Chinese with English 
abstract) 

Zhang Y Zhong C L Chen Y Chen Z Jiang Q B and Wu C (2010). Improving drought tolerance  of 

Causarina equisetifilia seedlings by arbuscular mycorrhizal under glasshouse conditions. New 

Forests., 40: 261-71 

10-07 

STUDY OF USE OF PCR AMPLIFICATION AND SEQUENCING OF TOXIN PRODUCING 

MICROORGANISMS IMPLICATED IN AUTISM 

Joby Pulikkan*, rajendra Kumar m. g, Amritha A, deepa A. v, shalini K, Thashi bharadwaj and 

tony grace. 

*Department of Genomic Science, School of Biological Sciences, Central University of Kerala, 
Padannakad, Kerala, India. 

1463

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

ABSTRACT 

Autism is a spectrum of developmental disorders (aSds). from the previous studies, it is clear that 
microbiome have an important role in maintaining the body health which includes metabolism, host 
immunity, physical homeostasis and nervous systems and microbiome has been implicated in 
exacerbating autism related symptoms, too. In this study culture independent analysis of gut flora of 
autistic children are attempted. Use of specific primers for toxin producing bacterial species such as 
clostridium, Enterohemorrhagic Escherichia coli and Sutterella wadsworthens are carried out. analysis 
of stool samples from ten autistic children and ten normal children with these specific bacterial 
primers have shown key variations in the result. Sutterella wadsworthensis was detected in all the 
autistic stool samples. but it was absent in the normal children. another Clostridium species 
Clostridium perfringens type a was detected in six samples out of ten test samples and was not found 
in any normal samples. Clostridium strains are proved to be toxin producing and this neurotoxins has a 
potential role in host pathogen interaction. The Important thing in this study is the identification of 
Enterohemorrhagic Escherichia coli in five samples out of ten samples analyzed. EHEC is a human 
pathogen which causes bloody diarrhea and hemolytic uremic syndrome (HUS) worldwide. Here we 
used the specific primer for Intimin gene which is the key protein of host cell adhesion and complete 
dominance of virulence has been identified by PCR amplification of the virulent gene. In the absence 
of Intimin the strain considered a mutant and it is less pathogenic than the strain with Intimin. In 
normal children s stool samples it was absent. 

INTRODUCTION 

It is proved well beyond doubt that there is a substantial increase in ASD prevalence across the world. 
This debilitating developmental disorder is found to have an estimated increase of 78% from 2002 to 
2008 as per the surveillance summary submitted by the Autism and Developmental Disabilities 
Monitoring (ADDM) Network which is an active surveillance system that estimates the prevalence of 
ASDs in the United States. It is startling to see that Kerala, a well developed state in terms of literacy, 
education, health care amenities and a high living standard in India, also has reported an 
unprecedented increase in   autism incidence. With its complex etiology, prognosis, diagnosis and 
therapeutic measures become highly evading. 

Autism spectrum disorders (ASD) is a pervasive neurodevelopmental disorder known to have 
impaired communication, social abnormalities and stereotyped behavioral patterns as its characteristic 
features [1, 2]. With unknown etiology, evidences propose that multiple gene defects may be involved 
along with some environmental triggers [3]. Therefore, in addition to heritable predisposition to the 
diseases, environmental factors are also suggested to be playing a major role in autism [4]. The 
anecdotal reports claim that children with autism have frequent gastrointestinal problems and most of 
them suffer from bloating, abdominal pain, constipation, diarrhea, indigestion and more [5]. It is 
proved without doubt that the traditional culture-based methods fail to bring the optimum outcome 
with respect to profiling of bacteria resulting in a significant underestimation of bacteria present in 
fecal samples [6]. At this juncture molecular techniques introduced in microbial ecology have made a 
marked improvement in studying the composition of intestinal flora in a culture-independent way 
which includes methods such as fluorescent in situ hybridization [7], temperature gradient gel 
electrophoresis [8], denaturing gradient gel electrophoresis [9] and 16S rRNA gene clone library 
method [10]. Along with these methods, PCR analysis using specific primers also brings about very 
sensitive results with an ease of use and speed [11] which is the technique successfully implemented in 
this work. There are assumptions that microbes may affect the development of neural systems that 

1464

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

govern the endocrine response to stress. Substantiating this observation Naomi Oyama et al 
demonstrated that monoassociation with enteropathogenic Escherichia Coli with intimin receptor gene 
enhanced the response to hypothalamic-pituitary-adrenal (HPA) reaction to stress [12]. Intimin is a key 
virulent factor implicated in the pathogenesis of enterohemorrhagic Escherechia coli (EHEC). Intimin 
is a 97-KDa attachment and effacement protein encoded by eae A [13]. A link between abnormalities 
in gut microbial functions is almost established in the case of autism (Parracho et al., 2005). Therefore, 
in addition to heritable predisposition to the disease, environmental factors are also suggested to be 
playing a major role in autism (Finegold et al., 2010). It is found that autism symptoms are 
exacerbated with underlying gastrointestinal problems (James B Adams et al., 2011). Put it in simpler 
terms, gastrointestinal symptoms are strongly correlated with the severity of autism.  Decreased 
activity of digestive enzymes like lactase and maltase is also reported widely. Parents of the affected 
wards have the general opinion from their experiences that GI problems and behavior symptoms have 
parallel manifestations (Parracho et al., 2005). Knivsberg et al., have reported the efficacy of restricted 
diets in improving the behavioral patterns of affected kids. A gluten-free and/or casein fee diets help in 
reduced GI disorders and improved behavior in ASD individuals (Knivsberg et al., 2003). A research 
by scientists at the Alimentary Pharmabiotic centre in UCC claims to have found out the importance of 
gut bacteria in the bidirectional communication between the gut and brain 
(http://www.ncbi.nlm.nih.gov/pubmed/22688187). Another interesting study using germ-free mice 
highlights that a microbiome-gut-brain axis exists that is essential for maintaining normal health which 
in turn will affect brain and behavior. This also justifies the research topic we have undertaken.  

Materials and Methods 

Samples: 

Fresh human stool samples for the study are collected from autistic and normal children, age between 
3-12 years. Ten stool samples of autistic children and 10 age matched normal control samples were 
employed for this study. Comparisons were done between the microbial community present in autistic 
and normal samples. Samples were stored for future use at -80°C. 

Extraction of DNA: 

DNA was extracted from the collected stool samples using QIAgenstool kit method as per the 
manufacturer s protocol. 

Standardization of primers: 

The presence of microbial communities in the sample was detected by amplifying 16S RDNA gene 
fragment using the 16S universal primer sequence such as F-
5 CTAGAGCGATTACTAGGGATTCCGACTTCG 3  and R- 
5 GACGTCGGCTCAGGATGAACGTCGGCGGC 3 . It was necessary to fix the exact temperature 
at which the primer works. So a gradient PCR reaction was set up in an EppendorfVapo Protect. 25µl 
reaction contained 12.5µl Master Mix, 1µl forward and reverse primers and 1µl template DNA m ade 
up to 25µl by the addition of 9.5µl water. The pcr was programmed with an initial denaturation for 
5min at 95c. Then 30 cycles of denaturation at 94c, annealing ranged 48-60 and extension at 72c for 
1min.The. A final extension step was carried out at 72c for 10min. Then the amplified product was 
electrophorized and the bands on 1.5% agarose gel were observed.  

Identification of Sutterella wadsworthensis 
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Strain specific primers were used for the detection of sutt.w with the sequences of forward 5  
CGCGAAAAACCTTACCTAGCC 3  and reverse 5  GACGTGTGAGGCCCTAGCC 3 . A pcr 
reaction consists of 12.5ul master mix, 0.75ul of each primers and 0.5ul of template DNA made up the 
reaction mixture as 25ul. The pcr conditions followed from Williams BL , 2012. Starting with an 
initial denaturation of 950c for 15 min followed by 30 cycles of 940c  of 1min denaturation, annealing 
at 600c  for 1min and extension at 720c  for 1min. A final extension lengthened at 720c  for 5 min. PCR 
product analysis done by electrophoresis of 1.5% agarose gel and visualized by gel doc for further 
analysis. 

PCR detection of Intimin gene (eaeA) 

Another strain which was screened in autistic patients samples. Specific primers were used to target 
the Intimin gene from the bacteria enteropathogenic Escherichia coli. The primers eaeA F 5  
GTGGCGAATACTGGCGAGACT 3  and eaeA R 5  CCCCATTCTTTTTCACCGTCG 5 . 25ul of 
pcr reaction consists of 12.5ul master mix, 0.75ul of each forward and reverse primers and 2.5ul of 
template DNA was added and made the volume 25ul. The pcr conditions followed as described in 
(Peter K. Fagan, 1998). An initial denaturation of 950c  for 3min followed by 35 cycles of 950c  for 20 
sec. annealing at 58c for 40sec and an extension of 72c for 1.30 min. A final extension was carried out 
at 720

c  for 5min. PCR products were analyzed in 1.5% of agarose gel stained with ethidium bromide 
and visualized. 

PCR detection of Clostridium perfringens Type A 

For detection of clostridium perfringens type A, specific primers such as C.per A forward 
5 GCTAATGTTACTGCCGTTGACC3  and c.per B reverse 5 TCTGATACATCGTGTAAG 3  were 
used. 5 l of pcr reaction consisted of 12.5 l master mix, 0.75 l of primers (10pmols). The PCR 
conditions followed as an initial denaturation at 950c  for 2min, followed by 35 cycles of denaturation 
at 940C for 1min, annealing at550 C for 1min and an extension was at 720 C for 1min. a final extension 
was carried out at 720 C for 10 min (Mohamed E. Mohamed, 2010). The PCR product was 
electrophoresised using 1.5% of agarose and visualised in gel doc. 

Purification of PCR products for Sequencing 

The PCR product was transferred to a 1.5 ml microcentrifuge tube and equal amount of Membrane 
Binding Solution was added. The mixture was then transferred into the Minicolumn kept in the 
collection tube and this assembly was incubated at room temperature for 1 minute. Centrifugation was 
carried out at 16,000 x g for 1 minute and the flow through obtained was discarded. Then the 
Minicolumn was reinserted into the collection tube. Now 700 l of Membrane Wash solution was 
added followed by centrifugation at 16,000 x g for 1 minute. Again flowthrough was discarded and 
Minicolumn was reinserted into the collection tube. The above step was repeated with 500 l of 
Membrane Wash Solution and centrifugation at 16,000 x g for 5 minutes. The collection tube was 
emptied and the column assembly was recentrifuged for 1 minute with the microcentrifuge lid open 
for evaporation of residual ethanol. Now the Minicolumn was transferred to 1.5ml microcentrifuge 
tube and 50 l of Nuclease free water was added. This was followed by incubation at room temperature 
for 1 minute and centrifugation at 16,000 x g for 1 minute. Minicolumn was discarded and the eluted 
DNA was stored at 4 C or -20 C. 

The purified products were amplified into two sets having forward and reverse primer respectively. 
The first set of reactions consisted of Big dye (1 l), Buffer (1.5 l), water (4 l), forward primer (1.5 
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l) and DNA (2 l). The second set of reactions also had the same composition except that the forward 
primer was replaced by the reverse primer. The cycling condition were 96  C for 1 min, 96  C for 10 s 
followed by 25 cycles at 50 C for 5 s and 60 C for 4 min. 

Big Dye Terminator v 3.1 clean up (Tube method) 

The processed PCR product was prepared for the sequencing reaction by using the Big Dye 
Terminator clean up method. Master Mix I was made with 10 lMilli-Q and 2 l of 125 mM EDTA 
(for each reaction).Next master mix II was made which consisted of 2 l of 3M NaOAc pH 4.6 and 50 

l of ethanol per reaction. The purified product was transferred into 1.5 ml microcentrifuge tube and 
12 l of master mix I was added to each reaction.Then it was followed by the addition of 52 l of 
master mix II.The contents were mixed well and incubated at room temperature for 15 minutes.The 
above was then centrifuged at 12000 x g for 20 minutes at room temperature and the supernatant was 
discarded.250 l of 70% ethanol was added and centrifuged at 12000 x g for 10 minutes at room 
temperature. The supernatant is thus obtained is discarded.Then 12 l of Hi-Di formamide was added 
and mixed well.These products were then transferred to PCR tubes and denaturation step was carried 
out at 95 C for 4 mins.This was followed by snapchill and the reaction was placed for sequencing in 
the ABI 3500 Genetic analyzer at the central university of Kerala DNA sequencing facility. 

Analysis of Data obtained 

Sequenced data are analyzed by nucleotide BLAST (Basic Local Alignment Search Tool).  

Results and Conclusion 

Standardization 

16srDNA primers standardized from the pooled DNA samples by gradient PCR with an annealing 
temperature ranges from 48-600 C. Electrophoresis done after amplification showed sharp bands at 
lower temperatures and 550 C was identified to be the most favorable temperature. 

Specific Strains Detected 

Using specific primers of toxin producing bacteria, total three strains are identified in autistic children 
such as Sutterella wadsworthensis, Clostridium perfringens type A and Enterohemorrhagic 
Escherichia coli. Total ten autistic and three normal children stool samples were analyzed. All the 
normal children were healthy at the time of sample collection.  

               Coming to the results obtained, in all the autistic stool sample Sutterella wadsworthensis was 
clearly detected and in normal samples it was absent and conformed by repeating the experiments. 
Clostridium perfringens type A is another neurotoxic bacterial strain was detected in six autistic stool 
samples out of ten and also it was absent in the normal children stool samples. The third strain is the 
Enterohemorrhagic Escherichia coli, the recently emerged group of food-borne pathogens and it also 
pathogenic to human was detected in five autistic children. It was also absent in normal children. 

          Figures 
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Conclusion 

                In this screening study of toxin producing bacteria in ten autistic patients, three types of 
strains detected having a major role in causing various types of disease in humans. The bacterial 
strains inculdedsutterellawadsworthensis. Clostridium perfringens type and 
enterohemorrhagicEscherichia coli (EHEC). Sutterellawadsworthensis is a recently discovered 
bacterial strain in autistic patients. It is also used as a marker strain to screen autism because of the 
abundance of this bacterium in ASDs. How it is interacting with host organism s activities is still 
unclear or unknown. In this study all the samples collected from autistic patients, sutterella spp. was 
identified and also it was absent in normal children. Previous papers suggested that sutterella spp. is 
only found in ASDs and it wiil be absent in normal children. However we need more normal children 
samples for confirming the uniqueness of the bacterium. Another clostridium spp. such as clostridium 

perfringenstype A also was detected in six sample out of ten screened. Clostridium species are well 
known for its neurotoxin secretion. The toxin secreated by this bacterial species will act as 
enterotoxins and target enterotoxin neurons. The epsilon toxin produced by c.perfringenscan stimulate 
the release of glutamate and it will also target certain hippocampal neurons. In normal children this 
species was not detected. EnterohemorrhagicEscherichia coli (EHEC) is an another pathogen can 
cause diarrhea or hemorrhagic colitis in human. Hemorrhagic colitis occasionally progress to 
hemolytic uremic syndrome.Previous studies none has been reported the presence of EHEC in autistic 
children. In this study five autistic children detected having this strain with virulence factor. Here we 
used the specific primer for Intimin gene which is the key protein of host cell adhesion and complete 
dominance of virulence.It has been identified by PCR amplification of the virulent gene. In the 
absence of Intimin the strain considered as mutant and it is less pathogenic than the strain with 
Intimin. Attaching and effacing lesions on human epithelial cell membrane cause the destruction of 
microvilli at the site of the adherence. 

    However these toxic strains can negatively affect the host organism. Mainly these organisms are 
spread through food contamination and will give symptoms of diarrhea. The autistic children we used 
to collect stool samples possessed a wide variety of gut problems such as indigestion, flatulence, 
constipation, loose stool and diarrhea. We have this strong speculation that an autistic patient can be 
still categorized  under any one of the above neurotoxin producing microorganism depending on the 
kind of gut/intestine problem he/she has such as constipation, flatulence, etc. However the data is not 
sufficient to conclude completely if the neurotoxicity of bacteria can influence autism in a dominant 
way. But we need more screening of different neurotoxin producing bacteria in more autistic patients 
as well as normal controls. Further studies are going on with different strains with more parameters 
being involved. 
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ABSTRACT 

Chikungunya virus (CHIkV) causes sporadic or epidemic outbreaks of febrile illness, which typically 
manifests as acute onset of fever with a characteristic polyarthralgia. Viral envelope proteins are 
extensively used in developing diagnostics, to generate antibody tools for addressing the viral 
replication biology and also as vaccine candidates. CHIkV has two major envelope proteins E1 and 
E2, which are components of the viral spikes. They compose of triplets of heterodimeric E1 and E2 
glycoprotein that facilitate viral attachment to cell surfaces and entry into the cells. In the present 
study, we compared these two envelope proteins with respect to their immunogenicity as well as the 
ability of the generated antibodies to efficiently detect virus infection in infected cells. The RT-PCR 
amplified coding regions of E1 and E2 from the clinical CHIkV strain from kerala (RGCb355/ kL08; 
Genbank accession no. GQ428214) were cloned into the protein expression vector pET 32a. The His-
tagged proteins produced by IPTG induction of the transformed E. coli cells were purified by ni-
nitrialo acetic acid (ni-nTa) affinity chromatography. Immunization of rabbits with purified proteins 
and testing of the generated serum by ELISa showed that both proteins generated specific antibodies, 
but E1 protein was more immunogenic. However, in immunofluorescence assays in infected cells, E2 
antibody showed significantly more specificity in detecting CHIkV. 

INTRODUCTION 

Chikungunya virus (CHIKV), a mosquito borne virus of the Alphavirus genus was considered as a 
neglected tropical disease and a major public health concern of the tropics till 2005. It causes an acute 
debilitating viral disease which is manifested by abrupt onset of high fever, myalgia, head ache and 
rash and characteristic poly arthralgia that can persist for several months. (Strauss and Strauss 1986). 
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Even if CHIKV was formally described during 1950 s (Ross 1956; Robinson 1955), the disease 
gained global attention during the recent outbreak in La reunion island in 2005 that got spread 
explosively to India and other Asian and African countries infecting over 2.5 million people (Vazeille 
et al 2007). 

The re-emergence of CHIKV in Indian subcontinent was recorded after 32 years in several parts of 
India of which Kerala was the worst affected state. The years 2006-2009 witnessed epidemics in many 
parts of Central and Northern Kerala (Sreekumar et al 2009, Niyas et al 2010). Currently there are 
reports of sporadic and endemic cases of CHIKV being reported from different parts of the state from 
2010 onwards. Several atypical manifestations like aphthous-like ulcers and vesiculo-bullous 
eruptions on the skin, neurologic signs, and fulminate hepatic involvements were newly reported in 
recent outbreaks which suggest that there is a shift from the arthritogenic nature of the virus (Chandak 
et al 2009). These outbreaks gained significant global attention due to their magnitude and spread 
around the world consequent to the rapid adaptation of virus to Aedes albopictus vectors.  

As CHIKV co-circulates with dengue virus in endemic regions, a differential laboratory diagnosis is 
critical for efficient disease management. The structural proteins which play crucial role in the 
attachment of the virus, its entry and assembly are extensively used in developing diagnostics. E1 and 
E2, two major envelope glycoproteins form the major immunodominant antigens in the virus. They 
exist as heterodimers on the viral surface and are believed to interact with the cellular receptors 
facilitating binding and endocytosis and subsequent fusion with cellular membranes (Strauss and 
Strauss 1986). At the structural level, E1 is a class II viral fusion protein and its domains I and II are 
involved in the E1 trimerization during the viral fusion process. Domain II also mediates the E1 E2 
heterodimeric interaction during the maturation and budding of the virus from the infected cells 
(W.Zhang et al, 2002). The E2 envelope protein is a type 1 transmembrane glycoprotein and is known 
to be responsible for receptor binding during the course of alpha viral life cycle. While E1 contains 
more conserved cross reactive epitopes, E2 is the site of neutralizing epitopes (Shukla et al., 2009).  

In the present study, we compared the E1 and E2 glycoproteins for their immunogenicity and also 
evaluated the specificity of the generated antibodies to efficiently detect virus infection in infected 
cells.   

Materials and methods 

1. Construction of a bacterial expression system pET32a containing E1 and E2 protein 

RGCB355/KL08 CHIKV strain (GenBank Accession No. GQ428214) which was previously been 
characterised by whole genome sequencing (Sreekumar et al 2009) was used as a prototype strain for 
infection studies and cloning purposes. The viral RNA was isolated using Nucleospin kit (MN). The 
coding region corresponding to E1 and E2 proteins were RT PCR amplified from the isolated RNA. 
RT PCR was carried out using Fidelitaq RT PCR kit (USB, Cleaveland, Ohio) using the primers Chk 
E1 Nde His F 5 CTACATATGCATCACCATCACCATCACTACGAACACGTAACAGTG 3  and  
ChkE1 Xho I R 5 CTCGAGTTATCAGTGCCTGCTGAACGA 3  for E1 and Chk E2 Nde His F 5  
CTACATATGCATCACCATCACCATCACAGCACCAAGGACAAC3  and Chk E2 SalR  
5 GTCGACTCAATTACGCTTTAGCTGTTCT3  for E2. The conditions were a reverse transcription 
step at 500C for 45 min and 35 cycles of thermal cycling, which included denaturation at 950C for 1 
min, annealing at 550C for 1 min, and an extension at 680C for 2 min. The amplicons were 
subsequently cloned in pGEM-T easy vector (Promega) using standard cloning techniques. E1 and E2 
region were then subcloned in pET 32a (Novagen, Madison, WI) in frame into the Nde-XhoI site of 
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this vector for expression as a His-tagged fusion protein. The primary transformation was done in 
E.coli JM109 competant cells and the clones containing pET32a-E1/E2 in forward orientation were 
selected by directional PCR using T7 universal primer and.Ch25R 5  
AGTATGGCACGTGACCGTAC3  for E1 and Ch 22R 5 ACATTTGCCAGCGGAAAC 3 for E2. 
The plasmid DNA was isolated from positive clones and sequence characterised.  

2. Expression of recombinant proteins E1 and E2 in E.coli 

PET 32a-E1/E2 plasmid was transformed to  BL-21 DE3(Promega, Madison, WI) expression strains 
of E.coli and transformants were grown on LB medium containing 50 g/ml ampicillin. The cultures 
were incubated at 37°C in a shaking incubator until cells reached mid-log growth (approximate OD 
0.6). Induction of the recombinant protein was done with 1mM isopropyl thio galactoside (IPTG; 
Promega) for 5 hours at 28 °C. The uninduced and induced cells were analyzed through western 
blotting on 10% SDS  PAGE and using primary anti His monoclonal antibody (Sigma 1:1000) and 
secondary rabbit anti-mouse IgG HRP antibody (Sigma1:15,000). 

3. Purification of recombinant protein and generation of hyperimmune sera 

Recombinant E1 and E2 were purified from 100 ml of induced culture under denaturing conditions by 
the nickel-nitrilotriacetic acid resin affinity chromatography. The cells were resuspended in 5ml 
denaturing binding buffer (8M Urea, 100mM NaH2PO4, and 10mM Tris; pH 8.0) and were lysed by 
sonication (Branson Sonifier). The purification of the His tagged protein was carried out in denaturing 
condition using Ni-nitrialo acetic acid (Ni-NTA) chromatography. To the equilibrated 200ul of 
Probond resin, 500 l of protein solution was mixed and allowed to bind to resin for 10 minutes at 
370C with shaking. The unbound protein was removed by extensive washing of the resin using 
denaturing binding buffer (pH 6.3). The bound protein was eluted using denaturing binding buffer 
with pH 4.0 and pH 3. The protein was desalted with a PD-10 column (Amersham/GE Healthcare) 
against phosphate buffered saline (PBS; pH 7.4) and was quantified by Bradford assay. 

Polyclonal antibodies against CHIKV E1 and E2 were raised in rabbits by hyper-immunizing male 
New Zealand White rabbits. 100 g of the purified protein was used for immunization as per standard 
protocols approved by the Institutional Animal Ethics committee. The presence of anti-E1 or anti-E2 
antibody in rabbit immune sera were analyzed by an enzyme linked immunosorbent assay (ELISA). 
Purified, recombinant E1 and E2 protein (50 g/well) was used for coating the ELISA plate (Maxisorp; 
Nunc). Horseradish peroxidise conjugated mouse anti-rabbit IgG monoclonal antibody was used to 
detect the bound anti-E1 and anti E2 antibody in the immune serum. 

4. Evaluating the efficiency of hyperimmune sera through immunofluorescence 

Cells were grown on glass cover slips and infected at MOI 1. At 24h post infection, cells were fixed 
using 4% paraformaldehyde in PBS for 15 min at 4°C and washed three times with PBS. The cells 
were permeabilized with 0.2% Triton X-100 for 10 min at room temperature, washed with PBS and 
blocked by incubating in PBS containing 5% normal goat serum for 1h at 37°C. After washing with 
PBS, cells were incubated in 1:10 dilution of primary antibody inhouse rabbit anti-CHIKV polyclonal 
serum against recombinant E1 protein or 1:50 dilution of  inhouse rabbit anti-CHIKV polyclonal 
serum against recombinant E2 protein for 1h at 370C. Subsequent to three times washing with PBS, 
cells were incubated with 1:1000 dilution of Alexafluor 488 antirabbit IgG secondary antibody 
(Sigma). Nucleus morphology was revealed by DAPI staining (final concentration: 1 g/ml). Cover 
slips were mounted on glass slides and fluorescence was observed using an inverted fluorescent 
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microscope (Nikon Eclipse Ti-S). Images were captured with a LucaR (Andor) EMCCD camera using 
NIS elements software under identical exposure and gain settings for the infected cells as well as the 
controls. Cells treated only with the secondary antibody served as background fluorescent staining 
control in the experiments. 

Results  

1. Expression and purification of recombinant E1 and E2 protein in E.coli 

E1 and E2 region were RT PCR amplified from the RNA isolated from RGCB 355/KL08 isolate and 
the amplicons were first cloned in pGEM-T Easy vector and later cloned to bacterial expression vector 
pET32a using standard cloning techniques. The clone was confirmed using restriction digestion (Fig 
1a).The pET 32a-E1/E2 plasmid was transformed to the expression strains of E.coli BL-21 DE3 and 
induction was performed in the presence of 1mM IPTG for 4hrs at 28°C. The recombinant protein 
expression was checked in 10% SDS PAGE (Fig 1b) and later purified using Ni-NTA resin affinity 
chromatography. Under denaturing condition the purified E1 fraction was eluted in denaturing binding 
buffer of pH 3. The E2 pellet was resuspended in PBS since the protein was not getting solubilised in 
denaturing binding buffer. The proteins were then blotted in PVDF membrane and probed with anti 
His antibody and checked for its purity. (Fig1c) 

 

2. Comparing the 

immunogenicity of E1 and E2 

by ELISA 

Two male New Zealand White 
rabbits were immunized with 

50µg of recombinant protein E1 in PBS (purified) and E2 pellet in 
PBS respectively. To increase the antigenicity booster doses of 
each antigen were given on Day 21. The hyperimmune sera were 
collected at different days post immunization till Day 105 for E1 
and Day 90 for E2 and tested for the antigen-titre using standard 
ELISA (Fig 2). Both the E1 and E2 hyperimmune sera were more 
specific to their respective recombinant proteins than the native 
proteins of CHIKV virus. The sensitivity of both sera to their 
respective recombinant protein was found to be even in 1:100 
dilution.  

                       

3. Comparing the immunogenicity of E1 and E2 

by immunofluorescence assay 

U87 MG cells were infected at different MOI and fixed 
after 24hp.i. The immunofluorescense assay was performed 
using 1:10 dilution of polyclonal serum against 
recombinant E1 protein and 1:50 dilution of polyclonal 
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serum against recombinant E2 protein. 1:1000 dilution of Alexafluor 488 antibody was used as 
secondary antibody and visualized using an inverted fluorescent microscope. The E1 antibodies was 
not very efficient in identifiying the cells which were infected. At the same time, the E2 antibodies 
could efficiently show the presence of viral proteins in infected cells as distinct cytoplasmic 
fluorescence (Fig.3). Also, the detection was highly specific as there was no background fluorescence 
and also no fluorescence in uninfected cells.                   

 Conclusions  

The envelope glycoproteins E1 and E2 of CHIKV were widely used for developing the diagnostic 
reagents to detect Chikungunya virus infection. In the present study, we cloned and expressed the 
CHIKV E1 and E2 proteins in bacterial expression system, purified and immunized the rabbits to 
generate hyperimmune sera against E1 and E2 respectively. We compared the sensitivity and 
specificity of generated hyperimmune sera by testing its efficacy in detecting the viral proteins through 
ELISA and immunofluorescense assay.  The immunofluorescence assays in infected cells confirmed 
that E2 antibody showed significantly more specificity in detecting CHIKV.  
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ABSTRACT 

 Genetic diversity of 19 wild Curcuma species was assessed by using morphological characters 
and random amplified polymorphic dna. a dichotomous key and a dendrogram were derived from the 
selected morphological characters. The dendrogram derived from the morphological characters 
provided III groups. C. bhati showed distinction from all the other species as a separate node and C. 

montana and C. psuedomontana shared the same node in group IIb suggestive of both are synonyms 
and the need for relook into the separate status given for both the species. Twenty RaPd primers 
produced a total of 2226 scorable bands in the 19 species of Curcuma, out of which 1025 were 
polymorphic. The percentage polymorphism ranged from a maximum of 56.7% to a minimum of 
36.5% within the species. based on UPGMa clustering, all the 19 species were grouped into two main 
groups. Group I has one node for Curcuma bhatii with a similarity coefficient of 0.23 with the all the 
other species clarifying the questions raised against the circumscription of C.bhatii from Paracautleya 

bhatii. The second subgroup contained 7 species in which C.montana and C. pseudomontana were 
grouped together with maximum similarity with a coefficient of 0.33 and can be synonyms. The 
results obtained shows that by using morphological characters and RaPd the genetic diversity of the 
Curcuma species can be assessed and there is aneed to relook into the species status given for some 
species. 

keywords :Curcuma.Species diversity.Taxonomy.RaPd. UPGMa dendrogram 

INTRODUCTION 

 The family Zingiberaceae, generally known as Spice family , forms an important group with 
considerable economic potential, with genera such as Aframomum, K.Schum., Alpinia Roxb., 
Amomum Roxb., Curcuma L., Elettaria Maton., Kaempferia L.and Zingiber Boehm. Many members 
of this family have been used in Ayurvedic and other system of medicine from time immemorial and 
some are well known spices. The genus Curcuma L., with around 120 species (Skornickova et al. 
2004) distributed in tropical and subtropical Asia consists of a rather homogenous group of 
rhizomatous perennials.   

 Zingiberaceae is a taxonomically neglected group mainly because of the inaccessible nature of 
the wet evergreen forests in which they grow and the special floristic characters. Short flowering 
period coincides with the monsoon season, makes their collection much operose. Moreover, huge 
vegetative and massive underground parts make the preparation of herbarium specimens tedious. 
Consequently, most herbarium specimens are fragmentary and the conclusions in most of the floras, 
based on dried specimens, are truncated accounts. Delicate nature of flowers, loss of colour and 
formation of a gummy mass soon after collection makes the phylogenetic evaluation based on floral 
morphology much difficult for the genus Curcuma. The major problem in  taxonomic descriptions are 
lack of  type  specimens, illustrations of old species and lack of protologues, with complete details in 
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literature. The flowers are evanescent and even flower specimens in the herbaria cannot be of much 
help to a critical taxonomist. The determination of correct identity is necessary for proper utilization 
and conservation of Zingiberaceous crops. Proper characterization of the taxa by using molecular and 
phytochemical methods is needed to solve the problem of delimitation of some taxa. The vulnerability 
of many of these species and imminent danger of their extinction makes it more urgent. However, 
molecular support is lacking in the diversity studies of Curcuma in India. 

 The main identifying characters of the genus are its inflorescence, a spike with prominent 
spiral bracts, which is laterally fused or adnate to the peduncle and form pouches, each subtending a 
cincinnus of flowers and a cluster of, often coloured, sterile, terminal bracts called coma .  Baker 
(1890) described 29 species in the Flora of British India and subdivided the genus into three sections  
Exantha, Mesantha and Hitcheniopsis.  Hitcheniopsis differed from the rest of the genus in its spurless 
anthers.  Schumann (1904) rejected the sectional classification based on spike position and suggested 
two subgenera [Eucurcuma and Hitcheniopsis (Baker) K. Schum.] based on the presence or absence of 
spur on anthers. Fischer (1928) reported eight species.  But this was proved as a gross underestimate 
by the subsequent addition of twelve more species, bringing the total number of South West Indian 
species to 20 of which 12 taxa are endemic to Indian subcontinent (Sabu 2006). The species are 
naturally found in mixed deciduous tropical forests and tropical broad-leaved evergreen forests.  The 
members of the genus in these regions are important resources and have great potential in terms of 
commercial values as source of spices, medicines and horticultural products.  (Apavatjrut et al. 1999; 
Cao et al. 2001; Cao & Komatsu 2003; Joe et al. 2004; Sasaki et al. 2004). 

 Taxonomic characterization is mainly dependent on comparative morphological characters 
which are influenced by environmental factors. Confusion is prevailing in the classification of 
Zingiberaceous members which are often difficult to discriminate based on conventional taxonomic 
tools. Studies based on morphological, molecular, anatomical and biochemical characterization of few 
Curcuma species have been attempted earlier (Syamkumar & Sasikumar 2007; Zhou et al. 2007; 
Policegoudra & Aradhya 2008;Paramasivam et al. 2009). Relying much on the morphological 
characters alone in species delimitation has its own disadvantages since they are not always 
completely representing the genetic structure. Conventional taxonomic methods in conjunction with 
molecular and biochemical tools will provide accurate and powerful methods for analyzing genetic 
relationship among the species in the family Zingiberaceae. However, concerted efforts are not been 
taken for  molecular characterization in Curcuma species. Molecular markers assume greater 
significance, as these methods detect polymorphisms by assaying subsets of the total amount of DNA 
sequence variation in a genome (Das et al. 2011).  

 The objectives of the present study were to assess the genetic diversity by using 
morphological and molecular markers of selected Indian Curcuma species which has relevance in the 
present context of the ongoing taxonomic revision of the genus. Not many efforts are done to classify 
Curcuma species by using molecular markers. The development of highly reliable molecular marker 
system for assessing the genetic diversity within the genus could help in crop improvement program 
through molecular breeding. 

Materials and methods 

Morphological characters 

Curcuma species selected for the study were C. aeruginosa, C.inodora, C.raktakanta, C.longa, C. 

amada, C.neilagherensis, C.oligantha, C.coriacea, C.aurantiaca, C. zanthorhiza,, C.decipiense, 
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C.vamana and C.bhatti. Whole plants with  underground parts such as rhizome, roots and root tubers 
were collected from different parts of South India. The rhizomes collected from different localities 
were planted in the Calicut University Botanical Garden (CUBG). Eight morphological characters 
were taken into consideration for finding out the morphological similarities/dissimilarities. The 
characters considered were floral characters (spike position, color of calyx, color of  corolla) Rhizome 
characters ( color of rhizome, aroma, taste of rhizome) and aerial characters ( color of leaf sheath and 
leaf midrib color). Specimens were identified with the help of Floras, Revisions and Monographs and 
also referred to experts for accurate identification. The nomenclatural corrections were made 
according to ICBN (Mc Neill et al, 2006) and for abbreviation of periodicals; the BPH (Lawrence 
1968) is followed. The abbreviation of authors is according to Brumitt and Powell (1992). The types 
and authentic materials available in Central National Herbarium (CAL), Kolkata and Madras 
Herbarium (MH) at Coimbatore were studied. Voucher specimens used for this investigation are 
deposited in the University of Calicut Herbarium (CALI). The morphological characters  were marked 
as presence and absence and loaded to NTSYS-pc program and computed to derive the genetic 
similarity index and the dendrogram was constructed by using UPGMA. 

RAPD analysis 

Plant material 

The experimental material comprised of 19 Curcuma species, collected from different geographical 
locations and maintained in the field gene bank of Botanical Garden, University of Calicut (CUBG), 
Kerala, India. 

DNA extraction 

Genomic DNA was isolated from the young leaves by using the modified CTAB method described by 
Ausubel et al. (1995).The protocol used for the extraction of DNA worked for all the species, 
however, interspecific variations were observed in the quality and quantity of DNA. Good quality and 
quantity of DNA was extracted from uppermost first and second leaves of all the Curcuma species.  
The extraction buffer contained 100mM Tris  HCl (pH 8.0), 20mM EDTA (pH 8.0), 1.4 M NaCl, 2% 
(w/v) Cetyltrimethyl ammonium bromide (CTAB) and 0.2% (v/v) β-mercaptoethanol. 

Polymerase Chain Reaction 

Polymerase chain reactions for RAPD were carried out in 25.0 µl reaction volume containing 0.5U 
Taq DNA polymerase,200µM dNTPs, 2mM MgCl 2 and 10pmoles of random decamer primer 
(Williams et al., 1990). Amplification cycles comprised of a denaturation temperature of   920C for 5 
min,  followed by 35 cycles of denaturation at 920C for 1 min., annealing at 380Cfor 1min., extension 
at 720 C for 1 min. and final extension at 720C 10 min. The reactions were carried out in a 96 well 
thermal cycler with gradient block (Eppendorf mastercycler pro S, Germany). 

Electrophoresis of PCR products 

The PCR products were run in agarose gel ( 1% w/v) kept in 1X TAE buffer. The gels were stained 
with ethidium bromide (0.5 µg/ml) and documented using chemiluminescence imaging system (Cell-
bio Science, U.S.A.). The bands were scored by using 1Kb DNA ladder ( New England Biolabs)as 
marker. 

Data scoring and analysis 
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The electrophoretic patterns obtained in the gels were visually analysed and scored as 1/0 for the 
presence or absence of bands for each primer. To avoid taxonomic ambiguities, the intensity of bands 
was not taken to consideration, only the presence of intense and reproducible bands was taken as 
indicative. The data were entered into excel spreadsheet and the matrix obtained was loaded to the 
NTSYS-pc program (Rohlf, 2000) and Jaccard s similarity index (JSI) between the species was 
calculated. A UPGMA dendrogram was constructed based on the derived JSI. Principal component 
analysis (PCA) was also performed to study the differences among the different species in the cluster. 

Results and Discussion 

Morphological evaluation 

Based on the morphological characters a dichotomous taxonomic key was developed for all the 19 
Curcuma species studied.The dendrogram constructed by computing the selected morphological 
characters of the 19 species to UPGMA clustering produced a phylogenetic tree with two prominent 
groups. The two groups diverged at a JSI of 0.37 and C.bhatishowed distinctiveness from rest of the 
species. Group I comprised of a distinct node for C.aeruginosa with 0.45 JSI from the other species. 
C.zanthorrhiza and C.raktakanta shared a common node with a JSI of 0.53 with all the other species. 
C.longa formed a separate node with a JSI of 0.474 justifying its amphidiploid nature. Group IIA 
comprised of C. amada with 0.53 JSI from rest of the species indicating its special biochemical 
features. C.aurantiaca and C.decipiens shared a common node with a JSI of 0.84 with all the other 
species. C.oligantha showed a JSI of 0.68 and C.coriacea with 0.65 JSI with the other 
species.C.karnatakensis and C.neilgherrensis showed the same JSI as they shared the same node. 
Group IIB comprised of C.montana,C.pseudomontana, C.haritha, C.aromaticaand C.inodora. 
C.montana, C.pseudomontana showed maximum similarity among all the species studied hence can 
be considered as synonyms. Group IIC comprised of C.mutabilis and C.vamanawhich showed a JSI of 
0.47. Group III comprised of C.bhatiwith 0.37 JSI and can be considered as  a separate genus. 

Molecular characterization 

A total of 42 random decamer primers were used  for RAPD analysis. Polymorphic bands were 
produced by 20 primers in all the 19 species of Curcuma. The results obtained from primers with 
monomorphic bands were not considered for phylogenetic analysis. The scoring was done after 
running the PCR products on an agarose gel, where the bands were clearly visible and reproducible in 
three replicated amplification reactions. Amplified fragments were manually scored for presence (1) 
and absence (0) and the binary matrices were subjected to statistical analyses using NTSYS pc 
(Numerical Taxonomic Multivariate Analysis System version 2.1,Rohlf, 2000). The 20 random 
decamer RAPD primers produced a total of 2226 scorable bands in all the  species of Curcuma 
studied, out of which 1025 were polymorphic. The percentage polymorphism ranged from a maximum 
of 56.7% to a minimum of 36.5% . 
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To  compute pair-wise 
genetic similarities, 
Jaccard s similarity 
coefficients (Jij) were  
calculated  by  using the  
formula, Jij= a/(n-d) where 

a is the number of RAPD  
bands present in both i and 
j accessions, d is the 
number of bands absent in 
both I and jaccessions, and  

n is the total number of  RAPD  bands. The similarity matrices were computed and corresponding 
dendrograms of genetic relatedness were constructed by applying Unweighted Pair Group Method 
with Arithmetic Mean(UPGMA)clustering algorithm (Fig- 6) 
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In recent years, fungal endophytes from diverse host species have been extensively studied for 
valuable compounds (enzymes,antimicrobialcompounds). Investigations on fungal endophytes from 
tropical mangrove plantspeciesare however limitd, despitehostingawiderange of macro-and 
microorganisms. In this study, we explored fungal endophytes from Avicennia officinalis for 
enzymatic and antimicrobi alpotential. atotalof 20 isolates were obtained and they demonstrated 
avariety of enzymatic activitiesi.e., cellulase, tyrosinase, lipase, L-glutaminase and L- asparaginase. 
These endophytes also showed antibacterial and antifungal activity. Selected isolates revealeda diverse 
endophytic community, comprising mainly of the genus Acremonium, Cladosporium, Curvularia and 

Saccharomyces. The study revealed the diversity and the enzymatic and antimicrobial potential of the 
endophytes from Avicenniaofficinalis 

INTRODUCTION 

Natural products are naturally derived metabolites or byproducts from microorganisms, plants, or 
animals (Baker et al, 2000). Due to the presence of naturally resistant organisms, there is an urgent 
need for new antibiotics, chemotherapeutic agents, and agrochemicals that are highly effective, low 
toxic, and have a minor environmental impact. Many researches have proven that endophyte is a new 
and potential source of novel natural products for exploitation in modern medicine, agriculture and 
industry (Schulz et al, 2002). An endophyte is an endosymbiont , often a bacterium or fungus that 
lives within a plant for at least part of its life without causing apparent disease (Bacon and White, 
2000). Endophytes are ubiquitous and have been found in all the species of plants. Their role includes 
nutrient cycling, senescence onset delay & protection of plants by production of novel secondary 
metabolites that combat pathogens and even cancers. Most commonly isolated endophytes are fungi 
and bacteria, of which fungi are the dominant group. Endophytic fungi are polyphyletic group of 
primarily ascomycetous fungi, whereas basidiomycetes, deuteromycetes and oomycetes are rarely 
found (Saikonnen et al, 1998). 

Among plant endophytic fungi, those associated with mangrove plants are of prime importance. They 
represent facultative halophytes that thrive in the intertidal zone in tropical or subtropical climates, 
acting as a bridge between the marine and the terrestrial habitat. Mangrove plants embrace both these 
ecosystems, habitually extending along the highly biodiverse tropical and subtropical coastline. 
Mangroves are highly adapted to their environmental conditions and are able to cope with numerous 
physical stress factors including sharp variation in moisture or salt concentration, changing tides or 
biological stress factors such as abundant microorganisms or herbivorous insects (Kjer et al., 2009). 

Avicennia officinalis, commonly known as white mangrove grow as a shrub or tree to a height of 3-10 
metres, or up to 14 metres. As a pioneer tree species of mangrove forest ecosystems, A. officinalis 
belongs to the family Acanthaceae. The barks, leaves, and fruits of this species have been used as 
traditional medicine to treat skin diseases like boils and tumors. Considering the importance of the 
marine endophytic fungi, the present study is focussed on isolation, screening and characterisation of 
endophytic fungi from mangrove plant A. officinalis. 

Materials and methods 

Isolation of endophytic fungi 

Healthy leaves and stem segments of Avicennia officinalis were collected from different mangrove 
patches in and around Ernakulam district. For the isolation of endophytic fungi,samples were washed 
with running tap water and surface sterilised by sequential treatments. Segments of approximately 0.5 

1480

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

http://en.wikipedia.org/wiki/Endosymbiont
http://en.wikipedia.org/wiki/Bacterium
http://en.wikipedia.org/wiki/Fungus


 
 

cm were cut from the median portion of each healthy leaf and screened. Similarly stem segments of 
0.5 cm length were cut and surface sterilized by agitating in 70% ethanol (5s), followed by treatment 
with 4% NaOCl (90s) and then rinsed in sterile distilled water (10s). Leaf and stem segments were 
then placed onto Potato dextrose agar amended with chloramphenicol 150 mg/l. The petri dishes were 
sealed using parafilm and incubated at 28o C under a 12 h fluorescent light and 12 h dark regimen for 
4 weeks (Suryanarayanan and Kumaresan, 2000). The fungi that grown out from the tissues was 
isolated and stocked. The cultures were maintained on PDA slants at 4 °C for further screening. 

Identification of endophytic isolates 

The endophytic fungal isolates were identified up to genus level based on the morphological features 
like colony morphology, pigmentation, growth pattern, spore structures and other hyphal 
characteristics with the help of the standard mycological manuals (Ellis 1971, 1976; Gilman 1971; 
Kohlmeyer and Kohlmeyer, 1977). The microscopic examination was also done to study their 
reproductive spores. Cultures which failed to produce spores were grown on different minimal media 
and incubated for several weeks to months. 

Isolation Frequency 

To know the endophyte richness, the frequency of fungal endophytes harboured in each plant species 
were calculated according to the method of Fisher and Petrini (1986) i.e., number of segments 
colonized by endophyte species divided by total number of segments examined x 100. 

Screening for Extracellular Hydrolytic Enzymes 

Fungal isolates were screened for extracellular enzymes by spot inoculation on GYP medium (glucose, 
yeast extract, peptone) with respective substrates as given below (Table1). 

4 

Table 1 Substrate and reagents used for testing extracellular enzyme production. 

Sl.No 

  

Enzyme 

  

Substrate 

  

 

Reagents Used for 

Detection 

Observation 

  

1 
Gelatina
se 

Gelatin -1% Mercuric Chloride Clear Zone 

          

2 Lipase Tributyrin-1% - Clear zone 

          

3 Amylase Starch-1% Lugol s iodine Clear zone 
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4 
Chitinas
e 

Colloidal chitin-5%- Clear zone 

          

5 
Cellulas
e 

Cellulose-0.5% - Clear zone 

          

6 
Pectinas
e 

Pectin-0.5% Cetavlon 1% Clear zone 

          

7 
Asparag
inase 

Asparagine-1% Phenol red Pink 

          clouration 

          zone 

          

8 
Glutami
nase 

Glutamine-1% Phenol red Pink 

         coloration 

           

9 
Ligninas
e 

1
.
tannic acid- - Clear zone 

     0.5% -   

    
2
.
Methylene blue-   Clear zone 

     0.02%     

           

10 
Tyrosina
se 

 Tyrosine-0.5% - Clear zone 

           

11 Laccase  Naphthol- - Purple colour 

     0.005%   zone 

1482

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

           

Evaluation of antimicrobial activity 

The microbial strains used in the study were obtained from National Centre for Aquatic animal Health 
(NCAAH), Kochi, India. The strains used were Pseudomonas aeruginosa, Escherichia 

5 

 

 

coli, Aeromonas hydrophila, Bacillus cereus, Staphylococcus aureus, Edwardsiella tarda, Vibrio 
harveyi, Vibrio fluvialis, Vibrio cholera, Vibrio parahaemolyticus, Vibrio proteolyticus, Vibrio 
vulnificus, Candida albicans, Aspergillus flavus, and Aspergillus fumigatus. Bacteria, yeasts and 
filamentous fungi were maintained on nutrient agar, Sabouraud s dextrose agar and potato dextrose 
agar slants, respectively, at 4 °C with routine subculturing. The antimicrobial assay was performed 
using the cross streak method.Results of the 20 endophytic fungi isolated from Avicennia officinalis, 
Acremonium Curuvlaria andCladosporium were dominant (Fig 1-2). Some strains fail to sporulate 
even after 2- 3 months. 

 

  

 

 

 

 

 

 

 

Fig 1. Endophytic fungal growth from leaf segments (A and B). 

Fig 2. Macroscopic and microscopic view of endophytes from Avicennia 
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Regarding the isolation frequency, 300 segments were placed to isolate endophytes but only 6 - 7% 
emergence was seen from leaf segments and it was comparatively less from stem segments (Fig 3). 

 

Fig 3. Isolation frequency of mangrove endophytic fungi 

Most of the strains are found to be prolific producers of enzymes and thus it marks its role in litter 
degradation. About 100% of the isolates produce amylase and lipase. Almost 40-50% of endophytes 
show asparaginase and glutaminase activity, and thus these strains can be further used for checking its 
anticancerous activity (Fig 4). 

 

Fig 4. Hydrolytic enzyme production potential of the endophytic fungi 

Strain MEF 166 which failed to sporulate showed highest activity against all pathogens. Most of the 
isolates were active against Gram + ve strains viz., Bacillus cereus and Staphylococcus aureus. 
Isolates MEF 115, MEF 166, and MEF 176 showed strong antifungal activity (Fig 5). 

Fig 5. Percentage of antimicrobial activity against different pathogens 

To conclude, this study showed the presence of endophytes in Avicennia officinalis, and their 
enzymatic and antimicrobial potential. 
Acremonium Curuvlaria and 
Cladosporium were the dominant 
endophytes and for species level 
identification, the internal transcribed 
spacer (ITS) sequencing was found to be 
necessary. Our results contribute to the 
understanding of mangrove plant 

Avicennia officinalis as an important source of endophytes and the scope for future investigations on 
the endophytes for its bioactive potential and industrial applications. 
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MICROMORPHOLOGICAL FEATURES AND REACTIVE OXYGEN SPECIES 

SIGNALLING ASSOCIATED WITH DESICCATION TOLERANCE MECHANISM IN 

DICRANOPTERIS LINEARIS (BURM. F.) UNDERW. 

Kavitha C. H and Murugan K 

Dept of Botany, Plant Biochemistry and Molecular Biology Laboratory, University College, 
Thiruvananthapuram 695 034, kerala, India 

ABSTRACT 

 Drought is one of the most severe limitations to plant growth and productivity. Lower vascular 
plants have evolved unique capability to resist desiccation in vegetative tissues. Dicranopteris linearis 

(Gleicheniaceae) is a primitive fern, which can survive in the desiccated state and recover when water 
becomes available. To better understand the mechanism of desiccation tolerance in the fern, 
ultrastructural and reactive species analyses (RoS) are attempted. Samples of Dicranopteris linearis 
were water-deprived from 24 to 120 h. The electron micrographs showed unique micromorphological 
features to regulate dehydration-responsive processes. Cuticular ridging and stomatal distribution 
showed wide variation between the dorsal and ventral surface of the frond. Stomata are sunken inside 
small pits with thick prominent rims. The ultra structure encompassing epidermal and stomatal 
characteristics remained unaffected during desiccation indicating its tolerance capacity. The lower leaf 
surface showed characteristic velvety hairy indumentums. Meanwhile, the upper surface displayed 
prominent cuticular ridging. Reduced stomatal pore or closed stomata of the leaf result in slower rate 
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of diffusion due to greater diffusion gradient of water vapours. Increase in wax blooms were obvious 
after drying event, the glaucous appearance became increasinglyapparent concomitant with 
epicuticular wax crystalsformed with approximately equal density across theadaxial and abaxial 
surfaces of the leaf provides additional evidence for desiccation tolerance in the fern. desiccated 
fronds in the course of dehydration, the contents of RoSs represented by superoxide anion and 
hydrogen peroxide were increased significantly to maintain an oxidative stress environment (i.e.,45.6 
µmol/g tissue and 67.5 µmol/g tissue respectively). The activities of antioxidant enzymes viz; 
peroxidase (PoX), polyphenol oxidase (PPo) and total phenol content increased proportionally to 
counteract the stress. Thus, the fern tide over desiccation by morphologically and biochemically. 

keywords: desiccation, Dicranopteris linearis,tolerance, electron microscopy, reactive oxygen 
species, peroxidase 

INTRODUCTION 

Dicranopteris linearis has characteristic forking stem that grows horizontally at ground level with 
stalked compound fronds. Main rachis is dichotomously branched to forms two secondary rachis, 
which also subsequently forks. At the end of the upward-growing, forked frond, there are two ultimate 
leafy branches of equal lengths which are deeply, pinnately lobed and comb-like. The sporangia, 
produced along the underside of the lobes of the ultimate two branches. The sporangia are non-
indusiate with trilete spores. The fern was distributed all over the tropical and subtropical part of the 
world.  

    Many ferns are desiccation tolerant and are able to recover from complete loss of (80-90%) 
protoplasmic water. Although it was well documented among Angiosperms and Selaginella species, 
no serious attempts was carried among lower vascular and non vascular plants. Reports in Polypodium 

polypodioides about frond curling and folding related with light and temperature stress is available. 
Similarly, physiological and biochemical mechanisms of desiccation tolerance in Mohria caffrorum 
showed increased levels of oxidative stress and leads to the formation of reactive Oxygen Species 
(ROS) .Cellular level of ROS was kept optimal by antioxidant systems including enzymes, such as 
superoxide dismutase, catalase and peroxidase, and non antioxidant enzymes like carotenoids, 
tocopherols, ascorbate and glutathione. Unbalance between these leads to oxidative burst in terms of 
lipid peroxidation, protein and nucleic acid denaturation and destruction of cellular  subcellular 
components. In this juncture, the scope of the present study was to evaluate the micromorphological 
and cellular changes coupled with ROSs and antioxidant enzymes in the fern Dicranopteris linearis in 
response to desiccation followed by rehydration. 

Materials and methods 

Plant material 

Dicranopteris linearis (Burm.f.) Underw. was collected from Ponmudi Hills, Thiruvananthapuram,  
Kerala. The identification was confirmed by referring with the voucher sample at Department of 
Botany, University of Calicut. 

Fresh D. linearis was fully hydrated and equilibrated in a controlled environment chamber for 48 h at 
20°C and a radiant flux intensity 75 µM /m2/ s. The samples were desiccated in a desiccator over 
polyethylene glycol (PEG) in a controlled environment chamber using the same light and temperature 
regimes as described above. The selected species were subjected to five different desiccation regimes 
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(a) 24 h (b) 48 h (c) 72 h (d) 96 h and 120 h. After the desiccation exposure a set of desiccated samples 
were subjected to rehydration for 30 min. The samples were divided into two groups: desiccated and 
desiccated subsequently rehydrated.  Control plants were maintained in an optimal water conditions in 
each case during the whole experimental period. 

   Leaf micro morphology was analyzed by scanning electron microscope as per the method of Wakui 
et al, (1999) using ZEISS EVO18, Varian Vacuum Technologies, Ion 25 Scanning Electron 
Microscope. 

Determination of Hydrogen peroxide (H2O2), superoxide anion (O2
.-
) and Lipid Peroxidation  

H2O2 was measured colorimetrically. The intensity of the yellow color of the supernatant was 
measured at 410 nm (Extinction coefficient = 0.28  mol / cm). Levels of lipid peroxidation was 
estimated as total 2-thiobarbituric acid reactive substances (TBARS) contents and expressed as 
equivalents of malondialdehyde (MDA) .The determination of superoxide anion content is followed . 

Isolation of antioxidant enzymes  

Desiccated leaf samples (500 mg) were ground in liquid nitrogen and the ground samples were further 
homogenized on ice in 10 ml homogenizing solution containing 50 mmol/l potassium phosphate 
buffers, 1% (w/v) polyvinylpyrrolidone (pH 7.8) and were kept at 4°C for 10 min. The homogenates 
were filtered and centrifuged at 4000 × g at 4°C for 15 min. The supernatants were used for the further 
analysis. The protein content of all the enzymes was estimated. Peroxidase (POX) and Poly phenol 
oxidases (PPO) were isolated and assayed following the method of Ranier (2001) and Udosen et al 
(2012) respectively. 

Results and discussion 

Morphological and micromorphological features of desiccated (96 h) and fresh fronds of 
Dicranpoteris linearis were compared to find out the changes happening in the frond as a result of 
desiccation and thereby understanding its structural features of tolerance.  The SEM studies of the 
micromorphological features of fresh and desiccated fronds showed unique features indicative of the 
fern s desiccation tolerance capacity. Cuticular ridging and stomatal distribution showed wide 
variation between the dorsal and ventral surface of the frond. Stomata were absent on the dorsal 
surface. The upper surface of the fresh and desiccated frond was glaucous in nature. The glaucous 
nature increased with desiccation. Cuticular ridges on the upper surface of the desiccated frond 
appeared more prominent with deep furrowed pattern. Epicuticular wax crystal deposits were apparent 
on adaxial surface, which showed increase with desiccation indicative of its desiccation tolerance. 

Fig:1 SEM view of adaxial surface of fresh and desiccated frond 
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          Fig. 1a Fresh                                      Fig.1b Desiccated 

        The abaxial surfaces of the frond have large number of stomata distributed in an irregular pattern. 
Stomata were restricted to the lower surface only. Stomatal type is filicinean polocytic (Mehra and 
Soni,1983).Stomata are seated in small pits surrounded by thick rims formed by the bulged subsidiary 
cells around it. The bulged subsidiary cell in the desiccated frond shows shrinkage, while the stomata 
remain unaffected even after desiccation as seen in figure 3. The increased stomatal number and its 
restriction towards lower surface were common among ferns growing in the xeric environment. The 
lower leaf surface showed characteristic velvety hairy indumentums. These hairy indumentums are 
papillate glandular structures secreting waxy compounds helping indirectly to tolerance against 
desiccation. The disappearance of the papillate hairs in the desiccated frond is clear in the figure 2. 
The fern exhibit characteristics that is believed to be adaptive to water deprivation, such as dissected 
fronds composed of small leaf segments,  covered by a thick waxy cuticle,  presence of sunken 
stomata and papillate hairy indumentums.  These leaf characteristics  help to protect the 
photosynthetic tissues against damage from excessive water loss, extreme temperatures, and UV light. 

Fig: 2 SEM view of abaxial surface of fresh and desiccated frond 

  
                      Fig. 2 a Fresh                                                           Fig.2 b Desiccated 

Fig: 3 SEM views of the Stomata of fresh and desiccated frond 

  
                    Fig. 3 a Fresh                                                      Fig.3 b Desiccated 

Hydrogen Peroxide and superoxide anion O2
. -

 level  

H2O2 acts as signaling cascade and regulator of the expression of genes encoding antioxidants, cell 
rescue/defense proteins, signaling proteins of kinase, phosphatase and also transcription factors .O2

.- 
and H2O2 content in D. linearis remained unaltered during 24 h of desiccation but later increased 
drastically from 48 to 120 h desiccation when compared with control. H2O2 peak reached maximum at 
120 h (Table1). This increase in O2

.- and H2O2 might be due to enhanced activities of NADPH oxidase 
and superoxide dismutase enzyme systems in cells against desiccation stress(Oboznyi 
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etal,2013).Lubaina et al., (2013) reported an induction of H2O2 along with antioxidants as signal 
response to dehydration stress in the moss Octoblepharum albidum and thereby playing a protective 
role as stress tolerance.  Jin-Fen Wen et al, (2012) also reported a first wave of H2O2 accumulation in 
cultured tobacco cells subjected to heavy metal cadmium stress. 

Lipid Peroxidation 

Peroxidation of cell membrane polyunsaturated fatty acids was sensitive diagnostic index of oxidative 
stress (Lin and Kao, 2000).  Peroxidation of lipids in plant cells appears to be triggered by ROSs.  The 
rate of lipid peroxidation in terms of MDA can be used a marker to evaluate the tolerance of plants to 
oxidative stress as well as the sensitivity of plants to stress. The 24 h desiccation treatment marginally 
showed an increase of MDA content and this enhanced at 120 h (Table 1). The present results showed 
that lipid peroxidation was influenced by dehydration of water in the leaf tissue of the fern. However, 
lipid peroxidation reduced during rehydration, compared with desiccation treatments.  Increase in 
MDA contents was reported in many plants under abiotic stresses.LPX level in the leaf tissue at the 
desiccated state was corroborating with the increased levels of ROSs (Table 1). Probably it was 
connected with the decrease in water potential concomitant with desiccation stress, which might have 
limited H2O2 diffusion from the place of its generation. Together with higher dehydration of tissues, 
H2O2 migrates more easily within a cell and reacts with some cell compounds resulting in lipid 
peroxides formation.  Adequate rehydration increases water content and which in turn increasing 
membrane integrity of cells.  

NADPH oxidase (NOX) transfers electrons from NADPH to O2 to form O2
.  and has been suggested to 

be  the key striker of ROS producer in plants challenged with all kinds of environmental stress(Gang-
Feng Wang et al,2013). The present results suggest that 24 h desiccation treatment induced a steady 
increase in NOX activity, and lasted progressively up to 120 h, then declined gradually during 
rehydration treatments (Table 1). The production of ROS during desiccation has also been reported in 
the alga Scytosiphon arbuscula and in the vascular plant Atrichum androgynum . In spite of different 
experimental strategies used in the present study reporting on the relationship between desiccation 
with ROS and NOX activity, the results agree with Porphyra columbina in the sense that the high 
levels of ROS quickly induced during desiccation also return rapidly to the basal level during 
rehydration (Contreras-Porcia et al, 2011). 

Total phenol content showed steady rise in the fern from 24 to 120 h when compared to control. POX 
and PPO, the antioxidant enzymes increased remarkable during the desiccation stress from 24 to 120 
h.  Apart from the oxidative polymerization of cinnamyl alcohol to lignin, the enzyme POX was 
involved in multi functions like the normal balance, ethylene biosynthesis, membrane integrity, 
respiration control, metabolic control of ripening and senescence of fruits, preparing responds to 
wounding, auxin metabolism and also in defense mechanism in order to increase the resistance . 

PPO, the terminal oxidase which can directly pass electrons to O2 when the intermediate products of 
plant respiration were oxidized. It could catalyze the oxidization of compounds such as phenol to 
quinone. PPO and POX relate closely with the callus reaction , meanwhile, they also have some 
relationships with the synthesis of cell compounds containing phenol groups such as lignin .As shown 
in table1, the total PPO activity in the fern increased significantly exposed to desiccation stress 
compared to the control. Previous reports showed that rapid changes in PPO activity were proposed 
that may be involved in necrosis development around damaged leaf surfaces and in defense 
mechanisms against insects and plant pathogen attack .PPO activity in some plant species was 

1489

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

observed under heavy metal stress, and showed a significant increase compared to the control .The 
present results suggested that PPO activity in the fern steady initially and then increased. The 
induction of PPO activity might be due to its role in phenolic compound synthesis, which plays an 
important role in detoxification of heavy metals in plants. On the basis of these results, the present 
results indicated that changes of PPO activity might participate in the defense mechanism of the fern 
against desiccation tolerance. 

In conclusion, the present study suggests that desiccation induce an increase in the overall antioxidant 
capacities of the fern. These biomarkers, and in particular antioxidant enzymes, could be used in 
integrative approaches with classical endpoints in ecotoxicological tests with drought and after further 
studies in real field conditions. 

Table 1. Effects of desiccation stress in terms of lipid peroxidation (MDA content µmol g 1 FW), 

and amount of H2O2 (µmol g
1
 FW) O2.- (µmol g

1
 FW), total phenol content (mg/g), peroxidase 

(POX U/mg protein), PPO (U/mg protein) in D.linearis. 

Duration 

of 

exposure 

H2O2 

 

MDA Content 

 
O2.- TPC POX PPO 

0 7±0.2 0.7±0.13 3.7±0.9 
1.5±0.5
6 

5±0.12 1.7±0.33 

24 h 7.6±0.03 1.3±0.7 4.4±0.1 
2.7±0.2
3 

6.6±0.08 3.5±0.24 

48 h 35.5±0.12 1.5±0.02 24.3±1.2 
3.2±0.8
7 

12.5±0.18 13.8±0.02 

72 h 49±0.7 2.4±0.15 28±2 3.8±0.4 19±0.35 16.4±0.52 

96 h 56.9±0.09 3.5±0.40 31.6±2.2 
4.1±0.6
3 

20.9±0.04 21±0.55 

120 h 67.5±1.4 3.9±0.88 45.6±1.4 
4.5±0.3
4 

23.5±0.25 27.5±1.4 

Data are presented as arithmetic mean ± arithmetic standard deviation. Abbreviations: H2O2, hydrogen 
peroxide; MDA, malondialdehyde. 
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ABSTRACT 

Dengue is one of the most dreadful diseases prevailing in tropical and subtropical regions of the world. 
The causative dengue virus (dEnV) has four serotypes and their identification becomes essential in 
epidemiological studies and also to make clinical correlation of disease severity with infecting 
serotype in individual patients. The reverse-transcription PCR-based assays used to identify the 
serotypes need early sample collection (<5 days of onset of fever) during the viremic phase and can 
not be used for post-epidemic and population level surveillance studies. diagnostic serological tests 
though permit use of late stage samples and screening studies, with the added advantages of ease of 
use, speed, sensitivity, do not permit serotype level identification. In the present study, we attempted 
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to develop a serology -based test that can distinguish the infecting serotype. we used the viral envelope 
protein domain III which contains serotype specific epitopes as the antigen. The test was formatted for 
IgM detection facilitating its use in the early stages of the infection. Hexa histidine-tagged domain III 
proteins were expressed in the recombinant form in Escherichia coli from the cloned cdna of all the 
four serotypes of the virus. These proteins were purified to homogeneity and used as antigen in four 
separate, indirect ELISas for screening 20 serum samples from normal individuals and 218 serum 
samples from dengue patients. deduction of the infecting viral serotype using the IgM level by 
comparison of the test results showed that maximum number of patients were infected with dEnV-1 
followed by dEnV2 & 3 and the least by dEnV-4. These results correlated with our earlier 
observations on serotype prevalence obtained independently by RT-PCR assays of samples collected 
from various parts of kerala. 

INTRODUCTION 

 Dengue virus (DENV) is an arthropod-borne virus of Flaviviridae which causes serious threat 
to public health worldwide [Guzman et al, (2010)]. Four different serotypes of DENV (DENV-1, -2, -
3, -4) are circulating among both human and non-human primates. Aedes aegypti and Aedes albopictus 
are the vectors for transmitting the virus [Simmons et al, (2012)]. An estimation of 50 million 
infections occurs per year over 100 countries [WHO, (2009)]. Any of the four serotypes of DENV can 
cause mild febrile illness to haemorrhagic fever (DHF) or shock syndrome (DSS). The incubation 
period of DENV in humans vary from 3-7 days, after which the majority of individuals develop classic 
dengue fever. The symptoms include severe musculoskeletal pain, headache, retro-orbital pain and a 
transient macular rash, mostly in children [Endy, et al., (2002); Simmons, et al., (2012)]. Antibodies 
elicited by one DENV serotype infection cannot be protective against the other three. In addition, they 
may lead to the development of DHF or DSS because the cross-reactivity may facilitate antibody-
dependent enhancement of viral infection through Fc receptor-mediated binding to the immune cells, 
which results in the generation of a large mass of infected cells in vivo [Halstead, (2002)]. Children 
and young adults are at high risk for progression to dengue hemorrhagic fever and dengue shock 
syndrome, particularly following secondary infection with a different DENV serotype [Endy et al, 
(2010); Guzman and Kouri, (2004); Simmons et al, (2012)]. 

Rapid and accurate diagnosis of DENV infection is critical for the sudden initiation of suitable clinical 
care and to decrease the mortality. For the early detection of dengue virus, reverse transcriptase PCR 
(RT PCR) can be used. This method can be used from 2-5 days after the onset of fever [Erra et al, 
(2013)]. Even though RT PCR gives specificity among flavivirus members and also distinguishes 
between the four serotypes, clinical sensitivity rely on timely patient presentation and specimen 
collection [Tang and Ooi, (2012); WHO, (2009)]. Detection of dengue-specific IgM/IgG-class 
antibodies remains the most commonly utilized diagnostic method since it can be done after 5 days of 
onset of fever [Hunsperger, et al, (2009)]. But the currently available serological evaluation will not 
give an idea about the serotype of the virus.  

The envelope protein (E protein) of dengue virus is involved in cellular attachment and also in 
eliciting immune response upon infection. The E protein has three domains- EDI, EDII and EDIII. 
Dengue envelope protein domain III (EDIII) has been shown to be involved in host receptor binding 
[Chen et al, (1997); Hung et al, (2004)]. Serotype-specific neutralizing antibodies are produced against 
EDIII protein [Crill et al, (2001); Beltramello et al, (2010); Sukupolvi-Petty et al, (2010)]. In our 
present study, we have developed an enzyme-linked immunosorbent assay (ELISA) using envelope 
protein domain III, for the detection of serotype-specific IgM in serum samples of dengue patients. 
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Materials and Methods 

Patient Samples 

Serum samples (2-5ml) from patients having dengue fever were collected from SAT Hospital, 
Thiruvananthapuram. All the patients included in the study had high fever for  7 days, and two or 
more of the associated symptoms like headache, back-ache, retro-orbital pain and myalgia. Samples 
were obtained under informed consent and were processed as per the approved protocols of 
Institutional Bio-safety Committee (IBSC) and Institutional Human Ethics committee (IHEC). 

Cloning and Expression of Recombinant EDIII Protein 

The coding region corresponding to EDIII of all the four serotypes were amplified using reverse 
transcriptase PCR. The PCR product was cloned to the bacterial expression vector, pET 32a 
(Novagen, Germany). The recombinant proteins of DENV-1, -2 and -3 were expressed using 
Escherichia coli BL21 (DE3) (Promega, USA)-based expression system and that of DENV-4 was 
expressed in JM109 cells. The transformed cells were cultured at 370C overnight, and protein 
expression was induced by adding 1mM isopropyl- -D-thiogalactopyranoside (IPTG) for 16 hours at 
250C. 

Purification and Characterization of the Protein 

The harvested cells were collected after centrifugation at 5000rpm at 40C for 5minutes. The cells were 
resuspended in native lysis buffer, sonicated and centrifuged. These proteins were purified to 
homogeneity under denaturing conditions using nickel-nitrilotricacetic acid (Ni-NTA) affinity 
chromatography. The purity of the protein was analysed using SDS-PAGE (Fig 1) and then confirmed 
using western blot with commercially available anti-envelope protein antibody (Abcam) (Fig 2). The 
purified EDIII protein was desalted and used for ELISA after estimating the protein concentration 

using Bradford assay. 

 

 

 

 

 

 

 

 

Enzyme-linked Immunosorbent Assay 

1µg of EDIII protein was coated onto ELISA plates (Maxisorp, NUNC, Germany) in 100 µL of 
coating buffer (carbonate buffer, pH 9.6) overnight at 40C. The wells were blocked with 200 µL of 2% 
skimmed milk in PBS for 1h at room temperature. 100 µL of test serum samples (1:100 dilution in 
PBS) was added to each well and incubated at room temperature for 2h. Gelatin served as the negative 

Fig 1: SDS-PAGE showing the EDIII expression 
in induced and uninduced BL21 (DE3) cells 

UI-Uninduced; In - Induced 

Fig 2: Western Blot for EDIII 
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control. Subsequently, 100 µL of anti-human IgM conjugated to HRP (Sigma-Aldrich) (1:25000 in 
0.1% BSA in PBS) was added to each wells and incubated at room temperature for 1h. Finally, 100 µL 
of TMB substrate was added and kept in dark for 15minutes. The reaction was stopped by adding 100 
µL of 2N HCl directly into the substrate solution in the wells. Three washes were performed in 
between all these steps using PBS containing 0.05% Tween-20 to remove non-specifically bound 
antibodies. OD at 450nm was measured using microplate reader (Biorad, Germany). The cut off 
values for the ELISA were determined from the IgM naive samples and gelatin. 

Results and Conclusions 

218 serum samples collected from dengue patients were used for the study. Independent ELISA tests 
were performed for each of the serotypes using respective EDIII protein, and thus, four ELISAs were 
done for each of the sample. 20 IgM naive samples were used for determining the positivity cut off 
value. These samples were already pre-tested by a commercial anti-dengue IgM ELISA kit (IVD Inc. 
Dengue IgM ELISA, USA) and were found to be negative. The positivity cut off values for the test 
samples was fixed as Mean+2 Standard Deviation of the OD450 value of the naive samples. 
Accordingly, for serotype 1 the cut off was 0.275, for serotype 2 it was 0.518 and for serotype 3 it was 
0.296. For identifying the infecting serotype, the respective cut off values were subtracted from the 
OD450 values of clinical samples, and the serotype showing the highest value was identified. This 
serotype was considered as the infecting serotype, which was used for correlating with clinical 
severity. Out of the 218 samples tested, 79 were positive for DENV-1, 58 were positive for DENV-2, 
41 were positive for DENV-3 and 7 were positive for DENV-4 (Fig 3). The results obtained from 
ELISA correlates with the RT PCR results of dengue surveillance that have been done previously in 
our lab (Fig 4). 

The present study focused on IgM detection, which would be useful in identifying the viral serotype 
involved in the current infection. Identification of serotypes that had infected the patients in the past 
and also to ascertain whether the current infection is a primary infection or secondary, the approach 
has to be extended to IgG detection. Compared to IgM, IgG is less cross-reactive across serotypes and 
hence, the specificity of detection will be more robust. Such an assay will also be more useful in 
serotype prevalence studies at a population level. 

 

 

 

 

 

 

 

 

 
Fig 4: RT PCR result showing the 

circulation of dengue serotypes 

Fig 3: Graph showing dengue serotype 

distribution obtained by IgM ELISA 
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ABSTRACT 

The emergence of drug resistance in most pathogenic bacteria thoroughly warrants the search for new 
therapeutic regimens. among the various agents studied, peptides elicit promising results with the 
added advantage of their ability to act as template for the development novel antimicrobial agents 
through selective sequence modifications. Eventhough the nature itself is enriched with peptides from 
different sources with effective antimicrobial potency, the alarming situation prevailing in the clinical 
arena prompts the hunt for novel peptidic antimicrobial agents. Chemokines are a class of 
chemoattractant proteins bestowed with a wide range of biological activities in both physiological and 
pathological conditions. Many chemokine structures solved by nMR and X-ray crystallography 
revealed a Greek key tertiary structure for all the chemokines irrespective of their classification into 
CC, CXC, CX3C and C classes. Most of the chemokines are composed of 70-130 amino acids in 
length and 8-10kd molecular weight. antimicrobial peptides on the otherhand are about 10-50 amino 
acids in length and their natural sources ranges from insects to plants to mammals and non-
mammalian vertebrates. These peptides exhibit broad spectrum activity against gram positive and 
gram negative bacteria, yeasts, fungi and some enveloped viruses. These peptides are endowed with 
cationic and amphipathic properties that promote favourable interaction with biological membranes. 
Recently antimicrobial activity has been attributed to certain chemokines and in many instances their 
C-terminal helix was shown to play a prominent role in mediating their antimicrobial activity. In the 
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present study we selected the C-terminal -helical region of monocyte chemoattractant protein-4 
which was previously shown to have antimicrobial activity as a template for the design of novel 
peptide sequences which are expected to have improved antibacterial efficacy than the template itself. 
The template sequence and its analogues were synthesized by fmoc solid phase peptide synthesis 
which yielded peptides with sufficient quantity and avoided rigorous purification schemes as is 
necessary in the case of peptides produced by biological means. Synthesized peptides were purified by 
means of semi preparative reverse phase high performance liquid chromatography and their molecular 
masses were confirmed by MaLdI-Tof MS. Structural characterization of the analogues was achieved 
by Cd spectroscopy. The antimicrobial potency of the analogues was validated against both Gram 
positive and Gram negative bacterial strains. Potent and sustained antimicrobial activity displayed by 
certain analogues prompts their use as leads for the development of new drugs using peptidomimetics. 
The result obtained from this study is encouraging and prompts thorough evaluation of antimicrobial 
potencies of other chemokines. 

INTRODUCTION 

Resistance against conventional antibiotics has been a growing concern in the field of clinical 
medicine [Cohen, (1992)]. With enormous increase in international trade and travel, the rate of 
globalization of resistance is accelerating like neverbefore [Ebrahim, (2010)] and prompts the search 
for alternative treatment regimens other than antibiotics. Peptides bestowed with antimicrobial 
property could well be a potential weapon in the fight against the menace of drug resistance [Hancock, 
(1997)]. Antimicrobial peptides have been found to exist in a wide range of flora and fauna and 
represents earliest effector molecules of innate immunity [Boman, (1995)]. Most of the antimicrobial 
peptides exhibit a cationic charge at physiological pH and broad-spectrum microbicidal activity [Cole, 
(2005)]. Most widely accepted mechanism of their antimicrobial action includes electrostatic binding 
to anionic lipid head groups of microbial membranes followed by membrane disruption and lysis 
[Hancock and Chapple, (1999)]. 

Chemokines comprise a large family of small chemoattractant proteins produced by tissue cells and 
leukocytes and play pivotal roles in orchestrating immune responses [Rollins, (1997)]. Most of the 
chemokine are composed of 70-130 amino acids in length and 8-10 kD molecular weight [Loetscher 
and Clark-Lewis, (2001)]. All chemokines are characterized by a typical Greek key structure in which 
a relatively disordered N-terminus is anchored to the rest of the molecule by disulfide bonds involving 
the two N-terminal domain cysteines. This is followed by an extended loop that leads into three anti-
parallel -pleated sheets which provide a flat base over which the C-terminal  helix extends [Rollins, 
(1997)]. About two-thirds of the chemokines investigated so far has been found to posses 
antimicrobial activity, suggesting that antimicrobial activity could be another host defence activity for 
certain chemokines. The chemokine, monocyte chemoattract protein-3 has been identified as a potent 
antimicrobial chemokine and its activity has been mapped to the helical region in its tertiary structure 
[Martinez-Becerra et al., (2007). In the present study we selected the  helical sequence of monocyte 
chemoattractant protein-4 (MCP-4) as a template to design novel analogues with the aim of increasing 
its antimicrobial efficacy. Analogues were tested against both gram positive and gram negative strains 
to validate their potency. The method adopted in this study underscores the importance of protein 
engineering strategies in the development of new therapeutic regimens. 

Materials and Methods 
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Fmoc Amino acids, CLEAR Amide resin, HBTU, HOBT, were obtained from Novabiochem Ltd., 
UK.  DIEA, piperidine, TFA, EDT, thioanisol, and -cyano-4-hydroxy cinnamic acid, were purchased 
from Sigma- Aldrich Corp., USA. Bacterial culture media and assay reagents were purchased from 
HiMedia. 

Micro broth dilution assay for screening antimicrobial activity 

The antimicrobial assay was carried out using micro broth dilution assay. The 96 well microtitre plate 
was purchased from Axygen and each well was aliquoted with 10 L of the bacterial culture (from the 
bacterial culture that is diluted to 0.6 OD).The peptides were added into each well as duplicates in the 
descending order of their dilution (1to 8). The same steps are repeated for each and every peptide. 
That is template sequence was added in A and B, K analogue in D and E and the P analogue in G and 
H. A growth control (10 L culture +90 L LB broth) and a blank (100 L LB broth) are added in the 
next two wells. The initial reading at 0 hr at 490 nm was taken using an ELISA plate reader. The 
plates were then incubated at room temperature and again the readings were taken at 3hr intervals till 
the completion of the 12th hour. 

Results and Conclusions 

In the present study we used the C-terminal -helical region of MCP-4 which was previously shown to 
have antimicrobial activity as a template for the design of novel sequences which are expected to have 
improved efficacy than the template itself. Template and its analogues were synthesized using Fmoc 
solid phase peptide synthesis (SPPS) which yielded the peptides in sufficient quantity and avoided 
rigorous purification schemes as is necessary in case of peptides produced by biological means. 
Purification of the peptides was achieved by semi preparative RP-HPLC. Molecular mass of the 
synthesized peptides were further confirmed by MALDI TOF-MS. The antimicrobial potency of the 
analogues was validated against both Gram positive and Gram negative bacterial strains. 

Synthesis of template sequence and its analogues   

The template sequence and its analogues were synthesized using Fmoc chemistry on a polymer 
support. CLEAR Amide resin having a millimole capacity of 0.48mmoles of amino groups/g was used 
as the solid support. The resin was then functionalized with a Rink linker molecule followed by the 
attachment of subsequent amino acids from the C-terminal of the peptide using Fmoc SPPS strategy. 

The sequence of the template is as follows:  KWVQNYMKHLGRKAHTLKT.Since previous studies 
have clearly mapped this region into the C-terminal -helical portion of MCP-4, we have decided to 
look into the effect of increasing cationicity of this region by the introduction of a lysine residue (K 
analogue) which is expected to increase its antimicrobial potency. The second modification was 
introduced in order to check the effect of proline substitution (P analogue) into the template sequence. 
The sequence of K analogue is as follows: KWVQNYMKHLGRKKHTLKT, in which alanine of the 
template was substituted by a lysine residue thereby imparting an increase in cationicity. In P analogue 
the glycine of the template was substituted by a proline residue which is expected to disrupt the helix. 
The sequence of the P analogue is as follows: KWVQNYMKHLPRKAHTLKT. The properties of the 
synthesized peptides were depicted in table: 1  

Sequence Total 
hydrophilic 

Net 
charge 

Protein binding 
potential (Boman 

Total 
hydrophobic 
residues on the 

Theoretical 
molecular 
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ratio Index) same surface weight 

 

Template 31% +7 2.24 kcal/mol 5 2339.8 

K analogue 26% +8 2.62 kcal/mol 3 2422.9 

P analogue 31% +7 2.29 kcal/mol 4 2379.9 

Table: 1 Properties of synthesized peptides 

Purification of peptides by Reverse Phase  High Performance Liquid Chromatography 

The crude peptide samples were dissolved in Buffer A before being lyophilized and the lyophilized 
samples were again dissolved in Buffer A for purification using reverse phase high performance liquid 
chromatography (RP-HPLC). The peptides were purified to 95% homogeneity using semi preparative 
RP-HPLC. The purity of the peptide samples were further confirmed by analytical RP-HPLC and the 
RP-HPLC profile of K analogue is shown in Fig: 1. 

 

Fig: 1 
HPLC 

profile of 
K 

analogue 

Characterization of the peptides by MALDI-TOF MS 

Molecular mass characterization of the analogues was done by Matrix assisted laser desorption 
ionization- time of flight mass spectrometry (MALDI-TOF MS). The observed molecular masses of 
the template sequence, K analogue and P analogue were 2339.9, 2423.7 and 2380.2 Da respectively 
which correlated well with the calculated molecular masses confirming the presence of these peptides 
in the respective samples. MALDI TOF MS profile of K analogue was depicted in Fig: 2. 
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Fig: 2 MALDI TOF MS profile of K analogue 

Evaluation of antimicrobial activity of peptide analogues 

Antimicrobial activity of template sequence and its analogues against both Gram positive and Gram 
negative bacterial strains has been carried out by the micro broth dilution assay as per the guide lines 
of NCCLS (National Committee for Clinical and Laboratory Standards). We chose Bacillus subtilis as 
the Gram positive strain and Pseudomonas aeruginosa as the Gram negative strain. The template 
sequence for which the antimicrobial property was documented earlier was used as the standard. 
Neither template sequence nor its analogues showed activity against Bacillus subtilis which was in 
accordance with the previous literature reports [Martinez-Becerra et al., (2007)]. More studies need to 
be done to validate whether the lack activity of peptides against Bacillus subtilis could be extended to 
the entire spectrum of Gram positive strains. In accordance with the previous studies [Martinez-
Becerra et al., (2007)] the template sequence showed activity against Pseudomonas aeruginosa and 
the activity profile was shown in Fig: 3(a).Template sequence showed potent activity in the 
300 g/mL-50 g/mL range and its activity was evident till the 12th hour of incubation at 37°C. Sample 
of 25 g/mL concentration showed satisfactory activity till 9th hour. K analogue displayed potent 
antimicrobial activity against Pseudomonas aeruginosa than template sequence as depicted in Fig: 
3(b).The increase in activity could be attributed to the increase in cationicity on substitution of alanine 
with lysine which corroborated with the previous studies which stressed the importance of cationicity 
as a determining factor of antimicrobial activity [Powers and Hancock, 2003]. K analogue showed 
improved antimicrobial activity than template sequence at all the concentrations employed in the 
study. P analogue on the other hand showed no antimicrobial activity even at higher concentrations 
tested in the study as compared with template sequence and K analogue. The inactivity of P analogue 
could be caused due to the substitution of glycine in the template sequence with the proline residue 
resulting in kinks in the helical structure ultimately disrupting its helical nature. Moreover the loss of 
activity upon proline substitution confirms that the peptides were interacting with the bacterial 
membrane in the  helical confirmation as in the case of majority of antimicrobial peptides. 

1500

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

   

0 2 4 6 8 10 12

0.0

0.1

0.2

0.3

0.4

0.5

0.6
 GC

Blank

 300  µg/mL

200 µg/mL

 100 µg/mL

 50 µg/mL

 25 µg/mL

 12.5 µg/mL

 6.25µg/mL

 3.125µg/mL

A
b

s
o

rb
a

n
c
e

 a
t 

6
0

0
 n

m

Time in hrs

                        

0 2 4 6 8 10 12

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

A
b
s
o
rb

a
n
c
e
 a

t 
6
0
0
n
m

Time in hrs

 GC

 Blank
 300µg/mL

 200µg/mL
 100µg/mL

 50µg/mL

 25µg/mL
12.5µg/mL

6.25µg/mL

 3.125µg/mL

 

                             (a)                                                                                (b) 

Fig: 3 Antibacterial activity against P.aeruginosa of: (a) template sequence (b) K analogue. 

In the present study we evaluated the antimicrobial potential of analogues prepared using C-terminal  
helix of MCP-4 as the template. Our main aim was to dig out the structural determinants of 
antimicrobial potency. From the present study we concluded that the cationicity plays an important 
role in the activity of MCP-4 derived antimicrobial peptide as the K analogue showed potent 
antimicrobial activity than the template sequence. P analogue on the other hand was less effective 
which could be due to the disruption of the helical nature of the template sequence. Further studies are 
needed with analogues containing D amino acids and non-natural amino acids to verify their potential 
as effective antimicrobials. Analogues with potent and sustained antimicrobial activity can be used as 
a lead for the development of new drugs using peptidomimetics. Encouraging results obtained during 
this study warrants extension of similar approaches towards evaluation of antimicrobial properties of 
other chemokines. 
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ABSTRACT 

 Fungi comprise a diverse group of organisms. This study was conducted to isolate and identify 
the predominant airborne fungi from indoor saw mill environment of adoor, Pathanamthitta dist, 
kerala, India. The present aeromycological investigation was carried out by using gravity petriplate 
method. Investigation period for this study from july 2013-october 2013. Total 122 fungal colonies 
belonging to 14 fungal genera were recorded during the study period, Penicilliumchrysogenum was the 
most prevalent fungal genera followed by Aspergillus niger, Aspergillus fumigatus, Fusarium 
oxysporum, Penicillium citrinum, Syncephalastrum racemosum, Aspergillus oryzae, Curvularia 

lunata, Rhizopus stolonifer, Gogronellabutleri, Aspergillus flavus, Drechscleratetramera, 

Mucorracemosus andPhoma terrestris. Meterological parameters were also recorded during the study 
period. Isolated cultures were deposited at national Centre of fungal Taxonomy, new delhi. 

INTRODUCTION 

Important propagative phase of fungi are spores, of which many are adapted to air transport. The 
spores are extremely variable in shape, size and colour with or without ornamentations on the spore 
wall.Fungal spores are an important component of the bioaerosol. There are about 80,000 
species(Hawksworth et al.1983) most of which are cosmopolitan in origin. Fungal spores form an 
important constituent of Bioaerosol. Many of fungal spores are endowed with unique structure and 
capacity to survive under unfavorable environmental conditions and this probably accounts for their 
predominance in the air (Tilak, 2010).Aerospora constitutes fungal spores, pollen, bacteria, hyphal 
fragments, insect s scales etc. Airborne fungi are considered to act as indicator of the level of 
atmospheric bio-pollution. The presence of fungal propagules, volatiles and mycotoxins in the air can 
cause a health hazard in all segments of the population. Airborne fungal spores are ubiquitous in 
nature. The variation in aeromycoflora can be attributed to number of factors like, the rapid changing 
environmental conditions, increasing population, sanitary conditions, local vegetation, 
industrialization and pollution(Agarwal,1987;Edmonds et al;1973;Lacey,1990;Harris and Birch,1988), 
weather and seasonal fluctuation, condition of the surrounding areas, climatic conditions and with the 
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presence of a local source of spores. The examination of common aeromycoflora distribution in a 
particular region can be helpful in identifying association between fungal sensitization and clinical 
diagnosis; and clinical prevention of the seasonal allergic diseases. 

The aim of this study was to determine the diversity of fungus in the indoor environment of the saw 
mill. The indoor environmental analysis has help to focus attention on the deleterious effects of fungal 
spores.The indoor hazardous bioparticles which remain suspended in the air and it will cause habitants 
or workers in the closed environment. In the recent years aeromycologists have, rightly taken deep 
interest in such surveys.Many of the indoor work place environments show higher concentrations of 
Penicillium and Aspergillus indicating possible sourse of indoor contamination. Zahid et. al. (1997) 
studied indoor environment at Ahamednagar. Reports of air borne fungal studies in sawmill 
environment available from (Jappinen et al.,1987) and (Duchaine et al.,2000). Their findings helped in 
evaluating occurrence and contribution of different spore types. 

MATERIALS AND METHODS 

In the present investigation fungal spores were isolated by using the gravity petridish method 
(Kaur,Behera and Mukerji,1989).Ten sterilized petriplates containing PDA medium were exposed for 
10 minutes at different places at one meter height above the ground level. The exposed plates 
incubated at 28+ 10 C in culture room for seven days. Fungal colonies developed in the Potato 
Dextrose agar plates were subcultured in the potato dextrose agar slant on which they were maintained 
for longer duration without any contamination or deterioration of vigour. 

Ecological Studies 

For ecological studies, at the end of the incubation period, percentage frequency and percentage 
contribution of fungal flora is calculated (Sharma 2001) with the help of the following formula: 

  Number of observation in 

  which a species appeared 

Percentage frequency = ---------------------------------- X 100

  Total no. of observation 

Total no. of colonies of a species in all observations taken together 

Percentage contribution = ------------------
------------------------- 

    X 100 

    
Total no. of 
colonies 

      

Meteorological datas were also recorded during the study 
period from 
Meteorological Centre, 

Thiruvananthapuram.         
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  Temperature Humidity   wind speed   

            

  25o c 84%   81 km/hr   

            

RESULTS AND CONCLUSION 

During the present investigation122fungal colonies of 14 isolates were obtained.Fungal species 
(Table-1) recorded were representatives of the two major groups i.e. Zygomycotina andAscomycotina. 
Fungal isolates were Gogronella butleri,Mucor racemosus, Rhizopus stolonifer,Syncephalastrum 
racemosum, Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger ,Aspergillus oryzae, 
Curvularia lunata, Drechsclera tetramera, Fusarium oxysporum, Penicillium chrysogenum, Penicillium 
citrinum and Phoma terrestris (Plate-1). 

Penicillium chrysogenum showed maximum percentage contribution (27.87%) followed by 
Aspergillus niger (14.75%), Aspergillus fumigatus (9.84%), Fusarium oxysporum (9.02%), 
Penicillium citrinum (6.56%), Syncephalastrum racemosum (4.92%), Curvularia lunata (4.92%), 
Aspergillus oryzae (4.92%), Rhizopus stolonifer (4.10%), Gogronella butleri (4.10%) and Aspergillus 
flavus (3.28%), Drechsclera tetramera (2.46%), Phoma terrestris (1.64%) (Fig-1). Out of 122 isolates, 
18 isolates belongs to Zygomycetes, 104 isolates belongs to Ascomycetes . 

Accession nos of isolated cultures at National Centre of Fungal Taxonomy,New Delhi. 

Sl Accession Fungal isolates 

noNumber   

1 5829.13 Gogronella butleri, 

      

2 6063.12 Mucor racemosus, 

3 6065.12 Rhizopus stolonifer, 

4 6039.12 Syncephalastrum racemosum,

5 6061.12 Aspergillus flavus, 

6 6058.12 Aspergillus fumigatus, 

7 6062.12 Aspergillus niger 

8 6067.12 ,Aspergillus oryzae, 

9 6041.12 Curvularia lunata, 

105820.13 Drechsclera tetramera, 
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115828.13 Fusarium oxysporum, 

125826.13 Penicillium chrysogenum, 

136069.12 Penicillium citrinum 

146052.12 Phoma terrestris 

On the basis of this study the following conclusions were made. 

1.The indoor environment of saw mill were rich in fungal spores. 

2.The morphological characters of predominant fungal spores have been studied and incorporated. 

3.Among fungal spores the group Ascomycotina formed a dominant part of the air. The dominant 
airborne fungal spore types are Penicillium chrysogenum and Aspergillus niger. 

4.High concentration of Ascospores in the atmosphere is closely related to high humid 

conditions. 

Table 1 - Isolated fungal flora of Saw Mill Environment of Adoor Pathanamthitta, Kerala,India 

Sl.. Fungal isolates Total no ofPercentage Percentage

no   colonies Contribution Frequency 

    .     

Zygomycotina       

1 Gogronella butleri 5 4.10 % 20% 

2 Mucor racemosus 2 1.64 % 20% 

3 Rhizopus stolonifer 5 4.10 % 50% 

4 Syncephalastrum racemosum6 4.92 % 30% 

Ascomycotina       

1 Aspergillus flavus 4 3.28% 20% 

2 Aspergillus fumigatus 12 9.84% 40% 

3 Aspergillus niger 18 14.76% 70% 

4 Aspergillus oryzae 6 4.92 % 20 % 

5 Curvularia lunata 6 4.92 % 50 % 

6 Drechsclera tetramera 3 2.46 % 20 % 
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7 Fusarium oxysporum 11 9.10 % 50 % 

8 Pencillium chrysogenum 34 27.87 % 80 % 

9 Penicillium citrinum 8 6.56 % 30 % 

10 Phoma terrestris 2 1.64 % 20 % 

6 

 

Fig-1- % Contribution and % frequency of fungal isolates 

80  

60  
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Fungal flora of Saw Mill Environment of Adoor -plates(1-14) 
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ABSTRACT: 

Present study  investigate the cytotoxic effect of the Teramnus labialis, used in many Ayurvedic 
preparations ,against cancer cell lines. The American National Cancer Institute assigns significant 
cytotoxic effects of extracts for future bio guided studies, if it exerts a CC50 value 30 µg/mL (Boik, 
J.C; 2001).  

 Successive extracts of the plants using different solvents(Hexane,Chloroform,Ethyl acetate, 
and Methanol) according to their polarity were tested for their cytotoxicity using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay on few cancer cell lines; HCT-
116(Colon cancer), Hep G2(Hepatic cancer), HEK-293(Kidney cancer),K562(Lymphoblastic 
leukemia),MCF-7(Breast cancer),LnCap(Prostate cancer),A-549(Lung cancer) and  L-929(Mouse 
fibroblastic sarcoma)..Each extracts have been individually evaluated for their cytotoxicity 
effects(1µg/mL,10 µg /mL,25 µg/mL,50 µg/mL,100 µg/mL, and 250 µg/mL) and CC 50 is calculated by 
cell viability assay using MTT. Phytochemical screening of each extract was performed. 

All the extracts show some degree of cytotoxicity, except methanol. The hexane extract shows the 
highest cytotoxic activity on all cell lines . Ethyl acetate extracts show poor inhibition even at higher 
concentrations.The chloroform and hexane  extract specifically act against than other extracts on 
human colon cancer(CC50 value  9.20 ± 0.2 µg /mL) and kidney cancer(CC50 value  8.61 ± 0.2 µg /mL)  
respectively.  

 The hexane extract, so can be subjected to bioguided fractionation to a pure active compound. 
The activity shows Teramnus labialis may contain  potent anticancerous compounds .  So these 
findings shows Teramnus labialis have very good cytotoxic activity and therefore a good source of 
potent cytotoxic compounds. 

Keywords: Cytotoxicity  ,Teramnus labialis, cancer cell lines. 

1. INTRODUCTION: 

 Medicinal plants are excellent sources of new drug. Forming the basis for the treatment of 
diseases in both traditional and modern medicine, they a play a crucial role in the primary health care 
of many cultures(Farnsworth et al;1985). In recent years plant derived medicines have received great 
deal of attention compared to synthetic ones, due to their potent antioxidant activities, very less side 
effects and economic viability(Naik et al., 2005). The world health organization supports interaction 
with traditional medicines with the view of providing scientific evidence for effective 
remedies(WHO;2003.) Terrestrial plants have been used as medicines in Egypt, China, India & Greece 
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from ancient time and an impressive number of modern drugs have been developed from 
them(Rahman et al;2001).Ayurveda, the Indian traditional health care system(ayus- Life, veda- 
Knowledge, meaning the science of life) is the oldest medical system in the world, which exploits the 
potential of various herbs generally in polyherbal formulations as drugs(Dash and Kashyap, 1980). 
Cancer is major public health burden in both developed and developing countries. It was estimated 
that there were 10.9 million new cases,6.7 millions deaths, and 24.6 million persons living with cancer 
around the world in 2002( Parkin et.al.2005). The national cancer institute collected about 35,000 
plants sample from 20 countries and has screened over 114,000 extracts for anticancer activity (Shoeb, 
2005). Of the 92 anticancer drugs commercially available prior to 1983 in the US and among 
worldwide approved anticancer drugs between 1983 &1984, 60% are of natural origin (Cragg 
et.al.1997). The discovery and development of potent anti cancer agents such as vincristine and 
vinblastine, isolated from Madagascer periwinkle, and Catheranthus roseus, provided convincing 
evidence that plants could be a source of navel effective cancer chemotherapeutic agents(Noble;1990)  

2. MATERIALS AND METHODS: 

2.1. Preperation of plant extracts. 

Here we investigate the cytotoxic effect of the Teramnus labialis ,used in many Ayurvedic 
preparations ,against cancer cell lines. Plant collected from Kottkal ayurveda arya vaidya shala was 
shade dried and ground in a pulveriser to fine powder and takes for sauhxlet extraction. The solvents 
used were Hexane, Chloroform, Ethyl acetate, and Methanol successively according to their increasing 
polarity. Before extraction with next solvent the powder was air dried to remove the adhering solvent. 
The extract obtained was filtered, concentrated in rotary flash evaporator and dried in a vacuum oven. 
The percentage of yield of each extract was calculated. 

2.2. Cell culture. 

Successive extracts of the plants using different solvents according to their polarity were tested for 
their cytotoxicity using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) 
assay on three cancer cell lines; HCT-116(Colon cancer), Hep G2(Hepatic cancer), HEK-293(Kidney 
cancer), MCF-7(Breast cancer), Ln Cap(Prostate cancer), A-549(Lung cancer)and one normal cell 
line; L-929(Mouse fibroblast) from the American type culture collection(ATCC). The cells were 
cultured in a sterile T 75 flask (Tarson) with serum (10%,v/v) in 5% CO2-95% humidified air at 370 
C. 

2.3.  MTT Assay. 

Cytotoxicity assay was performed according to the established method with slight modifications of 
(Mosmann, 1983),where 1.5x104  viable cells from each cell line were seeded in a 96-well plate 
(Tarson) and incubated for 24-48h.When cells reached  >80% confluence, the medium was replaced 
and cells were incubated with crude extracts at 1,5.10,25,50 and 100µg /mL dissolved in dimethyl 
sulphoxide(DMSO) at a maximum concentration of 0.05%.After 72h incubation,10 µL  of 3-(4,5 
dimethylthiozol-2-yl)-2,5 diphenyl tetrazolium bromide solution (MTT,sigma )solution (5mg/mL)was 
added to each well and incubated at 370 C for 4h. The medium was removed and the formazan, a 
product generated by the activity of dehydrogenases in cells,was dissolved in10% SDS in 
DMF(Merck).The amount of MTT-formazan is directly proportional to the number of living cells and 
was determined by measuring the optical density(OD) at 570nm using UV 
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Spectrophotometer(Schimadzu, Japan). The concentration of the crude extract that killed 50% of the 
cells (CC50) was calculated. All determinations were performed in triplicate. 

Phytochemical screening was performed using standard protocols (Brain&Turner1975, Evans1996, 
Roopashree,T.S;2008). 

Results: 

Table 1: Percentage of yield. 

 

PLANT 

                              % of yield of extract(g) 

Hexane 

Extract 

Chloroform 

Extract 

Ethyl acetate 

Extract 

Methanol 

Extract 

Teramnus 

labialis.  
0.589 0.849 0.780 3.830 

 

Table 2: Phytochemical analysis. 

Teramnus labialis 

Extracts Alkalo
ids 

Flavano
ids 

Saponi
ns 

Phen
ols 

Proteins
& 

Aminoac
ids 

Tanni
ns 

Terpeno
ids 

Diterpen
oids 

Triterpen
oids 

Hexane + - + - - - + + - 

Chlorofo
rm 

- + - - - - + + - 

Ethylacet
ate 

- - - - - + - - - 

Methano
l 

+ + - - - + + - + 

 

Table 3: Cytotoxicity of plant extracts (CC50±SD). 

Teramnus labialis 

Cell lines                                                      Extracts 

Hexane Chloroform Ethylacetate Methanol  
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Hep G2 15.17 ± 0.2 µg /mL 15.59 ± 0.2 µg /mL 43.36 ± 0.1 µg /mL - 

HEK-293 8.61 ± 0.2 µg /mL 24.22 ± 0.1 µg /mL 57.96 ± 0.1 µg /mL - 

HCT-116 14.12 ± 0.1 µg /mL 9.20 ± 0.2 µg /mL 42.02 ± 0.1 µg /mL - 

MCF-7 15.61± 0.5 µg /mL 21.31± 0.1 µg /mL 63.42± 0.4 µg /mL - 

Ln Cap 12.32± 0.1 µg /mL 24.40± 0.1 µg /mL 56.64± 0.3 µg /mL - 

A 549 17.34± 0.5 µg /mL 33.49± 0.3 µg /mL 78.90± 0.1 µg /mL - 

L-929 9.73 ± 0.1 µg /mL 31.97 ± 0.2 µg /mL 68.25 ± 0.2 µg /mL - 

 

To investigate the effect of  cytotoxic activity of the plant extracts on cell viability, Hep-G2,HEK-
293,HCT-116,MCF-7,Ln Cap,A-549, and L-929 were incubated with different extracts at different 
concentrations. After 48h, cell viability was determined with MTT. The CC50 was determined for all 
extracts showing cytotoxicity(Table 3). 

Hexane extract shows a high degree of cytotoxicity on all  cell lines (CC50 value  20µg/mL) and is 
most potent to HEK-293(CC50 value  8.61µg/mL). Chloroform extract also shows a very good 
activity and is very effective on HCT-116 than hexane extract (CC50 value 9.20 ± 0.2 

µg/mL).Ethylacetate extract shows less activity than hexane and chloroform extracts and is active only 
at higher concentrations. Methanol extract have no significant effect on all cell lines.  

Phytochemical analysis shows the presents of phenolics, saponins, alkaloids and terpenoids in active 
extracts(Table 2). 

Conclusions: 

Cnacer is one of the  major causes of death in both developed and developing countries.Common 
methods of treatment have yielded some benifits(Jessup et al;1996), but there is a significant need to 
improve current cancer therapies and search for novel therapies. 

The American National Cancer Institute assigns significant cytotoxic effects of extract for future Bio 
guided studies if it exerts a CC50 value  30µg/mL (Boik, J.C; 2001). In the present study hexane 
extract is  very suitable for fractionation of the active molecule. Phytochemical analysis of active 
extracts shows the presents of phenolics and terpenoids. The present study reveals that the plant 
Phaseolus trilobus is a very good source of a potent cytotoxic compound.  
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ANTIMICROBIAL PROSPECTIVE OF SPILANTHES ACMELLA L. (MURR.): AN 

ACUTELY THREATENED MEDICINAL PLANT 

S. Neethu Mohan, P.M. Najeena, S.R. Deepthi & T.S. Preetha* department of botany, 
UniversityCollege,Thiruvananthapuram,kerala,Pin-695034 *preethahemanth@yahoo.com 

ABSTRACT 

 Spilanthes acmella L. (Murr.) belonging to family asteraceae is an acutely threatened plant 
species with potent medicinal applications. There are several reports on the pharmacological 
potentialities of the plant. However, studies regarding antimicrobial activities are meagre. The work 
presented here reports antibacterial and antifungal effects of S. acmella. These assays were conducted 
based on standardized procedures using different solvent extracts viz. hexane, acetone, methanol and 
distilled water. Methanol extract of S. acmella whole plant showed remarkable antibacterial activity 
against gram negative and positive bacterial strains viz. Proteus vulgaris, Pseudomonas 
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aeruginosa,Salmonella typhi, Serratia marcescens and Staphylococcus aureus. The inhibition zone 
recorded was maximum with methanol extract followed by acetone extract. The hexane extract 
exhibited inhibition zones for Bacillus sp. and Staphylococcus aureus only. The antifungal activity 
assays showed that the whole plant extracts in acetone and methanol has antifungal potentialities 
against Alternaria sp.,Aspergillus niger,Neurospora crassa and Rhizopus nigricans compared to the 
standard. The results of these bioactive assays indicate that the plant can be effectively used as an 
antimicrobial agent. a systematic screening and characterization is highly warranted with modern 
techniques for the preparation of effective herbal drugs from this plant. 

INTRODUCTION 

 Spilanthes acmella L. (Murr.) (Family Asteraceae) is an acutely threatened species (Rao and 
Reddy, 1983) distributed in the tropical and subtropical regions of the world with several therapeutic 
potentialities. The flower and leaves of this plant have been used as traditional medicine for 
stammering, toothache, stomatitis and throat complaints. Traditionally, the whole plant is used in the 
treatment of dysentery, as a snake bite remedy, articular rheumatism and in cases of tuberculosis 
(Storey and Salem, 1997). Alkamides are the most abundant phytochemicals present in genus 
Spilanthes which account for most of its biological activity. Different pharmacological activities viz. 
diuretic, antimalarial and larvicidal, insecticidal, vasorelaxant, antioxidant, antinociceptive, 
antihyperalgesic, antiinflammatory, antimicrobial, immunomodulatory, antiviral, antimutagenic, 
antihepatotoxic, antipyretic, local anaesthetic, aphrodisiac and analgesic properties have been reported 
in Spilanthes spp. which revealed the potential of the plant to be developed as a curative agent from 
natural resources.  However, very few reports are there regarding the antimicrobial effects of the plant. 
The present study accounts for the antimicrobial effects viz. antibacterial (against both gram positive 
and gram negative bacterial species) and antifungal activities of S. acmella. which provide additional 
information for the wide spread and better utilization of this species.   

MATERIALS AND METHODS 

Plant material 

Spilanthes acmella L. (Murr.) plants collected from Aruvikkara, Thiruvananthapuram maintained in 
the greenhouse of Department of Botany, University College, Thiruvananthapuram served as the 
source of explants for the present study. Systematic position was confirmed by taxonomical studies 
and sample has been deposited in the Department Herbarium. Collected material was cleaned, 
weighed and oven dried at 37±2 °C and powdered. Samples were kept in polythene bags, sealed and 
stored for further analysis. 

Preparation of extracts 

The phytochemicals present in the plant material was extracted by the distillation method using 
Soxhlet apparatus. Different solvent systems were used for the separation of chemicals according to 
the polarity (Hexane, acetone, methanol and distilled water). About 50 g powdered sample was taken 
for soxhlet extraction for 8 hrs at boiling point of each solvent. The extract was concentrated to 
dryness and the residue was transferred to preweighed sample bottles and was stored in dessicator for 
further studies.  

Antimicrobial activity 

a. Antibacterial activity assays 
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The separated extracts were used for the antimicrobial study by disc diffusion method (Bauer et al., 
1966). The standard strains of pathogenic and industrially important gram negative bacteria viz. 
Bacillus sp., Proteus vulgaris, Pseudomonas aeruginosa, Salmonella typhi, Serratia marcescens and 
Staphylococcus aureus (gram positive) were selected for antibacterial assays. For the preparation of 
medium, peptone water was made by dissolving peptone in distilled water (13.6 gl-1). The spores of 
each bacterium from the isolated colony were introduced into the sterilized media taken in test tubes 
which were kept in an incubator at 37 0C for 1 hour for maximum growth. Disc of 5 mm diameter 
were cut from Whatmann No. 1 filter paper. The sterilized disc was then soaked in leaf extract till it 
was completely saturated. Control discs were prepared by using equal volume of solvent only. 

Pure culture of each bacterium from the peptone water spread evenly on the nutrient agar plates with 
sterile swabs under highly aseptic conditions. The different bacteria were inoculated in different 
petridishes. Prepared disc containing the concentrated extract were placed over each bacterial colony 
and kept in an incubator at 37 oC for 24 hours. Antibacterial activity observed as zone of inhibition in 
millimeters. The experiments were repeated twice to confirm the findings. 

b. Antifungal activity assays 

Antifungal activity studies were conducted against common phytopathogenic forms of fungi viz. 
Alternaria sp., Asperigillus niger, Rhizopus nigricans and Neurospora crassa with crude extracts in 
different solvents by incorporating crude extract in the media (Collins and Lyne, 1970). All the fungi 
used here were isolated from the Botanical garden of our Department. Nutrient broth solution was 
made by dissolving nutrient broth (13 gl-1) in double distilled water and the solution was then 
sterilized in an autoclave. The spores of each fungus from the isolated colony were introduced into the 
media taken in petridishes which were kept at room temperature for 2 days for maximum growth. The 
disc was prepared as in antibacterial assays. Potato Dextrose Agar media was used and the media was 
prepared by dissolving Potato Dextrose Agar (39 gl-1) and agar-agar (10 gl-1) in distilled water by 
heating. The sterilized media was cooled and ~20 ml of molten medium was poured into sterile 
petridish and allowed to solidify under aseptic conditions. 

Pure cultures of each fungus from the nutrient broth solution were spread evenly on the agar plates 
with sterile swabs under flame with highly aseptic conditions. Prepared disc containing the 
concentrated extract were placed over each fungal colony and covered with lid. The inoculated 
petridishes were kept in an incubator at 37 0C for 24 hours. Antifungal activity was expressed as zone 
of inhibition (mm). The experiments were repeated twice to confirm the findings. 

RESULTS AND DISCUSSION 

Screening of antimicrobial activity 

1. Antibacterial activity 

Many plants possess antimicrobial activities and are used for the treatment of different diseases. The 
last decade has also witnessed increasing intensive studies on extracts and biologically active 
compounds isolated from plant species used for natural therapies or herbal medicine. Antibacterial 
activity assay of S. acmella in different extracts showed remarkable activity of methanol extract 
against the bacterial strains viz. Proteus vulgaris, Pseudomonas aeruginosa, Salmonella typhi, 
Serratia marcescens and Staphylococcus aureus comparable to standards. Zone of inhibition from 6-
16 mm was observed (Table 1, Fig.1). The inhibition zone was maximum with methanol extract 
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followed by acetone extract. The hexane extract exhibited inhibition zones for Bacillus sp. and 
Staphylococcus aureus only. The aqueous extract as well as hexane extract exhibited almost similar 
inhibition zones for Staphylococcus aureus. No zone of inhibition was noticed in controls. 

 In an earlier study, Prasad and Seenayya (2000) reported that S. acmella possess excellent 
antimicrobial activities against red halophilic cocci from salt cured fish. A study done by 
Prachayasittikul et al. (2009) also showed that the extracts from S. acmella gave significant 
antibacterial activity against Streptococcus pyogenes and Staphylococcus epidemidis. So it can be 
concluded from our study that extracts derived from this plant could be used in future as novel 
antibacterial agents to treat infection caused by such resistant organisms, which otherwise pose 
problems of drug resistance to the currently used antimicrobial agents. 

Table 1. Antibacterial activity of different extracts of S. acmella   

Test organism 
Zone of inhibition (in mm) 

Hexane Acetone Methanol Aqueous Standard 

Bacillus sp. 6.03±0.15 8.5±0.36 - - 8.7±0.25 

Proteus vulgaris - 7.3±0.20 13.3±0.26 - 8.5±0.26 

Pseudomonas aeruginosa 

aeurginosa 

- - 10.6±0.20 - 8.3±0.26 

Salmonella typhi - 8.3±0.15 12.23±0.25 - 10.43±0.21 

Serratia marcescens  - 6.4±0.20 15.43±0.32 - 16.3±0.15 

Staphylococcus aureus 8.2±0.27 7.3±0.15 9.53±0.40 7.4±0.23 27.2±0.20 

Standard  Ampicillin, Control  Hexane, Acetone, Methanol, Distilled water   
 (-) No zone of inhibition 

2. Antifungal activity 

The antifungal activity assays conducted in the present study demonstrated that the whole plant 
extracts in acetone and methanol has antifungal potentialities against Alternaria sp., Aspergillus niger, 
Neurospora crassa and Rhizopus nigricans compared to the standards. Early studies regarding the 
antifungal activity of petroleum ether extract against fungal strains such as Fusarium oxysporium, 

Aspergillus niger, Aspergillus parasiticus, etc. (Rani and Murty, 2006) greatly supports the current 
finding. In addition, aerial parts of S. acmella extracts (hexane and CHCl3) exhibited activity against 
Saccharomyces cerevisiae (Prachayasittikul et al., 2009). No zone of inhibition was noticed in controls 
(Table 2, Fig.1). The hexane extract displayed antifungal activity against Aspergillus niger and 
Neurospora crassa only. No inhibition zone was observed with aqueous extract in the present study. 
In contrast, ethylacetate and aqueous extracts exhibited better antifungal activity than the standard 
drug (fluconazole) against Rhizopus arrhigus and Rhizopus stolonifer (Arora et al., 2011). Zone of 
inhibition depend on the concentration of the extract. Higher the concentration, greater is the inhibition 
activity. The antifungal activity of S. acmella extracts may be due to the presence of spilanthol and 
alkamides (Nakatani and Nagashiwa, 1992), non-volatile sesquiterpenoids and saponins (Mukharya 
and Ansari, 1986). 

Table 2. Antifungal activity of different extracts of S. acmella   
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Test organism 
Zone of inhibition (in mm) 

Hexane Acetone Methanol Aqueous Standard 

Alternaria sp. - 10.4±0.20 6.6±0.26 - 8.4±0.15 

Aspergillus niger 7.3±0.20 9.5±0.25 12.6±0.25 - 15.7±0.25 

Neurospora crassa  10.5±0.15 12.5±0.15 20.5±0.10 - 17.4±0.20 

Rhizopus nigricans - 7.5±0.25 14.6±0.15 - 20.3±0.20 

Standard  Miconazole nitrate ointment IP85,  

Control  Hexane, Acetone, Methanol, Distilled water     

(-) No zone of inhibition 

CONCLUSION 

The results of the bioactive assays indicate that the plant can be effectively used as an antimicrobial 
agent and the results of in vitro studies can be further extended for the better utilization of this plant. A 
thorough screening and characterization is needed with modern tools and techniques for the 
preparation of effective herbal drugs.  
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Figure 1. Antimicrobial activity assays of whole plant extract of S. acmella.  
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a-e: antibacterial assays. a. Proteus sp., b. Pseudomonas sp., Salmonella sp., d. Bacillus sp.,  e. 
Serratia sp. f-h: antifungal assays. f. Alternaria sp., g. Aspergillus sp., h. Neurospora sp.   
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ABSTRACT 

 In India, oral cancer accounts for a high percentage of all malignancies registered annually. 
around 90% of oral cancers are squamous cell carcinomas, originating in the tissues that line the 
mouth and lips. overexpression and nuclear localization of epidermal growth factor receptor (EGfR) is 
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implicated in many human cancers, especially in those of squamous cell origin. However, the role of 
EGfR as transcription factor in regulating oncogenes involved in cancer hallmarks are poorly defined. 
The present study characterized the EGfR pathway in primary (UM-SCC-83-a) and metastatic (UM-
SCC-83-b) oral cancer cell lines established from the same patient. The first phase of the study 
analyzed the growth pattern and EGfR basal level expression in these cell lines. Lamellipodial 
protrusions and island  like growth pattern of UM-SCC-83-b cells differentiate the metastatic cancer 
cell line from the primary cancer cell line (UM-SCC-83-a), which showed monolayer growth pattern 
with polygonal cell morphology. both qRT-PCR and immunoblotting showed that EGfR was over-
expressed, both at mRna and protein level, in metastatic cancer cell line. In the second phase of the 
study, the molecular dissection of EGfR regulated signal transduction pathway/s involved in 
carcinogenesis was carried out. The results showed that nf b (nf b p65 and nf b p50) and STaT3 
signaling pathways are under the EGfR regulation. Present study also demonstrated that, cyclin d1 
expression was impaired in metastatic oral cancer cell line. Third phase of the study looked on the role 
of EGfR in most important hallmarks of the cancer such as cell proliferation and invasion/metastasis 
cascade. MTT assay results showed that, significant reduction in cell viability in EGfR knockdowned 
cells. Importance of EGfR on migratory potential of the cells was measured by lamellipodium analysis 
and wound healing assay. Lamellipodial protrusions at the invading edge of the cells were 
significantly disassembled in EGfR silenced cells. wound-healing assay also revealed the key role of 
EGfR on cell migration. Clonogenic assay was performed to assess the effect of EGfR on colony 
formation ability of these cells and it was observed that colony formation ability was significantly 
reduced in EGfR knockdowned cells. on the whole, this study sheds light on the transcriptional co-
activator role of EGfR in the expression of nf b, STaT3 and cyclin d1. The study also revealed the 
significant role of EGfR in promoting enhanced colony forming ability, motility and migration of 
metastatic oral cancer. we hope that, based on these findings, EGfR may be an effective target to 
develop therapeutic agents for the management of oral cancer. 

INTRODUCTION: 

  In india, oral squamous cell carcinoma (OSCC) is an important health problem, with a drastic 
increase in incidence due to the increased exposure to risk factors such as betel quid chewing with 
tobacco and alcohol consumption (Hashibe M et al., 2009). A total of 29,696 oral cavity (lip, base 
tongue, tongue, gum, floor of mouth, palate, other mouth) cancers  were reported at Regional Cancer 
Centre, Trivandrum during the past 30 years. Oral cavity cancer stands at second position after lung 
cancer in male and in females it stands at fourth position after breast, cervical and ovarian cancer 
(HBCR, RCC, 2012). Loco regional recurrence of the disease is the major cause of poor overall 
survival of the OSCC patients. However, although its etiological factors are well established, the 
mechanism through which oral cancer develops is still largely unknown. This prompted us to study in 
detail the biology of oral cancer to identify the genes which are vital in this processes. 

The Epidermal Growth Factor Receptor (EGFR) is a transmembrane glycoprotein that constitutes one 
of four members of the erbB family of tyrosine kinase receptors. Although expressed in normal cells; 
EGFR is overexpressed in a variety of tumors and has been associated with poor prognosis and 
decreased survival (Toni M. Brand et al.,2011). Eventhough the EGFR is shown to be a receptor 
protein and transduce the signal to its downstream members, studies also showed that it can tanslocate 
to nucleus and where it may function as a transcriptional co-activator for various oncogenic genes 
(Huang et al., 2011). Since EGFR does not contain a DNA binding domain it must associate with 
other transcription factors in order to interact with genomic regions. Previous studies from our lab, 
showed that patients with overexpression cyclinD1, NF B p65, NF B p50 and STAT3 exhibited the 
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worst disease-free survival. The present study focused on the effect of EGFR knockdown on 
expression level of cyclinD1, NF B p65, NF B p50 and STAT3 genes in oral carcinoma and also to 
evaluated the key role of EGFR in cell proliferation and cell migration potential of metastatic oral 
cancer. 

Materials and Methods: 

Cell lines and Culture:Oral cancer cell lines, UM-SCC083A (from primary cancer) and UM-
SCC083B (from metastatic lymph node) were kindly provided by Prof. Thomas E Carey, University 
of Michigan Cancer Centre, USA. These cell lines were propagated and maintained in Dulbecco s 
Modified Eagle s Medium supplemented with 10% fetal bovine serum (FBS) and antibiotic cocktail  
at  37 C in a humidified atmosphere of  5% CO2.  

RNA Isolation: The total cellular RNA was isolated by TRIzol reagent (Sigma Aldrich, St. Louis, 
USA) as per the manufacturer s protocol. The integrity of the RNA was checked using 1% agarose gel 
stained with ethidium bromide (EtBr) and the quantity of RNA was measured at 260nm. 

Protein Isolation: Protein isolation was performed using RIPA buffer (Thermo Scientific, Rockford, 
USA) containing detergents like NP40 and SDS. Protease inhibitor, PMSF (Sigma Aldrich, St. Louis, 
USA), was used in appropriate concentration along with RIPA buffer to deactivate proteases.  

cDNA preparation and Real Time Polymerase Chain Reaction: cDNA was synthesized by 
incubating 1 g of total RNA with reverse transcriptase enzyme as per the manufacture s instruction 
(Applied Biosystem, Foster city, USA). The transcript level of EGFR was quantitated using TaqMan 
chemistry based qRT-PCR (Applied Biosystem, Foster city, USA).  

SDS-PAGE and Western Blotting: 50 g total protein of each sample was electrophoresed in 7-12% 
PAGE gel depending on the size of the protein to be studied. After electrophoresis, the proteins are 
transferred to a polyvinylidene fluoride (PVDF) membrane and immunodetection of NF B (p65 and 
p50), STAT3, cyclin D1, EGFR and -actin  was done using appropriate specific  primary antibodies 
(Santacruz Biotechnology, Santa Cruz, USA) and horseradish peroxidase conjugated secondary 
antibodies (Santacruz Biotechnology, Santa Cruz, USA).  

EGFR Silencing: siRNA against EGFR was transfected into the metastastic oral cancer cell line (UM-
SCC083B), which has high endogenous level of EGFR by lipofection method as per the manufacture s 
instruction (Santacruz Biotechnology, Santa Cruz, USA).  

Cell Viability Assay: Cell viability assay using MTT reagent (Sigma Aldrich, St. Louis, USA) was 
performed to measure the silencing effect of EGFR on growth of cells. Relative cell viability in 
percentage will be calculated by comparing the viability of treated cells with control as follows: 

                          

 

Clonogenic Assay: Clonogenic assay was performed to understand the role of EGFR on colony 
forming ability of a cell. EGFR silenced cells were harvested after 24hour transfection and reseed at 
1000 cells/ml for the development of colonies. Plates were incubated for three weeks at 370c in 5% 
humidified CO2 incubator until the cells in control plates have formed colonies with visible size. 
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Colonies are stained with 0.5% crystal violet and will be counted under a microscope. The plating 
efficiency (PE) and survival fraction (SF) will be calculated as follows. 

    

Scratch or Wound healing assay: Scratch assay was performed to evaluate the role of EGFR on the 
migratory potential of UM-SCC83B cells. Wound was created in cell monolayer using 200ul pipet tip 
and after creating the wound the siRNA against EGFR was transfected as described above. Wound 
closure was monitored at different time periods ( 0, 8, 16 and 24 hours) using phase contrast inverted 
microscope attached to imaging software. Wound area calculation was done by using Image-J 
software (imagej.nih.gov/ij/). Percentage of wound closure was calculated by the following formula 

  

Analysis of Lamellipodial Protrusions: Lamellipodial protrusions at the invading edge of the UM-
SCC83B cells was measured at 24hour after the transfection under phase contrast inverted microscope 
attached with live cell imaging software and area of the lamellipodial protrusions were measured by 
ImageJ software. 

 

Result and Conclusion: 

                                               

Fig 1: Morphology and growth pattern of UM-SCC-83A and 

UM-SCC-83B cell lines ;  Fig 2: Line graph showing 

growth curves of cell lines ;   Fig 3: Agarose gel showing 

two intact bands of 28s and 18s rRNA 

                                                         

                                                                                         

Fig 4: EGFR mRNA level in UM- SCC-83A 

and UM-SCC-83B cell lines;   Fig 5: 

Immunoblotting images    developed by ECL 

method ;  Fig 6: EGFR protein level in UM- 

SCC-83A and UM-SCC-83B cell lines         

Fig 7: Agarose gel showing two intact bands     

of 28s and 18s rRNA  [1.Con siRNA 24 hr, 

2.EGFR siRNA 24hr, 3.ConsiRNA 48hr, 

4.EGFR siRNA 48hr, 5. Con siRNA 72hr, 6. 

EGFR siRNA 72hr];Fig 8: Fold change of 

EGFR mRNA.  
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Fig 9: Immunoblotting images 

developed by     ECL method      

[1.Con siRNA 24 hr, 2.EGFR siRNA 

24hr, 3.ConsiRNA 48hr, 4.EGFR 

siRNA 48hr, 5. Con siRNA 72hr, 6. 

EGFR siRNA 72hr]; Fig 10: Relative 

quantification and analysis of western 

blot ; Fig 11: Relative cell viability 

percentage of UM-SCC83-B cell line 

after EGFR knockdown. Fig 12: A. 

Crystal violet stained colonies, B. 

Microscopic view of individual 

colonies. 

                   

      

Fig 13: SF(%) of con siRNA  and 

EGFR siRNA transfected cells ; 

Fig 14:Images of wound healing 

assay at different time intervals;    

Fig 15:Percentage of wound 

closure; Fig 16: Images of 

lamellipodial protrusions in 

EGFR knockdowned cells;   Fig 

17: Lamellipodial area in control 

siRNA and EGFR siRNA 

transfected cells. 

                                       

                   

      Figure-1 shows the morphology and growth pattern of UM-SCC83A (primary cancer cell line) and 
UM-SCC83B (metastatic cancer cell line) cells. Primary cancer cell line followed a monolayer growth 
pattern, but the metastatic cancer cell line showed the multilayered island  like growth pattern with 
inter island connections made of actin filaments. UM-SCC83B cells are elongated in shape with 
lamellipodial protrusions at the leading edge of the cells, but UM-SCC83A cells are polygonal in 
nature without lamellipodial structure. Growth curves (Fig 2) showed that in both cell lines were in 
exponential growth phase at 24 -72 hrs of in vitro culture. Transcriptional and translational level 
analysis (Fig 3, Fig 4, Fig 5 and Fig 6) of EGFR in cell lines revealed that EGFR expression ( both at 
mRNA and protein level) is upregulated in metastatic cancer cell line. mRNA and protein level 
analysis (Fig 7, Fig 8, Fig 9 and Fig 10) after EGFR knockdown revealed that EGFR is playing key 
role in the expression of cyclin D1, STAT3, NF B p50 and NF B p65 in metastatic oral cancer cell 
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line. cyclin D1, STAT3, NF B p50 and NF B p65 protein level was significantly reduced in EGFR 
silenced cells at 72 hrs after transfection. 

Cell viability assay using MTT reagent (Fig 11) revealed that knockdown of EGFR can significantly 
impair the growth of metastatic oral cancer cell line and here we got the maximum reduction of cell 
viability (24%) at 72 hours of experiment. Clonogenic assay (Fig 12 and Fig 13) showed that number 
of colonies formed is drastically reduced in EGFR silenced cells (SF:23%) compared to respective 
control. Wound-healing assay (Fig 14 and Fig 15) revealed the key role of EGFR on cell migration; 
only fifty percent wound closure in EGFR knockdowned cells compared to complete closure in control 
siRNA transfected cells during the same time period. Role of EGFR on lamellipodial development 
was also analyzed by knockdown experiments. Lamellipodias at three different invasive front of the 
cells were photographed at 40X magnification (Fig 16 and Fig 17), at 0hr and 24 hr after EGFR 
siRNA transfection and area was calculated by ImageJ software. Results showed a significant 
reduction in lamellipodial protrusions on EGFR knockdown. Actin filament disassembly was also 
observed in lamellipodial protrusions. Thus scratch assay and lamellipodium analysis in EGFR 
knockdowned cells revealed the key role of EGFR in invasion and migration of metastatic oral cancer 
cells. Molecular and functional level analysis of EGFR knockdowned UM-SCC 83B (metastatic  oral 
cell lines) cells showed that the EGFR has a key role in  promoting colony formation, proliferation, 
migration and invasion properties metastatic oral carcinoma. Western blot results showed that EGFR 
playing a key role in the expression of cyclin D1, STAT3, NF B p50 and NF B p65 genes. This 
encourages us to study in detail the transcriptional regulator role of EGFR in oral cancer. Also the 
present interesting result indicates that EGFR may be a good target for developing therapeutic agents 
to control the oral carcinoma in near future. 
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ABSTRACT 

Insects are well known for their large scale ecological supremacy especially in specialization of their 
life cycle called metamorphosis where the larva undergoes a striking morphological reorganization to 
give rise to the adult. The weaver ant, oecophylla smaragdina (fabricus) (Hymenoptera: formicidae) 
are among the most dominant and important ants, and displays complete metamorphosis. The egg 
proteins are the currency of power in ant societies. Vitellogenins (Vgs) are precursors of the major egg 
storage protein, vitellin (Vn), in many oviparous animals. Insects Vgs are large molecules synthesized 
in the fat body. It is a process that involves substantial structural modifications (e.g., glycosylation, 
lipidation, phosphorylation, and proteolytic cleavage, etc.) of the nascent protein prior to its secretion 
and transport to the ovaries. So, vitellogenesis is a key process that controls reproduction in insects 
which is the primary organizing principle in insect societies. The proteome changes over the life of a 
weaver ant, but many of these changes are not well characterized, including changes during the life 
cycle transition from the larval to pupal to adult stages of workers. we used SdS PaGE, dot blot and 
western blot to analyze the changes in the protein expression of the weaver ant during their different 
life history stages. Six, four and four glycoproteins were strongly expressed in the larvae, pupae and 
adult respectively. The larva had high expressions of proteins and studies in insects showed that 
proteins related to metabolism of carbohydrates and energy, folding activities, development, and the 
cytoskeleton and antioxidant systems were highly expressed during larval stage. The proteins 
expressed by the young larvae are used to enhance their developmental process and as a temporal 
innate immune protection mechanism until they gain immunity with age development. Proteins 
involved in food storage and the metabolism of fatty acids and amino acids were abundantly expressed 
during the pupal stages. The pupae use more energy storage related proteins as they prepare for their 
non-diet-driven pupation. Vitellogenin protein in weaver ant was analysed by western blotting 
revealed protein bands of molecular weights 75kd, 37kd and 25kd. our data provide new evidence that 
changes in the protein expression match the processes during life transitions in the weaver ant and the 
vitellogenins show diversity in subunit composition among insects. 

INTRODUCTION 

Ants are eusocial, known for their highly organized nests and may constitute upto 15 25% of the total 
terrestrial animal biomass (Schultz, 2000).  The red ant, Oecophylla smaragdina (Fabricus) 
(Hymenoptera: Formicidae) is distributed in the tropical Old World from India to Taiwan and across 
South-East Asia to Australia. Taxonomically, the genus consists of two distinct species with their sub- 
species and varieties. One of these is Oecophylla smaragdina (Fab.) with two subspecies, subnitida 

(Emery) and virescens (Fab.) and with its three varieties, selebensis (Emery), gracilior (Forel) and 
gracillima (Emery). The other species is Oecophylla longinoda (Latreille) with four varieties: textor 

(Santschi), rubriceps (Forel), annectans (Whlr) and fusca (Emery) (Cole and Jones, 1948). Weaver 
ants are among the most dominant and important ants (Lokkers, 1986), and displays complete 
metamorphosis where an individual passes through 4 developmental stages: egg, larva, pupae and 
adulthood. The egg proteins of ants are of interest not only because of the unusual nature of aculeate 
Hymenopteran egg proteins (Kageyama et al., 1994) but also because they are a currency of power in 
ant societies. Vitellogenesis is a key process that controls reproduction, the primary organizing 
principle in insect societies (Raikhel, et al., 2005). Vitellogenin (Vg) is the generic name for a unique 
group of proteins that are synthesized extra ovarially and become the major egg yolk protein, vitellin 
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(Vn). Similar proteins are found in all animals with yolky eggs. Because of their high concentration in 
the egg, and the relative ease with which  they can be purified, these proteins are excellent material for 
the study of the regulation of their synthesis from the molecular, developmental, and physiological 
points of view (Hagedorn and Kunkel, 1979). Vitellogenin appears to have evolved pleiotropic 
functions in the advanced eusocial honeybee. It has been involved in the social organization, temporal 
division of labour and foraging specilization, regulation of hormonal dynamics, and change in gustory 
responsiveness (Nelson et al., 2007). Honeybee Vg has been shown to be capable of reducing 
oxidative stress by scavenging free radicals, thereby prolonging lifespan in the facultatively sterile 
worker castes and reproductive queen castes (Seehuus et al., 2006). In case of weaver ants, despite 
their economic and ecological significance, molecular knowledge of their reproductive biology is 
lacking. This study investigates protein expression of vitellogenin and protein profile changes at 
different developmental stages in the weaver ant, O. smaragdina. 

MATERIALS AND METHODS 

NEST COLLECTION 

Ant nests were collected in polythene bag from the months of January to April 2013 in Padannakkad 
area (12  39 15.591 N 75  27 07.011 E) of Kasaragod district. Ants were then anesthetized by the 
treatment with ethyl ether and also by keeping under refrigerated condition. Ants were sorted on the 
basis of their development stages identified on the basis idea of the morphology of the generalized ant 
larvae described by Wheeler and Wheeler (1953) and stored in under -20°C. Different stages of the 
samples were weighed, and stored in eppendorfs. 

BIOCHEMICAL ESTIMATIONS 

Estimation of Protein Content 

Protein content was measured by Bradford method (1976). The protein concentration was expressed as 
mg/ml. 

ELECTROPHORETIC ANALYSES 

Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

SDS-PAGE analysis was performed under denaturing and discontinuous conditions on 10% SDS 
polyacrylamide gel using a mini vertical unit (Genei, India). 

Coomassie Blue Staining 

The gels were stained with coomassie brilliant blue R250 (0.25% w/v) in methanol: acetic acid: water 
(50:7:43) with gentle shaking for 2-3 hours using a shaker (Genei,India). The gels were first destained 
with destain I (an aqueous solution of 50% ethanol and 7% acetic acid) for 2-3 hours with gentle 
shaking. After 3 hours they were further destained with destain II (an aqueous solution of 5% ethanol 
and 5% acetic acid) for 30 minutes. 

Glycoprotein Staining 

The gels were stained with glycoprotein stain according to the method of Moller and Poulsen (Moller 
and Poulsen, 2002). The gels were immersed in 25ml fixing reagent for 30 minutes (methanol: 
autoclaved demineralised water in the ratio 50:50). After washing the gel with 25ml autoclaved 
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demineralised water for 10 minutes on a shaker, 25ml oxidising reagent was added for 15 minutes. 
Washing is repeated twice for 5 minutes each with autoclaved demineralised water and kept in 
staining reagent for 15 minutes. Then 25ml reducing reagent was added for 5 minutes in a shaker, after 
decanting the reducing reagent, autoclaved demineralised water was added to the gel till the magenta 
colored bands appear. The gels stored the gel in destaining reagent (methanol: acetic acid: autoclaved 
demineralised water in the ratio 50:30:20) 

DOT BLOT ANALYSIS 

Samples were printed onto nitrocellulose membrane and air dried and then blocked using 5% non fat 
milk in PBST for 1 hour. Then it was washed twice in PBS- T for 5 minutes each and incubated with 
vitellogenin antibody (Sigma). It was then incubated with goat antirabbit antibody in PBS- T for 1 
hour at room temperature and developed with DAB reagent. 

WESTERN BLOT ANALYSIS 

Proteins separated by SDS-PAGE were transferred to nitrocellulose membrane (NC), (Bio-Rad 
Laboratories, Hercules, CA) for immunoblotting. Kaleidoscope prestained standards were used in all 
SDS-PAGE gels for immunoblotting. The molecular weights of proteins in the marker were as 
follows: 250, 150, 100, 75, 50, 37, 25, 20, 15 and 10kD (Bio-Rad Laboratories, Hercules, CA). 
Transfers were performed in a Bio-Rad Trans- Blot apparatus packed in ice, at 70V for 3 h at 4°C. The 
transfer buffer contained 25 mM Tris, 192 mM glycine, 20% methanol, 10 ml SDS, pH 8.3. After 
transfer, the nitrocellulose membrane (NC) (BioRad Laboratories, Hercules, CA) was incubated 
(blocked) in 5% non-fat dry milk for 1h at room temperature, with shaking. This solution was replaced 
with the primary antibody, (rabbit polyclonal Cu- Zn antibody and MnSOD) diluted appropriately and 
was incubated for 16 hours at room temperature with shaking. The NC membrane was then washed 
(15 min, with shaking) once with 50 mM Tris-HCl (pH 7.5), 0.9% NaCl, 0.05% Tween-20, and twice 
with 50 mM Tris-HCl, 0.9% NaCl. The NC membrane was then incubated in the secondary antibody, 
(peroxidase-coupled goat antirabbit serum [Bio-Rad, CA], diluted 1: 2000, and was incubated for 2 h 
at room temperature, with shaking. The membrane was again washed once with 50 mM Tris-HCl, 
0.9% NaCl, 0.05% Tween-20, and twice with 50 mM Tris-HCl, 0.9% NaCl, and then was developed 
for 5 min with peroxidase substrate (diaminobenzidine and urea-hydrogen peroxide tablets, Sigma 
Chemicals) until bands appeared. The reaction was then stopped by pouring the peroxidise substrate 
off and rinsing the NC membrane with 50 mM Tris-HCl, 0.9% NaCl. 

BAND QUANTIZATION 

The gels were then scanned and the respective bands were quantified using a Bio-Rad GS 800 
densitometer and band density was quantified by Bio-Rad Quantity One version 4.4 software. 
Representative gels are shown with all lanes/samples from the same gel for each stage. 

STATISTICAL ANALYSIS 

All reported values are mean± SEM. The data were statistically analysed by one way ANOVA. The 
significant difference among means was determined by Duncan s multiple range test ( Duncun, 1995) 
at the level, p<0.05. 

RESULTS AND CONCLUSIONS 
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The estimated protein content of O. smaragdina varied with different developmental stages. SDS 
PAGE analysis comparing proteins from O. smaragdina larvae, pupae and adults showed differences 
between the stages. In adult, the protein bands corresponds to 150kD is significantly expressed while 
in pupae protein bands corresponds to   50kD is significantly expressed. 75kD band shows a 
progressive increase in intensity for larvae, pupae and adult. The 50kD band is expressed in the pupae 
while in the larvae and adult it is comparatively low. The intensity of 30 kD band increases from 
larvae, pupae and adult. The protein content in larva and pupae were similar while in adults there was 
a significant reduction (Fig - 1). The protein expression from the developmental stages of O. 

smaragdina, The larval stages shows the highest expression of vitellogenin. The purpose of larva is to 
build up reserves for an adult form that will enable or enhance reproductive abilities of the organisms 

(Li et al., 2010). Significant differences between the quantitative protein expression of life stages of O. 

smaragdina suggests that the difference in biological requirements of life stages. Moreover, larvae at 
the fast growth stage demand high energy source proteins. The results of the enrichment and biological 
networks analysis confirmed that proteins for antioxidation were the second most upregulated proteins 
and played significant roles in the formation of caste polymorphism (Li et al., 2010). In the life history 
of O. smaragdina the pupal stage follows the larval stage and precedes adulthood. The pupal stage is 
said to be dormant even though it is at the pupal stage that the adult structures are formed and the 
larval structures are broken down. The generation of organs inside the body mainly occurs at this stage 
and hence, vital proteins have to be involved to support their initiation, formation, and completion 
(Zheng et al., 2011). Studies reveals that the proteins that are related to carbohydrate metabolism and 

energy production, development, cytoskeleton and protein folding are involved in accelerating the 
development and metabolism of honeybee pupae head development in general as well as salivary 
glands, hypopharyngeal glands and are involved in restructuring of nervous system development, in 
particular (Zheng et al., 2011). Specifically, proteins involved in biosynthesis and metabolizing amino 
acid were up regulated in the pupal head during early stages of development (13 17 days) suggesting 
tremendous ongoing physiological processes to ensure the formation, development and structuring of 
important organs inside the pupae head. On the other hand, the role of those proteins species that up 
regulated during the late developmental stage (19 20 days) were found to ensure the neuron 
development and to activate the functional glands. Following this functional mission, most of the 
differentially expressed proteins showed a shift in species in line with developmental stages of the 
pupae head as a sign of task accomplishment (Zheng et al., 2011). 

Glycoprotein staining of proteins from O. smaragdina separated on SDS PAGE shows variation 
among larva, pupa and adult. Six glycoproteins in larva were stained by the PAS. These are the 
proteins with 150kD, 50kD, 25kD and proteins with molecular weight approximately below 150 kD 
and 75kD and above 25kD (Fig - 3a). While in pupae, four proteins with molecular weight 150kD, 
25kD, 75kD and one with above 25kD were stained for glycoprotein. The adult glycoprotein patterns 
were with approximate molecular weights of 50kD, 25kD, 75kD and 37kD (Fig - 3a). Carbohydrate 
groups are covalently attached to many different proteins to form glycoproteins. Glycoproteins are 
components of cell membranes, where they play a variety of roles in processes such as cell adhesion 
and the binding of sperm to eggs (Berg et al., 2002). When glycoproteins are stained with oxidising 
reagent, glycols present in glycoproteins are oxidised to aldehyde. Finally the glycols are stained 
(Pierce, 1992). In addition to proteolytic cleavage, the Vg molecules are co and post-translationally 
modified to facilitate the transport of carbohydrates, lipids, sulphates, and other nutrients in the 
hemolymph to the ovaries (Tufail et al., 2005). These conjugates not only support the embryo but also 
are involved somehow in internalization of the carrier into the oocyte. All insect Vgs characterized so 
far are glycosylated (Tufail et al., 2005). In L. maderae, all mature Vg polypeptides are glycosylated 
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(Don-Wheeler and Engelmann, 1997), and the attached carbohydrates are exclusively N-linked 
mannose oligosaccharides (Konig et al., 1988), which was confirmed by the existence of 14 putative 
N-linked glycosylation sites (NXS/T) in both L. maderae Vgs (Tufail and Takeda, 2002). Konig et al. 
(1988) suggested a complex role for covalently bound carbohydrate. In that, glycopeptide prepared by 
protease digestion of Vg inhibited binding of the intact protein, but after a mannosidase treatment, 
which removes most of the mannose residues, these glycopeptides stimulated binding of the intact 
protein. However, different results were reported from Manduca sexta, where Vg deglycosylated with 
endoglycosidase-H competed effectively with the native protein and was endocytosed with the latter 
by oocytes (Osir et al., 1986). 

Positive results were obtained in the dot blot analysis of vitellogenin expression in different 
developmental stages of O. smaragdina. All samples revealed dots with varying intensity. The larval 
and adult Vg were high in intensity when compared to pupae (Fig- 4a). Vitellogenin expression in O. 

smaragdina varies among different life stages. Both the larvae and adult stages have higher 
vitellogenin expression (Fig- 4b) than the pupal stage. Protein quantification after dot blot analysis 
showed that, vitellogenin, the major yolk protein, is also synthesized by the adults, that is functionally 
sterile workers. It has been suspected for some time that vitellogenin has functions other than 
reproduction in O. smaragdina ( Zheng et al., 2011). It was recently shown that nurse honey bees use 
vitellogenin to produce royal jelly (Amdam et al., 2006). Furthermore, vitellogenin serves important 
functions related to immune function and longevity (Amdam et al., 2006). Vitellogenin is linked with 
immune defense (Amdam et al., 2003). However, the mode of action by which Vg is involved in anti-
infectious response remains unknown (Amdam et al., 2003). Honeybee Vg has been shown to be 
capable of reducing oxidative stress by scavenging free radicals, thereby prolonging lifespan in the 
facultatively sterile worker castes and reproductive queen castes (Seehuus et al., 2006). Furthermore, 
the fat body plays an immunological role that includes uptake of potentially harmful macromolecules 
from the hemolymph, in many ways analogous to the mammalian liver (Bulet, 1999). 

Western blotting analysis revealed protein bands of molecular weights 75kD, 37kD and 25kD 
indicating that  insect Vg shows considerably more diversity and thus the possibility of the functional 
significance of these differences should be considered. Insect Vgs are  synthesised as precursor forms 
and undergoes cleavage to form subunits. In insects such as cockroaches, the Vg precursor is cleaved 
into medium sized (90 110 kD) polypeptides in addition to the large and small subunits (Tufail et al., 
2001; Tufail and Takeda, 2002). Sometimes, Vgs are further processed in the ovary as reported in L. 

maderae (Tufail and Takeda, 2002). In hemimetabolous insects, the pro-Vg is cleaved into several 
polypeptides ranging from 50 to 180kD, unlike the holometabolans where the Vg precursor is cleaved 
into two polypeptides (one large and one small). For example, in P. americana, two Vg precursors are 
cleaved soon after their synthesis into three major [170-, 100- (multisubunits), and a 50kD] and a 
minor (150kD) polypeptides (Tufail et al., 2000, 2001, 2005).  

The present study provide evidence that changes in the protein expression match the processes during 
life transitions in the weaver ant the results reveals the diversity in Vg sub unit composition than 
originally believed, indicating that there may be functional significance of these differences in 

developmental stages and it  should be considered.  

FIGURES 
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Figure  1 Differential protein concentration observed at different developmental stages of O. 

smaragdina. Results are expressed as Mean±SEM (n=3). Groups with different superscripts are 
significantly different (p<0.05) as determined by One-way Analysis of Variance (ANOVA) using 
Duncan multiple square test in SPSS.  L- Larva, P- Pupa and A- Adult. 

 Figure  2a Coomassie  stained SDS PAGE gel. Horizontal  blue bands depict bands of protein that is 
stained positive for Coomassie stain. Lane 1- Larva 1 (L1), Lane 2- Larva 2 (L2), Lane 3- Larva 3 
(L3), Lane 4- Ladder (Biorad), Lane 5- Pupa 1 (P1), Lane 6- Pupa 2 (P2), Lane 7- Pupa 3 (P3), Lane 
8- Adult 1 (A1), Lane 9- Adult 2 (A2), Lane 10- Adult 3 (A3). 

Figure  3a  PAS stained SDS PAGE gel. Horizontal magenta coloured bands depict bands of protein 
that is stained positive for glycoprotein. Lane 1- Larva 1 (L1), Lane 2- Larva 2 (L2), Lane 3- Larva 3 
(L3), Lane 4- Pupa 1 (P1), Lane 5- Pupa 2 (P2), Lane 6- Pupa 3 (P3), Lane 7- Adult 1 (A1), Lane 8- 
Adult 2 (A2), Lane 9- Adult 3 (A3) and Lane 10- positive control. 

Figure  3b Prestained Ladder (Biorad) showing approximate molecular weights of the PAS stained 
glycoproteins. 

Figure  4a  Representative Dot Blot of Vg in Larva, Pupa and Adult of O.smaragdina. Each dot in 
the representative blot is of three samples of different metamorphosing stages (Larva, Pupa and Adult) 
.L1  Larva 1, L2  Larva 2,L3  Larva 3,P1  Pupa 1, P2  Pupa 2, P3  Pupa 3, A1  Adult 1, A2  
Adult 2, A3  Adult 3.  

Figure  4b Results are expressed as Mean±SEM (n=3) of three individuals. Groups with different 
superscripts are significantly different (p<0.05) as determined by One- way Analysis Of Varinace 
(ANOVA) using Duncun multiple square test in SPSS. 

Figure  4c Western Blot of Vg in Larva, Pupa and Adult of O. smaragdina. Each lane in the 
representative blot is of three samples of different metamorphosing stages(Larva, Pupa and Adult) .L1 

 Larva 1, L2  Larva 2,L3  Larva 3,P1  Pupa 1, P2  Pupa 2, P3  Pupa 3, A1  Adult 1, A2  
Adult 2, A3  Adult 3.  
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 Kuttanad, commonly called the rice bowl of kerala  is a unique, ecologically fragile region, 
lying below the sea level. Majority of this region is used for agriculture, especially Paddy, 
necessitating heavy input of different kinds of fertilizers. Though abundantly available in the 
environment, iron cannot be utilized by organisms because of the low solubility of the fe3+ ion at 
physiological pH. Siderophores are microbial iron chelates synthesized by microorganisms such as 
bacteria and fungi in order to overcome this problem. due to their high affinity for iron, microbes in 
the soil stimulate plant growth by increasing the availability of iron for the growth of plants. In this 
study, the isolation and preliminary characterization of Siderophore producing bacteria from kuttanad 
region is reported. 

Soil & water samples were collected from nedumudi & kainakary of kuttanad Thaluk in alleppey. 
Serial dilutions up to 10-7 were done & 0.1 ml sample from each dilutions were plated on petriplates 
containing kb agar. after 24 hrs of incubation, 10 distinct and well isolated colonies were selected for 
preliminary characterization. Colony characteristics, motility, Gram staining and morphology of the 
selected strains were determined. from these isolates, Siderophore producing bacteria were identified 
by the presence of an orange halo surrounding the colonies when grown on Chrome azurol Sulphonate 
(CaS) agar. Incubation was done for 24 hrs at 30oC. four CaS positive strains were selected for 
performing various biochemical tests. They were designated as nwb1, nSb2, kSb3& kSb4. Using kSb3 
siderophore production was carried out under solid state fermentation using polystyrene beads as solid 
substrates. after extracting with a suitable buffer, cultures were centrifuged and the cell free 
supernatant was used for the assay. Quantitative estimation of Siderophore production was done as per 
the method of Schwyn & neilands using Chrome azurol S liquid assay. absorbance was measured at 
630 nm on a UV-Visible spectrophotometer. Using uninoculated succinate medium as reference, 
Siderophore production was calculated as % siderophore units.optimization of various process 
parameters like buffer for the extraction of Siderophores, temperature of incubation, pH of Succinate 
medium, hours of incubation and various carbon sources were done to increase the siderophore 
production. further optimization of parameters is in progress along with the studies to determine the 
type of Siderophore produced. This is the first report on the isolation of siderophore producing 
bacteria from the kuttanad region and also the production of Siderophores through Solid State 
fermentation. 

INTRODUCTION 

Iron is the fourth most abundant element in the earth s crust. However, at biological pH and under 
aerobic conditions, iron is oxidized to insoluble oxyhydroxides polymers, which are unavailable to a 
microorganism. To overcome this limitation, microbial systems produce compounds called 
Siderophores, which play an important role in sensing and uptake of iron [Rachid D and Ahmed B, 
(2005)]. The term Siderophore was coined by Lankford in 1973 and was described as low molecular 
weight molecules that bind ferric iron with an extremely high affinity [Lankford (1973)]. They are 
generally synthesised and secreted by bacteria, fungi and some monocotyledonous plants in response 
to iron unavailability. Siderophores scavenge iron from mineral phases by formation of soluble Fe3+ 
complexes that can be taken up by energy dependent membrane transport mechanism and thus bind it 
and transport it to plants or bacterial cells. Their molecular weight ranges from nearly 600  1500 
Daltons (Neilands 1995, Leong 1986). Siderophores are classified into hydroxamate, catecholate, 
carboxylate and mixed type on the basis of the chemical functional groups they use to chelate iron.  

MATERIALS & METHODS 
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Isolation of siderophore producing bacteria 

Bacteria were isolated from the soil and water samples of Nedumudi & Kainakary in Kuttanad thaluk. 
Primary screening for Siderophore producers was done by culturing the isolates in KB medium after 
serial dilutions and viewing the plates under UV light for fluorescence producing colonies [Meyer and 
Abdallah (1978)]. Chrome Azurol Sulphonate agar was used as a selective medium for the secondary 
screening of siderophore producing strains [Alexander and Zuberer, (1971)].  

Maintenance of culture 

Stock and working cultures of CAS positive strains were maintained on slants made of KB medium 
with the following composition per liter of distilled water: Peptone-20gm, K2HPO4-2.5gm, MgSO4-
6gm, Agar agar-15gm, Glycerol- 15ml [King et al (1954)]. 

Selection of a suitable medium for Siderophore production 

Several media such as Succinate medium, King s B medium, Nutrient broth & Glycerol medium were 
analyzed for Siderophore production by KSB3. Maximum siderophore production by KSB3 was 
obtained in Succinate medium. Hence Succinate medium with the following medium components per 
liter of distilled water: Succinic acid- 4g, K2HPO4  6g, KH2PO4 -3g, (NH4)2 SO4  1g, Mg SO4.7H2O  
0.2g. pH -7 was used for further study  . Siderophore production in Succinate medium was confirmed 
by obtaining peaks ( max) at or near 404nm using wavelength scan mode on a UV-Visible 
spectrophotometer [Meyer and Abdallah, (1978)]. 

Siderophore production under Solid State Fermentation 

Solid State Fermentation (SSF) is the technique of culturing microorganisms on the surface of solid 
substrates in the absence of free water [Lonsane, (1994)]. Inert pretreated polystyrene beads were used 
as substrates for the fermentation process (Fig 1). 10gm polystyrene beads were transferred to conical 
flasks and were moistened with 8ml Succinate medium prior to autoclaving. After cooling, to this 2ml 
of inoculum were added and incubated in a bacteriological incubator in a slanting position. All the 
experiments were carried out in duplicate. 

 

Fig 1 - Pretreated polystyrene beads 

Estimation of Siderophore produced 

The quantitative estimation of Siderophore produced was 
done as per the method of Schwyn & Neilands using CAS 
assay solution. 0.5 ml supernatant was mixed with 0.5ml CAS 
assay solution. 0.2M 5-Sulphosalicylic acid was used as the 
shuttle solution. This was incubated in room temperature for 
20 minutes and absorbance was read at 630nm [Schwyn and 

Neilands, (1987)]. Siderophore production was confirmed by color change of CAS reagent from blue 
to pink or orange in qualitative liquid CAS Assay. Siderophore production was calculated as 
percentage siderophore units (PSU/ %SU) using the formula [(Ar-As)/Ar] 100 

Where, Ar = Absorbance of reference (un-inoculated Succinate medium) at 630 nm. 
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As = Absorbance of Sample at 630 nm. 

Optimization of process parameters for SSF 

The parameters influencing bacterial growth and Siderophore production such as temperature of 
incubation, pH of the medium, incubation time, various carbon sources and the buffer for the 
extraction of siderophore, were optimized for siderophore production under SSF. 

RESULTS & CONCLUSION 

Isolation and screening of siderophore producing bacteria 

 

Through primary screening, ten fluorescence positive cultures were isolated from the soil and water 
samples of Kuttanad. Of the 10 isolates 4 cultures namely NWB1, NSB2, KSB3 & KSB4 showed 
orange halos around their colonies when grown on CAS agar as a part of secondary screening for 
siderophore producers. KSB3 showed excellent results and was used for this study (Fig 2). 
Preliminary characterization of KSB3 was also done (Table 1). 

 

 

Fig 2 - Orange halos around KSB3 grown on CAS agar 

 

Biochemical characterization of KSB3 

Tests Results 

Gram staining -ve 

Morphology Rods 

Motility Highly motile 

Catalase +ve 

Oxidase +ve 

Citrate utilization +ve 

Indole  -ve 

UV fluorescence +ve 

 

Table 1 Preliminary characterization of KSB3 

Selection of a suitable medium for siderophore production 
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Of the various media tested Succinate medium was found to be the most suitable  

 

 

medium for siderophore production based on growth 
studies (Fig 3).  The other media tested yielded lesser 
amounts of bacterial growth. 

Fig 3  Uninoculated Succinate medium and the same 

inoculated with KSB3 

Siderophore production under Solid State 

FermentationScanning Electron Microscopic image of 
KSB3 adhered to polystyrene beads clearly support the fact that bacteria can adhere to the beads 
during the fermentation process (Fig 4). 

 

 

Fig 4  SEM image of KSB3 adhered to 

polystyrene beads 

Estimation of siderophore produced 

After extracting with a buffer and subjecting to 
centrifugation the supernatants of samples were 

assayed for the quantitative estimation of Siderophore by CAS liquid assay. Those positive for 
Siderophore production was evidenced by the colour change of the assay solution from blue to pink or 
orange depending on the concentration of siderophore produced (Fig 5). 

. 

Fig 5  CAS liquid assay showing positive results for 

siderophore production 

Optimization of process parameters 

After the production of Siderophores under solid state 
fermentation the growth conditions was optimized in order to 
achieve the maximum amount of siderophore production. The 
results of optimization process are evidenced by figures 6- 10. 

1. Buffer for the extraction of Siderophores 

The following solutions/buffers namely Distilled Water (DW), Tap Water (TW), Succinate Medium 
(SM), Succinate Buffer (SB), Phosphate Buffer (PB) and Acetate Buffer (AB) were used for the 
extraction of Siderophores. Of these Succinate buffer proved to be the best for the extraction of 
Siderophores whereas Phosphate buffer and Acetate buffer proved to be unsuitable for the extraction 
(Fig 6). 
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Fig 6 Effect of various 

solutions/buffer for 

extraction of Siderophores 

 

 

2. Temperature of incubation 

 

 

 

Maximum siderophore production was obtained 
at 35oC whereas a minimum production was 
recorded at 30oC (Fig 7). 

Fig 7 - Effect of incubation temperature on 

Siderophore production 

 

 

 

3.  pH of Succinate medium  

Maximum production of 25.85% was obtained for the pH 8. As acidity increased siderophore 
production was found to be decreased (Fig 8). 
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Fig 8 - Effect of pH of Succinate medium on Siderophore production 

4. Hours of incubation 

48 hours of incubation proved to be the optimum for siderophore production giving a maximum value 
of 26.18 % SU whereas 24 hour incubation gave a maximum of 22.61% SU (Fig 9).  

 

Fig 9 - Effect of hours of incubation on Siderophore production 

5. Carbon sources 

Of the carbon sources tested, Glycerol was found to be the best one at 0.5% (w/w) and it yielded 30.85 
% SU after 48 hours of incubation. Glucose and Sodium acetate were the next best, respectively but at 
1 % (w/w) level whereas Sucrose suppressed Siderophore production (Fig 10). 

 

Fig 10 - Effect of various 

Carbon sources on 

Siderophore production 
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KSB3 isolated from the soils of Kainakary in Kuttanad was tested for siderophore production under 
solid state fermentation using inert polystyrene beads as solid substrates. Using inert polystyrene beads 
has the advantage that it can reduce the chances of contamination and also the interference caused by 
other nutritionally rich substrates.  Further, media optimization is more accurate with nutritionally 
inert supports.  [Nagendra Prabhu and Chandrasekaran (1995), Nagendra Prabhu and Chandrasekaran 
(1997)]. When Succinate medium with different pH ranging from 5.0 to 9.0 was used, it was seen that 
a maximum production of 28.85%SU was produced at pH 8. An incubation temperature of 350C 
proved to be the most optimum temperature for siderophore production giving a maximum of 
24.35%SU. Of the various carbon sources tested glycerol gave a maximum production of 30.85%. 
Siderophore synthesis, their structure, properties and uses have been studied from many terrestrial 
microorganisms [Ian.D.Hirst et al (1991), Goldman et al (1983)]. Though siderophore production was 
done using bacteria from soil and water samples from different parts of the country, our group is the 
first to report the isolation and characterisation of Siderophore producing bacteria from Kuttanad 
region of Alappuzha district in Kerala where a vast area of the land is used for paddy cultivation 
[Bindu P. and Nagendra Prabhu G (2012)]. The presence of Siderophore producing bacteria in the 
soils of Kuttanad region is of vital importance because such bacteria play an important role in 
stimulating plant growth and in controlling several plant diseases. Siderophore producing 
Pseudomonas sp. functions as a bio control agent by depriving the pathogen from iron nutrition, thus 
resulting in increased yield of crop [O Sullivan and O Gara, (1992)]. In agriculture, inoculation of soil 
with Pseudomonas putida, which produces pseudobactin, increases growth and yield of various plants 
[Kloepper et al, 1980)]. Further studies on microbial diversity of Kuttanad region needs to be carried 
out to document and exploit them for our benefit.   
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ABSTRACT 

The aim of this study was to investigate the behavior of cells from epithelial rest of Malassez (ERM) 
against stretching force. ERM-cultured cells were stretched for 1 hour, at the cycle of 18 per cent 
elongation for 1 second followed by 1-second relaxation. The cells without addition of stretching force 
were used as controls. The cells were observed by immunohistochmical staining using actin 0, 12, 24, 
36, 48, and 72 hours. furthermore, expressions of heat shock protein, Vascular endothelial growth 
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factor and osteopontin viz., HSP70-, VEGf-, and oPn-mRnas of cells were also evaluated using 
quantitative RT-PCR. actin filaments were randomly orientated in the cytoplasm in the control group, 
whereas in the stretching group, actin filaments were orientated comparatively parallel to the 
stretching direction. Expression of HSP70-mRna in the stretching group was significantly higher than 
that of control group at 12, 24, 36 hours (P < 0.05). Expression of VEGf-mRna in the stretching group 
was significantly higher than that of control group at 24, 36, 48, and 72 hours (P < 0.05). Expression 
of oPn-mRna in the stretching group was significantly higher than that of control group at 12 and 24 
hours (P < 0.05). ERM cells responded against the stretching force by expressing HSP70, VEGf, and 
oPn. 

keywords: Cell behavior, Cell proliferation, Cell stretching, Cell direction, Immunofluorescence, 
mRna expression 

INTRODUCTION 

Studies on cell behaviour consequent to stretching are rare (Bartaud et al., 2010). Alteration of the 
cytoskeleton structure can cause cancer. An existing cancer can induce changes to cytoskeletal 
structure. The deformability of RBCs can be used to diagnose the onset of some human diseases like 
iRBC in malaria. The malarial parasite infects RBC depending on the deformability of cell. The 
infection cause changes that can be detected using optical stretching. As cells under stretching divide 
faster, this can be used in tissue engineering to grow cells in vitro faster. Epithelial rests of Malassez 
(ERM) are epithelial cells in the periodontal ligament, moved away from the tooth root surface . It is 
known that small amounts of instructions from stress immunity factors such as heat shock proteins 
(HSP) exist constantly in all cells, and levels of HSP increase following chemical or mechanical 
stimulations such as heat, oxidative stress, acid, ischemia, or reperfusion in situ. When a tissue is 
subjected to stress as described above, HSP initiates biophylactic reactions and acts intracellularly as 
molecular chaperones and to maintain tissue homeostasis. Vascular endothelial growth factor (VEGF) 
is an essential mediator for angiogenesis and is produced by many kinds of cells during the 
vascularization process of developing embryos and during the pathophysiologic processes of ischemia 
or wound healing. Osteopontin (OPN) is a bone-related protein involved in the production of tooth 
enamel, dentin, and the cementum. Only a few morphological studies have examined the effect of 
stretching forces on cells of the ERM (Brunette, 1984), and no molecular studies have characterized 
that. The purpose of this study was to investigate the behavior of cells derived from the ERM against 
stretching forces in vitro, and to investigate them at the molecular level. 

Materials and Methods 

Cell Culture 

Porcine ERM cells were cultured in 75 cm2 tissue culture flasks with -MEM containing 10 per cent 
fetal bovine serum and gentamycin (Sigma). They were cultured by incubation in a humidified 
atmosphere of 95 per cent air and 5 per cent CO2 at 37°C. After the cells became confluent, they were 
detached using trypsin/ethylene diamine tetra acetic acid (EDTA) (0.25 per cent w/v trypsin/0.02 per 
cent EDTA, pH 7.2). Subsequently, the cells were resuspended in the supplemented culture medium as 
described above and used in the following experiments. To identify epithelial cells, 
Immunofluorescence staining was carried out using a primary antibody against cytokeratin 19 (1 : 100 
dilution) and a secondary antibody labeled with FITC (1 : 100 dilution) and were observed using a 
laser scanning microscope. 
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Mechanical Stretching 

Approximately 5.0x104 ERM cells were seeded in flexible-bottomed culture plates coated with type I 
collagen and were cultured. After 1 week of culture, the ERM cells were stretched for 1 hour, with a 
cycle of 18 per cent elongation for 1 second followed by 1-second relaxation, using a Flexercell Strain 
Unit. The flexible cell-covered elastomer membranes were stretched by applying an oscillating 
vacuum to the underside of the membranes and the duration, amplitude, and frequency of the stretch 
applied were controlled by a computer. The vacuum manifold that held the plates was maintained at 
37°C in a humidified incubator with 95 per cent air and 5 per cent CO2. The cells were collected at 0, 
12, 24, 36, 48, and 72 hours after the initiation of the stretching force. Cells without the stretching 
force were used as controls. Cell numbers were counted using a coulter counter at each of the time 
periods. 

Immunofluorescence microscopy 

ERM cells were observed every day of the experiments using a phase microscope. For standard 
fluorescence microscopic observations, cells in the dishes were washed with PBS, fixed with 4 per 
cent paraformaldehyde for 20 minutes at room temperature and then were permeabilized in 0.1 per 
cent Triton X-100 solution for 10 minutes. The cells were then washed twice with PBS. Nonspecific 
binding was blocked with 1per cent BSA. Filamentous actin (F-actin) stress fibers were visualized 
using FITC-conjugated phalloidin (1 : 100) and were observed using a laser scanning microscope. 

For investigating the effects of mechanical stretching in terms of protein levels, Immunofluorescence 
staining was carried out using a primary antibody against HSP70 (1 : 200 dilution) for 24 hours control 
and stretch group, VEGF (1 : 50 dilution) for 48 hours control and stretch group, and OPN (1 : 40 
dilution) for 24 hours control and stretch group, a secondary antibody labeled with rhodamine (1 : 100 
dilution) and were observed using a laser scanning microscope. 

Actin Filament Direction Analysis 

Stretching force is loaded equally by stretching machine. The stretching line was drawn from center 
point to the periphery of the culture dish through the center of cell nucleus in both groups and the 
angle made by this line and each of the actin filament in the cytoplasm on the Immunofluorescence 
picture was measured as actin filament direction. Mean of 25 observations in each group were taken. 

mRNA Expression Analyses 

Gene Forward/Reverse Sequence Product 
Size 

Hsp70  Forward 5 -CGGACGAGTACAAGGTTGA-3  206 

Table 1: Primer sequence. 
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In order to investigate the effects of mechanical stretching in terms of mRNA levels, quantitative real-
time reverse transcriptase-polymerase chain reaction (RT-PCR) using a Light Cycler was employed. 
Total RNA was extracted from each sample using the acid guanidinum thiocyanate/phenol-chloroform 
method. Cultured cells at each of the time periods were homogenized using a Bransonic sonicator and 
were solubilized in TRIzol Reagent and chloroform. Supernatants were obtained by centrifugation at 
13200 rpm for 20 minutes at 4°C, added to isopropanol, stored for over 1 hour at -80°C, and were 
finally centrifuged at 13200 rpm for 20 minutes at 4°C. The precipitates were obtained by decantation 
and were washed with 70 per cent ethanol. The RNA pellets were dissolved in RNAase-free water and 
kept at -20°C until use. Total RNA concentrations were measured by absorbance using a Nanodrop 
Spectrophotometer. Total RNA (1 µg) was reverse transcribed and amplified in 20 µL using an RT-kit. 
cDNA synthesis was carried out using a Thermal Cycler, and samples were incubated at 42°C for 15 
minutes, heated to 99°C, and then quick-chilled to 5°C. Quantitative RT-PCR assays were performed 
using a Light Cycler. Each reaction mixture considered 2  µL Light Cycler-FastStart DNA Master 
SYBR Green, 0.5  µM of each primer, 5 mM MgCl2, and 2  µL samples cDNA. Samples (total 20 µL 
volume) were infused into glass capillaries. PCR was then carried out and mRNA expression of 
HSP70, VEGF, OPN, and the housekeeping gene GAPDH was measured using a Light Cycler. The 
primer sequences for HSP70, VEGF, OPN, and GAPDH are shown in Table 1. The ratios of HSP70, 
VEGF, and OPN mRNAs were normalized against GAPDH. PCR data are reported compared to the 
corresponding control at 0 hour. 

Data from each experiment were statistically analyzed, ANOVA was used to compare mRNA levels 
for the control and stretching groups, and Student s t-test was used to compare the actin filament 
direction and number of cells as well as various time periods (P < 0.05). 

Results and Conclusions 

Immunofluorescence Microscopic Observations of CK 19 

MER cells were stained for cytokeratin 19 using an immunofluorescence technique (Figure 1). ERM 
cells were positive for CK 19. 

Cell Proliferation Ratio  

Reverse 5 -CTCTTTCTCCGCCAACTG-3   

VEGF  Forward 5 -TTCCGAGAGTACCCCGATGA-3   154 

Reverse 5 -GGTGAGGTTTGATCCGCATA-3   

OPN  Forward 5 -ACCGATCCGACGAGTCTCA-3  248 

Reverse 5 -GGTACCATCCGTCTCCTCACTT-3  

GAPDH
  

Forward 5 -AGGGGCTCTCCAGAACATCA-3  195 

Reverse 5 -GCCTGCTTCACCACCTTCTT-3  
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The numbers of cells in the stretching group were significantly less than in the control group at 0 hour. 
However, the numbers of cells in the stretching group were significantly increased compared to the 
control group at 12, 24, 36, and 48 hours (Table 2). 

 

Figure 1: Immunofluorescence image of ERM cells using an antibody to cytokeratin 19 (CK 19).  

Table 2. Cell proliferation ratio 

Hours Treatment Cell No. Significance 

0 Control 7 x 105 * 

Stretch 5 x 105 

12 Control 8 x 105 * 

Stretch 11.5 x 105 

24 Control 8.5 x 105 * 

Stretch 14 x 105 

36 Control 9.5 x 105 * 

Stretch 16 x 105 

48 Control 11 x 105 * 

Stretch 15 x 105 

72 Control 11.5 x 105 NS 

Stretch 10 x 105 

*  P<0.05 
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Phase and Immunofluorescence Microscopic Observations and Actin Filament Direction 

There were no remarkable morphological changes that could be seen between the control group and 
the stretching group at 0 hour. Actin filaments were randomly oriented in the cytoplasm of the control 
group (45±4 degree), whereas in the stretching group, actin filaments were oriented parallel to the 
stretching direction (19±2 degree). There was a significant difference between the control groups and 
the test groups in terms of actin filament direction (P < 0.05). Actin filament directions of the cells in 
stretching groups were significantly lower degree than those of control groups (P < 0.05). 

Expression of mRNAs 

The expression of HSP70-mRNA in the stretching group was significantly higher than that in the 
control group at 12, 24, and 36 hours (P < 0.05 ). However there was no significant difference at 48 or 
72 hours. The expression of HSP70-mRNA in the stretching group showed the highest value at 24 
hours and decreased with time (Table 3). The expression of VEGF-mRNA in the stretching group was 
significantly higher than that in the control group at 36, 48, and 72 hours (P < 0.05). The expression of 
VEGF-mRNA in the stretching group showed the highest values at 48 hours and decreased with time 
(Table 3). The expression of OPN-mRNA in the stretching group was significantly higher than that in 
the control group at 12, 24, and 36 hours (P < 0.05). The expression of OPN-mRNA in the stretching 
group showed the highest value at 24 hours (Table 3). The expression of HSP70-, VEGF-, and OPN-
mRNAs was not significantly different in the control groups at any of the time periods. 

Table 3. mRNA expression level (ratio to GAPDH) 

Hours Treatment HSP70 VEGF OPN 

0 Control 1 1 1 

Stretch 1.2 1.2 1.4 

12 Control 1 1 1.2 

Stretch 5* 1.2 3.4* 

24 Control 1.2 1.2 1.4 

Stretch 10.2* 1.3 7.9* 

36 Control 1.2 1.2 1.5 

Stretch 3.8* 5.8* 4.2* 

48 Control 1.3 1.4 1.5 

Stretch 1.8 9.8* 1.8 
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72 Control 1.3 1.4 1.5 

Stretch 1.4 4* 1.6 

*  P<0.05 

Immunofluorescence Assay for Protein Level of HSP70, VEGF, and OPN 

MER cells were immunoreacted by HSP70 at 24 hours stretch group, VEGF at 48 hours stretch group 
(Figure 2), and OPN at 24 hours stretch group. ERM cells were positive for all stretch groups studied. 
The Flexercell system used in this study assigned a specific stretching force to the cultured cells. 
Using this system, we applied intermittent mechanical stretching to produce 18 per cent elongation at 
the periphery of each well and that elongated each cell body equally approximately 18 per cent. This 
force is almost identical to those used in previous studies in which 18 per cent cell stretching is a 
slightly higher level than the physiological force reported earlier (Matsuda et al.,1998). 

In this study, we found that the direction of actin filaments in the experimental groups immediately 
after the stretching force was arranged depending on the attractive direction, while the filaments of the 
control groups were arranged randomly. However, Buck, 1980 and Dartsch and Hammerle, 1986 
reported that the direction of actin filaments was arranged at a right angle to the stretching direction 
after 24 hours of stretching force and they concluded that the cells might be reacting against the 
stretching force. Most probably, the cells initially react to the stretching force after which they recover 
naturally. 

Actin filaments are known to combine with HSP70 constantly Tsang, 1993, and it is thought that 
cytoskeleton proteins and stress proteins interact in stressed cells (Kabakov and Gabai, 1993). For this 
reason, it is thought that HSP70 may transmit the information in cooperation with integrins on the cell 
surface and cytoskeleton proteins when stretching forces are loaded. In the stretching groups, more 
cell proliferation was observed than in the control groups. Brunette reported that mechanical stretching 
increases the number of epithelial cells synthesizing DNA (Brunette, 1984). Peake et al., 2000 
reported that deformed actin filaments promote cell proliferation. Our study supports three reports and 
suggests that resistance of the ERM to the stretching stress may be high in the same way as fibroblasts 
Neidlinger-wilke et al., 1994). Beere et al., 2000 and Beere, 2001 reported that HSP expresses by a 
steady state combines with other proteins such as actin filaments. So, HSP guided by stress is thought 
to be important to the resistance of cells. In this study, the expression of HSP70 mRNA increased in 
the stretching group at 12, 24, and 36 hours, but not in the control group. This suggests that HSP70 
probably reacts as autocrine to the damaged cells and maintains homeostasis of cells oneself. 

Figure 2: Immunofluorescence image of ERM cells using 

an antibody to VEGF at 48 hours.  

It has been reported that VEGF resists the stresses of 
compression (Tsuruoka et al., 2008), hypoxia, and 
reoxygenation (Amemiya et al., 2003) and restores and 
maintains the increased activity of cells in the tissues. The 
expression of VEGF suggests that the cells have an 
important role in the homeostasis of the tissue in terms of 
nutrition. Ohshima et al. reported that ERM cells express 
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VEGF, but periodontal ligament fibroblasts express VEGF in vitro (Ohshima et al., 2008). In this 
study, the expression of VEGF was not detected in the control group; however, increased expression 
of VEGF at 24, 36, 48, and 72 hours was noted in the stretching group. As a result, the homeostasis of 
the periodontal ligament might be maintained by VEGF secreted by cells of the MER under conditions 
of stretching as paracrine. 

OPN has been known as a marker for osteogenesis and differentiation of bone cells. ERM cells are 
also known to produce OPN in conjunction with cementogenesis and bone formation (Rincon et al., 
2005 and Mizuno et al., 2005). Furthermore, it has been reported that periodontal ligament cells 
produce OPN under conditions of stretching. In addition, OPN is related to the increased activity of 
VEGF (Shijubo et al., 2000). In this study, the expression of OPN was not remarkably changed in the 
control group; however, there was a significant increase in OPN mRNA at all time periods in the 
stretching group. The expression of OPN mRNA may control the hard tissue formation in the 
periodontal ligament. From these results, the expression of VEGF may occur first after which OPN 
expresses. This suggests that the ERM most probably maintains cementogenesis and osteogenesis 
against mechanical stress by expression of OPN. ERM cells responded against the stretching force by 
expressing HSP70, VEGF, and OPN. 
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ABSTRACT 

Plants play a very important role in the life of man. They serve as a chief source of food for human 
beings. In nature, plants are susceptible to a number of diseases caused by a variety of organisms. a 
disease is a malformation of the plant - deviation from its normal morphology, physiology, anatomy 
etc. due to the infection by a pathogen. diseases are transmitted from one generation to another 
through the seeds of plants or their vegetative parts. The infected plants exhibit low productivity in 
various plants including food crops and vegetables. Plant pathology aims at studying the symptoms, 
identification and isolation of the causal organisms, their etiology and measures to be taken for the 
control of the diseases. In the present investigation, an attempt had been made to study the pathogens 
responsible for the abnormal leaf fall of Murraya koenigii. 
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Murraya koenigii, source of curry leaves - a leafy vegetable, is usually used for culinary purposes. The 
leaves serve as flavouring agents which have the ability to make our food healthy and tasty with a 
pleasant aroma. The leaves of the plant contain many antioxidants which may help to control 
diarrhoea, gastro-intestinal problems such as indigestion, excessive secretion of acids, peptic ulcer, 
dysentery etc., diabetes and unhealthy imbalance of cholesterol. They are reported to protect liver and 
are said to have cancer fighting properties. 

The present study was carried out both in the field as well as in the laboratory conditions .The infected 
leaves were collected from the field. Morphological and anatomical studies were carried out in the 
laboratory. Isolation of the causal organisms was carried out by in vitro culture. The pathogens were 
isolated and identified. They belong to the group fungi Imperfecti. further studies to control the 
disease are envisaged. 

1. Introduction 

Phytopathology is the study of disease of plants which covers the entire field of biological and 
scientific activity concerned with the understanding of this complex phenomenon. Stakman and Harrar 
(1957) defined plant disease as a physiological disorder or structural abnormality that is harmful to the 
plant or to any of its part or products that reduces the economic value. 

The advances made in food production in developing countries due to the green revolution could be 
lost if proper attention is not given to plant diseases. Therefore, the role of plant pathology has greater 
importance in the present world. The role of plant pathology in the scientific and social development 
of the world has been discussed by Stakman (1958) who had also dissertated on the opportunities and 
social obligations in plant pathology (1964). 

Infections are starting from the seeds in angiosperms. Diseases are also transmitted from one to 
another through vegetative propagation. Many plant diseases manifest localized symptoms because the 
causal organisms spread only in certain regions of the affected plants. The foundation of modern plant 
pathology was laid by Persoon (1801) and Fries (1821). They believed that microorganisms originate 
from diseases. Brefeld (1875) worked on fungi and was mainly responsible for the early development 
of modern techniques of growing microorganisms in pure culture. The technique of Koch (1876) 
regarding the cause of plant diseases along with the improvement made on them, on the basis of pure 
culture methods, are currently employed. 

The present investigation aims at studying the abnormal leaf fall of Murraya koenigii - curry leaf. The 
plant is a leafy vegetable containing natural flavouring agents with a number of important principles 
which make our food both healthy and tasty with pleasant aroma. The main nutrients found in curry 
leaves are carbohydrates, magnesium, copper, energy, fibre, calcium, phosphorous, iron, magnesium, 
and minerals. It also contains various vitamins like Nicotinic acid and vitamin C, vitamin A, vitamin 
B, vitamin E, antioxidants, plant sterols, amino acids, glycosides, and flavanoids. Also nearly zero fat 
(0.1 per 100 gm.) is found in curry leaves.  

The leaves are used in various local cuisines across India and other parts of Asia as flavouring agents. 
They contain various antioxidant properties and have the ability to control diarrhoea, gastrointestinal 
problems such as indigestion, excessive acid secretion, peptic ulcers, dysentery etc., diabetes and 
cholesterol imbalance. They are also reported to have cancer fighting properties and are also known to 
protect the liver. 
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In Ayurvedic medicine, curry leaves are believed to have several medicinal properties such as anti
diabetic, anti-oxidant, anti-microbial, anti-inflammatory, anti-carcinogenic and hepato-protective 
(capability to protect liver from damage) properties. The roots are used for treating body ache and the 
bark is used for snake bite. 

2. Materials and Methods 

Material: Infected leaf of curry plant Murraya koenigii (L.) Spreng. belonging to the Family Rutaceae 
was selected for the present study. Leaves are alternate and pinnately compound with 11-21 leaflets 
which are oblong, lanceolate to ovate and curved with oblique base. Curry leaves resemble neem or 
Indian lilac and their name in most Indian languages translate to sweet neem. 

Methods: Methods adopted for the present study involves collection, isolation and identification of 
the pathogen. 

Collection of the Material: Infected leaves of Murraya koenigii were collected from the kitchen 
garden. Razor cut (detached) leaves were immediately transferred to a sterilised box lined with wet 
cotton. Sample collection and transportation was carried out with minimum damage to the materials. 

Identification of the Causal Organisms: Identification of the organisms was conducted by peeling, 
squeezing and sectioning the affected leaf. The upper and lower epidermis of the infected leaf was 
peeled using nail-polish method. The infected portion of the leaf was squeezed and was mounted on a 
drop of glycerine on a clean slide and observed under the microscope. Thin sections of the infected 
leaves were stained and mounted on a drop of glycerine and studied under the microscope. 

Culture of the Organism: In vitro culture of the organism was carried out in a controlled laboratory 
condition. The Potato Dextrose Agar (PDA) medium was found to be the best medium for the present 
study. Sterilized distilled water was used for all purposes. 

Preparation of the Medium: Fresh potatoes were washed thoroughly in tap water and the skin was 
peeled off. Weighed out 50 gm. of this was washed with water, cut into pieces, boiled in 200 ml. of 
distilled water till they are easily penetrated by a glass rod. The extract was filtered through cheese 
cloth. Added 50 gm. of dextrose to the filtrate. Distilled water was added to make up the volume to 
250 ml. The pH was adjusted to 4.5. 5 gm. of agar was soaked in water and boiled until the agar 
powder dissolved completely. This medium was taken in 1000 ml conical flask and sterilized in 
autoclave under pressure (15 lbs. at 121o c.) for 20 minutes. The sterilized media was allowed to cool 
to room temperature and then transferred to sterile petriplates. 

Surface Sterilization of Leaf: Infected parts of the leaves collected from the plant were washed 
thoroughly with tap water and then by distilled water. Tissues from the advancing region of the 
infection showing early and middle stage of disease were used for isolation of the fungus. Leaves were 
transferred into sterile petridishes containing distilled water. Pieces of 1 cm2 in size of infected areas 
were cut with sterile surgical blade. Cut pieces of the infected leaves were washed with 1 percent 
mercuric chloride two to three times. Surface sterilized leaf materials were transferred into sterile 
distilled water in petridishes. 

Inoculation: The inoculation was carried out in laminar air flow chamber. Surface sterilized infected 
leaf discs were inoculated into PDA medium in petridish. They were then kept for incubation in cold 
room at 23±2o c. Observations were made at regular intervals of 24 hrs.  
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Subculture: After five days, the primary culture was transferred to freshly prepared PDA medium and 
incubated at 23±2o c. 

Pure Culture: From a series of fresh cultures, the pure cultures were obtained.  

Microscopic Examination: A small bit of the pure white colony was transferred to a clean glass slide 
and was stained with mixture of cotton blue and glycerine in 1:1 ratio. The excess stain was washed 
off with lacto-phenol and the mycelium was spread evenly using needle before placing the cover slip. 
The mounted slides were examined under microscope. Microphotograph of the preparation was made. 

Testing the Koch s Postulate: According to Koch s postulate, pure cultures inoculated in healthy 
suspectable host must reproduce the same disease symptoms. 

3. Results and Conclusions 

 The disease occurs in almost all leaves of Murraya koenigii. This causes heavy economic lose in the 
Murraya koenigii garden. The first infection of the pathogen was detected six years earlier. 

The fungus attacks mainly the leaves. The leaves develop yellowish spots which later turn into black 
spots. Gradually spots spreads and the black area enlarge. Finally the spot become necrotic and the 
spots look like greyish patches with black border. 

Isolation and Identification of Causal Organism: Isolation of the pathogen by culture methods and 
identification of the same microscopically in laboratory condition were carried out. 

The infected leaflets collected from the field are shown in Fig. 1. In this, SH represents healthy leaflets 
of Murraya koenigii and SD represents the diseased sample. 

Identification of the Causal Organisms: Microscopic studies made from the leaf  both the dorsal 
side and ventral side (Fig. 2)  revealed the presence of pathogen. Formation of large number of 
conidia was observed the overlying host epidermis of Murraya koenigii. Anatomical studies of the leaf 
shows projecting hyphae (Fig. 3). Peel of the infected portion of the leaf show hyphae penetrating 
through the epidermal cells. Smears of the infected portion revealed the presence of hyphae and 
conidia - unstained and stained (Fig. 4). 

Culture of the Organism: White cottony mass of hyphae was observed in the primary culture on the 
fifth day and sporulation of the pathogen as black mass, on the seventh day. 

Pure Culture: Series of subculturing resulted in pure culture (Fig. 5). Microscopic observations of the 
mycelia (Fig. 6) show the mesh like appearance of the fungi. 

Cultural Characteristics: In PDA medium the culture appeared white and black in colour. 

Microscopic Examination: Microscopic examination of the culture revealed the presence of 
Alternaria (Fig. 7) and Cylindrocarpon (Fig. 8). In PDA medium, the cottony white growth was of 
Alternaria and the black one of Cylindrocarpon. 

Taxonomic position of Alternaria: Division  Mycota, Subdivision  Eumycotina, Form class  
Deuteromycetes, Form order  Moniliales, Form family  Desmatiaceae, Form genus  Alternaria. 
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Mycelium consists of hyphae which are short in length. They are septate and the cells are 
multinucleate. At first the hyphae penetrate the host intracellularly but later their growth becomes 
intercellular. Since it is a member of Fungi Imperfecti, no perfect stage in the life cycle is known. The 
fungus reproduces by means of asexual spores called conidia.  

Spores or conidia of the fungus had germinated and penetrated in the leaf and caused the primary 
infection. The infected region has developed into spots on the leaf surface. From this spots, secondary 
infection had started producing conidia. It is reported that during the infection, the fungus produces a 
toxic substance called Alternaric acid which produces chlorosis of leaves (Conn et. al, 1990). 

Taxonomic position of Cylindrocarpon: Kingdom  Fungi, Phylum  Ascomycota, Class  
Sordariomycets, Subclass  Hypocreomycetidae, Order  Hypocreales, Family  Nectriaceae, Genus  
Cylindrocarpon. 

The pathogen Cylindrocarpon is a common soil  borne fungus which causes root rot in many plant 
species. It survives in soil as mycelium and also produces conidia and chlamydospores. The 
Cylindrocarpon was associated with Fusarium. Microconidiophores were simple, microconadia oval 
and one celled. Macroconidiophores were occure in groups. Macroconidia were thick and straight to 
slightly curved. 

Testing the Koch s Postulate: Isolated pathogens from the pure culture introduced into a healthy 
Murraya koenigii plant in in vivo condition. After fifteen days, yellow patches occurred on the healthy 
leaves where the presence of the pathogen was observed. This confirmed that the causative organisms 
are Alternaria and Cylindrocarpon, in the present investigation. 

The most important factor contributing to the low productivity of Murraya koenigii leaf in our kitchen 
garden is due to the fungal infection caused by Cylindrocarpon and Alternaria. 

Fig. 1: Leaflets 

 

 

Fig. 2: Macroscopic View 

 

 

Fig. 3: Microscopic View  Anatomy of Leaf Fig. 4: Smear of Leaf 
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Fig. 5: Pure Culture Macroscopic  

 

View 

 

 

Fig. 6: Pure Culture Microscopic View 

 

 

Fig. 7: Alternaria 

 

 

Fig. 8: Cylindrocarpon 
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ANTAGONISTIC AND CYTOTOXIC EFFECT OF DIFFERENT CELLULAR 

COMPONENTS OF A MARINE SYMBIONT MBTU- SOB1 FROM A MARINE SPONGE 
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ABSTRACT 

Marine sponges are the richest sources of bioactive natural products. Certain products from marine 
sponges have been suspected for its microbial origin. bacteria- sponge association is of great interest 
as a new source of bioactive compounds and may serve as a solution to the supply problem of these 
marine metabolites. In this study a potent bacterial strain MbTU-Sob1 isolated from the marine sponge 
Spongia officinalis var.ceylonensis is characterized and its bioactivity has been evaluated. Molecular 
and biochemical identification revealed that the strain belonged to the genus Staphylococcus. 
Physiological characterization revealed that the strain thrives under varying concentrations of naCl 
ranging from 0-30% and shows a pH optima of 8 and temperature optima of 25°C. Screening for 
various industrially important enzymes indicated the production of urease and phosphatase. all the 
cellular components of the strain exhibited antibacterial activity against Bacillus subtilis and 

Klebsiella pneumoniae and the sonicated supernatant was the most active among them. Cytotoxicity 
assayed using brine shrimp lethality assay also showed that the sonicated supernatant was more potent 
than the other cellular components. This study reveals the basic information that the strain produces 
potent bioactive compound. 

keywords: sponge, symbiosis, Staphylococcus, marine, bioactive compound 

INTRODUCTION 

  The world s oceans cover more than 70% of the earth s surface and represent an enormous resource 
for the discovery of chemotherapeutic agents. Given the diversity of marine organisms and habitats, 
marine natural products encompass a wide variety of chemical classes such as terpenes, polyketides, 
acetogenins, peptides and alkaloids of varying structures representing biosynthetic schemes of 
stunning variety (Wright, 1998). Majority of thes chemicals isolated from marine environment are 
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from marine invertebrates of which sponges predominate. Sponges belong to phylum Porifera form the 
basis of metazoan kingdom and are considered as living fossils. They produce a variety of 
pharmaceutically active compounds as part of chemical defense against spatial competitors, epibiont 
overgrowth, poisoning, infection or predation. These compounds are believed to provide drugs for 
major human diseases such as cancer, dementia, viral diseases and ageing. Many sponge derived 
metabolites are suspected to be truly produced by bacteria and the identification and characterization 
of these potent microbial isolates help us to meet the supply problem in the case of marine invertebrate 
metabolites. The present study involves the characterization and identification of a microbial 
symbiont, MBTU-SOB1 from the marine sponge, Spongia officinalis var. ceylonensis. 

MATERIALS AND METHODS 

Microorganism 

 The bacterial culture MBTU-SOB1 isolated from the marine sponge, Spongia officinalis var 

.ceylonensis was collected from Culture Collection of Microbial Biotechnology Lab, School of 
Biosciences, M G University. 

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERIZATION 

Colony morphology was observed after culturing the organism in Zobell marine medium. Gram 
staining was also done. Biochemical characterization was done by performing oxidase test, catalase 
test, voges proskauer test, methyl red test and nitrate reduction test 

IDENTIFICATION OF THE ISOLATE BY 16SrRNA SEQUENCING 

The primer used for the amplification of 16SrRNA was 27F (5 AGAGTTTGATCMTGGCTCAG 3 ). 
PCR was carried out as described by Chun and Goodfellow (1995). PCR product was checked by 
agarose gel electrophoresis, amplified DNA fragments were observed, and sequencing was performed. 
The unknown bacterium was identified using Genbank database. The obtained sequences were 
analysed using BLAST tool to get the relative identification of each bacterial species (Zhang et al., 
2000). 

PHYSIOLOGICAL CHARACTERIZATION  

Physiological characterization was performed by examining the growth of the culture in different 
concentrations of NaCl, at various temperatures and pH. Growth curve of the culture was also 
examined.  

 PREPARATION OF MICROBIAL CULTURE 

The cultures were inoculated into sterile Zobell Broth and kept it in 25 C for 3 days. Turbidity can be 
seen during the incubation period. After incubation the grown microbial culture was taken and 
centrifuged at 10,000 rpm for 20 minutes. The supernatant was carefully separated from the pellet was 
used as extracellular product(ECP). Then the pellet was dissolved in sterile PBS solution and was used 
as whole cell product(WCP). The pellet was sonicated and centrifuged and the supernatant obtained 
was used as intracellular product(ICP). 

ESTIMATION OF PROTEIN BY BARFOED S TEST 

ECP, WCP and ICP were used as test samples. Absorbance was read at 595 nm. 
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 CYTOTOXICITY ASSAY 

 BRINE SHRIMP LETHALITY ASSAY (Meyer, 1982) 

     The preliminary screening for cytotoxicity was performed for the ECP, WCP and ICP samples of 
the bacterial culture isolated from marine sponge by brine shrimp lethality assay. In this assay, dried 
cysts of brine shrimp (Artemia salina) were incubated in a hatcher at 28-30°C with strong aeration 
under continuous illumination. After 24 hours, the hatched nauplii were collected and ten shrimps 
were transferred to each tube and each of test consisted of ten shrimps were exposed to two different 
concentrations of the test samples. After 24 hours the number of survivors were counted and 
percentage of deaths were calculated. 

SCREENING OF ANTIBACTERIAL ACTIVITY OF DIFFERENT CELL COMPONENTS 

BY DISC DIFFUSION ASSAY ((El- Marsy et al., 2000). 

Antibacterial activity of the various cell components was determined against cultures of Klebsiella 

pneumoniae (MTCC 7162) and Bacillus subtilis(MTCC 441). 

 SCREENING OF VARIOUS INDUSTRIALLY IMPORTANT ENZYMES 

The strain was screened for various enzymes such as amylase(Aneja,2003), urease (Christensens, 
1946), Glutaminase (Nathiya K. et al.,2011), phosphatase (Swange et al., 1997), lipase, cellulase and 
alkaline protease (Ramesh and Mathivanan,2009). 

RESULTS AND CONCLUSION 

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERIZATION 

MBTU-SOB1 is gram positive cocci whose colonies are regular, rough, opaque, slightly convex with 
entire margins isolated from the marine sponge Spongia officinalis var. Ceylonensis. The colony 
characteristics of MBTU-SOB1 isolate is shown in Fig.1.The biochemical characterization of the 
isolate is shown in Table 1. Isolate is negative for indole, methyl red and Voges Proskauer. MBTU-
SOB1 is positive for catalase, citrate utilization and nitrate reduction and it is negative for oxidase test. 

 

 

 

Fig.1:MBTUSOB1      

 

  Identification of the isolate by 16SrRNA sequencing  

Biochemical 
tests 

 

Indole 

Methyl 
r|ed 

Voges 
proskaeur 

Citrate 

utilization 

 

Catalase 

 

Oxidase 

Nitrate 

Reductase 

Results - - - + + - + 

Table1: Biochemical tests 
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Fig2:Phylogenetictree

Phylogenetic analysis based on 16SrRNA Sequencing (Fig.2) showed that the strain MBTU-SOB1 
formed a distinct lineage with the class Bacilli and was more closely related to the members of the 
genus Staphylococcus in the family Staphylococcaceae.  

PHYSIOLOGICAL CHARACTERIZATION 

EFFECT OF TEMPERATURE: Fig: 3 represents the effect of temperature on growth pattern on the 
isolate after 12 hours and 24 hours. Effect of temperature on the growth of MBTU-SOB1was tested by 
growing isolates at different temperature ranges from 25 C-55 C. The isolate shows maximum growth 
at 25 C and its growth rate decreases as temperature increases.  

 EFFECT OF p H: Fig:4 represents the effect of pH on growth of MBTU-SOB1 isolate. Effect of pH 
was tested by growing the isolate at different pH ranges from 6-10. MBTU-SOB1 isolate shows 
maximum growth at pH 8. Isolate grows pH range of 6-10.  

                           

Fig3: Effect of temperature                                  Fig4: Effect of p H 

NaCl TOLERANCE: Fig 5 shows the NaCl tolerance pattern of the isolate. The experiment was 
performed by employing different concentrations of NaCl ranging from 0%-30%. MBTU-SOB1isolate 
exhibited growth over a wide range of NaCl concentrations upto 30% NaCl concentration and it 
exhibited maximum growth at 0.3% NaCl concentration. 

GROWTH CURVE: The strain exhibits a long log phase of 22 hours and a prolonged stationary phase 
of 24hours(Fig 6) 

  0 

Fig.5 NaCl Tolerance                                        Fig.6 Growth curve  

DETERMINATION OF PROTEIN CONTENT BY BARFOED TEST  
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Table:2 Protein content of  crude cultural  broth after 3 days of incubation. 

BRINE SHRIMP LETHALITY ASSAY 

With a known protein concentration, ECP sample shows more cytotoxicity when compared with the 
other two samples. 

PERCENTAGE OF CYTOTOXICITY 

 

 

Fig:7 Percentage of cytotoxicity                            Table:3 Percentage of cytotoxicity 

                                                                                  

SCREENING OF ANTIBACTERIAL ACTIVITY OF DIFFERENT CELL COMPONENTS 

BY DISC DIFFUSION ASSAY 

All the samples were active against the pathogens tested. ICP samples were the most active. 

 

Fig:8 Antibacterial activity against                The results of the were recorded according to the 

following scale: (+++)> 18mm,   K.pnuemoniae by  various cell components                           
(++)= 11-17mm and  (+) <10mm 

SAMPLE 
PROTEIN 
CONTENT(µg/ml)  

PROTEIN CONTENT 
(µg/250 l) 

PROTEIN CONTENT IN   
(µg/500µl)  

ECP 150 37.5 75 

WCP 110 27.5 55 

 ICP 280 70 140 

Sample 
Percentage cytotoxicity 
(250µL) 

Percentage 
cytotoxicity(500µL) 

  ECP 100 100 

WCP 99.82±0.18 99.88±0.11335 

ICP 86.66± 3.3333 86.66±8.81917 

Organism ECP WC
P 

ICP 

Bacilus subtilis + + ++ 

Klebsiella 

pneumoniae 

++ + ++ 

Table 4: Antibacterial 
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1- WCP, 2-ICP, 3-ECP, 4- control                             against K.pnuemoniae by  various cell 
components                                                

SCREENING OF VARIOUS INDUSTRIALLY IMPORTANT ENZYMES  

Enzyme profiling was done for amylase, urease, alkaline protease, lipase, cellulase, glutaminase and 
phosphates. Table5 indicates the presence or absence of various industrially important enzymes.  

Table5: Enzyme profiling of culture 

ENZYME Amylase Urease Alkaline 
protease 

Cellulase Lipase Glutaminase Phosphatase 

RESULT - + - - - - + 

 

Discussion and conclusion 

           Marine sponges are the main candidates for the bioactive metabolites. They produce these 
compounds to defend themselves from predators and spatial competitors. Recent studies reveal most 
of these metabolites are of microbial origin. Hence the study is focused on the microbial symbionts of 
selected marine sponge, Spongia officinalis var.ceylonensis. The biochemical and physiological 
characterization of unknown symbiont MBTU-SOB1 of the genus Staphylococus was performed. 
Physiological characterization helped to reveal the marine and wild nature of the isolate. Bioactivity of 
various cell components revealed that all the samples exhibited cytotoxic activity. Among this, 
extracellular product (ECP) recorded 100% cytotoxicity. This may be due to the secondary metabolite 
produced by the organism. As brine shrimp lethality assay was only a preliminary screening method, 
the cytotoxicity have to be further confirmed by MTT assay. The tested samples exhibited significant 
zone of inhibition against K.pnuemoniae and B.subtilis  

Screening of newly industrially important organism is an everlasting process. The isolate shows 
positive results for phosphatase and urease which are industrially significant with wide range of 
applications. Quantitative approach is further need to understand the potency of the isolate. 

Reports showed that the bioactivity shown by sponges may be mainly due to the chemicals produced 
by the symbionts(Monaco et al., 2014). This preliminary study reveals potency of these isolates to 
produce various bioactive compound, especially cytotoxic metabolites. Further study including 
purification and identification of each bioactive compounds produced by this isolate may provide 
promising results. 
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A NOVEL PROTEASE ISOLATED FROM THE ROOT TUBER OF HOLOSTEMMA ADA-

KODIEN SCHULT 
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695034, kerala, India *E-mail:sandhiags@rediffmail.com 

ABSTRACT 

Proteases constitute an important group of hydrolytic enzyme that degrade the peptide bonds of 
proteins. They perform major role with respect to their application in both physiological and 
commercial fields. Plant proteases are present in all parts of the plant including stem, root, leaf, 
flowers, latex and buds. They play an important role in the plant growth and development. They also 
involved in plant cell response to environmental stress, plant microbe interactions and a diverse role in 
plant defence mechanisms. Holostemma ada-kodien Schult is a medicinally important plant belonging 
to the family asclepiadaceae.Tubers of this plant is medicinal, capable of maintaining youthful vigour 
and strength. as there are no reports available on protease from Holostemma tuber, the present work 
was carried out to understand the proteolytic enzyme present in the tubers of Holostemma. The crude 
protease was extracted from tuber with 0.1M phosphate buffer at pH 7.0. The extract was subjected to 
fractional precipitation using (nH4)2So4 (10-80%). The CM-Cellulose column chromatography was 
then used to purify the dialysed enzyme. The presence of more than one protease in the tuber was 
revealed by the native PaGE and zymogram analysis. The biochemical characterisation of the partially 
purified major protease has been carried out with respect to temperature and pH. The protease from 
the tuber showed maximum activity at pH 7.0 and temperature at 700C and also showed reasonable 
stability at the same temperature and pH. different metal ions and inhibitors influenced the proteolytic 
activity. novel plant protease with high activity at elevated temperature and pH values is suggestive of 
its potent applications in various industrial and therapeutic areas. This is the first report on the 
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proteases present in H. ada-kodien tuber. further purification and characterization of the protease is 
needed for understanding its mechanism of action and function. 

keywords: Holostemma ada-kodien, asclepiadaceae, Protease, native-PaGE, Zymogram 

INTRODUCTION 

Proteases are a group of hydrolytic enzymes that cleave the peptide bonds of proteins. In plants, five 
classes of proteases have been described: Serine, Cysteine, Aspartic, Metallo and Threonine (Rawlings 
et al., 2010).Plant proteases are involved in cellular process such as defence mechanism and 
programmed cell death (Estella, 2001).Plant extracts with a high content of proteolytic enzymes have 
been used as a traditional medicine for a long time. They have been used for the treatment of cancer 
(Batkin et al., 1988), for digestion disorders (Kelly, 1996) and swelling and immune-modulation 
problems (Leipner et al., 2001).Plant families such as Asteraceae, Caricaceae, Moraceae, 
Asclepiadaceae, Apocynaceae and Euphorbiaceae have been reported to contain many protease 
producing plants. 

 Root tuber sharbour enzymes and other substances that increase the availability of nutrients 
taken up by plants from the soil. The medicinal properties of H. ada-kodien have been attributed to the 
amino sugars present in the tubers. It also contains six amino acids such as alanine, aspartic acid, 
valine, glycine, serine and threonine. However the enzyme from H.ada-kodien tuber has not been 
studied so far. In this context the present work was carried out to study the protease present in the 
tuber and a preliminary characterisation of the same.   

MATERIALS AND METHODS 

Freshly collected  tuber of H. ada-kodien weighing 200g was homogenised and extracted with 600ml 
of 0.1M phosphate buffer (pH 7.0).The extract was centrifuged at 10000 rpm for 20 minutes at 40C. 
The supernatant was used as the crude enzyme. 

The protease activity was estimated using casein as the substrate by the method of Tsuchida et al 
(1986). One unit of enzyme activity is defined as the microgram of tyrosine released per ml per minute 
under the reaction conditions. The protein content was determined following the method of Lowry 
(1951) using bovine serum albumin (BSA) as standard. 

For purification, (NH4)2SO4 precipitation in the concentration of 10-80% was carried out. The 
precipitate was dissolved in 0.1M phosphate buffer and dialyzed against the same buffer over night 
with 3 times buffer change. The dialysed sample was concentrated and applied to a column of CM- 
Cellulose   pre-equilibrated with 0.05M phosphate buffer, pH 7. 0. The adsorbed material was eluted 
with stepwise gradient concentrations of sodium chloride ranging from 0.0 M to 0.5M prepared in the 
same buffer. The flow rate was 25 mL/h and 5-mL fractions were collected. The fractions containing 
the enzyme activity were pooled and lyophilized for further analysis. 

The protease activity of the samples at each stage of purification was visualised by Native PAGE 
(Laemmli, 1970) followed by Zymogram analysis by gelatin hydrolysis method. For Zymogram 
analysis, the gels following electrophoresis were incubated in the buffer at 40 C for 30 minutes and 
stained in Coomassie brilliant blue. The areas of white bands in the blue gel indicated the presence of 
protease activity. 
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The biochemical characterization of partially purified enzymes was carried out with respect to pH, 
temperature, pH stability and thermal stability. The influence of various metal ions such as Ca2+, Cu2+

, 

Fe2+,Mg2+, Mn2+and  Ba2+at 5mM concentrations on the proteolytic activity were evaluated by pre 
incubating the enzyme with metal salts for 30 minutes and then estimating the residual activity. The 
inhibition by EDTA was also monitored. 

RESULTS AND CONCLUSIONS 

The result of the purification step of H.ada-kodien root tuber protease was summarised in the 
Table.1.The crude protease contained 63.32 mg/ml of total protein with total activity of 1160 U/ml 
enzyme unit with specific activity 18.31 unit/mg protein. Following ammonium sulphate precipitation, 
nearly 37.5% of the activity could be retained at 10-80% level. The precipitate following dialysis and 
lyophilisation was loaded into CM cellulose column. The elution profile showed five protein peaks 
(Fig. 1) of which only two revealed proteolytic activity. The first one was the major protease that 
eluted in fraction 2-4.  

 

 

Fig.  1 Column chromatography of Holostemma Proteases using CM cellulose matrix 

The second protease was a minor one that eluted between the fractions 11-14.  These fractions with 
relatively high proteolytic activity were separately pooled.  The results are summarised in the Table .1. 

Table1:   Summary of Partial purification data of root tuber protease 

 Volume Total 
activity 

(U/ml) 

Total 
protein 

(mg/ml) 

Specific 
activity 

Purification 
fold 

Recover
y (%) 

Crude Enzyme 500 ml 1160 63.32 18.31 1 100 

10-80% 36ml 435.6 15.58 27.95 1.52 37.5 

CM cellulose 

Major protease 

15ml 217 2.3 94.34 5.15 18.70 

CM cellulose 

Minor protease 

20ml 112 5.5 20.36 1.1 9.65 

1560

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

 

Native PAGE and Zymogram Analysis 

 The eluted fractions obtained from the root tuber extract showed the presence of prominent 
protease bands as revealed by native PAGE (Fig1) and Zymogram analysis (Fig.2).Gelatin is widely 
used as the substrate for analyzing protease activity and is readily hydrolyzed by different classes of 
plant proteases. 

 

 

 

 

 

 

 

 

 

 

 

Characterization of Protease 

The characterization of root tuber major protease has been carried out with respect to its optimum 
temperature, optimum pH of activity as well as thermal and pH stabilities. The protease activity was 
optimum at the temperature of 700C (Fig.4) and had optimum pH at 7.0 (Fig.5) activity gradually 
declined at higher and lower temperature and pH. The enzyme showed stability for a period of one 
hour up to 700C and pH 8.0 (data not shown). 

 

 

 

 

 

 

 

Fig .2  Native page of protease. 

A. Ammonium sulphate      

B.   Major protease fraction 

Fig.3.Zymogram analysis 

A. Ammonium sulphate    

B. Major protease fraction 
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Influence of metal ions on protease activity 

 The influence of different metal ions on the proteolytic activity of the enzyme was analysed.  
It shows that Mn2+has the maximum inhibition towards enzyme activity and calcium (Ca2+) is showing 
the least inhibition (Fig.6).  

 

                        Fig .6Influence of different metal ions on enzyme activity 

30% of protease activity was inhibited in the presence of EDTA. This supports that metal ions are 
required for the stability of Holostemma root tuber protease. 

The present study revealed the existence of more than one protease in the root tuber of Holostemma. 
The major protease could be partially purified by column chromatography. The characterisation 
showed an optimum temperature at 700C, which is unusual for a plant protease. Further studies are 
currently going on for the purification and subsequent understanding of the mode of action. 
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ABSTRACT 

The genus Spilanthes belongs to the family asteraceae. In India 8 species were reported, which include 
S. ciliata, S. calva, S. paniculata, S. oleraceae, S. radicans, S. uliginosa, S. vazhachalensis and S. 

ghoshinis. In kerala S. ciliata is most common and is treated as toothache plant. S. calva, S. 

paniculata, S. oleraceae, S. radicans and S. ghoshinis have non- rayed head and othes having rayed 

head. S. radicans have white flower head and it can be easily distinguished from others. S. uliginosa 
possess smaller leaves and small flower with tetramerous disk floret and erect habit. So it can be easily 
distinguished with the S. ciliata. but the rayed flower of S. vazhachachalensis look like common tooth 
ache plant at a glance. non- rayed S. ghoshinis and S. ciliata have similar growth habit, and almost 
similar flower colour, so it is a confusing one. Present study carried out to differentiate the real 
toothache plant S. ciliata with the other confusing species of spilanthes, S. vazhachalensis and S. 
ghoshinis and to analyze the floral morphological variability among the species. Variation at species 

level was noticed in morphological characters like habit, leaves, and presence or absence of ray florets. 
Stereomicroscopic level of study were also conducted to differentiate the species. There is much more 
variability exists in achene morphology. S. ciliata have loosely arranged marginal ciia and 0-1 pappus 
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bristles. but in S. ciliata have closely arranged marginal cilia and 2 subequal bristles. In S. ghoshinis 
the achenes have small marginal cilia and 2 sub eual bristles. SEM studies of pollen were also 
conducted. It showed that there is much more differences in the pollen characteristics. In S. ciliata the 
surface of pollen is granulate, sparsely punctuate, and spine is situated on a prominent basal cushion. 
In S. vazhachalensis the surface of pollen slightly scabrate and the spine length is short and 
inconspicuous basal cushion. In the case of S. ghoshinis the spine length is long and having acuminate 
tip and inconspicuous basal cushion. Thus these all morphological characters serve as a good 
taxonomic tool for proper identity of the species. 

INTRODUCTION 

The genus Spilanthes belongs to Asteraceae, with 65 species, this plant is widely distributed in the 
tropical and sub-tropical regions including America, North Australia, Africa, Malaya, Borneo, India 
and Sri Lanka (Jansen, 1981). In India, it is confined to South India, Chhatisgarh and Jharkhand 
(Anonymous, 1989). This species, commonly known as the tooth-ache  plant with local anaesthetic 
action due to spilanthol  content in the flower heads. The flower heads are pungent and are chewed to 
relieve tooth-ache. Spilanthes is one of the oil-rich genera although only a few species have been 
explored for their essential oils. 

The flowers and leaves of this plant have been used as traditional medicine for stammering, toothache, 
stomatitis and throat complaints. It has potent diuretic activity and the ability to dissolve urinary 
calculi. It exhibits antimalarial properties as well (Burkill, 1966; Ramsewak et al., 1999).  

Not much differences noticed at a glance between the species of spilanthes, so misinterpretation of 
species may happen. Most of the floras deal with only short description of the plants diagnostic 
characters with sometimes key to the species along with vegetative, reproductive parts of the plants 
and some medicinal important features of the plant.  In the present work special attention given to the 
microscopic level floral morphology, achene morphology and pollen morphology. Vegetative 
morphological differences were also analysed. 

MATERIALS AND METHODS 

Plant material:- Present study was undertaken on  samples collected from different localities of 
Kerala. The specimens are dried according to standard herbarium techniques and stored.  

Morphological analysis 

a. General morphology 

 For morphological studies 10 accessions per species were used for assessment of morphological 
characters. For this purpose, different types of species were examined again and again in order to see 
if there was any variation or not. They were collected at flowering stages and herbarium specimens 
were prepared as vouchers. In this practice standard method was followed. To compare their flower 
shape and colour, photograph were taken. Mature achenes from the peripheral florets of the capitulum 
were measured at low magnification under a stereomicroscope. Floral morphology were analyzed by 
taking quantitative and qualitative measures of flowers. Photographs were taken using Olympus SZ61 
stereo microscope. Seed morphology were analysed by taking photographs using Olympus SZ61 
stereo microscope. 

b. Pollen morphology 
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For palynological study flowers of early anthesis stage were collected and fixed in glacial acetic acid. 
The pollen grains were acetolysed according to the method proposed by Erdtman (1971). Light 
microscopic preparations were made by mounting the acetolysed pollen grains in glycerin jelly 
photographs were taken using the Image analyzer (Leica DM 2000). Pollen samples were also 
observed under Scanning Electron Microscope (SEM). Acetolyzed pollen grains S. vazhachalensis, S. 

ghoshinis and S. ciliata fixed in alcohol for the SEM analysis were mounted directly on graphite tape 
and sputter coated for 45 seconds with gold in Fine coater (JFC 1200, Jeol, Japan), analyzed and 
photomicrographed by SEM (JSM-5600 LV, Jeol, Japan) at a voltage 10-12 KV. Pollen morphological 
characterswere analyzed following Nair's (1964) terminology. For shape classes, the formula proposed 
by Walker & Doyle (1975) was used. For the determination of size classes, the classification 
suggested by Erdtman (1945) was used.  

RESULTS  

a. Vegetative Morphology 

S. ciliata can easily be recognized by the large yellowish orange, rayed heads which are sub solitary in 
the axils of leaves. stem terete, glabrous, mature stem has reddish brown colouration; Leaves opposite 
whorled arrangement, leaves 9 x 5 cm, leaves are puberulous, petioled, leaves ovate to deltoid, with 
acute apex and leaf bases broad obtuse, truncate to slightly cordate; leaf margin with serrate margin 
and has palmate venation,  capitula ovoid;  Ray florets many, 8-12, mature achenes with evident cork-
like margins.   

The S. vazhachalensis can be differentiated from S. ciliata by its erect growth habit, and yellow flower 
heads, which are smaller than S. ciliata flower head.  Stem greenish, terete, puberulous. Leaves 6.5 x 
9.5 cm long, leaves oblong to lanceolate, with acute apex and cuneate base and has palmate venation , 
petioled,  leaf margin is entire or sometimes with crenate margin, leaves has minute hairs, capitula 
ovoid; Ray florets present, 6-10,  mature achenes with enourmous ciliate margin. 

S. ghoshinis is diffuse herb with rooting at internode stem terete, pubscent, and reddish brown 
coloured; leaves 5x3 cm long , petioled, reddish brown coloration along the margin of leaves, palmate 
venation, and the leaves are arranged oppositely, Leaves elliptic to ovoid, with acute apex and obtuse 
base. Leaf margin is crenate, leaf surface has numerous hairs; Capitulla ovoid, to rounded, Ray florets 
absent, mature achenes brownish black with less lateral hairs and having two bristles.  

b. Floral Morphology 

The differentiation of individual species is mainly on the basis of variation of floral morphology. 
There is much floral variability exists between the species. The Spilanthes ciliata has large yellowish 
orange head having diameter ranges from 4.33-5.5mm. The length of pedungle is shorter and may 
reaches up to 2.5- 4cm. Involucral bracts 2  seriate, shorter than rayflorets, inner series narrower and 
smaller 6 x 2 cm, elliptic  subacute, 3  nerved from base, margins narrowly winged, minutely 
pubescent; palea 3 mm long, concave, boat shaped, obtuse or retuse at the expanded tip, keeled along 
the back, usually glabrous. Ray florets are 8  12 female, ligulate, corolla tube short, 2-3  lobed, lobes 
short; pappus O; achenes trigonous, black, glabrous, strongly margined and ciliate along the margins, 
surface lenticular. Disc florets; many bisexual, pappus of 2 unequal bristles, almost half as long as 
corolla tube, lobes much shorter than the tube; densly papillose within, anther tips exerted from the 
tube, erect or spreading, densly papillose within, anther tips exerted from the tube; achenes oblong, 
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truncate at apex, 2 angled and laterally compressed, black, glabrous, strongly margined, ciliate along 
the margins.  

The S. vazhachalensis having pale yellow flowers having diameter upto 3.71-5.31mm. Peduncle up to 
4- 8 cm. Capitula  rayed, solitary, terminal or axillary, 8.4 12.5 × 6.9 10 mm; peduncles 2.5 16 cm, 
sparsely pilose; involucral bracts 9-12, biseriate;  ovate-lanceolate, herbaceous, glabrous. Ray florets: 
6-10, female, corollas tubular, middle style exerted, bilobed; stigma linear, achenes obovoid, 3-angled, 
margin scabrid, apex slightly depressed; pappus of 2 subequal bristles, longer one 0.5 1.1 mm, shorter 
one 0.4 0.9 mm.  Disc florets : glaborus, corolla tubular, 5 lobed, lobes ovate  obtuse, papillose, 
anthers exerted; achenes 1.5 mm x 0.5 mm, dimorphic, marginal ones trigonous; central ones laterally 
compressed, mature achenes with evident cork-like margins. 

The S. ghoshinis having bright orange head  reaches diameter upto3.5-4.5 mm. Peduncle length 
reaches upto 4.5- 5.5 cm. Capitulla having only disk florets. Involucre bract biseriate 9-12, ovate- 
lanceolate, glabrous. Disk flowers bisexual having bifid stigma and syngenaceous  5 anther, palea boat 
shaped, Achenes brownish black , oblong, having minute hairs along margins, and with two subequal 
bristles.   

c. Pollen morphology 

Since, pollen grains are highly conserved and characteristic for a particular species; pollengrains of 
three species were compared. All the species has zonocolp-orate pollen, and are spinate. But the 
number of colpus and ora varies. S. ciliata has 2,3,4 monozonocolp-orate pollen and S. vazhachalensis 
has 3,4,5 zonocolp-orate pollen. S. ghoshinis has 2,3,4 zonocolp-orate pollen.  

Scanning electron microscopic studies showed differences in the spine length, spine structure and 
attachment. S. vazhachalensis pollen showed different pollen structure than others, and has spine 
length ranges from 1.82-2.06µm. S. ciliata also has spinate pollen having spine length ranges from 
2.12µm- 3.15µm. The spines are arranged on a prominent basal cushion. The other two has no 
prominent cushion. S. ghoshinis has narrow pointed spine with length ranges from 2.19-3.69µm. 
Surface of pollen has more ridges and furrows in S. ghoshinis than others. Pollen surface also has 
some minute opening on the basal portion of spine.  Surface of pollen in s. ciliata is granulate, 
sparsely punctuate. Under SEM the surface of pollen  in S. vazhachalensis slightly scabrate, basal 
cushion in conspicuous and column short. And in case of S. ghoshinis the pollen surface is granulate , 
basal cushion inconspicuous, sparsely punctuate, and column long.  

CONCLUSION 

In this study the three species of toothache plant distinguished on the basis of vegetative and floral 
diversity. Morphological characters such as habit, size and nature of leaf, properties of capitullum, 
type and size of involucres, nature of palea, number of ray florets, nature of achene, nature of pollen 
are used as taxonomic characters to identify the species.  

The present study enables to understand and differentiate actual species. The S. ciliata can be easily 
diagnosed from others by having bright yellowish orange rayed head, greenish stem and its prostrate 
habit. The S. vazhachalensis having yellow rayed head and its erect habit. The S. ghoshinis can be 
differentiated by its bright orange non-rayed head, reddish brown outlined leaf, reddish brown stem 
and prostrate habit. 
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Achene morphological study also enables to differentiate the species. The S. ciliata achene is larger 
than others and S. ghoshinis possess smaller one. S. ciliata having loosely arranged ciliate margin and 
S. vazhachalensis having closely arranged ciliate margin. But s. ghoshinis having only small number 
of cilia. Bristle number is also varies. The pollen characteristics also shows some differences among 
them. 
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a) S. ghoshinis inflorescence [0.67x], b) 

Disk bisexual flower [2x], c) Outer 

involucre [1.5x], d) Inner involucre 

[1.5x], e) palea [2x], f) Anther and stigma 

[4x] g) SEM image of pollen [4000x] h) 

SEM image of achene [40x] 

a 

i 

b 

c 

d 

g 

e f 

h 

o 

n 

l m 

k 

j 

1568

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

  

 

 

i) Spilanthes ciliata Inflorescence [0.67x],  j) outer involucre [1.5x],  k) Inner involucres [1.5x],  l) 
Ray floret [2x],  m) Disk floret [2x],  n) Disk flower with Anther and stigma [4x],  o) Ray flower with 
stigma [4x],  p) Palea [2x]  q) bracteole [1.2x]  r) SEM of pollen of S. ciliata [3500x]  s) SEM of 
achene of S. ciliata [40x] t) Spilanthes vazhachalensis inflorescence [0.67x],  u) Outer involucres 
[1.5x], v)  inner involucre [1.5x], w) Bracteole [1.2x],  x) Ray floret [2x],  y) Disk floret [2x],  z) Disk 
flower with anther and stigma [4x],  A) Palea [2x], B) Ray flower with stigma [4x] C) SEM image of 
pollen of S. vazhachalensis [3500x]  D) SEM image of achene of S. vazhachalensis [40x] 

 

 

 

 

 

i) Spilanthes ciliata Inflorescence [0.67x],  j) outer involucre [1.5x],  k) Inner involucres 
[1.5x],  l) Ray floret [2x],  m) Disk floret [2x],  n) Disk flower with Anther and stigma 
[4x],  o) Ray flower with stigma [4x],  p) Palea [2x]  q) bracteole [1.2x]  r) SEM of 
pollen of S. ciliata [3500x]  s) SEM of achene of S. ciliata [40x] t) Spilanthes 

vazhachalensis inflorescence [0.67x],  u) Outer involucres [1.5x], v)  inner involucre 
[1.5x], w) Bracteole [1.2x],  x) Ray floret [2x],  y) Disk floret [2x],  z) Disk flower with 
anther and stigma [4x],  A) Palea [2x], B) Ray flower with stigma [4x] C) SEM image of 
pollen of S. vazhachalensis [3500x]  D) SEM image of achene of S. vazhachalensis [40x] 
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COMPARATIVE EVALUATION OF PROBIOTIC POTENCY OF BACILLUS COAGULANS, 

MBTU-P1F2 FROM INFANT FAECES WITH A KNOWN PROBIOTIC BACILLUS CLAUSII 

FROM ENTEROGERMINA 

Sumayya Jauhara, Honey Chandran C, Dr. Keerthi T.R* 

School of biosciences, Mahatma Gandhi University, kottayam *keerthisureshbabu@gmail.com 

ABSTRACT 

Comparative evaluation of Probiotic potency of Bacillus coagulans ,MbTU-P1f2 from infant faeces 
with a known probiotic Bacillus clausii from Enterogermina provides a new area for searching potent 
spore former from human intestinal flora. our aim of the study was to isolate and characterize these 
bacteria from infant faces and comparatively evaluate their probiotic potentials with a known probiotic 
(Bacillus clausii).The isolates were shown all the essential properties of probiotics such as tolerant to 
acidic pH, bile salts and viable in simulated gastric juice which would enable theto withstand the 
conditions prevailing in the gastro intestinal tract, and molecularly identified as Bacillus coagulans. 
Comparative study with Bacillus clausii revealed that Bacillus coagulans, MbTU P1f2 showed more 
inhibitory against selected pathogens. Cell surface properties of the isolate revealed the presence of 
hydrophobic components on the cell surface.as in comparision, Bacillus clausii showed more 
hydrophobicity than MbTU-P1f2.The hydrophobic nature can be related to their ability to adhere to 
gastrointestinal mucosal epithelium. The studies further proved that they were autoaggregative and 
coaggregates the main causative agent of enteric fever, Salmonella typhi. MbTU-P1f2 showed 
capability to deconjugate bile salts ( bile Salt Hydrolase activity, have role in cholesterol removel), 
and was not detected in Bacillus clausii. The findings are seen as having clearimplications for future 
research in the field,to develop our isolate as probiotic for human or animal nutrition. 

Introduction  

Probiotics are commonly defined as mono or mixed cultures of live microbes that when applied to an 
animal or human, posses a beneficial effect on the health of host possibly by improving the balance of 
the indigenous microflora. The predominant species used as probiotic agents belongs to the group of 
LAB. The second largest group of microbes widely used as probiotics are the Bacillus species. Most 
extensively examined are Bacillus subtilis, Bacillus clausii, Bacillus cereus Bacillus coagulans and 

Bacillus licheniformis. Bacillus species have been used as probiotics  for at least 50 years with the 
Italian product known as Enterogermina  registered 1958 in Italy as an OTC supplement (Gabriella 
Casula and Simon M.Cutting, 2002). Bacillus coagulans  known as king of probiotics  is a lactic acid 
producing bacterial species within the genus Bacillus. The organism was first isolated and described as 
Bacillus coagulans in 1915 by B.W. Hammer. Many references to use of this bacterium in humans 
exist, especially in improving the vaginal flora, improving abdominal pain and bloating in irritable 
bowel syndrome patients, and increasing immune response to viral challenges. One strain of this 
bacterium has also been assessed for safety as a food ingredient. Spores are activated in the acidic 
environment of the stomach and begin germinating and proliferating in the intestine. Sporeforming 
B.coagulans strains are used in some countries as probiotics for patients on antibiotics. 
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Bacillus clausii  is a rod-shaped, Gram-positive, motile and spore-forming bacterium which lives in 
the soil. B. clausii spores have been used in a European probiotic called Enterogermina, which 
stimulates GI tract immune system function by increasing production of secretory immunoglobulin A- 
indirectly acting as an antagonist to other bacterial pathogens that infect the gastrointestinal tract ( Duc 
le H, Hong HA, Barbosa TM et al.,2004). Bacillus clausii sporulated strains are actually used in the 
treatment of gastrointestinal illnesses to restore intestinal flora because of their antibiotic resistance 
and ability to stimulate immune activity. The present study involves the isolation and probiotic 
characterization of lactic acid sporulating bacteria from infant faeces, and its comparative evaluation 
of probiotic potency with a known probiotic Bacillus clausii from Enterogermina available in the 
market. High tolerance of spore formers makes them good candidates of probiotics necessitates the 
importance of further studies. 

Methodology 

Source of Organism 

The test microorganisms used for this study was isolated from infant faeces of up to six month old, 
Bacillus clausii : Isolated from Enterogermina and the pathogens used in the study were obtained from 
MTCC,  available in the culture collection of  MBTL, SBS,MGU Kottayam. The test organism and 
Bacillus clausii  were grown on LB agar medium. 

Physiological and Biochemical characterization of Isolate  

The isolate was studied for their basic biochemical characteristics by routine methods in addition also 
perform  haemolysis and milk coagulation tests. 

Molecular identification 

DNA Isolation 

Bacterial genomic DNA of the isolate was performed by the method of Sambrook et al., 1989 

Polymerase Chain Reaction (PCR)/ Sequencing and phylogenetic analysis 

PCR was carried by using universal primers. The sequence of the insert was determined using the 
automated  DNA sequencing service provided at SciGenomics Lab Pvt Ltd., Cochin, India. The 
BLAST program (www. ncbi. nlm.nih.gov/blst) was employed in order to assess the degree of 
sequence similarity. The phylogenetic tree was displayed using the Molecular Evolutionary Genetic 
Analysis (MEGA) version 6.0 program (http://www.megasoftware.net). 

Comparative evaluation of MBTU  P1F2 with a known probiotic Bacillus clausii  

In vitro Probiotic characterization  

Acid tolerance test 

Tolerance to acid was tested according to Khalil et al., (2007)  

Bile tolerance 

Bile broth assay with 0.3, 0.5 or 1% (w/v) of bile according to Walker and Gilliland (1993). 
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Tolerance to simulated gastric juice to determine transit tolerance 

Tolerance to simulated gastric juice was determined by the method of Charteris, et al., (1998) 

Antagonistic action towards pathogens 

Antibacterial activity of the isolates by agar diffusion test. 

Cell Surface properties : Hydrophobicity 

This was determined according to Vinderola and Reinheimer (2003).  

Auto aggregation 

Auto aggregation percentage were detected by the method of Palomares et al.,(2007). 

Coaggregation 

Co aggregation percentage were detected by the method of Perez, et al.,(1998) 

Tolerance to bile salt and bile salt hydrolase activity 

Bile salts deconjugation assay by the method of Begley et al.,(2006). 

Results 

Identification MBTU-P1F2 

Colony characters 

The result presented in Table 1 shows the colony characters, Gram s reaction and motility which are 
the primary screening tests to  identify a new isolate. 

                                       

 

 

 

 

 

Table 1 

Biochemical identification 

      Colony character    
Gram 
reactio
n 

  Motility Spore staining 

 

Skim milk 
coagulation 

Haemysis 

Small, round shaped 
creamish mucoid 
colonies with entire 
edge 

Gram 
positiv
e 
bacilli 

Motile Spore forming       +       _ 

Tests Indole 
production 
test 

Methyl 
Red test 

Voges 
Proskauer 
test 

Citrate 
utilizatio
n test 

Catalase 
test 

Oxidase 
test 

Isolate  _ + + + + _ 
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Table 2 

Molecular identification 

Genomic DNA of MBTU  P1F2 was amplified with 16S rDNA   primers by PCR method  

and result is shown in figure 

 Figure 1                       

Phylogenetic tree and sequence similarities of  MBTU  P1F2. 

  The figure displays the phylogenetic tree of  MBTU-PIF2. The phylogenetic analysis revealed that 
the strain MBTU-PIF2 was closest to Bacillus coagulans and showed 99% identity.  

 

  

Figure 

2: 

Phylogenetic tree of the 

isolated strain MBTU-P1F2 

Comparative evaluation of MBTU  P1F2 with a known probiotic Bacillus Clausii  

     The identified MBTU  P1F2 was characterized  for their  probiotic potency and compared it with a 
known probiotic Bacillus clausii  isolated from Enterogermina. 

Acid tolerance  

           Acid tolerance test was employed to determine the effect of prolonged exposure of bacteria to 
the acidic pH of the stomach basic criterion required for probiotic bacteria. Among the two strains, 
Bacillus clausii shows more acid tolerance than MBTU P1F2. But at pH 6, MBTU P1F2 shows high 
tolerance than Bacillus clausii.  
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 gi|636559940:506-1413 Bacillus acidiproducens strain SL213 16S ribosomal RNA gene, partial sequence
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 gi|219878234:536-1444 Bacillus shackletonii strain LMG 18435 16S ribosomal RNA gene, partial sequence
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Figure 3  

 

Bile tolerance test  

         Resistance to bile salts is generally considered to be an essential property for probiotic bacteria 
to survive the conditions in the small intestine. Cells of B. clausii  exhibited highest tolerance in 0.5% 
bile salt. Among the two vegetative cells MBTU  P1F2 are more tolerant to bile than Bacillus clausii.  

 

 Figure 4 

Tolerance to simulated gastric juice 

The vegetative cells of MBTU  P1F2 and B. clausii shown resistance to simulated gastric juice. The 
vegetative cells of   MBTU  P1F2 showed highest tolerance than  B. clausii at pH 3, whereas  at pH 2 
, B .clausii  exhibited  more tolerance than vegetative cells of  MBTU  P1F2. The results are shown 
in figure. The potential probiotic bacteria were found viable in simulated gastric juice. 

  

figure 5 

Cell Surface Properties:  Hydrophobicity  

Microbial adhesion to solvents (MATS) was used to evaluate the hydrophobic/ hydrophilic cell 
surface properties of  MBTU-PIF2 and B. clausii. The results indicated that the both of them exhibited 
high affinity to xylene than chloroform indicates more hydrophobic surface nature. Among the two 
strains, Bacillus clausii exhibits more hydrophobic nature( 85.2% ) than MBTU  PF1F2 (36.4% )  
The results are plotted in the figure. Many previous studies (Zavaglia et al., 1998) on the 
physicochemistry of microbial cell surfaces have shown that the presence of glyco-proteinaceous 
material at the cell surface results in higher hydrophobicity, whereas hydrophilic surfaces are 
associated with the presence of polysaccharides. 
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Auto aggregation  

Auto aggregation is the cell - to - cell adherence between bacteria of the same strain suitable for 
commercial purposes. Vegetative cells of MBTU  P1F2 showed high auto aggregation nature than B. 

clausii. Auto aggregation ability found to increase periodically during incubation periods of 1-5 hrs.  

Co aggregation  

Co- aggregation is the cell to cell adherence between genetically different strains. Co- aggregation has 
also been related to the ability to interact with pathogens. Co aggregation ability of cells of B. clausii 
(53.45% ) is more as compared with MBTU  P1F2( 17.536 %). The isolates showed coaggregation 
capacity towards Salmonella typhi which is an important defence mechanism against pathogens.  

 

Figure 6                               Figure 7                        Figure 8 

Bile Salt Deconjugation Assay 

 Vegetative cells of  MBTU  P1F2  shown  fine precipitated white granules around the colonies 
indicating  bile salt hydrolase activity. B. clausii doesn t have any precipitation around the colonies. 
Our isolate is capable of deconjugating bile acids which in turn would lead to reduction of serum 
cholesterol level.. 

   Figure 9: Bile salt deconjugation of MBTU-P1F2 

Anti bacterial activity 

Culture supernatant of both MBTU  P1F2 and B. clausii  selectively inhibit the indicator pathogens 
and the culture supernatant of MBTU  P1F2 found to be more antagonistic towards Salmonella typhi. 

The results are given in figure 2. The inhibition may be due to the production of active bacteriocins or 
bactericins like inhibitory compounds. 
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 Figure 10: Antagonist effect of MBTU-P1F2(SJ1) and Bacillus clausii(SJ2) vegetative cells 

against Klebsiella, Salmonella typhi and Bacillus subtilis 

  This study established, characteristics of Bacillus clausii as potential probiotic as well as probiotic 
characteristics of our isolate. This study also reveals, our isolate is equally good as Bacillus clausii, 
interestingly in some aspects it shown better than B.clausii. 

Conclusion 

In the present study, we isolate and characterized a spore forming lactic acid bacteria namely, MBTU-
P1F2 based on basic probiotic characteristics. Biochemical characterization and molecular 
identification, identified this isolate as Bacillus coagulans. The comparative evaluation of probiotic 
potency of MBTU-P1F2 with, a known probiotic strain B.clausii justify the potency of B.clausii as 
well as concluded that our isolate is equally good as B.clausii. Our isolate MBTU-P1F2 has able to 
produce BSH, which helps to deconjugate bile salts, this helps to lower the cholesterol level, which is 
a remarkable property over B.clausii. Besides the basic probiotic properties both the isolates produced 
antimicrobial metabolites against Klebsiella pneuomoniae, Salmonella typhi and B. subtilis. This study 
provided a strong information to go for further steps to develop our isolate, MBTU-P1F2 as potent 
probiotic. Overall investigation booster for the further detailed study to develop our isolate as 
probiotic with respect to therapeutic and nutraceutical aspect. Most commonly Lactic acid bacteria are 
the principal candidates for probiotic preparations. But because of the survivability and easiness to 
handle, spore formers are now targeted for probiotic preparations.  
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Abstract 

Endophytes are endosymbionts especially bacteria and fungi which inhabit the inner space of plant 
tissue asymptomatically. Acquiring endophytes which may display bioactivity, needs selection of 
plant species that may be of interest because of their unique biology or environmental setting. Due to 
the constant stresses imposed on algae by the marine environment, it is believed that algae and their 
associated endophytic symbionts represent a reliable source of biologically active secondary 
metabolites. Eventhough the endophytes include bacteria, yeast and actinomycetes; fungi are the most 
dominant endophytes from seaweeds. In this study we isolated a total of five endophytic Penicillium 
sp. from two seaweeds, Sargassum sp. and Ulva fasciata collected from Vizhinjam coast, Kerala. The 
most important step for the isolation of endophytic fungi that reside in plant tissues is surface 
sterilization. Proper surface sterilization was achieved with sodium hypochlorite and ethanol to 
eliminate epiphytes. All the five isolates were examined for enzymatic activity namely lipase, protease 
and amylase. By analysing the result of enzyme activity we came to the conclusion that strains S2, U1 
and U2 were highly potent for the three enzymes and could be a promising source for industrial 
enzymes. 

 

Introduction 

Endophytes are endosymbionts (mostly fungi and bacteria) that inhabit plant hosts for all or part of 
their life cycle. They colonize the internal plant tissues beneath the epidermal cell layers without 
causing any apparent harm or symptomatic infection to their host. Endophytes are ubiquitous and have 
been found in all the species of plants, contribute to their host plant by producing materials that 
provide protection and ultimately survival value to the plant. Endophytes may produce a plethora of 
bioactive metabolites that may be involved in the host-endophyte relationship, and may serve as 
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potential sources of novel natural products for exploitation in medicine, agriculture, and industry 
(Strobel, 2002). Endophytic fungi are potential sources of pharmaceutical leads, as many of them were 
reported to produce novel bioactive metabolites such as antimicrobial, anticancer, antioxidant and 
antiviral agents (Yu et al., 2010). Most of them are good source of industrial enzymes (Selim et al., 
2012). Human often faces problems with regard to  the tremendous increase in the incidence of fungal 
or bacterial infections in the world s population as well as severe cereal loss in food industry due to 
phytopathogens. Chemical synthetic drugs with many side effects are being used to cope with these 
medical problems (Strobel and Daisy, 2003). Unfortunately both human pathogens and 
phytopathogens are prone to develop drug resistances  to decrease substantially the effectiveness of 
old antibiotics. So there is a need to search renewable, eco-friendly and easily obtainable natural 
bioactive agents for different pharmaceutical applications. It is believed that searching for natural 
products synthesised by endophytes could be a promising way to solve the problem of drug resistance 
and meet the emergency demand of discovering highly effective and environment friendly antibiotics 
to fight against resistant microbial species. Seaweeds are macroalgae, inhabiting an extreme 
environment; hence the chance for accomodating endophytes with great bioactive potential are more. 
There appears to be very less published reports on fungal endophytes of macroalgae although 
mangroves and terrestrial halophytes have been studied for their endophyte assemblages.  

Materials and Methods 

1. Sample collection  

Seaweeds namely Sargassum sp. and Ulva fasciata were collected from Vizhinjam Coast, 
Trivandrum, Kerala. Samples were collected in polythene bags and the isolation was done as early as 
possible after the collection in order to avoid contamination by air microspore. In the case of any 
inconvenience the samples were stored at 40C till the analysis.  

2. Surface sterilization 

Samples were washed thoroughly in running tap water to remove the dirt. Further sterilization was 
carried out in laminar air flow chamber. For isolation of fungal endophytes surface sterilization of sea 
weeds were done by washing with 70% ethanol for 5 s followed by  aqueous sodium hypochlorite (1-2 
% available chlorine) for 60 s and final rinse with double distilled water for 10 s. After surface 
sterilization the algae were placed in the Potato Dextrose Agar plates using sterile forceps to make 
imprints of the sample. A successful sterilization indicated the lack of growth on the surface on the 
plate, where the surface sterilized portion made contact. 

3. Culturing method 

The sterilized samples were cut into segments of approximately 0.5 cm2 and inoculated into Potato 
Dextrose Agar medium amended with an antibiotic chloramphenicol (0.01mg/100ml) in order to 
prevent bacterial growth. Petridishes were sealed using Parafilm and incubated at 260C for two weeks 
(Suryanarayanan, 1992).  

4. Detection of extracellular enzyme production 

The methods described by Hankin and Anagnostakis (1975) and Rohrmann and Molitoris (1992) were 
used to detect the production of extracellular enzymes by the endophytes.  

         4.1 Amylolytic activity 
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GYP medium (glucose, 1 g;  yeast extract, 0.1 g;  peptone, 0.5 g;  agar 20 g;  1000 ml distilled Water; 
pH 6) supplemented with 0.2% soluble starch, , was used for amylolytic activity. After r growth, the 
plates were flooded with Grams iodine. A clear zone around the fungal colony in an otherwise blue 
medium indicated amylolytic activity.     

   4.2 Lipolytic activity 

Tributyrin (1ml/ 100ml medium) was added to the agar medium (peptone 5 g + malt extract 15g + 
agar 20 g in 1000 ml of distilled water, pH 7.2). Clearing around the fungal colony indicated lipolytic 
activity. 

        4.3 Proteolytic activity 

GYP medium amended with 2% gelatin (pH 6) was used. After incubation the plates were flooded 
with mercuric chloride solution. Clear zone indicated positive activity. 

RESULTS AND CONCLUSION 

In the present study a total of 5 endophytic Penicillium sp. were obtained from seaweeds Sargassum 
sp. (S1, S2) and Ulva fasciata (U1, U2, U3) (Fig 1 and Fig 2).  

          

Fig 1. Endophytic Penicillium sp. obtained from Sargassum sp. 

 

       

  Fig 2. Endophytic Penicillium sp. obtained from Ulva fasciata 

 The result of enzyme assays showed that all the five isolates obtained were positive for lipase, 
protease and amylase. In the case of lipase U3 showed zone of clearance above 10mm diameter, S2 

S1 S2 

U1 

U2 

U3 
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and U2 showed moderate activity (5-10mm) whereas S1 and U1 were weakly positive (<5mm). 
Protease activity was higher for S2, U1 and U2 and S1 and U3 showed moderate activity (Table 1). 

Table.1. Hydrolytic enzyme production profile of endophytic fungi 

Sl no. Isolate no. Lipase Amylase Protease 

1 S1 + + ++ 

2 S2 ++ +++ +++ 

3 U1 + + +++ 

4 U2 ++ +++ +++ 

5 U3 +++ +++ ++ 

(Zone diameter index: +++ > 10mm, ++ 5-10mm, + <5mm) 

   Endophytes usually produce the enzymes necessary for the colonization of plant tissues. It 
has been demonstrated that most endophytes are able to utilize most plant nutrients and cell 
components in vitro. The ability of endophytes to produce various enzymes in vivo and in vitro means 
that host supplies nutrients as well as habitats for endophyte colonization, and could be used for 
various biotechnological applications (Tomita, 2003).   Strains S2 from Sargassum sp. and U1 and U2 
from Ulva fasciata were proven to be the most potent strains. They exhibit highest activity against the 
above mentioned three enzymes. These strains could be a promising source for the large scale 
production of hydrolytic enzymes for industrial applications.  
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ABSTRACT 

Lignans are a large group of phenolic compounds, and belong to the group of phytoestrogens. 
Secoisolariciresinol diglucoside (SdG) is a major lignan since it is a plant-derived, non-steroid 
compound that possess estrogen-like activity. Most of the studies have been conducted on flaxseed for 
the analysis of SdG. In the light of physiological effects of SdG, and its efficient role in the protection 
of human health, we propose to screen the locally available foodstuffs. This study focused on black 
and Red Horse gram (Macrotyloma uniflorum), Pumpkin seeds (Cucurbita pepo), ashgourd seeds 
(Benincasa hispida), and watermelon seeds (Citrullus lanatus var. lanatus). The extraction of SdG 
from the hull of respective seeds and pulses was done using 70% aqueous methanol. further alkaline 
hydrolysis and acidification was done by naoH and H2So4 respectively. Purification was done by 
gradient C18 revese phase HPLC method with pure SdG as standard. The level of SdG in Pumpkin 
(Cucurbita pepo) seed extract, ash gourd (Benincasa hispida ) seed extract and watermelon (Citrullus 
lanatus var. lanatus) seed extract were appreciable but in the case of horse gram, further investigations 
are required to explore the presence of SdG . 

Keywords:Secoisolariciresinol Diglucoside, Pumpkin seeds, Ash gourd seeds, Watermelon seeds, 
Horse gram, HPLC 

INTRODUCTION 

Phytoestrogens are a diverse group of plant derived compounds that structurally or functionally mimic 
the human sex hormone estrogen and show potential benefits for human health.  They act as weak 
estrogen agonists (mimic estrogen activity) or antagonists (inhibits estrogen activity) by competing 
with estrogens for binding to estrogen receptors (ERs).  Phyto estrogens can be grouped into three 
main classes: coumestans, isoflavones and lignans [Saladino, Gualandi et al.(2008)]. 

Secoisolariciresinol diglucoside  is a plant lignan most notably found in flaxseed.  The major lignan in 
flax seed is Secoisolariciresinol (SECO),  which is present in the form of the diglucoside (i.e. SDG) 
[Yuan, Li et al. (2008)].  SDG is present in enantiomeric forms.  The (+) antipode form is the major 
part  (about 99 %) and the (- ) antipode form is in  minor  concentration  (about  1%) [Sadiq and 
Rajesha (2011)].   
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 Fig1:Structure of Secoisolariciresinol Diglucoside and Secoisolariciresinol [Hosseinian and Beta 

(2009)]. 

  After absorption, plant lignans undergo metabolism in the human  colon and the  metabolites,  
Enterodiol (ED) and  Enterolactone(EL)  reach  the circulation  and target  tissues [Rowald, Faughnan 
et al. (2003)]. When  SDG is consumed,  a  small  fraction  is  absorbed  in the form  in   small  
intestine,  and  excreted  in  urine [Peterson, Dwyer et al. (2010)].  However,  the  largest  fraction  of  
the  SDG  reached colon  and  metabolized  by  colonal  flora. Two anaerobes (Peptostreptococcus and 
Eubacterium) catalyze the  demethylation and dehydroxylation of SDG [Wang, Meselhy et al. (2000)].   
SDG and majority of the lignans  converted  to  enterolignans  are absorbed  by  the  large  intestine  
into  the  blood  stream  or directly  excreted  via  faeces. Fraction that get absorbed, i.e., Plasma  
Enterodiol  and Enterolactone  circulate  either  as  Glucouronide  and  sulfate conjugates or as free 
forms [Wang, Meselhy et al. (2000)].  They are excreted via urine or bile. In  urine, Enterodiol (85 %) 
and  Enterolactone(95 %)  are  excreted  in conjugated  forms;  primarily as monoglucouronides. But a 
small percentage excreted  as monosulfates  (2-10 %)  and  free  aglycones  (0.3-1 %) [Kuijsten, Arts 
et al. (2005)].                                  

 

Fig 2: Conversion of SDG by bacteria in colon.[Dhaval Patel, Jitendra Vaghasiya et al. (2012)] 

[Carreau, Flouriot et al. (2008)] 

ANTIOXIDANT  ACTIVITY :  SDG and its metabolites, SECO, EL and ED possess antioxidant 
activity. Early research in this area found that SDG was effective in preventing lipid peroxidation of 
liver homogenate in a concentration dependent manner [Juurlink 2001, Kilkkinen, Stumpf et 
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al.(2001)].  Beneficial effects of SDG in cancer and lupus nephritis showed that these beneficial 
effects could be due to the ability of SDG to scavenge *OH radicals [Prasad (2000)]. 

DIABETES AND THE METABOLIC SYNDROME: It  has  been  demonstrated  that  SDG 
prevented  development  of  diabetes  mellitus  by  75 %.  The reactive  oxygen  species  play  an  
important  role  in the development  of  diabetes  mellitus  (DM)  therefore  it  was suggested  that  the  
antioxidant  activity  may  be  playing a  role for its antidiabetic activity [Prasad, Mantha et al. (2000)]. 

CARDIOVASCULAR HEALTH: Evidence suggests that SDG and its metabolites possess 
antioxidant properties and are capable of reducing oxidative stress. This would suggest that SDG 
consumption may provide protection against CVD [Mathieu, Poirier et al. (2009), O'Keefe, Carter et 
al. (2009)].  It reduces cholesterol, and also  induces angiogenesis  mediated cardioprotection  by  
increased neovascularization  in  the  peri-infarct  zone,  leading  to  less ventricular  remodelling.   

ANTICANCER  ACTIVITY:  Supplementation  of  SDG reduced  the  risk  of  breast  cancer  and  
showed antiproliferative  effect  on  the  breast,  positive  effect  on lipoprotein  profile  and  bone  
density  in  post  menopausal women [Adolphe, Whiting et al. (2009)].  Besides, its antioxidant and 
partial estrogenic activity of SDG and enterolignans also affect beta  glucouronidase activity, which 
may be the cause of protective effect against colon cancer [Cho, Choi et al. (2007)].  In addition to 
these properties  the capability to inhibit  the enzymes Tyrosine  kinase  and  Topoisomerase   
contribute  the  lower incidence of prostate cancer [Adolphe, Whiting et al. (2009) Li, Yee et al. 
(1999)]. 

SOURCES OF SDG 

Flax seed (Linum usitatissimum L.) is the  richest  dietary  source  of    SDG  (yield being 0.37%), 
besides that sesame seed,  pumpkin seeds, cereals (triticale and wheat), leguminous plant  (lentils,  
soyabeans),  fruits  (pears,  prunes)  and  certain  vegetables  (garlic,  asparagus,  carrot)  also  contain  
traces  of  lignans, but concentration in flax seed is about 1000 times as  high as found in other food 
sources [Milder, Arts et al. (2005) ,Adlercreutz and Mazur (1997), Mazur (1998)]. 

 In the light of the above findings, it is well understood that Secoisolariciresinol diglucoside is 
a beneficial compound.  It shows antitumor,  antimitotic,  anticancer  (breast,  colon  and  prostate),  
antioxidant potencies  and  weak  estrogenic  activity. Being  a  potent  natural  antioxidant,  it is found  
to reduce  the  development  of  diabetes  by  75 %  and  inhibits  platelet-activating  factor  (PAF). In 
addition to this, there is no reported side effects or toxicity while using this compound due to its 
natural origin. Therefore, the incorporation of SDG  containing  foods  in  diet  has  great  advantages 
which  helps  prevention  and protection  of the  above mentioned diseases.  Since most of the studies 
have been conducted on flaxseed,  Our interest is to propose to screen locally available foodstuffs; the 
major and minor pulses and seeds like Pumpkin (Cucurbita pepo) seeds, Ashguard(Benincasa hispida 
)seeds, Watermelon (Citrullus lanatus var. lanatus) seeds, Brown horsegram (Macrotyloma uniflorum) 
and Black horsegram (Macrotyloma uniflorum) 

MATERIALS AND METHODS  

MATERIALS:  Pumpkin(Macrotyloma uniflorum) seeds, Ash gourd(Benincasa hispida) seeds, 
Watermelon (Citrullus lanatus var. lanatus) seeds,  Brown horse gram(Macrotyloma uniflorum), 
Black horse gram(Macrotyloma uniflorum) 
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COLLECTION OF SAMPLE: Pumpkin seeds and watermelon seeds were collected from pumpkin 
fruit and watermelon fruit available in the local market, Chelari of Malappuram district of Kerala state, 
India. Brown horse gram was obtained from local market and black horsegram was from Trivandrum, 
Kerala.  Ash gourd seeds were collected from local variety of ash gourd that was cultivated in local 
farms. 

METHODS: 

DEHULLING: Dehulling of 2 varieties of horse grams were done by soaking in water for 3 .5 hours.  
After that, hull is easily removed by just squeezing with fingers.  Pumpkin seeds, ash gourd seeds and 
watermelon seeds were dryed first and then dehulled using a knife. All samples were collected in petri 
plates and dried at 45 o C till weight remains constant. 

EXTRACTION 

• Powdered sample (5 g) was taken and mixed with 50 ml 70 % aqueous methanol. 2 ml of 1N 
NaOH was added to the mixture and stirred well.  Then it was kept at 75o C for 4 hours.  After 
incubation it was centrifuged at 2000 rpm for 10 minutes.  Supernatant was retained and added 
1 ml of 4N H2SO4.  Centrifugation and acidification was done till all the precipitate was 
removed [Hosseinian and Beta (2009)]. 

ESTIMATION 

UV METHOD:  The extract is directly read at 280 nm in UV absorption spectrophotometer after 1 in 
10 dilution with 70 % aqueous methanol [Li, Yuan et al. (2008)].                 

HPLC METHOD : HPLC was conducted on  RP C18 column by gradient method at 30 O C.  The 
mobile phase consisted of solvent A (0.5 % of acetic acid in water) and solvent B (methanol). The 
methanol was HPLC grade and acetic acid was only analytical grade.  The following linear gradient 
procedure was used:0 20 min, 15 % of B; 20 30 min, 15 28 % of B; 30 40 min, 28 % of B; 40 60 
min, 28 55 % of B; 60 70 min, 55 85 % of B; 70 80 min, 85 % of B; and back to 15 % of B within 1 
min .  The system was equilibrated with 15 % of B for 10 min at the end of each run.  Aliquots of 20 
µl were directly injected into the HPLC system for running.   HPLC of standard SDG was conducted 
first and then the extracted samples.  All injections were repeated three times.Total running time is 93 
minutes.  The chromatographic peaks were measured at a wavelength of 280 nm [Li, Yuan et al. 
(2008)]. 

RESULTS 

Amount of SDG in extracts 

Sample Amount of sdg (mg/100gm) 

Red horse gram 48.5 ±0.34 

Black horse gram 76.5 ±0.34 

Pumpkin seeds 445 ±4.5 

Ash gourd seeds 611 ±4.5 
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Watermelon seeds 696 ±3.4 

 

  Values are averages of 6 estimations ± S.D 

HPLC RESULTS 

HPLC of Standard- Secoisolariciresinol Diglucoside 

 

 

 

 

 

 

 

 

HPLC OF PUMPKIN (Cucurbita pepo) SEED EXTRACT 

 

 

 

 

 

 

HPLC OF ASHGUARD (Benincasa hispida) SEED EXTRACT 
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HPLC OF WATER MELON (Citrullus lanatus var. lanatus) SEED EXTRACT 

 

 

 

 

 

 

 

HPLC OF BLACK HORSEGRAM                       HPLC OF RED HORSEGRAM  

(Macrotyloma uniflorum) EXTRACT                   (Macrotyloma uniflorum) EXTRACT 

 

DISCUSSION 

Results show that the level of SDG in Pumpkin (Cucurbita pepo) seed extract, Ash gourd(Benincasa 

hispida )seed extract and Watermelon (Citrullus lanatus var. lanatus) seed extract were appreciable 
even though it was less than the level in flax seed.  But in the case of two varieties of horse gram, the 
amount was less.  Considering the HPLC results, three seed extracts were given the same retention 
time (RT) as that of the standard, which further proves that the extraction process was complete. But 
the chromatogram of horse gram extracts showed no peak at 69.3 minutes. This may be due to the 
lower levels of SDG in horse gram or interference of other compounds during extraction, which may 
result in the modification of the compound.  So, in the case of horse gram, further investigations are 
required to explore the presence of SDG.   

Since all the three seed extracts shown appreciable level of SDG, inclusion of these seeds in diet will 
be beneficial for human health.  Local people used to consume pumpkin seeds in roasted form.  This 
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kind of dietary practices have to be encouraged.  Such modifications in diet will protect humans from 
oxidative stress, diabetes mellitus, cardiovascular disorders, various forms of cancers, inflammations 
etc.  Further studies are recommended to explore how to include these seeds in dietary preparations for 
the treatment of pre and post menopausal disorders in women. 
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IN VITRO ANTIOXIDANT PROPERTIES AND PRELIMINARY PHYTOCHEMICAL 

SCREENING OF NILANARAKAM  (NAREGAMIA ALATA W&A) 

Vinny K.V, Prameela T. S and Oommen P. Saj* Department of Botany, University College, 
Trivandrum, kerala- 695034, India*sajanmaranad@gmail.com 

ABSTRACT 

The study evaluated the antioxidant potential and phytochemical constituents in the leaf, stem and root 
extracts of nilanarakam  (family :Meliaceae). It is an important traditional medicinal plant being used 
for the treatment of rheumatism, itch, malarial and chronic fevers, anaemia, ulcers, vitiated conditions 
of pitta and vata, halitosis, cough, asthma, splenomegaly, scabies, pruritis, dysentery, dyspepsia and 
catarrh. The plant parts such as leaf, stem and root were extracted with different solvents like 
Petroleum ether, Chloroform, acetone, Methanol, and distilled water using Soxhlet apparatus and these 
extracts were screened for the presence of phytochemicals. Phytochemical analysis conducted on these 
extracts, the methanol extracts showed the maximum amount of bioactive compounds such as 
Terpenoids, alkaloids, flavonoids, Glycosides, Tannin and Coumarin. To evaluate the antioxidant 
abilities of the methanol extracts, five in vitro tests ystems were employed, that is dPPH (1, 1-diphenyl 
-2-picryl hydrazyl) radical scavenging assay, Hydroxyl radical scavenging assay, nitric oxide 
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scavenging assay, Reducing power and Super oxide free radical scavenging activity, with ascorbic 
acid as the standard drug. The methanolic crude extracts of the leaf, stem and roots of the plant at 
concentrations of 12.5, 25, 50, 100 and 200 µg/mL were studied. findings of this study suggests that 
the methanol root extract of nilanarakam showed good antioxidant activity and it may be a good 
source of natural antioxidants and might be useful in treating the diseases associated with oxidative 
stress. 

keywords: Naregamia alata, Phytochemicals, antioxidant assays, ascorbic acid 

INTRODUCTION 

                                  Antioxidants include a variety of phytochemicals they are able of stabilizing or 
deactivating free radicals before they attack cells. Antioxidants are essential for maintaining optimal 
cellular activity, systematic health and well being [Madhavan et al., (2010)]. Naregamia alata  is an 
important traditional  medicinal plant and is commonly known as  Nilanarakam  belongs to the 
family Meliaceae. It is distributed in southern and western India. The plant is claimed to have a 
number of medicinal properties which include alexeteric, antibacterial and antipyretic [Prajapathi et 

al., (2009)]  The root has a pungent aromatic odour, emetic, cholagogue,   expectorant and  used as a 
remedy in acute dysentery, asthma, bronchitis, biliousness, rheumatism, itching and ulcers. Root 
contains an alkaloid Naragamin , and other alkaloids are Hannesane, Sitosterol, Palmitic and Steric 
acid. The present study describes the preliminary phytochemical screening of different extracts of 
Nilanarakam and providing scientific evidence of its antioxidant activity that may account for its use 
in traditional medicine. 

MATERIALS AND METHODS 

Plant materials 

                       Nilanarakam  was collected from Elavoor, Ernakulam district, Kerala. The  plant  was 
identified based on its floral discription given in the literature.   The plant parts such as leaves, stem 
and roots were washed with running tap water and shade dried. The dried material was powdered 
using mechanical method  and stored in the air tight container. 

Extraction of plant material 

                                The powdered plant materials such as leaf, stem and root were subjected to 
successive solvent extraction taking from non-polar to polar solvents like Petroleum ether (PE), 
Chloroform (CH),  Acetone (AC), Methanol (ME), and Distilled water (DW). 50gms of powdered 
plant materials were subjected to soxhlet extraction for 12-16 hrs with 300 ml of the various solvents. 
The extracts obtained were later kept for evaporation to remove the excessive solvents. These extracts 
were stored in a cool dry place for the analysis for the presence of preliminary phytochemicals. 

Preliminary phytochemical analysis 

                              All the plant extracts were screened for the presence of various bioactive 
compounds such as alkaloids, glycosides, tannin, flavonoids,  terpenoids  and phenol by using 
following standard procedures [Harborne, (1998)]. 

Antioxidant Assays:  The methanolic extracts  obtained from the leaf, stem and roots of 
Nilanarakam   were studied for their radical scavenging activity against DPPH (2, 2-Diphenyl -1-
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picryl hydrazyl)  radical scavenging assay [Blois, (1958)],  Hydroxyl radical scavenging assay 
[Halliwell et al., (1987)],  Nitric oxide scavenging assay [Marcocci et al., (1994)],  Reducing power 
[Yen et al., (1993)]  and Super oxide free radical scavenging activity  [Vatsavaya et al., (2014)] with 
ascorbic acid as  the standard drug. The methanolic crude extracts of the leaf, stem and roots of the 
plant at concentrations of 12.5, 25, 50, 100, and 200 µg/mL were studied to know their antioxidant 
potential. 

Calculation 

     % inhibition = 
������������

�������
	× 100 

RESULTS 

                        In Phytochemical analysis of Nilanarakam , highest amount of the phytochemical 
constituents were found in methanolic extract followed by chloroform, distilled water, petroleum ether 
and acetone extract. The main chemical constituents in methanol extracts was alkaloids, steroids, 
terpenoids, flavanoids, glycosides, tannin, coumarin and phenols (Table -1). 

                                 In antioxidant assays, the methanol extract of leaf, stem and root  were also tested 
for its antioxidant activity by DPPH (2, 2-Diphenyl -1-picryl hydrazyl)  radical scavenging assay, 
Hydroxyl radical scavenging, Nitric oxide scavenging, Ferric reducing and  Superoxide scavenging 
assays  with ascorbic acid as the standard. The methanol extract of root was have better scavenging 
activity  assays performed. That is 91.39%, 76.90%, 55.44%, 0.618 and 80% respectively in 200 
µg/mL concentration of plant extracts Table -2 to 6 and Figure- 1 to 5 

 Table-1: Phytochemical analysis of different extracts of  Naregamia alata W&A  

Chemical 
constituents 

Petroleum 
ether extract 

Acetone  

extract 

Chloroform 

extract 

Methanol 

extract 

Distilled 
water extract  

L S R L S R L S R L S R L S R 

Alkaloids - - - - - - - - - + + + + - + 

Steroids  + + + + + + + + + + + + - - + 

Terpenoids + + + + + + + + + + + + - - - 

Saponin - - - - - - - - - - - - - - - 

Flavonoids - - + - - + - - - + + + + - - 

Glycosides - -  - - - - + + - + + - - + 

Tannin - - +  -  - - + + + + + - - 

Coumarin - + + - - - - + + + + + + - - 

Phenol - - - - - - - + + + + + + - - 
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Anthraquinones - - - - - - - - - - - - - - - 

Phlobatannin - - - - - -  - - - - - - - - 

Iridooids - - - - - -  - - - - - - - - 

L- Leaf, S- Stem, R- Root  

(+) Present, (-) Absent 

 

 

 Table-2: DPPH assay on the methanolic  extracts of Naregamia alata W&A  

Sample 
concentration(µg/mL) 

% of Inhibition 

Leaf of 
Naregamia alata 
W&A 

Stem of 
Naregamia alata 
W&A 

Root of 
Naregamia alata 
W&A 

Standard 

(Ascorbic acid) 

12.5 55.48 13.64 70.32 17.84 

25 66.17 37.09 72.10 25.12 

50 67.35 47.18 79.82 32.36 

100 70.02 51.92 82.78 46.85 

200 78.93 66.46 91.39 61.35 

µg/mL- Microgram/Millilitre 

 

Table-3: Hydroxyl radical scavenging assay on the methanolic extracts of Naregamia alata  

W&A 

Sample 
concentration(µg/mL) 

% of Inhibition 

Leaf of 
Naregamia alata 
W&A 

Stem of 
Naregamiaalata 
W&A 

Root of 
Naregamia alata 
W&A 

Standard 

(Ascorbic acid) 

12.5 27.27 25.55 28.50 33.00 

25 29.72 29.85 44.22 37.90 

50 54.05 37.71 51.47 49.34 

100 71.00 38.82 63.39 58.82 

1591

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

200 72.72 59.45 76.90 69.77 

µg/mL- Microgram/Millilitre 

 

Table-4: Nitric oxide scavenging  assay on the methanolic  extracts of Naregamia alataW&A 

Sample 
concentration(µg/mL) 

% of Inhibition 

Leaf of 
Naregamia alata 
W&A 

Stem of 
Naregamia alata 
W&A 

Root of 
Naregamia alata 
W&A 

Standard 

(Ascorbic acid) 

12.5 32.69 30.76 38.14 34.29 

25 41.02 34.61 41.34 38.78 

50 43.91 37.50 46.79 39.42 

100 48.07 46.15 52.56 49.67 

200 51.60 50.64 55.44 58.97 

µg/mL- Microgram/Millilitre 

Table-5: Ferric reducing power  assay on the methanolic  extracts of Naregamia alataW&A 

Sample 
concentration(µg/mL) 

% of Inhibition 

Leaf of 
Naregamia alata 
W&A 

Stem of 
Naregamia alata 
W&A 

Root of 
Naregamia alata 
W&A 

Standard 

(Ascorbic acid) 

12.5 0.198 0.196 0.256 0.26 

25 0.209 0.211 0.263 0.52 

50 0.250 0.269 0.328 0.58 

100 0.349 0.420 0.422 0.66 

200 0.541 0.497 0.618 0.89 

 

µg/mL- Microgram/Millilitre 

Table-6: Super oxide free radical scavenging   assay on the methanolic  extracts of   

              Naregamia alataW&A 

Sample % of Inhibition 
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concentration(µg/mL) Leaf of 
Naregamiaalata 
W&A 

Stem of 
Naregamiaalata 
W&A 

Root of 
Naregamiaalata 
W&A 

Standard 

(Ascorbic acid) 

12.5 43.63 32.77 29.09 41.41 

25 52.72 41.81 58.18 54.54 

50 61.81 47.27 72.72 63.63 

100 67.27 69.09 76.36 72.72 

200 78.18 70.90 80.00 81.81 

µg/mL- Microgram/Millilitre 

Figure-1: DPPH Assay on the methanolic extracts of Naregamia alata W & A 

 

 

 

 

 

 

 

Figure 2: Hydroxyl Radical Scavenging on the menthanolic extract of Naregamia alata W&A 

 

 

 

 

 

 

 

 

Figure -3: 

Nitric Oxide 

scavenging 
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methanolic extract of Naregamia alata W& A 

 

 

 

 

 

 

 

 

 

Figure -4: Ferric reducing power Assay on the methanolic extract of Naregamia alata W & A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure -5: Super oxide Free Radical Scavenging Assay on the methanolic extracts of      

                                                       Naregamaia alata W & A  
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CONCLUSION 

                            The present study explores the quantity of active chemical constituents  present in 
different parts of the plant and it also gives us the basic idea about efficient solvent to be used to 
extract maximum quantity of active ingradients. It can be concluded that the crude methanolic root 
extracts of Naragamia alata possess significant antioxidant activity this might be due to the presence 
of its flavonoid, polyphenolic and other phytochemical constituents. This may be recommended for 
usage in pharmaceutical and nutraceutical industries. 
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EVALUATION OF ANTIMICROBIAL AND ANTIOXIDANT ACTIVITIES OF THE 

BIOLOGICALLY SYNTHESIZED GOLD NANO PARTICLES OF AERVA LANATA, JUSS. 
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ABSTRACT 

The plant extract mediated synthesis of nanoparticles, their pharmacological efficiency and 
exploitation as effective drug delivery mechanism has emerged as an important area of research in 
nanobiotechnology. Gold nanoparticles (aunPs) offer promising therapeutic possibilities due to their 
higher biocompatibility, high surface reactivity and inhibitory activity against a variety of cellular 
disorders. The present study involves the synthesis of gold nanoparticles using leaf extracts of Aerva 
lanata and the evaluation of their antimicrobial effects on Escherichia coli, Staphylococcus aureus and 

Candida albicans. The methodology involves the incubation of leaf extract with auric chloride for the 
preparation of gold nanoparticles which was visually observed by the red brown coloration and further 
confirmed by UV-spectral analysis and SEM. The characterised Gold nanoparticles (aunPs) were 
evaluated for their antimicrobial activity by agar gel diffusion method using various strains of 
microbes and antioxidant activity by dPPH free radical scavenging assay using stabilized Aerva aunPs 
at an absorption max of 517nm. The aunPs were found to be active against Escherichia 

coli,Staphylococcus aureus and Candida albicans. 

INTRODUCTION 

Over the last few years, researchers have been aiming at identifying and validating plant-derived 
substances for the treatment of various diseases. Interestingly it is estimated that more than 25% of the 
modern medicines are directly or indirectly derived from plants. Research is being done all over the 
world to develop environmentally safe, non toxic and economically viable plant based products for the 
remedy of various ailments. The synthetic antimicrobial and antioxidants used in various diseases is 
toxic to living beings and environment. The application of plant mediated biosynthesis of 
nanoparticles has several advantages compared to traditional therapeutic methods.  

There is immense interest in the biomedical applications of nanoparticles (NPs) owing to their size and 
structural similarity to biological molecules. Currently, the chemical methods widely used for NP 
synthesis have associated risks, such as chemical precursor contamination, solvent toxicity, and 
hazardous by product formation, which necessitates alternative synthetic methods. The promising 
alternative of green chemistry  exploits the intricate biological pathways and biological resources of 
living systems, including bacteria, fungi, algae, viruses, plants for the biosynthesis of NPs 
[MubarakAli, et al (2011)]. It has been suggested that to achieve NP synthesis, techniques employing 
natural reagents such as biodegradable polymers, microorganisms, plant extracts, and sugars and 
vitamins as reductants and capping agents would be attractive. Though both plants and microbes are 
used for NP synthesis, plant extracts are preferable because of production advantages such as the lack 
of elaborate culture maintenance and the possibility of large-scale production. Although the role of 
plant phytochemicals in nanostructure formation and causal chemical interactions is debatable, 
phytochemicals have been successfully used for the reduction of metals such as gold, silver, platinum, 
and zinc, and the subsequent synthesis of metallic NPs, which have the ability to fulfill the 
application-oriented demands of biomedicine and industry.A number of living organisms including 
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plant materials are already well- known to elaborate nanostructured composites (Nageswara Rao  and 
Kamalakar (2014)). Gold nanoparticles of different sizes, ranging from 1nm to 8µm and shapes 
including spherical, octahedral, sub-octahedral, decahedral multiple twinned, icosahedral multiple 
twinned, irregular shape, nanotriangles and nanoprisms,tetra hedral, hexagonal platelets and nanorods.  
These biological approaches employing plant extract-mediated NP synthesis are also considered 
creditable alternative tools since they ensure biocompatible, nontoxic, and in vivo-applicable 
nanomaterials (Govindaraju et al  (2010)). Moreover, the demand is increasing for bio-NP production 
via highly stable, eco-friendly processes with no toxic chemicals, even during large-scale 
production. Hence, opportunities are still available for developing large-scale green processes and 
employing natural products in the emerging areas of nanotechnology where NPs have important 
applications.  

Among the NPs exploited, the gold NPs are having prime importance and wide roles in different 
branches of science. The gold nanoparticles are used for the development of biosensors, DNA 
labelling and vapour sensing (MubarakAli et al (2011)). In nanomedicine, gold NPs (AuNPs) are very 
promising because of their unique properties (Burygin, et al (2009)). They exhibit high antimicrobial 
activity against Gram positive and negative bacteria, fungi, protozoa, and certain viruses. Recently, the 
antitumor activity of AuNPs against various cancerous cell lines was also reported.  

Aerva lanata is a plant from the family Amaranthaceae locally known as sirupoolai in tamil. It is 
endowed with chemical components such as flavonoids, alkaloids. Steroids. Polysaccharides, tannins, 
saponins etc (Gajalaksmi, Vijayalakshmi and Devi Rajeswari (2012). The plant has been documented 
earlier for its therapeutic effects in controlling kidney disorders (Annie Shirwaiker, Deepti Issac and 
Malini  (2004). The present study is aimed at exploring the potential anti microbial and anti oxidant 
activity of the synthesised gold nanoparticles of  Aerva lanata. 

MATERIALS AND METHODS 

SYNTHESIS OF GOLD NANO PARTICLES 

The study involves the green synthesis of gold nano particles with extracts of Aerva lanata. These 
particles were screened for the free radical scavenging activity and anti microbial activity. Aerva 

lanata was collected locally and  were washed in running water and blotted dry. The leaves were 
selected and washed thoroughly thrice with distilled water and were shade dried for five days. Dried 
leaves were then powdered using mortar and pestle. The leaf powder was sterilized at 1210C for 15 
min. Twenty grams of fine filtered powder was boiled in 200ml Milli Q water and kept in boiling 
water bath at 600C for 10 minutes and cooled to room temperature. The extract was filtered with 
Whatmann filter paper No1. The filtered extract was stored in sterile vials and kept in refrigerator at 
40C for further studies. 

The bioynthesis of gold nanoparticles were carried out by following the method of MubarakAli et al., 
(2011) with some modifications. 1mM Auric chloride was carefully weighed and added to 180 ml of 
deionised water in 250ml Erlenmeyer flask in dark followed by the addition of 20ml of plant extract. 
The flask was then incubated in rotary shaker at 160 rpm in the dark at room temperature.  The 
reaction was allowed at room temperature for the formation of gold ions. The filtrate of the plant 
extract acts as reducing or capping agent for the AuNPs. 

CHARACTERISATION OF GOLD NANOPARTICLES 
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Characterisation of the encapsulated gold nanoparticles was carried out by UV Visible spectroscopy 
and Scanning Electron Microscopic analysis. Base line correction of the spectrophotometer was 
carried out using a blank reference. The UV- Visible absorption spectra of all the samples 
(concentration) were recorded along with the resulting data recorded in graphical format. SEM was 
adopted to detect the formation of AuNPs. Preparation for SEM was done by the method of Salini and 
Mohankumar (2002). The thin sample film was subjected to SEM (JEOL-JSM6390) images. The 
scanning range of the sample was 300-800 nm. 

 ANTIMICROBIAL ACTIVITY 

It was done by agar well diffusion method. The log phase cultures were spread on nutrient agar 
medium plates using a sterile cotton swab in order to get a uniform microbial growth on test plate. 
Approximately five wells of uniform size were made with a cork borer in each organisms plate and 
control (plant extract alone). 25, 50, 75, 100µl of the encapsulated gold nanoparticles were pipette out 
directly into the wells. The plates were incubated in upright positions at 37  C for 18 to 48 hours.  

ANTIOXIDANT ACTIVITY 

The antioxidant activity of the synthesised gold nanoparticles was determined using the DPPH Free 
radical scavenging assay  of Lee et al., (2003). DPPH solution was prepared in methanol. The 
concentration of the biosynthesized gold nanoparticles extract solution was 100µg/ml. From the stock 
solution, 0.25µl, 0.5µl, 0.75µl and 1µl were taken in four test tubes and the final volume of each test 
tube was made up to 3 µl with methanol. Freshly prepared DPPH solution (0.004% w/v) was added to 
test tubes containing the extract.  After 30 minutes the absorbance was taken at 517nm using a 
spectrophotometer. Ascorbic acid was used as the reference standard and the scavenging activity and 
IC50 values were calculated.  

RESULTS AND CONCLUSIONS 

The formation of AuNPs using extracts of Aerva lanata could be visually observed due to the red 
brown coloration of the sample. It was confirmed by the spectroscopic study. The colour exhibited by 
the nanoparticles was due to the coherent excitation of all the free electrons within the conduction 
band leading to an in- phase oscillation which is known as the Surface Plasmon Resonance.  

   

Figure 1: UV-Vis spectrum analysis. (a) Spectrum of Auric chloride (b) Aerva extract 

 (c) Biosynthesized gold nanoparticles.  
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Fig1a and 1b demonstrate the absorption spectrum of auric chloride and the plant extract respectively 
and there is no characteristic absorption peak in between 500 and 550 nm. Figure 1c shows that the 
formation of encapsulated gold nanoparticles was by the Aerva lanata extract alone. The absorption 
maxima was obtained at 545 nm which indicated the encapsulation of AuNPs. A time scan of 0 to 24 
hours was set to find out the formation of AuNPs. It was found that at 7200 seconds the formation was 
stand still which resulted in a sigmoid curve. Based on the studies of synthesis of gold nanoparticles 
and its biomedical property, it was confirmed with various reports for the appearance of red brown 
colour and the characteristic absorption peak at 545 nm. It has been stated that either through free 
amino groups or cysteine residues, the protein can bind to gold nanoparticles that lead to the 
stabilization of gold nanoparticles that lead to the stabilization of gold nanoparticles by surface bound 
protein (MubarakAli, et al 2011). 

The scanning electron microscopic study was done for detecting the formation of AuNPs. The 
micrograph obtained demonstrates the appearance and distribution of Au NPs at different 
magnifications. Fig 2 depicts clubbed electron microscopic view of gold nano particles as dark bodies. 
The shapes of the nanoparticles observed were approximately spherical and vary in their sizes.  

   

Fig.2. SEM images of gold nanoparticles at different magnifications 

ANTIMICROBIAL EFFECT OF GOLD NANOPARTICLES 

Table 1. demonstrates the result of disc diffusion assay technique and it shows that the gold 
nanoparticles mediated by the extract of Aerva lanata have maximum activity against Staphylococcus 

aureus followed by Escherichia coli. The anti fungal activity is moderate against Candida albicans. 
All concentrations of AuNPs under study showed antimicrobial activity. 

 Zone of inhibition for micro organisms 

Sl No Concentration of 

AuNPs (µg/ml)  

Escherichia 

coli 

Staphylococcus aureus Candida 

albicans 

1 25 4.2±1 4.67 ± 0.57 4.33 ± 1.52 

2 50 7.33±0.57 7.67 ± 1.52 10.3± 1.00 

3 75 12±2.08 15.0 ± 1.73 14.9 ± 1.00 
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4 100 18± 0.00 19.0 ± 3.70 18.0 ± 0.73 

Table 1. Inhibitory effect of AuNPs extract of Aerva lanata against pathogenic organisms 

ANTIOXIDANT ACTIVITY  

 Table 2 illustrates DPPH radical scavenging ability of gold nanoparticles. It was found that the 
significant free radical scavenging activity was noted at 100µl AuNPs. The IC50 inhibition 
concentration at which these was 55% reduction of free radical resulted at 75µl concentration. The 
significant decrease in the concentration of DPPH radical was due to the scavenging ability of gold 
nanoparticles formed by Aerva lanata extract. 

Sl. No Concentration of 

Ascorbate and AuNPs 

(µg/ml)  

Optical density 

of ascorbate 

Optical density 

of AuNPs 

IC50 

1 25 0.332 0.105 22.7% 

2 50 0.699 0.192 50.7% 

3 75 0.747 0.275 62.2% 

4 100 1.090 0.362 72.8% 

Table 2: DPPH radical scavenging ability of gold nanoparticles. 

The present investigation demonstrated the synthesis of encapsulated gold nanoparticles of Aerva 

lanata extract as revealed by the typical features of AuNPs in the range of 540-550 nm in UV- Vis 
spectral analysis. The absorption maxima  of the sample extract was obtained at 545nm. The fine 
structural analysis of the AuNPs under SEM provided sufficient data for its confirmation. The 
enhanced antimicrobial and antioxidant activity of these particles against the clinically isolated 
pathogens suggests the pharmacological significance of these particles and opens a novel target 
specific drug delivery mechanism.  
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ABSTRACT 

 Dementia is a condition of progressive deterioration of intellectual or cognitive function. 
Several factors cause dementia such as excessive alcohol consumption, elevated cholesterol, obesity, 
hypertension, diabetes (treat to avoid frequent hypoglycaemia) etc. Present study investigated the 
effects of ethanolic extract of Boerhavia diffusa (EEbd)in ethanol induced interoceptive dementia rat 
model. Similarly Silver nanoparticles of Boerhavia diffusa (agnPsbd) were biosynthesized and 
characterised analytically by UV, IR, SEM, and dLS. Ethanol (2.5mg/kg,i.p) was given to the male 
Wistar albino rats of ethanol induced model for 15 days. Group1 animals were treated with EEbd 

(300mg/kg,oral) and group 2 was treated with agnPsbd (30 mg/kg,oral). Elevated plus maze and 
Morris water maze were used as exteroceptive models for analysing cognitive performances. dementia 
induced group showed reduced cognitive performance when compared to EEbd treated, agnPsbd 
treated and normal group. It is concluded that the EEbd causes a reduction in transfer latency and 
retention latency when compared to control group (p<0.05) while agnPsbd also possess reduction in 
transfer latency and retention latency. 

keywords: dementia, agnPsbd-Silver nanoparticles of Boerhavia diffusa, Hfd-High fat diet, UV- 
Ultraviolet visible spectroscopy, IR-Infrared spectroscopy, SEM- Scanning Electron Microscopy, 
dLS- dynamic Light Scattering 
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INTRODUCTION 

Dementia is the condition of progressive deterioration of intellectual and cognitive function resulting 
in loss of social independence, usually seen to progress as aging. In dementia, atleast one among the 
functions such as language, decision making, calculation, judgment, spatial orientation and abstract 
reasoning of cortical area may be impaired along with the memory loss. The symptoms progress over 
months to years, and alertness is preserved until the very late stages of disease. Prevalence of overall 
dementia and its subtypes are increasing in India. Several plants were proved for nootropic activity 
such as Bacopa monniera, Celastrus paniculatus, Centella asiatica. As Boerhavia diffusa is a 
traditionally used plant for the treatment of various ailments in traditional health care system and its 
nootropic activity has not yet scientifically proved. In the present study the nootropic activity of 
ethanolic extract of Boerhavia diffusa and biosynthesised silver nanoparticle form of Boerhavia 

diffusa were investigated for its nootropic activity. 

MATERIALS AND METHODS 

Experimental animal   

Healthy male Wistar albino rats (15-200gm) were obtained from the animal house of Dept. of 
Pharmaceutical Sciences, Mahatma Gandhi University, Cheruvandoor, Kottayam. They were housed 
in well ventilated, large spacious hygienic cages under standard animal husbandry conditions (22-
28oC) with relative humidity of (55±5)% and alternate 12hour light-dark cycle. The animals were fed 
with standard food and water ad libitum .All animals were acclimatized to the experimental 
environment prior to study.  

Plant: 

The whole plant of Boerhavia diffusa was collected from nearby places of Changanacherry and 
authenticated by Rojimon Joseph, Asst. Prof Dept. of Botany, CMS College, Kottayam.                     

Drugs and chemicals: 

Ethanol, Silver nitrate (3Mm), Piracetam, Ethanol, Carboxymethyl cellulose (CMC), Distilled water,  

Preparation of Silver nanoparticles of Boerhavia diffusa (Niraimathi et al., 2013) 

Ethanolic extract of B. diffusa is taken in the proportion of 10 ml of the extract (2g) added to 80 ml of 
3mM AgNO3 solution and incubated for 24 h. The solution turned to brown colour indicating the 
formation of AgNPsBD. After that, the solution was centrifuged at 7000rpm for 10 minutes and the 
mixture was collected after discarding the supernatant. The collected AgNPsBD were allowed to dry 
in a watch glass. 

Characterisation of biosynthesized Silver nanoparticles of Boerhavia diffusa   

The optical properties of silver nanoparticles were studied using FTIR (Perkin Elmer Spectrum. 400, 
NY, USA) and UV VIS (UV VIS 1800, Shimadzu Japan) spectral analysis respectively. The 
morphological, structural and chemical composition of Biosynthesized Silver nanoparticles were 
analyzed by employing SEM-EDX (Jeol JSM-3600) equipment. DLS analysis was done by using 
Nano- ZS, Malveren Instrument, Navi  Mumbai. 

Acute oral toxicity study 
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The acute toxicity study was carried out in adult female albino rats by the fixed dose  method of 
OECD Guideline No.420, the fixed dose method as in Annex 2d (OECD., 2000) (Orish etal.,2003). 

Treatment protocol 

Animals were divided into five groups each consists of 6 animals. Normal group were treated casually 
and the control group received Ethanol 2.5mg/kg. Standard group received 50mg/kg Piracetam, 
group1 received EEBD (300mg/kg) and Group2 received AgNPsBD 30mg/kg. (Bidar et al). Animals 
were tested for assessing their memory and learning abilities by using extroceptive models such as 
elevated plus maze (Lister et al., 1987) and Morris water maze (Morris et al.,1982). 

Statistical Analysis 

All results were expressed as mean ± SEM. Data was analyzed by using one way ANOVA followed 
by Tukey s post test by using Graph pad Prism (Version 6.05). The p<0.05 was considered to be 
statistically significant (Pavizvan et al., 2009) 

RESULTS AND CONCLUSION 

The formed silver nanoparticle turned its colour to deep brown, which indicated the formation of silver 
nanoparticle. It showed a plasmone resonance band in UV-Vis spectra at 435nm. FTIR analysis shown 
peeks of OH, aromatic and NO3  group. The SEM analysis revealed the existence of very small and 
uniformly spherical nanoparticles. TEM revealed 129nm as the average particle size; the solution is 
heterogeneous and possesses good stability. In vivo cognitive tests by elevated plus maze and morris 
water maze revealed animals treated with the EEBD and its silver nano form possess significant 
nootropic activity (Table:1). 

The result of present study reveals the nootropic activity of EEBD and AgNPsBD. Study concluded 
that the EEBD causes a reduction in transfer latency in elevated plus maze and retention latency in 
Morris water maze when compared to control group (p<0.05) while AgNPsBD also possess reduction 
in transfer latency and retention latency.   

Table1: Effect of EEBD and AgNPsBD on Elevated plus maze and Actophotometer 

Groups Dose Elevatedpluz 

maze (IR) 

Morris water maze 

(RL) 

Normal 0.5%w/Vcmc 0.02495± 
0.001532 

16.33 ± 1.726 

 

Control Ethanol2.5mg/kg only 0.008667± 
0.0004991 

44.17 ± 4.199 

Piracetam 50mg/kg 0.01647± 
0.001027∗∗∗∗ 

18.50 ± 2.432∗∗∗∗ 

 

EEBD 300mg/kg 0.01512± 

0.0005412∗∗∗ 
21.33 ± 2.362∗∗∗ 
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Fig:1  EEBD and AgNPsBD effect on memory acquisition and memory reduction caused by 

ethanol induction on Morris water maze during 4 day trial. 
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ABSTRACT 

fibrin is a protein formed in blood to protect the body from excessive blood loss. If fibrin accumulates 
along the walls of the blood vessels, it will reduce the blood flow and cause angina, heart attacks or 
stroke. Therefore, thrombolytic agents such as urokinase and a tissue type plasminogen activator that 
can degrade fibrin are used for therapeutic purposes. because of human origin, these activators are 
generally safe but are very expensive. Therefore, microbial fibrinolytic enzymes particularly of food 
origin have generated more medical interest. The present study focused on the isolation and 
purification of fibrinolytic enzymes from the strains Bacillus Subtilis, Bacillus Cereus and Bacillus 
Pumilus which were isolated from food waste accumulated soil of kerala. Presence of fibrinolytic 

enzymes was analyzed by fibrin plate assay and quantified spectrophotometrically by fibrin 
degradation assay. The carbon and nitrogen sources, temperature, incubation time and pH of the 
culture media were optimized. The enzyme was purified by ammonium Sulphate precipitation, dialysis 
and ion exchange chromatography. 

INTRODUCTION  

Intravascular thrombosis or the accumulation of fibrin in blood vessels and in heart chambers are the 
main causes of myocardial infarction and other cardiovascular diseases. Since cardiovascular diseases 
have a major impact on an individual s life style, a tremendous amount of research has been done in 
the area of prevention and the treatment of this disease.  Fibrinolytic enzymes are agents that can 
digest fibrin clots and the most fibrinolytic agents available for clinical use are plasminogen activators 
that include tissue-type plasminogen activator, urokinase and the bacterial plasminogen activator, 
streptokinase. These agents show low specificity to fibrin and are very expensive. They have a very 
short half-life, require large therapeutic doses, show antigenic reactions and have the side effects of 
hemorrhage (Balaraman and Prabakaran, 2007). Therefore, parallel research works focused on the 
isolation of microorganism for producing highly active fibrinolytic enzymes (Chang et al., 2000), and 
the purification and characterization of these enzymes (Kim et al., 1996). In this study, we detail the 
optimization and purification of the fibrinolytic enzyme from the Bacillus species obtained from food 
accumulated soil in Kerala.  

MATERIALS AND METHODS 

Three Bacillus species such as Bacillus Subtilis, Bacillus Cereus and Bacillus Pumilus were screened 
and isolated from the food waste accumulated soil and identified by 16S rRNA gene sequence analysis 
and biochemical tests. The fibrinolytic activity of the species was analyzed qualitatively by fibrin plate 
assay by the modified Chang et al., (2000) method and spectrophotometrically by fibrin degradation 
assay. 

Screening of Fibrinolytic activity by Fibrin Plate Assay:  
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Fibrinolytic activity of the isolates was assayed using the cell-free supernatant of 24 hour bacterial 
cultures. Fibrin plate assay was carried out according to Chang et al., with slight modification. Fibrin 
plates were prepared with 1.2 % agarose containing 0.72% fibrin. 20 µl cell-free supernatant was 
added onto the wells cut out on the petri plates and the diameter of the zone of clearance was 
determined after incubation at 370C overnight.   

Evaluation of fibrinolytic activity by fibrin degradation assay  

First, 0.4 ml fibrinogen solution (0.72 %, w/v) and 1.4 ml Tris HCl (50mM, pH 7.8) were incubated at 
37 °C for 5 min. 100 µl thrombin solution (20 U/mL) was added to the mixture  and allowed to react 
for 10 min at 37ºC for fibrin clot formation. After that, 100 µl of sample (cell-free supernatant) was 
added to the mixture and incubated at 37 ºC for 60 min in a water-bath. 2ml Trichloro acetic acid (0.2 
M) was added to the mixture and kept at 37 ºC for 20 min to stop the reaction. It was then centrifuged 
at 12000 rpm for 5 min and the absorbance of the obtained supernatant was determined at 275 nm and 
named as A1. In another set named A2, 0.2 M Trichloroacetic acid was directly added to the mixture 
obtained after thrombin addition.  Then 100 µL of sample solution was added immediately, stirred for 
5 sec and incubated at 37 ºC for 20 min. After centrifugation, the absorbance was measured at 275nm. 

One fibrinolytic unit (FU) was defined as the amount of NK that released an increase of 0.01/min in 
absorbance at 275 nm. NK activity was calculated using the following formula. 

FU/ml = [(A1-A2)/0.01] × (1/60) × (1/0.1) × d 

Where d- dilution factor  

Optimization of culture conditions for the maximum production of fibrinolytic enzyme     The 
organism was inoculated in different carbon sources and different nitrogen sources. The carbon 
sources used were glucose, xylose, mannose and sucrose and the nitrogen sources studied were 
soyabean meal, peptone, beef extract and yeast extract. In the optimization of nitrogen sources, growth 
was carried out in the Minimal Synthetic Medium containing NaCl (1g/l), MgSO4 (0.1g/l), K2HPO4 
(0.02 g/l) and KH2PO4 (0.01g/l) with 2% sucrose and various nitrogen sources were tested. In the case 
of screening of carbon sources, culture growth was carried out in the same Minimal Synthetic Medium 
with optimum nitrogen source. After incubation, the Fibrinolytic assay was carried out to evaluating 
the fibrinolytic potential of the cell-supernartants. pH (5, 6, 7, 8 and 9), period of incubation (24 hrs, 
48 hrs, 72 hrs and 96 hrs) and temperature (250C, 300C, 350C and 400C) were also optimized in a 
similar manner.  

Plackett-Burman design was used to determine most significant nutritional components affecting 
production of fibrinolytic enzyme. Eleven variables including concentration of Sucrose, Beef Extract, 
NaCl, MgCl2, K2HPO4, KH2PO4, pH, temperature, volume, rotation and incubation time were 
screened. Each variables was examined at high (+) and low (-) levels of concentration and these 
concentrations were selected from the earlier medium optimization study. From the 12 different 
combinations of culture parameters obtained by Response Surface methodology analysis, one with 
maximum fibrinolytic enzyme production was selected for further studies. 

Growth curve of the three bacterial isolates were prepared. The three bacterial strains were cultured in 
a sterile nutrient medium and incubated at 370C for growth. Number of viable bacteria was counted by 
measuring the turbidity of the bacterial culture by using spectrophotometer. A logarithmic growth 
curve was plotted by using these values. 
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Isolation and purification of fibrinolytic enzyme from selected bacterial isolates 

The bacterial strains were inoculated and the media were incubated at 300C for 2days for the 
production of enzyme. Protein precipitation was done with 40, 60 and 80% of ammonium sulphate 
overnight in ice cold condition. The pellet and supernatant was separated at each step and the 
fibrinolytic activity was measured. The pellet with maximum activity was collected by centrifugation 
and dissolved in minimum volume of 50mM Tris hydrochloric acid solution.   

The protein preparation selected after ammonium sulphate precipitation was subjected to dialysis 
against 50mM Tris-HCl (pH 7) for 48 hours in ice cold condition. The buffer was changed every hour 
to avoid equilibration. The cleaned chromatography column was then packed with activated DEAE 
cellulose and the dialyzed enzyme was added on to the column followed by a series elution buffers 
containing 25 mM Tris HCl and increased concentration of NaCl solution. Then the eluants were 
collected. Protein concentration of the purified sample was determined by using the method of 
Bradford (1976).  The molecular weight of the enzyme was determined by Native Page, according to 
Laemmli (1970).  

RESULTS AND DISCUSSION 

Three Bacillus species were isolated from the food waste accumulated soil and identified by 
biochemical methods and 16srRNA analysis as Bacillus Subtilis, B. Cereus and B. Pumilus. First, the 
culture parameter that enables maximum fibrinolytic enzyme production was optimised. The result of 
the optimisation is given in table 1. Of the four Carbon sources, sucrose provided maximum 
fibrinolytic enzyme production. Four kinds of nitrogen sources were examined, among which beef 
extract was found to be the most promising one. The optimum activity of the bacteria with different 
pHs such as 5,6,7,8 and 9 were investigated and B.Cereus and B.Pumilus showed maximum activity at 
pH 7 and S3 showed maximum activity at pH 8. All the strains showed maximum enzyme activity 
after 48 hrs and there was a decline in enzyme activity after 72 and 96 hrs and all the strains showed 
optimum enzyme activity at 300C. The enzyme activity declined after 350C. 

RSM analysis provided 12 different combinations and these combinations were tested for the enzyme 
production. The result is given in table 2. The optimised culture media contained sucrose (1%), NaCl 
(1%), beef extract (1%), MgSO4 (0.01g/ml) and potassium dihidrogen phosphate ((0.01g//ml)). The 
pH was maintained at 7 (Table 2). All the bacterial isolates showed a lag phase in the first few hours. 
They showed maximum growth in the range of 25- 35 hrs. After 35hrs the growth of the organisms 
declined (figure 1).  

  

Fig: 1 Growth curves of the bacterial isolates 
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Isolation of fibrinolytic enzymes: 

  Fibrinolytic enzymes were purified from the selected three strains. Cell-free supernatants from 
the isolates showed maximum fibrinolytic activity in 80% Ammonium Sulphate precipitation. The 
precipitated proteins were further purified by DEAE-Cellulose Ion Exchange Chromatography. The 
enzyme activity and specific activity after each step is given in table 3. Native-PAGE analysis showed 
a very prominent band for all the enzyme at around 29 KD. 

Table 3: Activity  of the isolated enzyme at each purification step 

 Total protein (mg/ml) Total Activity (IU/ml) Specific Activity (IU/mg) 

B.Cereu

s  

B.Subt

ilis 

B.Pum

ilus 

B.Cereu

s  

B.Subt

ilis 

B.Pum

ilus 

B.Cereu

s  

B.Subtil

is 

B.Pumil

us 

Crude 
enzyme 
(Cell free 
supernatant
) 

3.8±0.2 4.6±0.
8 

3.5±0.
7 

447.1±2
.7 

505±3.
6 

426.6±
3.1 

115.66±
2.8 

110.78±
3.4 

119.89± 
2.7 

Ammoniu
m sulphate 
precipitatio
n 

2.4±0.5 1.4±0.
3 

2.5±0.
8 

501.4±2
.5 

552.6±
1.3 

482.5±
2.5 

206.92±
3.8 

391.71±
1.6 

191.76± 
3.2 

chromatogr
aphy 

1.3±0.4 0.9±0.
1 

1.2±0.
5 

568.3±1
.8 

621±2.
1 

593.1±
1.4 

436.51±
2.4 

688.93± 
3.5 

494.25±
3.7 

 

 

Fig: 2. Native PAGE analysis of the purified enzyme- Lane 1, 2 and 3are B. Cereus, B. Subtilis and 

B. Pumilus respectively. Lane 4- Protein Marker. 

DISCUSSION  

Many blood clot-dissolving agents, such as urokinase, streptokinase, and tissue plasminogen activator 
(t-PA) have been used clinically but they are often expensive, thermolabile and can produce 
undesirable side effects (Dubey et al., 2011); which necessitates the search for new fibrinolytic 
enzyme of natural origin. Microbes are considered a good source because of the ease in production as 
well as manipulation that provides fibrinolytic enzymes with desired effects. Among microbes, food 
microbes gained much interest when an enzyme called Nattokinase  was isolated from Japanese 

97.4KD

29K

205 KD 

14.3K
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fermented food Natto  by Sumi et al., (1987). Thereafter, several enzymes had been isolated from 
microbes found in various foods. 

In the present study, three bacterial isolates isolated from food-accumulated soil was selected. The 
strains were identified as Bacillus Cereus, Bacillus subtilis and Bacillus Pumilus. Fibrinolytic activity 
of the isolates was comparable though that from B. subtilis showed slightly higher activity. There are 
lot many reports about the fibrinolytic enzyme production by B. subtilis though this is the first report 
about that isolated from food-accumulated soil. We have come across only one report by Raju et al., 

(2013) about the fibrinolytic enzyme production by B. Cereus. The bacterial strains isolated in this 
study also showed promising fibrinolytic activity; however, it has to be further characterized.  

 The enzyme isolated from the isolates showed high fibrinolytic activity than the commercially 
available streptokinase which was used as the control. Therefore, the fibrinolytic production was 
optimised by altering the culture parameters. 12 different combinations of the studied variables were 
obtained on RSM analysis which was finalised with suitable experiments. This production media was 
further used for the isolation of the analysis. On investigation, the enzyme was found to be a secreted 
protein (data not shown) and therefore, the protein was purified from the cell-free supernatant by 
successive steps of Ammonium sulphate precipitation, dialysis and ion exchange chromatography. The 
specific activity of the enzyme was found to be increased during each purification step and it yielded a 
prominent band on native-PAGE. These enzymes will be further analysed for their efficacy with 
regard to less toxicity, better in vivo action, effect on oral administration etc.  

CONCLUSION: 

The study describes the fibrinolytic enzyme production by three bacterial isolates which were 
identified as Bacillus Cerius, Bacillus Subtilis and Bacillus Pumilus. Plackett-Burman design was 
employed to optimize the medium for fibrinolytic enzyme production. The final composition of the 
optimized medium was as follows: sucrose (1%), NaCl (1%), beef extract (1%), MgSO4 (0.01g/100 
ml) and potassium dihydrogen phosphate (0.01g/100 ml). The enzymes were purified from cell-free 
supernatants. These enzymes from microbes may be potential candidates for the development of 
fibrinolytic agents in clinical practise. 
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ABSTRACT 

Perchlorate is one of the major water contaminant in several parts of the world including kerala. It is a 
serious health hazard to human beings and animals. within human body this compound specifically 
targets thyroid and reports still mounting with regard to its other side effects. Phytoremediation of 
such a compound will be a promising solution and works have been initiated with land plants 
including tree forms. Hydrophytes are considered in the present study by understanding the source of 
contamination that is water bodies. Selected hydrophytes include Pistia stratiotes L., Eichhornia 
crassipes (Mart) Solms, Salvinia molesta (d) Mitch, and Spirodela polyrrhiza (L) Schleid. Screening 

studies showed that Pistia is the only plant showing maximum phytoremediation,which could remove 
26% perchlorate from 1 ppm solution, rest were of least significance. The change in concentration of 
reducing sugar, protein and lipid content in the treated plants substantiated the physiological response 
of these plants to salt stress. The concentration of soluble sugars, protein, and lipids were decreased 
under the influence of perchlorate ions. The amino acid content was found to vary in treated plants. 
Total chlorophyll content showed prominent decrease, while carotenoids a significant increase. The 
activity of antioxidant enzymes like catalase, ascorbate peroxidase, and guaiacol peroxidase was found 
to be tissue specific. Catalase was identified as the significant antioxidant enzyme in Pistia. 
Qualitative analysis of catalase was performed in Pistia. anatomical studies showed 

presence of calcium oxalate crystals. Pistia can be exploited efficiently for the phytoremediation of 
water polluted with perchlorate. 

keywords: Pistia stratiotes L., Perchlorate, Phytoremediation, ascorbate peroxidase, Catalase 
INTRODUCTION 

  Perchlorate contamination of groundwater and soil has become a hot topic. Perchlorate occurs 
both naturally and as a manmade compounds. Perchlorate has wide range of application in explosives, 
chemical industries, munitions, rocket fuels, fertilizers and bulk water treatment chemicals. 
Perchlorate exposure to humans is via contaminated water, foods and vegetables. Perchlorate is known 
to affect bone marrow, muscle and thyroid at high concentration. With this concern it is necessary to 
remove and / or degrade perchlorate from the environment. Remediation technologies used for 
perchlorate removal involves Physical treatment processes- Ion-exchange technology, reverse osmosis 

1610

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

mailto:subr44@gmail.com


 
 

and nanofiltration and Biological degradation technique using reducing bacteria and phytoremediation 
using plants. Present study focuses on the effect of perchlorate ions on four common aquatic 
macrophytes namely Pistia stratiotes L., Eichhornia crassipes (Mart) Solms, Salvinia molesta D. 
Mitch, Spirodela polyrrhiza (L.) Schl.  

MATETIALS AND METHODS 

  Young plants of Pistia, Eichhornia, Salvinia, Spirodela were collected from Veli and Chackai 
regions of Trivandrum district. Experimental setup had four buckets, one control (tap water) and three 
samples (1 ppm perchlorate solution). Hundred grams of plants was added to all four vessels. The 
perchlorate removal was calculated after accounting the water loss from respective vessels for a period 
of 7 days. Perchlorate estimation was done using ion analyzer. On the final day the treated plants were 
weighed to determine any change in biomass.  Total reducing sugar, protein, lipid content, amino acids 
and chlorophyll content were estimated based on the following standard protocols: Total reducing 
sugar -  DNS method (Miller et al., 1959), Total protein - Lowry et al., (1951), Lipid content - Bligh 
and Dyer (1959), Total amino acids - Moore and Stein (1945) and Estimation of chlorophyll a, b and 
carotenoid - Arnon, 1949. 

Catalase (CAT), Guaiacol peroxidase (GPX) and Ascorbate peroxidase (APX) were isolated and 
assayed as per the following standard procedures: CAT was determined according to the method of 
Aebi (1983), GPX as per the procedure of Ingham et al., (1998) and Goliber (1989) and APX activity 
according to the method of Nakano and Asada (1981). Zymogram analysis was performed as per the 
procedure of Christine and Cullen, (2010). SDS-PAGE was performed according to the method of 
Laemmli (1970). The plant parts leaves and roots harvested after 7 days of treatment were preserved in 
FAA (Formalin- Acetic acid- Alcohol). Manual sectioning was done to study the plant material in 
cross sections. The material was stained using safranin and mounted in glycerin and observed under 
microscope.  

RESULTS  

SCREENING EXPERIMENT  

 In response to perchlorate stress, change in biomass was observed in the case Pistia, and 
Spirodela. There is a complete lack of change in biomass of the Eichhornia and Salvinia when 
subjected to 7 days of perchlorate treatment (Fig 1). All the plant samples showed yellowing of shoots 
except Salvinia, which retained the green colour, but with some fading.  

Out of the four plants, only Pistia showed significant amount of perchlorate reduction - 26.18%. Even 
though Spirodela biomass variation was similar to that of Pistia, it resulted in a maximum perchlorate 
ion reduction of 6.26% after seven days of growth in 1 ppm solution. Rest of the plants Eichhornia 

and Salvinia proved to be of low significance in perchlorate removal. 

       C                                 S1                                 S2                                 S3 
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Fig. 1 Screening experiment of Pistia, 

Eichhornia, Spirodela and Salvinia c-

control, s1, s2 and s3 samples 

 Total reducing sugar displayed a decrease in 
concentration in the presence of perchlorate 

Fig. 2 Change in total reducing sugar in the treated 

plants 
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in all the plants (Fig. 2). Decrease in protein concentration with perchlorate treatment was observed in 
the shoots of Pistia, Salvinia, and Eichhornia (Fig. 3). Concentration of lipids decreased in response to 
perchlorate stress (Fig. 4) 

 

 

Concentration of amino acids increased in 
the shoots of Pistia, Salvinia shoots and 
submerged fronds and Spirodela. In 
Eichhornia shoots and Pistia roots a decrease 
in concentration were observed, while no 
change was recorded in the roots of Eichhornia. 
Chlorophyll a and b content decreased in 
all perchlorate treated plants when compared to 
control (Fig 5). 

 

 

 

 

Influence of Perchlorate on antioxidant enzymes 

CAT, POX and APX are antioxidant enzymes which plays a major role in maintaining the intracellular 
concentration of ROS. They counteract the toxicity of ROS, increasing the tolerance to different stress 
factors (Jiang and Zhang, 2002).  

 

Fig. 5 Pigment profile of Chlorophyll a and b in 

treated and normal     plants. 

Fig. 3 Total protein content variations in 

perchlorate treated plants.  

Fig. 4 Total Lipid content variation in 

perchlorate treated plants.  

Fig. 6  Catalase activity profile in the 

normal and    treated plant parts. 
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CAT activity showed significant increase in perchlorate treated plants of Pistia. CAT activity was also 
on the higher side in the perchlorate treated roots of Eichhornia and shoots of Salvinia (Fig. 6). Plants 
used in phytoremediation can mobilize some antioxidative substance such as free proline (Rai et al., 

2004) or catalase (CAT) (Lombardi and Sebastiani, 2005) for detoxification. 

 

GPX activity was highest in the case of Pistia root. Under perchlorate stress GPX activity was found 
to show 

very 

minimal difference in Eichhornia shoots. GPX 
activity was completely absent in the Spirodela plants after perchlorate stress. Not much increase in 
GPX activity in the treated plants indicates the minor role played by GPX towards perchlorate stress 
(Fig. 7). APX activity increased in the Pistia shoots, Eichhornia roots, Salvinia shoots, and submerged 
fronds in comparison to their respective control plant parts. In Spirodela the activity was found to 
decrease significantly. The enzyme activity remained least affected in the roots of Pistia and shoots of 
Eichhornia (Fig. 8). The varying activity of enzymes may be due to the inhibition of  

enzyme synthesis or changes in the assembly of enzyme subunits under stress conditions. It may also 
be associated with degradation caused by induced peroxisomal proteases (Abedi and Pakniyat, 2010). 

Zymogram and SDS PAGE 

Zymogram analysis showed clear zone bands in perchlorate treated Pistia shoots. The clear zone 
supports the prominent increase in CAT activity of Pistia shoots during its biochemical studies. The 
first band is near the stacking gel while the second band corresponds to a very prominent CAT activity 
(Fig 9).  SDS PAGE clearly shows the production of a prominent band after treatment with perchlorate 
ions indicative of its stress related protein production    (Fig. 10). 

Fig. 7 Guaiacol peroxidase activity in 

the normal and treated plant 

Fig. 8 Ascorbate peroxidase activity in the 

normal and treated plant parts.  
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Anatomical studies of Pistia 

Anatomical study conducted in Pistia showed the presence of calcium oxalate crystals, raphides and 
druses (Fig. 11).  

  

 

 

 

 

C.S OF ROOT          RAPHIDES-ROOT          
DRUCES-ROOT          RAPHIDES- LEAF 

Fig. 11 Anatomical study using perchlorate treated and normal Pistia plants 

CONCLUSIONS 

Perchlorate, the dissociated anion of perchlorate salts like ammonium, potassium and sodium 
perchlorate has been recently recognized as a persistent and pervasive contaminant in many parts of 
the world. All the plants were compared with respective control for the morphological, biochemical 

Fig. 9 Zymogram analysing  Fig. 10 SDS PAGE analysis of Pistia Plant 

extract. 
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and salt stress effects after the exposure to perchlorate ions. It was found that Pistia stratiotes L. is the 
most promising candidate for phytoremediation leading to the sustainable utilization of the plant. 
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ABSTRACT 

Seaweeds or macroscopic marine algae are recognized as natural resources of bioactive substances. 
Many of the seaweeds produce secondary metabolites which inhibit the growth of certain bacterial and 
fungal pathogens. Marine algae are widely distributed along the coast of Thirumullavaram, kollam, 
kerala. The present work is an attempt to evaluate the in vitro antibacterial and antifungal activity of 
marine macroalgae Acrosiphonia orientalis, Ulva lactuca and Gracilaria corticata collected from 
Thirumullavaram and thus to identify the algal extracts that can act as antimicrobial agents in 
pharmaceutical industry. The three seaweed species collected from the intertidal zone of 
Thirumullavaram were tested against three pathogenic bacteria and four pathogenic fungal species 
using the disc diffusion method. Methanolic extracts of the seaweeds were screened against the Gram 
negative bacterial pathogens viz., Vibrio parahaemolyticus aTCC 17802, Salmonella enteritidis aTCC 
12022 and Escherichia coli aTCC 25922 and the fungal pathogens viz., Aspergillus flavus MTCC 277, 
A. niger MTCC 281 / aTCC 9029, A. fumigatus MTCC 343 and Penicillium chrysogenum MTCC 160 

/ aTCC 10106. The extract of U. lactuca showed inhibition in the growth of the tested bacteria Vibrio 
parahaemolyticus. The algal extracts were ineffective against the other microbial strains. The study 

reveals that the methanol extracts of green alga Ulva lactuca harvested from Thirumullavaram coast is 
an effective source of natural antibiotics. The structure and nature of the bioactive components 
responsible for the antibacterial activity is to be further investigated. 

Keywords: Ulva lactuca, antimicrobial activity, methanol extracts, bacterial and fungal pathogens. 

INTRODUCTION 

The oceans have enormous biodiversity and potential to provide novel compounds with commercial 
value (Smit, 2004). Marine algae serve as important resources for bioactive natural products. Marine 
macroalgae or seaweeds are primitive non-flowering plants that form one of the important living 
resources of the ocean (Shelar et al., 2012). Macroalgae can be classified as red algae (Rhodophyta), 
brown algae (Phaeophyta) or green algae (Chlorophyta) depending on their nutrient and chemical 
composition (Manivannan et al., 2011).   

Several seaweeds are capable of synthesizing antibacterial or antifungal compounds against 
multiresistant pathogens (Perez et al. 1990). To date, there are quite a lot of reports on antibacterial 
activity of solvent extracts from marine algae (Manivannan et al., 2011). Compounds from seaweeds 
were found to be active against human bacterial pathogens (Kolanjinathan and Stella, 2009), fish 
bacterial pathogens (Bansemir et al., 2006; Kolanjinathan et al., 2009), leaf spot disease of plant 
(Kumar et al., 2008) and marine pathogenic microorganisms (Engel et al., 2006). The production of 
antimicrobial activities was considered to be an indicator of the capacity of seaweeds to synthesize 
bioactive secondary metabolites (González et al., 2001). The production of bioactive metabolites is 
considered to be a response to ecological pressures such as competition, predation deterrence, and 
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reproduction. Such chemicals are often common in sessile eukaryotic organisms like seaweeds (Hay 
and Fenical, 1988). 

The limitations of commercial antimicrobial drugs due to changing patterns of resistance in pathogens 
and side effects they produce necessitate continued research for novel antimicrobial compounds for 
the development of drugs (Kayalvizhi et al., 2012). Natural products are a major resource for drug 
development. Selective utilization of marine algae as potential source of pharmaceutical agents has 
been increasing in recent years (Kolanjinathan et al., 2009). 

The Southwest coast of India is a rich repository of macroalgal vegetation. The Thirumullavaram coast 
of Kollam, Kerala has a rich diversity of seaweeds with an almost unexplored potential to provide 
significant therapeutic and nutritional benefits for humans. The aim of the present study was to 
examine the antibacterial effects of methanol extracts obtained from three marine macroalgal species 
harvested from Thirumullavaram coast, Kollam against the Gram negative bacterial pathogens viz., 
Vibrio parahaemolyticus ATCC 17802, Salmonella enteritidis ATCC 12022 and Escherichia coli 
ATCC 25922 and the fungal pathogens viz., Aspergillus flavus MTCC 277, A. niger MTCC 281 / 
ATCC 9029, A. fumigatus MTCC 343 and Penicillium chrysogenum MTCC 160 / ATCC 10106. 

MATERIALS AND METHODS 

Sample collection 

Marine algae were collected by hand picking from the Thirumullavaram coastal waters, Southwest 
coast of India (8°54' N latitude and 76°33' E longitude) during April 2014. The collected samples were 
cleaned well with seawater to remove all the extraneous matter such as sand, salt, epiphytes and other 
marine organisms. The samples were brought to the laboratory in sterile polythene bags containing 
fresh seawater to prevent evaporation. In the laboratory, the cleaned samples were blotted and spread 
out at room temperature for drying. Shade dried samples were cut into small pieces and stored in the 
refrigerator for further use.  

Sample description 

The taxonomic identification of the collected seaweed species was carried out using standard keys. 
The species used in the present study include two Chlorophyta (Ulva lactuca and Acrosiphonia 
orientalis) and one Rhodophyta (Gracilaria corticata) [Plate  1]. 

Extraction                     

The crude extracts were prepared by solvent extraction method using Soxhlet apparatus. 10 g of dried 
sample of each seaweed species was accurately weighed and extracted using 300ml methanol as 
organic solvent for 8 hours at 65°C (Sreenivasa  Rao and Parekh, 1981). After extraction, the solvent 
was removed, yielding the extracted compound.                     

The concentrated crude extracts thus obtained were numbered in the following order: 

Sample 1495 :  Ulva lactuca 

Sample 1496 :  Gracilaria corticata 

Sample  1497 :  Acrosiphonia orientalis 
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Microbial strains 

In vitro antimicrobial susceptibility tests were performed using the following test organisms: three 
Gram negative bacterial pathogens viz., Vibrio parahaemolyticus ATCC 17802, Salmonella enteritidis 
ATCC 12022 and Escherichia coli ATCC 25922 and four fungal pathogens viz., Aspergillus flavus 
MTCC 277, A. niger MTCC 281 / ATCC 9029, A. fumigatus MTCC 343 and Penicillium 
chrysogenum MTCC 160 / ATCC 10106.  [ATCC: American Type Culture Collection; MTCC: 
Microbial Type Culture Collection and Gene Bank]. These test organisms were collected from the 
Institute of Microbial Technology, Microbial Type Culture Collection Centre (IMTECH), Chandigarh 
obtained through the Cashew Export Promotion Council, Technical Division at Kollam, Kerala. 

Antibacterial assay 

Filter paper disc diffusion technique (Sreenivasa-Rao and Parekh, 1981) was applied for determining 
antibacterial activity. The discs (Hi media sterile 6mm disc) impregnated with the sample (30µl) were 
air dried and then applied using aseptic technique on to the surface of agar medium (Muller Hinton 
Agar, pH 7.3 ± 0.2 at 25 C) previously inoculated with the bacterial strains and incubated at 37 C 
overnight. Inhibition results are expressed as clear halo surrounding each disc on cultivated agar plate. 
The antibacterial activity was assessed by measuring the diameter of the area in which bacterial 
growth was inhibited. The zone showing complete inhibition was measured and the diameter of the 
zones to the nearest millimeter was recorded. Discs soaked in pure solvent, Dimethyl Sulfoxide 
(DMS) were used as control. 

Antifungal assay 

 The fungal cultures were maintained on Sabouraud Dextrose Agar medium. Young fungal 
cultures were incubated for 2-3 days at room temperature and seeded on Sabouraud Dextrose Agar 
plates (SDA) for bioassay by agar disc diffusion method. Whatman No.1 filter paper discs (6mm 
diameter) impregnated with the seaweed sample (30µl) were air dried and then applied on to the agar 
surface of the plates. The treated Petri dishes were incubated at 30 C for 72 hours. The antifungal 
activity was evaluated by measuring the diameter of the inhibition zones around the discs.   

RESULTS  

The methanolic extracts of green alga Ulva lactuca showed inhibition in the growth of the tested 
bacteria Vibrio parahaemolyticus ATCC 17802. The zone of inhibition is measured as 9 mm observed 
against V. parahaemolyticus ATCC 17802 [Fig - 1 & Plate  2]. The algal extracts were ineffective 
against the other two bacterial strains viz., Salmonella enteritidis ATCC 12022 and Escherichia coli 
ATCC 25922 and the fungal pathogens viz., Aspergillus flavus MTCC 277, A. niger MTCC 281 / 
ATCC 9029, A. fumigatus MTCC 343 and Penicillium chrysogenum MTCC 160 / ATCC 10106. 

Plate  1: Seaweeds used for antibacterial assay 
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Plate - 2:  Antimicrobial activity of seaweed extracts 
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Penicillium chrysogenum   

 Fig.1: Activity of Ulva lactuca against the bacterial and fungal pathogens. 

                        

DISCUSSION 

The present work is an attempt at evaluation and comparison of the ability of different seaweed 
species from Thirumullavaram coast, Kollam to produce bioactive compounds of potential therapeutic 
interest. Disc diffusion methods are extensively used to investigate the antimicrobial activity of natural 
substances and plant extracts. Agar disc diffusion methods using different test microorganisms are 
valuable tools for the antimicrobial activity of seaweeds (Kayalvizhi et al., 2012).  

The crude extract of the genus Ulva has been subjected to numerous studies. In the present study, U. 
lactuca showed positive results against the Gram negative bacterial pathogen Vibrio parahaemolyticus. 
Results of previous studies indicate that extracts of the genus Ulva was the most active (Kandhasamy 
and Arunachalam, 2008; Seenivasan et al., 2010). Vallinayagam et al., (2009) reported the 
antibacterial activity of U. lactuca collected from Pudumadam coastal regions against human bacterial 
pathogens viz., Staphylococcus aureus, Shigella dysentriae, Shigella bodii and Pseudomonas 
aeruginosa. However, Perez et al. (1990) observed that the extract of U. lactuca had no antibacterial 
activity.  

The production of antibacterial compounds by U. lactuca against Escherichia coli ATCC 25922 was 
reported by Ibtissam et al., (2009) and Zbakh et al., (2012). However, no activity was observed against 
E. coli in the present study. This variation in activity may be due to several factors such as 
intraspecific variability in the production of secondary metabolites, differences in the capability of the 
extraction protocols and differences in the assay methods that would result in different susceptibilities 
of the target strains.  

0

2

4

6

8

10

INHIBITION
ZONE 

(mm)

MICROBIAL PATHOGENS

1621

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

The results obtained by Vijayabaskar and Shiyamala (2011) revealed that the methanol extract 
possesses a strong antimicrobial activity against both Gram-positive as well as Gram-negative 
bacteria. The positive result yielded in this study utilizing methanol extracts are also in accordance 
with the above findings. Some authors suggest that the Gram-negative bacteria have an outer 
membrane acting as a barrier to many environmental substances, including antibiotics (Tshikalange et 
al., 2005). However, in the present study, the seaweed was active against the Gram-negative bacteria. 

These preliminary investigations show that the seaweed Ulva lactuca from Thirumullavaram coast is a 
potential source of antibacterial compounds. As a follow-up to the present study, the components 
responsible for the antimicrobial activity will be elucidated. Further investigation on the structure and 
nature of these components and its isolation is still required. 
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ABSTRACT 
The Erbb signaling pathway is one of the most intensely studied networks and its success is largely 
due to the fact that there was prolific activity in both experiments and modelling in the last two 
decades. due to limitations of experimentally measurable quantities, models were simple and dealt 
with unit operations like binding, dimerization and trafficking. However, high throughput data 
generating experiments will enable the models to study more reactions and mechanistic details. 
Modelling efforts have been concentrated on the population-based approach where differential 
equations describe changes in molecular concentrations over time in a deterministic manner. We 
propose a particle-based simulation inspired by the agent modeling paradigm where particles (or 
agents) are the bio-molecules dispersed in the cellular compartments. from literature, a mathematical 
model that fits experimental data for receptor activation in cell lines expressing endogenous levels of 
EGfR and varying levels of HER2 was taken which gives estimates of parameter values for 
phosphorylation levels and receptor activation and trafficking rates. These rates are used to drive the 
particle interactions and behaviours over space and time. The in-silico experiments were able to 
quantitatively predict HER dimerization patterns and extent of phosphorylation of EGfR and HER2 
for cell lines expressing different levels of HER2. Particle models offer endless possibilities in 
coupling experiments with simulations leading to better understanding of complex biological 
processes. The software code was developed on a generic agent-based modelling (abM) framework 
developed by our group. 

INTRODUCTION 

Among the most well studied signaling pathways, the ErbB family of receptor tyrosine kinases 
regulates a wide range of biological phenomena, including physiological roles in development and 
maintenance of tissues by generating cell proliferation, adhesion, survival, differentiation and 
migration signals in response to binding of specific ligands and thus stimulating signaling pathways 
like PI3K/Akt, MAPK, Src and STAT [Birtwistle et al.(2007),Hynes et al.(2009)]. The ErbB signaling 
network is characterized by multiple extracellular ligands, four trans-membrane receptors - 
ErbB1(EGFR/HER1), ErbB2(HER2/NEU), ErbB3(HER3) and ErbB4(HER4), cytoplasmic adapters, 
scaffolds, enzymes and small molecules. Signal initiation occurs on ligand binding to the receptor, 
leading to homo or hetrodimerization of receptors, followed by the activation of multiple downstream 
effectors [Bonabeau(2002)] (Figure 1). 
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Figure 1 : Schematic of ErbB Signaling 

The aberrant activity of these receptors, particularly ErbB1 and ErbB2, are also linked to the initiation 
and malignacy of numerous types of human cancers [Lu and Kang (2010), Olayiyoe(2000)]. In this 
paper, we use a particle-based modelling technique popularly known as agent-based modelling (ABM) 
to analyze the ErbB receptor activation and trafficking patterns and validate the results by comparison 
with a mathematical model fitted to experimental data [Shankaran et al.(2008)]. 

Materials and Methods 

The ABM paradigm assumes the system to be comprised of autonomous, interacting agents having 
behaviors usually described by simple rules for interaction with other agents and the environment in 
which they exist. In this way the system can be virtually simulated considering the receptor and ligand 
to be individual agents made to interact in the cell space. In classical mathematical modeling, 
differential equations that represent the changes of a certain quantity as a function of other quantities 
are solved to find the average behavior of the system. In an ABM, rather than abstracting the global 
behavior of a system, bio-molecular particles in the system are modeled and the aggregate behavior 
that emerges is investigated using simulations [Bonabeau (2002)]. ABMs are generally spatial which 
again makes them different from conventional models.  

Model Specification 

The system consists of ligands and receptors which are considered as particles. These agents have 
attributes to define their states and interaction history thereby allowing possibly complex interactions 
between them to be simulated. The ligand can be in free or bound state.  The receptor can be a 
monomer or in dimerized state. They can be in a phosphorylated state. Their behaviours are specified 
by if-then rules. In each time step, the particles interact according to pre-defined rules resulting in new 
states and movement to new locations in the cell. The changes take effect at the end of each time step. 

Compartmentalization 

The agents can be localized into three compartments  outside the cell, plasma membrane (PM), early 
endosome (EE) and late endosome (LE). Outside  compartment refers to the exterior part of the cell 
where the ligand is present. The receptor monomers, dimers and ligand-bound receptors are present at 
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the PM. On internalization, the receptors and ligands move to the EE compartment.  From the early 
endosome, it is assumed that agents exit to be degraded in the LE. 

Ligand-Receptor Binding 

The ligand (EGF) molecules are generally present outside the cell in free state.They are allowed to 
bind with unbound EGFR monomer present at the PM with a probability equal to the EGF binding 
rate. The dissociation probability is used only when the receptor is a monomer and dephosphorylated. 
When ligands bind to the receptor, they move to the PM and on dissociation, they return outside. 
ErbB2 lacks the ability to bind to a specific ligand and is instead activated by binding to other 
receptors in a ligand dependent manner [Yarden(2001)].  

Receptor Dimerization and Trafficking 

In the model, it is assumed that EGFR dimerization occurs only when EGF ligand is bound to the 
EGFR. It can form dimers with EGFR or HER2 forming homodimers and heterodimers respectively. 
On the other hand, HER2, even in the absence of a ligand, can bind either to HER2 monomer or bound 
EGFR making homodimers and heterodimers. On dimerization,the receptor immediately undergoes 
autophosphorylation. Dimerization and phosphorylation occur together only on satisfying the lumped 
probability (rates) of both processes.Once phosphorylated, the partner receptor can undergo 
transphosphorylation with the same phosphorylation probability. If not phosphorylated, they are 
internalised to the early endosome, with an internalization probability where they can be dissociated, 
recycled or degraded. Both monomers and dimers are internalised with different probabilities. HER2 
heterodimers undergo endocytosis at a slower rate when compared to EGFR homodimers. On 
internalization, the HER2-EGFR heterodimers and EGFR homodimers are targeted for recycling or 
degradation [Yarden (2001)].  

Implementation 

The computer program which implements the model is developed using an ABM Framework 
developed at CSIR-NIIST. It provides a user-friendly platform for defining particles and the rules that 
govern their actions. The coding is done in VC.NET running on Windows. 

Initial Conditions 

The assumptions used in the model are same as those of Shankaran et al. [2008]. Initially, all ligands 
are located outside the cell in an unbound state. 52% of EGFR and 55% of HER2 are present on the 
cell surface and the remaining in the endosome. All these receptors are in the free state not bound to 
any ligand. The time step is one minute and the simulations are carried out for 120 minutes. The 
abundance of EGFR and HER2 in the cell line libraries Par (Parental), 17L ,24H and A11H  are 
reduced to one tenth (Table 1) of the original assumption in the experiment as computational time 
complexity increases with the number of particles.  

 

TABLE1 

List of cell lines Abundance of EGFR and HER2 

Notation Description EGFR HER2 
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Par Parental cell line 20000 3000 

17L Low HER2 expresser 18000 11000 

24H Medium Her2 expresser 16000 60000 

A11H High HER2 expresser 30000 150000 

Agent Attributes and Their Rules 

The two types of agents in our model are ligand (EGF) and receptors (ErbB1 and ErbB2). The rules of 
interaction between the agents are summarized in Table2. Random numbers are generated for getting 
probability values. A rule fires if the random number is less than the rate constant of that reaction 
(given in Table3). The rate constants derived from the model are scaled to the number of particles in 
various states (dimerised, internalized, degraded) during the previous time instant. An example rule 
would be: 

If (ligand:free) & (receptor:unbound_monomer)  &  random number < ligand_binding_rate then 

(ligand:bound_to_receptor)  

 

  

Results and Conclusions 
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Figure 2 presents the phosphorylation patterns in two cell lines each of EGFR (a,b: Parental and A11H 
with low and high HER2 expression) and HER2 (c,d: 17L and 24H). Phosphorylation peaks in 10-30 
minutes and increases in higher levels of HER2 expressing cell lines. 
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Figure 2 : Phosphorylation patterns for EGFR (a,b) and HER2 (c,d) for different cell lines. 

It has been shown that by taking cues from molecular-level data, generated by experiments and the 
parameters estimated by mathematical models, particle-based simulations can be powerful tools that 
can augment the existing techniques of simulation. The uniqueness of ABMs is that they handle 
combinatorial complexity by distributed processing of entities and can mimic the signaling events 
between molecules as is it happens inside the cell. They can perform spatial experiments like receptor 
clustering which are not possible using aggregate methods.  Though ABMs can perform multi-scale 
simulations, they have been more successful at coarser scales with individuals-as agents in other 
disciplines and cells-as agents in biology. This is because the number of particles needed for realistic 
simulations is orders of magnitude higher for cellular processes. However, with high performance 
computing becoming available, we predict that experiments coupled with model-based analysis can 

c 

d 
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obtain not only emergent characteristics of networks but also permit more precise quantification of 
signalling outcomes. 
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ABSTRACT 

                 Proteases are an important group of hydrolytic enzymes produced by plants, animals and 
microorganisms. They form a large group of extracellular enzymes, ubiquitous in nature and have 
tremendous applications in various industries like detergent, tanning, leather, food, pharmaceuticals 
etc. Microbial proteases are preferred over plant and animal  proteases because of their novel 
properties and ease in production. Extensive screening of soil samples collected from different parts of  
Kerala done in the Department of Botany, University College, Thiruvananthapuram resulted in the 
selection of ten isolates with good proteolytic activity. Of these one bacterium, Bacillus species SDR-
10 could produce higher levels of protease activity during early hours of growth. The isolation and 
identification of the bacterium, optimization of bacterial cultural conditions for maximum protease 
production, and protease  production under solid state fermentation have been reported earlier. In the 
present study, purification, characterization and applications of the protease are described. Purification 
of protease was carried out by ammonium sulphate precipitation followed by dialysis and 
Chromatography using CM cellulose. The effects of different parameters such as pH, temperature, 
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metal ions and inhibitors on protease activity were evaluated. The enzyme had maximum activity at 
pH 9.5 and at temperature 500C. It showed good stability and activity in the pH range of 8-10 and 
temperature range of 45-550C. The inhibition by EDTA revealed the enzyme to be a metalloprotease. 
The compatibility of the enzyme in the presence of various detergents was also evaluated. The SDS-
PAGE of purified enzyme showed SDR-10 protease to have a molecular weight of approximately 
22kDa. The washing performance studies performed suggested the suitability of the enzyme as a 
detergent additive for  removing the stains from clothes.    

Keywords: Protease, SDS PAGE, Bacillus.sp, Zymogram, Fermentation, Characterization, 
Purification. 

INTRODUCTION 

                   Proteases constitute an important group of extracellular hydrolytic enzymes which have 
various industrial applications. They act upon  native proteins to break them down into small peptides 
and amino acids. Proteases have applications in detergent, food, pharmaceutical, silk and leather 
industries (Gupta et al ., 2002).  

                   Use of plants as a source of proteases is governed by several factors such as the 
availability of land for cultivation and the suitability of climatic conditions for growth. The proteases 
from animal origin like trypsin, chymotrypsin etc. are prepared in pure form in bulk quantities, but 
here the production depends on the availability of livestock for slaughter and governed by agricultural 
policies. Inability of the plant and animal proteases to meet current world demands has led to an 
increased interest in microbial proteases and they provide a better alternative. Microbial proteases 
represent about 60% of all the industrial enzyme s sales in the world (Rao et al ., 1998) of which 
Bacillus proteases are the most important (Shah et al ., 2010).  

                 The isolation and screening of protease producing strains conducted in our laboratory has 
resulted in the selection of few bacterial strains. One of the isolate, SDR-10 produced higher levels of 
protease in a period of 24 hours under submerged fermentation. The bacterium was identified as 
Bacillus species using morphological, biochemical and 16S rRNA sequencing studies. The 
optimization of cultural parameters for protease production from the bacterium has been carried out 
(Dinta et al., 2013) as well as its production under solid state fermentation (Rakhi et al.,  2013).  In the 
present study we report the partial purification, characterization and   application of Bacillus SDR-10 
protease as a detergent additive. 

MATERIALS AND METHODS 

               Bacillus SDR-10, a soil isolate, was grown in 50mL medium having (g/L) casein- 0.5, 
peptone- 0.5,   NaCl- 0.02, CaCl2.H2O- 0.05, KH2PO4- 0.02, MgSO4.7H2O- 0.05  at 120 rpm for a 
period of 24 hours. The cell free culture supernatant served as the crude enzyme source. The protease 
activity was determined by the modified procedure of Tsuchida et al  (1986). One unit enzyme activity 
is defined as the amount of enzyme that releases 1µg of tyrosine per mL per minute under the above 
assay conditions. The soluble protein was estimated according to Lowry et al  (1951) against BSA as 
standard or by measuring the absorbance at 280nm. 

            For purification, (NH4)2SO4 at 10-80% saturation was added to 1000mL of crude enzyme. The 
precipitate was dissolved in 0.1M PO4 buffer at pH 7 and dialyzed against the same buffer overnight. 
The dialysate was subjected to chromatographic separation using CM Cellulose column. SDS-PAGE 
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was performed according to the method of Laemmli (1970). For Zymogram analysis the purified 
protease obtained from column was resolved in 7.5% SDS-PAGE containing 0.1% casein as substrate. 
After electrophoresis, gel was removed, washed in buffer followed by isoamyl alcohol treatment and 
incubated at 400C for 30 minutes followed by staining. Clear zones indicate the presence of protease 
activity. 

             Optimum temperature and pH for enzyme activity was determined by incubating the reaction 
mixture at various temperature (300C- 800C) and pH (5.0-11.0). Thermal stability and pH stability of 
the purified enzyme was monitored by measuring the residual activity after required periods of 
incubation. Effects of metal ions and inhibitors on protease activity were determined. The stability of 
the enzyme in the presence of commercial detergents was also evaluated. Wash performance analysis 
of the protease was studied on white cotton cloth pieces stained with blood. 

RESULTS AND CONCLUSIONS 

            Bacillus SDR-10 produced maximum protease activity at 24 hours of growth. Protease 
production was growth associated which started in the early logarithmic phase and reached the 
maximum after 24 hours. 

                               

                             Fig.1 Fermentation profile of Bacillus SDR-10 

 Purification of protease 

                         The crude enzyme preparation was subjected to ammonium sulphate fractional 
precipitation. The activity could be recovered from the fractions ranging from 10 to 80%. The specific 
activity of the concentrated preparation was 193.42 U/mg protein. Purification fold and yield were 
2.08 and 60.97% respectively. 

                The ammonium sulphate fractions from the previous step were dialyzed overnight and were 
then applied to CM cellulose column. The protease activity occurred within the range of 21st to 30th 
fractions at about 0.05-0.26M  NaCl concentration. The specific activity was 749.41 U/mg proteins 
with purification fold 7.71 while the yield was 23.96%. The pooled fractions were then concentrated 
used for further studies. 
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Fig.2 Purification of Bacillus SDR-10 protease using CM cellulose column chromatography 

Table 1. Purification of proteases from Bacillus SDR-10 

Fraction Total Vol. 

    mL 

Total 

Activity(U) 

Total 
protein(mg) 

Specific  

Activity 

Purification 

fold 

Yield 

(%) 

Crude 1000 134500 1297 96.43 1 100 

(NH4)2SO4 22 82010 424 193.42 2.08 60.97 

CM cellulose 50 32225 43 749.41 7.71 23.96% 

 

 SDS-PAGE 

        The protease present in the crude enzyme, ammonium sulphate fraction and CM cellulose 
fraction were subjected to SDS-PAGE to determine the molecular weight. A prominent band was 
present in all the fractions which is the Bacillus SDR 10 protease. The proteolytic activity of this band 
was then confirmed by zymogram analysis. The molecular weight of SDR-10 protease was found to be 
22kDa by the Line Weaver-Burk plot. 

 

          A             B              C      D                                            B     C     D 
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                    Fig. 3a       Fig.  3b 

  Fig. 3a is the SDS-PAGE of the protease. Line A is the molecular markers of 14.3kDa, 29kVa, 
43kDa and 66kDa. Line B is the crude enzyme, line C is ammonium sulphate fraction and line D is the 
CM cellulose fraction concentrated.  

Fig 3b is the Zymogram pattern of crude, ammonium sulphate fraction and CM cellulose fraction. 
Clear zone in casein impregnated gel in all the three samples are indicated by arrow. 

  

Fig. 4 Molecular weight of standard proteins plotted against the Rf value 

 

Characterization 

Optimum temperature and thermal stability 

       The protease activity was optimum at the temperature of 500C-550C, activity gradually declined at 
higher and lower temperatures. The enzyme was completely stable for two hours up to 500C . Above 
500C a gradual decrease in the activity was observed. 
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Fig.5 Optimum temperature for protease activity  Fig.6 Thermal stability 

Optimum pH and pH stability 

         The optimum pH for protease activity was 9.5 which indicate that the enzyme is an alkaline 

protease (fig.7). The enzyme was stable in the pH range of 8-10 for more than two hours (fig.8) 

 

  Fig7. Optimum pH for enzyme activity          Fig.8 pH stability 

 

Table 2. Effect of metal ions on protease activity 

        Metal ions Residual activity 

5mM 10mM 

Ca 2+ 148+6.5 132+4.0 

Mg2+ 138+6.1 127+4.2 

Na+ 121+3.5 120+4.0 

Mn2+ 79+1.9 68+3.7 

Ba2+ 95+6.2 82+5.4 
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Table 3. Effect of inhibitors on protease activity 

Inhibitor Concentration  Residual activity 

EDTA 5mM 10.1% 

PMSF 5mM 99.8% 

Urea 5mM 51.2% 

 The enzyme was strongly inhibited by EDTA suggesting that it belong to the   class of 
metalloprotease. 

Application studies 

Detergent compatibility of enzyme 

            In order to evaluate the suitability of SDR10 protease as a detergent additive, the compatibility 
of the enzyme was tested in the presence of commercial detergent formulations. 

Table 4. Compatibility of SDR 10 protease in the presence of detergents 

Detergent Residual activity 

Surf excel          100% 

Wheel          13% 

Tide           8% 

Ujala          15% 

Ariel          21% 

Mr. White           7% 

 

Wash performance studies 

                                                                                

 

 

 

Cu2+ 81+4.3 75+5.3 

Fe2+ 126+7.3 67+1.5 

1 2 

3 
1 

6 
5 

4 

2 3 4 

5 
6 
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Fig.9 Blood stained cloth                                 Fig.10 Washing performance evaluation 

1. Stained cloth 

2. Surf excel + stained cloth 

3. Surf excel(heat inactivated) + stained cloth+ 1ml SDR10 protease 

4. Distilled water + stained cloth +1ml SDR10 protease 

5. Distilled water + stained cloth 

6. Surf excel (heat inactivated)+ stained cloth 

 

Enzyme in the presence of heat inactivated detergent was the best in removing the stain. These results 
clearly indicate that the SDR-10 protease is a potent candidate as detergent additive in commercial 
detergent formulations. 
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ABSTRACT 

Sweet potato (Ipomoea batatas (L.) Lam.)  breeding is challenging due to its genetic complexity. The 
use of sweet potato as a raw material for the biofuel and processing industries requires high dry matter 
varieties. In general tuber flesh colour ranges from white, yellow, orange and purple. Sweet potato 
varieties with dark orange flesh have more -carotene and purple flesh has anthocyanin in the tuber. 
Both carotene and anthocyanin act as antioxidants. To understand the nature of tuber flesh colour 
variation in sweet potato, a mapping population consisting of 40 progenies from a cross between ST-
14 (orange fleshed) and S-1 (white fleshed) were analysed for dry matter, starch and -carotene. 
Among the progenies, the -carotene ranged from 1.76 - 7.76 mg/100g FW and the maximum value 
was 7.76 mg/100g FW. The highest dry matter content was recorded in the progeny OW14 (44.8%) 
and the lowest dry matter content in OW48 (18.58%). The starch content accounted variations from 
9.80 to 32.7 per cent among the 40 progenies. From the progenies OW4, OW27, OW37, OW43 and 
OW42 were recorded the high dry matter, -carotene as well as high starch content. The phenotypic of 
the progenies were done based on 1-6 score tuber flesh colour variation. The SSR primers were used 
for genotyping the progenies and the scoring of markers for each of the primer pairs was done using 
Single Dose Restriction Fragment (SDRF) method. Based on Single Marker Analysis (SMA), it has 
been found that the two SSR markers IB255 and GDAAS0062 were found to be associated with -
carotene gene in sweet potato.  

INTRODUCTION 

Sweet potato is one of the valuable crops producing the highest root dry matter content for human 
consumption. Sweet potato is the seventh most important crop in the world with an estimated 124 
million metric tons produced annually [CIP, (2010a)]. According to the Food and Agriculture 
Organization (FAO) statistics, world production of sweet potato in 2013 was more than 110 MT, and 
Asia accounts almost 86% of the world s production. China is the biggest producer of around 79 MT 
from about 3.5 M ha. Indian production is 1.1 MT in an area of 111.8 ha, of which maximum is 
contributed by Odisha. It produces storage roots rich in carbohydrates and -carotene, a precursor of 
vitamin A. Orange-fleshed sweet potatoes (OFSP), in particular, are a very nutritious food, being an 
excellent source of -carotene and vitamin C. 

To understand the genetic nature of the crop and lack of pedigree, molecular markers are very useful 
in genetic studies. Molecular markers have been effective in evaluating genetic variation within 
species, because they are not affected by the environmental conditions in which the plants are 
evaluated. The Randomly Amplified Polymorphic DNA (RAPDs) is one of the simplest to use, 
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because hybridization steps are not required and only a few nanograms of DNA are needed to detect a 
large number of polymorphisms in a short time. Apart from RAPD many other molecular diversity 
studies using different molecular markers are available such as SSR, ISSR and AFLP.  

Microsatellite or simple sequence repeat (SSR) markers exhibit high levels of polymorphism, and 
several such markers have been developed for sweet potato [Buteler et al., (1999)] and used 
successfully for determining the genetic relationship between cultivars derived from hybrid or 
polycross breeding programs and for analyzing the genetic diversity of sweet potato landraces [Veasey 
et al., (2008)]. The molecular markers could be used for identifying the genetic basis of tuber flesh 
colour variation in I. batatas and could be employed for producing hybrid varieties of sweet potato 
which has better quality and marketable tubers with improved nutritive value.  

The markers at DNA level are used to construct the linkage maps, locate the genetic loci on specific 
chromosomes, characterize the germplasm for its genetic diversity and finally to exercise marker 
assisted selection (MAS). Despite its importance, there have been few genetic studies on sweet potato, 
probably due to its self-incompatibility and high level of cross incompatibility, polyploidy level 
(hexaploid), and large chromosome number (2n=6X=90) [Ozias-Akins and Jarret, (1994)]. The 
objective of the study is to understand the genetic nature of tuber flesh colour variation in sweet potato 
mapping population using SSR markers. 

Materials and methods 

Plant Material 

Two accessions were selected for the controlled hybridization between ST-14, an orange fleshed with 
high -carotene (14 mg/100g FW) as female parent and S-1, a white fleshed sweet potato with high 
dry matter content as male parent. F1 mapping population of 200 progenies was developed and among 
them only 40 progenies were used in this study.  

Seed germination 

The hybrid seeds were scarified with concentrated sulphuric acid for 10 minutes and were kept on a 
moist petriplate and allowed for germination. The germinated seeds were planted in the nursery. After 
two months, the seedlings were replanted in the field for further characterization and tuber colour 
studies. 

Phenotyping F1 mapping population 

The F1 mapping population was phenotyped using 1-6 score for the tuber flesh colour variation 
ranging from white to deep orange viz., Score 1- White, Score 2 - Cream, Score 3 - Yellow, Score 4 - 
light orange, Score 5 - Orange and Score 6 - Deep orange. Tuber flesh color measurements were taken 
by measuring the cross-section of the interior of the root.  Estimation of dry matter, starch content and 

-carotene were done using the standard protocol. Determination of Dry matter and starch content 
Sweet potato tubers were freshly harvested and were cut into small pieces. The 50g tuber weight was 
taken and dried in hot air oven at 60°C for 72 hrs with three replications. Dry matter content was 
determined by weighing the initial and final weight, and calculating the percentage of dried weight. 
The same procedures were followed for all the replications.  

Dry matter % = Dry weight/ Fresh weight x 100 
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Starch content was determined based on dry matter content of storage roots. Using a dry weight 
conversion method, dry matter was measured by the percentage of dry weight to the fresh weight of 
harvested storage roots. The conversion formula of the starch content in sweet potato described by 
[Wang, et al., (1989)] is followed, y=0.86945x-6.34587, in which y is the starch content and x is dry 
matter content. 

Estimation of -carotene 

-carotene value was recorded as per the RHS colour chart developed by [Burgos, et al., (2009)] from 
CIP, Lima, Peru. According to this chart, -carotene content varied from 0.0 mg/100g FW to 14.37 
mg/100g FW. 

Genotyping F1 mapping population 

DNA extraction  

DNA was extracted from 100 mg of young leaves from the two parents and from crossed seedlings 
using the CTAB method according to Doyle and Doyle (1990) with minor modifications. DNA 
samples were stored at -20°C and the quality was checked by electrophoresis in 0.8% agarose stained 
with ethidium bromide. 

Simple Sequence Repeat Amplification 

A total of 50 ng of total genomic DNA from each of the samples was used for polymerase chain 
reactions (PCR). A final volume of reaction mixture was 20 l containing 10X buffer, 10mM dNTPs 
each, each 2 M forward primer and reverse primer, 3 U/ l Taq Polymerase, 10 ng/ l DNA, and 
ddH2O was used for the PCR.  

Detection of polymorphism 

Markers that were polymorphic between the parents were scored as 1 (ST-14) or 3 (S-1), depending on 
their presence or absence of parental bands in the progeny. Only 8 polymorphic SSR primers were 
used in this study to screen the 40 progenies. The amplified PCR products were run in 6% 
polyacrylamide gel (Fig. 1). 

 Figure 

1.  

Segregation pattern of the primer GDAAS0062 of F1 progenies in polyacrylamide gel  

 

Single Marker Analysis (SMA) 

The scoring of markers for each of the primer pairs was done using Single Dose Restriction fragment 
(SDRF) method as described by [Wu, et al., (1992)]. SDRF are markers that are present in one parent 
and absent in the other, and are expected to segregate in a 1:1 ratio (absence or presence) in a 
heterozygous population. 

RESULTS  
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Phenotypic Scoring-tuber flesh colour 

Tuber flesh colour variations exhibited by the progenies include white, cream, yellow, light orange, 
orange and deep orange was represented as score 1-6 (Table 1). Among the OFSP progenies, the most 
predominant tuber flesh colour observed was light orange (20%), orange (17.5%) and deep orange 
(2.5%) colour respectively. The forty per cent of the progenies were orange fleshed, yellow (35%), 
cream (15%) and only 10% was constituted by white flesh colour similar to the male parent character. 

 Table 1. Phenotypic Scoring 

 

 

 

 

 

 

Dry matter content 

The dry matter content of the two 
parents was taken along with the 

progenies. It was found that ST-14 was showing dry matter percentage of 26.42 and S1 with 37.97. 
The tuber dry matter content of the progenies was ranged from 18.58% to 44.8%. It was also observed 
that 17 F1 progenies were recorded a dry matter almost similar to the male parent and 13 F1 progenies 
to the female parent respectively. It was noted that 25% F1 progenies were observed dry matter content 
above 37% compared to the male parent.  

Starch content 

The total starch content of the parent includes ST-14 (16.26%) and S-1 (25.82%) and in the progenies 
ranged from 9.80 to 32.7%. Starch content is directly dependent on the dry matter content of the tuber. 
The average starch content in the progenies ranged from 17.72 to 30.47%. Most of the progenies (23) 
recorded above 25%. The maximum starch content was recorded in the progeny OW10 (32.7%) and 
the minimum of 9.80% in OW48. 

-Carotene content 

According to the RHS colour chart of CIP, the female parent, ST-14 recorded 14 mg/100g FW and the 
male parent, S-1 not having the -carotene content. Among the 40 progenies, the -carotene content 
ranged from 1.76 - 7.76 mg/100g FW and in OFSP the minimum and maximum -content was 1.32 
mg/100g FW and 7.76 mg/100g FW respectively. Among the high -carotene clones, the -content 
ranged from 4.92 mg/100g FW in OW22 to 7.76 mg/100g FW in the progenies OW21, OW37, OW42, 
OW47 and OW48 respectively. The rest of the progenies, whose flesh contains various shades from 
white to cream, had a -carotene content that was equivalent to zero.  

Sl. 
No 

Score Tuber flesh 
colour 

No. of 
progenies 

Per cent 

1   Score 1 White 04 10.0 

2 Score 2 Cream 06 15.0 

3 Score 3 Yellow 14 35.0 

4 Score 4 Light orange 08 20.0 

5 Score 5 Orange 07 17.5 

6 Score 6 Deep orange 01 02.5 

1640

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

Among the progenies, OW10, OW14, OW15 and OW20 were recorded high dry matter as well as 
high starch content. The dry matter content is above 40% and starch content is above 30%. Among 
OFSP progenies, OW43 recorded high dry matter content (35%) with high starch (27%). These hybrid 
progenies can be further used for breeding programmes and evaluation trial for release of varieties. 

Single Marker Analysis 

The tuber flesh colour genetics was studied by genotyping the F1 population using eight SSR markers. 
Based on Single Marker Analysis (SMA), two SSR markers Ib255 and GDAAS0062 were found to be 
associated with tuber flesh colour in the mapping population. Ma [2009] observed that the inheritance 
of -carotene is controlled by additive gene effects. The additive gene effects were identified in the 
inheritance of dry matter and -carotene content [Chiona, 2009]. More than five genes were suggested 
to be involved in the -carotene synthesis and in combination with other genes to determine the flesh 
colour of storage roots of sweet potato. Many breeding programmes focus on the development of new 
varieties with enhanced quality such as -carotene, anthocyanin and iron contents, and high yield, dry 
matter and biomass production [Mwanga et al, 2010]. Macharo and Labonte (2010) developed the 
molecular markers associated with -carotene of sweet potato using AFLP markers. 

Table 2. One way ANOVA of F1 progenies associated with -carotene gene 

Sl No. SSR markers F (Calc) P-value F (Critical) 

1 IB255c 4.134 0.048 4.091 

2 GDAAS00622 4.737 0.036 4.149 

 

CONCLUSION 

In the present study, the hybrid clone OW43 exhibit high dry matter and -carotene content with a 
desirable agronomic trait like tuber yield. The carotenoid rich clones also indicate the possibility of 
significantly improving the nutritive value to the consumers whereas storage roots with high dry 
matter are more suitable for secondary processed foods. Orange fleshed progenies with high dry 
matter and starch content can be popularized as an excellent source of -carotene to control Vitamin A 
deficiency which affects millions of children in the developing countries since -carotene is a 
precursor of Vitamin A. 
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ABSTRACT 

Goniozus nephantidis (Hymenoptera: bethylidae) a larval parasitoid of o. arenosella and this study 

revealsmolecular barcoding and phylogeny analysis of G. nephantidis. The adult G. nephantidis gave 
excellent control of larvae of o. arenosella.we have PCR amplified and sequenced partial fragment of 
cytochrome oxidase1 gene of(CoI) of G. nephantidis (kM216267) isolated from keralaand its 
phylogenetic status. In partial CoI dna sequence of G. nephantidis (kM 216267) has is 11.44% 
difference to that of G. jacintae (kf 027190). 

Keywords: opisina arenosella, biological control, parasitoid, Goniozus nephantidis, DNA barcoding, 
phylogeny, cytochrome oxidase 
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INTRODUCTION 

  The family Bethylidae of Hymenoptera consists of about 2200 species belonging to 
subfamilies Pristocerinae, Bethylinae, Mesitiinae and Epyrinae (Gordh and Moczar, 1990).  They are 
parasites of larvae of Coleoptera and Lepidoptera. Among these parasites, Goniozus nephantidis attack 
the larvae of coconut black headed caterpillar, O. arenosella and it is widely used for the biological 
control of this pest. An increase in larval parasitation will reduce the pest population and thereby the 
economic injury level. Insect pest such as O. arenosella can cause extensive damage to coconut 
plantation across the country. This pest population has been shown to progressively diminish through 
natural parasitoid interactions, but difficult to manage with conventional control methods. The biology 
G. nephantidis in India have been discussed extensively by many workers (Rao and Cherian, 1928; 
Dharmaraju, 1963 and Gordh, 1990) and the phylogeny analysis of parasitic pteromalid wasps were 
done by Desjardins et al. (2007). Santhosh and Narendran (2009) proved the parasitizing character of 
Goniozus forster. The genus of G. forster, under subfamily Bethylinae consists of approximately 170 
species worldwide, of which are recorded from Oriental (53 spp.), Neotropical (35), Nearctic (32), 
Palaearctic (28), Afrotropical (12), and Australian (9) regions (Gordh and Moczar, 1990; Gordh and 
Witethom, 1995; Vajarasathira and Lebel, 1997; Santhosh and Narendran, 2009). 
     Molecular phylogenetic analysis became a powerful tool in revelation of the evolution of 
animal species and their diversity (Brown et al., 1979). Molecular barcoding of A. cerana 
demonstrates the efficiency of the mitochondrial COI gene based barcoding in discriminating global 
phylogeographical variants among the Apis species complex (Rukhsana et al., 2014a) and the 
phylogeny of southern house mosquito(Rukhsana et al., 2014b). A study of the genetic diversity of 
parasitic hymenoptera may facilitate their precise identification, determination of interspecies 
relationship and delineating their phylogeny. Here we report the partial DNA sequence of cytochrome 
oxidase I (COI) of G. nephantidis that can be used as molecular barcode of the species and its 
phylogeny analysis.  

MATERIALS AND METHODS 

   G. nephantidis used in the present study was collected from Tirurangadi in Kerala. 
Mitochondrial genomic DNA was extracted from  one of the thoracic legs of the experimental insect, 
G. nephantidis. The tissue was homogenized using a glass pestle and mortar. The genomic DNA in the 
homogenate was extracted using  GeNei Ultrapure Mammalian Genomic DNA Prep Kit in  
accordance to the manufacturer s instructions (Banglore GeNei, Banglore). About 2 ng of genomic 
DNA was amplified for mitochondrial cytochrome oxidase subunit (COI)  gene using  the forward  
primer  with  DNA  sequence 5'-GGTCAACAAATCATAAAGATATTGG -3' and reverse primer 
with DNA sequence 5'- TAAACTTCAGGGTGACCAAAAAATCA -3'. The PCR products were 
resolved on a 1% TAE-agarose gel, stained with ethidium bromide and photographed using a gel 
documentation system. After ascertaining the PCR amplification of the corresponding COI fragment, 
the remaining portion of the PCR product was column purified using Mo Bio Ultraclean PCR Clean-
up Kit (Mo Bio Laboratories, Inc. California) as per the manufacturer s instructions. The purified PCR 
product was sequenced from both ends using the forward and reverse primers used for the PCR using 
Sanger s sequencing method at SciGenom Labs Pvt. Ltd., Cochin. The forward and reverse sequences 
obtained were trimmed for the primer sequences, assembled by using ClustalW and the consensus was 
taken for the analysis. The nucleotide sequence and peptide sequence were searched for its similarity 
using BLAST programme of NCBI (www.ncbi.nlm.nih.gov/) and Inter and intra specific genetic 
diversity were calculated using Kimura 2-parameter model with the pairwise deletion option and the 
difference in the nucleotide in codon usage partial COI sequence of  G. nephantidis was analyzed 
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using MEGA5 software (Tamura et al., 2011). Substitution pattern and rates were estimated under the 
Kimura (1980) 2-parameter model (Kimura, 1980). The evolutionary history was inferred using the 
Neighbor-Joining method (Saitou and Nei, 1987). The evolutionary distances were computed using the 
Maximum Composite Likelihood method (Tamura et al., 2004) and are in the units of the number of 
base substitutions per site. The analysis involved 18 nucleotide sequences. Codon positions included 
were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated.  

RESULTS AND CONCLUSION 

The BLAST search using the sequence revealed that the sequence obtained in this study was novel. 
The average divergence in intragenic comparisons is 11.44%. Partial COI DNA sequence of G. 

nephantidis (KM 216267) is 11.44% difference to that of Goniozus jacintae (KF027190) and 13.47% 
to Goniozus jacintae (KF 027188). The evolutionary divergence of G. nephantidis with various 
Bethylid species is given in Table 1. 

The average nucleotide composition across the species was T=47.4%; A=33.3%; C=12.3%; G=7.0%. 
This results show that analysis based on mitochondrial gene can be useful for unraveling phylogenetic 
relationships in the species G. nephantidis. The percentage of A+T was higher than that of G+C which 
reflected further in the codon usage. The estimated Transition/Transversion bias (R) is 0.64. The 
nucleotide frequencies are A = 25.00%, T/U = 25.00%, C = 25.00%, and G = 25.00%. The maximum 
Log likelihood for this 18 nucleotide sequences is 556.694. The optimal tree with the sum of branch 
length = 1.98684877 is shown. The percentage of replicate trees in which the associate taxa clustered 
together in the bootstrap test (500 replicates) is shown next to the branches (Felsenstein, 1985). The 
tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used 
to infer the phylogenetic tree. The evolutionary history was inferred using the Neighbor-joining 
method using COI partial sequence. The evolutionary history of G. nephantidis was inferred using the 
Neighbor- joining method (Figure 1).   

Table 1: The evolutionary divergence of G. nephantidis with various Bethylid species  

   

Sl. No. Name of species and  GenBank Accession No. % of nucleotide divergence 

 Goniozus nephantidis (KM 216267) 0 

1 Goniozus jacintae (KF 027190) 11.44 

2 Goniozus jacintae (KF 027188) 13.47 

3 Blattidae_sp. (JQ 574571) 13.73 

4 Goniozus_sp. (KF 027184) 17.79 

5 Goniozus_sp. (KF 027186) 17.79 

6 Rhabdepyris_sp. (KF 027194) 20.45 

7 Apenesia_sp. (KF 027181) 20.45 
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8 Sierola_sp. (KF 027199) 23.01 

9 Eupsenella_sp. (KF 027183) 23.30 

10 Odontomachus_meinerti (KC 418719) 23.92 

11 Sclerodermus_niveifemur (KF 027195) 28.52 

12 Camptothlipsis_sp. (JF 271239) 28.52 

13 Neoapenesia_sp. (AB 795312) 31.06 

14 Rhabdepyris_sp. (AJ 514364) 32.09 

15 Cephalonomia_sp. (KF 027182) 35.15 

16 Sclerodermus_harmandi (AB 795306) 40.22 

17 Laelius_sp. (KF 027191) 40.85 

 

 Figure 1: 

Phylogenetic 

status of G. 

nephantidis 

compared with 

closely related 

Bethylid species. 
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ABSTRACT 

 we have investigated the hepatoprotective effect and antioxidant property of aqueous extract 
of Ganoderma applanatum against acetaminophen induced toxicity in mice. acetaminophen (150 mg/ 
kg) was given orally given to the mice followed by Ganoderma administration. The extent of liver 
damage was analysed by blood serum parameter aLT, aST, aLP and Total protein as well as by the 
antioxidant assays such as GSH, GPx ,Sod and Tissue peroxidation by Mda level. The mode of 
prevention by the mushroom extract from the damage induced by aPaP , at molecular level was also 
analysed. The increase in blood serum parameters and Mda levels were significantly reduced with the 
Ganoderma administration. The extract also induced the up-regulation of hepatic antioxidant enzymes. 
Up-regulation of bcl2 and cox2 gene were observed which seems to play an important role in hepato 
protection through regeneration of hepatocytes and by anti inflammatory action induced by aPaP. 

INTRODUCTION 

Acetaminophen is one of the most widely used antipyretic and analagesic. About 90% of a therapeutic 
dose of AAP binds to glucouronic acid or sulfhydryl which is then later excreted in bile while 5-10% 
is metabolized by CYP2E1 the product of this reaction is reactive metabolite, presumably N-acetyl 
para benzoquinone imine (NAPQI), which is detoxified by glutathione (GSH) (1). Acetaminophen is 
safer at therapeutic doses but at higher doses causes depletion of hepatocellular GSH. NAPQI reacts 
with sulfhydryl groups of proteins leading to formation of AAP protein adduct(2). An acute 
acetaminophen overdose can lead to potentially lethal liver and kidney failure in humans and 
experimental animals (3-6). Modern medical science does have, at present a range of therapeutic agent 
that could cure the different liver disorders but have relative side effects making it completely unsafe 
for consumption. The available remedies are from the traditional system of medicine. Mushrooms 
have recently attracted attention as health beneficial food and as essential materials for some critical 
disease remedy.  Mushroom represents a large untapped source of new pharmaceutical product. Out of 
approximately 15,000 known species, 2000 are safe for human consumption while 650 are known for 
their medicinal properties (7). Mushrooms contain a wide variety of bioactive molecules including 
terpenoids, steroids, phenols, nucleotides, the glycoprotein derivatives and polysaccharides. In 
addition to their nutritional value mushrooms are claimed to exhibit antitumour, antiviral, antibiotic, 
anti-inflammatory, hypoglycaemic, hypocholesterolemic and hypotensive activities (7). Ganoderma is 
regarded as panacea for all diseases (8). Ganoderma applanatum is used in traditional folk medicine 
for various ailments. The present study was undertaken to investigate the hepatoprotective role of 
Ganoderma applanatum. 

2. MATERIALS AND METHODS  

 2.1 Chemicals and Reagents 

 All molecular reagents and other chemicals were of analytical grade procured from reputed national 
and International manufacturers. 

2.2 ANIMALS  

  Male Swiss albino mice, 8-10 weeks old weighing 22-25g were selected from inbred group 
maintained under standard condition of temperature (25±5 C) and humidity. Animals were provided 
with food and water ad libitum. All experiments in this study were carried out with prior approval of 
the Institutional Animal Ethics Committee (IAEC) and were conducted strictly adhering to the 
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guidelines of committee for the purpose of control and Supervision of Experiments on Animals 
(CPSCEA) constituted by the Animal Welfare division of Government of India. 

2.3 IDENTIFICATION OF MUSHROOM  

  The fungal fruit body was collected from unknown dead stump, from the Ranni, Pathnamthitta 
district of Kerala, India. The fungus was identified as Ganoderma applanatum species on the basis of 
its macro and micro morphology and also confirmed by Internal Transcribed Spacer (ITS) rDNA 
sequence.  

2.4 PREPARATION OF EXTRACTS 

     The fruiting body of Ganoderma was shadow dried, cut in to small pieces and then powdered using 
blender. About 100g of powdered mushroom was extracted with 50% alcohol for 12 hours at 60 C. 
The extract was sieved and condensed using IKA RV10 rota evaporator and lyophilised at -40 C. 

2.5 PHYTOCHEMICAL SCREENING 

 The Ganoderma applanatum water-alcohol extract (GAWE) was subjected to phytochemical 
screening (9-10) to understand the composition and presence of various secondary metabolites, which 
are responsible for different biological activities. Qualitative analysis of GAWE was done for 
flavanoids, alkaloids, phenols, carbohydrates, tannins and saponins (Table 1). 

Table 1: Preliminary Phyto-chemical studies of mushroom extract 

 

Tests Observations Interference 

Test for alkaloids 

1)Hager s test 

2)Wagner s test 

Positive Alkaloids are present 

Test for flavanoids 

Sodium hydroxide test 

Positive Flavanoids are present 

Test for tannins  

1) Lead acetate test 

2) Ferric Chloride test 

Positive Tannins are present 

Test for Phenol  

1) Folin-ciocalteau method 

Positive Phenol is present 

Test for Saponins 

1) Foaming test 

Positive Saponins are present 
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2.6 FREE RADICAL AND ANTIOXIDANT ACTIVITY 

 The free radical scavenging activity of GAWE was determined by DPPH radical scavenging 
method of Gadow et al., (11) with some modification. While antioxidant activity of GAWE was 
determined using superoxide dismutase assay by Mc Cord and Fredrich (12) with some modification. 

2.7 ASSESSMENT OF HEPATOPROTECTIVE ACTIVITY OF Ganoderma applanatum 

(GAWE) 

     Swiss male albino mice were randomly distributed into five groups with four animals in each group 
and treated as follows Group 1: Normal control (mice were orally administered with water). Group 2:  
Drug Control (mice were orally administered with 500 mg/kg body weight GAWE). Group 3: 
Experimental Control (mice were administered with 150mg/kg body weight acetaminophen. Group 4: 
Acetaminophen 150mg/kg body weight and GAWE 500mg/kg body weight. Group 5: Acetaminophen 
(150mg/kg body weight and GAWE 250mg/kg body weight). GAWE was dissolved in normal water 
and a 250 mg/kg and 500 mg/kg body weight dose was administered orally. The mice were kept for 18 
hour fasting prior to acetaminophen administration followed by GAWE oral administration. After 24 
hours of acetaminophen administration mice were sacrificed. The blood was collected by cardiac 
puncture and serum was separated for the biochemical investigations. The liver was removed for 
various cellular, biochemical and molecular analysis. 

2.7.1 ASSESSMENT OF LIVER MARKERS ENZYMES AND ANTIOXIDANTS 

         Serum biochemical parameters such as glutamate oxaloacetate transaminase (GOT), glutamate 
pyruvate transaminase (GPT) (13) and alkaline phosphatase (ALP) (14) are analysed serum analyser 
(Aggappe ltd). The liver homogenates (10% w/v) prepared in phosphate-buffered saline (PBS 
containing137 mM NaCl, 2.68 mM KCl, 10.14 mM Na2HPO4 and 1.76 mM KH2PO4 in 1000 ml 
distilled water) were used for antioxidant studies such as lipid peroxidation (LPO) (15), superoxide 
dismutase (SOD) (12), glutathione peroxidase (GPx) (16) and reduced glutathione (GSH) (17). 

2.7.2   GENE EXPRESSION STUDIES 

Total RNA was isolated from liver tissues of 3 control group and 2 experiment group of mice using by 
Acid Guanidium Thiocyanate- Phenol-Chloroform Extraction methode (18). The yield of the extracted 
RNA was determined spectrophotometrically by measuring the optical density at 260 nm. The total 
RNA (1.0 g) was reverse transcribed using MMuLV reverse transcriptase (Oigene, Technopark, 
Kerala) to produce cDNAs. Bcl-2, COX2 and GAPDH genes were amplified from the cDNA using 
PCR. Apoptotic gene Bax and Bcl-2 was amplified to determine the mode of death in the hepatocytes, 
COX2 was amplified to understand role of GAWE in inflammation and GAPDH gene was used as a 
house keeping gene. Following amplification, the PCR products were electrophoresed on 1% agarose 
gels and visualized by ethidium bromide (Sigma-Aldrich) staining. 

      RNA was isolated from liver by Acid Guanidium Thiocyanate- Phenol-Chloroform Extraction 
(18). Further the mode of death in the hepatocytes were analysed using apoptotic genes Bax and Bcl-2 
and role of GAWE in inflammation was determined using cycloxygenase 2(COX2). GAPDH was used 
as housekeeping gene.) 

2.8. STATISTICAL ANALYSIS 
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       The result are presented as mean ± SD of the studied group. Statistical analyses of the results were 
performed using ANOVA with Tukey Kramer multiple comparisons test. A level of P  0.001 was 
considered significant. 

3.  RESULTS 

 Total yield of GAWE obtained was 6%. Phytochemical screening of GAWE showed that the aqueous 
extracts of mushroom contained alkaloids, flavanoids, Tannins, phenols, carbohydrates and saponins. 
The stable free radical DPPH with an absorption at 515nm was reduced by extract in a concentration 
dependent manner. The photoillumination of riboflavin solution in the presence of EDTA causes the 
reduction of flavin. It then reoxidizes and simultaneously reduces oxygen to free radical which is 
allowed to react with NBT (Nitro blue tetrazolium). Upon reaction NBT is reduced to chromogen 
blue. SOD in the sample inhibits the chromogen production at 560 nm. The radical inhibition was in 
concentration dependent manner. 

 

 

 

 GSH(nmol/mg 
protein) 

GPx(Unit/mg 
protein) 

MDA(n mol/mg 
protein) 

Control(normal) 54.16±6.33 

 

26.68±1.58 

 

1.54±0.12 

 

Drug control[Ganoderma (500mg/kg)] 61.46±3.81 

 

24.95±1.54 

 

1.68±0.15 

 

Experimental 
control[Acetaminophen(150mg/kg)] 

36.77±3.9 

 

20.4±0.99 

 

2.86±0.39 

 

Acetaminophen+Ganoderma(500mg/kg) 68.12±3.77*** 

 
 

23.7±3.36ns 

 

1.81±0.13*** 

Acetaminophen+Ganoderma(250mg/kg) 49.48±5.57** 23.88±1.99ns 

 

1.99±0.22*** 

 

 

 

 

 

 Table 2 

Effect of administration of the extracts of Ganoderma applanatum on antioxidants levels and 

lipid peroxidation in liver tissue of Swiss albino mice treated with acetaminophen. Values are 

expressed as mean ± SD (n= 4). Data were analyzed using ANOVA with Tukey Kramer 

multiple comparisons test. 

***-P<0.001 when compared to acetaminophen 

Table 3 

Effect of the administration of Ganoderma applanatum extract on serum markers for 

assessing hepatotoxicity in Swiss albino mice. Values are expressedas mean ± SD (n = 

4). Data were analyzed using ANOVA with Tukey Kramer multiple comparisons test. 
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 SGOT(IU/l) SGPT(IU/l) ALP(KA unit) 

Control(normal) 58.21±1.90 

 

54.06±8.0 

 

121.23±.78 

 

Drug control[Ganoderma (500mg/kg)] 59.88±4.24 

 

49.91±7.5 

 

 

160.48±5.3 

 

Experimental control[Acetaminophen(150mg/kg)] 88.95±3.91 

 

92.16±2.77 

 

320.86±6.9 

 

Acetaminophen+Ganoderma(500mg/kg) 57.09±1.08*** 

 

60.5±4.38*** 

 

226.58±1.7*** 

 

Acetaminophen+Ganoderma(250mg/kg) 75.74±5.68** 

 

63.13±6.01*** 

 

226.58±1.7*** 

 

***-P<0.001 when compared to acetaminophen 

 

 

 

 

Gene expression Studies 

 

 

 

Fig3) GAPDH                          Fig4) Bcl2                            Fig5) COX-2    

Lane1: Control                        Lane 1: Control,Lane 8: APAP+250mg/kg  Lane1:  Control           

Lane2: Experimental control   Lane 5: Experimental control      Lane 2: Experimental control 
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extract . 

Fig2: Superoxide dismutase activity 

by Ganoderma applanatum extract 
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Lane 3: APAP+500mg/kg       Lane 6: Drug Control                    Lane 3: APAP+500mg/kg   

Lane 4: APAP+250mg/kg       Lane 7: APAP+500mg/kg            Lane 4: APAP+250mg/kg             

 

Oral administration of acetaminophen (150mg/kg) resulted in acute hepatotoxicity which can be 
observed from serum levels and liver antioxidant levels. (Table 2 and Table 3) while, the significant 
reduction in liver toxicity after the GAWE administration is also revealed by same parameters. 
According to Knight et al., (19), lipid peroxidaton does not seem to relevant mechanism in APAP 
mediated cell injury. But, in our study membrane peroxidation by APAP was elevated while the 
animals administered with GAWE has shown significant reduction in MDA levels. Acetaminophen 
administered mice has shown reduction in the level of antioxidant enzymes like reduced glutathione 
(GSH) and glutathione peroxidase(GPx)  when compared with control untreated while in case of 
GAWE treated mice there was a significant improved level of these enzymes in both 250 mg/kg as 
well as in 500 mg/kg concentration. Injury to the liver whether acute or chronic results in increase in 
blood serum parameters like serum glutamate pyruvate transaminase (SGPT), Serum glutamate 
oxaloacetate transaminase (SGOT) and Alkaline phosphatase (ALP). These serum marker were 
significantly elevated in mice administered with acetaminophen when compared to untreated group. 
Administration of GAWE attenuated liver toxicity caused by acetaminophen overdose. APAP 
mediated cell death in hepatocytes were observed by gene expressions studies. GAPDH 
(Glyceraldehyde 3-phosphate dehydrogenase) was used as housekeeping gene while apoptotic markers 
like Bcl-2 (anti apoptotic) and Bax (apoptotic) were used. In our study, Bax expression was not 
observed while Bcl-2 gene was expressed in all the treatments (depicted in figure 3) In Ganoderma 
administered mice Bcl-2 gene was over expressed. Bcl-2 has demonstrated an ability of playing a role 
antioxidant by blocking the release of cytochrome C (20) or inhibiting the activity of caspase activity 
(21).Furthermore role of inflammatory mediator was studied in APAP mediated hepatotoxicity. 
Cycloxygenase-2 (COX-2) is expressed during inflammation and infection causing production of 
prostaglandins. In acetaminophen administered mice the COX-2 gene was expressed but an over 
expression seems to happen in treatment group indicating the recruitment of more of prostaglandins 
and heat shock proteins to attenuate the liver toxicity (figure 5).    

DISCUSSION 

Ganoderma applanatum is a folk medicine which is used in various ailments including life threatening 
disease like Cancer (22). In the present study, preliminary phytochemical studies of GAWE showed 
that it contain saponins, tannin, carbohydrates, phenol and flavonoids. The presence of these 
constituents were one of the reasons for the potent in vitro free radical scavenging and antioxidant 
activity of GAWE.  The present work also explores the attenuating ability of GAWE against APAP 
mediated hepatotoxicity. Liver is a major metabolic organ affected by various chemicals and toxins 
and liver injuries induced by various hepatotoxins have been recognized as a major toxicological 
problem for years (23, 24). Modern medical science does have, a range of therapeutic agents which 
could effectively cure various disorder but have several side effects making it unsafe many a time. The 
available remedies from the traditional and herbal medicines can circumvent the problem of side effect 
of modern medicines (Andrographis paniculata and Swertia chirayita and Lentinuna edodes). In our 
study, mice were administered with acetaminophen (150 mg/kg) to induce hepatotoxicity. In the 
present study, when acetaminophen (150 mg/kg) was administered it caused liver damage in the mice. 
This is evident from significant elevation of hepatic marker enzymes SGOT, SGPT and ALP. 
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Elevation in serum parameters can be correlated with membrane damage. The reversal of the serum 
enzymes by GAWE could be due to the prevention of the leakage of intracellular enzymes by 
stabilization of the membrane activity. The serum levels of transaminases return to normal with the 
healing of hepatic parenchyma and the regeneration of hepatocytes. High dose of acetaminophen in 
the liver could lead to decreased levels of antioxidant enzymes (GPx and GSH) this indicates the 
induction of hepatotoxicity. However, the administration GAWE raised the levels of antioxidant 
enzymes (GPx and GSH) to normal range. Lipid peroxidation levels increase with acetaminophen 
treatment and it is decreased with the administration mushroom extract. This indicated attenuating 
capability of mushroom extract against membrane peroxidation. Furthermore cell deaths in 
hepatocytes were observed by gene expression studies. The APAP mediated hepatotoxicity has been 
traditionally thought of as a centrilobular necrotic event (25). Other studies have attempted to define 
an apoptotic component to APAP mediated cell death (26, 27). Bcl-2 family of proteins may have 
functional role in the progression of liver damage after APAP over dose (20). Bcl-2 has demonstrated 
an ability of playing a role of antioxidant by blocking the release of Cytochrome c (20) or inhibiting 
caspase activity (21). Apoptosis is regulated by Bax to Bcl-2 ratio. In studies reported hepatotoxicity 
induced by APAP (500-600mg/kg body weight compared to 150mg/kg /body weight in the present 
study). There was high expression of Bcl-2 and a lower level expression of Bax. It was reported that 
translocation of Bax to mitochondria despite the over expression of Bcl-2, this could result in the 
apoptosis in APAP induced hepatotoxicity. In the present study it was observed that the 
acetaminophen treatment can cause increase expression of Bcl-2 but not Bax. The hepatotoxicity 
induced by acetaminophen in the present study can be due to induction of necrosis or by apoptosis 
induced by alternate pathway (Fas ligand) etc. Administering GAWE followed by acetaminophen 
induction result in over expression of Bcl-2 but there was no expression of Bax. There is contradictory 
explanation for the over expression of Bcl-2. However we find mitigation of drug induced 
hepatotoxicity by the mushroom extract as in these antioxidant and biochemical parameter of liver 
function near to normal. Role of inflammatory mediators in APAP mediated hepatotoxicity were 
analysed by cycloxygenase enzyme. COX-2 is widely accepted in the inducible form with a role in 
inflammatory processes (28). In the APAP induced mice COX-2 gene was expressed. Cox expression 
may be correlated with the increased injury. The slight expression can be hypothesized as response of 
inflammation and then later on which may lead to impaired induction of heat shock protein (hsp). 
While in case of GAWE treated mice, the COX-2 gene was comparatively up- regulated and hence can 
be concluded that GAWE is successfully increasing the COX-2 expression which induces Heat shock 
protein which may be effectively reduce the AAP induced liver toxicity by recruiting prostaglandins. 
These findings suggest the hepatoprotective role of Ganoderma applanatum. 

CONCLUSION 

The result of the present study clearly demonstrate that the various biochemical and enzymatic 
changes produced in serum and liver by acute administration of acetaminophen were reversed or 
prevented by the effect of Ganoderma applanatum extract. this shows the usefulness of Ganoderma 
applanatum extract against acute hepatotoxicity due to acetaminophen exposure. 
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TUMOR CURATIVE ROLE OF SYMMETRICAL DIIODINATED SQUARAINE ON SKIN 

CANCER INDUCED MICE 

Soumya M.S. and Annie Abraham* Department of Biochemistry, University of Kerala, 

Karyavattom, Trivandrum, india-695581 

ABSTRACT 

Photosensitive agents and light have been used for medical purposes for a very long time. 
Photodynamic therapy (PdT) involves the delivery of photosensitizers to tumor tissues followed by 
irradiation with light of corresponding wavelength. The present study is focused on the optimization of 
light dose which can effectively induce tumor regression by PdT using Symmmetrical diiodinated 
squaraine, one of the newly developed photosensitizers, on skin tumor models. Skin tumor was 
induced in Swiss albino mice by the topical application of dMba and croton oil. for selecting the dose 
of light for squaraine PdT which can effectively cause tumor regression the parameters like the 
number of tumors per mouse and mean tumor volume were analysed before and after treatment. The 
optimum light dose was found to be 100 j/cm2. The hematological parameters were also analysed in all 
the groups. Significant change was observed in the levels of haematological parameters after squaraine 
PdT. as a whole, the dye selected for our study, Symmmetrical diiodinated squaraine, was found to be 
a promising agent for PdT applications 

1. INTRODUCTION 

Photosensitive agents and light have been used for medical purposes for a very long time. 
Photodynamic therapy (PDT) is gaining acceptance as a technique for cancer treatment in recent years 
(Dougherty et al. 1998; Sharman et al. 1999; Brown et al. 2004). Photodynamic therapy (PDT) 
involves administration of a tumor localizing photosensitizing agent, followed by the activation of the 
agent by light of a specific wavelength. This therapy results in a sequence of photochemical and 
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photobiological processes that cause irreversible photo damage to tumor tissue. Photodynamic therapy 
(PDT) has emerged as an alternative strategy for treating cancer. PDT consists of three main 
components: a photosensitizer, light, and oxygen. PDT takes advantage of an appropriate wavelength 
of light that excites a photosensitizer to its singlet excited state and a subsequent intersystem crossing 
to reach the triplet energy state (Jurranz et al. 2008; Ortel et al. 2009). In the presence of molecular 
oxygen, energy is transferred to relax the excited state of the photosensitizer. This energy transfer in 
turn excites molecular oxygen to form excited, singlet state oxygen. Singlet oxygen induces cell death 
via damaging oxidation or redox-sensitive cellular signaling pathways, thus mediating the effects of 
PDT (Jurranz et al. 2008; Huang et al. 2008). Intriguingly, PDT has also been shown to regulate 
processes beyond tumor cell death including tumor angiogenesis and modulation of the immune 
system (Jurranz et al. 2008; Dolmans et al. 2003; Gollnick et al. 2010; Reddy at al. 2006). Each 
photosensitizer is activated by light of a specific wavelength (Dougherty et al. 1998). This wavelength 
determines how far the light can travel into the body  

(Vrouenraetes et al. 2003). 

An ideal photosensitizer should meet the following criteria that are clinically relevant: a commercially 
available pure chemical, possessing low dark toxicity but strong photocytotoxicity, good selectivity 
towards target cells, long-wavelength absorbing, rapid removal from the body and ease of 
administration through various routes. These criteria provide a general guideline for comparison. 
Although some photosensitizers satisfy all of or some of these criteria, there are currently only a few 
photosensitizers that have received official approval around the world.  However, PDT with the 
currently FDA-approved photosensitizers is not without adverse effects. For example, Photofrin®, the 
first systemic drug approved, is well known for causing an intense inflammatory and necrotic reaction 
at the treated site and prolonged widespread photosensitivity for up to several weeks post-PDT, 
thereby imposing severe limitations on the patient s lifestyle (Dougherty et al. 1990, Moriwaki et al. 
2001). Because of this and other drawbacks of Photofrin®, many additional photosensitizers have 
been synthesized, and a few of them have developed into FDA-approved drugs or are under clinical 
trial. 

The aim of this study was to optimize the light dose and to determine the tumor burden and therapeutic 
efficacy of Symmetrical diiodinated squaraine on skin tumor induced animal models. Skin tumor was 
induced in Swiss albino mice (Male, 20-25g) using DMBA and croton seed oil.  

2. METHODS 

2.1. Skin Tumor-Induction In Mice And Photodynamic Treatment  

Swiss albino mice-Male, 6-8 week old, weighing 20-25g were divided into four groups as: 

Group I - Control 

Group II- DMBA + Croton oil 

Group III- DMBA + Croton oil + Squaraine dye (12.5 mg/kg body wt) 

Group IV- DMBA + Croton oil + Squaraine dye (12.5 mg/kg body wt) + Light treatment  

                         [Animals sacrificed after 2 weeks of light treatment]   
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Skin tumor was induced in the animals of the Groups II, III, and IV using DMBA and croton seed oil 
by the method of Ewing et al. (Ewing et al. 1998).  The body weight of each animal was noted, the 
animals were observed regularly for any lesion and tumor development and papillomas appearing on 
the shaved area of the skin were recorded at weekly intervals.  Tumor promoting activity of DMBA 
and croton oil was evaluated by determining both the proportion of tumor-bearing mice and the 
number of tumors (>2.00 mm in diameter) per mouse.  After the completion of the study period (20 
weeks), the tumor bearing mice of Groups III and IV were given an intraperitoneal injection with the 
dye [dissolved in phosphate buffered saline (PBS), pH 7.4] at a concentration of 12.5mg/kg body 
weight.  The mice were kept in dark for 24 hours after injection to eliminate any possible tissue 
damage due to the exposure to sunlight.  The animals in group IV were divided into different groups 
for optimization of light dose.  In Group IV, the treatment with light was done after 24 hours.  The 
tumor area was then exposed to visible light from a 1000 W halogen lamp, kept at a distance of 33cm 
for different time intervals. 

2.2. PDT application 

Skin tumor-induced Swiss albino mice (Male, 20-25g) were divided into different  groups and 
subjected to photodynamic therapy at different light doses after injecting 12.5mg of the dye /kg body 
weight dissolved in phosphate buffered saline.  The mice were kept in dark for 24 hours after injection 
to eliminate any possible tissue damage due to the exposure to sunlight. Individual light treatment was 
given for each mouse. The grouping of animals is given as follows. 

Group IVa: tumor induced 

Group IVb: tumor induced+dye (12.5mg /kg body weight) + total light dose of 80 J/cm2 

Group IVc: tumor induced+dye (12.5mg /kg body weight) + total light dose of 100 J/cm2       

Group IVd: tumor induced+dye (12.5mg /kg body weight) + total light dose of 120 J/cm2                                                 

Group IVe: tumor induced + total light dose of 80 J/cm2  

GroupIVf: tumor induced + total light dose of 100 J/cm2  

GroupIVg: tumor induced + total light dose of 120 J/cm2 

 The total light dose was adjusted by varying the time duration of illumination. The total light 
doses and the corresponding time required for illumination is given as: 

80 J/cm2 : 1000W halogen lamp kept at a distance of 33cm from the tumor; time of illumination-18 
min*.  

100 J/cm2 : 1000W halogen lamp kept at a distance of 33cm from the tumor; time of illumination-22 
min*.  

120 J/cm2 : 1000W halogen lamp kept at a distance of 33cm from the tumor; time of illumination-26 
min*.  

*The time of illumination for each total light dose was calculated based on the relationship between 
Joules and Watt (W = J/sec) as follows: 
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Distance between lamp (1000W) and the specimen = 33 cm 

Area illuminated by the lamp when placed at 33cm away = 75cm x 175cm (calculated by measuring 
the length and breadth of the illuminated rectangular region when the light source was kept at 33 cm)       
= 13125 cm2  

The dose of light incidenting per cm2= 1000 W / 13125 cm2 = 0.0762W/cm2   
    Required light dose = L  J/cm2 , where L=80,  100 or 120 as the requisition 
may be                        

L J/cm2 = 76.2 x 10-3 W/cm2 x  t  sec, since  W = J/sec; J = W x sec 

Therefore, t = L/0.0762 sec, where L=80, 100 or 120 as the requisition may be.                       

Skin of the mouse except the target tumor was covered with aluminium foil and it was kept in a cooled 
container prior to PDT treatment. The tumor area was then exposed to visible light from a 1000 W 
halogen lamp, kept at a distance of 33cm for different time intervals, corresponding to the different 
total light doses required in each case. A stream of cool air cooled the area under treatment 
continuously.  Two weeks after the treatment, the animals in all the groups were monitored for tumor 
statistics. The effect of Squaraine PDT on hematological parameters were also analysed in the mice of 
all the groups.          

3. RESULTS AND DISCUSSION 

Skin tumor was induced in Swiss albino mice (Male, 20-25g) using DMBA and croton seed oil. In the 
tumor induced groups, lesions were observed in the skin at the 5th week of the experiment.  The lesions 
observed were later developed into tumors.  The appearance of tumor for the first time was noted at 
the 8th week after DMBA application. In the tumor bearing animals treated with DMBA, there was a 
sharp drop in body weight.  This may be due to cancer cachexia.  Cancer cachexia results in 
progressive loss of body weight, which is mainly accounted by wasting of host body compartments 
such as skeletal muscle and adipose tissue.  Weight loss and tissue wasting are observed in cancer 
patients (Khan and Tisdale. 1999). The increase in body weight compared to the cancer induced group 
at two weeks after PDT treatment indicates the counteractive property of the treatment on tumor 
progression. 

3.1. Selection Of Optimal Light Dose And Tumor Regression For Squaraine PDT 

 For selecting the dose of light for squaraine PDT which can effectively cause tumor 
regression, the parameters like the number of tumors per mouse and mean tumor volume were 
analysed before and after treatment. The tumor statistics of different groups of animals were analysed 
and shown in the following table (Table 1). 

Table 1. Effect of PDT on Tumor Statistics 

Paramete

rs 

Group

I  

Group II  Group 

III  

 

Group IV 

IVa IVb IVc IVd IVe IVf IV

g 
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Number 

of tumors 

per 

mouse  

  Nil   5.1±0.40a   5±0.44 a 5.05±0
.41 a 

4.5±0.
45b 

4.1±0.
30c 

4±0.27 

c 
4.98
±.32 a 

4.88±0
.41 a 

4.9
1±0
.53 

a 

Percenta

ge 

Tumor 

incidence  

   Nil      90±2 a      89±5 a  91±1a 85±4 b 82±2 c 81±2 c 89±1 

a 
90±2 a 89±

2 a 

Mean 

tumor 

volume  

   Nil  24.42± 2.12 

a 
23.59±1.1
9 a 

24.11±
0.14 a 

15.32±
3.21 b 

9.24±1
.01 c 

9.01±2
.12 c 

22.2
3±4.
12 a 

23.45±
1.1 a 

23.
15±
3.1
0 a 

Values Are Mean Of Seven Estimations. Comparison Is Between Groups. 

Different Alphabets Indicate Significant Difference at p<0.05 

The tumor statistics of different groups of mice are shown in the table. Tumor incidence was found to 
be decreased significantly in the groups that received the PDT treatment.  These results clearly 
indicate the potency of the symmetrical diiodinated squaraine dye as a novel therapeutic agent against 
skin cancer models. The optimal dose selected is 100 J/cm2 to minimize the thermal effects. 

3.2. Effects of PDT On Haematological Parameters 

  The effect of Squaraine PDT on hematological parameters were analysed in all the groups and 
the results  are shown in the Table 2. 

Table 2. Effects Of  PDT On Haematological Parameters 

Groups  Hb  Total 

WBC/mm3  

RBC X 10
6
  PCV/dl  ESR  

I  12.1±0.13a  4600±34.02a  7.74±0.04a  40.6±0.22a  5±0.07a  

II  9.7±0.11b  5160±34.77b  6.34±0.03b  36.8±0.07b  2±0.05b  

III  9.8±0.11b  5220±35.52b  6.51±0.03c  37.0±0.07b  2±0.05b  

IVc  10.9±0.11c  4790±34.02c  6.871±0.03d  38.7±0.08c  3±0.06c  

Values are mean of six estimations. Comparison is between groups. 

Different alphabets indicate significant difference at p<0.05 

In the tumor induced mice, the hematological parameters showed significant alterations from the 
normal animals. The values reverted to the near normal levels two weeks after PDT. In cancer 
chemotherapy the major problem are myelosuppression and anemia. The anemia encountered in tumor 
bearing mice is mainly due to reduction in RBC or hemoglobin percentage and this may occur either 
due to iron deficiency or due to hemolytic or myelopathic conditions. The PDT treatment induced 
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significant changes in the levels of the parameters compared to mice without treatment. This indicates 
the therapeutic action of Squaraine on the heamato-poietic system. 

CONCLUSIONS 

From the present study, it can be concluded that the dye selected for our study, Symmetrical 
diiodinated squaraine, possesses photodynamic therapeutic efficacy. 
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ABSTRACT 

 Odoiporus longicollis is the major monophagous pest of banana. It lays eggs inside the air 
sheath of pseudostem and all developmental stages inhabits in pseudostem. The pest control strategies 
by using botanical products are less cost effective and ecofriendly. The main objective of this study 
was to evaluate the effect of five leaf powders such as Lantana camara, Clerodendron infortunatum, 
Clerodendron paniculatum, Cassia alata and Synedrella nodiflora on the first instar larvae of 
odoiporus longicollis. adult weevils were collected from the field and reared under laboratory 
conditions. first instar larvae were collected from hatched eggs. The results showed Clerodendron 

infortunatum to be more effective followed by Lantana camara, Cassia alata, Clerodendron 

paniculatum and Synedrella nodiflora. from the study it may be concluded that, all of these plants 
selected can be used for the control of odoiporus longicollis. 

INTRODUCTION 

The banana pseudostem weevil, Odoiporus longicollis (Coleoptera) is the most widespread and 
dreadful pest of banana. It infests the pseudostem of banana and makes major losses on the plant and 
its yield. It has a long life span of about one year, and is estimated that it causes 10-90% economic loss 
(Padmanaban and Sathiamoorthy, 2001). The yellowish white eggs are seen in the air chambers of 
outer pseudostem. All the five instars, pre-pupa, pupa and adults are inhabited in the pseudostem 
(Thippaith et al., 2011). The incubation period is about 5-8 days and first instar lasts about 2-3 days. 

Farmers use various pest control measures and practices but most of them have not been evaluated for 
their potential integration (Karamura and Gold, 2000). Also, a large class of pesticides are non-
degradable and pollutes the environment. Plant products are safer; and have broad spectrum of action 
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(Solsoloy and Solsoloy, 1995: Talukadar and Howse, 1995). Besides this, synthetic insecticides kill 
non- target organisms and shows biomagnification in the food chain (Upadhyay et al., 2011). 

  Many plants and plant products possess biocidal activity. Lantana camara is a very popular 
ornamental plant (Ghizalberti, 2000) with medicinal and insecticidal property. It is used as the drug for 
the treatment of cold, fever, rheumatism, asthma, blood pressure and even for cancer and tumours 
(Rose, 1999). Insecticidal properties of Lantana have also been reported on Sitophilus spp. on 
Trilobium castaneum (Mohamed and Abdelgaleil, 2008), and on Callosbruchus maculates (Sohani et 

al., 2012) etc. 

Likewise, Clerodendron infortunatum has insecticidal property against various pests including Oryctes 

rhinoceros Linn. (Chandrika and Nair, 2000; Sreelatha and Geetha, 2010). In traditional medicinal 
system including Ayurveda and Siddha, C. infortunatum is considered as the best drug for various 
diseases. 

Cassia alata is famous for the treatment of skin diseases and possess insecticidal activity (Upadhyay 
et al., 2011). C. paniculatum is another plant with insecticidal property, but it is least studied. 
Synedrella nodiflora Gaertn belonging to the family of Compositae is a medicine for sore rheumatism. 
It was reported that, it has insecticidal activity against Spodoptera litura (Rathi and Gopalakrishnan, 
2005). 

The present study is an attempt to investigate the bioactivity of five plants namely Lantana camara, 

Clerodendron infortunatum, Cassia alata, Clerodendron paniculatum, and Synedrella nodiflora 
against the first instar larvae of Odoiporus longicollis Olivier (Coleoptera). 

MATERIALS AND METHODS 

Insect culture 

Adult insects of Odoiporus longicollis were collected from the banana plantations at Kadakkal in 
Kollam district, Kerala. The weevils were reared in plastic containers (50cmx30cm) with pseudostem 
pieces (30cmx20cm). Eggs containing pseudostem were collected and kept in separate plastic 
containers. Newly hatched first instar grubs were transferred to separate plastic containers with fresh 
strips of pseudostem (2g/ larva). Fresh pseudostem was provided every third day. The experiment was 
conducted using eight insects each in the control and treated cultures. Each experiment was carried out 
in five replicates. 

Leaves of Lantana camara, Clerodendron infortunatum, Cassia alata, Clerodendron paniculatum and 

Synedrella nodiflora were collected from Kadakkal, Kollam district, Kerala. The leaves were washed 
thoroughly in distilled water and shade dried for about two weeks. The dried leaves were then crushed 
with the help of simple grinder and sieved well. The fine powder was collected and store separately for 
future use. 

Treatment of insects 

The first instar larvae were selected for the experiment and provided pseudostem strips of weight 2g/ 
larva as food. The plant powders with the dose of 2% (0.04g/larva). 4% (0.08g/larva), 6% 
(0.12g/larva), 8% (0.16g/larva) and 10% (0.20g/larva) were spread on the strips. Insects in cultures 
without plant powders were used as control group. The pseudostem was replaced on the third day. 
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Daily observations were made on the development of grubs. Finally mortality and weight in gain were 
recorded. 

Statistical analysis 

The mortality was calculated using Abbott s correction formula for natural mortality (Abbott, 1925) 
and represented the data in bar diagrams. 

RESULTS AND DISCUSSION 

  The results show that the plant powders of C. Infortunatum, L. camara, C. alata. C. 

paniculatum and S. nodiflora can induce larval mortality in a dose of dependent manner. The 
larvicidal mortality was highest in C. infortunatum. It shows 20%, 47. 5%, 67.5%, 85% and 100% 
mortality with respect to the dose of 2%, 4%, 6%, 8% and 10%. The plant L. camara shows 17.5%, 
32.5%, 55%, 80% and 92.5% mortality with the same doses. As the same time, Cassia alata exhibits 
12.5%, 27.5%, 47.5%, 75% and 85% mortality while C. paniculatum showed 7.5%, 22.5%. 37.5%, 
70% and 80% mortality in the same doses. Compared with these plants S. nodiflora showed low 
activity, the mortality 5%, 15%, 32.5%, 60% and 70% at the same doses(Table 1 & Figure 1).  

Weight gain in the grubs both in control and treated, also showed a decline in the treated grubs when 
compared to control (Table 1; Fig 1) C. Infortunatum treated grubs gained least weight and ate least 
amount of food compare with others. L. camara is secondly most effective, followed by Cassia alata 

and c. paniculatum. S. nodiflora treated grubs ate more food than others. This means that, it is less 
deterrent and less effective among the five plants.
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Table1. Weight gain of O. longicollis first instar larvae at various doses 

 

Fig1. Percentage of mortality of O. longicollis first instar larvae in various plant powdersThese 
findings supports from the report of Irulandi et al. (2012) who stated that, Azadirachtin  10000 ppm 
@2ML/plant (70.05%) is more effective than the application of a fungal pathogen Beauveria bassiana. 
Like that Sivasubramanian et al. (2009) stated that the stem injection of Neem azal in water (4:4 ratio) 
was found to be effective in the management of pseudostem weevil in banana. 

There is no study was previously reported on the effect of C. infortunatum,, L. camara, C. 

paniculatum,C. alata and S. nodiflora on Odoiporus longicollis. Sreelatha and Geetha (2011) revealed 
that Clerodendron  spp especially C. infortunatum may disintegrate the cell membranes and nucleus 
and shrunken the fat body of Oryctes rhinoceros. Some physiological changes may be happens here, 
such as shrinkage and disintegration of cells and membranes may be leads to the mortality of grubs. 
Also, L .camara contains higher concentrations of sesquiterpenes mainly -humelene, Cis-
caryophyllene, germacrene D and bicyclogermacrene (Sohani et al., 2012). Because of these active 
compounds, L. camara possess repellent and insecticidal activity. Cassia alata has the property to 
inhibit oxygen consumption and chemical pathways that may leads to the formation of abnormal state 
in the insects and make insects unable to survive (Upadhyay et al., 2011). Phytochemistry of S. 
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nodiflora showed that, the secondary metabolites such as phenolic compounds, triterpenoides, 
alkaloids, saponins, tannins, aromatic acids etc.have a wide range of biological activities (Rathi and 
Gopalakrishnan, 2005). The phenolic compounds decrease the biological activities of larva (Tripathi 
and Rathore, 2001). In all of mentioned studies, the experimental plants showed considerable repellent 
activity and mortality. 

CONCLUSIONS 

The results of the study indicate that the biological compounds and metabolites present in C. 

infortunatum, L. camara, C. alata, C. paniculatum and S. nodiflora are effective in the control of 
Odoiporus longicollis. Among this, C. infortunatum is more effective and followed by L. camara, C. 

alata, C. paniculatum, and S. nodiflora. 
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ABSTRACT: 

 Culex quinquefaciatus is the vector of filarial and dengue respectively. It is a predominant house- 
reaching mosquito in many tropical countries and breeds in polluted waters. Lymphatic filariasis is 
probably the fastest spreading insect- borne disease of man in the tropics, affecting about 146 million 
people. The continuous use of synthetic insecticides causes side effects to non-target organisms and 
insecticide resistance against mosquitoes. naturally-occurring phytocompounds that are rich sources of 
bioactive chemicals appear to be the most likely candidates for the environmentally safe and 
degradable products targeted specifically against mosquitoes. Hyptis suaveolens the plant possesses 
antispasmodic, antirheumatic, anti-inflammatory, antifertility, antiseptic, antiparasitic, antifungal, 
anticancer, antibacterial, antioxidant and antimicrobial properties. The plant gained increasing 
attention when it exhibited insecticidal properties. Hyptis suaveolens extracts were evaluated for 
larvicidal, adult emergence inhibition against vector mosquito Culex quinquefasciatus. The air dried 
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powder was extracted in Soxhlet s assembly with petroleum ether. Petroleum ether extract of H 

sauveolens showed LC50 and LC90 values of 44.027 ppm and 78.693 ppm after 24h exposure. 
Significant adult emergence inhibition was noted when larval and pupal development was arrested 
resulting in decreased pupal transformation. Larval and pupal periods were prolonged with appearance 
of larval pupal and pupal adult intermediates, with an overall increase in the developmental period 
was more pronounced in the egg rafts of Culex quinquefasciatus. The petroleum ether extract produce 
significant alterations in the biochemical profiles of the larvae. The protien and acetylcholinesterace 
level reduced in treated larvae. based on the results it can be considered that Hyptis suaveolens is a 
potent plant for bioprospecting since it possess larvicidal properties. 

Introduction: 

Mosquitoes inhibit almost every corner and climate zone on earth, from the equator to the Artic and 
are exquisitely adapted to living around humans (Bundiansky, 2002). These remarkable abilities of the 
mosquitoes enable them to act as vectors and transmit some of the dangerous diseases such as malaria, 
lymphatic filariasis and dengue fever that afflict mankind. Mosquitoes alone transmit diseases to more 
than 700 million persons annually (Taubes, 1997). One or more measures could be selected from the 
biological, environmental and chemical categories for controlling the target species. Since useful 
larvicides must be rapidly biodegradable, of low toxicity to other organisms and of low hazard to man 
(WHO, 1973). The organo chlorine larvicides were replaced by organophosphorus compounds like 
parathion, malathion, fenthion, temephos and dursban. Despite their usefulness as effective larvicides, 
the prolonged use of organophosphorus compounds has resulted in the development of resistance in 
An.stephensi (Rathor and Toquior, 1980) and Culex quinquefasciatus (Das et al., 1982). 
Phytochemicals are biologically active, naturally occurring chemical compounds found in plants, 
which provide health benefits for humans further than those attributed to macronutrients and 
micronutrient (Hasler et al., 1999). Applications of phytochemicals in mosquito control were in use 
since the 1920s (Shahi et al., 2010). Several groups of phytochemicals such as alkaloids, steroids, 
terpenoids, essential oils and phenolics from different plants have been reported previously for their 
insecticidal activities (Shaalan et al., 2007). Hyptis suaveolens commonly known as Wilayati tulsi in 
Hindi is a rigid sweetly aromatic herb belonging to the family Lamiaceae. It is a weed distributed 
throughout tropics and subtropics and is used as green manure in certain parts of the west coast. The 
leaves are used to treat cancer (Mabberley, 1990) and anti-fertility (Oliver Bever, (1986). Some 
species of Hyptis have been shown to possess insecticidal properties. Mosquito control at the larval 
stage of development with phytochemicals that occur in the leaf and roots of plants is one method 
which is affordable, cheaper easy to use, and environment friendly method in the control of 
mosquitoes (Shyamapada Mandal, 2011). This study is aimed qualitative phytochemical screening and 
larvicidal potencies of Hyptis suaveolens against Culexquenquifasciatus. 

Materials and methods 

Plant extracts: The leaf of H.sauveolens was collected from east side of Kerala University Campus, 
near Department of Environmental Science in the month of June 2014. Fresh leaves were separated 
from the twigs and were dried with tray in the laboratory under shade at room temperature 28±1ºc for 
5 day. The petroleum ether extraction of the test plants was carried out and soxhlet technique was 
applied using the apparatus. 20 gm of the ground and sieved leaf sample was extracted with initial 
petroleum ether volume of 250 ml. The extraction process lasted for 24 hrs. The extracts obtained were 
filtered through Whatman filter paper No.1 and were evaporated (at 40ºC) with rotary evaporator. The 
sticky greenish- brown substances were lyophilised and stored in refrigerator. From the crude extracts 
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a stock solution of 1000 ppm prepared by dissolving 100mg of crude extract in 1 ml acetone and 
volume raised to 100ml with distilled water. Serial dilution was also made from stock concentration to 
obtain working dilutions of 5ppm, 10ppm, 15ppm, 20ppm, 25ppm, 30ppm, 35pm,40ppm,45ppm and 
50ppm. 

Phytochemical screening: The phytochemical screening was carried out using standard procedure. 
(Harborne, 1984). By this analysis, the presences of several phytochemicals listed in Table 1 were 
tested. 

Mosquito culture: The larvae of Culex quenquifasciatus were collected from the pond in Sarovaram 
of University of Kerala, Karyavattom. Larvae were visually and microscopically identified based on 
their various peculiar characteristics and morphological features Culex species. Larvae were fed on 
larval food (powdered dog biscuit and yeast in the ratio 3:1) and adult mosquitoes on 10 per cent 
glucose solution.  

Larvicidal bioassay: In this present experiment, treatment of larvae with petroleum ether leaf extracts 
was conducted in accordance with WHO standard method (WHO, 1981).Toxicity assays of the crude 
extract was conducted separately using the fourth instar larvae of Culex quinquefasciatus. From the 
stock solution of 1000ppm the different dilutions of 5ppm, 10ppm, 15ppm, 20ppm, 25ppm, 30ppm, 
35ppm, 40ppm, 45ppm and 50ppm were prepared. Groups of 10 larvae were placed in 20ml of the 
extract solution. Control experiments without extract were run in parallel. The larvae in each solution 
were then left for 24h 48h and 72h, the number of dead larvae were counted after 24h, 48h and 72h of 
exposure, and the percentage mortality was reported from the average of five replicates. 

Statistical analysis: The average larval mortality data were subjected to probit analysis for calculating 
LC50, LC90 and other statistics at 95% confidence limits of upper confidence limit, lower confidence 
limit and chi-square values were calculated using the SPSS 21.0 (Statistical Package of Social 
Sciences) software. Results with P< 0.05 were considered to be statistically significant. In continuation 
of bioassays done in respect of above experiments, larval, pupal deformities and inhibition of adult 
emergence, changes in morphological features and other behavioural aspects were also recorded. The 
length of insect emerged from the extract and normal control measured by micrometry method. 

Histological studies: For histological purposes treated and untreated fourth instar larvae of Cx. 

quinquefasciatus were isolated from 15ppm and normal control respectively.  These larvae were 
examined and then they were fixed in bouins solution 24h after exposures 

Biochemical test: 100 numbers of 4th instar larvae were introduced into 5ppm and 15ppm. The larvae 
were exposed to tap water served as control. After the exposure of 24 hours, the larvae were removed, 
washed with chilled normal saline solution and dried. Larval tissue homogenate (10%) was prepared in 
0.25 M chilled sucrose solution by homogenizer. The homogenate was centrifuged at 700 X g for 10 
minutes to remove cell debris. Clear supernatant was used for the determination of protein and 
acetylcholinesterace. 

Result: Preliminary phytochemical screening has been done of leave of H. suaveolens and the results 
are incorporated in table I and table II. Result in table I illustrate the texture, colour of extract in 
different solvents. The Preliminary phytochemical screening revealed the presence of different types of 
secondary metabolites such as alkaloids, phenolic compounds, terpinodis, triterpinoids, glycosides, 
flavanoids, anthroquinones, phytosterols saponins, and tannins. Anthroquinones and volatile oils are 
present in fewer amounts. 
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Larvicidal activity: The percent mortality values of 4th instar larvae treated with different 
concentration (ranging from 5 to 50ppm) of the plant extract of H suaveolens after 24h, 48h and 72hr 
exposures are represented in Table 3. H suaveolens showed 100 % mortality above 50 ppm after 24h 
of exposure. The lethal concentration (LC50) of petroleum ether extracts against 4th instar larvae of C 

quinquefasciatus after 24h, 48h and 72hr of exposure is represented in Table: 4 and (Figure: 1, 2, 3). 
Based on the probit analysis, LC50 and LC90 values after 24h exposure was 44.027ppm and 
78.693ppm respectively. Regression coefficient is 5.081 and Chi-square value is 6.105. After 48hr 
exposure LC50 and LC90 was 25.937ppm and 78.396ppm respectively.  

Morphological and Behavioural changes: During developmental metamorphosis, time taken for 
total larval and pupal developmental periods (days), percent larval and pupal mortality, and adult 
emergence inhibition were recorded. Results revealed that treated individuals took prolonged larval 
and pupal period when compared to control. The data also revealed gradual increase in pupal duration 
(Table: 5). Adult emergence inhibition suggested a general toxic effect of the extract. The 
metamorphic abnormalities like larval inability to moult to next stage and larval pupal intermediates 
noticed were higher in treated when compared to control (untreated) groups. The mosquitoes emerged 
from the extract also shows abnormal body size and length compared to the control group. 

Biochemical changes: Protein was quantified in the treated and control group of larvae for two 
different concentrations. When compared to the control, the protein and acetylcholinesterace content 
per gram of larvae gradually decreased with the increase in the concentration of the extract during the 
treatment for 24h. (Figure: 4and 5) 

Histological studies: This study examined a series of cross-sections through the gut regions of normal 
untreated and treated fourth instar larvae of Cx. quinquefasciatus. The normal mid-gut wall in Cx. 

quinquefasciatus consists of columnar epithelium cells; each one is cylindrical, containing a large, 
coarsely granular nucleus that occupies a middle position within the cells. The columnar epithelium 
has a striated border (microvilli) covered by the peritrophic membrane.Electron micrographs of the 
untreated control mid-gut epithelial cells revealed long and regularly placed microvilli borders toward 
the lumen and having exposed to an irregularly structured brush border within 24 h. The cells began to 
swell via a slight vacuolization, with disorganized, shortened and confluent microvilli membranes. At 
this time, the structural disorganization of the mid-gut epithelium was evident; cells did not show the 
characteristicmorphology, had become more destroyed and were sometimes budding into the lumen 
(Figure 6 and 7)  

Extract Texture Colour 

Hexane Sticky Light green 

Petrolium ether Sticky Pale green 

Ethanol Non-sticky Dark green 

Methanol Non-sticky Dark brown 

Distled water Non-Sticky Dark green 

Table 1: Texture, colour of solvent, soluble extracts obtained from Hyptis suaveolens 
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Table 2: Phytochemical screening of plant extractsof Hyptis suaveolens 

Larval 

mortality 

(%) 

                          Concentration of the extract (ppm) 

Control 5 10 15 20 25 30 35 40 45 50 

24h 0 0 0 0 0 20 30 30 20 40 80 

48h 0 0 20 30 30 50 60 60 70 60 90 

72h 0 10 30 30 40 50 70 90 90 100 100 

Table: 3 Mortality of 4th instar larvae of Culex quinquefasciatus exposed for 24h, 48h and 72h to 

different concentrations of Hyptis suaveolens leaf extract. 
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24h 44.03 78.7 38 58.5 60 192 

48 h 25.94 78.4 20 53.2 34 192 

72 h 17.94 44.1 14 34.2 22 70 

Table 4:  Lethal Concentration (LC50) of plant extracts of Hyptis suaveolens against Culex 

quinquefasciatus.  

  Total 

larval 

period in 

days 

Total 

pupal 

period in 

days 

Total 

developmental 

period in days 
 Concentration 

(ppm) 

Control 8 2 11 

5ppm 11 3 14 

15ppm 11 3 14 

Table 5: Adult emergence inhibition activity   

Figure1: lethal concentrations (LC50)   of petroleum ether extracts of Hyptis suaveolens against 4th 
instar larvae of C. quinquefasciatus after 24h 

 

 

 

 

 

 

 

 

Figure: 2 lethal concentrations (LC50)   of petroleum ether extracts of Hyptis suaveolens against 4th 
instar larvae of C. quinquefasciatus after 48h 
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Figure: 3 lethal concentration (LC50) of petroleum ether extracts of Hyptis suaveolens against 4th 
instar larvae of C. quinquefasciatus after 72h 
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Discussion: The larvicidal property of the extracts of H suaveolens may be attributed to the strong 
presence of terpenoids, triterpenoids alkaloids and phenols (Ghayal, et al., 2010).  Phenols are 
generally known to be important sources of potent insecticides, fungicides, bactericides and herbicides 
for pest control. According to Ekramul et al., (2003) the failure in the development of larvae to ecdyse 
and then into perfect pupae may be due to the delayed lethal effects of the phytocompounds which 
cause disturbances in the endocrine mechanism regulating moulting and metamorphosis. B
 iochemical analysis of the insects indicated that the protein and the neurotransmitter was 
significantly affected due to the treatments resulting in overall collapse of the metabolism and growth. 
Acetylcholinesterace is a significant biomolecule of neurosignal transmission. For the normal 
metamorphosis and development of the mosquito larval stages the signal pathway is essential. It 
influences the molting of the insect integument by the hormone ecdysone secreted by the 
neuroendocrinal system. The petroleum ether extract of Hyptis suaveolens treatment would suggest the 
functional damage of endocrine glands of insects, through the inhibition of Acetylcholinesterace. It is 
suggested that extract could be selected as bioactive toxic phytochemical for the control of mosquito 
population. The histological studies reveals that the treated larvae were affected in the epithelial layer, 
which was vaculated. They also observed swollen cells, masses of cellular material in the anterior part 
of the mid-gut and the loss of appearance of the epithelium. The findings of the present investigation 

Fig.6: C.S.in the normal untreated Cx. 

quinquefasciatus fourth instar larva showing 

mid gut epithelia cells x 200 .Ep:Epithelium 

cell,    PM: Peritrophic membrane, Mg: 

malphigian tubules, MC: Microvilli. 

 

 Fig.7: C.S.through the region of fourth instar 

larva of Cx.quinquefasciatus treated  with Hyptis 

suaveolens extract,showing the  effects after 24h 

of    exposurex400. PM:Peritrophic membrane, 

Mg: Malphigian tubles, Ep: Epithelial  cells. 
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reveal that the extract of Hyptis suaveolens displays remarkable larvicidal activity against mosquito 
Cx. quinquefasciatus. 

Conclusion: Today, environmental safety is considered to be of paramount importance. An insecticide 
does not need to cause high mortality on target organisms in order to be acceptable but should be eco-
friendly in nature. Phytochemicals may serve as these are relatively safe, inexpensive and readily 
available in many parts of the world. Several plants are used in traditional medicines for the mosquito 
larvicidal activities in many parts of the world. Synergestic approaches such as application of mosquito 
predators with botanical blends and microbial pesticides will provide a better effect in reducing the 
vector population and the magnitude of epidemiology. The findings of the present investigation reveal 
that petroleum ether extracts of H.suaveolens might have promising larvicidal activity against C. 

quinquefasciatus. Their mode of action and effect on non-target organisms are presently under 
investigation. The extracts of the plant species may serve as a potential tool that could augment the 
currently available mosquito control techniques. 
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ABSTACT 

angiogenesis, is the process of formation of new blood vessels from the pre-existing ones. It is a 
complex, tightly regulated and multistep process, crucial in both physiological and pathological 
conditions such as tumor growth. This process is regulated by a number of factors, which either 
stimulates or inhibits the process. The key question is how such a complex process involving multiple 
factors responsible for this highly regulated process evolved. among the factors, which stimulate the 
process of angiogenesis, Vascular Endothelial Growth factors (VEGf) is of paramount importance. 
VEGf is a major endothelial cell specific growth factor that promotes angiogenesis by triggering 
intracellular signaling pathways. The vascular endothelial growth factors are a family of genes, 
comprising of seven members and among them Vascular Endothelial Growth factor -a (VEGf a) is the 
key molecule involved in angiogenesis. Previously, studies have been conducted to understand the 
evolution of angiogenesis based on conventional methods. The objective of the present study is to use 
molecular tools to analyze the evolution of this complex process of angiogenesis in the light of the 
VEGf a molecule, using bioinformatics approach. for the evolutionary analysis, protein coding gene 
sequences of the VEGf-a molecule for 80 species was obtained from the nCbI database. a bLaST 
analysis, of the VEGf-a gene sequences from the 80 taxa was conducted to find the percentage of 
similarity between the human VEGf-a gene and the VEGf-a gene derived from other organisms and 
found that these sequences have greater than 70% similarity with the human VEGf-a sequence 
establishing the orthology of the sequences and hence these sequences were considered for the further 
analysis. The sequences were then aligned using the ClustalW-MPI program, and the multiple 
sequence alignment obtained were cropped and informative parts were identified by removing the gaps 
and poorly aligned regions. Performing the analysis of the best fitting evolutionary model by using 
jModelTest identified the best fitting nucleotide substitution model for the data set as GTR + GaMMa 
model. The phylogenetic inference was performed using the maximum-likelihood approach, as it is the 
most commonly used probabilistic approach for phylogenetic tree reconstruction, with the GTR+ 
Gamma as the model for the inference. This study opens up new avenues for the molecular analysis of 
the evolutionary analysis of the angiogenic process. 

Introduction 
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Angiogenesis is the physiological process by which new vasculature is formed from pre-existing ones. 
This is a fundamental and vital process involved in growth, development and wound healing of an 
organism. It is a highly regulated one mediated by complex multistep processes with a series of 
cellular events [Folkman, (1982)]. In adults, the formation and growth of new blood vessels are 
triggered only under strictly defined physiological conditions, as any imbalance may lead to serious 
diseases. The highly complex regulation of the process of angiogenesis is facilitated with the help of 
pro-angiogenic and anti-angiogenic factors which helps maintain an angiogenic balance for blood 
vessel growth. In angiogenesis, the walls of the pre-existing blood vessels are destroyed and the 
endothelial cell proliferation and migration is activated. When more endothelial cells are produced, it 
forms new capillaries by sprouting, pruning and is finally remodeled into a mature blood vessel. Once 
the blood vessels are created, the endothelial cells undergo, tissue specific changes to form 
functionally distinct vessels [Risau, (1997)]. 

 The endothelial cells maintain its ability to divide rapidly, in response to physiological stimuli, 
leading to the activation of angiogenesis, even though the blood vessels in the adults remain in a 
dormant condition. There are a number of molecules that act as the pro-angiogenic factor, which 
stimulates the process of angiogenesis such as Vascular Endothelial Growth Factors [VEGF], FGF, 
TGF, EGF, HGF, Angiogenin, etc [Folkman and Klagsbrun, (1987)]. Among these factors, vascular 
endothelial growth factor [VEGF] is the most important, endothelial cell specific factor involved in 
blood vessel development in adults [Ferrara, (1999)].  The VEGF gene family which plays a very 
crucial role in angiogenesis, lymphangiogenesis and vasculogenesis consists of seven members- 
VEGF- A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F and Placental Growth Factor (PLGF) and 
among these, VEGF-A has a pivotal role in regulating the angiogenesis process. 

VEGF-A induces angiogenesis, by promoting proliferation, migration, cell- cell contact formation 
leading to development of tubes. The human VEGF gene is located on the short arm of chromosome 6 
at 6p21.3. VEGF-A mediates its biological effect, by its interaction with the transmembrane tyrosine 
kinase receptors, namely VEGFR1 & VEGFR2, specific for vascular endothelial cells, expressed on 
vascular endothelium. The binding of the VEGFA molecules with the extra cellular domain of the 
receptor activates a series of proteins downstream, after dimerization and autophosphorylation of the 
intracellular domain of the receptor tyrosine kinases. VEGFR2 has been found to be the major tyrosine 
kinase receptor responsible for mediating the pro-angiogenic effects of VEGFA [Ferrara, Gerber and 
LeCouter, (2003)]. The expression of the VEGFA mRNA is strongly induced by hypoxic conditions.  

The key question here is how such a complex process involving multiple factors responsible for this 
highly regulated process evolved. Studies have been conducted previously to understand the evolution 
of angiogenesis based upon conventional methods. Now the molecular data particularly relating to the 
gene sequences and amino acid sequences of proteins of many of the components of the angiogenic 
pathway is available. A new approach for studying the evolution of angiogenesis involving the 
molecular data of the participating components particularly VEGF-A is employed here. The present 
study tries to analyze the evolution of angiogenesis in the context of VEGF-A molecule in the 
vertebrates, as angiogenesis is a characteristic feature of the vertebrate organisms. For the evolutionary 
analysis presented here, the nucleotide sequences coding for the VEGF- A protein were considered.   

Materials and Methods 

The DNA sequences that code for the VEGF-A protein were retrieved from the NCBI database. We 
retrieved the sequences in the fasta format, for all the genes labeled VEGF-A from the gene database 
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of NCBI and there were 80 species of organisms whose VEGF-A sequences were available for 
download. A BLAST analysis was conducted to know the percentage of similarity, between the human 
VEGF-A gene and the VEGF-A gene derived from other organisms. An initial first-pass phylogenetic 
tree was also constructed using the Fast minimum evolution method (with a maximum sequence 
difference of 0.75) with the Jukes-Cantor algorithm available in BLAST [Tatusova and Madden, 
(1999)]. The sequences were then aligned using the ClustalW-MPI program  [Li, (2003)] installed in 
the High Performance Computing System at the Campus Computing Facility of University of Kerala, 
utilizing the default parameters of ClustalW. The resulting multiple sequence alignment was trimmed 
for removing the unaligned gap regions and uninformative sites. 

The best fitting nucleotide substitution model for the data set was identified by performing the analysis 
of the best fitting evolutionary model by using jModelTest [Darriba,  Taboada,  Doallo, and Posada, 
(2012)]. The phylogenetic inference was performed using the maximum- likelihood approach 
implemented in the FastTree program [Price, Dehal, and Arkin, (2010)]. We have used the maximum- 
likelihood approach, as it is the most commonly used probabilistic approach used for phylogenetic 
inference.  

Results and Conclusions 

The study presented here is an attempt to employ the VEGF A molecule, the angiogenic factor which 
plays a crucial role in the process of angiogenesis, to address its evolution. From the NCBI gene 
database, sequences of VEGF-A belonging to 80 taxa were used to reconstruct the phylogenetic tree, 
for the evolutionary analysis. The sequences were mostly from primates, rodents, placentals, odd toed 

ungulates, even toed 
ungulates, bony fishes, 
rabbits, hares, 
amphibian, birds, 
lizards, marsupials, 
reptiles etc. The 
BLAST analysis 
revealed a relatively 
high degree of sequence 
similarity; i.e., greater 
than 70% between the 
human VEGF-A gene 
sequence and the 
VEGF-A sequence 
identified from the 
other organisms. This 
analysis helped to 
underline the orthology 

of the VEGF-A genes from the other organism with the human VEGF-A gene. The BLAST result for 
the same is depicted in Figure 1 and the percentage of identity of the human VEGF-A gene with the 
VEGF-A gene of its orthologs is shown in Table 1.  

Figure 1: Result showing the BLAST analysis showing the percentage of similarity of Human 

VEGF-A gene with its orthologous sequences. 

1678

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

14

Sl 
No: 

Percentage 
Identity 
Range 

Organisms having identity with Human VEGF-A gene sequence 

1 100-90 
Papio Anubis, Gorilla gorilla, Macaca fascicularis, Chlorocebus sabaeus, 

Pan paniscus, Cynoglossus semilaevis 

2 90-80 

Oryctolagus cuniculus, Callithrix jacchus, Felis catus, Chinchilla lanigera, 

Myotis lucifugus, Chrysochloris asiatica, Erinaceus europaeus, Galeopterus 

variegates, Ursus maritimus, Cavia porcellus, Sorex araneus, Gallus gallus, 

Aptenodytes forsteri, Falco cherrug, Chrysemys picta bellii, Anas 

platyrhynchos, Falco peregrines, Columba livia, Alligator sinensis, Meleagris 

gallopavo, Calypte anna, Melopsittacus undulates, Geospiza fortis, 

Pseudopodoces humilis, Corvus brachyrhynchos, Serinus canaria, 

Acanthisitta chloris, Manacus vitellinus, Chelonia mydas, Anolis carolinensis   

3 80-70 

Mus musculus, Rattus norvegicus, Canis lupus familiaris, Equus caballus, 

Ovis aries, Capra hircus, Cricetulus griseus, Orcinus orca, Trichechus 

manatus latirostris, Odobenus rosmarus divergens, Ceratotherium simum, 

Jaculus jaculus, Octodon degus, Ochotona princeps, Condylura cristata, 

Heterocephalus glaber, Mesocricetus auratus, Spermophilus 

tridecemlineatus, Pantholops hodgsonii, Vicugna pacos, Camelus ferus, 

Myotis davidii, Elephantulus edwardii, Pteropus alecto, Peromyscus 

maniculatus bairdii, Panthera tigris altaica, Physeter catodon, Balaenoptera 

acutorostrata scammoni, Lipotes vexillifer, Orycteropus afer afer, Tarsius 

syrichta,  Eptesicus fuscus, Equus przewalskii, Ailuropoda melanoleuca, 

Pelodiscus sinensis, Merops nubicus, Callorhinchus milii, Stegastes partitus, 

Danio rerio, Poecilia reticulate, Poecilia formosa 

4 70-60 
Nannospalax galili 

 

Table 1: Table showing the BLAST percentage of identity 

An initial first-pass phylogenetic tree was also constructed using the Fast minimum evolution method 
(with a maximum sequence difference of 0.75) with the Jukes-Cantor algorithm.  

Multiple Sequence alignment of these gene sequences retrieved from the 80 taxa were then carried out 
using the ClustalW-MPI program and the resulting alignment was edited for removing the unaligned 
regions and gap areas to find the informative sites in the alignment. The alignment file obtained was 
used to find the best fitting nucleotide substitution model for the dataset used for the study. For this 
purpose, the tool jModelTest was employed and found that GTRGAMMA model is the best model that 
fits the dataset. A phylogenetic tree based on the Maximum- Likelihood approach implemented in the 
Fast tree program was carried out using the GTRGAMMA model as the nucleotide substitution 
model.   

The study shows that VEGF-A is an important molecule, critical in the process of angiogenesis, and 
the acquisition of VEGF-A genes in even lower vertebrate organisms such as amphibians, reptiles and 
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birds indicates the possible evolution of the angiogenic process in these organisms. Further 
investigation on VEGF expression details in all organisms has to be done to reveal the complete 
evolutionary relationship of VEGF-A.  

References: 

Darriba, D., Taboada, G. L., Doallo, R., & Posada, D. (2012). jModelTest 2: more models, new 
heuristics and parallel computing. Nature methods, 9(8), 772-772. 

Ferrara, N. (1999). Vascular endothelial growth factor and the regulation of angiogenesis. Recent 

progress in hormone research, 55, 15-35. 

Ferrara, N., Gerber, H. P., & LeCouter, J. (2003). The biology of VEGF and its receptors. Nature 

medicine, 9(6), 669-676. 

Folkman, J. (1982). ANGIOGENESIS: INITIATION AND CONTROL.  Annals of the New York 

Academy of Sciences, 401(1), 212-226. 

Folkman, J., & Klagsbrun, M. (1987). Angiogenic factors. Science, 235(4787), 442-447. 

Li, K. B. (2003). ClustalW-MPI: ClustalW analysis using distributed and parallel 
computing. Bioinformatics, 19(12), 1585-1586. 

Price, M. N., Dehal, P. S., & Arkin, A. P. (2010). FastTree 2 approximately maximum-likelihood 
trees for large alignments. PloS one, 5(3), e9490. 

Risau, W. (1997). Mechanisms of angiogenesis. Nature, 386 (6626), 671-674. 

Tatusova, T. A., & Madden, T. L. (1999). BLAST 2 Sequences, a new tool for comparing protein and 
nucleotide sequences. FEMS microbiology letters, 174 (2), 247-250. 

10-43 

GENETIC VARIATION AND PHYLOGENY ASSESSMENT OF ACIAGRION 
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ABSTARCT 

Aciagrion occidentale is a migratory species widely distributed in montane and submontane areas in 

open grass besides weedy ponds and herbage. Here we used the CoI barcode locus (522bp) to clarify 
the specific taxonomic status of Aciagrion occidentale. Molecular data suggests that this species is 
having 99% sequence similarity to Aciagrion borneense found in netherland and confirmed that both 
are sharing same genus. The n-j tree constructed with bLaSTn result depicted that Aciagrion 
occidentale is phylogenetically very close to damselflies. anisopterans and Zygopterans are sharing 
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some common characters and the results confirms that Zygoptera is a paraphyletic group derived from 
the monophyletic groups of anisoptera and anisozygoptera. 

keywords: odonates, Aciagrion occidentale, Mitochondrial dna, Cytochrome oxidase subunit I gene 

INTRODUCTION 

Odonates are often addressed as the guardians of the watershed  including dragonflies and 
damselflies. Damselflies tend to be less robust, appearing weak in flight. Most species hold their wings 
folded back over the abdomen at rest. Damselflies eyes occupy much of the animal's head, nearly 
touching each other across the face with typically a gap between the eyes. In nature they appear as the 
subject of conservation strategy in the case of endangered species and indicators of wetland habitat 
quality. The habitat selection of adult Odonate species strongly depends on vegetation structure and 
their larvae develop only in clean water. Thus the different stages of their life cycle are very much 
sensitive to the ecological disturbances. Therefore, along with birds and amphibians, dragonflies can 
serve as one of the key bio-indicator groups, whose high species diversity clearly mirrors favourable 
conservation state of wider wetland ecosystem. Emiliyamma et al. (2007) reported 137 species and 
subspecies of Odonata spread over 79 genera, 12 families and 31 subfamilies from Kerala. 

Aciagrion is a genus of damselfly in family Coenagrionidae commonly known as Slims . It has a wide 
distribution from Africa, through Indonesia to Australia. Aciagrion occidentale is one of the important 
species widely distributed across central and south India, Sri Lanka, Thailand, Cambodia and Vietnam. 
No major threat to the species has been described and the species is quite common across its 
range. Suitable habitat is shrub dominated wetlands although it can also be found in bogs, marshes, 
swamps, fens, peat lands, small streams and permanent freshwater lakes. Males are very small and 
slender, having 8 abdominal segments with a black elongate dorsal triangular mark. Females are 
similar to male but much more robust and with a stouter abdomen. 

Taxonomy is the identification of species, based on the morphological characters and it requires vast 
knowledge about varied organisms and their characters. Identification using traditional taxonomy is 
difficult due to the external changes in the organisms caused by seasonal and geographical variations. 
Many organisms alter themselves physiologically and morphologically due to the unfavourable 
conditions in the environment. Thus adoption of manual taxonomy, often leads to wrong identification 
of the species. This problem has thus influenced the emergence of the molecular taxonomic frame 
work studies for the conformation and the betterment in the identification of species. 

Mitochondrial DNA acts as an excellent genetic marker with the gene flow in its matrilineal 
inheritance. It represents maternal haploid genome and accumulates nucleotide substitution 5-10 times 
more rapidly than nuclear DNA, which makes it suitable for examining population and sub population 
structures among related taxa (Hoelzel et al., 1991).  The robustness of mt DNA against degradation 
makes them ideal markers for many species level questions. Mutation hot spots or adaptive 
substitution are known to exist in mt DNA causing heterogeneous evolutionary rates across genes. 
Among insects, the mitochondrial genome is a circular molecule of size ranging from approximately 
15 to 20 kb, and mostly consisting of 2 rRNA genes, 22 tRNA genes, 13 protein coding genes and an 
A-T rich control region showing substantial length variation among taxa. 

 Cytochrome oxidase I (COI) gene is one of the most important protein encoding genes of mt DNA 
and has been utilized in the studies of molecular evolution due to lack of introns, simple alignment, 
limited exposure to recombination and availability of robust primer sites. Sequence variation in this 
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region generally shows large interspecific, but small intraspecific divergence. Here we amplified 
cytochrome oxidase I gene of Aciagrion occidentale found in Kerala for phylogenetic analysis. 

METHODOLOGY 

Genomic DNA was extracted from one of the thoracic legs of the experimental insect, Aciagrion 

occidentale. The tissue was homogenized and genomic DNA in the homogenate was isolated using 
Ultrapure Mammalian Genomic DNA Pre Kit (Genei, Bangalore). 

About 2 ng of genomic DNA was amplified for mitochondrial cytochrome oxidase subunit  (CO ) 
gene using forward Primer, 5'-CATTGGAGATGACCAAATTTA-3' and reverse primer, 5'-
ATTGGATCTCCACCACCTGC-3'. The PCR products were resolved on a 1% TAE- agarose gel, for 
confirmation of the target gene amplification. The PCR product was column purified using UltraClean 
PCR Clean-up Kit (Mo Bio Laboratories, Inc. California). The purified PCR product was sequenced at 
SciGenom Labs Private Ltd., Cochin. Sequences obtained were assembled by using ClustalW and the 
consensus was taken for the analysis. The final sequence was searched for its similarity using BLAST 
of NCBI (www.ncbi.nlm.nih.gov/). The phylogenetic tree was plotted in neighbor joining method 
using by MEGA5 software (Tamura et al., 2011). 

RESULTS AND CONCLUSION 

 The partial mitochondrial cytochrome oxidase I (COI) region of Aciagrion occidentale yielded 
a 522bp long fragment (GenBank Accession number: KM 096996) showing 99% sequence similarity 
to Aciagrion borneense (GenBank Accession number: KF 369275) found in Netherland. 

                        

 

 

 

 

Figure 1   :  Aciagrion occidentale 
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Figure 2: Phylogenetic tree of Aciagrion occidentale using neighbor joining method  

 

Sl. No. Species name Percentage of 

divergence 

1 Aciagrion occidentale 0 

2 Aciagrion boorneense 1  

3 Enallagma sp 11  

4 Ischnura asiatica 14 

5 Ischnura senegalensis 16  

6 Nerobasis sp 16  

7 Aeshna subpupillata 17  

Fig.3: Percentage of divergence of  Aciagrion occidentale with other Odonate species 

 

Odonates are indicators of environmental quality, evolutionary developmental biology and 
conservation biology. They generally belongs to the base of winged insect (Pterygota), making them 
unique and exciting. This phylogenetic position shows that they can provide most useful information 
on the evolution of the morphological diversification and mechanics of insect wings and the general 
body plan of the winged insects. The effect of changing environmental condition related to climate 
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change, environmental pollution, and water quality, habitat fragmentation on life history strategies, 
population dynamics and adaptability of animals in the field rather than in the laboratory makes them 
an excellent model system for study purpose. 

Aciagrion occidentale is a member of Coenogrionidae family of Odonates. This damselfly occurs in a 
wide variety of habitats chiefly along streams, ponds and swamps. The mitochondrial cytochrome 
oxidase I subunit of Aciagrion occidentale yielded a product of 522bp   by PCR amplification. Dijkstra 
et al., (2000) studied the molecular phylogeny of a damselfly species Aciagrion boorneense found in 
Netherland. This species is very close to Aciagrion occidentale since both are Coenogrionidae 
member. GenBank data analysis showed that Aciagrion occidentale (KM 096996) is having 99% 
sequence similarity to   Aciagrion borneense COI gene (KF 369275) reported from Netherland. This 
indicates that both of them are sharing a common ancestor. The percentage of divergence table 
depicted that Aciagrion occidentale is phylogenetically very close to the other species of damselflies 
reported from different geographical locations.  
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ABSTARCT 

Turmeric is one of the major spice crops in India. Conventional crop improvement programmes in 
turmeric are limited because of the low seed set and this could be solved by using biotechnological 
tools. In the present study, a low cost microrhizome technology was developed in three high yielding 
varieties of turmeric (Alleppey Supreme, Prabha and Lakadong) using MS medium with glass beads or 
Luffa sponge as the supporting material. The microrhizome induced cultures successfully produced 

minirhizomes in the field. a comparative phytochemical analysis was conducted to assess the quality of 
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minirhizomes and conventional rhizomes of all the three varieties. from the present investigation it was 
found that among the three cultivars, cv. Alleppey Supreme showed maximum response during in vitro 

growth and highest curcumin content when compared to microrhizomes and conventional rhizomes. 

Keywords: In vitro culture, minirhizome, phytochemistry 

INTRODUCTION 

Turmeric (Curcuma longa L.) belonging to the family Zingiberaceae is known as the Golden spice  
and Spice of life . India is the world s largest producer, consumer and exporter of turmeric (82% of 
the world production and 45% of the export). The area of production of turmeric in India occupies 
about 6% of the total area under spice. In India, the main turmeric producing states are Andhrapradesh 
(constitutes 38% of total area of cultivation and 45% of total production), Tamil Nadu, Orissa, 
Karnataka, West Bengal, Maharashtra, Meghalaya and Kerala. In India 70-75% of area of production 
is occupied by local varieties. Indian turmeric is regarded as the best in the world market because of its 
high curcumin content. Turmeric has at least 6000 years of documented history of its use and socio-
cultural practices (Ravindran, 2007). 

The constituents of turmeric include starch, minerals, cellulose, gum, volatile oils and a yellow 
colorant curcumin. Curcumin has antibacterial, antifungal, anti-inflammatory, antioxidant and 
analgesic activities. Curcumin has antiangiogenic, antioxidant, Alzheimer s disease, vascular smooth 
muscle cell proliferation etc (Ravindran, 2007). The immunomodulatory activity of turmeric was also 
reported very recently. The main production constraint in turmeric is the pathogens affecting the 
rhizomes which reduce the productivity. This necessitates an alteration of the conventional 
propagation techniques. But the crop improvement programme in turmeric is constrained due to low 
seed set. As a result, clonal selection, mutation breeding and induction of polyploidy were used for the 
improvement of this crop (Ravindran, 2007). In turmeric, micropropagation by in vitro microrhizomes 
is an ideal method for the production of pathogen free planting material and also for conservation and 
exchange of germplasm. Microrhizomes can be produced in vitro independent of seasonal variations. 
There are many reports on microrhizome induction in turmeric (Nayak, 2000; Islam et al., 2004; 
Adelberg and Cousins, 2006). 

The present study was conducted to develop an efficient microrhizome induction protocol in three high 
yielding varieties of turmeric (varieties Alleppey Supreme, Prabha and Lakadong) using MS medium 
supplemented with ancymidol and BA and glass beads or Luffa sponge as the supporting material.  

MATERIALS AND METHODS 

The present investigation was carried out using three cultivated varieties of turmeric. The variety used 
and their major characters are mentioned in Table 1. 

 

 

Major 

characters 

Cultivars 

Alleppey Supreme Prabha Lakadong 

Fresh mean yield 35.4t/ha 37.47t/ha 30.0t/ha 

Table 1. Chemical constituents of three varieties 

(Balakrishnan, 2007; Ravindran, 2007) 
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Dry recovery 19.0% 19.55% 12.5-26% 

Curcumin 5.55% 6.5% 6.83% 

Oleoresin 16.0% 15.05% 15.0% 

 

MICRORHIZOME INDUCTION 

Microrhizome induction was carried using various concentrations and combinations of half or full 
strength MS medium (Murashige and Skoog, 1962) supplemented with 0.5mg/l Ancymidol and 3mg/l 
BA along with 60 or 80 or 90g/l sucrose. In order to reduce the cost of production, agar was 
substituted with glass beads or Luffa sponge as supporting material. Single shoots isolated from the 
multiplied cultures maintained at Crop Improvement and Biotechnology Division, Centre for 
Medicinal Plants Research was used as explants. The inoculated culture bottles were maintained at 
24±2oC with a photoperiod of 12 hours at 2500-3000lux provided by white fluorescent lamp. 
Observations were taken on number of shoots, length of shoots and microrhizome induction at regular 
intervals of 30 days up to three months. After three months of in vitro growth these cultures were taken 
out, documented the data and planted in the fields for minirhizome production. The quality of the 
minirhizomes was evaluated by comparing their curcumin content with conventional rhizomes.  

CURCUMIN ANALYSIS 

For curcumin analysis, the harvested healthy rhizomes (both conventional and minirhizomes) were 
sliced and dried properly at shade. The dried samples were then powdered and 1g of which was 
accurately weighed and made in to solution by using 100ml of acetone (HPLC grade, Merck) in a 
standard flask (It was covered completely by using an aluminium foil to prevent the photolytic 
reduction of curcumin). This sample was refluxed for 1½ hours and cooled down to room temperature. 
Then it was filtered and made up to 250ml. One ml from the sample was diluted to 100ml. Ten ml 
from the diluted solution (0.04mg/ml) was again taken and made up to 100ml (0.004mg/ml) and then 
the absorbance was read at 420nm using UV Visible Spectrophotometer (UV- Pharmaspec-1700, 
Shimadzu, Japan). All the experiments were repeated thrice with the same procedure in order to verify 
that the results are reproducible and consistent. 

TLC PROFILING OF CULTIVARS 

The samples (made from acetone hot extraction of dried turmeric powder) and standard solutions 
(0.5µg/ml) were applied at a concentration of 5µl on a pre-coated silica gel 60F254 TLC plate (E 
Merck, Mumbai) of uniform thickness of 0.2nm. The plate was developed by using solvent system 
Toluene: Ethyl acetate, in the ratio of 9:1 up to 8cm height. The developed plate was observed under 
UV at 254 and 365nm wavelengths and at visible light. For better observation the developed plates 
were sprayed with about 10ml of anisaldehyde- sulphuric acid spraying reagent. The sprayed plates 
were warmed at 1000C for 5 to 10minutes and observed. 

RESULTS AND CONCLUSION 

MICRORHIZOME INDUCTION 
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After three months of in vitro growth, cultivar Alleppey Supreme produced more number of shoots in 
half strength MS medium supplemented with 80gl-1 sucrose (4.03±1.95) using Luffa sponge as the 
supporting material. It was observed that more lengthy shoots with more number of leaves were 
produced in medium containing 3mgl-1 BA, 0.5mgl-1 Ancymidol and 60gl-1 sucrose and glass beads as 
the supporting material (Table 2). 

 

Control medium (MS + 90gl-1 sucrose + 8gl-1 agar); MS (-NH4NO3) + 90gl-1 sucrose; MS+3mgl-1 BA + 
0.5mgl-1 Ancymidol + 60gl-1 sucrose; ½ MS + 80gl-1 sucrose; LS- Luffa sponge; GB- Glass beads 

 

Lakadong produced more number of shoots in half strength MS medium supplemented with 80gl-1 of 
sucrose using glass beads as the supporting material. But more lengthy shoots were produced in MS 
medium supplemented with 3mgl-1 BA, 0.5mgl-1 Ancymidol and 60gl-1 sucrose using Luffa sponge as 
supporting material. It was observed that in turmeric cv. Prabha, the most responsive medium in case 
of number of shoots was half strength MS supplemented with 80gl-1 sucrose and glass beads as the 
supporting material in terms of number of shoots. But it produced more lengthy shoots in MS medium 
devoid of NH4NO3 and supplemented with 90gl-1 sucrose (6.2±3.30cm). 

Varietal difference in culture response was observed during the period of study (Fig. 1A, B). After one 
month of incubation itself, microrhizome formation was initiated. It was observed as prominent basal 
bulging after three months. In turmeric, the success of in vitro induction of microrhizomes was earlier 
reported (Nayak, 2000; Shirgurkar et al., 2001; Sunitibala et al., 2001; Babu et al., 2003). The cost of 
in vitro production can be reduced by substituting agar, carbon source etc. Shirgurkar et al. (2001) 
reported the use of half strength MS medium supplemented with 8% sucrose for the microrhizome 
induction in turmeric. Nayak (2000) reported the positive effect of MS liquid medium containing 
3mgl-1 BA and 60gl-1 sucrose on microrhizome induction in turmeric. There are many reports on 

Media 

combinations and 

supporting 

material 

Ciltivar Alleppey 

Supreme 

Cultivar Lakadong Cultivar Prabha 

Number 

of shoots 

Length 

of shoots 

(cm) 

Number 

of shoots 

Length 

of shoots 

(cm) 

Number 

of shoots 

Length 

of shoots 

(cm) 

Control medium 1.00±0.00 2.50±0.58 1.00±0.00 9.21±0.51 3.40±0.89 3.64±0.77 

a/ LS 1.33±1.33 6.20±3.20 1.18±0.16 6.58±3.07 1.00±0.00 5.33±2.52 

b/ GB 3.00±1.00 2.55±0.55 1.47±0.57 11.40±2.79 1.00±0.00 6.20±3.30 

a/ LS 1.83±0.29 4.17±2.58 3.83±0.76 12.77±4.75 1.00±0.00 4.03±1.76 

b/ GB 4.70±0.26 8.72±2.98 4.00±0.20 8.08±5.28 2.67±0.58 6.13±2.76 

a/ LS 4.03±1.95 3.48±1.26 2.73±0.46 7.05±0.73 1.00±0.00 3.00±1.00 

b/ GB 3.70±0.61 4.80±2.77 4.80±0.20 10.89±1.49 4.67±0.58 4.11±0.97 

Table 2. Culture responses of three cultivars of turmeric after 3 months of in vitro growth 
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microrhizome induction in turmeric using various concentrations and combinations of BA (Islam et al., 
2004; Nayak and Naik, 2006; Cousins and Adelberg, 2008).  

After three months of in vitro growth, the microrhizome induced cultures were taken out and planted 
in the flower bags (27x27cm) filled with potting mixture (soil, sand and farmyard manure in the ratio 
of 2:2:1) and kept in the greenhouse. After a season of growth, minirhizomes were harvested and data 
were documented. Microrhizome induced plantlets of cultivars Alleppey supreme and Prabha 
produced minirhizomes with more fresh weight compared to conventional plants (Alleppey supreme- 
227.33±9.0g/ plant; Prabha- 224.0±9.0g/ plant) grown in the field beds (Fig. 1C). The conventional 
plants of Lakadong yielded 274.0±8.33g/ plant. Among microrhizome induced cultures, Alleppey 

supreme showed higher fresh rhizome yield (526.67±9.5g/ plant). In Lakadong, the formation of root 
tubers reduced the minirhizome yield (103.33±10.0g/ plant) and in Prabha the yield was 228.33±7.0g/ 
plant (Fig. 1D). 

 

 

 

 

 

 

PHYTOCHEMICAL STUDIES 

Curcumin absorbs maximally at 415 to 420 nm in acetone and a 1% solution of curcumin has 1650 
absorbance units (Aggarwal et al., 2007). In the study, percentage of curcumin in each sample was 
calculated in terms of dilution factor. The dilution factors of the samples were calculated using the 
equation mentioned. 

   Curcumin % = Concentration of solution×absorbance × 100 

    Weight of the sample×1650 

Highest curcumin content was noticed in the conventional rhizome of Prabha and the least was in 
cultivar Lakadong. The varieties Prabha and Alleppey Supreme showed high curcumin content than 
their reported values (Table 3). Lakadong is a variety which is suitable for cultivation in North-Eastern 
parts of India. Low curcumin content observed in the present study can be attributed to the change in 
agroclimatic conditions. 

 

 

Cultivars Optical density (OD) % of curcumin Percentage of  

curcumin 

(reported) CR MR CR MR 

Table 3. Optical density and percentage of curcumin of conventional rhizomes 

Fig. 1. Cultures after three months of in vitro growth in 

media containing Luffa sponge or glass beads as 

supporting materials (A and B), Minirhizomes harvested 

(1- Alleppey Supreme, 2- Lakadong and 3- Prabha) (C), 

Minirhizome of Lakadong showing root tubers (D) and 

TLC profiling (1- standard curcumin, 2- Alleppey 

supreme, 3- Prabha and 4- Lakadong- at 365nm) (E) 
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Alleppey Supreme 0.0551 0.075 5.92% 7.47% 5.55% 

Lakadong 0.0391 0.019 3.03% 2.94% 6.83% 

Prabha 0.0449 0.039 6.80% 4.40% 6.50% 

 

The amount of curcumin content observed in the minirhizomes of cultivar Alleppey Supreme was 
higher than the reported values whereas it was very less in Prabha and Lakadong turmeric. 
Interestingly Prabha showed higher percentage of curcumin in conventional rhizome than in 
minirhizomes. Though Lakadong turmeric is the highest curcumin turmeric in the world, the quality 
deterioration was experienced by some farmers when they cultivated this variety outside the traditional 
Lakadong area (but it is not proved scientifically) (Roy and Kurup, 2010). Earlier findings of 
Sadanandan and Hamza (1996) reported the superiority of Alleppey turmeric over Suvarna, Suguna 
and Sudarshana in its curcumin recovery. Alleppey gave the highest curcumin recovery (401 kg/ha) 
followed by Sudarshana (282 kg/ha), Suguna (245 kg/ha) and least in Suvarna (147 kg/ha) and they 
concluded that micro nutrients have significant influence in curcumin production and the cv. Alleppey 
was best for curcumin production. It has been reported that tissue culture raised plants possessed high 
biochemical constituents like chlorophyll content, proteins, sugar, free amino acids and starch than 
their mother plants (Indra et al., 2011; Manohari et al., 2011) and the authors concluded that it might 
due to the balanced nutrient level of the culture medium. 

TLC PROFILING 

Among the three cultivars used for curcumin analysis, TLC profile showed Lakadong with less 
curcumin than the other two cultivars (Fig. 1E). The result of TLC substantiates the findings acquired 
through the present investigation. Pothitirat and Gritsanapan (2006) reported the quantitative 
difference of essential oil and total curcuminoids in dried powder of C. longa rhizome collected from 
North, Northeast, Central and South Thailand.  

From the present study it is concluded that the solidifying agent agar can be substituted with glass 
beads without effecting the microrhizome induction potential. The microrhizomes successfully 
established in the field and minirhizomes were harvested after a season of growth. The harvested 
minirhizomes of cultivar Alleppey Supreme showed more curcumin content than the conventional 
rhizomes and it was also observed that the fresh rhizome yield was high in this variety. But in the 
present investigation, the cultivar variety Lakadong (the native of Lakadong area of Jaintia Hills of 
Meghalaya is famed for its highest curcumin content), showed less curcumin content and produced 
root tubers which drastically reduced the rhizome yield. This was the first scientific report on the 
quality deterioration of variety Lakadong when cultivated outside the traditional Lakadong area. 
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PHYTOCHEMICAL ANALYSIS AND IN VITRO ANTIOXIDANT POTENTIALS OF 

METHANOLIC EXTRACTS FROM THE STEM OF STROBILANTHES HEYNEANUS 

Jenson Jacob, Manju M. and Sreejith K. jensonjacobs@rediffmail.com 

Department of biotechnology and Microbiology, kannur University, kerala 670661 

ABSTRACT 

Strobilanthes heyneanus Nees is a small aromatic shrub of the family acanthaceae, commonly found 

on the western coast of India. The shrub has been used for years in folk medicine and in various 
ayurvedic medicinal preparations. In kerala; the roots of S. heyneanus have been used as the plant 
source of the drug Sahachara. Sahachara  is an important drug in ayurveda, widely used against 
rheumatism and neurological disorders such as paraplegia, sciatica etc. This drug also has been found 
to be effective against a variety of human ailments such as ulcers, glandular swellings, poisonous 
affections, itching, leprosy and other skin diseases, cough, edema, tooth ache and gum diseases and 
has the property of strengthening the nerves. The aqueous and ethanolic extracts of the stem possess 
marked aspirin type of analgesic, anti-inflammatory and immunosuppressant activities. based on the 
above ethno medical importance the present work focused on the phytochemical analysis and invitro 
antioxidant activity of methanolic extract from the stem Strobilanthes heyneanus 

INTRODUCTION 

The oxidative stress, defined as the imbalance between oxidants and antioxidants in favor of the 
oxidants potentially leading to damage  has been suggested to be the cause of aging and various 
disease in humans. In modern western medicine, the balance between anti-oxidation and oxidation is 
believed to be a critical concept maintaining a healthy biological system [Ahmad 1995; Davies, 2000; 
Finkel, 2000]. Oxidation process is one of the most important routs for producing free radicals in food, 
drugs and even living systems. There are various studies emphasizing that free radicals contribute to 
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the development of many diseases, including hemorrhagic shock, arthritis, ageing, atherosclerosis, 
ischemia, Alzheimer and Parkinson s disease, gastrointestinal disorders, tumor promotion and 
carcinogenesis and AIDS [Bagchi et al., 2000; Cook and Samman, 1996]. Reactive oxygen species 
(ROS), sometimes called active oxygen species, are various forms of activated oxygen, which include 
free radicals such as superoxide ions and hydroxyl radicals as well as non free-radical species such as 
hydrogen peroxide (Halliwell, 1995; Squadriato et al., 1998).  However, Overproduction of ROS 
and/or inadequate antioxidant defense can easily affect and persuade oxidative damage to various 
biomolecules including proteins, lipids, Lipoproteins and DNA [Farber, 1994]. Antioxidants are 
substances that play an important role in delaying or preventing degenerative diseases caused by 
oxidative damage of living cell components caused by free radicals [Jaitak et al., 2010]. The generated 
ROS are also detoxified by the antioxidants present in the body.  Strobilanthes heyneanus Nees is a 
small aromatic shrub of the family Acanthaceae, commonly found on the western coast of India. The 
shrub has been used for years in folk medicine and in various Ayurvedic medicinal preparations 
[Pullaiah et al., 2006]. In Kerala; the roots of S. heyneanus have been used as the plant source of the 
drug Sahachara . [Sivarajan et al., 1994] . Sahachara  is an important drug in Ayurveda, widely used 
against rheumatism and neurological disorders such as paraplegia, sciatica etc. [Nair et al., 1985] .This 
drug also has been found to be effective against a variety of human ailments such as ulcers, glandular 
swellings, poisonous affections, itching, leprosy and other skin diseases, cough, edema, tooth ache and 
gum diseases and has the property of strengthening the nerves.  The aqueous and ethanolic extracts of 
the stem possess marked aspirin type of analgesic, anti-inflammatory and immunosuppressant 
activities. Based on the above ethno medical importance the present work focused on the antioxidant 
activity of methanolic extract from the stem S. heyneanus.  

 MATERIALS AND METHODS 

Collection of Plant Material     Strobilanthes heyneanus was collected from the tribal areas of 
Wayanad in Kerala.  The plant was identified and authenticated by   the department of botany, Calicut 
University, Kerala.  

Extraction of Plant Material: The Stem of the Strobilanthes heyneanus was dried under shade and 
then powered by mechanical grinder. The powder plant material was extracted with methanol using 
Soxhlet extraction apparatus.  

 Phytochemical Analysis  

Phytochemical examinations were carried out for all the extracts as per the standard chemical tests for 
the presence of carbohydrates, proteins and amino acids, alkaloids, flavanoids, glycosides, saponins 
etc. 

Anti oxidant activity  

DPPH Radical Scavenging Activity 

Stock solution of concentration 10 mg/mL was prepared in 95% methanol. From stock solution 
different concentrations were taken. Freshly prepared DPPH solution was added in each of these test 
tubes containing extracts and after 10 minutes, the absorbance was taken at 517nm using 
spectrophotometer (HITACHI). Ascorbic acid was used as a reference standard. Percentage 
scavenging of the DPPH free radical was measured using the following equation. 

(A control A Test)/A control X 100. 
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 ABTS Radical Scavenging Assay 

 The stock solutions included 7mM ABTS solution and 2.4mM potassium per sulfate solution. The 
working solution was then prepared by mixing the two stock solutions in equal quantities and allowed 
them to react for 14 hrs at room temperature in the dark. The solution was then diluted by mixing 1mL 
ABTS solution with 60mL methanol to obtain an absorbance at 734nm using spectrophotometer. Fresh 
ABTS solution was prepared for each assay. Plant extracts (1mL) were allowed to react with 1mL of 
the ABTS solution and the absorbance was taken at 734 nm after 7 minutes using a spectrophotometer. 

       3      Total antioxidant capacity (phosphomolybdenum assay) 

 Take 0.3 ml plant extract. Add 3 ml of reagent solution, 0.6 M Sulfuric acid, and 28 mM 
Sodium phosphate 4mM Ammonium molybdate. Incubate at 950C for 90 minutes. The sample was 
cooled to room temperature. Read the absorbance at 695 nm using spectrophotometer   (Prieto et al., 
1999). 

        4         Estimation of polyphenolics  

 The total polyphenolic content (TPC) was determined by spectrophotometry, using gallic acid as 
standard, according to the method described by the International Organization for Standardization 
(ISO) 14502-1 (22). Briefly, 1.0 mLof the diluted sample extract was transferred in duplicate to 
separate tubes containing 5.0 mL of a 1/10 dilution of Folin-Ciocalteu s reagent in water. Then, 4.0 
mL of a sodium carbonate solution (7.5% w/v) was added. The tubes were then allowed to stand at 
room temperature for 60 min before absorbance at 765 nm was measured against water. The TPC was 
expressed as gallic acid equivalents (GAE) in g/100 g material.    

5         Estimation of Flavanoids 

The aluminum chloride colorimetric method was modified from the procedure reported by (Woisky 
and Salatino1998). Quercetin was used to make the calibration curve. Ten milligrams of quercetin was 
dissolved in 80% ethanol and then diluted to 25, 50 and 100 g/mL. The diluted standard solutions 
(0.5 mL) were separately mixed with 1.5 mL of 95%ethanol, 0.1 mL of 10% aluminum chloride, 0.1 
mL of 1M potassium acetate and 2.8 mL of distilled water. After incubation at room temperature for 
30 min, the absorbance of the reaction mixture was measured at 415 nm with spectrophotometer. The 
amount of 10% aluminum chloride was substituted by the same amount of distilled water in blank.                                  

RESULTS AND DISCUSSION.  

 Table 1:      Phytochemical analysis of Strobilanthes Heyneanus   

                      Test of extract               Inference 

         Carbohydrates     + 

         Proteins and amino acids                      + 

              Glycosides                      + 

                Alkaloids                      + 

             Phytosteroids                      _ 
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              Flavanoids                      + 

                Saponin                      _ 

 Tannins and phenolic groups                      + 

          Fixed oils and fats                     -- 

      Gums and mucilages                     _ 

 

2      In vitro free radical scavenging effect of the Extract by DPPH method 

DPPH assay is one of the most widely used methods for screening of antioxidant activity of plant 
extracts. The extract show better scavenging activity for DPPH free radicals. The percentage of 
scavenging ranges from7.21-67.15 at a concentration range of .2-1 mg/ml. 

Table 2.  Percentage scavenging (mean±SD) of Triplicates 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2  In vitro free radical scavenging effect of the extract by ABTS radical scavenging assay 

method. 

concentration Percentage 

scavenging 

        .2 7.51±1.78 

        .4 16.76±4.8 

        .6         45.25±4.2 

        .8 60.19±0.9  

       1 67.15±1.82 

Fig 1 In vitro free radical scavenging effect of the 

Extract by DPPH method 
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   ABTS assay is one of the most widely used methods for screening of antioxidant activity of plant 
extracts. The extract show better Scavenging activity for ABTS free radicals. The percentage of 
scavenging ranges from7.52-55.1 at a concentration range of 20-100 g/ml  

Concentration(mg/ml) Percentage 

scavenging 

       0.5 7.52±5.02 

       1 17.45±0.63 

        1.5 31.8±0.7 

        2 34.15±1.06 

       2.5 55.1±2.4 

     Figure 2   :   Antioxidant activity of the sample  using ABTS Free radical Scavenging Assay 

 

 

 

 

 

 

 

 

3    Total antioxidant capacity (phosphomolybdenum assay) 

         

  Figure 3:  Total antioxidant capacity of Sample 
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Fig4    :   Total antioxidant capacity of Standard ascorbic acid 

 

  

 

 

 

 

 

 

Total antioxidant assay is used for screening antioxidant activity of plant extracts. Increase in optical 
density indicates higher antioxidant activity.400 g/ml of the methanolic extract of the sample is 
equivalent to 30 g/ml of standard ascorbic acid (Fig 3). 

3            Estimation of Polyphenolics 

Fig 5       Estimation of Polyphenolics 

 

 

 

 

 

 

 

The total phenolic content of S. heyneanus was estimated, since phenolics may significantly contribute 
to its overall antioxidant activity.  From the caliberation curve the total phenolic content was found to 
be 10 ± 0.04 mg Gallic acid equivalents present per gram material of the plant S. heyneanus 

4      Estimation of Flavanoids 

It has been recognized that flavonoids show antioxidant activity and their effects on human nutrition 
and health are considerable. From the caliberation curve the total flavanoid content of S.heyneanus 
was found to be 27.14 ± 0.009 mg Querscetin equivalants per gram of the plant material.  
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Fig 6 :Estimation of Flavanoids 

 

 

 

 

 

 

 

 

CONCLUSION 

In the present study, results indicate that the methanol extract from the stem of S.heyneeanus possess 
anti-oxidant properties. These activities may be due to the strong occurrence of polyphenolic 
compounds such as alkaloids, flavonoids, tannins, steroids, and phenols. The extract  serve as free 
radical inhibitors or scavenger  or better anti oxidant activity as shown by the assays like  DPPH 
radical scavenging assay, ABTS radical scavenging assay. Estimation of Total phenolics and Total 
flavanoids   also confirmed the presence of antioxidants in the sample.  The findings of this study 
support the view that some medicinal plants are promising sources of potential antioxidant and may be 
efficient as preventive agent in some diseases. This providing data can just enrich the existing 
comprehensive data of antioxidant activity of plant material Further studies are needed to clarify the in 
vivo potential of this plant in the management of human diseases resulting from oxidative stress and 
this is a subject of investigation in our group 
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Binsy M. Kesavan*, S. Dhanya* and S. Amina 
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ABSTARCT 

This study investigates the distribution of metazoan parasitic fauna on Tilapiamossambica, a 
commercial fish of ayiramthengu region kayamkulam estuary. a total of 121 species of fishes were 
examined, 106 fishes were infested with ecto and endo parasites. The prevalance (91.6), mean 
intensity of infestation(10.22) and abundance (9.37) was higher in females than in males and immature 
ones. Metazoan parasitic communities were highly tolerant to the fluctuation of temperature (270  310 
C) pH (6.9  8.1), salinity (14  31%0) and dissolved oxygen (3.9  5.2mg/l). a diverse parasitic fauna 
was found consisting of 12 species, 8 species on premonsoon, 7 species during monsoon and 7 species 
on the post monsoon period. Majority of the parasites were infested on the gills of the host fish.Ecto 
parasites like Caligus sps., Ergasilus sps, D. hoi and metacercarian cyst (endoparasite) were observed 
through out the study D.hoi (217) during monsoon and Caligus sps. (123) on premonsoon period 
showed the highest number. Argulus sps.were absent on the post monsoon period. Lepeophtheirus (10) 
were the least number of parasitic species recorded during the study. 

Key Words : Ayiramthengu, Metazoan parasite, Prevalance, mean intensity. 
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INTRODUCTION 

Tropical waters are known for high bio-diversity of fish parasites(Jakob and Palm,2006) infecting  free 
living fishes from all trophic levels as well as those under culture conditions(Leong et al,2006).The 
abundance  of parasites is influenced by the biotic and a biotic factors such as feeding ecology (Walter 
et al ,2002), temp (Rohde et al ,1995), salinity (Roubal 1997)and pollution (Galli et al 2001).  

    Fish parasites are considered to been important determinant  in eco system functioning by directly 
affecting specific physiological  function and thus altering host population dynamics and influencing 
community structure(Mouisten and Poulin,2005 ) The bio-ecology of fish population have remained 
relatively unexplored in Indian fishes. It is apparent that fishes in ponds, rivers, lakes and other 
waterbodies cannot avoid exposure to chemicals dissolved in water .These factors inturn affect directly 
or indirectly the parasitic fauna. High productivity of aquatic organisms tend to favour a high 
percentage of intensity of parasitism in fishes. Many fish parasites are known to be causative agents 
for disuse problems and out breaks with in marriculture facilities (Ruckert et al, 2008 a)fish parasites 
are believed to cause little or no harm to their host under natural condition.                

     In Kerala studies related to the parasitic infestation of Tilapia mossambica fishes were very 
limited.Tropical,coastal,brackish water which contains many unknown parasites and pathogens, are 
poorly studied. Ecological studies of fish parasites often provide important information not only 
regarding their host but also of aquatic environment in general through patterns of parasite species, 
occurrences and the prevalence, intensity of parastitism (Ferrari Hoeinghaus et al, 
2006).Environmental factors,biological aspects and habitat affect the structure and species 
composition (Violante  Gonzalez et.al. 2010) 

Materials and  Methods 

 Fishes were collected from the Ayiramthengu region of Kayamkulam estuary, situated 6km 
west of Oachira, mounted by a long chain of mangroove covers 20 acres of area.  Floods of water from 
Pampa and Achankovil and a number of  canals and few streams joints the estuary at different points. 
The estuary opens to Arabian sea at Valiyazheekkal.  The host fish selected wasTilapia mossambica 
(Cichlid), an exotic species ,native of Africa found in tropical and subtropical habitats. 

 Fish and water samples were collected from the site and brought to laboratory for further 
examination.  For detailed study of nature of infestation relevant techniques implied were adopted by 
Fernando et.al(1972). The parasites is preserved in 70% ethyl alcohol and  were kept in glass vials for 
further examination. The location species, number and mean intensity of parasites were recorded. For 
statistical analysis prevalence,abundance and intensity of infestations were calculated.  

 

 Prevalance    =    Number of infested fish         x 100 

      Total no. of fishes examined  

  

 Abundance    =     Total number of parasites             

      Total number of fishes examined  
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 Mean Intensity  = Total number of parasite species  

      Total number of infested host  

(Margolis et.al. 1982) 

Result and Conclusion  

 Analysis on the distribution of metazoan parasites on the Tilapia showed that out of 121 fishes 
106 were infested.  A total of 854 parasites were collected from the infested fishes.  Male fishes are 
more infested than female and immature ones.  Female fishes harbour more parasites.  The prevalence 
of infestation was higher in females and lower in immature ones the intensity of infestation was 6.56 in 
males, 10.22 in females and 6.35 in immature ones. The abundance or relative density was higher in 
females (9.37) and lower in immature (4.85) were shown in Table I. 

Table I  :  Sex wise Parasitic Analysis  

 

 Male Female Immature 

No.  of fishes examined 52 48 21 

No. of fishes infested 46 44 16 

No. of parasites collected 302 450 102 

Prevalance  (%) 88.46 91.66 76.19 

Intensity of Infestation 6.56 10.22 6.35 

Abundance/Relative density 5.80 9.37 4.85 

A seasonwise analysis  of parasites in Tilapia was noted during the study time,  on monsoon period 9 
species,premonsoon harbours 8 species and on the post - monsoon the number reduced to 7. The 
parasitic fauna was dominated by ectoparasits (Rueckert et al, 2008) here we observed the dominance 
of ecto parasite. The female fishes were generaly more parasitsed than males in Tilapia species 
(Ramadan,1991). The prevalance and intensity of infestation is higher in females than in males. The 
sex difference in infection may be attributed to the immune response of the host due to the difference 
in endocrine gland activities between the male and female host fishes (Ibrahim and Soliman, 2011). 
The females are susceptible to infection during their gonad development (Simkova et al,2005). On 
contrast is many fresh water fishes males harbors more parasite than females (Aloo et al ,2004). 

   During this study D.hoi population,highest number reported during monsoon and intensity was 
7.Similar observation were found  in parasitic studies of grey mullet in Kayamkulam estuary(Amina 
et.al,2014).Ergasilus observed highest value in monsoon period its number decreases in the 
premonsoon and post monsoon due to increased salinity.. During dry season Ergasilus were heavily 
infected in the host. Seasonal occurrence has been reported in several species of caligid copepods, a 
genus known for low host specificity ( Lin and Ho, 2004). Increase in salinity and temperature favours 
caligid population, pr monsoon harbours (123) and it tend to decrease towards post monsoon (12). 
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Here caligius showed a higher intensity on the summer season (2.5). Caligid copepods have been 
disposed in their host population (Roubal, 1997).  

Tantulocardian is a highly specialised  group of parasitic crustacean. It showed its presence only 
during premonsoon(5).Centrocestus is a small intestinal trematode parasite already been reported to 
infect human beings in Asia. High number of cercaria of parasite  can cause death of host. It can lead 
to reduce respiratory capacity and even fish mortality thus resulting in potential damage to fish 
farming (Arguedas Cortes et al, 2010).Rainy season harvest more Centrocestus metacercaria (163). 
Metacercarian cyst,higher number was observed during premonsoon period. Endo parasite cystoopsis 
(73) were observed during pre and post monsoon period. 

 

 

 

 

 

 

 

 

Table II 

Season wise distribution mean intensity and occurrence of metazoan parasites at different sites in 
Tilapia mossambica.  

Seasons Name of Parasite 
Site of 
occurrence 

Total no. 
of 
parasite 

Mean 
intensity 

Pre Monsoon 

Ergasilus 

D, hoi 

Caligus 

Cystoopsis 

Tantulocardian 

Metacercaria 

Argulus 

Lepeophtheirus 

Gills 

Gills 

Skin 

Intestine 

Operculum 

Intestine 

Gills 

Gills 

3 

123 

45 

45 

5 

16 

12 

1 

0.0625 

0.02 

2.5 

0.93 
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Graph I  Showing mean intensity of 
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period

Series1

Series2

Series3
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Monsoon 

Argulus 

Caligus 

Cystoopsis 

Centrocestus metacercaria 

Neascus metacercaria 

Tentaculocyst 

D.hoi 

Ergasilus 

Lepeophtheirus 

Gills 

Gills 

Intestine 

Gills 

Gills 

Intestine 

Gills 

Gills 

Gills 

4 

47 

28 

163 

54 

51 

217 

30 

5 

0.12 

1.51 

0.90 

5.2 

1.74 

1.6 

7 

0.9 

0.16 

Post Monsoon 

Synagoga 

Caligus 

Ergasilus 

D.hoi 

Metarcercarian cyst 

Lepeophtheirus 

Neascus metacercaria 

Skin, Fins 

Gills 

Gills 

Gills 

Intestine 

Gills 

Intestine 

3 

12 

2 

2 

3 

4 

23 

0.11 

0.44 

0.07 

0.07 

0.11 

0.14 

0.85 

 

Table - III  

Mean variation in the physico-chemical parameters of the study site 

Parameters 
Pre 
monsoon 

Monsoon 
Post 
monsoon 

Temperature (oC) 31 27 29 

pH 8.1 7.3 6.9 

Salinity (%0) 31 14 24 

Dissolved Oxygen 
(mg/l) 

3.9 5.2 4.6 

 

The physico-chemical parameters play an important role in parasitization in Tilapia.  Higher 
temperatures and salinity harbours Caligus ,Cystoopsis and Metacercarian cyst. Low temperatures, 
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salinity and PHfavours D. hoi population and development of centrocestus metacercaria. Mean 
variation in physico- chemical parameters were shown in Table III. 

In conclusion our observation clearly pointed out that 87% of the examined fishes were infested with 
parasites,eventhough Tilapia is a disease resistant fish. Ectoparasites were dominant .Females are more 
prone to infection. The hydrological parameters, host factors like sex, size, diet influence the 
abundance of parasites. 
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VIRULENCE OF THE STRAINS AND POSSIBLE CONTRIBUTION TO NUTRIENT 

CYCLES 
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ABSTACT 

Bacteria in the genus Vibrio produces extracellular enzymes to obtain nutrients via digestion of various 
organic substrates. These enzymes are known to contribute to their virulence and thus help in their 
survival in various aquatic environments. In the present study, Vibrio isolates from two different 
environmental sources such as Cochin estuary and adjoining Pokkali cum prawn fields were screened 
for their ability to produce various extracellular enzymes. Considering the significance of extracellular 
enzymes in the virulence of Vibrio strains and in various biogeochemical cycles, a total of 116 Vibrio 
isolates (66 from a shrimp farm and 50 from Cochin estuary) were screened for their ability to 
elaborate various extracellular enzymes such as amylase, lipase, gelatinase, caseinase, phosphatase, 
cellulase and chitinase using the plate assay method. The enzyme activity of isolates from the two 
different environments was then compared. Results revealed dominance of gelatinolytic Vibrios in 
both the environments. Phosphatase producers were the second dominant group in Cochin estuary 
whereas in shrimp farm it was the lipolytic group. among the Vibrios from Cochin estuary, 84% were 
gelatinase producers, 80% produced phosphatase, 76% produced lipase, 74% produced cellulase, 68% 
produced amylase, 52% produced chitinase and only 44% isolates were caseinase producers. among 
the Vibrio isolates from the shrimp farm, 89% produced gelatinase, 80% produced lipase, 72% 
produced phosphatase, 68% produced cellulase, 51% produced caseinase, 42% were amylase 
producers and 25.7% produced chitinase. The extracellular enzyme profile of isolates from Cochin 
estuary showed following pattern: gelatinase producers > phosphatase producers > lipase producers 
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> cellulase producers > amylase producers > chitinase producers > caseinase producers. whereas 
the Vibrios from shrimp farm isolates showed a pattern as follows: gelatinase producers > 
lipase producers >phosphatase producers > cellulase producers > caseinase producers > 
amylase producers  

> chitinase producers. The difference in the enzyme profile from two sources could be attributed 
to the type of organic matter present in that particular environment. Since extracellular 
enzymes are involved in the lysis of various barriers on a shrimp host such as chitinous and 
proteinaceous layers, presence of high extracellular enzyme activity in the Vibrio isolates from 
our study areas could contribute to their virulence. The result of the present study also 
indicates the major role the Vibrios play in the nutrient recycling in the aquatic environments.  

Introduction 

The genus Vibrio are normal inhabitants of the aquatic environments and play important role in 
maintaining the aquatic system. The major organic matter present in the aquatic environments 
comprises of protein, starch, pectin, cellulose, chitin, lignin etc. Land-based activities resulting in 
agricultural runoff, sewage and industrial discharges, and atmospheric releases from fossil fuel 
combustion are the main anthropogenic sources of nutrients to this environment. Vibrio plays a major 
role in nutrient recycling and decomposition of this organic matter in the aquatic environments. The 
nutrients are used by various heterotrophs like Vibrio for their food source. The organism secretes 
various extracellular enzymes to degrade this organic matter. There are reports showing the presence 
of extracellular enzymes such as chitinase, caseinase, amylase, lipase, pectinase, cellulase, DNase, 
gelatinase, alginate lyase in Vibrios (Raghul and Sarita, 2011).  These enzymes also play major role in 
the virulence of the organism. Apart from contributing to their virulence, they also help the organism 
in surviving in various aquatic environments. Some authors believe that the production of extracellular 
enzymes such as proteases and lipases help in the nutrition of the host (Farzanfar, 2006; Balcazar et 

al., 2006), whereas others believe that the overproduction of these enzymes contribute to virulence, 
since pathogenic strains are reported to have high extracellular enzyme activity (Quesada-Herrera et 

al., 2004). Thus, these virulence factors are used by Vibrios as a means of survival, self defence 
mechanism and establishment of pathogenicity.  

In the present study, we examined the production of extracellular virulence enzymes in Vibrio species 
isolated from sediment and water of Cochin estuary and paddy-cum-prawn fields adjoining the 
estuary. The enzyme profiles of vibrios from both these environments were then compared to reach a 
conclusion on their role in these environments. 

Materials and Methods 

Bacterial strains 

The Vibrio isolates used in the present study were previously isolated from the water and sediment 
samples of Cochin estuary and an adjoining Pokkali-cum-prawn farm at Edavanakkad region. After a 
series of biochemical tests, they were identified as Vibrio using the dichotomous key for the 
characterisation of environmental vibrios by Noguerela and Blanch, (2008). The Vibrio isolates were 
then stocked as pure cultures. 

A total of 116 isolates were used in the present study. Of the 116 isolates, 50 isolates were from 
Cochin estuary belonging to 9 different species (V. parahaemolyticus, V. coralliilyticus, V. mimicus, V. 
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proteolyticus, V. calviensis, V. furnissii, V. litoralis, V. pelagicus and V. natriegens). The remaining 66 
isolates belonging to 18 Vibrio sp. (V. parahaemolyticus, V. coralliilyticus, V. mimicus, V. 
proteolyticus, V. calviensis, V. fischeri, V. vulnificus, V. alginolyticus, V. splendidus, V. logei, V. 
gigantis, V. ordalii, V. fluvialis, V. pacinii, V. cyclotrophicus, V. cholerae, V. mediterranei and V. 
natriegens) were from an adjoining Pokkali-cum-prawn farm at Edavanakkad region.  

Screening for extracellular enzymes  

The Vibrio isolates were subjected to extracellular enzyme screening using the plate assays for 
amylase, lipase, gelatinase, cellulase, caseinase, phosphatase and chitinase. Briefly, for gelatinase 
assay pure cultures of the isolates were spot inoculated on gelatin agar plates (2%w/v gelatin). Zone of 
clearance around the colonies, after the plates were flooded with saturated solution of mercuric 
chloride indicated that gelatin has been hydrolyzed. For caseinase assay, the test organisms were 
heavily spot inoculated on skim milk agar plates. Caseinase production was detected by the presence 
of clear zones around the test colonies. For assay of lipase production, the test organisms were spot 
inoculated on tributyrin agar plates. A positive result was indicated by a zone of clearance around the 
colonies of lipolytic organisms, where the tributyrin has been hydrolyzed.  For amylase assay, isolates 
were spot inoculated onto starch agar plates. A positive result was indicated by the presence of clear 
zones on addition of Lugol s iodine solution. For chitinase assay, isolates were spot inoculated on 
chitin agar (2% w/v colloidal chitin). A positive result was indicated by presence of clearance zone 
around the colonies indicating the hydrolysis of chitin. Cellulase assay was carried out by inoculating 
isolates on carboxy methyl cellulose agar. A zone of clearance on addition of Lugol s iodine solution 
indicated a positive reaction. Phosphatase assay as carried out on phosphate agar plates (1% 
phenolphthalein diphosphate) and positive reaction was indicated by formation of pink colonies on 
exposure to ammonia vapour. All the results were checked after incubation at 37°C for 24 hrs -48 hrs 
except for chitinase and cellulase where the results were noted after incubation at 37°C for 7 days. 

Results and discussion 

A total of 116 Vibrio isolates from Cochin estuary and shrimp farm were screened for the presence of 
seven different extracellular enzymes namely gelatinase, cellulase, chitinase, amylase, lipase, 
phosphatase and caseinase. The extracellular enzyme profile of Vibrio isolates from Cochin estuary 
and shrimp farm are given in Figure 1 and 2 respectively.  

 

 
Figure 1: Extracellular enzyme profile of 
Vibrio isolates from Cochin estuary (n=50) 

Figure 2: Extracellular enzyme profile of 
Vibrio isolates from Shrimp farm (n=66) 
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The extracellular enzyme profile of isolates from Cochin estuary showed dominance of gelatinase 
producers > phosphatase producers > lipase producers > cellulase producers > amylase producers> 
chitinase producers > caseinase producers, whereas the shrimp farm isolates showed dominance of 
gelatinase producers > lipase producers > phosphatase producers > cellulase producers > caseinase 
producers > amylase producers > chitinase producers. We could observe that the gelatinolytic Vibrios 
dominated in both the environments. Phosphatase producers were the second dominant group in 
Cochin estuary whereas in shrimp farm it was the lipolytic group. The lipolytic bacteria were the third 
abundant group in Cochin estuary.  

Both Cochin estuary and adjoining Pokkali-cum-prawn farms are eutrophic in nature and provide 
amble nutrients to the microbial communities. The difference in the enzyme profiles of vibrios from 
both the sources could be due to the difference in the constituent fractions of organic matter available 
in a particular environment. Dominance of gelatinolytic and lipolytic bacteria in these environments 
indirectly reflects the predominant constituent fractions of organic matter in these environments.  

Enzyme assays can be used for understanding the organic matter degradation and nutrient cycling in 
the aquatic systems. The mineralisation process in the marine environments is carried out mainly by 
the extracellular enzymes secreted by heterotrophic bacteria (Belanger et al., 1997). Thus, the present 
study suggests the role of extracellular enzyme producing heterotrophs like Vibrios in the organic 
matter degradation of the aquatic systems. Presence of hydrolytic enzymes in Vibrio from marine 
sediments of South coast has been reported by Raghul and Sarita (2011). Gelatinolytic activity 
encountered by these authors among marine vibrios (80.1%) was comparable to the results we 
encountered in the vibrios from estuarine and Pokkali-cum-Prawn farms (84-89%). Our Vibrio isolates 
from the study areas also showed much higher cellulolytic and chitinolytic activity when compare to 
those from marine environment. It was interesting to note that phosphatase producers were not present 
in the previous study (Raghul and Sarita, 2011), whereas in our study they were the second dominant 
group from Cochin estuary and the third dominant group from the Shrimp farm. Though Cochin 
estuary and adjoining Pokkali-cum-prawn farms are physically linked to the south east Arabian Sea, 
the nutrient dynamics in these environments seems to be quite different, which in turn affects the 
microbial communities and their functionalities. 

The screening of extracellular microbial enzymes is also important to understand their role in 
pathogenesis. Most of the Vibrio used in our study belonged to pathogenic species such as V. 
parahaemolyticus, V. cholerae, V. vulnificus, V. fischeri, V. mimicus, V. alginolyticus etc. The 
enzymes produced by pathogenic species occasionally act as virulence factors to the infected host 
(Hase and Finkelstein, 1993; Harrington, 1996). It helps the organism to establish an infection on the 
host. The extracellular virulence enzymes in Aeromonas were previously studied by Nifty et al., 
(2013) and Bagyalakshmi et al., (2009). Pathogenic Vibrio species produce and secrete several 
enzymes which are characterised as direct virulence factors causing skin damage (Shin-ichi Miyoshi, 
2013). Thus, the presence of this extracellular virulence factors in the Vibrio isolates can help the 
pathogens to trigger infections in humans and aquatic animals under favourable conditions. One of the 
study areas we have chosen is Pokkali-cum-prawn farm adjoining the Cochin estuary. Crop losses in 
these farms due to viral/ bacterial infections are frequent. Our previous studies (Deborah et al., 2012) 
revealed considerable environmental stress in these farms. Under such circumstances environmental 
vibrios with potential virulence features could acts as opportunistic pathogens and play major role in 
disease outbreaks in this system.  

Conclusion 
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Present study highlights the capability of vibrios from the study environments to play key role in 
nutrient dynamics of the Cochin estuary and the adjoining Pokkali-cum-prawn farm besides their 
potential to acts as opportunistic pathogens, especially in the stressed aquatic environment such as 
Pokkali-cum-prawn farms. 
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ABSTRACT 

Pseudarthria viscida (L.)wight and arn. (Leguminosae) commonly called Moovila , is a perennial 
viscid pubescent semi erect diffuse under shrub. This plant is an essential component of many famous 
ayurvedic formulations like dashamoola, Mahanarayana taila and dhantara taila. It has high medicinal 
value. The roots are astringent, thermogenic, digestive, anthelmintic, anti inflammatory, antifungal, 
antioxidant, aphrodisiac, nervine, febrifuge, cardio and rejuvenating tonic. The medicinal property of 
this plant may be due to the presence of some secondary metabolites such as rutin, quercetin, gallic 
acid, ferulic acid ,caffeic acid, 1,5 dicaffeoyl quinic acid, oleic acid and tetradecanoic acid. The main 
aim of the proposed work is to evaluate the antimicrobial activity of Pseudarthria viscida along with 
its preliminary phytochemical analysis. Leaf, stem and root of the plant were collected separately, 
dried and powdered. active ingredients from the fine powder of plant parts were extracted by 
distillation using solvents like petroleum ether, acetone, chloroform and methanol. nutrient agar 
medium and Sabouraud dextrose agar medium were used for antibacterial and antifungal studies 
respectively. bacteria selected for present study were Escherichia coli, Staphylococcus aureus, 
Salmonella typhi, Pseudomonas aeruginosa, and Proteus vulgaris. fugus used were Aspergillus niger, 

Rhizopus nigricans, Penicillium notatum, Neurospora crassa, and Alternaria species. Results showed 

that extracts from different plant parts showed high antibacterial and antifungal effect. among them 
methanol extract of root showed highest antimicrobial activity. So evidently there is scope for 
development of new antimicrobial agents using this plant. 

keywords: Pseudarthria viscida, Pytochemical analysis, antimicrobial analysis 

INTRODUCTION 

Plants have been a rich source of medicines because they produce wide array of bioactive molecules, 
most of which probably evolved as chemical defense against predation or infection [Satish et al., 
(2008)]. An antimicrobial is an agent that kills microorganisms or inhibits their growth. Traditional 
healers long have used plants to prevent or cure infectious disease [Noor Jahan et al., (2013)]. Many of 
these plants have been investigated scientifically for antimicrobial activity, and a large number of plant 
products have been shown to inhibit the growth of pathogenic microorganisms. A number of these 
agents appear to have structures and modes of action that are distinct from those of the antibiotics in 
current use [Silva and Fernandes, (2010)]. In the present study phytochemicals were screened and 
antimicrobial activity of this highly medicinal plant Pseudarthria viscida were analysed. 

Pseudarthria viscida (L.) Wight and Arn. is a perennial viscid pubescent semi erect diffuse under 
shrub, belonging to the family Leguminosae. It is distributed throughout India especially found in river 
basins and in hills up to above 900m [Krithikar and Basu, (1918)]. The roots are with astringent, 
thermogenic, digestive, anthelmintic, antiinflammatory, antifungal, antidiarrhoel, antioxidant, 
aphrodisiac, nervine, febrifuge, cardio and rejuvenating properties [Nadkarni (1982); Warrier et al., 
(1996); Deepa et al., (2004)]. They are useful in vitiated conditions of cough, bronchitis, asthma, 
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tuberculosis, helminthiasis, cardiopathy, fever, hemorrhoids, gout, diabetes, hyperthermia and general 
debility [Gincy and Sasikumar, (2007); Vijayabaskaran et al., (2010)]. Major chemical compounds 
reported be present in the roots are 1,5 dicaffeoyl quinic acid, oleic acid, tetradecanoic acid, rutin, 
quercetin, gallic acid, ferulic acid and caffeic acid [Vijayabaskaran et al., (2010)]. The present 
investigation was undertaken to evaluate the preliminary phytochemical analysis and antimicrobial 
activity of different plant parts such as leaf, stem and root of Pseudarthria viscida in different solvents 
like petroleum ether, acetone, chloroform and methanol. 

MATERIALS AND METHODS 

Plant materials were collected from the Botanical garden of University College, Thiruvananthapuram, 
Kerala. Collected plant materials were cleaned, separated (leaf, stem and root), weighed and dried 
under shade followed by oven drying. The dried samples were powdered. Fifty gram of dry powder 
was extracted in solvents like petroleum ether, acetone, chloroform and methanol in a soxhlet 
apparatus for 8h continuously. The extract were concentrated, weighed and made up to a known 
volume and was used for the detection of phytochemicals and antimicrobial assay. 

PRELIMINARY PHYTOCHEMICAL STUDIES 

The preliminary phytochemical study of different extract of Pseudarthria viscida were done for the 
detection of phytoconstituents, using standard chemical tests [Kokate, (1986)]. 

ANTIBACTERIAL ACTIVITY 

Nutrient agar medium (37.5g/L) was used for antibacterial analysis. The crude extracts were studied to 
detect their antibacterial property against pathogenic and industrially important strains of Bacteria such 
as, Escherichia coli, Staphylococcus aureus, Salmonella typhi, Pseudomonas aeruginosa and Proteus 

vulgaris by disc diffusion method. The bacterial strains were subcultured by inoculating spores of the 
bacteria from the isolated colonies in a test tube containing peptone water. Disc of 4mm diameter were 
cut out from Whattman s No 1 filter paper. They were sterilized by autoclaving it in 1210C for 15 
minutes. The autoclaved paper discs were impregnated with known amount of various extracts from 
the different parts of Pseudarthria viscida. Control discs were treated with solvent only and Ampicillin 
was used as standard. The zones of inhibition in millimeter were measured to detect antibacterial 
property of Pseudarthria viscida  [Elgayyar et al., (2001)]. 

ANTIFUNGAL ACTIVITY 

Sabouraud dextrose agar (65g/L) was used for antifungal analysis. The crude extracts were subjected 
to detect the antifungal studies against human pathogenic, plant pathogenic and industrially important 
strains of fungi (Aspergillus niger, Rhizopus nigricans, Penicillium notatum, Neurospora crassa, and 
Alternaria species) by disc diffusion method. Control discs were treated with solvent and Bavistin was 
used as standard [Mahesh and Satish, (2008)]. 

RESULTS  

PRELIMINARY PHYTOCHEMICAL STUDIES 

Different bioparts (leaf, stem and root of Pseudarthria viscida) extracts in different solvents were 
screened for the presence of various constituents employing standard screening tests. Conventional 
protocols detected the presence of important secondary metabolites such as glycosides, flavanoids, 
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alkaloids, terpenoids and tannins which could be the reason for antimicrobial activity of the plant. 
Plants contain rich source of variety of natural products, secondary metabolites such as tannins, 
terpenoides, alkaloids and flavonoids have antimicrobial properties [Harbone J B, (1998)].  

ANTIBACTERIAL ACTIVITY 

All the extracts showed antibacterial activity against the selected organisms. Maximum zone of 
inhibition (12mm) were noticed in the methanolic root extract of Pseudarthria viscida against 
Escherichia coli. In the case of leaf, maximum zone of inhibition (11mm) was noticed in methanol 
extract against the bacteria Salmonella typhi. In the case of stem, maximum zone of inhibition (9mm) 
was noticed in methnol extract against Proteus vulgaris. From these studies, methanol extracts 
(especially root methanol extract) of Pseudarthria viscida showed high antibacterial activity than 
petroleum ether, acetone, chloroform, and distilled water extracts (Table 1and Fig.1). Many studies are 
supporting that methanol extracts of several medicinal plant species are having higher antimicrobial 
activities than that of any other alcoholic solvents. These antimicrobial activities against bacteria and 
fungi may be due to the presence of broad spectrum of antibiotic compounds in this species which was 
reported earlier [Mahesh and Satish, (2008)].  

ANTIFUNGAL ACTIVITY 

Different plant part extracts (leaf, stem and root) in different solvents were used for antifungal studies. 
All the extracts showed antibacterial activity against all the selected organisms.  Maximum zone of 
inhibition (15mm) were noticed in methanol root extract of Pseudarthria viscida against the fungi 
Penicillium notatum. In the case of leaf, maximum zone of inhibition (14mm) was noticed in methanol 
extract against the fungi Alternaria species. In the case of stem, maximum zone of inhibition (13mm), 
were observed against Rhizopus nigricans. (Table 2 and Fig.2). The results are found to be in 
correlation with the earlier studies [Antara sen and Amla Batra, (2012); Thenmozhi et al., (2013)]. 
Compared to these previous studies, the present study revealed that the methanol extracts showed 
maximum inhibitory activity and petroleum ether extracts showed very least antifungal activity against 
selected organisms. 

Table 1: Antibacterial studies of Pseudarthria viscida (L.) Wight and Arn. 

   Zone of inhibition in mm 

Bacterial strains *Standard  

Leaf 

 

Stem 

 

Root 

PE A CH ME PE A CH ME PE A CH ME 

Escherichia coli 20 5 8 5 10 5 6 5 7 6 7 7 12 

Staphylococcus aureus 20 6 9 6 9 5 7 6 5 6 6 7 7 

Salmonella  typhi 18 5 6 7.5 11 5 6 5 8 5 8 5 9 

Pseudomonas aeuriginosa 17 6.5 8 6 5 6.5 6 6 7 5 7 6 7 
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Proteus vulgaris 25 5 6 7 5 6 8 7 9 5 7 5 8 

*Standard- Ampicillin, PE- Petroleum ether, A- Acetone, CH- Chloroform, ME- Methanol 

Table 2: Antifungal studies of Pseudarthria viscida (L.) Wight and Arn. 

Zone of inhibition in mm 

Fungal strains *Standard  

Leaf 

 

Stem 

 

Root 

  Aspergillus niger 21 
PE A CH ME PE A CH ME PE A CH ME 

6 9 7 10 6 6 6 12 6 8 7 10 

Rhizopus nigricans 22 6 9 9 10 6.5 10 7 13 6 7 8 9.5 

Penicillium notatum 28 7 11 8 12 6 9 7 10 7 9 7 15 

Neurospora crassa 28 7 10 7 13 6 7 6 12 7 8 7 12 

Alternaria species 23 7 12 9 14 6 7 6 9 6.5 7.5 6 13 

*Standard- Bavistin, PE- Petroleum ether, A- Acetone, CH- Chloroform, ME- Methanol 

Fig: 1- Antibacterial studies of Pseudarthria viscida (L.) Wight and Arn. 

a) Leaf extracts  

         

 

Escherichia coli, Staphylococcus aureus, Salmonella  typhi, Pseudomonas aeuriginosa, Proteus 

vulgaris 

 

b) Stem extracts 
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Escherichia coli, Staphylococcus aureus, Salmonella  typhi, Pseudomonas aeuriginosa, Proteus 

vulgaris 

 

c) Root extracts  

        

 

Escherichia coli, Staphylococcus aureus, Salmonella  typhi, Pseudomonas aeuriginosa, Proteus 

vulgaris 

Fig: 2- Antifungal studies of Pseudarthria viscida (L.) Wight and Arn. 

a) Leaf extracts 

 

Aspergillus niger,Rhizopus nigricans,Penicillium notatum,Neurospora crassa,Alternaria species 

 

b) Stem extracts 
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Aspergillus niger,Rhizopus nigricans,Penicillium notatum,Neurospora crassa,Alternaria species 

 

c) Root extracts 

     

spergillus niger,Rhizopus nigricans,Penicillium notatum,Neurospora crassa,Alternaria species 

CONCLUSION 

In conclusion, the results of this study have shown that different biopart extracts (especially root 
methanol extract) of Pseudarthria viscida have great potential as antimicrobial activity. This 
antimicrobial property may be due to the presence of bioactive molecules and utilization of these 
potent compounds could be helpful for the production of new antimicrobial agent. This study will be 
helpful for the isolation and identification of new antimicrobial compounds for controlling the 
microbial pathogens and could be a valuable new drug source.  
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ABSTARCT 

Marine food resources are considered as nutritious food and hence they are indispensable part of 
human diet. Molluscs are next in importance to fish and shrimp with regard to their nutritive value, but 
only very little is known about their food value. among the various groups of organisms in the trawl 
by-catch, average protein content is the highest for Mollusca. The nutritive value with reference to the 
occurrence of essential elements /micronutrients in the molluscan fauna in general and the bycatch in 
particular is not well studied yet; hence this study was attempted. Thirty species of molluscs were 
collected for this study belonged to 17 families: aplustridae, arcidae, buccinidae, bursidae, Cardiidae, 
Casside, Conidae, fasciolaridae, ficidae, Muricidae, Mytilidae, naticidae, Strombidae, Tonnidae, 
Turridae, Volutidae aXenophoridae. Results of this study suggest that molluscs which landed as 
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bycatch are good source of essential elements. The essential element in these non edible molluscan 
species clearly showed that these molluscs have similar levels of essential elements as that of edible 
forms. The minerals and essential elements from these discards/by-catch non edible molluscan meat 
can definitely be used as a substitute and a good source of bionutrients/macro/micro nutrients. 

INTRODUCTION 

By-catch refers to the part of the catch which is not the primary target of the fishing effort. This by-
catch contains diverse molluscan species. In India molluscs contribute about 4-5% of the fish landings 
and the edible molluscs included mainly bivalves such as edible oysters, mussels and clams and a few 
species of gastropods. Most of them are good sources of protein, glycogen and minerals and are easily 
digestible and comparing favorably with other animal foods (Chinnamma George and Mathew, 1996).  

The increased and underexploited discards and their economic importance attracted very many 
scientists in recent years. It is important to learn the nutritional quality of molluscan by-catch 
especially the distribution and occurrence of essential elements, micro elements and macro elements in 
them. The present study reports on the incidence of trace metals in 30 species of molluscs belonged to 
17 families. The results of this study would enable us to use these discards or by-catch of molluscs as a 
substitute for good protein, lipids and essential nutrients which are otherwise discarded or ignored. The 
essential transition metals including zinc are capable of forming stable coordinate bonds to fixed 
positions of immobile protein molecules, where they function mainly as catalyst ie., they induce or 
enhance enzymatic activity. In the highly specific metalloenzymes the metal is firmly associated with 
the protein and often constitutes the active centre of the living cell, catalyzing only one specific 
reaction or type of reaction. The ten essential elements determined in the present study are sodium, 
potassium (Williams, 1971) magnesium, calcium (Vaherenkamp, 1973) manganese, iron, copper, zinc, 
molybdenum and strontium. It is important and thought worthwhile to learn the nutritional quality of 
molluscan by-catch especially the distribution and occurrence of essential elements, micro elements 
and macro elements in them.  

Materials and Methods 

The bycatch landed by the bottom trawlers of Sakthikulangara and Neendakara fishing harbors of 
Kollam (08030 NLat; 76053.3 E long) (Fig.1) were collected for trace metal analysis. For the present 
study specimens were handpicked from the trash or discarded by-catches on the platform of the 
landing centers. The specimens were collected at frequent intervals (fortnightly) during March-June 
2012. The faunal species associated with the bycatch were sorted out, washed properly in sea water, 
packed in separate polythene bags and transported to the laboratory in ice bags. For the taxonomic 
identification, the specimens were photographed and preserved in 10% of neutral buffered formalin 
and kept in the lab. The necessary measurements (length, height, width and number of whorls of the 
shells) were taken after preservation. The specimens were identified with the help of identification 
keys. Thirty animal representatives collected fresh from the landing centre were processed for the 
analysis of essential elements and the metals such as Na, K, Ca, Mg, Zn, Cu, Fe and Mn were 
determined by using the Atomic Absorption Spectrophotometer (AAS Model Perkin Elmer Analyst 
300, USA) and the metals Mo and Sr were estimated with the help of Inductive Coupled Plasma Mass 
Spectrometry (ICP-MS, Model Thermo Electron Iris Intrepid II XSP Duo, USA). For the analysis, the 
shells were broken and the fresh meat collected and washed it thoroughly with water. The fresh tissues 
were kept in oven for drying at 110 ± 10C. The oven dried samples were kept in a dessicater until 
further analysis. Before the AAS analysis the dried tissues were powdered by using mixer and weighed 
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the samples by using an electronic balance (Sartorius Scientific Balance, Model BA 110, Germany). 
The air dried tissues were prepared for metal analysis as per EPA (1972) and APHA (1998). The metal 
content in the molluscan species was expressed in mg.g-1for macronutrients and µg.g-1 air dry weight 
for micronutrients. 

Fig. 1 Study Site  

 

 

 

Fig. 2 Elemental composition (%) in bycatch molluscs 

 

 

 

Results and Conclusion 

The incidence of essential elements determined in the trash/bycatch molluscs is displayed in Table 1 
and Fig 2. Thirty species of molluscs selected for this study belonged to 17 families and they are 
Aplustridae, Arcidae, Buccinidae, Bursidae, Cardidae, Cassidae, Conidae, Fasciolaridae, Ficidae, 
Muricidae, Mytilidae, Naticidae, Strombidae, Tonnidae, Turridae, Volutidae, and Xenophoridae. 
Concentration of ten essential elements in all the thirty species showed a trend of 
Ca>K>Na>Mg>Sr>Fe>Mn>Cu>Zn>Mo. Na ranged between 0.11 to 30.04, K 0.51 to 32.93, Ca 2.7 to 
39.16, Mg 0.69 to 3.85, Sr 0.02 to 0.17, Fe 0.02 to 0.32, Mn, Cu, Zn ranged between 0.01 to 0.16 and 
Mo is below detection level in almost 14 species and is trace in others. When the metal content in 
individual species are taken into consideration, it is noted that among the thirty species examined, 
Natica vitellus has the highest Ca content and is the highest metal content all among the essential 
elements. Natica vitellus has   lowest Mn, Sr, and Cu content. Highest content of Na, K, Mg, Sr and Fe 
are seen in Voluta loroisi, Neverita peselephanti, Natica vitellus, Strombus canarium and Hydatina 

velum. Among the thirty species, the order Littorinomorpha shows the highest essential element 
content.    

The concentration of Ca ranged from 2.70 mg.g-1 to 33.38 mg.g1, Na ranged from 0.11 mg.g-1 to 26.75 
mg.g-1 and K concentration ranged from 0.51 mg.g-1 to 26.75 mg.g-1. The Ca, Na and K had the highest 
occurrence in all thirty species studied followed by Fe, Zn, Sr, Cu, Mn and Mo. Ca, the most important 
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constituent of skeletal structure constitutes a major component of the shells of molluscs. 
Suryanarayanan (1972) opined that the Ca content of molluscs is comparatively high as their shells are 
regenerated periodically which forms a protective armour except in cephalopods. Molluscan shell 
consists mainly of CaCO3, so that Ca demand of these animals is high. The present results revealed 
that the concentration of Ca was the highest in most of the molluscs examined. Baby et al. (2010) 
determined the elemental concentration of freshwater edible snails of Bangladesh and reported a mean 
Ca content of 217.356 mg.100 µg .g-1 of dried sample. McDowell (2003) reported that marine shell 
fish has a higher amount of macro and micro elements and the present results attest this view. Ca 
content of pearl oyster ranged between 363.37 µg.g-1 and 872.36 µg.g-1 (Gokoglu et al., 2006). Murthy 
et al. (2012) studied the mineral composition of different constituents of tuna processing wastes and 
reported extensive variation in the sodium levels between different constituents of waste from 37 
mg.100 g-1 to 2035 mg.100 g-1. The present study results also show a similar trend, in the case of Na 
content of the ten molluscan species ranged from 0.11 mg.g-1 to 26.75 mg-1.  

Gokoglu et al. (2006) quantified the Na content of pearl oysters as 4943.3 µg.g-1 to 6720.14 µg.g-1. The 
K content ranged from 1261.1 µg.g-1 to 1916.9 µg.g-1 which is lower than that determined in the 
present study. Ca, Na and K concentration in these reports are within the limits that determined during 
the present study. In the present study the concentration of Fe ranged from 0.04 mg.g-1 to 0.21 mg.g-1, 
Zn from 0.02 mg.g-1 to 0.21 mg.g-1, Sr from 0.03 mg.g-1 to 0.1 mg.g-1and Cu ranged from 0.002 mg.g-

1to 0.17 mg.g-1. Roesijadi (1980) reported that essential elements such as Cu, Zn and Fe are distributed 
differently in the different soft tissues of molluscs. The differences to the affinity of metals to the 
binding sites of metallothineins (MT) in the different soft tissues will vary from species to species and 
metal to metal. The macro elements are attracted easily to the metal binding site and hence high 
concentrations are detected, whereas the other trace or micro elements may not be easily accessible 
and there will be a competition between the elements for binding space and therefore lower 
concentration will be bioaccumulated in these sedentary organisms. Gokoglu et al. (2006) determined 
the Fe content of pearl oysters as 9.66 µg.g -1 to 69.22 µg. g-1 and the Cu content ranged between 0.63 
µg.g-1 and 2.21 µg.g-1. Their results are in good conformity with the present study results.  

Table 1. Essential elements in different molluscan species
 

Table 1: Essential elements in different molluscan species 

FAMILY SPECIES ESSENTIAL ELEMENTS  

  

Na K Ca Mg Sr Fe Mo Mn Cu Zn 

(mg.g-1air dry weight) (µg. g-1 air dry weight) 

Aplustridae Hydatina velum 3.55 3.55 
27.1
7 

1.5
3 

0.07
5 0.32 

0.00
2 

0.00
6 

0.00
6 

0.07
4 

Arcidae 
Anadara 

inaequivalvis 0.11 4.47 
33.3
8 

1.4
1 0.09 0.08 

*BD
L 

0.00
8 0.02 0.05 

Buccinidae Babylonia spirata  4.91 
10.3
6 8.39 

2.0
2 0.03 0.06 BDL 

0.00
8 0.02 0.07 
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Babylonia 

zeylanica 5.01 3.48 
15.6
5 

1.8
2 0.06 0.06 

0.00
1 0.01 0.04 0.06 

Bursidae Bursa crumena 

16.8
9 

13.1
8 7.94 

1.7
2 0.04 0.09 

0.00
2 

0.00
9 0.01 0.06 

  

Bursa rubeta 

21.3
8 

12.8
9 5.43 

1.8
3 0.03 0.03 

0.00
2 0.02 

0.00
6 0.05 

Bursa spinosa 

25.1
3 5.03 9.8 

3.0
2 0.1 0.19 BDL 0.01 0.08 0.07 

Cardiidae Cardium flavum 6.05 6.05 
27.1
7 

0.6
9 0.16 0.27 

0.00
5 

0.02
4 

0.00
3 0.02 

Casside 
Phalium 

bisulcatum 

29.7
6 

29.7
6 

33.3
8 

1.3
7 0.09 0.06 

0.00
2 0.01 

0.00
1 0.01 

Conidae Conus incriptus 

26.7
5 

26.7
5 

25.8
9 

3.2
6 0.05 0.06 

0.00
1 0.08 

0.00
2 0.02 

Fasciolarid
ae 

Fusinus 

longicaudus 10.8 12 4.23 
0.9
7 

0.01
7 0.02 BDL 

0.00
7 

0.01
3 

0.04
8 

Ficidae Ficus ficoides 9.62 9.62 5.3 
1.3
3 

0.01
8 

0.03
6 

0.00
7 

0.00
6 

0.00
6 0.02 

  

Ficus ficus 

14.3
3 

17.1
6 

12.3
3 

1.3
5 

0.04
1 

0.10
9 BDL 0.01 

0.00
6 

0.05
3 

Ficus gracilis 

14.3
9 

17.9
9 

10.9
6 

1.2
4 

0.03
1 

0.15
6 BDL 

0.00
6 

0.04
1 

0.08
1 

Ficus variegata 9.43 9.43 5.36 
0.8
3 0.02 0.05 BDL 

0.00
6 

0.00
1 0.03 

Muricidae 
Murex 

malabaricus 10.4 10.4 
31.8
4 

2.3
3 

0.02
9 

0.08
2 

0.00
3 

0.00
7 

0.00
6 

0.03
3 

  

Murex trapa 7.73 
19.4
4 

23.0
8 

3.5
1 0.05 0.1 BDL 0.01 0.04 0.16 

Murex virgineus 5.32 6.82 3.75 
1.7
6 0.06 0.06 

0.00
1 0.01 0.02 0.21 

Rapana 

rapiformis 6.9 3.55 12.1 
2.1
4 

0.02
4 

0.05
5 BDL 

0.00
1 0.07 

0.12
2 

Mytilidae Perna viridis 

17.7
6 1.58 5.17 

0.9
7 

0.02
1 

0.23
2 

0.00
2 0.02 0.03 

0.04
9 

1719

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

55

 

 

Zn and Cu concentration similar to the present study was already reported by Liang et al. (2004) in 
Crassostrea talienwhanen (135 µg.g-1 to 27.3 µg.g-1). Abbe et al. (2000) also reported Cu 
concentration in Crassostrea virginca which ranged from 70 µg.g-1 to 200 µg.g-1 and the values agree 
with the present study results.  

The present study results indicate that molluscs that are landed as by-catch or discards are good source 
of essential elements, macro elements and micro elements. Published literature revealed that among 
the groups of organisms in the trawl by-catch, average protein content was the highest for Mollusca 
and therefore, shelled forms can be utilised for human consumption because of the high protein 
content. Babu et al. (2010) already suggested B. spinosa, a metagastropod is fit for human 
consumption. Indepth studies are needed in order to draw any conclusion with regard to the nutritive 
status of these molluscan discards. The smell and small size prohibit the acceptability of most of these 
forms as food for human beings. Most of these by-catch molluscs can be used as good, nutritive 
animal feeds and hence the colossal wastage of this extremely valuable resource can be reduced in 
great deal. 

References 

Naticidae Natica lineata 

23.6
6 0.82 6.93 2.5 0.03 0.04 

0.00
1 

0.00
5 

0.00
8 0.07 

  

Natica vitellus 23.8 23.8 
39.1
6 

3.8
5 

0.04
6 

0.24
8 

0.00
3 0.01 0.02 0.2 

Neverita 

Peselephanti 5.15 
32.9
3 7.29 

1.1
4 0.03 0.07 BDL 0.01 0.03 0.08 

Strombidae 
Strombus 

canarium 

27.1
4 

27.1
4 

20.1
2 

1.0
6 0.17 0.17 BDL 0.05 

0.00
9 0.05 

  

Strombus plicatus 

29.2
4 

29.1
7 

11.0
8 

1.6
2 0.1 0.29 BDL 0.01 0.02 0.07 

Tibia curta 6.55 
26.5
5 

22.6
2 

2.6
4 0.05 0.21 BDL 0.03 0.17 0.17 

Tonnidae Tonna dolium 

10.3
2 

10.5
8 5.41 

2.1
3 

0.04
4 

0.10
8 BDL 0.01 0.04 

0.05
3 

Turridae 
Lophiotoma 

indica 5.05 5.05 
27.3
8 

2.6
3 0.09 0.05 

0.00
2 0.01 

0.00
2 0.04 

Volutidae Voluta loroisi 

30.0
4 4.06 5.18 

1.3
5 0.03 0.21 

0.00
1 

0.00
7 0.01 0.07 

Xenophori
dae 

Xenophora 

corrugata 8.11 0.51 2.7 
1.4
9 0.06 0.05 

0.00
3 0.01 0.02 0.04 
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ABSTARCT 

Pesticides are substances that are used to kill undesirable organisms, repel or control certain forms of 
plant or animal life that are considered to be pests. The importance of controlling pests have led to the 
development of a variety of insecticides that prevent agricultural loss and spreading of diseases. The 
irrational use of these insecticides causes some serious hazards including alteration in the 
environmental condition and biomagnifications in higher organisms. To overcome these drawbacks 
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more effective and specific insecticides were developed. one among this category is 
chlorantraniliprole, a ryanodine receptor agonist useful against lepidopteran pests. The mode of action 
and toxic effect of chlorantraniliprole needs detailed investigation and the present work is an attempt 
to evaluate the same on the fat body of the final instar larvae of silk insect, Bombyx mori. Total 
protein, urea and aminotransferases in the fat body were analysed. Reduced protein level indicates the 
reduction in protein synthesis due to toxic stress. Increased urea levels are seen due to the 
detoxification of chlorantaniliprole. The activity of aminotransferases were high in treated groups 
compared to the normal, indicates the physiological stress condition due to the insecticide. 

keywords: Bombyx mori, chlorantraniliprole, fatbody, aminotransferases, urea 

INTRODUCTION 

The importance of controlling pests have led to the development of a variety of insecticides that 
prevent agricultural losses and spreading of diseases. The increased and indiscriminate use of these 
insecticides resulted ill effects in the non-target organisms including beneficial organisms and the 
natural enemies of major pests.   

To manage these problems, a new chemical category of insecticides called diamides were developed. 
One among this category is chlorantraniliprole, 3-bromo-N- [4-chloro-2-methyl 6-(methylcarbamoyl) 
phenyl] -1-(3-chloropyridin-2-yl)-1H-pyrazole- 5-carboxamide, which is developed by Nihon 
Nohyaku Co. Ltd (Tokyo, Japan) in 1998. It is a ryanodine receptor agonist and is mainly used against 
lepidopteran pests, which are the major pests of many crops. The chemistry is conformed to control 
insects by activations of ryanodine receptor, which leads to uncontrolled calcium release in muscle and 
contracts permanently, leading to death (Lahm et al., 2009). There are less evidence reporting the toxic 
effect of chlorantraniliprole on non-target organisms.  

The effects of chlorantraniliprole were observed on four species of beneficial insects and found to have 
no apparent adverse effect on them (Larson et al., 2014). It has potent insecticidal activity against 
lepidopteran insects.  Chlorantraniliprole has been shown to be effective on resistant strains of beet-
army worm and Helicoverpa armigera (American Bollworm) (Lahm et al., 2009). The defects of 
treatment of chlorantraniliprole in different lepidopterans show the symptoms such as, rapid feeding 
cessation, regurgitation, lethality, contractile paralysis, impair muscle function, body wall rupturing 
and ooze out of haemolymph and  rupturing of digestive system (Lahm et al., 2009). The toxic effects 
of chlorantraniliprole was analysed on the silkworm Bombyx mori and symptoms like incomplete 
ecdysis, thin shelled coccons etc were observed (Munhoz et al., 2013).  

Several studies were reported on the effects of insecticides on fat body metabolism of insects. In 
Spodoptera exigua and Tenebrio molitor larvae which exposed to fenitrothion (organophosphate) 
resulted in decrease in weight of fat body (Adamsk et al., 2012).  In another study of IGR, Ni-nitro-N-
methylurea injected in the abdomen of Periplaneta americana, the protein contents of ovary of treated 
insects and the protein contents of fat body of treated ones significantly decreased and reduced the 
lipid contents of the fat body (Jain et al., 2003). In the carbaryl treated larvae of the Bombyx mori, 
alanine aminotransferase (AlAT) and aspartate aminotransferase (AsAT) in the fat body and 
haemolymph showed higher magnitude compared to the normal (Sebastian, 2002). The applications of 
juvenile hormone analogue in the diet with high levels of methyl parathion significantly increased the 
activities of AlAT and AsAT in greater wax moth, Galleria melonella larvae (Ender et al., 2005). 

1722

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

58

The fat body of insect is analogous to the liver and adipose tissue of mammals in their aspects.  But its 
functional diversity cannot be equated to any other metazoan cell type (Wyatt, 1980). Insect fat body is 
mesodermal in origin. In adults it appears as a scattered mass of tissue in haemolymph and is the 
source of several proteins found in haemolymph. The present study was undertaken with the aim to 
evaluate the morphological changes and biochemical changes in the protein level, urea level, AlAT 
and AsAT level in the fat body of the fifth instar larvae of Bombyx mori, treated with 
chlorantraniliprole.  

 MATERIALS AND METHODS 

 The silkworm, Bombyx mori L. (Insecta: Lepidoptera) feeds exclusively on mulberry leaves.  
The bivoltine silkworm hybrid, Elite-CSR 2 X 4 of uniform size and age were used as the test material. 
The newly hatched larvae of Bombyx mori were collected immediately after their brushing from 
Sericulture Station, Central Silk Board, Pallatheri, Palakkad district with the help of well grown 
mulberry plantation. The present work was done on the fifth instar larval beginning soon after its 
fourth molt and continued till the last day of the instar at 24 hour intervals. 

Chlorantraniliprole was purchased under the trade name Takumi from Rallis India Limited.  For 
determining LC50 concentration, in separate one litre of water, different concentrations of 
chlorantraniliprole were added. The mulberry leaves dipped in pesticide solution was drained in air for 
half an hour and was exposed to a set of larvae. A set of control larvae were fed with leaves dipped in 
the distilled water solution and drained.  The LC50 in this experiment found as 5ppm/L. A formulation 
of 2.5ppm/L chlorantraniliprole solution in distilled water was used in the present study for the 
analysis of toxicological effects. One set was maintained as control with normal feeding. 

  From sufficient number of larvae from control and insecticide treated groups were collected 
soon after the administration of food and dissected along the dorsal mid line in ice-cold insect ringer 
and the fat bodies were removed immediately. The tissue was homogenized and diluted to appropriate 
volume with water for all assays except enzymes.  

Total protein was estimated by the method of Lowry et al. (1951) using crystalline bovine serum 
albumin (Fraction V, Stigma) as standard. The blue colour developed is measured against a reagent 
blank at 540 nm in a spectrophotometer. Fearon reaction modified by Beal and Croft (1961) was used 
for the estimation of urea and the colour developed was read in a spectrophotometer at 535nm. The 
activity of AlAT and AsAT was estimated by the method of Reitman and Frankel (1957) using pyruvic 
acid as standard and the colour developed was read after 10 min at 520 nm in a spectrophotometer.  
One unit enzyme activity corresponds to the formation of 1mole of keto acid formed per minute at 37º 
C under the experimental conditions.  The results obtained from the biochemical analyses were 
exhibited in tables and figures. The values are expressed as mg/total fat body in the case of total 
protein and urea whereas unit activity/total fresh tissue in the case of aminotransferase activities. The 
values were subjected to statistical analysis using student t  test in order to evaluate the significance of 
variation between normal and treated larvae. 

 RESULTS AND CONCLUSIONS 

  The Bombyx mori larvae treated with chlorantraniliprole showed lack of feeding.  After the 
treatment, discolouration of body cuticle occured. The larvae became sluggish in movement with 
rupturing of the body cuticle. The amount of faecal matter was reduced in treated groups and were in 
the fluid nature instead of pellet. The fresh weight of the fat body gradually increases throughout the 
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final instar larval days, but in treated, the reverse is the condition.  In some experiments, Bombyx mori 

exposed to chlorantraniliprole resulted in thin shelled coccon formation, feeding cessasion, 
regurgitation, late development and incomplete ecdysis (Munhoz et al., 2013). The results obtained 
during this particular study showed that chlorantraniliprole caused a gradual paralysis, body 
contraction and symptoms are clearly different from those of some commercial insecticides. These 
results clearly suggest that the mode of action of chlorantraniliprole is novel and different from that of 
the currently widespread insecticides.  

The amount of protein in the fat body increased with larval age in the normal whereas in treated larvae, 
the same decreased gradually till 96 h. In 96 h and 24 h the treated larvae show a sharp decrease in 
protein level. There were significant decrease in the 48 h and 72 h of treated larvae. The concentration 
of total protein in the fat body of normal and treated larvae is depicted in Table -1 and Figure-1. In the 
chlorantraniliprole treated larvae the fat body protein increases slightly during development, when 
compared to the drastic increase in the normal which indicates a reduction in the rate of protein 
synthesis under toxic stress. The protein of the fat body of the Periplaneta americana,when treated 
with Ni-nitro-methylurea showed a significant decreased protein level in fat body (Jain et al., 2003). 
The reduced level of protein synthetic ability of fat body as well as a reduction in the rate of feeding 
and are in tune with the observations in the reviewed studies.  

The amount of the urea in the fat body of normal larvae increased steadily. In the 48hour and 72hour 
show significant variation in the urea level of the larvae treated with pesticide compared with normal 
larvae. The levels of urea in the fat body of the normal and chlorantraniliprole treated larvae during its 
developmental stages in the fifth instar are given in Table 2 and Figure 2. In the present study urea 
level in the fifth instar larvae of Bombyx mori in 0hr is much low and then gradually increases due to 
elevated synthesis in tune with active feeding. In chlorantraniliprole treated insect the urea level show 
increased magnitude compared to the normal and is mainly due to the detoxification of 
chlorantraniliprole in to less toxic substance like urea. The elevated ammonia level is reported in the 
liver and the muscle tissue of the Clarius batrachus (Begum, 2003). The lambda cyhalothrin treated 
kidney of the rats showed elevated blood urea (Hamadi et al., 2009). The urea elevated in treated 
larvae mainly for to overcome the osmotic imbalance as a result of dehydration. 

   In the fat body of normal larvae the AsAT activity steadily increased with larval development 
and show a peak value at 48 hour and declined up to 96 hours .But in treated larvae the variation of 
AlAT activity exhibited similar pattern but with a high magnitude. A highly significant variation found 
at the 48 hour treated larvae and the variation recorded in Table -3 and in Figure -3. The activity of 
AlAT in the normal and chlorantraniliprole treated larvae are given in Table 4 and Figure 4. The 
activity increased up to 72hour and then gradually decreased. But in treated larvae the activity 
increased with high magnitude and in 72hour and 96hour treated larvae,the activity show twofold 
increase compared to normal. 

 Aminotransferase are of fundamental importance in the metabolism of protein and amino acid. 
The aminotransferase have a key role in transamination. Aminotransferase play an important link 
between carbohydrate and protein metabolic pathways. Neonate larvae of oblique-banded leaf-roller, 
Choristoneura rosaceana, were exposed chlorantraniliprole significant levels of resistance were 
observed and enzyme assays indicated that esterase activity was significantly increased in the 
chlorantraniliprole selected colony, whereas no difference was seen in glutathione-S-transferase 
activity (Sial et al., 2011). In present study the AlAT and AsAT activity increases up to 48h and 
decreases thereafter, but in compared to AsAT, the activity of AlAT showed a high magnitude in the 
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fat body of normal larvae of Bombyx mori. The AlAT and AsAT activities in the final instar larvae of 
Spodoptera mouritia showed an increase with larval growth and development (Lazar and Mohamed, 
1998). So the observation of AsAT and AlAT activities in the fifth instar of the silkworm larvae 
increases in the present study. The chlorantraniliprole treated larvae showed a similar pattern of 
changes in the activities of AsAT and AlAT in the fat body of the fifth instar larvae of Bombyx mori, 
but with a higher magnitude compared to the normal. But the AlAT showed high magnitude compared 
to AsAT in treated .This can be attributed to the reduced food intake of the animal since feeding 
reflects in the aminotransferase activity level. The larvae were found to feed a lesser quantity of 
pesticide treated leaves that bring the animal a condition similar to partial starvation. Elevation of 
AlAT activity often suggest the existence of a physiological challenge in body such as microorganisms 
infection, damage to some tissue or the effect of some toxic material. Recent study on the effect of 
botanical pesticide extracts from Tephrosia purpurea on the biochemical estimation of fat body of  
Dysdercus cingulatus, showed that both transaminase level was high (Sathyaraj and Shoba, 2012).The 
carbaryl treated larvae of silkworm show increased AsAT activity (Sebastian, 2002). Pesticide toxicity 
is a physiological stress, to face this condition the aminotransferase activity increases for the 
production of stress protein. The present study indicates the AsAT and AlAT activity increased in the 
treated larvae and the result is correlated with other related findings. It is found that chlorantraniliprole 
is a highly effective pesticide since its treatment resulted in significant decline in the activity of 
biochemical parameters of fat body of Bombyx mori. 
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Table 1. Changes in the total protein          

levels in the fat body  

                                           

Larval 

age 

mg/total tissue, Mean ± SD 

Normal Treated 

0h 11.18 ± 0.63 10.45 ± 0.78 

24 h 12.31 ± 0.89 10.56 ± 1.14** 

48 h 13.67 ± 0.62 12.39 ± 0.85* 

 72 h 17.82 ± 1.11 14.30 ± 0.77* 

96h 21.87 ± 1.09 15.92 ± 1.02** 

 

Table 2.   Changes in the urea levels in   the fat body                                                       

Larval age 

mg/total tissue, Mean ± SD 

Normal 

(Value x 103) 
Treated (Value x 10-3) 

0h 2.35 ± 0.22 2.87 ± 0.13 

24 h 2.87 ± 0.13 3.01 ± 0.24 

48 h 3.92 ± 0.21 4.23 ± 0.11* 

72 h 3.76 ± 0.11 4.74 ± 0.24* 

96h 4.69 ± 0.13 5.66 ± 0.17 

 

Table 3. Changes in the Aspartate amino transferase (AsAT) activity levels in the fat body 

Larval age 

units/total tissue, Mean ± SD 

Normal 

(Value x 10
-4

) 

Treated 

(Value x 10
-4

) 

0h 6.14 ± 0.31 6.57 ± 0.49 

24 h 6.43 ± 0.39 7.18 ± 0.72 
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48 h 7.32 ± 1.02 9.97 ± 0.84** 

72 h 6.34 ± 0.84 10.03 ± 1.07* 

96h 5.93 ± 0.93 9.81 ± 1.01 

 

Table 4.   Changes in the alanine amino                           

transferase  (AlAT) activity levels in the fat body 

Larval age units/total tissue, Mean ± SD 

Normal 

(Value x 10
-4

) 

Treated 

 (Value x 10
-4

) 

0h 9.69 ± 0.39 10.45 ± 0.51 

24 h 10.98 ± 0.47 11.56 ± 0.31 

48 h 12.19 ± 0.81 15.29 ± 0.71** 

72 h 10.78 ± 0.67 17.49 ± 0.88** 

96h 9.92 ± 0.94 16.91 ± 0.80* 

      All values are the means of 5 determinations  

      *The values are significant at P<0.05 against the                          normal for n=5, **The values are 
highly significant at P<0.01 against the normal for n=5 

 

 

Figure 1. Changes in the total protein levels in the fat body 
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Figure 2. Changes in the Urea levels in the fat body 

 

 

Figure  3. Changes in the AsAT levels in the fat body 

 

 

Figure  4. Changes in the AlAT levels in the fat body 
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BAUHINIA PHOENICEA WIGHT & ARN. (CAESALPINIACEAE)-AN ENDEMIC TAXON 

OF WESTERN GHATS 

Vrindha Vijayan, Renjumol R. and P.M. Radhamany department of botany, University of kerala 
kariavattom, Thiruvananthapuram-695581 
vrindhavijayang1991@gmail.com;renjur88@gmail.com;radhamany_m@rediffmail.com 

ABSTRACT 

Bauhinia phoenicea wight&arn is a large climbing shrub belongs to the family Caesalpiniaceae.It is 
found in evergreen and semi-evergreen forest, endemic to western Ghats. The leaves and bark of B. 

phoenicea has medicinal value. Leaf has antioxidant, hypolipidemic, antimicrobial, anti - 
inflammatory, nephroprotective, hepatoprotective, antiulcer, immunomodulating, molluscicidal and 
bark has wound healing effects. The leaves are also used for flavoring food stuff. The flower buds and 
fruits are eaten as vegetable. The bark is used for dyeing and tanning and bark yields a fiber which is 
used for making ropes.but there is no systematic study on the pharmacognostic and phytochemical 
analysis of this endemic species. In the present study, the plant was subjected to pharmacognostic, 
phytochemical and antioxidant analysis. The detailed pharmacognostical evaluation gives valuable 
information regarding the morphology, microscopical and physio-chemical characteristic of the crude 
drugs. It also gives the scientific information regarding the purity and quality of plant drug. The 
physico-chemical parameters of the plant powder such as total ash value, acid insoluble ash, water 
soluble ash and sulphated ash were also analysed. The preliminary phytochemical analysis revealed 
the presence of secondary metabolites like flavonoids, phenols, alkaloids terpenoids and glycosides. 
antioxidant activity was analysed by using dot blot assay and reducing power by fecl3 and found that 
leaf has highest antioxidant activity than bark. Present study concluded that the medicinal properties 
of B. phoenicea may due to the presence of phytochemicals and having antioxidant properties. 
Therefore it is recommended that the extraction and purification of phytochemicals from B. phoenicea 

may leads to the production of valuable drugs of various types. 

INTRODUCTION 

World is endowed with a rich wealth of medicinal plants. The variety and sheer number of plants with 
therapeutic properties is quite astonishing. In India, medicinal plants had made a good contribution to 
the development of ancient Indian Materia medica. During the past one century there has been a rapid 
extension of the allopathic system of medicinal treatment in India. Medicinal plants have curative 
properties due to the presence of various complex chemical substances of different composition, 
which are found as secondary plant metabolites in one or more parts of these plants. The 
pharmaceutical industries have made massive investment on pharmacological, clinical and chemical 
research all over the world in past few decades (Prajapati et al., 2006). 

Bauhinia phoenicea Wight&Arn is a large climbing shrub belongs to the family Caesalpiniaceae. Its 
common name is scarlet Bauhinia, in Malayalam Vallimantharam, Thukarakalli and Kembattuballi 
(Kannada). It is found in evergreen and semi-evergreen forest, endemic to Western Ghats. There is no 
systematic study on the pharmacognostic and phytochemical analysis of this endemic species. In the 
present study, the plant was subjected to pharmacognostic, photochemical and antioxidant analysis. 

MATERIALS AND METHODS 
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Fresh leaves and bark of Bauhinia phoenicea was collected from medicinal garden, Department of 
Botany, Kariavattom campus, and Moozhiyar (Pathanamthitta).Fresh leaves and bark collected, 
washed and used for the analysis of macroscopic and microscopic characters. For further analysis, 
shade dried plant parts were used. The dried plant materials were further crushed to powder and the 
powder was passed through the mesh and stored in air tight container for further analysis. 

I. Pharmacognostic analysis 

For pharmacognostic analysis macroscopic and microscopic characters were analysed. For 
microscopic analyses stomata number, stomatal index, vein-islet number and vein termination number 
were analysed.Various physico-chemical characters of powder suchwere calculated as per the Indian 
Pharmacopoeia. Various extracts were prepared for the study of extractive values of leaf and bark 
(Brain and Turner, 1975). 

II. Preliminary phytochemical analysis 

Preliminary phytochemical analysis was  performed on extracts to detect various phytoconstituents 
present in them (Harborne, 1973; Trease and Evans, 1989; Sofowara, 1993).Quantification of total 
phenolic compounds (Shehidi and Naczk,1995),total flavonoids (Kokate et al., 2004)  and crude fiber 
content and mucilage are also done. 

III. Anti-oxidant activity 

a. Dot- Blot Assay(Takao et al.,1994) 

Each diluted sample was carefully loaded onto a 20 cm × 20 cmTLC plate (silica gel 60; Merck), in 
order to increasing concentration (100-800 µg/ml), along the row and allowed to dry (3 min). The 
sheet bearing the dry spots was placed upside down for 10 s in a 0.05% DPPH solution. Then the 
excess of solution was removed with a tissue paper and the layer was dried with a hair-dryer blowing 
cold air. Stained silica gel with yellow spots at purple background revealed the presence of radical-
scavenging activity. The intensity of the yellow color depends upon the amount and nature of radical 
scavenge present in the sample. 

b. Reducing power by FeCl3 (Oyaizu, 1986) 

3mg of methanolic extract was dissolved in 3ml of distilled water, measured   0.2ml, 0.4ml, 0.6ml, 
0.8ml and 1ml of the solution separately and made up to 1ml. Each sample was mixed with phosphate 
buffer (2.5 ml, 0.2 M, pH 6.6) and potassium ferricyanide (2.5 ml, 1%) . The mixture was kept at 
500C in water bath for 20 min. After cooling, 2.5ml of 10% trichloro acetic acid was added and 
centrifuged at 3000 rpm for 10min. mixed 2.5ml of supernatant with 2.5ml of distilled water and 1ml 
of 0.1% ferric chloride and kept for 10min. Control was prepared in similar manner excluding 
samples. The absorbence of resulting solution was measured at 700nm in a UV/VIS 
spectrophotometer. Ascorbic acid was used as standard. 

RESULTS AND DISCUSSION 

Macroscopic and Microscopic features 

The macroscopic studies revealed a number of distinguishing morphological characters helpful for the 
identification of the plant.Bauhinia phoenicea is a large woody climber without tendrils found in 
WesternGhats.Stem is extensively branched. Young leaves scarlet in color. Alternatively arranged 
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leaves are ovate, oblong, tip rounded, bilobed and base heart shaped. Leaves are 8.5-14 cm long, 5-10 
cm wide, prominently nerved, nerves arising from the base (Fig1). Flowers 5.5 cm long borne in few 
flowered corymbs in leaf axils or at the end of branches. Sepal tube is five lobed petals 5, scarlet red 
long clawed, stamens5, ovary compressed, stigma capitate, and fruit 

legume. The microscopic studies were also found to be useful in providing certain distinguishing 
features like presence of multi cellular trichomes in epidermis of both leaves are bark. Xylem is 
rounded in shape in leaves and presence of large pith in the bark.(fig 2&3) Paracytic type stomata are 
present only on lower epidermis(Fig4). Stomata frequency is 6mm2, Stomata index, is 16 %.Vein 
termination number is10.75mm2vein-islet number is16.3mm2 (Fig5) 

Physico-chemical parameters of the powdered drug such as ash values, moisture content and 
extractive values were serve as a standard to determine the quality of the plant (Mahindra and 
Nityanand, 2009).Extractive values are useful for the evaluation of crude drugs.(table 1) 

In the phytochemical part of the study, the plant powder was extracted with four different solvents of 
increasing polarity such as petroleum ether, chloroform, methanol and Distilled water. The extracts 
were subjected to qualitative analysis for detecting the presence of bioactive compounds. The 
preliminary phytochemical analysis revealed the presence of secondary metabolites like flavonoids, 
phenols, alkaloids, terpenoids and glycosides (table2).The quantitative analysis of leaf and bark is 
represented in table 3. 

Antioxidant analysis was analysed by using dot blot assay and reducing power by fecl3 Stained plates 
revealed a purple background with yellow spots at the location where radical-scavenging capacity 
presented. The intensity of the yellow color depends upon the amount and nature of radical scavenge 
present in the sample (Fig6). 

Reducing power by FeCl: When the concentration increases the absorbance also increases. In the 
case of leaf, highest absorbance was 0.411 and bark shows highest absorbance 0.365at highest 
concentration 1mg/ml (Graph1). These results lead to the conclusion that the medicinal properties of 
Bauhinia phoenicea may due to high antioxidant activity 

Table 1-Result of physico-chemical analysis of leaf and bark 

Sl.No Parameters Results (%, Mean ± Stdev) 

Leaf Bark 

1 Moisture content 12.01±0.070 10.042±0.008 

2 Ash values 

Total ash 

Acid insoluble ash 

Water soluble ash 

Sulphated ash 

 

5.022±0.211 

4.452±0.307 

1.385±0.005 

8.16 ±0.014 

 

 

3.01±0.008 

1.02±0.018 

0.2±0.081 

6.45±0.129 
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3 Foaming index <100 <100 

4 Extractive values 

Petroleum ether   
extractive 

Chloroform extractive 

Methanol extractive 

Distilled water extractive 

 

1.02± 0.004 

7.34 ± 0.008 

12.1± 0.070 

10.2± 0.043 

 

0.64±0.009 

2.38±0.009 

8.47±0.009 

5.07±0.01 

 

Table 2: Preliminary phytochemical screening of leaf and bark extract 

 

Table 3- Result of quantitative analysis of leaf and bark 

SL.NO Parameter Mean(mg/gm±Stdev) 

Leaf                      Bark 

1 Total Phenol 23.4±0.39 36.5±0.17 

2 Total flavonoid 10.5±0.12 12.7±0.17 

Sl. 
No. 

Secondary 
metabolite 

Petroleum 
ether extract 

Chloroform 
extract 

Methanol 
extract 

Distilled water 
extract 

 

Leaf 

 

Bark 

 

Leaf 

 

Bark 

 

Leaf 

 

Bark 

 

Leaf 

 

Bark 

1 Alkaloid + - + ++ - + - - 

2 Steroid - + + ++ - - ++ - 

3 Terpenoid - ++ - - + + ++ - 

4 Phenol + - - + + + - + 

5 Glycoside + + + + - +++ - - 

6 flavonoid - + + + + - - - 

7 Saponine - - - - - + + ++ 

8 Anthraquinone - - - - - - - - 

9 Quinone + - - + ++ - - - 

1733

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 

69

3 Crude fiber 
content 

19.26±0.011 70.42±0.082 

4 Mucilage content 0.08±0.009 0.86±0.007 

 

Antioxidant activity 

Graph 1: Reducing power of leaf and bark 

 

fig 1   fig2   fig3  

fig4    fig5   fig6   

 

CONCLUSION 

Correct identification and quality assurance of the starting materials is an essential prerequisite to 
ensure reproducible quality of herbal medicine which will contribute to its safety and efficacy. Simple 
pharmacognostic techniques used in the present study for the standardization of material include its 
morphological, anatomical, physico-chemical charsacters.The pharmacognostic features examined in 
the present study may serve as tool for identification of the plant for validation of the raw material and 
for standardization of its formulations.Preliminary phytochemical analysis   of  B.phoenicea showed 
the presence of secondary metabolites like alkaloids, phenols, flavanoids,glycosides and terpenoids in 
both leaf and bark. The reducing capacity may serve as a significant indicator of its potential 
antioxidant activity. The reducing power is widely used to evaluate the antioxidant activity of plant 
extracts. 
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The Present study concluded that B.phoenicea is a potential medicinal plant with biologically active 
compounds. Exploitation of its potentiality may lead to the discovery of new drugs .Further studies 
are necessary to isolates, identify, characterize and elucidate the structure of the bioactive compounds. 
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ABSTRACT 

Inflammation is a crucial biological process for maintaining the homeostasis of the body. The 
currently available anti-inflammatory drug therapy is not often successful or causes intolerable side 
effects. This situation demands, new anti-inflammatory substances. Plants stand always as the first 
source of remedies in the history of mankind. The study aims at evaluating the subchronic toxicity and 
in vitro anti inflammatory activity of the plant Boerhavia diffusa L. Subchronic toxicity study, by the 
administration of 500 mg/kg, 1000 mg/kg, and 2000 mg/kg/day of the ethanolic extract per body 
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weight for 30 days revealed no significant differences in food and water consumptions, body weight 
change, haematological and biochemical parameters, relative organ weights, and gross findings 
compared to the control group. The toxicity tests indicated absence of any significant toxicity or 
mortality at the maximum dose of 2000 mg/kg body weight in any of the animals. Therefore, the Ld 50 
of this plant was estimated to be more than 2000 mg/kg. Histopathological examinations of all organs 
including the liver did not reveal any morphological alterations. analyses of these results with the 
information of signs, behaviour, and health monitoring led to the conclusion that the long-term oral 
administration of Boerhavia diffusa extract for 30 days does not cause sub-chronic toxicity. The 
percentage inhibition of CoX and LoX ( 98.22 and 78.12 ), and the MPo level (0.00037u/ml) and 
nitrate level (490 µg) observed in THP1 cell lines at a dose of 200 µg/ml of the ethanolic extract of 
Boerhavia diffusa (bd) suggests the anti inflammatory effect of the species. The current study 
scientifically validates the application of Boerhavia diffusa in traditional medicine for inflammatory 
diseases. 

Introduction 

                 Inflammation is an extremely complex biological process which implicates a great number 
of mediators originating from the over-activation of multiple cascades. Eicosanoids (Prostaglandins 
and leukotrienes) synthesized from arachidonic acid play an important role in inflammatory disorders 
(Khanapure et al., 2007). Following its release from membrane bound phospholipids, arachidonic acid 
undergoes further biotransformation via cycloxygenase (COX) and lipoxygenase (LOX) pathways. 
The COX pathway has long been used as a target for anti-inflammatory drugs. Current cancer drug 
targets have gained significant interest because they are the mediators of inflammatory response, and 
inflammation is always associated with tumor progression (Coussens and Werb, 2002). Therefore, 
novel anti inflammatory agents can be effective in the treatment of these types of cancers. Long term 
use of non steroidal anti inflammatory drugs (NSAIDs) (ibuprofen) can cause gastric erosions leading 
to stomach ulcers (Vane and Botting, 1998). It increases the risk of myocardial infarction and stroke ( 
Dogne et al., 2005) and in extreme cases cause severe haemorrhage, resulting in death ( Rahme and 
Bernatsky, 2010). The most serious side effects reported were kidney failure and liver failure. 
Currently research focuses on the use of medicinal plants for the treatment of cancer as well as 
inflammation, due to its resistance to chemotherapeutic agents. In spite of advances in the last 
decades, safe and effective anti inflammatory drug remains a great challenge. 

 Boerhavia diffusa L. or red spiderling, a component of several ayurvedic and traditional 
ethnomedical  preparations,  belongs to the family Nyctaginaceae,  locally called Thazuthama  and 
commonly known as,  punarnava  meaning that which rejuvenates or renews the body.  Punarnava is 
Nature s gift for us, as it is highly advantageous for the liver (Rawat et al, 1997). Research has 
established that this herb reconditions the liver ( Das and Agarwal, 2011), purifies the blood and aids 
in increasing the basic haemoglobin of an individual (Gupta and Ali 1998).  Although antioxidant and 
anti inflammatory effects of  Boerhavia diffusa could be of value in preventing and treating oxidative 
stress and inflammation driven cancers, no experimental evidence is available till date. The objective 
of the present study is to evaluate the subchronic toxicity and in vitro anti inflammatory effects of 
Boerhavia diffusa using THP1 monocytic cell lines. 

Materials and methods 

Plant material and preparation of extracts. 
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   The fresh whole plants of B. diffusa were collected from a wide population grown at Kariavattom 
campus, Trivandrum, Kerala during April, 2013. The voucher specimen (No: KUBH 5856) was 
deposited in the herbarium, Department of Botany, University of Kerala. The materials were washed 
with distilled water and air dried in shade for two weeks at room temperature. The dried sample was 
milled into powder using an electric blender. The powder was stored in a sample tube and kept it in a 
refrigerator for further analysis. Dried powdered sample (100gm) was extracted with 1000 ml of 
ethanol for 12 hrs. The filtered extract was subjected to evaporation using a rotary evaporator at 40-
500C, under reduced pressure, to yield 7 gm of the crude extract, which will be referred as BD in the 
manuscript. 

Animals used 

 The Wistar male rats (150-200 gm), were selected for the present investigation. The animals were 
individually maintained under standard conditions of temperature (30±1ºc) and humidity for 7 days 
prior to the experiment period and were fed with commercial diet and boiled water   ad libitum during 
the experiment. The study was carried out according to National Institute of Health (NIH) guidelines 
after getting the approval of the Institutes Animal Ethics Committee. 

The sub- chronic toxicity study  

 The Wistar albino rats were divided into 5 groups of 4 animals each for the investigation. Group 1, 
the control group was treated with 0.5% Tween  80 (vehicle). Group II, III and IV were treated with 
BD dissolved in 0.5% Tween 80 at doses of  500, 1000 and 2000 mg/kg/day, which are equivalent to 
15 - 120 times of the normal human dose (10-20 mg/kg). The extract was given orally to each group 
of rats daily for 30 days, while in order to assess reversibility effect, the extract at the dose of 1,200 
mg/kg was given once daily to the fifth group of rats for 90 days, and kept for another 28 days post 
treatment (satellite group). Toxic manifestations such as signs of toxicity, mortality and the body 
weight changes were monitored daily. At the end of the study, all animals were fasted for 16-18 h and 
anesthetized by using CO2 inhalation on day 91st and on 118th  for the satellite groups. Blood samples 
for hematological analysis ( hematological parameters include Complete blood cell count, 
Hemoglobin level (HGB), Hematocrit level (HCT), Mean corpuscular volume (MCV), Mean 
corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin concentration (MCHC), Red blood 
cell distribution width (RBW), Mean Platelet volume (MPV) and blood chemical analyses (Estimation 
of serum parameters included Alanine trasaminase (ALT), Aspartate transaminase (AST), Alkaline 
phosphatase (ALP), Gamma glutamyl transferase (GGT), Total bilirubin (TB), albumin (ALB), Total 
protein (TP), Triglycerides (TRI), and Total cholesterol (TC)) were taken by cardiac puncture. All rats 
were sacrificed after the blood collection. The internal organs were weighed to determine relative 
organs weights, and observed for gross lesions. All tissues were preserved in 10 % neutral buffered 
formaldehyde solution for histopathological examination ( Jaijoy et al.,2011).  

Determination of in vitro anti inflammatory effect on cultured THP1 cell lines 

 THP1 (Human monocytic cell lines) was cultured in RPMI 1640 [HIMEDIA] media, supplemented 
with 10% heat inactivated FBS, antibiotics (Penicillin and Streptomycin) and 1.5% sodium 
bicarbonate. The media was filtered using 0.2µm pore sized cellulose acetate filter (Sartorius) in 
completely aseptic conditions.   The cells were then grown till 60% confluency followed by activation 
with 1µl LPS (1µ/ml). LPS stimulated THP1 cells were treated with 10µg/ml, 5µg/ml and10µg/ml   of  
BD and incubated for 24 hours. 
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        The anti inflammatory effects of the BD were determined spectrophotometrically by assessing 
the inhibition of COX, LOX and myleoperoxidase and estimation of the cellular nitrate levels. The 
purification of the enzymes were done by centrifugation at 6000 rpm for 10 minutes. Then 200µl of 
cell lysis buffer (1MTris Hcl, 0.25M EDTA, 2M Nacl, 0.5% Triton) was added to the pellet and 
incubated for 30 minutes at 4°C and enzymes assay was done in pellet suspended in a small amount of 
supernatant. Assay of COX, LOX, myeloperoxidase, and estimation of cellular nitrite level were done 
according to the method of Tsuchiya et al., (1980). 

Results and discussion  

Determination of  LD50 value is the initial step in the assessment and evaluation of the toxic 
characteristics of a substance. BD at a dose of 2000 mg/kg had no adverse effect on the behavioral 
responses of the tested rats up to 28 days of observation. The LD50 of this plant was therefore 
estimated to be more than 2000 mg/kg. An increase in organ body weight ratio is an indication of 
inflammation while a reduction in the same parameter can be adduced to cellular constriction. In this 
study, no significant differences were found in the organ weight of the extract treated groups 
compared to control (Table 1). The results of estimation of biochemical parameters indicated that 
there were no significant differences in the biochemical parameters between the extract treated rats 
and the vehicle treated ones (normal group) (Table2).   

Assessment of hematological parameters can be used to determine the extent of deleterious effect of 
extracts on the blood of an animal. Hemogram was estimated for all the treated as well as control 
groups and results have shown no unusual effect on blood cell count, hemoglobin, PCV, MCV, MCH 
and MCHC in treated animals as compared to control group. RBC and WBC count remained 
unaltered in treated animals, while platelet content was slightly increased in group II rats; however it 
was within the normal range (Table 3). Histopathology examinations of all organs including the liver 
did not reveal morphological alteration. Analyses of these results with the information of signs, 
behaviour, and health monitoring led to the conclusion that the long-term oral administration 
of BD extract at high oral dose (2g/kg) for 30 days does not cause sub-chronic toxicity and it is having 
a potential for safe use in oral formulations. 

 The anti inflammatory effects of the samples were determined by assessing the inhibition of 
cycloxygenase (COX), lipoxygenase (LOX), myleoperoxidase (MPO) and nitrate levels 
spectrophotometrically.  At a dose of  200µg/ml of the ethanolic extract of  Boerhavia diffusa,  
percentage  inhibition of  COX and LOX were 78.12 and 98.22  and the amount of  MPO  level  and 
nitrate level were 0.00037±0.11u/ml and 490±0.001 µg  in THP1 cell lines (Table:4). The IC50 value 
for COX is 101.81 and LOX is 104.79.  COX is an enzyme that is responsible for the formation of 
prostanoids mainly involved in inflammatory response. LOX are non-heme iron containing enzymes 
that catalyze the stereospecific incorporation of molecular oxygen into polyunsaturated fatty acids 
with a 1,4-cis, cis-pentadiene motif leading to production of  leukotrienes and hence inflammation. 
MPO is an enzyme stored in azurophilic granules of polymorphic neutrophils and macrophages and 
plays an important role in the initiation and progression of acute and chronic inflammatory diseases 
such as cardiovascular diseases. Thus these enzymes can be used as markers for inflammatory 
responses. Treatment with BD (200 g/ml) effectively inhibited the enzymes COX and LOX and 
reduced the nitrate and MPO level in THP1 cell lines showing a dose dependent effect and these 
changes can be considered as a functional improvement compared to the control. Hence it can be 
concluded that the plant extract can serve as an anticancer as well as an anti inflammatory agent. The 
pharmacokinetics and pharmacodynamics of the species needs to be validated in higher models to 
emphasise the findings.  
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Table 1: Relative organ weights (gm) of rats receiving BD extracts   

Name of the organs  Control group 

 

Treatment groups 

500 mg/kg 1000 mg/kg 2000 mg/kg 

Liver 7.2±0.13 6.68±0.10 7.1±0.10 7.2±0.01 

Spleen 0.30±0.01 0.33±0.00 0.34±0.11 0.36±0.01 

Kidney Left .83±0.10 0.79±0.10 0.83±0.13 0.84±0.01 

Right .85±0.10 0.78±0.10 0.81±0.01 0.80±0.11 

Values are mean±SD  

Table 2:  Effect of BD extract on biochemical parameters in subchronic toxicity study. 

parameters Unit Control Treatment group 

500mg/kg 1000mg/kg 2000mg/kg 

AST U/L 48.19±2.9 49.11±2.3 50.01±2.1 48.33±00 

ALT U/L 36.26±0.9 36.23±0.01 36.30±0.00 36.21 ±0.0 

ALP KAunits 98.27±2.2 98.22±0.12 99.00 ±2.2 98.21±0.01 

GGT gm/dl 118.0±5.5 117.0±0.02 118.0±00 118.34 0.01 

TP gm/dl 9.257±0.37 9.22±0 .41 9.1±00 9.01±0.01 

TC mg/dl 96.50±0.8 96.55±0.00 95.78±00 96.1±0.01 

TRI gm/dl 79.61±.64 79.02 ±.23 78.09±0.01 78.10±0.00 

ALB gm/dl 4.8±01 4.8 .01±0.01 4.9±0.10 4.89 .01±00 

TB mg/dl 0.898±0.02 0.88±01 0.89±011 0.88±0.09 

Values are mean±SD  

Table 3: Subchronic toxicity studies-Hematological parameters 

Parameters Unit Control Treatment groups 

500 

mg/kg 

1000 

mg/kg 

2000 

mg/kg 

WBC uL 5.5×103 5.5× 103 11.5 ×103 4.9 ×103 

Lymphocytes % 70.6 69.7 71.2 78.6 

Monocytes % 4.0 3.9 4.8 2.9 
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Granulocytes % 24.1 26.4 24.0 18.5 

RBC uL 8.1×106 8.69×106 8.03×106 7.87×106 

HGB g/dL 14.9 15.7 14.9 14.5 

HCT % 45.3 47.8 45.1 44.2 

MCV fL 55.5 55.1 56.2 56.2 

MCH pg 18 18 18.5 18.4 

MCHC g/dL 39 32.8 56.2 32.8 

RDW % 12.2 11.5 13.5 12.6 

PLT uL 1610×103 1575×103 1924×103 1624×103 

MPV fL 5.2 5.9 5.1 5.6 

 

 

Table 4: Determination of anti inflammatory activity of Boerhavia diffusa L. on THP1 cell line. 

 

Sample 

concentration(µg/ml) 

COX 

(%inhibition) 

LOX 

(%inhibition) 

MPO 

Enzyme(u/ml) 

Nitrate 

Concentration( g) 

Control µg/ml   0.04±0.00 890±0.03 

Standard  drug 100µg/ml 95.34 96.38 0.00019±0.01 293±0.001 

10µg/ml 10.89 25.78 0.0114±0.02 559±0.001 

50 µg/ml 21.46 36.04 0.0014±0.00 554±0.003 

100 µg/ml  47.38 44.2 0.00093±0.001 524±0.00 

200 µg/ml  98.22 78.12 0.00037±0.11 490±0.001 

Values are mean±SD  
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ABSTRACT:  

Competing risks data are common in medical and industrial research in which lifetime of individuals 
(objects) can be classified in terms of causes of failure.  In survival studies, Current status censoring 
occurs when each individual in the study is observed at only one time point and no information is 
available on individuals between their entry time and observation point unless whether the event of 
interest has occurred or not. In particular, the time at which the events occur is unknown. Competing 
risks data with current status censoring frequently arise from cross sectional studies in demography, 
epidemiology and reliability studies. Covariates or explanatory variables are used in a study to assess 
the heterogeneity of the population. In the present paper, we propose a semi parametric regression 
model based on sub-survival functions for the analysis of current status competing risks data in 
presence of covariates. An estimation procedure for the sub survival functions of current status 
competing risks data is developed and the asymptotic properties of the estimators are discussed. 
Further, we derive a test static to compare sub-survival functions to compare the effect of causes on 
survival times. The asymptotic distribution of the test statistic is derived. A simulation study is 
conducted to assess the finite sample behavior of the test statistic. The practical utility of the 
estimation and testing procedures are well demonstrated using a real life data set. 

Keywords: Competing risks data, Current status censoring, Non parametric test, Regression models, 
Sub survival functions. 

1. Introduction  

In the analysis of medical or industrial data, the term competing risks refer to the situations in which a 
patient (object) is exposed to two or more causes of death (failure), but its eventual death (failure) can 
be attributed to exactly one of these causes of failure. Examples for competing risks data in different 
scenarios can be found in Hoel (1972) and Hinds (1996), among many others. Consider the genral 

competing risks set up with  causes of failure. Let  be the lifetime variable and

 be the cause of failure for an individual .  The analysis of competing risks data is 
usually carried out using one of the following three formulations;  

 Cause specific hazard rate function  formulations, where 

                                                             (1.1)  
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Accordingly we can define cumllatve cause specific hazard rate functions as    

and the overall hazard rate function as  

 Cause specific subdistribution function  formulations (or cumulative incidence functions), 
where 

                                                                                         (1.2)     

where the overall distribution function is given as  

and  

 (iii) Cause specific sub survival functions formulations , where  

                                                      .                             
(1.3) 

Crowder (2001), Kalbfleisch and Prentice (2002) and Lawless (2003) provide review of literature on 
competing risks analysis using (1.1) and (1.2). A detailed study on the role of the sub survival 
functions in competing risks data analysis is given by Porta et al. (2007). We can note that, even 

though   are not the survival functions of any observable random variables they possess the 
mathematical properties of continuous survival functions hence known as surviour like function.The 

overall survival function can be factorized as .  A detailed study of surviour 
like funcions defined in a competing risksset up can be found in Porta et al. (2007). Surviour like 
functions are used to compare the effect of two or more risks on lifetime variable ( see Carriere and 
Kochar (2000) and Dewan and Nimbalkar (2013)).     

In survival studies, current status censoring or interval censoring case I occurs if each patient is 
observed only once at a random monitoring time and information whether the event of interest has 
happened or not before the monitoring time. One could refer to Sun (1999), Jewell and van der Lann 
(2004), Banerjee and Wellner (2005) and Koul and Aggarwal (2008) among many others for diverse 
applications of current status data. In the presence of competing risks,  analysis of the current status 
data is carried out by various authors including Jewell et al. (2003), Jewell and Kalbfleisch (2004) and 
Mathuis and Hudgens (2011), Groenboom and Wellner (1992, 2001) and Groenboom et al., (2008a, 
2008b). Jewell et al. (2003) have studied the data on the menopausal history of 2423 women in the 
context of the current status competing risks set up. The data consist of the cross sectional information 
on the age and menopausal status of each individual. If the menopause has occurred, type of 
menopause viz. operative or natural is also identified. 
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Covariates or explanatory variables are used in survival studies to represent the heterogeneity in the 
population of lifetimes. The study on the effect of covariates on survival time under current status 
censoring is of pivotal importance. The well-known Cox proportional hazards (PH) model is 
employed for the regression analysis of current status data (Diamond et al., 1986 and Sun, 2006). For 
a real data set subject to current status censoring with covariates, consider the breast feeding data from 
Pakistan Fertility Survey discussed in Diamond et al.(1986). In the PFS survey they collected only the 
‘current status’ information whether a child is still breast feeding at the time of survey along with the 
age of child at the time of survey which can be treated as a covariate. They have employed a PH 
model based on logistic link function for the estimation of baseline cumulative functions in a current 
status set up. Jewell and Shiboski (1990) and Shiboski and Jewell (1992) also proposed log log link 
model for the analysis of current status data in presence of covariates, but both of them have not 
discussed the asymptotic distribution of the estimators. Recently Palloni and Thomas (2013) and Feng 
et al. (2014) studied current status data with covariates. 

Current status data with competing risks in the presence of covariates arise naturally from cross 
sectional studies with several causes of failure. For example, clinical trials of candidate vaccines 
against HIV/AIDS are carried out to determine the efficacy of a vaccine. HIV virus can be 
distinguished into several subtypes. The efficacy of a vaccine against each subtype of the virus is an 
element of interest. The variables of interest are the time of infection and the subtype of the infecting 
virus. These variables cannot be observed directly, because the participants of a trial are only tested 
for the virus infection at several follow-up times. Since each test indicates only, whether the infection 
has happened or not, before the time of the test, the time of infection is interval censored. If each 
patient comes for the follow-up only once, the time of infection is said to be case 1 interval censored. 
Since simultaneous infections with several subtypes of a virus are very rare, the subtypes are often 
treated as competing risks. Accordingly, this trial yields current status data with multiple risks (See 
Hudgens et al. (2001)). Any further information such as age or gender of the patient can be considered 
as covariates.  

In competing risks situation, one major question of interest is to test whether the effect of all causes 
on survival time is identical or not. This problem can be equivalently defined in terms of cause 
specific hazard rate functions or cause specific sub distribution functions or sub survival functions. 
More than, the effect of causes over time may vary with covariate values.  Many authors discussed the 
problem of comparing competing risks in presence of right censoring when covariates are not present. 
In presence of covariates McKague et al. (2001) and Vu Nguyen (2007) discussed the same problem. 
When individuals are subjected to current status censoring, However, Sreedevi et al. (2014) 
considered the problem of comparing cumulative incidence functions of current status competing 
risks data when covariates are not present. In presence of covariates, existing methods based on (1.2) 
cannot be used to compare various risks of failure as asymptotic properties of the estimators are 
difficult to study. This motivates us to consider the estimation of cause specific sub survival functions 
and hence to compare cause specific hazard rates to check whether the effect of all causes is identical 
on the survival time. We propose a semi parametric regression model based on sub survival functions. 
The parameters of the model are estimated. We then develop a test statistic to compare the cause 
specific hazard rates through survival functions. The asymptotic properties of the estimators and test 
statistics are discussed. To the best of our knowledge, the problem is considered for the first time in 
literature.  

The text of the article is organized as follows. In Section 2, we propose a semi parametric regression 
model using sub-survival functions. The estimation of base line sub survival functions and regression 
parameters is derived under current status competing risks set up and the asymptotic properties of the 
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estimators are studied. We then develop a test statistic for comparing cause specific hazard rate 
functions through cause specific sub survival functions of current status competing risks data in 
presence of covariates. The asymptotic distribution of the test statistic is shown to be chi-square. To 
assess the performance of the test statistic in a finite sample, we carry out a simulation study in 
Section 3. In Section 4, the proposed method is demonstrated using a real data on prostate cancer 
obtained from Bayr and Green (1980). Finally Section 5 summarizes major conclusions of the study.  

2. Inference Procedures 

In this section, we propose a regression model based on sub survival functions for the analysis of 
current status competing risks data. The asymptotic properties of the estimators of regression 
parameters and sub survival functions are discussed. Accordingly, a test statistic based on case 
specific hazard rate functions is derived to compare the effect of different causes on lifetimes. 

2.1 The Model and Estimation Procedures 

We consider the general competing risks set up with  causes of failure. Under current status 
censoring scheme, each patient (object) is observed only once at a single random monitoring time 

. Thus the lifetime remain unobserved and we only observe the ‘current status’ of 
the individual at time  (whether it has failed or not before time ) along  with the corresponding 

covariate . For the patients observed to be relapsed before time , we also observe the 

corresponding cause of failure . We assume that the monitoring time  is 

independent of the lifetime  and cause of failure  and censoring is non informative. In addition, it 
is presumed that a patient (object) cannot fail from two or more causes at the same time and the cause 
of failure is readily available for relapsed patients. Note that the monitoring times of all patients 

(objects) need not be distinct.  Thus for each individual we observe the vector , where 

is the monitoring time ,  is the indicator variable which take the value 1, if the individual is 

relapsed before time  and 0 otherwise, and is the cause of failure in case of relapsed individuals 

and is the corresponding covariate vector . 

To study the effect of the covariate on the lifetime, we propose a semi parametric regression model 
given by   

                                                                                             
(2.1) 

where  is the sub survival function in presence of the covariate vector for cause  ,

 is the baseline survival function which is common to all patients ,  is the  vector of 

regression parameters  for cause . 

We first consider estimation of the sub survival function when the lifetimes are subjected to current 

status censoring. The study consists of  subjects which may fail due to any of the possible  causes. 

Let ; , be i.i.d. copies of  .  To estimate  and we 
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follow the maximum likelihood approach given in Sun (2006). The complete likelihood of the 
observed data is given by 

                                                                                                                   (2.2) 

In terms of  and  the likelihood function use corresponding to cause ,   is 
given by  

                                             
(2.3) 

with  as the indicator function which takes the value 1 if the th individual observed at found 

relapsed due to cause , and 0 otherwise.  

The problem reduces to the maximization of  over all non increasing step functions with 

jumps only at ’s for . Let   be the ordered distinct time points of . 

Then  takes the form  

                                                                                       (2.4) 

where  are unknown parameters. Now, the log likelihood of (2.3) can be written 
as 

                                    
(2.5) 

where  and represent the product and summation over respectively. Define

 as the set of individuals with monitoring time  and    as the set of individuals with 

monitoring tine    and found to be relapsed due to cause . Also define   

for  and . Then the likelihood function (2.5) can be re written as  
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                                           (2.6) 

Equation (2.6) can be maximized using Newton Raphson algorithm to get the estimates of ’s and 

’s for  and . The estimator of  for  is obtained 

from (2.4) and by exploiting (2.1) we can also estimate ,  at any given 

covariate level .  

Now our interest focuses on the asymptotic properties of the estimators. Following  Haung (1996) and 
Sun (2006) , we establish  asymptotic normality and consistency of the estimators. We assume 
following conditions; 

(a) There exists an  such that  the covariate  has  with probability 1 and 

(b)  For any the probability    for    

(c) The support of the censoring time is an interval  

 and  for    with  and 

. 

The Fisher information for is given by  

 

where  for any  and  and  

. 

Consistency: Under the above regularity conditions (a) to (c), from Huang (1996,Theorem 3.2, page 
547), we have 

                                                    a.s   for  

In particular if the distribution function  of ’s is discrete, then  
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 for  

 almost surely at all mass points of as  and if  is continuous as  , one has  

 for  

almost surely.   

Rate of convergence: Under the assumptions (a) to (c), the rate convergence rate of these estimators 
is given by 

 for  

The overall rate of convergence is governed by the rate of convergence of . The convergence rate 

of the estimates are shown to be  which is slower than the usual convergence rate , but which 
is similar to the convergence rate of distribution function of NPMLE of current status data which is 
studied by Gorenboom and Wellner (1992). 

Asymptotic normality: Suppose that  is an interior point in the finite dimensional parameter space 

. Suppose that the assumptions (a) to (c), are satisfied. Then  

 

where is the empirical measure of the triplet and ,   
is the efficient score function given by 

 and 

is the information for  for  where is a point on the parameter space and  

 

Thus  it follows that the distribution function of the monitoring time ’s, has bounded 

support  with . Furthermore,  should have strictly positive 

and continuous density on . Under these assumptions  
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where  is the information matrix for .  The result from Huang (1996) also shows that  is also 
asymptotically efficient since its asymptotic variance achieves information lower bound. 

2.2 Test Statistic  

Various approaches for comparing cumulative incidence functions or cause specific hazard rate 
functions  of competing risks setup under right censoring are discussed in literature by Aras and 
Deshpande (1992), Aly et al. (1994), Kochar et al. (2002), El Barmi et al.(2008) and Sankaran et al. 
(2010) and the references therein. Carriere and Kochar (2000) considered the problem of comparing 
sub survival functions in competing risks set up. In a current status situation, Sreedevi et al. (2014) 
considered the problem of comparing cumulative incidence functions. All the works mentioned above 
considered situations without the covariates. In the presence of covariates McKeauge et al. (2001) and 
Vu Nguyen (2001) considered the problem of comparison of sub distribution functions under right 
censoring. To the best of our knowledge, no work has been reported for comparing sub distribution 
functions (sub survival functions) under current status censoring in the presence of covariates. 

To study whether the effect of all causes on the lifetimes are same or not at a given level of covariate

, we consider the testing problem  

                             for all .                              (2.7)       

against the alternative 

         at least for some   and for any , . 

where   is the cumulative cause specific hazard rate function corresponding to cause ,

 at a given covariate level . 

Our objective here is to develop a test procedure for the problem (2.7) when lifetimes are subjected to 
current status censoring. From (1.3) it is obvious that  

                                                                                                   
(2.8)            

The hypothesis (2.7) can be written as  

              , for all  and                             (2.9) 

against     

           for at least some   and . 
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To test  against  , we propose a test statistic based on the weighted average of the distance 

measure between  and , . We now consider the quantity 

                                ,                            (2.9)   

where  is the weight function, which can be used to compensate the effect of censoring and to 

set it remain asymptotically distribution free. The function  is similar to the one proposed by 
Pepe and Mori (1993) and Lin (1997) to compare two independent cumulative incidence functions 
and by Sreedevi et al. (2013, 2014) in testing problems of current status competing risks data.  

To test the null hypothesis in (2.9), we introduce the 
test statistic 

 

where  is the largest monitoring time in the study and  and 

   is the generalized inverse of  with  as a consistent estimator of 

variance-covariance matrix   of . 

From the asymptotic properties discussed above, it  follows that  under  for any fixed , 

 is asymptotically a variate normal with mean zero vector and 

variance covariance matrix, . Thus the distribution of 

can be asymptotically approximated by a variate normal with mean zero vector and variance 

covariance matrix , where  is the largest monitoring time in the study . As a result, the 

quadratic form  follows   distribution with  degrees of freedom. We reject , if 

  where  is the ordinate value of chi-square distribution with   degrees of 

freedom at  level. The expression for  is complex and it involves cause specific hazard rate 

functions. The estimation of , thus generally requires smoothing. In practice, one can use 

bootstrap resampling technique to estimate the variance covariance matrix . Again a boot 

strap procedure can be implemented to estimate the standard error of . 

3. Simulation Study 
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We carry out a simulation study to assess the performance of the proposed test statistic. We consider 
two causes of failure. For generating random samples for simulations, we consider an extension of the 
parametric family of distributions proposed by Dewan and Kulathinal (2007). Let              
  

        , and                                                          (3.1) 

                                                                    

where , , and  is a proper distribution function. The restrictions on 
parameters of the model are imposed due to non-negativity condition of cause specific density 

function. Let  be the distribution function employed in (3.1) for generating the 
lifetimes.  There are two causes of failure.  Since our interest is on sub survival functions we  rewrite 
(3.1) as  

                                                          and                                                       (3.2) 

                                                                     

with the above discussed parameter restrictions and  . For simplicity, we consider a 

single covariate , which is generated using a Bernoulli random number with probability of success 
is 0.5. 

It is obvious that if  and ,  and  are identical  and accordingly the sub 

survival functions and  and their values at any given covariate level  will be identical.  

Hence  makes the null hypothesis true. Obviously, if  and  the null 

hypothesis is false. The more   moves away from 0.5 towards 0, the difference between the values 
of sub distribution functions at different time points increases and accordingly the difference between 
the baseline sub survival functions and sub survival functions at any specified covariate level 
increases.  

We simulated 1000 replications of random samples of size  500, 1000 and 2000 by considering 

different combinations of . We choose large sample size, to allow the asymptotic behavior to 
be apparent and also this will be a reasonable sample size for the estimation of a distribution function 
from current status data (Jewell et al.,2003). Ten fixed monitoring times are taken for all the 
replications, where the monitoring times are selected in such a way that it will span the support of two 
sub survival functions. The selected monitoring times are [0.β,0.4,…,β.0]. To generate the number of 
patients (objects) relapsed due to causes 1 and 2 and the number of survived patients (objects) at each 
monitoring time, we introduce the procedure described below. We randomly generate 10 numbers 

 from  such that .  Now first lifetimes are inspected at , the 
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first monitoring time and the next lifetimes are  inspected at   and so on. If  , 

 for  and  for , th individual is considered to be 

failed with the corresponding cause generated and otherwise th individual is considered to be  

censored at .  

 For each sample, 1000 bootstrap samples are generated to compute the estimate of the variance-

covariance matrix . For bootstrapping the data, we follow the procedure discussed in Jewell and 

Kalbfleisch (2004). Let ; ,be the data on the th individual, where  if th 

individual is observed at  and a failure of type  has occurred before time  and if th 

individual is observed at and found to be censored. We denote bootstrap samples as  for 

. 

 We calculated empirical type I error and empirical power of the test at both 5% and 1% level of 

significance. We selected four different weight functions for the analysis, viz. (i)  (ii) 

 (iii) , the overall survival function calculated by omitting the cause of failure 

information (Sreedevi et al., 2014) and , the number of patients(objects) inspected at  each 

monitoring time. We carry out simulations for different choices of . Table 1 and Table 2 give 

the empirical type I error and power of the test statistic for different values  of , when 

 and respectively. In the following tables,  corresponds to the 
situation where the null hypothesis is true which was used to calculate the empirical type I error of the 

test. By varying the value of the parameters , we compute empirical power of test. We used 
different combinations of the parameters in simulation studies. As the results are similar, we present 

only the results for  and along with five different values  of . 

The histograms and probability plots of simulated values of    at various monitoring 

times for different choices of  and weight functions  at a specified covariate level 

 for are drawn to assure the asymptotic normality of  which is discussed in 
Section 2.2 (refer  Sreedevi et al., 2014). Figures 1 to 3 show the histograms and probability plots of 

 at three randomly chosen monitoring times. The figures (a) and (b) represent the 

histograms of   and  and the figures (c) and (d) represent the probability plots of  

  and  at the chosen monitoring times. 
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                             (a)                                        (b)                  (c)                                   (d)       

Figure 1 Histograms and probability plots  of ,  and at monitoring time 0.8 for 

  

 

                                  (a)                                    (b)          (c)                                       (d)     
  

Figure 2 Histograms and probability plots  of ,  and at monitoring time 1.2 for 

at  
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                            (a)                                    (b)          (c)                                      (d)       

Figure 3 Histograms and probability plots  of ,  and at monitoring time 2.0 for 

 at  

Similar figures are obtained for all choices of parameter combinations. It is obvious from Figures 1 to 

3 that  ,  follow standard normal distribution.Table1 Empirical type I errors and 
powers (in percentage) of the proposed test statistic at an asymptotic level of 5% and 1% when

 

 

       

 
    

    

500 1000 2000 500 1000 2000 500 1000 2000 500 1000 2000 

0.5 
5 5.8 5.4 4.8 5.8 5.5 5.2 4.3 4.7 5.0 4.6 5.1 5.1 

1 0.7 0.9 1.1 1.5 1.4 1.2 0.8 0.8 1.1 0.7 0.8 1.1 

     0.4 
5 69.1 78.5 91.4 71.8 85.3 92.3 77.6 87.2 94.5 74.2 82.5 90.2 

1 59.4 69.1 84.3 64.5 70.1 90.4 67.5 76.7 85.2 68.3 71.2 83.2 

0.3 
5 75.8 82.1 93.1 76.6 87.3 90.4 80.9 85.4 89.2 80.1 84.3 90.4 

1 66.5 74.8 88.2 70.5 76.1 93.2 70.2 75.1 87.5 72.1 71.8 81.9 

0.2 
5 95.1 97.5 100 98.6 99.9 100 100 100 100 99.9 100 100 

1 93.4 95.1 100 96.2 99.3 100 99.5 99.7 100 99.5 99.6 100 

0.1 
5 100 100 100 100 100 100 100 100 100 100 100 100 

1 100 100 100 100 100 100 100 100 100 100 100 100 

 

Table2 Empirical type I errors and powers (in percentage) of the proposed test statistic at an 

asymptotic level of 5% and 1% when  

 

       

 
    

    

500 1000 2000 500 1000 2000 500 1000 2000 500 1000 2000 

0.5 5 5.7 5.5 5.1 5.6 5.5 5.2 4.8 4.9 5.0 4.6 4.8 5.1 
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1 1.8 1.6 1.2 1.4 1.2 1.1 0.8 0.9 1.1 0.7 0.8 1.1 

     0.4 
5 72.1 84.2 92.1 73.4 87.5 93.8 76.1 83.9 91.1 75.2 84.2 91.5 

1 66.2 75.1 84.3 67.7 74.7 89.9 69.2 74.7 84.3 69.1 71.8 85.2 

0.3 
5 78.5 86.9 94.9 78.9 90.1 92.6 80.5 88.2 88.9 78.4 83.8 92.8 

1 70.0 79.6 87.3 70.5 77.9 88.8 72.3 78.4 85.2 71.2 74.0 83.9 

0.2 
5 98.6 99.5 100 100 100 100 100 100 100 99.9 100 100 

1 97.2 99.2 99.7 99.8 99.9 100 99.8 99.9 100 99.2 99.9 100 

0.1 
5 100 100 100 100 100 100 100 100 100 100 100 100 

1 100 100 100 100 100 100 100 100 100 100 100 100 

 

From Table 1 and Table 2, it is obvious that, the proposed statistic has empirical type I error values 
close to the significance level when the null hypothesis is true.  Also the test has very good power in 

general, which increases as moves away from  0.5  towards 0. By analyzing the power of the test for 

different weight functions, we can see that for small sample size such as , power of the test is 

maximum when  and , but for large samples with ,  and 

, give better results.  

4. Data Analysis 

We consider the prostate cancer clinical trial data of Bayr and Green (1980) for illustration purpose. 
This data set was obtained from a randomized clinical trial comparing four treatments for 506 patients 
with prostatic cancer. These patients had been grouped by physicians using clinical criteria into Stage 
3 or Stage 4 of the illness which is considered as covariate in this study. Nine causes of death were 
identified as 1: prostate cancer, 2: heart or vascular disease 3: cerebrovascular disease, 4: pulmonary 
embolus 5: other cancers, 6: respiratory disease, 7:other specific non cancer, 8: unspecified non cancer 
and 9: unknown causes. Since prostate cancer is the cause of interest in this study we divide the 
causes to two types 1: prostate cancer and 2: other than prostate cancer. Survival time and covariate 
values along with the cause of death are available for 502 patients. Data is available in the Website of 
Vanderbilt University, Tennessee, USA. Since the lifetime is given as a continuous variable in the 
data we group it into 15 non overlapping intervals; [0-5],(5-10],(10-1η],….,(θη-70],(70-76]. After the 
grouping, the data is recorded as the mid points of these intervals by interpreting the midpoints of the 
intervals as the exact observational times. These modifications give rise to a current status competing 
risks data with covariates. The data so obtained is given below in the Table 3. 

 

Table 3 Data on prostate cancer history of 502 patients (Bayr and Green (1980)) 
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 Stage 3 Stage 4 

Observation 
time 

Prostate 
Cancer 

Other 
causes  

Alive 
Prostate 
Cancer 

Other 
causes  

Alive 

2.5 2 25 0 12 17 0 

7.5 2 19 0 13 4 0 

12.5 3 13 0 14 5 0 

17.5 1 12 0 11 6 0 

22.5 3 15 0 9 5 0 

27.5 6 17 0 8 8 0 

32.5 3 12 0 8 4 0 

37.5 3 12 0 8 5 0 

42.5 1 6 0 2 4 0 

47.5 3 10 0 1 2 1 

52.5 5 4 21 3 4 11 

57.5 0 7 16 3 0 11 

62.5 1 5 18 1 0 10 

67.5 1 1 25 2 1 9 

73.5 1 0 16 0 1 10 

 

We analyze this data set to test whether the effect of to two different causes vary with time in 
presence of covariates using the newly proposed test statistic. The estimates of regression parameters 

are obtained using the procedure described in Section 2 as 0.872 (S.E of =0.0149) and -

0.143 (S.E. of =0.0351) We employ the bootstrap technique to estimate the variance covariance 

matrix . Table 4 gives the test statistic values for weight functions (i)  (ii)  

(iii) and ,  with the corresponding p-values. 

Table 4 Test statistic values for different weight functions with corresponding p-values 

 

Weight function  Stage 3 Stage 4 
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Test Statistic p-value Test Statistic p-value 

 28.96 < 0.00001 25.42 < 0.00001 

 27.82 < 0.00001 23.74 < 0.00001 

 30.23 < 0.00001 27.31 < 0.00001 

 26.20 < 0.00001 23.01 < 0.00001 

 

The p-values of the test are small for all weight functions. This indicates that the sub survival 
functions resulting from the two causes viz. prostate cancer and other causes are significantly 

different. Figure 1 gives the plot of  estimates of baseline survival functions  and  
against time (here observation time in days). In Figure 4, the solid line represents the estimates of sub 
survival functions obtained from the cause prostate cancer and the dotted line represents the sub 
survival functions function due to failures from other causes. 

 

 

 

 

 

 

 

 

Figure 4 Plots of  and   against observation time in days prostate cancer data.  

Figure 4 shows that the sub survival functions obtained from the two causes are differ significantly. 
Also we can infer that the patients in the group with cause as prostate cancer has larger survival rate 
compared to the patients from second group. This may happen because the second group consists of 
patients with the cause of failures listed from 2 to 8 which forms a larger cohort exposed to death.  

Now when covariates are present, the graphs of  and   and  

and against observation time are given in Figure 5(a) and Figure 5(b). Here  denote 
the specific level of covariate which are stage 3 and stage 4of the prostate cancer in our study. 
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(a)                                                                   (b) 

Figure 5 Plots of  and   against observation time in days prostate cancer data 

where  is a specified covariate level. 

From Figure 5, it is clear that two sub survival functions differ significantly hence we can conclude 
that the effect two causes on survival time is significantly different both when the stage of the cancer 
is 3 or 4. But it is interesting to note that, at stage 3 of prostate cancer death rate due to the same is 
small compared to the death rate due to the other causes, but when the cancer stage is identified as 4, 
death rate due to the prostate cancer become high compared to the other causes. 

5. Conclusion 

In the present paper, we propose a semiparametric regression model using sub survival functions for 
the analysis of current status competing risks data in presence of covariates. The estimators of sub 
survival functions and regression parameters were derived and asymptotic properties of the estimators 
were discussed. A test procedure for comparing sub survival functions of a current status competing 
risks data in presence of covariates was developed. This model has significant importance, as current 
status data exposed to multiple risks with covariates arise naturally from cross sectional studies and in 
some reliability experiments. Often the interest is focused on the possible variations in the effects due 
to different causes which may vary according to covariate values.  

As mentioned in the introduction, the problem of comparing risks can also be carried out using either 
cause specific hazard rate functions or cause specific sub distribution functions. Even though the 
estimation procedures for cause specific hazard rate function in current status competing risks set up 
with covariates were developed by various authors, the asymptotic properties of these estimators are 
less explored. The approach described here overcomes this handicap. Simulation studies reported here 
can be extended to accommodate three causes of failure (Sreedevi et al.(2014)), but the running time 
of simulation programs is much longer due to the estimation of more than ten parameters at each step.  
We therefore restricted the number of causes to two in our study. 
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ABSTRACT 

The full transformation semigroup TX  on a non-empty  set X is the semigroup of all non-invertible 
functions  on the set X under the operation  function  composition. It  is known  that TX    forms a  
regular  semigroup.    TX    is one  of the  most  impor- tant semigroups since any arbitrary semigroup 
S can be realized as a semigroup  of functions  on a set.  The construction in this  paper  is provided  
using the  theory  of cross-connections  introduced  by  KSS Nambooripad.  This  involves the  
concept  of normal  category  and several associated category  relations. 

In the  study  of structure theory  of regular  semigroups,  KSS Nambooripad  intro- duced the concept 
of normal categories to construct the semigroup from its principal left(right) ideals using cross-
connections.  A normal category is a small category with subobjects wherein each object of the 
category has an associated idempotent normal cone and  each morphism  admits  a normal  
factorization.  The  principal  right(left) ideals of a regular  semigroup  S  with  partial left(right) 
translations as morphisms form a normal  category  R(S)(L(S)). 

Given an arbitrary set  X , the  set  of proper  subsets  of X  with  functions  as mor- phisms forms a 
category  P (X ), the  power-set  category.  A partition π of X  is the family  of subsets  Ai  of X  such 
that S Ai   =  X  and  Ai  ∩ Aj   = φ for i = j.  The set of non-identity partitions of the set X can also 
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be realized as a category  Π(X ), the  partition category.   In this  paper,  we show that P (X ) and  Π(X 
) are normal categories  and are  mutual  normal-duals of each other.   Also the  cross-connection 
semigroup S˜Γ of the identity  cross-connection  between Π(X ) and P (X ) is isomor-phic to  TX    
such  that P (X ) is isomorphic  to  L(TX ) and  Π(X ) is isomorphic  to R(TX ). 

The construction gives an alternate way of studying  TX   using the normal categories 

P (X ) and  Π(X ).   In  this  paper,  we also use cross-connections  to  construct the right(left) regular  
sub-semigroups  T of TX   such that the  category  L(T )(R(T )) of principal  left(right) ideals of T is P 
(X ) (Π(X )). 

INTRODUCTION 

A semigroup is an abstract algebraic structure consisting of a non-empty  set S along with an 
associative binary  operation.  The formal study  of semigroups began in the early 20th century  and 
they  are important in many areas of mathematics because they  form the underlying structure of 
’memoryless’ systems.  Semigroup theory has vast applications in theoretical  computer  science, 
partial  differential equations,  probablity  theory, language theory  etc. A semigroup S is said to be 
(von-neumann)  regular  if for every a ∈ S, there exists b such that  aba = a. In the study of the 
structure theory of regular semigroups, there are mainly two approaches.  The first approach  inspired 
by the work of WD Munn (cf. [7]) uses the set of idempotents E of the semigroup to construct  the 
semigroup as a full-subsemigroup of the semigroup of the  principal-ideal  isomorphisms of E.   The 
biggest contribution of Kerala  to the  world of semigroup theory  lies at  the  heart  of this  
construction  wherein KSS Nambooripad  (cf. [8]) abstractly characterized  the set of idempotents  of 
a (regular) semigroup as a (regular)  biordered set.  It  was later  proved by D Easdown  (cf. [2])that 
infact the idempotents  of any arbitrary semigroup form a biordered  set. 

The second approach  initiated  by Hall (cf. [4]) uses the  ideal structure of the  regular semigroup to 
analyse its structure. PA Grillet (cf. [γ]) refined Hall’s theory  to abstractly characterize  the ideals as 
regular partially ordered sets and constructing  the fundamental  image of the  regular  semigroup  as a  
cross-connection  semigroup.   Again Nambooripad (cf. [9]) generalized the  idea to any arbitrary 
regular  semigroups by characterizing  the ideals as normal  categories.A cross-connection between 
two normal categories C and D is a local isomorphism Γ μ D →N ∗C where N ∗C is the normal  dual 
of the category  C.  A cross-conection Γ determines  a cross-connection semigroup S˜Γ and  
conversely every regular  semigroup is isomorphic to a cross-connection semigroup for a suitable  
cross-connection. 

Given an  arbitrary set  X , let  TX   be the  set  of all functions  on X .   It  is known that  TX  forms a 
monoid ( semigroup with identity)  under the operation  function composition. TX   is one of the  most  
important  semigroups  because of the  following theorem  closely analogous to the Cayley’s theorem  
for groups. 

Theorem 1.  (cf. [5]) If S  is any semigroup  and  X  = S1, then  S  is isomorphic  to  a subsemigroup 
of TX . 

2 .CROSS-CONNECTIONS OF THE FULL  TRANSFORMATION SEMI-GROUP 

2.1 Preliminaries 
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In the  sequel, we assume familiarity  with the  definitions and  elementary  concepts  of category 
theory  (cf. [6]).  The definitions and results  on cross-connections  are as in [9]. For a category C, we 
denote by vC the set of objects of C. 

Definition 2.1.  Let C and  D be two categories and  F  : C → D be a functor.  We shall 
say that  a functor  F  is v-injective if vF  is injective.  F  is said to be v-surjective if vF  is 
surjective.  F is said to be an isomorphism if it is v-injective, v-surjective, full and faithful. 
Definition 2.2.  A preorder  P is a category  such that  for any p, p0  ∈ P,  the  hom-set 
P(p, p0) contains  atmost  one morphism. In this  case the relation  ⊆ on the class vP of objects of P 
defined by p ⊆ p0    ⇐⇒ P(p, p0) = ∅ is a quasi-order.  P is said to be a strict  preorder  if ⊆ is a 
partial  order. 
 
Definition 2.3.  Let C be a category and P be a subcategory  of C. Then (C, P) is called a category 
with subobjects if P is a strict  preorder  with vP = vC such that  every f ∈ P is a monomorphism  in C 
and  if  f, g ∈ P and  if f = hg for some h ∈ C, then  h ∈ P.In a category  with subobjects,  if f : c → d 
is a morphism  in P,  then  f is said to be an 
inclusion.  And we denote this inclusion by j(c, d). 

Definition 2.4.  A morphism  e : d → c is called a retraction if c ⊆ d and j(c, d)e = 1c. 

Definition 2.5.  A normal  factorization  of a morphism  f ∈ C(c, d) is a factorization  of the  form f =  
euj  where e : c → c0  is a retraction, u : c0  → d0  is an isomorphism and j = j(d0, d) for some c0, d0 ∈ vC with c0 ⊆ c, d0 ⊆ d. 

Definition 2.6.  Let d ∈ vC.   A map   μ vC → C is called a cone from the base vC to the vertex d if 

(c) ∈ C(c, d) for all c ∈ vC and whenever c0  ⊆ c then  j(c0, c) (c) = (c0). The  cone   is said to be  
normal  if there  exists c ∈ vC such that  (c)  μ c → c     is an isomorphism. Given  the  cone   we 
denote  by  c     the  the  vertex  of   and  for each  c  ∈ vC,  the morphism  (c)  μ  c → c     is called  
the  component  of   at  c. We  define M      = {c  ∈ C | γ c  is an isomorphism}. 
Definition 2.7.  A normal  category is a pair (C, P) satisfying the following : 

1. (C, P) is a category with subobjects. 
2. Any morphism  in C has a normal factorization. 
3. For each c ∈ vC there  is a normal cone σ with vertex c and σ(c) = 1c. 

Theorem 2. (cf. [9] ) Let (C, P) be a normal category and let T C be the set of all normal 

cones in C. Then  T C is a regular semigroup with product  defined as follows μFor , σ 

∈ T C. (  ∗ σ)(a) = (a)(σ(c  ))◦where (σ(c  ))◦  is the epimorphic part  of the σ(c  ).  

Then  it can be seen that   ∗ σ is a normal cone. T C is called the semigroup of normal  

cones in C. For  each  ∈ T C, define H ( ; −) on the  objects and  morphisms  of C as 

follows. For each c ∈ vC and for each g ∈ C(c, d), define 

H ( ; c) = {  ∗ f ◦   : f ∈ C(c  , c)} (2a) 
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H ( ; g) μ  ∗ f ◦   7→  ∗ (f g)◦ (2b) 

Definition 2.8.  If C is a normal category, then the normal  dual of C , denoted  by N ∗C 

,is the full subcategory  of C∗  with vertex set 

vN ∗C = {H ( ; −) |   ∈ E(T C)} 

where C∗  is the category of all functors from C to Set(cf.  [6] ). 

Theorem γ. (cf. [λ] ) For , 0 ∈ T C , H ( ; −) = H ( 0; −) if and only if there is a 

unique isomorphism h μ c 0  → c  , such that   = 0 ∗ h. And R 0    ⇐⇒  H ( ; −) = 

H ( 0; To every morphism  σ μ H ( ; −) → H ( 0; −) in N ∗C,  there  is a unique σˆ  μ c 0        

→ c    in C σ(c) μ   ∗ f ◦   7→  0   ∗ 

 

In particular σ is the  inclusion H ( ; −)  H ( 0; −) if and  only if    =  0   ∗ σˆ  where σˆ  

is a unique Definition 2.9.  Let C and  D be normal  categories.  Then  a functor  F  : C 

→ D is said to be a local isomorphism  if F  is inclusion preserving , fully faithful and for 

each c ∈ vC,F|hci  is an isomorphism of the ideal hci onto hF (c)i. Definition 2.10.   Let  

C  and  D be normal  categories.   A cross-connection   is a triplet 

(D, C; Γ) where Γ μ D → N ∗C is a local isomorphism such that  for every c ∈ vC, there  

is 

some d ∈ vD such that  c ∈ M Γ(d). 

Remark 1.  Given a cross-conection  Γ from D to C, there  is a dual cross-connection  ∆ 
from C to D denoted  by (C,D;∆). 

Definition 2.11.  Let C be normal category.  An ideal I in N ∗C is said to be a total ideal 

in N ∗C if for all c ∈ vC, there  is some    ∈ E(T C) such that c ∈ M H ( ; −). 

Remark 2.  Given  a  cross-connection  Γ  μ  D → N ∗C,  since  N ∗C ( is the category  

of all  functors  from C to  Set(cf.   [6] )),  by  category  isomorphisms  we get  a unique 

bifunctor  Γ(−, −) : C × D → Set  defined by Γ(c, d)  = Γ(d)(c)  and  Γ(f, g) = 

Γ(d)(f )Γ(g)(c0)  = Γ(g)(c)Γ(d0)(f ) for all (c, d) ∈ vC × vD and  (f, g) : (c, d) → 

(c0, d0). 

Similarly  corresponding  to  ∆ μ  C  → N ∗D,  we  have  ∆(−, −)  :  C × D → Set   de- 
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(5a) 
 

(5b) 

(6) 

fined by ∆(c, d)  =  ∆(c)(d) and  ∆(f, g) = ∆(c)(g)∆(f )(d0)  = ∆(f )(d)∆(c0)(g)  for all (c, 

d) ∈ vC × vD and (f, g) : (c, d) → (c0, d0). 

Theorem 4.  (cf. [λ]) There  is a natural isomorphism χΓ  between Γ(−, −) and ∆(−, −) 

such that  χΓ μ Γ(c, d) → ∆(c, d) is a bijection. 

U Γ = [ { Γ(c, d) μ (c, d) ∈ vC × D} 

U ∆ = [ { ∆(c, d) : (c, d) ∈ vC × D} 

 

Theorem 5.  (cf. [9]) For any cross-connection  Γ μ D → N ∗C, U Γ is a regular  

subsemi- 
group of T C such that  C is isomorphic to L(U Γ).  And U ∆ is a regular  subsemigroup  
of 
T D such that  D is isomorphic to L(U ∆). 

Definition 2.13.  For a cross-connection Γ μ D → N ∗C, we shall say that   ∈ U Γ is 

linked 

to δ ∈ U ∆ if there  is a (c, d) ∈ vC × vD such that   ∈ Γ(c, d) and δ = χΓ (c, d)( ). 

Theorem 6.  (cf. [λ]) Let Γ μ D → N ∗C be a cross-connection and let 

S˜Γ = { ( , δ) ∈ Γ × ∆ μ ( , δ) is linked  } 

Then S˜Γ is a regular semigroup with the binary  operation  defined by 

( , δ) ◦ ( 0, δ0) = ( . 0, δ0.δ) 

for all ( , δ), ( 0, δ0) ∈ S˜Γ. Then S˜Γ is a sub-direct  product  of U Γ and U ∆op  and is 

called the cross-connection  semigroup determined  by Γ. 
Let S be a regular  semigroup.  The  category  of principal  left ideals of S is described 
 
as follows. Since every principal  left ideal in S has at least one idempotent generator,  

we may write  objects  (vertexes)  in L(S)  as Se for e ∈ E(S).   Morphisms ρ μ Se → Sf 

are right translations ρ = ρ(e, s, f ) where s ∈ eSf  and ρ maps x 7→ xs.  Thus vL(S)  = 

{Se : e ∈ E(S)} and  L(S)  = {ρ(e, s, f ) μ e, f ∈ E(S),  s ∈ eSf }. 

Proposition 1. (cf. [9] ) Let S be a regular semigroup.  Then L(S)  is a normal category. 

ρ(e, u, f )  = ρ(e0, v, f 0)  if and  only if eL e0,  f L f 0,  u  ∈ eSf , v  ∈ e0Sf 0     and v  = 

e0u. Let ρ = ρ(e, u, f ) be a morphism  in L(S).   For any g ∈ Ru   ∩ ω(e) and h ∈ E(Lu 

),ρ = ρ(e, g, g)ρ(g, u, h)ρ(h, h, f ) is a normal factorization  of ρ. Proposition 2.  (cf. [9] ) 
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Let S be a regular  semigroup,  a ∈ S and f ∈ E(La ).  Then for each e ∈ E(S),  let  ρa 

(Se) = ρ(e, ea, f ).   Then  is a normal  cone in L(S)  with vertex  Sa.  Mρa    = {Se μ e 

∈ E(Ra )}.  ρa  is an idempotent in T L(S)  iff a ∈ E(S).   The mapping a 7→ ρa  is a 

homomorphism  from S to T L(S).  Further  if S is a monoid, then  S 
 

Remark 3.  If Sop denote  the  opposite  semigroup  of S  with  multiplication  given  by a 

◦ b  = b.a where the  right  hand  side is the  product  in S, then it  is easy to  see that 

L(Sop ) = R(S)  and R(Sop ) = L(S).  Using these it is possible to translate any statement 
about  the  category R(S)  of right  ideals of a semigroup S as a statement regarding  the 
category L(Sop ) of left ideals of the opposite semigroup Sop   and vice versa.  Thus 
given a regular semigroup S, we have the following normal category of principal right 
ideals R(S)  and the dual statements of the Proposition  1 holds true  for R(S). vR(S)  = 

{R(e) = eS : e ∈ E(S)} and R(S)  = { (e, s, f ) μ e, f ∈ E(S),  s ∈ f Se}.                         

(7) 
2.2 The category of subsets of a set 

 
Consider the semigroup of all non-invertible  functions  on a set X which forms a reg-
ular semigroup called the full transformation semigroup TX . We characterize  the 
normal category  L(TX ) associated  with  the  principal  left ideals of TX .  Since TX    
is a regular semigroup, by Proposition  1, L(TX ) forms a normal category For any 
proper subset A of X , we denote by A˜, an idempotent transformation with image A.  
We will use SA to denote  the principal  left ideal of TX   generated  by A˜ where A is a 
proper subset of X . The following properties  of TX   will be used often. 

Lemma 1.  (cf. [1] ) If α,  ∈ TX , then  αL    ⇐⇒  X α = X .  αR   ⇐⇒  πα  = π  . α 

∈ TX   is an idempotent  ⇐⇒α|Im α = 1Im  α . 

Lemma 2.  Let A, B  X and ρ(A˜, α, B˜ ) be a morphism  from SA to SB.  Then  for 

any x ∈ A, xα ∈ B.  Also ρ(A˜, α, B˜ ) = ρ(A˜, , B˜ ) if and only if xα = x   ∀x ∈ A. 

Proposition 3. (cf. [10]) All normal cones in the category L(TX ) are the principal cones. 
In general, for a regular  semigroup S, and  the  associated  normal  category  L(S),  the 
semigroup of normal  cones in L(S)  is not isomorphic to S.  By Proposition  2, we have 
a homomorphism  from S to T L(S)  which may not be one-one or onto.  But  in the case 
of 
TX , we indeed have an isomorphism 
Theorem 7.  (cf. [10]) T L(TX ) is isomorphic to TX . 

Proof.  Consider the map α 7→ ρα from TX  to T L(TX ). This map is a semigroup 

homomor- that  it is 1-1. Let α,  ∈ TX   such that  ρα = ρ  . Then for any x ∈ X , ρα 

1766

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



(Sx) = ρ(x˜, x˜α,  ) where    ∈ E(Lα ) and ρ  (Sx) = ρ(x˜, x˜ , δ) where δ ∈ E(L  ). And 

since ρα = ρ   , we ρ(x˜, x˜α, ) = ρ(x˜, x˜ , δ) and so x˜α = x˜ . It follows that  xα  = x   

for all X  ∈ X .  And α = . Hence the result Now we show that the  category  L(TX ) 

can be identified with the  category  of proper 
subsets of X , the power-set category.  It is easy to see that  all the proper subsets of a set 
X with functions as morphisms forms a category P (X ) (cf. [6] ). Observe that  P (X ) 

has an obvious choice of subobjects since the set-inclusion of A  B gives a natural 

preorder in P (X ).  And composition of two morphisms is function composition.  Now 
we proceed to show that  this category is a normal category. 
Proposition 4.  (cf. [10]) P (X ) is a normal category. 
 
Proof.  The inclusions in P (X ) are precisely inclusion functions .i.e we have an 
inclusion 

j : A → B if and only if A  B.  q : B → A is a retraction if and only if A  B and 

j(A, B)q  = 1A .  It  is easy to see that  any function  f from A to B  has a factorization  f 

= euj  where e : A → A0 is a retraction, u : A0 → B0 is an isomorphism and j = j(B0, B) 

is an inclusion when B0 = Im f  and A0  is a cross-section of the partition  of A 
determined 

by f .  Given any A  X , let σ be a cone in P (X ) with  vertex  A defined as follows. Let 

u : X  → A  be  a function  such that  u(a)  = a  ∀a  ∈ A.  For  any B   X , define 

Proposition 4.  (cf. [10]) P (X ) is a normal category. 
 
Proof.  The inclusions in P (X ) are precisely inclusion functions .i.e we have an 
inclusion 

j : A → B if and only if A  B.  q : B → A is a retraction if and only if A  B and 

j(A, B)q  = 1A .  It  is easy to see that  any function  f from A to B  has a factorization  f 

= euj  where e : A → A0 is a retraction, u : A0 → B0 is an isomorphism and j = j(B0, B) 

is an inclusion when B0 = Im f  and A0  is a cross-section of the partition  of A 
determined 

by f .  Given any A  X , let σ be a cone in P (X ) with  vertex  A defined as follows. Let 

u : X  → A  be  a function  such that  u(a)  = a  ∀a  ∈ A.  For  any B   X , define 

σ(B) = u|B  μ B → A. Then σ is a normal cone with σ(A) = 1A . Hence P (X ) is a normal 

category. 
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Now we proceed to show that  P (X ) is isomorphic to the  category  of principal  left 

ideals of TX   as normal categories. We define a functor  F  : L(TX ) → P (X ) as follows.  

For SA = TX A ∈ vL(TX ) and a 

morphism ρ(A˜, α, B˜ ) in L(TX ) 
 
vF (SA) = A  and  F (ρ(A˜, α, B˜ )) = α   . 
 
By Lemma β, α maps elements of A to elements of B.  So the restriction  of α to A gives 
a well-defined map from A to B. Now we can show that  F  is an inclusion preserving 
functor  from L(TX ) to P (X ) which 
is an order isomorphism,  v-injective, v-surjective and fully-faithful.  And that  proves 
the 
following theorem. 
Theorem 8.  (cf. [10]) L(TX ) is isomorphic to P (X ) as normal categories. 
2.3 THE CATEGORY OF PARTITIONS OF A SET 

 

A partition π of X is the family of subsets Ai  of X such that  S Ai = X and Ai ∩Aj  = φ 

for i = j. A partition is said to be non-identity if atleast one Ai  has more than one 
element. Any partition π of X determines an equivalence relation ρ such that  π = X/ρ, 
namely aρb if and only if a and b belong to the same member of π. Conversely given any 
equivalence relation  ρ, the family of sets aρ with a in X is a partition of X . Given a non-
identity  partition π of X , we denote  by π¯ the set of all functions  from π to X .  If  is a 

function  from πβ   to π1, we define P     μ π¯1   to π¯β   by (α)P     = α for every α ∈ 

π¯1. 
Now we define the category of partitions Π(X ) of the set X  as follows.  The vertex set 
vΠ(X ) = { π¯  μ  π is a non-identity  partition of X } and a morphism  in Π(X ) from π¯1   
to π¯β  is given by P    as defined above. Let π be a partition of X  and  let A be a cross-

section of π.  Let e μ X → X  be defined by e(x) = a where a ∈ A and x ∈ [a]π  where 

[a]π  is the partition class of π containing  a. 
Then e is an idempotent in TX   such that  πe  = π where πe   is the partition determined  
by e. e is known as the representative  mapping  of π(cf. [1]). 
Observe Π(X ) is a subcategory  of Set  and hence has a choice of subobjects.  A 

partition πf   πe   if and only if for every Ai  ∈ πf , there  exists a Bj  ∈ πe   such that  

Ai   Bj . e|Imf will be a map  from Im f to Im e and  e   will be a map  from πf   to πe   

such that (Ai ) e   = Bj .  Here for any α  ∈ π¯e , e α ∈ π¯f   and e α(Bj )|Ai    = α(Ai 

).  The  inclusions in Π(X ) as defined above are inclusion functions  Pj . i.e we have an 

inclusion Pj  = Pe   μ π¯e  → π¯f   if and only if π¯e   π¯f   if and only if πf   πe . 
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Hence Pe   will transform  a function in π¯e   as an equivalent function in π¯f   and so 

π¯e    π¯f .  These inclusions are nothing  but inclusions of relations when we view the 

partitions as equivalence relations. 

Then Pq  = Pf  μ π¯e  → π¯f   is a retraction if and only if πe   πf  and Pj Pq  = 1π¯f . 

Hence the set-inclusion of π¯e   π¯f   gives a natural preorder in Π(X ) and so Π(X ) is 

a category with subobjects. 
 
Proposition 5.  Π(X ) is a normal category. 
 
Proof.  Given any function  P     from π¯1   to π¯β, then  taking  e and  f respectively as 

the representative mappings  of π1   and πβ, we can get a unique  v ∈ f Se such that   = 

v for some v ∈ f Se.  Then  v will be a function from X  to Im e and then  taking  g as 

an idempotent transformation with Im g = Im v, we see that Pg   is a retraction from π¯e  
= π¯1 to π¯g .  Taking  h as a representative  mapping  of the partition of X  determined  
by v so that  πh   = πv , we see that  Ph   is an inclusion from π¯h   to π¯f  = π¯β  since πh   

= πv   πf . Also Pv    is an isomorphism from π¯g   to π¯h .  Then  P    has a 

factorization  P    = Pg Pv Ph    where Pg   μ π¯e   → π¯g   is a retraction, Pv   μ π¯g   → 

π¯h   is an isomorphism and Ph   = j(π¯h , π¯f ) is an inclusion. 
 
Given any partition π of X , let σ be a cone in Π(X ) with vertex π¯ defined as follows. 

For a cross-section A of π, u μ X → A be the representative  mapping  of π such that  π = 

πu as defined earlier.  For any  partition πf , define σ(π¯f ) = Pu|π¯f    = Puf  μ π¯f   → π¯.  

Then  σ is a normal  cone with vertex  π¯ and  σ(π¯) = Puf  = Pu    = 1π¯ .  Hence Π(X ) 
is a normal category. 

Now given v ∈ f Se, we define v  μ πf  → πe   by (xf −1) v    = (xv)e−1  for x ∈ 

Lemma 3.  Let S = TX , e, f, g, h ∈ E(S)  and u ∈ hSg and v ∈ f Se.  Then  v   is a well 

defined function from πf  to πe . Also v  = u  if and only if πf  = πh , πe  = πg   and v = 
ue. 
 
Given a non-identity  partition πe   of X  induced by an idempotent  transformation e, we 

define π¯e  as the set of all functions from πe   to X . And now for v ∈ f Se define Pv  : 

π¯e 

to π¯f   as (α)Pv   = v α for every α ∈ π¯e . Since v  is a function from πf  to πe , v α 

will be a 
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well-defined function  from πe   to X and hence Pv   will be a well-defined function  
from π¯e to π¯f . Hence the  category  Π(X ) of partitions can also be defined as follows.  

The  vertex  set vΠ(X )  = { π¯e  : e  ∈ E(TX )} and  a  morphism  in  Π(X )  

from π¯e    to π¯f    is given by Pv   μ π¯e   → π¯f   for v ∈ f Se defined by α 7→ v α.  

When πf    πe   so that  e ∈ f Se, Pe   μ π¯e  → π¯f   are the inclusions.  Here e  μ πf  → 

πe   maps xf −1  to (xe)e−1  and α 7→ e α. 

Now we proceed to  show that  the  category  of right  ideals of TX    is isomorphic  to  

the partition category.  We define a functor G : R(TX ) → Π(X ) as  

vG(eS) = π¯e and  G( (e, v, f )) = Pv 
 
Observe  (e, v, f ) is from eS  to  f S  and  Pv    is from π¯e   to π¯f .  Now we can show 
that 
G is an inclusion preserving  covariant  functor  from R(TX ) to Π(X ) which is an order 
isomorphism, v-injective, v-surjective and fully-faithful.  Hence we have the following. 
Theorem λ.  R(TX ) is isomorphic to Π(X ) as normal categories. 
 
2.4 Duality  between  P (X ) and Π(X ) 
 
 Here we characterize  the normal dual associated with the L(TX ). This is a 
normal cat- 
egory whose objects are H functors  and morphisms are natural transformations between 
the H functors(See  equations  2, 3, 4). We require the following lemmas. 

Lemma 4.  Let ρe  ∈ L(TX ) with e ∈ E(TX ) and A  X . Then 

H (ρe ; SA) = {ρa  | πa   πe   and Im a  A} 

Lemma η. Let g = ρ(A˜, u, B˜ ) ∈ L(SA, SB) and H (ρe ; g) μ ρa  7→ ρb where ρa  ∈ H 

(ρe ; SA) 

and ρb  ∈ H (ρe ; SB) . 

Thus the H functor H (ρe ; −) in TX   is completely determined  by the partition of e. 

Now we show that there is a normal category isomorphism between N ∗P (X ) and Π(X). 

For that  we need the  following lemma characterizing  the  morphisms  in N ∗L(TX ) 

which are natural transformations. 

Lemma 6. In N ∗L(TX ), the component of the natural transformation σ between H (ρe ; 

−) and H (ρf ; −) at SC is given by σ(SC ) μ {ρa  | πa   πe   and Im a  C } 7→ {ρb  | 
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πb   πf  and Im b  vP (H (ρe ; −)) = π¯e and  P (σ) = Pv where σ μ H (ρe ; −) → H 

(ρf ; −) μ ρu  7→ ρvu  and Pv  μ π¯e  → π¯f   ; v ∈ f Se. Also define a functor Q μ Π(X ) 

→ N ∗L(TX ) as vQ(π¯) = H (ρe ; −)  and  Q(P  ) = σ  

 
where e is the  representative  mapping  of the  partition π, ¯ is a function  from πf  to πe 

, σ μ H (ρe ; −) → H (ρf ; −) μ ρa  7→ ρva where v = F˜  such that  Pv  = P  . We can 

see that  P as defined in equation  10 is a well defined covariant functor from N ∗L(TX) 

to Π(X ) and Q as defined in equation  11 is a well defined covariant functor  from Π(X ) 

to N ∗L(TX). Also P  is inclusion preserving  and vP  is an order isomorphism.  Clearly 

P Q = 1N ∗L(TX ) 

and QP  = 1Π(X ) . Hence we prove the following theorem. 

Theorem 10.  N ∗L(TX ) is isomorphic to Π(X ) as normal categories Now by theorem  

10, N ∗L(TX ) is isomorphic to Π(X ) as normal categories.  And by 

theorem 7, L(TX ) is isomorphic to P (X ). Hence we have: 

Theorem 11.  N ∗P (X ) is isomorphic to Π(X ) as normal categories.  Dually the normal 

dual N ∗Π(X ) of the partition category is isomorphic to P (X ) the power-set category 

Lemma 7.  If σ ∈ T L(TX ), then  Mσ     = {Sa  μ  πa  = πα  and a|Im a = id} where σ = ρ 

and πα  is the partition of α. We thus have a natural identification  of the hom-functor  

determined  by σ H (σ; −) for any σ ∈ E(T P (X )) with π. Henceforth we write Mπ   for 

M H (σ; −) = Mσ   and we have Proposition θ.  Let π be a non-identity  partition of X  

then  Mπ   = {A  μ  A is a cross- section of π} 
 
2.5 Cross-connections 

  
We can construct  many regular  semigroups with familiar properties  using the  cate- 
gories P (X ), Π(X ) and Γ - a cross connection between them.  To that  end, given a 

cross- connection Γ μ Π(X ) → Π(X ), we define a bi-functor  ΓX    μ P (X ) × Π(X ) → 

Set  such that  for all (A, π¯) ∈ vP (X ) × vΠ(X ) and (f, Pv ) μ (A, π¯) → (B, π¯0) where 

Pu   = Γ(Pv ). 
 

ΓX (A, π¯)  = {α μ  Im α  A and π¯α   Γ(π¯)}(1βa) 

ΓX (f, Pv ) = (uα)f  = u(αf ) (1βb) 
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Also given a dual  cross-connection  ∆ μ P (X ) → P (X ),  we define a bi-functor  ∆X   P 

(X ) × Π(X ) → Set  such that  for all (A, π¯) ∈ vP (X ) × vΠ(X ) and (f, Pv ) μ (A, π¯) 

→ (B, π¯0) where g = ∆(f ). 

 

∆X (A, π¯)  = {α μ  Im α  ∆(A) and π¯α   π¯} 

∆X (f, Pv ) = (vα)g  = v(αg) 
 
2.6 Regular semigroups S with L(S) = P (X ) 

 
One class of semigroups with L(S)  = P (X ) are the right  reductive  sub-semigroups of 
TX . For constructing  them,  take I as any total  ideal of Π(X ); which involves choosing 
minimal partitions πi  such that  every proper maximal subset A of X is a cross-section of 
atleast  one partition. Then  (I, P (X ); Γ1) is a cross-connection if we define 

Γ1  μ I → Π(X ) such that  Γ1(I) = j(I, Π(X )) 

where j(I, Π(X )) is the inclusion functor of I in Π(X ). 

Then U Γ1    = S{Γ1X (A, π¯) μ (A, π¯) ∈ vP (X ) × vI}  = S{α μ  Im α  A and π¯α   

π¯} for all (A, π¯) ∈ vP (X ) × vI. And consequently,  (P (X ), I; ∆1) will be the dual 

cross-connection  such that  ∆1  is the 

identity  functor  from P (X ) to P (X ) and U ∆1   = S{∆1X (A, π¯) μ (A, π¯) ∈ vP (X ) 

×vI} = S{  μ  Im   A and π¯     π¯} for all (A, π¯) ∈ vP (X ) × vI. 

Here χΓ1     μ Γ1(−, −) → ∆1 (−, −) is defined as χΓ1 (A, π¯)(α)  7→ α and hence α is 

linked to  iff α = .  And consequently S˜Γ1  will be the cross-connection  semigroup 
such that 
L(S˜Γ1)  = P (X ) and R(S˜Γ1)  = I(By theorem  6). 
And in particular  if we take I = Π(X ) and the identity  functor  on Π(X ) as the cross-  
 
Theorem 12.  The cross-connection semigroup S˜1Π(X )  of (Π(X ), P (X ), 1Π(X )) is 
isomor- phic to TX . 
 
CONCLUSION 

 

Dually as shown in the previous section, we can construct  regular semigroups T such 
that  R(T ) = Π(X ). Also the construction  enables us to build up semigroups with 
custom properties  on the left and right ideals. For example if |X | = n ; then there are (n ) 
minimal partitions and n maximal subsets.  For each minimal partition π, there are 
exactly two cross-sections and hence two representative mappings. And for each 
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maximal subset A, there are n−1 idempotents with image A. So if we choose atleast n0 = 

(n )−(n−2) minimal partitions and take I = ∪n0   π¯i ∪{π¯j  μ π¯j   π¯i } and do the 

construction  as in section 2.6, we get the cross-connection  semigroup T such that  L(T ) 
= P (X ) and R(T ) = I. 
It is easy to see that  the construction  of TX   can be easily extended to TX ( by 
adjoining X in P (X ) and identity  partition in Π(X )) and the universality  of the full 
transformation semigroup ( cf. theorem 1) suggests that  the construction  described in 
this paper will shed new light in the structure of arbitrary semigroups when viewed as 
semigroup of mappings. 
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Abstract 

This paper discusses practical aspects of a new graph labeling technique-Complementary Distance 
Pattern Uniform sets. A graph G = (V, E) is complementary distance pattern uniform (CDPU), if there 
exists  M ⊂  V(G) such that  fM(u) = {d(u, v) μ v Є M}  is independent of the choice of for every u ∈ 
V(G)−M.  The set M is called the CDPU set. Representation of CDPU number in Tree data structures 
and analog to digital conversion is discussed in this paper 

1. Introduction 

Graph theory is considered to have begun in 17γθ with the publication of Euler’s solution of the 
Konigsberg bridge problem. As a useful tool for dealing with relations of events, graph theory has 
rapidly grown in theoretical results as well as its applications to real-life problems probability, 
electrical network.   

2. Graphs and Labeling of graphs 

                            Graph can be defined as follows;  A graph G=(V,E) consists of a non-empty set 
V(G) of objects called vertices and a (possibly empty) set E(G) of two element subsets of  V(G), 
called edges. The set V (G) is called the vertex set of G and E (G), its edge set. The number of 
vertices in a graph G is called its order, and the number of edges is its size. A graph of order p and 
size q is called a (p, q)-graph. [F.Harary,(1969)]. In the mathematical discipline of graph theory, a 
graph labeling is the assignment of labels, traditionally represented by integers, to the edges or 
vertices, or both, of a graph. Formally, given a graph G, a vertex labeling is a function, mapping 
vertices of G to a set of labels. A graph with such a function defined is called a vertex-labeled graph.. 
For many applications, the edges or vertices are given labels that are meaningful in the associated 
domain. For example, the edges may be assigned weights representing the cost of traversing between 
the incident vertices. However, the notion of labeling may be applied to all extensions and 
generalizations of graphs. For example, in automata theory and formal language theory, it is 
convenient to consider labeled multigraphs, that is, a pair of vertices may be connected by several 
labeled edges.  

                                     Graph labeling was introduced in the late 1960 by A.Rosa [A. Rosa,(1967)]. It 
was Acharya, [B.D. Acharya (1λ8γ)] who departed from the trend and instead of a finite subset of set 
of integers, associated an arbitrary non-empty set to the graphs, there by laying the foundations for the 
set-valuations of graph. In the intervening years, dozens of graph labeling techniques have been 
studied in over 800 papers and have been surveyed by Gallian. Labeled graphs are becoming an 
increasingly useful family of mathematical models for a wide range of applications such as coding, X-
ray, crystallography, radar tracking, remote control, radio-astronomy, communication networks, 
network flow etc.  

2.1 Complementary Distance Pattern Uniform Graphs (CDPU) 

Let G = (V, E) be a (p, q) graph and M be any non-empty subset of V (G). Then, the M−distance 
pattern of u is the set   fM(u) ={d(u,v) : v ∈M},  where d(u,v) denotes the usual distance between u and 
v in G. If fM(u) is independent of the choice of u ∈ V(G)−M, then G is called a complementary 
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distance pattern uniform (CDPU) graph. The set M is called the CDPU set [Germina K.A and Beena 
Koshy (2010)]. 

                                          

                                             Figure-1: Graph with M= {b, c} 

                 In   Figure-1, choose M={b,c} which gives fM(a) = fM(f) = fM(d) = fM(e) = {1,2}.   

Theorem : Every connected graph has a CDPU set.  

Definition: The least cardinality of CDPU set in G is called the CDPU number of G, denoted  (G). 

Theorem :  A graph $G$ has $\sigma(G) = 1$ if and only if $G$ has at least one vertex of full degree. 

Theorem :  Let G be a non self-centered graph having no full degree vertex. 

Then,  (G) = 2 if and only if the vertices of G have exactly two different  eccentricities such that, the 
number of vertices corresponding   to at least one of the  eccentricities should be two. 

Theorem:  Let M be a CDPU set of a non-self-centered graph G.Then, Mc  is a CDPU set if and only if 
G has exactly two different eccentricities for the vertices of G. 

Theorem : Let   denotes the set of all different eccentricities of a non-self centered graph G and    denotes the set of all possible CDPU sets of G. Then,   ≤  . 

2.2. Data structures in Computer Science: 

                               Data structures provide a means to manage huge amounts of data efficiently, such 
as large databases and   Internet indexing services.  A tree is a widely-used data structure that 
emulates a hierarchical tree structure with a set of linked nodes. We can take an undirected tree, 
arbitrarily pick one of its vertices as the root, and make all its edges directed by making them point 
away from the root node and assign an order to all the nodes results in tree data structure. The 
following section discusses the application of CDPU number in complete k-ary and binomial tree. 
CDPU representation is also useful in Clique and Vertex Cover. 

2.1.1 Complete k-ary: 

                  A complete k-ary tree is a k-ary tree in which all leaves have the same depth and all 

internal nodes have degree k.  A complete k-ary tree has 
        internal nodes [Thomas H. Cormen, et 

al ] where h is the height of the tree. These internal nodes form a CDPU set for the tree and hence, 

                            σ=         
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                                Figure-2: Complete Binary Tree           

                  Thus, the number of nodes in the complement of the CDPU set = the number of leaves, for 
a complete k-ary tree. In Figure 2, M= {v1,v2,v3} form a CDPU set for that graph with σ=γ. For a 
complete k-ary tree, relationship between CDPU number (σ) and the number of leaves (L) can be 
obtained as, L= σ × (k −1) + 1, i.e., 

                                          L = σ×1 + 1(for k =β),    L = σ×β + 1 (for k =γ). 

2.1.2 Binomial Tree: 

Binomial heap data structure is constituted using binomial trees. The binomial tree Bk is an ordered 
tree defined recursively with height k. B0 consists of a single node. Bk consists of two 

binomial trees that are linked together. 

                                     Figure 3 : A Binomial tree 

For a binomial tree, we get   (B1)=1,   (B2)= 2   (B3)=4   (B4)=6 and  (B5)=8 and in general,  (Bk)= 2×(k -1) and  (Bk+1)=  (Bk)+2. 

Theorem:  If   is the CDPU number of a binomial tree, then number of nodes at depth i is obtained as      i 

2.1.3 Vertex Cover and Clique 

Vertex cover for a graph G is the set of all vertices which covers all the edges of G. Let G be any 
graph. Then  (G) = 1 if and only if the size of the vertex cover is 1.  Also if  (G)=2, then clearly, the 
size of the vertex cover is 2. But the converse need not be true. For example, for a path on five 
vertices, P5, the size of the vertex cover is 2, but  (P5)=3. Hence for all graphs, the size of the vertex 
cover of the graph is equal to the CDPU number of that graph.  A clique is a complete sub graph of G. 
The number of vertices in the largest clique of G is called the clique number of G, denoted by, 
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cl(G).For a tree T with at least two vertices, cl(T)=2. Also for a tree, cl(T)=   (T) if and only if T   
B(m,n), where  

                             

                                                                Figure 4: K2*Q3 

 

B(m,n) represents a double star.  

3. Analog to Digital Data conversion 

Analog to digital conversion (ADC) is inevitable component in digital data transmission.ADC process 
utilizes sampling and quantization of the continuous analog signal. Consider a continuous time signal, 
which is digitized using 2n quantization levels, where n is the number of bits. Then 4 bit binary is 
needed to represent 16 quantization levels. Let's try to make an analogy using CDPU concepts of 
graph labeling. Consider n cube Qn with vertices as binary representations of quantization levels. 
Figure 4 shows Q4 with 16 quantization levels. We have Qn=K2×Qn−1 and has 2n vertices which may 
be labeled a1 a2. . . an, where each ai is either 0 or 1 . Also, two vertices in Qn are adjacent if their 
binary representations differ at exactly one place. Let V(Qn) ={v1, v2, v3 . . . , v2n}. Choose M as the 
set of all vertices whose binary representations differ at two places. Clearly, the vertices in M are non-
adjacent and also maximal with respect to the property of independence. Now, to check whether M is 
CDPU, choose M = {v1, v3, . . . , vβn−1}  Consider a vertex vi which does not belong to M. Clearly vi is 
adjacent to a vertex vj in M. Hence, 1∈ fM(vi) . Then, since vj is in M , vj is adjacent to a vertex vk not 
in M . Hence, 2 does not belong to fM(vi) . Since vk is not an element of M and  Vk is adjacent to a 
vertex vl in M, 3 ∈ fM(vi) . Proceeding in the same manner, we get fM(vi) ={1,γ, . . . , n−1} , for every 
vi ∈ V−M. Hence, Qn is a CDPU graph with |M|=2n/2 

4. Conclusion  

This paper discussed application of a new graph labeling technique namely Complementary Distance 
Pattern Uniform Graph. CDPU number can be used as a index number in defining tree data structure. 
CDPU number can also find application in the digitization of analog signal  
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ABSTRACT 

Environmental data frequently contain values that are below detection limits. In the context of 
environmental or exposure data, the detection limit (DL), or the limit of detection (LOD), is the 
lowest quantity of a substance that can be distinguished (very often by a particular instrument) from 
the absence of that substance in a physical specimen. The presence of a single DL results in type I 
left-censored data, and this complicates the data analysis. The detection limit issue will be explained 
with exposure data examples arising from applications. Such data typically follow the lognormal or 
gamma distribution. When the detection is zero the data follow a zero-inflated lognormal distribution. 
This article discuss various statistical methods available for analyzing the environmental exposure 
data. The problems of finding approximate confidence limits for the mean and quantiles of a 
lognormal/ zero--inflated lognormal distribution will be addressed when a DL is present. The novel 
concepts of generalized p-values and generalized confidence intervals are applied for testing 
hypotheses and computing confidence intervals for the mean. Data analysis in the presence of 
detection limits are done for some real data examples. 

1. INTRODUCTION 
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 Environmental data sets frequently contain values below the limit of detection by the 
analytical techniques employed. These values referred to as left-censored data indicate only that 

sample concentrations are less than some number, creating a multitude of problems for scientists 

and policy makers. Detection limit (DL), or limit of detection (LOD) is the lowest level of a 
contaminant that analytical equipment can discern from the “noise” inherent to scientific 
measurements. When laboratories report that a contaminant was not detected in a sample, that does 
not mean that the contaminant was not present. Rather, it means the contaminant was not present at 
levels that can be reliably measured by the analytical method, and the only conclusion that you can 
draw is that the actual concentration is somewhere between zero and the reported detection limit. In 
statistical analyses of environmental sampling data, therefore, a common practice is to replace non–
detect observations with surrogate concentrations of one-half the detection limit. 

Detection limits are established by analyzing blank samples. Samples with non-detects are quite 
common in exposure data analysis. The standards published by the American Industrial Hygiene 
Association (AIHA) includes two basic strategies for evaluating an exposure profile: strategies based 
on the mean exposure, and those based on an upper percentile of the exposure distribution. An upper 
confidence limit for an upper percentile is what is commonly referred to as an ‘upper tolerance limit’. 
For example, a 95% upper confidence limit for the 90th percentile of a population is referred to as the 
0.90 content and 0.95 coverage upper tolerance limit or simply (0.90, 0.95) upper tolerance limit. If 
the upper tolerance limit based on a sample of exposure measurements is less than a specified 
standard, then we conclude that majority of the exposures are within the standard, and hence, 
exposure monitoring might be reduced or terminated until a process change occurs. 

The presence of detection limits complicates the computation of such a confidence limit, and the 
computation of confidence limits for the mean. A standard practice is to replace the values below the 

detection limit with a constant such as DL/2, DL/   , DL/   or even zero, and then use the standard 
procedures available for complete sample analysis. However, there are many practical situations 
where the percentage of measurements less than the DL is substantial. The common practice of 
replacing each non-detectable value by a fraction of the DL is an approximation arrived at without 
reasonable justification leading to the possibility of inaccuracy in the inference procedure. When the 
detection limit is zero the data follow a zero-inflated lognormal distribution. A log–normal density 
with possible clumping at zero is called zero–inflated lognormal distribution which is also described 
as delta distribution by Aitchison (1955). For example, a sample of 15 chlorine determinations (6 of 
15 are zeros) were obtained at an industrial site in the United States (Owen and DeRouen (1980)). In 
this example, the non-zero portion of data can be described by a lognormal distribution and hence the 
entire dataset can be modelled using the zero-inflated lognormal distribution. 

Recently, Krishnamoorthy et al. (2011) proposed accurate methods based on modified signed 
likelihood approach and the generalized variable method using lognormal distribution. 

In this  article we developed methods for analyzing environmental exposure data when the below 
detection values are present using the zero–inflated lognormal distribution using the generalized p–
value approach.  

2. ZERO-INFLATED LOGNORMAL DISTRIBUTION 

In many medical applications, response variables can take any nonnegative values but have a positive 
probability of zero outcomes. For example, in a study at the Shock Research Unit 
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at the University of Southern California, Los Angeles, California, data on many physiological 
variables are collected successively in time on each patient ( Afifi and Azen (1979)). The distribution 
of urinary output (UO) of critically ill patients at baseline is quite skewed with more than 30% 
observations being zero. Also, measurements of air contaminants usually contain many zeros. For 
example, a sample of 15 chlorine determinations (6 of 15 are zeros) were obtained at an industrial site 
in the United States (Owen and DeRouen (1980)). On the basis of data, a determination of whether the 
company was in compliance with the federal standard threshold limit value (TLV) of 1.0 ppm for 
chlorine had to be made. In both of these examples, the data can be described by zero-inflated 
lognormal distribution. 

A log–normal density with possible clumping at zero is called zero–inflated lognormal distribution. In 
many medical applications, response variables can take any nonnegative values 

but have a positive probability of zero outcomes. In these applications, the non-zero portion 

of data can be described by a lognormal distribution. The p.d.f. of two-parameter lognormal 

distribution denoted by LN( ,  ) is defined as 

               n                 . 
Let p be proportion of zero observations, then the zero-inflated lognormal cumulative distribution 
function can be defined as, 

                                   .  
 Where F(x; ,  ) is the cumulative distribution function of lognormal distribution.          Let X 
= (X1, X2, . . . ,Xn) be a random sample from a zero–inflated lognormal population in which a 
proportion p, of observations may be zeros and the non–zero values follow a lognormal 

distribution with parameters  and  . Let n1 and n0 be the number of non-zero and zero observations 
in this sample, respectively. Then the likelihood function is given by                                              . 
Then mean of zero–inflated lognormal is M = (1 − p) exp(  +   ) . 

Owen and DeRouen (1980) proposed minimum variance unbiased estimator (MVUE) approach for 
the confidence interval for the population mean. For interval estimations of M, Zhou and Tu (2000) 
proposed a percentile–t bootstrap interval based on the sufficient statistics. 

Taylor et al. (2001) proposed a censored lognormal mixture model for zero–inflated lognormal, for 
occupational exposure data with a fixed limit of detection (LOD). When the LOD is zero, the mixture 
model reduce to zero–inflated lognormal. Lili Tian and Jianrong Wu (2006) propose an approach 
based on the adjusted signed log-likelihood ratio statistic ( Barndorff-Nielsen and Cox (1994)) for 
constructing a confidence interval for the mean of zero-inflated lognormal data. Lili Tian (2005) 
developed the generalized confidence interval estimation and testing for  . 

3. GENERALIZED  P VALUE METHODE 
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The generalized p-value method introduced by Tsui and Weerahandi (1989) has been used to 
successfully provide finite sample solutions for many hypothesis testing problems when no solutions 
are available using the usual approach. The generalized inference method was motivated by the fact 
that the small sample optimal confidence intervals (CIs) in statistical problems involving nuisance 
parameters may not be available. For example, for the difference between means of two exponential 
distributions, or two heteroscedastic normal distributions, classical small sample-inference does not 
provide optimal test and confidence intervals (see Weerahandi (1993)Weerahandi, 1993). To 
overcome this problem, Tsui and Weerahandi (1989), and Weerahandi (1993) introduced the concept 
of generalized confidence interval (GCI) and generalized P-value (GPV).  

A general setup where the concepts of generalized confidence intervals and generalized p-values are 
defined is as follows. 

Let X = (X1, X2, . . . , Xn) be a random sample from a distribution which depends on the parameters 
( , ), where  is the parameter of interest and  is a vector of nuisance parameters. Consider testing 
H0 μ ≤ 0 vs. H1 μ   > 0, for a specified 0. A generalized test variable of the form T(X; x, , ), where 
x is an observed value of X, is chosen to satisfy the following three properties: 

(1) The value of T(X; x, , ) at X = x is free of any unknown parameters. 

(β) For fixed x, the distribution of T(X; x, , )  is free of the vector of nuisance parameters  . 

(γ) For fixed x and , and for all t, P[T(X; x, , ) > t] is either an increasing or a decreasing function 
of . 

 The property (1) ensure that the sample space of possible values of subset of T(X; x, , ) can 
be found at a given value of the confidence coefficient with no knowledge of the parameters. This 
property is related to the notion of similarity in hypotheses testing (Weerahandi (1993)). Property (2) 
guarantee that probability statement based on a generalized pivotal quantity will lead to confidence 
regions involving observed data x only. From property (3), generalized extreme region is defined as G 
= {X μ T(X; x, , ) ≥ T(x; x, , )} (or G = {X μ T(X; x, , ) ≤ T(x; x, , )} ) if T(X; x, , ) is 
stochastically increasing (or decreasing) in . The generalized p–value is defined as SupH0P(G|H0), 
where G is the extreme region defined above. See, Weerahandi (1995) for further details. 

3.1 A generalized pivot for zero–inflated lognormal 

Let X = (X1,X2, . . . ,Xn) be a random sample from a zero–inflated lognormal population 

in which a proportion p, of observations may be zeros and the non-zero values follow a lognormal 
distribution with parameters  and  . Then mean of zero–inflated lognormal is 

M = (1 − p) exp(  +   /β) and logM =  = log(1 − p) +  +   /β = log(1 − p) + . Lili 

Tian (β00η) developed the generalized confidence interval estimation and testing for  and is 

given below. They performed the simulation studies to demonstrate the coverage accuracy of 

the proposed confidence intervals and the type I error control of the proposed exact tests are 

satisfactory. Let X = (X1,X2, . . . ,Xn) be a random sample from a zero–inflated lognormal 

population in which a proportion p, of observations may be zeros and the non–zero values 
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follow a lognormal distribution with parameters  and  . Let n1 and n0 be the number 

of non-zero and zero observations in this sample, respectively. Let us assume that first n1 

observations are non–zero, the Yi = log(Xi) ~ N( ,  ), for i = 1, . . . , n1 and the rest of n0 

observations are zero. Let    and S2 be sample mean and sample variance of Y i and    and 

s2 be observed sample mean and sample variance. Let N0 ~ B(n, p) and n0 is the observed 

value of N0. 

Now generalized pivot for the logarithm of zero–inflated lognormal mean  = log(1−p)+  can be 
constructed as follows. The generalized pivot for p is not ready available due to the discreteness of 
binomial distribution. The p–value for testing H0 : p   p0 vs. H1 : p > p0 is    P(N0   n0|p0) = P(W    
p0), where W is beta with shape parameters n0 and n − n0 + 1. See, Lili Tian (2005) for the derivation 
of the generalized p–values. 

The generalized  p–value for testing H0 : p   p0 vs. H1 : p > p0 is     

p-value=              exp         . 

Where       
    .     For p −value = α/β we get the 100(1 − α/β) percent lower bound of . 

4. ANALYSIS OF AIRBONE CHLORINE DATASET 

At an industrial site in the United States, measurements of the concentration of airborne 

chlorine were gathered by occupational health personnel using grab-sample techniques. A sample of 
15 chlorine determinations, measured in parts per million (ppm), was obtained over the period of a 
working day (data taken from Owen and DeRouen (1980)). This dataset contain 6 zeros and the nine 
non zero values assumed to follow the lognormal data. Hence the entire dataset follow a zero-inflated 
lognormal distribution. The goal of this study was to determine whether this company was in 
compliance with the federal standard threshold limit value (TLV) of 1.0 ppm for chlorine. Therefore, 
we are interested in obtaining the lower 95% confidence interval limit of the mean of chlorine level. 

Here n0 = θ, n = 1η, n−n0 = 9, p = 0.4 and  = 0.05. The generalized lower 95% (one-sided) 
confidence limit for logarithm of the mean of chlorine level is 0.2014 this lead to the conclusion that a 
state of noncompliance with federal air pollution regulations exists at the plant. 

5. RESULTS AND CONCLUSIONS 

Samples that include measurements below the DL are very common in many areas of application, 
most notably in environmental sampling and industrial hygiene. A unified practical approach that also 
performs accurately has been lacking for performing data analysis under this scenario. This article is 
an attempt to provide a review of the recently developed methods for analyzing environmental 
exposure data when the below detection values are present. The upper confidence limit based on the 
complete sample is smaller than that based on the sample with a detection limit. An upper confidence 
limit for an exceedance level probability can be used to assess the exposure in a workplace and the 
generalized p-value approach give more accurate results. When many values are below the DL, then a 
bigger sample size is required to guarantee the same expected width as in an uncensored sample. The 
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framework discussed in this article is applicable to other setups and problems where below DL values 
are encountered. 
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ENHANCED HIGH TEMPERATURE NTC THERMISTOR PROPERTIESTHROUGH 
STRUCTURAL ADJUSTMENTS IN PYROCHLORE TYPE SEMICONDUCTING OXIDES 
 
S. Sumi, P. Prabhakar Rao and Peter Koshy sumi.smi@gmail.com, padala_rao@yahoo.com, 
drpkoshy@yahoo.com    
                                     
ABSTRACT 
 
There is an ever increasing demand for precise temperature measurement and control in line with the 
advancement of modern technology. Because of the best sensitivity, fast response time and accuracy at 
the lowest price, most of the research works are focused on negative temperature coefficient of 
resistance (NTC) ceramic thermistors.  Transition metals like Ni, Mn, Cu, and Fe based spinel or 
perovskite structured compounds are widely studied and used in thermistor industry. But many of 
them lack phase purity, density, thermal stability, and affected by aging problems also. Further, their 
applications are limited to temperatures below 300oC due to their instability and changing electrical 
characteristics at high temperatures. Hence the current situation highly demands the need for new 
design concepts and discovery of new ceramic mixed oxide materials that can overcome the above 
stated challenges.   
Despite of high tolerance, thermal and chemical stability pyrochlore structured NTC thermistors are 
rarely reported. In the present investigation, a new series of pyrochlore type semiconducting oxides 
(CaCe0.6-xPrxMn0.4)(SnNb)O7-  (x = 0, 0.β, 0.4 and 0.6) have been synthesized to study the effect 
of Praseodymium substitution on structure, microstructure and NTC thermistor properties. The 
pyrochlore structure of the compounds has been confirmed by powder X-ray diffraction studies. The 
observed anomaly in lattice parameter variation was resolved using the XPS studies. Presence of Sn 
and Mn in multivalent states (confirmed by XPS studies) and their site exchange between A and B site 
of the pyrochlore caused the lattice parameter anomaly.  The broadening and shift observed in Raman 
spectra are in agreement with the XRD and XPS analysis. Notable variation in microstructure can also 
be observed with substitution. The conductivity measurements confirm the negative temperature 
coefficient (NTC) behavior of the samples. Unlike to the expecting decreasing behavior of 
conductivity with Pr substitution in place of Ce, it can be observed that the conductivity first decreases 
and then showed a considerable increase. This also confirms the strong dependence of structural 
adjustment in hopping of electrons among defect states. This property also helped to tune the NTC 
thermistor properties of these materials. Thermistor constant of the system lies in the range 7400K – 
11600K and the sensitivity values are in the range -1 to - 2%. Further they are found to be highly 
resistant to aging problems (<1%). These values are found to be much better than the currently 
available NTC thermistors and hence may find application in high temperature NTC thermistors. 
 
INTRODUCTION 
 Temperature is one of the most frequently measured physical quantities. Temperature sensors 
are ubiquitous not only in domestic and industrial activities but also in laboratory and medical 
procedures.  Therefore, not surprisingly, they constitute an important business segment for most 
electroceramic manufacturers. NTC ceramic sensors occupy a respected market position, because they 
afford the best sensitivity and accuracy at the lowest price. It is interesting to note that NTC 
thermistors are commonly spinels and perovskites with a further combination of cations of transition 
metals or single cation phase [Nobre M A L  and Lanfredi S (2002)]. But many of them lack phase 
purity, density, thermal stability, and affected by aging problems also. These difficulties placed them 
in a tapered area of applications with temperatures below 300oC. Despite of high tolerance, thermal 
and chemical stability pyrochlore structured NTC thermistors are rarely reported [Feteira A (2009); 
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Sumi S et al. (2012)]. It is also reported that the thermistor properties can be effectively tuned with 
suitable chemical substitutions [Verwey E J et al. (1947)].  
 The mixed valence nature of Cerium, Tin and Manganese can be effectively utilized in the 
formation of new pyrochlores as it can take different crystallographic positions of pyrochlore. Mn2+ 
(VIII; r(Å) = 0.96) and Sn2+ (VIII; r(Å) = 1.36) would prefer to occupy at the A site and Mn3+ (VI; r(Å 
) = 0.645), Mn4+ (VI; r(Å) = 0.53) and Sn4+ (VI; r(Å ) = 0.69) prefer to occupy the B site based on the 
coordination requirement.  
  In our earlier work on substituting Mn in Ce site of the CaCeSnNbO7 pyrochlore structured 
semiconducting oxide, we have made an attempt to study the effect of localization of electrons 
associated with Mn2+ on the electrical properties of the materials [Sumi S et al. (2012)] and observed 
that it played an important role in the tuning of electrical properties and hence the NTC thermistor 
behavior of the compounds. In the present investigation Pr substituted (CaCe0.6-xPrxMn0.4)(SnNb)O7-  (x 
= 0, 0.2, 0.4 and 0.6) have been synthesized with an expectation to extend the possibilities for 
selecting suitable compositions with desired values of the electrical properties.  With the reduction in 
Ce3+/Ce4+ path ways by the substitution of Pr we would like to improve the thermistor parameters of 
the material for its application as a high temperature thermistor. Here, we have explored the possibility 
of rearrangement of cations in the complex pyrochlore structure by suitable rare earth substitution and 
thereby improve the NTC thermistor properties of the materials. 
 
Materials and Methods 

The compounds having a general formula, (CaCe0.6-xPrxMn0.4)(SnNb)O7-  (x = 0, 0.2, 0.4 and 
0.6) were prepared through the conventional solid state reaction method. The raw materials used for 
the preparation of samples are CaCO3 (99.9%, Acros Organics), CeO2 (99.9%, Aldrich), Pr2O3 (99.9%, 
Aldrich) MnO2 (99.5%, Merck), SnO2 (99.9%, Aldrich) and Nb2O5 (99.5%, Aldrich). The constituent 
chemicals taken in stoichiometric ratios, were mixed thoroughly in an agate mortar with acetone as the 
mixing medium. The mixture was then dried by keeping in a hot air oven at 100oC. The process of 
mixing and drying was repeated thrice to get a homogeneous mixture. The calcination of these 
powdered samples was done at 1250°C for 6 h then sintered at 1300°C with a soaking time of 9h. 
 The sintered products were characterized by powder X-ray diffraction (XRD) and Raman 
spectroscopy for structural information, X-ray Photoelectron Spectroscopy (XPS) and UV-Vis 
spectroscopy for obtaining the oxidation states of the elements, Scanning Electron Microscope (SEM) 
for microstructure, and DC conductivity measurements.  
Results and discussion 
a)X-Ray Diffraction, Raman spectroscopy and XPS Studies 

Powder X-ray diffraction patterns of the compositions: (CaCe0.6-xPrxMn0.4)(SnNb)O7-  (x = 0, 
0.2, 0.4 and 0.6) are shown in Figure 1. Substitution of Ce with Pr yielded a complete solid solution in 
the range 0≤ x≤0.6. The substitution of Ce with a lower ionic radii element like Pr normally results in 
the shifting of diffraction peaks towards higher angle. But from the inset of Fig. 1, it can be seen that 
the peaks are shifted towards lower angles and hence an increase in lattice parameter can be observed 
among the Pr substituted samples. Some of the Sn ions get reduced to Sn2+ and will try to occupy at 
the A site and Mn at A site will preferably go to B site mainly as Mn3+ and Mn4+. The detailed 
Rietveld analysis of the XRD data provides the information that there exist some cationic exchange 
between A and B site. The increased average ionic radii at A site due to the cation exchange (Ce3+ 
(1.143 Å), Mn2+ (0.96 Å), Pr3+ (1.126 Å) and Sn2+ (1.36 Å)) causes the increase in lattice parameter. 

 
The Raman modes present in the compounds confirm the cubic pyrochlore structure (Figure 1 

(b)). A decrease in the intensity and broadening of modes can be observed with Pr substitution. The 
only vibrational mode associated with the A-O interaction (F2g mode at ~ 300 cm-1) is found to be 
shifted due to the change in bond length from Mn-O to Sn-O. The broadening of modes associated 
with B-O interaction  can be correlated with the oxygen vacancies present in the system as the 
substitution of Sn4+ with Mn2+/3+. The change in electronegativity at the B site with the arrival of Mn 
ions induce some distortions in the BO6 octahedral network leading to local disordering of the 
structure and resulted in decreasing intensity of modes.  
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Figure 2 (a) and (b) demonstrates the XPS spectra of Mn 2p and Sn 3d of (CaPr0.6Mn0.4) 
(SnNb) O7-   samples. Presence of considerable amount of Sn4+ and Sn2+ along with Mn2+, Mn3+ and 
Mn4+ has been confirmed from the XPS analysis. This also confirms the possibility of cation exchange 
in the given system. 

a) Scanning Electron Microscopy studies 
 SEM micrographs of the sintered samples are shown in Figure 3. Micrographs show well 
dense grains with high density for Pr substituted compounds. It can be observed that the average grain 
size decreases with substitution.  

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 (a) Powder XRD patterns of (CaCe0.6-xPrxMn0.4)(SnNb)O7-δ (x = 0, 0.2, 0.4 and 0.6) samples 

and (b) the FT Raman spectra of the samples taken at room temperature. 

 
Fig. 2. XPS images of Mn 2p (a) and Sn 3d (b) of (CaPr0.6Mn0.4)(SnNb)O7-δ  samples sintered at 
1300 °C for 9h. 
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Fig. 3. SEM images of (CaCe0.6-xPrxMn0.4)(SnNb)O7-δ (x = 0, 0.2, 0.4 and 0.6) samples sintered at 

1300 °C for 9h. 
 

b) Electrical conductivity studies     
Figure 4 depicts the variation of dc conductivity of the system with temperature. All the 

compounds show the NTCR behavior as the conductivity increases with increase in temperature. The 
electrons released during the reduction of Ce4+, Mn4+ and Sn4+ to Ce3+ and Mn2+/3+ and Sn2+ by the 
removal of excess oxygen in the lattice make the compounds semiconducting. Hopping of electrons 
through these defect states contributes to the electrical conductivity. The conductivity was first found 
to decrease with Pr substitution due to the decreased hopping centers of Ce ions. However, the 
reduction of Sn4+ to Sn2+ and Mn4+ to Mn2+ and Mn3+ and their exchange between A and B sites 
provides more hopping pathways at both sites and thereby an increase in conductivity can be observed 
for x=0.6.  Electrical conductivity of all the given materials is a thermally activated process and 
follows the Arrhenius law given by 

 
σdc = σoexp(− Ea/kT)                                                                                (1) 
 

where σo is the pre-exponential factor, Ea is the activation energy and k is the Boltzmann constant. 
Activation energy calculated from the slope of the Arrhenius plots are given in Table I. Activation 
energy was initially found to increase with Pr concentration as the hopping centers associated with Ce 
ions decreases. Thereafter, a considerable decrease can be observed due to the availability of more 
hopping centers obtained through the cationic site exchange. The thermistor constant can be calculated 
using the following equation: 
 
       = [TTN/(TN – T)] ln (RT/RN)                                                                        (2) 
where RT is the resistance at temperature T, RN is the resistance at temperature TN known, and  is a 
thermistor constant The sensitivity of a thermistor is defined by the temperature coefficient of 
resistance α. The sensitivity can be expressed as a function of thermistor constant by trelationν 
 
α = 1/T(dR/dT) = - /T2                                                                                    (3) 
TABLE I. Realative density, activation energy and thermistor parameters of  
(CaCe0.6-xPrxMn0.4)(SnNb)O7-  (x = 0, 0.2, 0.4 and 0.6) 

Composition   
(CaCe0.6-xPrxMn0.4) 
(SnNb)O7-   

Average 
Grain size 
(µm) 

  Activation 
energy 
 
 
 

Thermistor 
constant 

573/873 

 
 

Sensitivity 
α (K-1) 
 
 
573K 

 
873K 

1787

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



5 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 . Arrhenius plots (CaCe0.6-

xPrxMn0.4)(SnNb)O7-δ (x = 0, 0.2, 0.4 and 0.6) samples. 
 
The thermistor parameters of the system calculated using the above equations is given in the Table I. 
Thermistor constant was found to be enhanced significantly with Pr substitution. Thermistor constant 
( ), calculated in the temperature range from 300°C to 600°C, lies in the range 7400K – 11600K and 
the sensitivity values are in the range -1 to - 2%. The aging test on the given samples at 600°C for the 
time period of 500 h reveal that the samples are highly resistant to aging problems and the aging 
constant (dR/R) is found to be ≤1% for Pr substituted samples. Highly dense and phase pure nature of 
the compounds may be a strong reason for a more resistant nature towards aging.  In most of the 
commercial spinel and perovskite-based NTCR ceramics, the  values vary between β000K and 7000 
K, with sensitivity ranging from -2.2 and -5.5% K-1. All the compositions in the present investigation 
show much better thermistor properties compared with these systems [Feteira A (2009); Sumi S et al. 
(2012)]. Thus by structural adjustments through cationic site exchange we were able to improve the 
thermistor properties of the materials.  
 
CONCLUSIONS 
 Dependence of electrical properties on structure and microstructure of               (CaCe0.6-

xPrxMn0.4)(SnNb)O7-  (x = 0, 0.2, 0.4 and 0.6) pyrochlore oxides through the Pr substitution at A site of 
the pyrochlore has been investigated. The lattice parameter showed an increasing trend among the 
substituted samples due to the elemental rearrangement obtained through site exchange between A and 
B site. Raman spectra, XPS analysis and the microstructure corroborate this result. Electrical 

(eV) (K)   
           
Pr = 0 

 
1.83 

 
0.57 

 
7442 

 
-0.021 

 
-0.0093 
 

Pr=0.2 
 

1.02 0.63 7510 -0.022 -0.0098 

Pr=0.4 
 

1.04 0.84 11600 -0.035 -0.0152 

Pr=0.6 0.97 0.74 9120 
 

-0.027 -0.0119 
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conductivity was first found to decrease with Pr substitution due to the decreased hopping centers of 
Ce ions. The presence of multivalent Sn ions in A site  and Mn ions in B site achieved through their 
exchange between sites provides more hopping pathways at both sites and thereby an increase in 
conductivity can be observed for x=0.6.  All the compounds exhibited good NTC thermistor properties 
which are tunable with Pr substitution and may find application in high temperature thermistors.     
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DEVELOPMENT OF NON-TOXIC EARTH ABUNDANT KESTERITE ABSORBER FOR 
THIN FILM SOLAR CELL APPLICATIONS 

P. Prabeesh, I.Packia Selvam and S N Potty* 
Centre for Materials for Electronics Technology (C-MET) 
Scientific Society, Department of Electronics & Information Technology 
Government of India, Shoranur Road, Athani P.O, Thrissur 680 581 
* E-Mail: snpotty@cmet.gov.in 
 
ABSTRACT 
 
The ever-increasing demand for energy and depletion of conventional energy sources leads to research 
and development in the area of renewable energy sources.  Copper zinc tin sulphide (Cu2ZnSnS4) or 
kesterite is emerging as a promising material for absorber layers in thin film solar cells.  Kesterite is 
composed of earth abundant, nontoxic and cheaper materials.  Cu2ZnSnS4 absorber layers are 
typically deposited by vacuum-based approaches such as sputtering or evaporation, but these routes 
are quite expensive.  Solution based deposition techniques are very cheap and can replace potentially 
more expensive vacuum based techniques.  Solutions allow intermixing of the constituents at 
molecular level and the formation of smooth and homogeneous films.  In this work, kesterite thin film 
absorber layers were prepared by spin coating technique using non-toxic solvents and chemicals.  For 
this, precursor solutions were prepared from copper (II) acetate, zinc (II) acetate and tin (II) chloride, 
2-methoxyethanol and mono-ethanolamine.  Pre-cleaned glass substrates were used for spin coating.  
The precursor solution was spin coated on to the substrates at 3000rpm for 20 sec. The spin coated 
films were preheated in air at 300°C for 5min on a hotplate.  This procedure was repeated several 
times to achieve the desired thickness.  These precursor films were converted to Cu2ZnSnS4 by 
sulphurizing in N2 and H2S (5% H2S + 95% N2) gas mixture environment for 25 minutes at 550°C.   
Phase purity of the films was confirmed by XRD and Raman analysis.  Thickness of the kesterite film 
was estimated to be ~1.5 m by ellipsometric technique.  Optical absorption coefficient (α) of the films 
was calculated from the UV-visible spectra to be about105cm-1 in the visible region.  Band gap of the 
films were estimated from the absorption spectra and found to be ~ 1.47eV, which is quite close to the 
optimum band gap energy for thin film photovoltaic cells. The results indicate that the Cu2ZnSnS4 
film prepared by the present route can be used as an absorber layer in thin film solar cells.   
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INTRODUCTION  

 Thin film solar cells, often referred to as second generation solar cells, have an advantage over 
the conventional wafer based solar cells in terms of production cost [Chopra et al., (2004)].  Three thin 
film photovoltaic materials are currently available in the market; they are amorphous silicon (a-Si), 
cadmium telluride (CdTe) and copper indium gallium selenide (CIGS) [Scragg et al., (2008)].  Out of 
these, CIGS has shown the highest efficiency of above 20% [Steinhagen et al, (2009)] for laboratory 
scale cells. A drawback with CIGS and CdTe technologies is the use of scarce and expensive elements 
- indium, gallium and tellurium.  It is in this context, investigations have been initiated all over the 
world for an alternative sustainable absorber material.   A promising candidate for low cost absorber is 
the quaternary compound Cu2ZnSnS4 (CZTS) known as kesterite, which is an analogue of CuInSe2 
(CIS) and obtained by replacing In (III) by Zn(II) and Sn(IV) [Katagiri, (2005), Scragg et al., (2008)].  
This is a direct bandgap p type semiconductor and contains only abundant and non-toxic elements.  
Each component of kesterite are abundant on earth’s crust (Cu:50ppm, Zn:75ppm, Sn:2.2ppm, 
S:260ppm) whereas the abundance of indium and tellurium, the major constituents in CIGS and CdTe 
absorbers, are only 0.05 and 0.001 ppm, respectively [Emsley et al., (1998)].  Band gap energies 
reported for Cu2ZnSnS4 is in the range 1.45–1.6 eV, which fall within the optimum range for a single 
junction solar cell [Wang et al., (2010), Aaron et al., (2012), Chulwon et al., (2013)].  

 
Cu2ZnSnS4 thin film absorber materials have been fabricated by vacuum based techniques 

such as co-evaporation and multilayer evaporation processes and have achieved efficiencies of 4.1% 
and 6.7% respectively [Katagiri, (2005), Grenet et al., (2012)].  However, such methods are expensive 
and include complicated processing steps.  For this reason, solution-processed Cu2ZnSnS4 films are 
being attracted as potential alternatives, which significantly reduce manufacturing cost. Solution-
processed kesterite thin film solar cells have yielded efficiencies of 2.0% and 3.4%, respectively [Liu, 
et al, (2010)].  Recently, in 2010, IBM researchers demonstrated kesterite based cells with 9.6% 
efficiency using Cu2ZnSn(S,Se)4 absorber fabricated by a hydrazine assisted solution process 
[Todorov et al., (2010)].  But this process involves hydrazine, which is a toxic compound and requires 
protective equipment.  The efficiency of kesterite based cells are still low compared to the CIGS or 
CdTe cells, but the constituent elements in kesterite absorber are abundant and less expensive. Hence, 
kesterite cells have the potential to reduce the cost per watt output.   

 
In the present work, kesterite thin film absorber layers were prepared using non-toxic solvents 

and chemicals.  Spin coating technique has been used for fabricating precursor films and the kesterite 
films were formed by sulfurizing the precursor films.  
 
Materials and Methods  

Precursor solution for fabricating Cu2ZnSnS4 films was prepared from copper (II) acetate 
monohydrate, zinc (II) acetate dihydrate, tin (II) chloride, 2-methoxyethanol and mono-ethanolamine 
(MEA).   2-methoxyethanol and MEA were used as solvent and stabilizer respectively.  The reagents 
in stoichiometric ratio of 2:1:1 were dissolved in 2-methoxyethanol and MEA, and the resultant 
solution was stirred at 45°C for 2 hours.  Glass substrates were cleaned ultrasonically with mild soap, 
acetone, isopropyl alcohol and distilled water successively for 15 min each and then dried with 
nitrogen gas before the coating process. The precursor solution was spin coated on to the pre-cleaned 
glass substrates using a Chemat KW-4A spin coater at a speed of 3000rpm for 20 sec.  The films were 
dried in air at 300°C for 5min in hotplate.  This procedure was repeated several times to achieve the 
desired thickness.  The precursor films were converted to Cu2ZnSnS4 by annealing in an environment 
of N2(95%)+H2S(5%) gas mixture for 25minutes at 550°C.  Phase purity of the films was analyzed by 
x-ray diffraction (Bruker AXS D5005) and Raman spectroscopy (Thermo Scientific DXR Raman 
Microscope with 530nm laser irradiation).  The film thickness was measured by spectroscopic 
ellipsometric technique (Angstrom Sun Technologies Inc :SR-200).  Optical energy band gap was 
estimated from UV visible spectra (Perkin Elmer: Lambda 35). 
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Results and Conclusions 

 Fig 1 shows the x-ray diffraction pattern of the Cu2ZnSnS4 film.  The pattern shows peaks 
corresponding to kesterite Cu2ZnSnS4 structure. [Fernandes et al., (2010), Todorov et al., (2010)].  The 
peaks were indexed as (101), (112), (200), (220) and (303) planes of kesterite structure with the help 
of the ICDD file 026-0575. There are no peaks related to other compounds in the pattern.  However, it 
is difficult to confirm the formation of exact Cu2ZnSnS4 phase from x-ray diffraction measurements 
due to the similar crystal structure possessed by other impurity phases such as ZnS and Cu2SnS3  

[Scragg  et al., (2008), Todorov et al., 
(2010)].  This makes determination of the 
impurity phase compositions difficult.  .  

Fig. 1. XRD pattern of Cu2ZnSnS4 film 

To confirm the formation of phase 
pure Cu2ZnSnS4 film, the samples were 
further investigated by Raman spectroscopy.  
Fig. 2 shows the Raman spectra of the 
kesterite films.  As seen in the figure, one 
major peak at 332cm-1 and a shoulder peak at 

286 cm-1 were observed, which are in agreement with the Raman peaks reported for kesterite in 
literature [Muhunthan et al., (2013)],  which do not match with the peaks of -ZnS (356cm-1) and Cu2-

xS (465cm-1) [Hao et al., (2013),  Su et al., (2012)].  The thickness of the kesterite films was measured 
by ellipsometric technique and was found to be ~ 1.5 m. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Raman spectra of Cu2ZnSnS4 film 

 

 

 

 

 

 

 

 

Fig. 3: (a) Absorption spectra of Cu2ZnSnS4 film and (b) (αh )2 versus h plot of Cu2ZnSnS4 film for 
determining band gap 
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Fig.3(a) shows the absorption spectra of Cu2ZnSnS4 films. Optical absorption coefficient (α) of the 
films was calculated from the spectra to be about105cm-1 in the visible region, which is similar to the 
value reported earlier [Li et al., (2012)].  This large value of  indicates that a layer thickness of a few 
micrometers is sufficient to absorb ~90% of the incident photons [Chopra et al., (2004)]. 

The energy band gap for direct band gap materials can be estimated using the well known 
equation,  

                                                                         (1) 

Where α and h  are the absorption coefficient and photon energy respectively, Eg is the 
energy band gap and A is an energy dependent quantity.  The band gap energy was deduced by 
extrapolating the linear portion of (αh )2 versus h plot to the x-axis (Fig.3b).  The band gap estimated 
for the film was as 1.47eV.  This is close to the optimum value for thin film solar cells, and in 
consistent with earlier reports [Ito et al, (1988), Tanaka et al, (2006), Mitzi et al (2011)].  Thus, the 
band gap shows that the Cu2ZnSnS4 film prepared by the present route can be used as an absorber 
layer in thin film solar cells.   

In conclusion, this work presents a simple, cost effective and environment friendly route to 
fabricate phase pure kesterite absorber films for photovoltaic applications.  The films were fabricated 
on glass substrates by spin coating technique.  For this, stable solutions were prepared and the 
precursor films were spin coated onto precleaned glass substrates.  The precursor films were then 
converted to Cu2ZnSnS4 layers by annealing in sulphur environment. Phase purity of the films was 
analyzed by x-ray diffraction and Raman spectroscopic studies.  No impurity phases were detected in 
these studies.  Film thickness measured by ellipsometric technique was found to be ~1.5 m.  Optical 
absorption coefficient (α) of the films was calculated from the UV-Vis absorption spectra to be 
about105cm-1 in the visible region. Optical band gap was estimated from the spectra and found to be 
~1.47eV, which is quite close to the optimum band gap energy for thin film photovoltaic cells.  
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ABSTRACT 
 
This paper analyses the consumption of metabolic energy of real biological neurons using Morris – 
Lecar (M - L) circuit as an energy model, to generate action potential in class I and class II excited 
states. An expression for electrochemical energy of M – L neurons to maintain the dynamics has been 
derived analytically. The metabolic energy consumption of the system has been studied numerically 
by giving an external stimulus. The studies have shown that the total metabolic energy consumption is 
much greater than the energy provided by the input stimulus in both class I and class II excited states 
and the energy consumption is greater in class II excited state than in class I excited state. 
 
I. INTRODUCTION 

There are as many as 1011 neurons in the human brain which play the central role in 
information transmission throught the body. Different models like Hindmarsh – Rose model, FitzHugh 
– Nagumo model, Morris – Lecar model and Hodgkin – Huxley model have been proposed for 
studying dynamical properties of neurons. The neuron models are classified into two types, class I and 
class II, according to the difference of the onsets of repetitive firing [1]. Neurons with the class I 
excitability begin repetitive firing with an almost zero frequency. In contrast, class II neurons begin 
repetitive firing with a finite frequency.  M – L model of neurons has an exceptional characteristic that 
the system equations exhibit class I and class II excitabilities when the parameters are set 
appropriately [1]. 

A stimulus creates variation in the membrane potential, produced by the flux of different ion 
species across the cell membrane, precise regulation of which dictates the shape of the spike. Ion 
pumps consume adenosine triphosphate (ATP) molecules to extrude ions through the cell membrane 
against their gradient concentrations [2]. If the rate of generation of ATP supply is not enough to 
satisfy the demand of the ion pumps, the refractory period of the neuron will increase and the 
information transmitted will be altered. On a global scale the metabolic energy required to maintain 
neural activity is very high [3], and a large fraction of this total energy is expended in the generation of 
firing sequences of action potentials. Studies have been carried out to analyze the class I and II 
excitabilities on the basis of bifurcations [2, 4, 5], but the energy consumption involved in the related 
processes have not been given necessary attention. Since the M-L electric circuit is a valid tool to 
investigate the electrical properties of neurons, it is also possible to analyze the actual energy the 
neurons demand to maintain signaling activity in class I and class II excited state.   

This paper analyses the consumption of energy by M – L neurons which show class I and 
class II excitability. In section II an expression for the electrochemical energy of the M- L neuron has 
been derived analytically. Energy consumption rate in the generation of action potentials in class I and 
class II excited states are discussed in section III. The paper concludes in section IV. 
 
II. Energy of the M - L Neurons 

The M – L equations describe the complex relationship between membrane potential and the 
activation of ion channels within the membrane: the potential depends on the activity of the ion 
channels and vice versa. Dynamics of the system is governed by the following equations.                                                           

   ,                                                   (1) 

where, 
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 In the above equations , V is the membrane potential, N ϵ [0,1] is the activation variable for K+, Iext is 
the externally applied DC current that is assumed to be temporally constant as a parameter and t 
denotes the time measured in milliseconds. The system parameters VCa, VK, and VL represent 
equilibrium potentials of Ca2+, K+, and leak currents respectively, and gCa,  gK, and gL denote the 
maximum conductance of corresponding ionic currents [1].     

The ion currents of sodium, potassium, and leakage (mainly chloride), iCa, iK, and iL , 
respectively, are given by                           
 
                                                                                (2) 
              .                                                                                      

The fixed parameter values for the M – L neurons [1] are listed in Table 1. 
 

CM 20 µF/cm2 

gK 20 mS/cm2 

gL 2 mS/cm 

VCa 120 mV 

VK -80 mV 

VL -60 mV 

V1 -1.2 mV 

V2 18 mV 

 
Table 1 
 
If V is the membrane potential, the total electrical energy accumulated in the M - L circuit at a given 
moment in time is                       ,          (3) 
The first term in the summation represents the electrical energy accumulated in the capacitor, and the 
other three terms are the respective energies in the batteries. The electrochemical energy accumulated 
in the batteries is unknown as they represent the ion channels in the system [2]. But in an electrical 
circuit, the rate of electrical energy provided to the circuit by a battery is known to be the electrical 
current through the battery times its electromotive force. Thus, the total derivative with respect to time 
of the above energy will be 
                               .              (4) 
 

1795

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



13 

 

Let I stands for the total external current that, one way or another, is injected through the 
membrane. According to Eqs. (1) and (2) 

                                       , 
which substituted in Eq. (4) gives                                        . 
Substituting Eq. (2) for the ion currents in the above expression, we get the energy rate in the circuit as 
                                             ,        (5) 
which provides the total derivative of the electrochemical energy in the neuron as a function of its 
state variables. The first term in the right-hand summation represents the electrical power given to the 
neuron through the external stimulus, and the other three terms of the summation represent the energy 
per second consumed by the ion channels [2]. As the firing rate depends on the total current I the 
average metabolic consumption of the M - L neuron as a function of the firing rate has been calculated 
by evaluating Eq. (5) for an external current I. This equation is used to find out the metabolic energy 
consumption of the neurons in the excited state (both class I and class II), provided the values of the 
parameters in such states are known. The system parameter values are listed in Table 2, where we can 
observe the class I and class II excitability of M – L neurons [1]. Substituting these parameter values 
in Eq. (5) we get the corresponding energy consumption. 
 

Parameter Class I Class II 

gCa (mS/cm2) 4.0 4.4 

Φ (s-1) 1/15 1/25 

V3 (mV) 12 2 

V4 (mV) 17.4 30 

 
Table 2 
III. Energy consumption rate in the generation of action potentials  

a. Class I excited state 
A train of action potentials has been generated by integrating the model neuron equations at a 

value of total current I = 45 A/cm2, which is greater than the threshold value of current needed to 
generate action potentials in the class I excited state [6]. Fig. 1(a) shows a sequence of the generated 
train of actions potentials. Time is in milliseconds, and the membrane potential changes from -45.13 
mV in its polarized state to 31.38 mV after depolarization. Fig. 1(b) depicts against time the electrical 
energy rate corresponding to the first term VI in the right-hand side of Eq. (5). It shows the energy 
consumption with peaks reaching about 1460 nJ/s on one side and 2000 nJ/s on the other side. It 
supposes a net contribution of energy to the neuron whose origin depends on the origin of current I. In 
Fig. 1(c) the total metabolic energy consumption of the neuron is represented. The figure depicts the 
total contribution to the energy derivative of the three last terms of Eq. (5). It is negative and 
represents the instantaneous total consumption of energy per second at the ion channels. This 
electrochemical energy consumption reaches peaks near 70000 nJ/s and is much greater than the 
energy supplied by the external current. Basically, this rate of energy must be replenished by the ion 
pumps and metabolically supplied by hydrolysis of ATP molecules in order to maintain the neuron’s 
activity.  
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Fig. 1 

b. Class II excited state 
A train of action potentials has been generated by integrating the model neuron equations at a 

value of total current I = 95 A/cm2, which is greater than the threshold value of current needed to 
generate action potentials in the class II excited state [6]. Fig. 2(a) shows a sequence of the generated 
train of actions potentials. Time is in milliseconds, and the membrane potential changes from -50.12 
mV in its polarized state to 32.74 mV after depolarization. Fig. 2(b) depicts against time the electrical 
energy rate corresponding to the first term VI in the right-hand side of Eq. (5). It shows the energy 
consumption with peaks reaching about 3765 nJ/s on one side and 4513 nJ/s on the other side. In Fig. 
2(c) the total metabolic energy consumption of the neuron is represented. This electrochemical energy 
consumption reaches peaks near 72475 nJ/s and is much greater than the energy supplied by the VI 

term. 
 
Fig. 2 
IV. Conclusion 

This work evaluates the metabolic energy consumption of a Morris – Lecar neuron to maintain 
its signaling activity in the class I and class II excited states. Numerical studies show that, in both class 
I and class II, the total metabolic energy consumption is much greater than the energy provided by the 
input stimulus. The excess energy needed is gained through the hydrolysis of ATP molecules. As there 
exists a threshold value of stimulus for the system to get excited, there is a threshold value of energy 
which makes the system ready for signaling activity, in both class I and class II excited states. 
Numerical studies have shown that the metabolic energy consumption is larger in the class II excited 
state and hence the ATP molecule consumption is greater in that state, than in class I excited state. 
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ABSTRACT 

Dye-sensitized solar cells (DSCs) are currently attracting academic and commercial interest as 
regenerative low-cost alternatives to conventional solar cell devices. Researchers are focusing to 
facilitate for producing a low cost, eco-friendly; more efficient dye sensitized solar cells. Natural dye 
sensitized solar cells are a promising class of photovoltaic cells with the capacity of generating green 
energy at low production cost since no expensive equipment is required in their fabrication. In the 
present work we discuss the effect of Photoanodes sensitized with natural dyes Lawsone and Alizarin. 
We compared the efficiency of the devices fabricated with TiO2 nanofibers and nanopowder as 
photoanodes using these natural dyes. It is found that when we used nano fibers instead of nano 
powder as photo anode the dye adsorption on the TiO2 surface increases. This helps to harvest more 
photons and increases photocurrent density. As a result there is a significant increase in short circuit 
current density and conversion efficiency.  
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Keywords: Natural Sensitizer, nanofiber, Dye sensitized solar cells, nanopowder, Open circuit voltage 
 
INTRODUCTION 
 
Dye sensitized solar cell (DSSC) [1] is stirred by the energy and electron transfer mechanisms in 
natural photosynthesis. Dye-sensitized solar cells [2] have attracted extensive academic and 
commercial interest during the last 20 years due to their potential for low cost solar energy conversion. 
The major parts of a dye sensitized solar cells [3] are working electrode or photo electrode, electrolyte 
and counter electrode. The sensitizer [4] is also plays an important role to harvest the photons and all 
these have relevance in the photovoltaic properties. When the light incident on the working electrode 
the dye molecules from the photo electrode or the working electrode got excited from the HOMO 
layer to the LUMO layer. When an electron injected into the conduction band of the wide 
bandgap semiconductor nanostructured TiO2 film, the dye molecule (photosensitizer) become 
oxidized. The injected electron is transported between the TiO2 nanoparticles and then gets 
extracted to a load where the work done is delivered as an electric energy. Since the overall 
DSSC efficiency is proportional to electron injection efficiency in the wide bandgap 
nanostructured semiconductor, investigations has been escalated over the past decade where 
ZnO2 nanowires, for example, have been developed to replace both porous and TiO2 nanoparticle 
based solar cells. The counter electrode plays an important role of gathering electrons that are 
generated at the photo-electrode [5] and delivered through the external circuit, back to the electrolyte. 
Since the electrolyte is corrosive the counter electrode requires a high reaction rate to reduce the 
iodine in the electrolyte to an iodide ion. The importance of counter electrode [6] to gather electrons 
that are generated at the photo-electrode is substantial.  The natural dyes like pomegranate, rosella, 
blue pea flower [7] etc are more eco-friendly but represents low conversion efficiency [9].  
 
Materials and Methods  
Materials Used:  
Fluoride doped tin oxide-coated glass substrate (FTO) having resistance of 10Ω/cm2 is   purchased 
from Solaronix, Switzerland. Titanium dioxide (Degussa P-25), Lawsone and Alizarin purchased 
from Solaronix and Hi-Media Laboratories Pvt. Ltd. Mumbai, India respectively. Acetonitrile, PEG, 
KI ,Titron  X-100, Titanium tetra iso propoxide, PVP, acetic acid from Merck, India used for the 
preparation of nanofiber and for electrolyte. 
 
Preparation of the dye:  

 
Lawsone [2 hydroxy [1, 4] –naphthoquinone] a natural dye from henna plant and Alizarin [1, 2-
dihydroxyanthraquinone] a dye from root of madder plant dissolved in methanol is used as the 
sensitizers. 
Preparation of Dye sensitized Nanostructured TiO2:   
 
Fluoride doped tin oxide-coated glass substrate (FTO) having resistance of 10Ω/cm2 was purchased 
from Solaronix, Switzerland, with a size of 1cm×2cm is cleaned as reported in [6]. A photo electrode 
was prepared by using nanocrystalline TiO2 (Degussa-P25) powder coating on FTO glass substrate by 
doctor blade technique. The coated films were dried at room temperature and then were sintered at 
4500 C for 1h. The thickness of the TiO2 electrode was approximately 12 µm as measured by a field 
emission scanning electron microscope (FESEM). Lawsone and Alizarin from Aldrich were used as 
the dye.  
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Fig.1 shows the structure of the fabricated cell.   
Fig.1: Structure of the fabricated cell 

 
Preparation of Dye sensitized TiO2 nanofibers:   

 
Preparation of polymer solution 
 
2.5g PVP is added to 50ml ethanol (5wt% ethanolic solution) and is magnetic stirred well at room 
temperature for two days. Then 27.5 ml ethanol, 27.5 ml acetic acid and 15.8 ml titanium tetra 
isopropoxide is mixed and magnetic stirred with 5wt% ethanolic solution of PVP. 
 Electro spinning of TiO2 Nanofibers:  
This solution is taken in a syringe tube of diameter 15.6 mm and placed in the electro spinning 
apparatus. Cleaned FTO glass plate which is masked with scotch tape is fixed on the aluminum foil in 
the apparatus. Measure the distance between the needle tip and the glass plate, 15 cm and set the 
values of duration and flow rate. By applying proper voltage, 12KV then TiO2 nanofiber will start to 
form on the glass plate.                   
 

Preparation of counter electrode: 

 In cleaned FTO glass substrates a few droplets of platinum solution consisting of 5 mmol/dm3 PtCl4 
(98%, Aldrich) in isopropanol (99.7%), Merck) were spread and dried in the ambient temperature. 
Finally the substrate were fired in an oven at 3850C for 15 minutes and then cooled at room 
temperature. 

Preparation of electrolyte: 
 
 For electrolyte preparation, polyethylene glycol (PEG) (MW 400) potassium iodide, Acetonitrile and 
iodine from Aldrich were procured and used without further modification as reported in our published 
work [8]. 
Assembling of DSSC:  

For the fabrication of solar cells, the photoelectrodes were immersed in the dye solution at room 
temperature for 12 h. Then, the dye-adsorbed electrode was assembled with the counter electrode to 
form a sandwich type DSSC. A drop of electrolyte solution is injected between the two electrodes of 
the cell. The electrolyte is injected into the space between the photo electrode and the counter 
electrode. Now the device is ready for characterization. 

Results and Conclusions 

SEM analysis 
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Fig.2. SEM images of the TiO2 nanofibers 

The Scanning Electron Microscopy analysis is conducted for the study of morphology of the polymer 
structures. In the SEM images of the polymer membrane with TiO2 nano particles it can be found 
that these films are smooth at lower and higher magnifications. The films formed are continuous with 
no debris or accumulation of the particles in the surface.  PVP is a polymer showing excellent film 
forming capabilities. The deposition of titanium nano particles on the surface of the films are found 
in the SEM images. This is due to the migration of charged species at the time of film formation to 
the surface due to the charge accumulation on the metallic nano particles. At high magnification of 
the SEM images the assembly of titanium nano particles on the surface is clearly visible. 

J-V Characteristics 

Photocurrent–voltage curves were measured using a Keithley Electrometer 2420. A solar simulator 
with 300 W Xe lamp with an AM 1.5 spectrum and an output power of 100 mW/cm2 was used to 
illuminate the active area, 1 cm2 of the photo electrode. Important physical parameters governing the 
efficiency of the DSSCs were determined from the photo- current-voltage curve, and the results are 
presented in the Tables shown below. 

 
Fig.3. J-V characteristics of the fabricated device using nano powder 
We have prepared the device using both nanofibers and nanopowder as Photoanodes. Fig.3 
shows the photo- current-voltage curve of the device using TiO2 nanopowder sensitized with 
natural dyes such as Alizarin and Lawsone. The corresponding photovoltaic parameters are 
presented in table 1. When we use TiO2 nanopowder as photoanode the overall conversion 
efficiency we got is 1.06% in the case of lawsone dye and that of alizarin is 1.74%. 
Table1. Photovoltaic parameters of the fabricated device using nano powder 

Sample  Jsc 
( mA/cm2) 

Voc 
(V) 

FF Efficiency 
(%) 

Lawsone  2.37 0.66 0.68 1.06 

Alizarin  4 0.79 0.55 1.74 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. J-V characteristics of the fabricated device using nanofiber 
Fig.4 shows the photo- current-voltage curve of the device using TiO2 nanofibers sensitized with 
natural dyes such as Alizarin and Lawsone. The corresponding photovoltaic parameters are 
presented in table 2. As we moved from the TiO2 nanopwder photoanode to nanofibers the 
overall conversion efficiency increases to 1.36% in the case of lawsone and that of alizarin is 
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2.13%. This confirmed the benefits of nanofibers in the fabrication of DSSC as photoanode. 
 
Table 2. Photovoltaic parameters of the fabricated device using nanofiber 

Sample  
Jsc 
( mA/cm2) 

Voc 
(V) 

FF 
Efficiency 
(%) 

Lawsone  3.02 0.67 0.67 1.36 

Alizarin  4.50 0.79 0.60 2.13 
The overall conversion efficiency of the cell sensitized with Lawsone increases from 1.06 to 1.36% 
corresponding to an improvement of 28.30%. In the case of the device which is sensitized with 
Alizarin gives efficiency from 1.74 to 2.13 % corresponding to an improvement of 22.41 %. All 
factors constituting the overall efficiency, that is, short-circuit current density (Jsc), and fill factor (FF), 
significantly increases when we used TiO2 nanofiber is photoanode for fabricating the device. This is 
because when we used nanofiber the surface area increases and more dye molecule adsorbs on the 
surface of the nanofiber. TiO2 fiber presented excellent photocatalytic properties due to the following 
reason. The porous fibers with high specific surface area led to the large adsorption of dyes. This will 
lead to the good harvest of whole spectrum. Due to this more photon generated and will cause the 
increase in photocurrent density. The 28.30% increase of efficiency in the case of Lawsone dye and 
22.41% increase of efficiency in the case of Alizarin are particularly notable; this big increase clearly 
shows the benefit of the fiber photoanode with natural dye in the current work for improving the 
performance of DSSC.  

Conclusion 

We modified the photoanode with TiO2 nanofibers and fabricate the device using natural dyes, 
lawsone and Alizarin. It is found that when we used nano fibers instead of nano powder as photo 
anode the dye adsorption on the TiO2 increases. This helps to harvest more photons and increases 
photocurrent density.  The Pt coated counter electrode is used for making the sandwiched type cell and 
iodine based electrolyte. Electrical characteristics are plotted and photovoltaic parameters are 
measured. It is found that DSSC with nanofiber as photo anode gives more efficiency. 
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ABSTRACT 
 
Scheelite structured barium molybdate (BaMoO4) is a technologically important material owing to its 
luminescent properties. In this work samples of nanocrystalline BaMoO4 were prepared by using 
controlled chemical precipitation technique employing aqueous and non-aqueous routes. The obtained 
samples  were characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM),  
Raman and IR spectra,uv-visible absorption spectroscopy and photoluminescence (PL) 
measurements.The crystal structure, grain size and purity of the samples were determined using X-ray 
diffraction transmission electron microscopy, Raman spectrum and IR spectrum. From UV-visible 
spectra, the optical band gap of nanocrystalline BaMoO4were estimated. PL measurements at room 
temperature showed a broad emission peak around 400 nm under excitation by 250 nm wavelength 
radiation. NanocrystallineBaMoO4 exhibited emission maximum in the blue region compared to green 
luminescence reported in the case of bulk crystals of BaMoO4 .This PL behavior was attributed to the 
existence of intrinsic distortions into the [MoO4] tetrahedron group in the lattice. 
 
1 INTRODUCTION 
 
Barium molybdates (BaMoO4) with a tetragonal scheelite structure is an important material in the 
electro-optical industry due to its luminescent properties. They found applications in solid-state lasers 
and in the fabrication of optical fibers. Investigations of luminescent and optical properties of a series 
of crystals of molybdates with scheelite crystal structure areavailable in literature [Spassky et al, 
2005].Barium molybdate crystallizes in tetragonal system with the scheelite structure and belong to 
the point group symmetry C4h and space group symmetry 141/a.In the present work, attempts were 
made to synthesize nanocrystalline BaMoO4 using controlled chemical precipitation technique 
employing aqueous and non-aqueous routes. Grain size and crystallinity were established through 
XRD, transmission electron microscopy (TEM), high resolution transmission electron microscopy 
(HRTEM) Raman and IR spectra. UV-Visible absorption and photoluminescence spectra of the 
samples were recorded and analyzed. 
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2 Materials and Methods 
 
Nanocrystals of BaMoO4 were synthesized through chemical precipitation technique. Stoichiometric 
ratio of analar grade (Na2MoO4.2H2O) and (BaCl2.2H2O) were mixed together in the presence of 
triethanol amine. The resultant material is washed and dried (sample code- BM1).10 ml 1 molar 
(Na2MoO4.2H2O) and (BaCl2.2H2O) were dropped into the propanol medium under vigorous stirring. 
The resultant precipitate was washed and dried (sample code-BM2).The as prepared samples were 
characterized with x-ray diffraction technique using Philips XPERT PRO diffractometer with CuKα 
radiation ( = 1.5406Ǻ) source. The morphology of the products was characterized using high 
resolution transmission electron microscopy (HRTEM, JEOL 3010using an accelerating voltage of 
300 KV).Raman spectrum  and IR spectrum were recorded using Bruker IFS 66V spectrometer.UV-
Visible absorption and PL(PERKIN ELMER LSB 50 KB) spectra of the samples dispersed in aqueous 
medium were also recorded. 
 
3 Results and Conclusion 

 
3.1 Determination of crystal structure and grain size 
 
The X-ray diffraction pattern of nanocrystalline sample of BaMoO4 (BM1) is shown in figure 1. The 
diffraction peaks in the XRD pattern agree with the ICDD data file no.08-0455 which correspond to 
BaMoO4 belonging to scheelite structure. The grain sizes of the samples are determined from the 
broadening of XRD peaks. The contribution to broadening from strain is removed by employing Hall-
Williamson method [Williamson and Hall,(1952)].  

20 30 40 50 60 70
0

1

2

3

4

 

 

(4
 1

 1
)

(2
 0

 8
)

(2
 2

 4
)

(1
 1

 6
)

(2
 2

 0
)(2

 0
 4

)

(2
 0

 0
)

(0
 0

 4
)

(1
 1

 2
)

BM1

%
 in

te
ns

ity
×1

03

2 in degrees

  
Figure 1 XRD pattern of sample BM1 
 
According to this method, the full width at half maximum of XRD peaks can be expressed as a linear 
combination of the contributions to the line width from strain ( ) and small particle size (D) through 
the relation  
                          

Where D is the crystallite size, k is a constant related to the crystallite shape, the value for spherical 
particles being 0.λ,  is the wavelength of radiation used , θ is the diffraction angle,  is the effective 
strain and  is the full-width at half-maximum (FWHM) of the diffraction line at βθ. Figure β 
representsthe Hall- Williamsons plot for the samples BM1and BM2 respectively. The particle size of 
the two samples corresponding to zero strain is obtained from the y-intercept and was found to be 28 

nm (BM1) and 36 nm (BM2) 
respectively. 
 
               
 
Figure 2 Plot of Hall-Williamson 
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method (sample BM1&BM2) 
 

 
3(a)                                       3(b)                                             3(c) 
Figure 3 TEM images of nanocrystalline barium molybdate (sample code BM1) 
 

    
4(a)                                  4(b) 
Figure 4 HRTEM images of nanocrystalline BaMoO 
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Figure 5 Particle size distribution obtained from TEM 
 
The TEM images of as prepared BaMoO4 is shown in figure 3. Most of the particles were found to be 
nearly spherical while some particles were oval in shape. The particle size distribution obtained from 
TEM image is shown in figure 5. The particle sizes were found to lie in the range 40-80 nm. The value 
obtained from TEM agrees with the average size determined from XRD. The HRTEM images of 
sample BM1 (figure 4) showed lattice planes suggesting crystalline structure. The lattice spacing 
obtained from figure (4a) is γ.5Ǻ which agrees well with the d value of the (1 1 β) plane of BaεoO4 
obtained from XRD analysis. The d value of the other lattice plane in the HRTEM image shown in 
figure (4 b) is γ.16Ǻ whichcorrespond to the (0 0 4) lattice planes of BaMoO4. These values are in 
agreement with that obtained from XRD. 
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Figure 6 FTIR spectrum of nanocrystalline BaMoO4 (sample code BM1).  
 
IR spectrum of nanocrysatlline BaMoO4 is shown in figure 6. It shows an intense absorption around 
832 cm-1 which agrees with that of the absorption peak reported for the bulk.[Sczancoski et al,(2010)]. 
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Figure7 FT-Raman spectrum of nanocrystalline   Figure 8 FT-Raman spectrum of 
nanocrystalline BaMoO4 (50cm-1 - 225 cm-1)                           BaMoO4 (200 – 1000cm-1) 

 
The Raman spectrum of nanostructured BaMoO4 in the range 200 - 1000 cm-1 is shown in figure 7. It 
showed a sharp intense peak at 885 cm-1 and sharp peaks at 839 cm-1 and 786 cm-1. Peaks are also 
found at 360 cm-1, 339 cm-1 and 320 cm-1. The Raman spectrum of nanocrystalline BaMoO4 in the 
range 50 – 225 cm-1 is shown in figure 8. It showed peaks at 182 cm-1, 134 cm-1, 128 cm-1, 101 cm-1 
and at 70 cm-1. Studies on Raman spectra of molybdates are widely reported in the literature. The 
group theory calculation showed that there are 26 different modes for BaMoO4,                             out of 26 vibrations 13 vibrations are Raman active [Sczancoski et 

al,(2010)]. The Raman spectra of molybdates of type ABO4 contain low frequency lattice modes and 
high frequency internal vibrations. The low frequency external vibrations arise due to the vibrations of 
the weakly coupled [MoO4]β− ionic group with Ba2+cation. The internal vibrations correspond to the 
oscillations inside the [MoO4]β− molecular group with an immovable mass center.High frequency 
vibrations shown in figure 7 correspond to the internal vibrations set up in the [MoO4]β−sublattice of 
BaMoO4 nanocrystal. The sharp intense peak found near 885 cm-1 correspond to υ1 (Ag) mode and the 
peaks at 839 cm-1, 786 cm-1, 360 cm-1, 339 cm-1 and at 320 cm-1 may be assigned to, υ3 (Bg), υ3 (Eg), υ4 
(Eg), υ4 (Bg) and υ2 (Eg) internal modes of vibration. The values of these peaks agree well with that 
reported for bulk crystals of BaMoO4 [Basiev et al,(2000)]. The observed internal vibrations of 
[MoO4]β− sublattice of nanocrystalline BaMoO4 did not show any significant shift compared to bulk 
crystals. This shows that nanostructuring do not affect the internal bonding strength of [MoO4]β− 
sublattice.  
The lattice mode observed at 182 cm-1 correspond to the free rotation of the crystal lattice and the 
peaks found at 134 cm-1, 128 cm-1, 101 cm-1 and at 70 cm-1 correspond to the vibrations between Ba2+ 
and [MoO4]2−  sublattice. The Raman peaks found at 128 cm-1 and 101 cm-1 are shifted to high 
frequencies compared to that reported for bulk crystals [Basiev et al,(2000)]. It may be observed that 
lattice modes showed significant shifts for nanocrystalline materials compared to that of bulk crystals. 
As a result of nanostructuring of crystal lattice, the energy values of allowed vibrations will undergo 
significant changes as a result of confinement of phonons.  
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3.2 UV-VISIBLE AND PHOTOLUMINESCENCE SPECTRA 
 
 
Figure 9 The Uv-Visible absorption spectra of 
nanocrystalline BaMoO4 (sample code BM1 and 
Bεβ).(inset) hυ vs.(αhυ) 2 
 
Figure 9 shows the uv-visible absorption spectra of 
nanocrystalline barium molybdate (BM1 and BM2). In 
sample BM1, absorption abruptly starts around 260 nm 
and intense absorption peak was found around 210 nm. 
In the sample BM2 the absorption sets early at about 
850 nm then rises with a sharp maximum at 210 
nm.The optical band gap was estimated by the method 
proposed by Wood and Tauc [ Wood and Tauc 

(1972)].According to this method, the optical band gap energy is associated with absorbance and 
photon of energy by the following equation.                      

Where h is the Planck's constant,  is the frequency of vibration, α is the absorption coefficient, Eg is 
the band gap, A is the proportional constant. In this case the band gap value was determined by 
extrapolating the linear portion of the curve or tail. Figure 9 (inset) shows the Tauc plot of 
nanocrystalline BaMoO4 (sample code- BM1 and BM2).The estimated band gap values are found to 
be 5.5 eV for BM1 and 5 eV for BM2.  
The synthesis and study of absorption properties of single crystals and polycrystals of BaMoO4 are 
widely reported in the literature. Afanasiev [Afanasiev (2007)] prepared pure microcrystalline barium 
molybdate using molten flux method and studied its absorption properties. The uv-visible absorption 
experiments performed on these micro crystals estimated the band gap of BaMoO4 to be 4.3 eV. 
BaMoO4 powder sample synthesized  using co-precipitation method and processed in a domestic 
microwave- hydrothermal method  showed a strong   absorption edge nearly  at 300 nm and the uv-
visible measurements revealed a typical value of energy gap of 4.1 eV at 413K [Cavalcane et al 
(2008)].Spassky et. al [Spassky et al,(2004)] synthesized barium molybdate single crystals by 
spontaneous crystallization method from the solution. Time-resolved luminescence as well as 
excitation and reflectivity spectra of oriented barium molybdate single crystals were studied using 
synchrotron radiation and estimated the band gap as 4.2 eV.The luminescent spectra of single crystal 
of BaMoO4 showed an excitation wavelength around 522 nm and the band gap is estimated to 3eV for 
[Spassky et,al (2005)].They attributed this peak to the radiative transitions with in MoO4

2-complex 
[[Spassky et,al (2005)]. 
In the present study, the optical absorption spectra of two samples of  BaMoO4(BM1 and BM2)  
showed a typical absorption edge nearly around  210 nm which is almost 60 nm blue shifted compared 
to the reported value of the bulk[Spassky et al,(2004). Nanostructured materials are confined systems 
in which the motion of the free charge carriers is restricted.This quantum size effect induces 
modification of band structure resulting in widening of the band gap. The large blue shift observed in 
nanocrystalline BaMoO4can be ascribed to the quantum size effect [David T Pierce (2011)]. 
 In the case of sample BM1 relatively low absorption takes place at higher wavelengths. But 
below 230 nm the sample absorbed the incident radiation sharply and the intense absorption peak is at 
210 nm. But the sample BM2 showed absorption even at higher wavelength starting from 850 nm. As 
the wavelength decreases, the absorption increases gradually and it reaches the almost at 210 nm 
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region, which is quite different from the absorption curve of sample BM1.The surface to volume ratio 
of nanocrystals will be large and hence a sizable population of atoms will be present on the surfaces. 
The crystal defects which occur in the momentarily trapping charge carries in the random field 
generated by surface defects. 

 
Figure 10 Photoluminescence spectra of nanocrystalline bariummolybdate (sample code 
BM1and BM2) 
 
The room temperature PL spectra of nanocrystalline BaMoO4 samples (BM1, BM2) of excitation 
wavelength of 250 nm are shown in figures 10. At excitation wavelength of 250nm, the sample BM1 
got a broad peak at 400 nm. A broad peak was obtained at around 420 nmfor sample BM2. The 
synthesis and study of PL spectra of single crystal and polycrystals of BaMoO4are widely reported in 
literature[Ryu et al (2008)]. It is well reported that the broad PL profiles evolve the participation of 
several energy states within the band gap, which are able to trap electron populations during the 
excitation and emission processes. Blasse and Grabmaier [Blssse and Grabmair (1979)] reported that 
the PL emission arise from the radiative return of electrons located in maximum-energy states to 
minimum-energy states. This phenomenon is in concurrence with the non-radiative return, where part 
of the energies arising from electronic transitions is transformed in vibrations for the host lattice. Ryu 
et.al. [Ryu et al (2005)].] verified that the degree of crystallization and the morphology are two 
important factors in the PL response of BaMoO4. 
The luminescence of the molybdates excited with photons with energies exceeding the band gap value 
consists of a single green luminescence band with the maximum at 490-550 nm [Spassky et al,(2005)]. 
Cavalate[.Cavalcane et al,(2008)] prepared BaMoO4 powders processed in domestic microwave-
hydrothermal at 413Kfor 1h, and studied the PL spectrum. The maximum (PL) emission was observed 
at around 542 nm. Lan and Blasse [Blssse (1979)]. prepared BaMoO4 using Ba(NO3)2 and Na2MoO4 
solutions, and observed a weak green emission (around 530 nm) at 5K.This green emission was also 
verified by Spassky et al,[ Spassky et al(2004)]with the maximum emission  around 520 nm at10K. 
They attributed the green luminescence of BaMoO4 with the intrinsic MoO4

2- group.Jeong Ho Ryu et 
al [Ryu et al(2008) reported synthesis of BaMoO4nanocolloidal suspension and studies its optical 
properties.The room – temperature photoluminescence (PL) emission spectrum for the as prepared 
BaMoO4 colloidal nanoparticles exhibited broad luminescence bands in near UV and visible ranges 
with the excitation wavelength of 260 nm.This luminescence peak is attributed to charge-transfer 
transitions within the [MoO4

2-] complex [Ryu et al,(2008)].NanocrystalsBaMoO4 was synthesized 
using cyclic microwave irradiation, and thestudy of its photoluminescenceproperties was reported by 
Phuruangrat et al [AnukornPhuruangrat et al,(2008)].A broad luminescence peak was finding centrally 
around 415 nm.J.H.Ryu [ryu et al,(2005)] prepared microwave assisted synthesis of nanocrystalline 
BaMoO4 by a polymerized complex method and study PL spectra the emission is obtained at 385 nm. 
 In the present work the room temperature PL spectra of both the nanocrystalline BaMoO4samples 
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(BM1 & BM2) were showed and got a broad peak around 400 nm and 420 nm.It is seen that the 
emission peak is significantly shifted to shorter wavelength corresponding to that reported for bulk 
samples of BaMoO4.  
 
3.3   CONCLUSION. 
The nanocrystalline samples of barium molybdate having two different grain sizes were 
synthesizedusing wet chemical precipitation techniques employing aqueous and non-aqueous routes. 
The crystal structure and the average grain size were estimated from the X-ray diffraction pattern and 
the contribution from strain is removed using Hall-Williamsons method.The morphology of the 
crystals and the grain size distribution was ascertained using TEM. The average grain sizes were found 
to be 28 and 36 nm. The IR spectrum showed a peak at 832 cm-1 which is in agreement with reported 
value. The Raman spectra of nanocrystalline BaMoO4 showed peaks corresponding to internal and 
external vibrations. The external vibrations showed significant shift as a result of confinement of 
phonons. The UV-Visible spectra of these samples were recorded at room temperature in the range 
200-800 nm. Both the samples showed a characteristic peak at 210 nm which is blue shifted compared 
to that of bulk crystals which was reported at 290 nm. For the first sample the absorption was abrupt 
and is characterized by relatively low absorption at higher wavelengths. But for the second sample 
showed early absorption at around 850 nm which gradually increased exponentially. This may be due 
to the presence of crystal defects and interaction between electron and these random fields presented 
in these defects. The photoluminescence properties were studied by recording the emission spectra of 
all samples. It has been found that all nanocrystalline samples showed an emission peak around blue 
region around 400nm while bulk crystals exhibited luminescence in the green region. 
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ABSTRACT 
 
The virgin (untreated) and electron beam irradiated fibers from the coconut husk were analyzed by 
Fourier transform infrared spectroscopy, X-ray and Thermo gravimetric methods. The morphology of 
the fibers before and after electron beam irradiation was studied by scanning electron microscopic 
method. The pectin and P layer were removed, but S layer was maintained without any degradation at 
an EB dose of 10 kGy. When impurities were removed, small pores were found to be produced. The 
effect of electron beam irradiation on the mechanical properties of the coir fibers was also analyzed. 
This study revealed that electron beam irradiation at an optimal dosage of 10 kGy can contribute to 
enhancing the tensile properties of the coir fiber.  The FTIR analysis indicated lowering of hemi 
cellulose content by irradiation. Thermal stability of coir fibers were slightly increased on electron 
beam irradiation. The XRD studies revealed a decrease in crystallanity of the fibers on electron beam 
irradiation. 
 
Keywords: Coir fiber, electron beam irradiation, FTIR, XRD, surface morphology. 
 
INTRODUCTION 

 
The increasing environmental awareness, the ever-expanding problem of energy shortage and 

global waste problems had motivated the researchers, industries and farmers to develop concepts of 
environmental sustainability and reconsider, biodegradable and renewable resources (Ramanatha 
Ayyar et al. 2002). Coir is a multicellular fruit fiber composed of polycrystalline cellulose which is 
arranged helically in a matrix consisting of non-crystalline materials such as hemicelluloses and lignin. 

Coir is one of the abundantly available natural fibres in southern India and tropics. It has been used as 
a raw material in a wide range of applications ranging from geotextiles to roofing. Today these fibers 
are gaining much importance as environmentally friendly material owing to their biodegradability and 
renewable characteristics. Recently coir fibers are using as reinforcement in polymer composites also. 
Their low cost and high performance such as high modulus and strength, relative to traditional 
materials such as glass are able to fulfill the economic interest of the industry. Their uses are growing 
in areas where light weight and strong structure are required for example in the aerospace, automobile, 
and building construction industry. 

Even though natural fibers have a lot of advantages they have a problem in their hydrophilic 
character. They are lignocellulosic in nature, which contain strongly polarized hydroxyl group. The 
major limitation of using these fibers as reinforcement in polymer matrix include poor interfacial 
adhesion between polar-hydrophilic fiber and non polar hydrophobic matrix .Various physical, 
chemical and physico-chemical treatments is being utilized for surface modification. They include 
physical treatments such as solvent extraction, physico-chemical treatments like the use of corona and 
plasma discharges (Lee et. al, 2003) (Belgacem et. al. 1994), gamma irradiation and electron beam 
irradiation. Electron beam irradiation technique is utilized in the recent past mainly with the aim of 
modifying the surface of polymer materials. They have the advantage of the process can be done in 
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dry, in a clean environment and at room temperature. The process saves energy, reduces processing 
time, doesn’t require a catalyst and is environment friendly.  

In the present work, we studied the effect of electron beam on the morphological and 
structural properties of the coir fibers. The thermal stability of the coir fibers were also evaluated and 
co-related to the changes occurring during the electron beam irradiation. 
Materials and Methods 

Coir fiber obtained by courtesy from Centre for Coir Research Institute, Alleppy. Uniform 
fibers are separated out. They are combed and surface impurities are removed by gently rubbing, 
followed by prolonged washing in distilled water and drying. They are electron beam irradiated at 
dose of 10kgy in sealed polythene bags. All samples were irradiated at a fixed beam energy 8 MeV 
and the required irradiation doses were obtained by adjusting the electron beam parameters viz. 
electron beam current, conveyor speed etc. Scanning electron microscope pictures were taken on 
irradiated and unirradiated fibers coated with Platinum layer using Joel JSM Model 6390. Fourier 
transform infrared spectroscopy (FTIR), Perklin Elmer Spectrum 400, was used ti identify the raw and 
irradiated coir fibers by measuring the transmitted radiation of various infrared light wavelengths. 
FTIR spectra were recorded in the spectral range of 4000-400cm-1 with a resolution of 4cm-1  and with 
32 scans. The XRD diffractograms of the fiber samples were re-corded using a Rigaku Miniflex-II X-
ray diffractometer with Ni filtered, CuKα radiation of wavelength  = 1.5406 Å, with a graphite 
monochromator. The scattered beam was focused on a detector. The specifications used for the 
recordings were 40 kV, 30 mA. The samples were scanned in the 2θ range 10° - 30° with a scanning 
speed and step size of 1°/min and 0.01° respectively. Thermogravimetric analysis (TGA) of these 
samples was done by Perkin Elmer Thermal Analysis system with nitrogen as flushing gas. The 
temperature range scanned was 25°C - 800°C at a predetermined rate of 10°C/min. The samples were 
weighed in microbalance and crimped in aluminum pans. Samples of 1.565 - 7.623 mg were used for 
the measurement. 
Results and Conclusions 
SEM analysis 

Lignin and cellulose are the major constituents of the chemical composition of coir fiber. The 
external surface of the fiber cell wall is covered with pectin, waxy materials and natural oils (S. Jaybal 
et. al). Usually chemical treatments are done to remove the lignin containing materials on the surface 
of the coir fiber. Electron beam irradiation is observed to have significant influence on the surface of 
the coir fiber. Fig 1 shows the SEM micrographs of the surface of the coir fibers irradiated at different 
intensities of e-beam. SEM is taken in the same sample after and before irradiation. It shows that the 
surface morphology of untreated coir fiber is different from that of irradiated fiber. The surface of 
unirradiated coir fiber is rather smooth with little adhering segments.  The fiber surface is 
heterogeneous with smooth and rough portions on the same fiber. Micro pits on the surface of the coir 
fiber are not revealed in untreated coir fiber. In 10kgy irradiated some of the pores are seen. It 
corresponds to the leaching of waxes and pectin substances by irradiation. This indicates the 
degradation of weak boundary components. i.e. e-beam irradiation partly dewaxed the coir fiber 
surface(Han et. al. 2010). By the removal of removal of lignin, hemicelluloses and other soluble 
compounds on the surface of the fiber, the fiber will adhere easily with a polymer resin matrix. It can 
be expected due to e-beam irradiation the impurities on the surface of the coir fibers are removed, the 
inter fibril region is likely to less dense and less rigid. This might increase the impact strength of the 
coir fiber. 
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 (a)       (b) 
Fig. 1 SEM micrographs of the untreated and electron beam irradiated coir fiber 
FTIR 
Figure 2. FTIR spectra of (a) untreated coir fiber (b) 10kgy electron beam irradiated coir fiber 

The FTIR spectra of 
untreated and electron beam 
irradiated coir fibers in the 
region of 400-4000 cm-1 are 
shown in Fig. 2. The FTIR 
spectra of coir fibers showed the 
bands at 1738 cm-1 from 
carbonyl group stretching, at 
1607 cm-1 from free carbonyl 
bond, at 1373 cm-1  from O-H in 
plane bending, at 1420, 1246 and 
1318 cm-1  from CH 
deformation, at 1204 cm-1  from 

C-O stretching, at 1157 cm-1  from the skeletal stretching vibrations including the C-O-C stretching, 
and at 1104 cm-1  from ring vibration(Mahato et. al, 2009). The band at 1735 cm-1 interestingly 
disappears on electron beam irradiation. The intensity of band at 1508 cm-1 decreases its intensity on 
electron beam irradiation. This band is attributed to the presence of aromatic rings of lignin. In the 
unirradiated sample a broad maximum at 2800-3700 cm-1   is found corresponding to the absorbance of 
OH groups. With the increasing dose the longer wavelength side of the absorbance become gradually 
stronger. Such a shift indicates an increase in the intermolecular hydrogen bonding at the expense of 
the intramolecular hydrogen bridges. 
 
  XRD Analysis 
Fig 3. X-ray diffraction patterns of (a) untreated and (b) 10kgy 
irradiated coir fibersThe XRD pattern of the raw and 10kgy irradiated 
coir fibers are shown in Fig. 3. It is quite obvious that the crystallanity 
decreases on electron beam irradiation involving depolymerization, 
which is evidenced by the decrease in the intensity of the band at 
1270cm-1 . The decrease in crystallanity makes it more accessible to 
chemical reagents and thus easily hydrolyse to sugars. 
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Thermal Analysis 
                            

(a)            (b) 
Fig 4. Thermograms of (a) untreated coir fiber (b) 10kgy irradiated coir fiber 
The thermograms obtained for the raw and the 10kgy electron beam irradiated coir fibers are shown in 
Figure 4. Both of the thermograms showed three distinct regions. For the virgin coir fiber first region, 
starting from room temperature up to 150°C the weight loss is due to water vaporization. The second 
region starts at about 190 0C the fiber experienced a great weight loss, because of the thermal 
decomposition. It corresponds to hemicellulose degradation. The third step occurs between 290 and 
360 0C corresponds to thermal degradation of cellulose. (Rosa et. al. 2009). Electron beam irradiation 
is found to have a considerable effect on the thermal behavior of the fibers. It promotes an increase in 
the temperature at which the thermal degradation tool place, which corresponds to the enhanced 
thermal stability of the electron beam irradiated sample. Changes can be interpreted as the removal of 
some easily hydrolyzed substances, which decompose earlier than the major components, cellulose 
and lignin. 
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ABSTRACT 
 
The Raman spectrum of CdS nanoparticles and nanorods prepared in a chemical route has been 
studied in the light of Gaussian confinement model. The values of natural linewidths and peak shifts 
are calculated both experimentally and theoretically. It has been found that all these parameters show 
considerable variation from their bulk counterparts due to the joined effect of quantum confinement 
and lattice strain. The results give hinds of the existance of defective surface layers in the samples. 
The study has also been able to give useful information regarding the lifetime of phonons in the 
samples. 
 
INTRODUCTION 
 

Raman spectroscopic investigations of low dimensional semiconductors can give detailed 
information on crystal structure, phonon dispersion, electronic states, composition, strain etc 
[Pauzauskie P J, Talaga D, Seo K, Yang P D and Labarthet F L (2005); Hermann P, Hecker M, 
Chumakov D, Weisheit M, Rinderknecht J, Shelaev A, Dorozhkin P and Eng L M (2011); Pimenta M 
A, Dresselhaus G, Dresselhaus M S, Canc L G¸ Jorio A and Saito R (2007); Samuel M S, Koshy J, 
Chandran A and George K C (2010)]. The Raman studies of quantum dots, nanowires and nanorods 
have been a topic of great interest in the past few years [Samuel M S, Koshy J, Chandran A and 
George K C (2010); Seong M J, Micic O I, Nozik A J, Mascarenhas A and Cheong H M (2003); 
Zhang Q, Zhang J, Utama M I B, Peng B, Mata M, Arbiol J and Xiong Q (2012)]. Recently, several 
new phenomena have been reported with respect to semiconductor nanomaterials. The high surface to 
volume ratio of nanomaterials has enabled the detection of surface phonon modes which can give 
information about the surface structure and periodicity [J Wu, J Cao, W Q Han, A Janotti and H C 
Kim (β01β)ν Šćepanović ε, Brojčin ε G, Vojisavljević K, Bernik S and Srećković T  (β010)]. Since 
nanoparticles have large density of surface defects, the surface layers may be strained [Qin W and 
Szpunar J A (2005)]. The Raman spectroscopy can give information about this lattice strain which is a 
measure of the disorder of surface layers. It could also give indications about the nature of charge 
carrier transport in the material 

 
In this paper, we have employed Raman spectroscopy as a tool for getting information about the 
structure of nanorods and nanoparticles of CdS. The main intension is to get more information about 
the lattice strain and quantum confinement in the samples. We have used the Gaussian confinement 
model to study the Raman modes. 
 
Materials and methods 
 
Wurtzite phase CdS nanoparticles and nanorods with an average diameter 11.5 and 20 nm, 
respectively has been prepared via chemical route. Reagent grade cadmium nitrate and thiourea are 
used as reactants. The details of preparation is reported elsewhere [Chandran A,  Samuel M S, Koshy 
J, and George K C (2011)]. The Raman spectra of the samples are measured using Jobin-Yvon Horibra 
LABRAM-HR visible confocal micro-Raman spectrometer. 
 
Results and discussion 

 
   Fig 1: Micro Raman spectra of CdS nanoparticles 
and nanorods 
 
 
Figure 1 shows the Raman spectra of CdS 
nanoparticles and nanorods excited with the 633 nm 
line of He-Ne laser. Raman peaks of nanoparticles 
are observed at 212.8, 301.2, 341.7, 363, 557.7 and 
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597.4 cm-1, while those of nanorods are observed at 216.8, 302.5, 364.2, 556.3, 597.5 cm-1. The broad 
peak at 212.8 cm-1 for nanoparticles and 216.8 cm-1 for nanorods does not belong to just one mode. 
Tell et al. have identified the A1 (TO), E1 (TO) and E2 modes at 228, 235, and 252 cm−1, respectively 
[ Tell B, Damen T C and Porto S P S (1966)]. They have also reported a multi-phonon peak at 207 cm-

1. Hence it can be concluded that the peaks at 212.8 and 216.0 cm-1 arises due to the mixed A1(TO), 
E1(TO) and multiphonon response. The modes at 341.7, 363, 364.2, 556.3 and 557.7 cm-1 are 
attributed to additional multi-phonon responses [ Tell B, Damen T C and Porto S P S (1966); Gu F X, 
Yu H K, Fang W and Tong L M (2012)] 
 
The 1LO and 2LO modes of nanoparticles are observed at 301.2 and 597.4 cm-1, whereas those of 
nanorods are observed at 302.5 and 597.5 cm-1. Raman shifts is stronger for CdS nanoparticles due to 
the stronger confinement effects in the former as compared to nanorods. The 1LO peak includes 
contributions from A1(TO) and E1(TO) modes. Hence 1LO mode is resolved to obtain peaks at 298.6 
and 301.6 cm-1 for nanoparticles and 302.7, 304.5 cm-1 for nanorods. For bulk CdS, the A1(LO) and 
E1(LO) peaks are obtained at 305 and 307 cm-1, respectively. The red shift in the modes mainly arises 
due to optical phonon confinement effect arising due to the absense of long range periodicity. 
 
Fig 2: The Gaussian resolved Raman peaks of CdS (a) nanoparticles and (b) nanorods corresponding 
to 1LO mode. The solid curves show the theoretical modes 

 
The deconvoluted A1(LO) mode is analysed in the 
framework of Gaussian confinement model (GCM) 
proposed by Ritcher [ Ritcher H, Wang Z P and Lay 
L (1981)]. According to this model, for small 
particles, the first order Raman spectrum is obtained 
from the equation 
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Where, ω (q) is the phonon dispersion curve and Γ0 is the natural linewidth of the zone-centre optical 
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for nanorods; where the values of α decides how rapidly the wavefunction decays close to the surface 
of the material [Vasilevskiy M I, Rolo A G, Gomes M J M, Vikhrova O V and Ricolleau C  (2001).].  
 
Equation 1 is used for the fitting which gave the parameters listed in table 1. The broadening of lines is 
consistent with the GCM as shown in fugure 2. It is to be noted that the theoretically obtained values 
of peak shift in the Raman spectra of CdS nanostructures are much smaller than what is expected from 
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nanostructures of such small sizes.We believe that compressive strain which is much stronger in CdS 
nanostructures is the reason for this [Zhu X, Wu H, Yuan Z and Kong K (2009); Balandin A, Wang K 
L, Kouklin N and Sandyopadhyay S (2000)]. The PL studies discussed in one of our previous works 
have showsn that CdS nanostructures have a high density of defects like vacancies and interstitials at 
the surface layers [Chandran A,  Samuel M S, Koshy J, and George K C (2011); Chandran A and 
George K C (2014)]. Due to this high density of defects, even the band edge/ excitonic emission have 
been quenched in the samples. Hence a large surface stress field is produced which will strain the 
surface layers of the samples. Although phonon confinement is strong in the case of CdS 
nanostructures due to their small particle size, the Raman peaks are strongly blue shifted by the effect 
of compressive strain thus reducing the values of ω [Chandran A,  Samuel ε S, Koshy J, and George 
K C (2011); Chandran A and George K C (2014)]. The natural linewidth of bulk CdS is estimated 
which on comparison with linewidths of the samples reveals that a broadening of peaks has occurred 
on suze reduction. This line broadening indicates the shortening of phonon lifetime due to the quick 
transfer of vibrational energy to the surrounding. This indicates that polaronic transport in these 
nanostructures is much easier compared to that in thei bulk form. It is also apparent form the figures 
that there is asymmetric broadening of Raman lines as well. In the obtained Raman spectra an 
increased intensity on the low frequency side is observed and can be assigned to the dispersion of 
phonon branch away from the zone centre. 
 
                                   Γ (experimental)                    Γ0                                      ω                                       
Nanoparticles                 25.7                                10.5                                     6.4                  

Nanorods                          4.9                                10.8                                     2.3   
 
Table 1: Parameters obtained by fitting the A1(LO) mode peak using the Gaussian equation. 
 
In conclusion, the optical phonon confinement in chemically prepared CdS nanoparticles and nanorods 
is investigated. Raman peaks are found to red shift as a result of reduced dimensionality. However, a 
weak redshift implies the possible existence of compressive strain in the samples. This is a suggestive 
of distorted surface of nanostructures which supports the photoluminescence studies reported earlier. 
Raman shifts and peak broadening is stronger in CdS nanoparticles as compared to nanorods due to 
the stronger confinement effects and lattice strain in the former compared to the latter. The A1 (LO) 
mode of spectra are analysed with the Gaussian confinement model and natural line widths of bulk 
CdS are calculated. A comparison of natural linewidth with the FWHM of the sample indicates that 
polaronic trasport could happen easily in these nanostructures.  
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ABSTRACT 
 
Manganese dioxide (MnO2) based materials have various applications ranging from catalysts and 
batteries to energy efficient devices and carbon storage applications. The studies on the structural 
properties of MnO2 nanostructures, can give vital information about the crystal structure, lattice 
constants and position of atoms in the crystal. In this work, cryptomelane MnO2 nanorods are 
synthesized using hydrothermal method. The XRD pattern confirms the formation of cryptomelane 
MnO2 with average crystallite size 17 nm. The HR-TEM studies have revealed that nanorods have a 
radius of 14 nm and length of 377 nm. Rietveld refinement analysis of the XRD pattern indicates the 
formation of cryptomelane MnO2 with a 2 x 2 tunnel structure having space group I 4/m. Refinement 
results of the sample suggest the existence of strong Jahn-Teller distortion. The origin of this effect is 
traced to the enhanced non-stoichiometry of the sample due to surface defects. 
 
INTRODUCTION 
 

Transition metal oxide nanostructures have been the focal point of semiconductor research and 
application due to their highly intriguing electronic, chemical and mechanical properties. MnO2 is a 

1817

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

mailto:anoopc23@gmail.com


35 

 

transition metal oxide semiconductor which has received intense attention, because of its outstanding 
structural flexibility combined with novel chemical and physical properties, which are of interest for 
applications like molecular sieves [Jaganyi D, Altaf M and Wekesa I (2013)], catalysts [Chin F, Pang 
S C, and Anderson M A (2010)], Li/MnO2 batteries and supercapacitors [Subramanian V, Zhu H, 
Vajtai R, Ajayan P M, and Wei B (2005)]. Most of these applications are beneficial to the plenty of 
polymorphs including α-, -, -, and -MnO2 phases that manganese dioxides have. Although the 
physical properties of MnO2 has been studied widely, many of its exceptional properties show strong 
dependence on the structure and hence difficult to predict. Furthermore, recent observation of direct 
bandgap [Toufiq A M, Wang F, Li Q and Li Y (2013)] and huge dielectric constant in MnO2 
nanostructures is considered to be a breakthrough as far as semiconductor industry is concerned. 
However, more efforts are required to get a thorough understanding of these novel phenomena before 
they can be effectively employed for technological applications. 
 

For technological applications, it is imperative to get a proper understanding of how physical 
properties of MnO2 are related to its structure. Since MnO2 is nonstoichiometric, the occurrence of 
Jahn-Teller distortion could lead to the compression/elongation of the unit cell which could 
significantly affect its properties [Brunold T C. Güdel H U and Riley M J (1996)]. Furthermore, 
nonstoichiometric effects could also alter the properties such as isotropic thermal factors and lattice 
constants [Thundathil M A, Jones C Y, Snyder G. J, and Haile S M (2005)]. All these have to be 
carefully analysed. Rietvield refinement is one of the most important techniques used to extract 
structural details from XRD data. This paper carefully investigates the structural properties of 
hydrothermally prepared MnO2 nanorods. 
 

The main focus is given to the rietveld refinement of XRD data which has given 
useful information about the microstructure of the sample. The results obtained are 

significant in the sense that it can be used while further pursuing the origin of 
physical properties in various MnO2 nanostructures. 

 
Materials and Methods 

 
All chemicals were analytical grade reagents. Potassium 

permanganate (98.5%, E. Merck), and Manganese Nitrate (99%, E. Merck) 
were used as received without further purification. Ultra-pure water was used for the preparation of all 
reagents solutions. The reactances were mixed in appropriate molar ratio. The solution was then 
trasferred to a stainless steel autoclave and heated at 160˚C for 6 hours.The products were washed 
with distilled water and dried at 100˚C for γ hours. 
 

The obtained products were characterized using X-ray diffraction and High resolution 
transmission electron microscope. The XRD patterns were collected with a Bruker AXS D8 advance 
X-ray powder diffractometer. These patterns were analysed with the help of FullProf programme by 
employing Rietveld refinement technique. Transmission electron microscopy (TEM) was carried out 
on a JEM-2100 high resolution transmission electron microscope. 
 
 

Results and Conclusions 
 
The XRD pattern for MnO2 nanorods is shown in Figure 1. The peak in the XRD pattern can be 
indexed to body-centered tetragonal α-MnO2 phase (space group I4/m). The calculated values of 
lattice constants a and c are 9.72Ao and 2.86Ao respectively, which are in reasonable agreement with 
the standard values of JCPDS 44-0141. The changes in the values of lattice constant must be a 
consequence of the small size of the sample. The crystallite size of MnO2 has been calculated using 
Scherrer’s formula t=0.λ /  Cos θ [Patterson A δ (1λγλ)] where  is the wavelength of the X-ray and 
 is the FWHε. Average crystallite size of manganese oxide nanorods is found to be 17.6β nm. No 

characteristic peak is observed for impurities, suggesting the high quality purity of the sample. 
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Figure 1: XRD pattern of MnO2 nanorods 

 
The morphology of as grown nanorods is investigated through a high-resolution transmission electron 
microscope. The HR-TEM image shown in Figure 2 revealed that the sample consists of nanorods of 
radii between 40 and14 nm with an average length of 377 nm. A comparison to the XRD results 
makes it clear that most nanorods have more than a single crystallite in them. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: HR-TEM Image of MnO2 nanorods 
 
 
The X-ray diffraction (XRD) patterns of MnO2 nanorods are analysed with the help of FullProf 
programme by employing Rietveld refinement technique. The refinement process has been carried out 
by selecting the space group I 4/mm. Figure 3 depicts the observed, calculated and difference XRD 
profiles for MnO2 nanorod after final cycle of refinement. It can be seen that the profiles for observed 
and calculated one shows good matching. 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Rietveld refined XRD patterns for MnO2 nanorods. 

 
(The red circles represent experimental points, and the solid line represents Rietveld refined data. 
The bottom blue line shows the difference between the experimental and refined data. The marked 
βθ positions are the allowed Bragg positions.) 
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The refined lattice parameters and unit cell volumes and parameters indicating the goodness of fit for 
MnO2 nanorods are listed in Table 1. The lattice parameters are comparable to the values calculated 
directly from XRD. It should be noted that the Rf factor is just below 30 which is a bit higher that 
what would be expected for a good fit. This may be due to the increased instrumental background, 
however the value of χ2 is reasonable and hence the fit may be adjudged as a reasonably good one. 
 
 

Parameters Result 

a 9.82003 

c 2.8597 

Bragg Rfactor 24.9 

Rf factor 29.4 

Chemical content of unit cell 

Mn4+ = 8 
O2=5.8211, 
O2=10.2684 

Reciprocal cell parameters 
A*=0.101807 
B*=0.101807 
C*=0.349713 

Reciprocal cell volume 0.00362 
Re 33.5 

χ 2 1.9 
 

Table 1: The crystal data and refinement factors of MnO2 nanorods obtained from X-ray 

powder diffraction data 
 
The unit cell and lattice structure of MnO2 nanorods are shown in Figure 4. The picture is irectly 
created using FullProf suite using the calculated values of structural parameters. Although the tunnel 
structure [Zhang R, Yu X, Nam K W, Ling C, Arthur T S, Song W, Knapp A M, Ehrlich S N, Yang X 
Q, Matsui M (2012)] is evident from the figure, it has been noticed that the oxygen atoms in the unit 
cell are slightly displaced from its usual positions (in the case of bulk MnO2) where it forms the 
octahedra. This displacement could be a suggestive of the onset of Jahn-Teller distortion in the lattice. 
This is possible only if the oxidation state of one or more of Mn ion is +3. The occurrence of Mn3+ 
state in cryptomelane MnO2 [Post J E, Dreele R B V and Buseck P R (1982)] requires oxygen 
vacancies in them. Since the as prepared sample is non-stoichiometric as verified from EDS studies, 
the presence of Jahn-Teller distortion becomes inevitable. Furthermore, the large surface to volume 
ratios of nanomaterials makes their surface defective [Zhang X, Qin J, Xue Y, Yu P, Zhang B, Wang 
L and Liu R (2014), Hagemark K I (1976)]. This may lead to further reduction of oxygen content. 
Hence the distortion of lattice becomes inevitable in cryptomelane MnO2 nanostructures. This could 
have profound implications on the properties of the sample. The results obtained here could help us to 
trace the very origin of peculiar and sensitive physical properties of MnO2 nanostructures. 
 

(a) (b) 
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Figure 4: (a) The unit cell of MnO2 nanorods and (b) the tunnel structure of MnO2 lattice 
 
In conclusion, we have studied the structural properties of hydrothermally prepared MnO2 nanorods. A 
comparison of XRD and HR-TEM results has revealed that most nanorods consist of more than a 
single crystallite. The rietveld analysis of the XRD pattern gave reasonably good fits to the 
experimental values. The lattice parameters are determined. The study indicates the possible existence 
of Jahn-Teller distortion. This suggest that the sample is highly non stoichiometric as is evident from 
EDS studies. The observations done could be of great use while trying to correlate the microstructure 
and novel physical properties of MnO2 nanorods. 
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ABSTRACT 
 
CaWO4 nanopartcles have been prepared at room temperature by chemical precipitation method. The 
samples were further refined by calcinations at 350 °C, 500 °C and 650 °C respectively for three 
hours. The powders appear white in colour. The average particle size and structural parameters of the 
samples have been estimated using X-ray diffraction (XRD) analysis. Different X-ray patterns showed 
that all crystals exhibited only scheelite-type tetragonal structure. The crystallite size was found to 
increase with increase in the calcining temperature. The samples were further characterized by using 
analytical techniques such as Scanning Electron Microscopy (SEM), Fourier Transform Infrared 
Spectroscopy (FTIR) and Transmission Electron Microscopy (TEM). Optical characterization was 
done by UV-Visible diffuse reflectance and Photoluminescence (PL) spectroscopy. The optical energy 
gap was calculated and found to be (3.31 – 4.23) eV. It decreases with increase in calcining 
temperature. We report photoluminescence in the near ultraviolet regime peaked at 350nm for the 
sample calcined at 350 °C and in the visible region peaked at 423nm for sample calcined at 650°C 
when the excitation wavelength used was240nm.The results show that CaWO4 nanoparticles are 
promising semiconductor nanocrystals for nanophotonic applications in the ultraviolet-blue spectral 
region. 
 
Keywords: CaWO4nanoparticles, chemical precipitation, diffuse reflectance, photoluminescence 
 
1. INTRODUCTION 
 
Over the past two decades tungstate materials have attracted much attention due to their important 
properties and applications in photoluminescence, scintillator materials [Nagirnyi et al., (1998)], 
microwave devices, optical fibers, humidity sensors and photocatalysis. Tungstates can be divided into 
two groups with different crystal structure: scheelites (CaWO4, BaWO4, SrWO4, and PbWO4) and 
wolframites (MnWO4, MgWO4, CdWO4, ZnWO4, and others) [Katelnikovaset al., (2007)], Kolobanov 
et al., (2002)]. Scheelite calcium tungstate is well known for its interesting luminous and structural 
peculiarities and therefore has been widely studied in the past century [Kröger, (1948)]. The nanosized 
CaWO4 crystallites could exhibit optical properties which are different from that of bulk materials. It 
has attracted particular interest because of its practical applications such as laser host materials in 
quantum electronics and scintillators in medical devices [Nagirnyi et al., (1998), Oishi et al., (1989)], 
Kobayashi et al., (1993)]. Also CaWO4 has shown considerable promise as fibre-matrix interlayer in 
all-oxide ceramic composites [Mogilevsky et al., (2004)]. 
CaWO4 powders are usually prepared by non-aqueous solvents methods as well as by traditional solid-
state reactions which require high temperature and harsh reaction conditions. These methods need long 
reaction time. We report synthesis, structural characterization, and fluorescence property of scheelite-
type tetragonal CaWO4 nanocrystals prepared through chemical precipitation. Present investigations 
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found that CaWO4 nanoparticles are promising semiconductor nanocrystals for nanophotonic 
applications in the ultraviolet-blue spectral region. 
 
2. Materials and Methods 
 

2.1 Preparation of the Samples 
For the preparation of CaWO4 nanocrystals calcium nitrate [Ca (NO3)2.4H2O] (99.8%, Sigma 

Aldrich) and sodium tungstate Na2WO4.2H2O) (99.9%, Alfa Aesar) analytical grade reagents were 
used without further purification: Distilled water was used in all synthesis procedures. Nanocrystalline 
calcium tungstate samples were prepared by reacting aqueous solutions of calcium nitrate and sodium 
tungstate (0.1M each) at room temperature. The precipitate formed was centrifuged, filtered, washed 
with distilled water a number of times, and dried in an oven to get fine powders of calcium tungstate. 
S1, S2 and S3 are CaWO4 samples calcined at 3500 C, 5000 C and 6500 C respectively. 

 
2.2 Characterization 
 
 The structural characteristics of calcium tungstate nanoparticles were studied by X-ray powder 
diffraction using Bruker D8 Advance X- α radiation in βθ 
range from 200 to 700. The morphological analysis of CaWO4 nanoparticles is carried out with a 
scanning electron microscope JEOL MODEL JSM-6390LV, operating at 20 kV. 
The FTIR spectrum of the CaWO4 sample calcined at 350 °C was measured using Perkin Elmer 
spectrum 400 (FTIR) in the range (4000 to 250) cm-1.TEM photographs of the pure nanocrystalline 
CaWO4 powder samples were taken using a Tecnai 30 G2S twin (model)FEI , make 300 KV High 
Resolution Transmission Electron Microscope (HRTEM). The diffuse reflectance spectra of the 
samples in the range of 200-900 nm were recorded using a double beam UV-Visible 
Spectrophotometer (UV 2600 model, Shimadzu). PL spectra of CaWO4 were measured at room 
temperature by a Fluoromax3 Spectrophotometer. 
 
3. Results and Discussion 
 Figure1 shows the powder X-ray diffraction patterns of samples of CaWO4 nanoparticles 
calcined at three different temperatures. The XRD confirms that all the peaks of CaWO4 were well 
matched with the X-ray pattern of JCPDS Card No.77-2235. In general, the nanocrystallite size can be 
estimated from the Scherrer formula: Dhkl = K /(  cos θ), where  is the x-ray wavelength (0.154 05 
nm),  is the full-width at half maximum, θ is the diffraction angle, K is a constant (0.8λ) and Dhkl 
means the size along the (hkl) direction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

1823

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



41 

 

Figure 1.XRD pattern of the samples calcined at (a) 350 °C, (b) 500°C and (c) 650 °C.  
 

From the XRD patterns, the average particle size obtained were 18 nm, 25 nm, and 39 nm respectively 
for samples S1, S2 and S3. There was an increase in the average crystallite size on aggregation and 
was found to increase from 18 to 39 nm as the temperature was increased from 350°C to 650°C. All 
the samples show characteristic peaks of scheelite structure with tetragonal unit cell. As calcination 
temperature was increased, XRD patterns showed much sharper peaks. It is due to the increase in size 
of the particles caused by coarsening of the particles at higher temperatures. Also the intensities of the 
peaks were found to increase on calcinations. The principal ‘d’ values taken from the JCPDS file No. 
77-2235 for CaWO4 are in close agreement with the observed ‘d’ values. 
 
Figure 2(a) shows the SEM images of CaWO4 nanoparticles calcined at 350 °C. It shows that the 
products are composed of a number of nanosized particles. They are clusters shaped like dumb-bells. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure2. (a) SEM image of CaWO4 nanocrystals calcined at 3500C and (b) FTIR spectra of CaWO4 
nanoparticles calcined at 3500C for 3h. 
 
FT-IR spectroscopy is used to investigate the formation of CaWO4. The FT-IR spectra of CaWO4 
nanoparticles calcined at 3500C were measured in the transmittance mode. The figure2 
(b) shows the FTIR spectra of CaWO4 nanoparticles. The antisymmetric stretching vibration 
originating from W-O in the [WO4]β− tetrahedron corresponds to the broad intense peak at 812.17 cm-

1. A weak vibration band is detected at 440.22 cm-1 which could be ascribed to the W-O bending 
vibration. The broad bands at 3434.86 cm−1 and 1631.68 cm−1 come from a small quantity of surface-
absorbed water, corresponding to the O-H stretching vibration and the H-O-H bending vibrations, 
respectively. Conclusively, the FTIR spectrum further confirms that the obtained CaWO4 has 
crystallized well, which is in good agreement with the XRD results. 
 
TEM is used to examine the particle size, crystallinity and morphology of CaWO4 samples. TEM 
images of CaWO4 nanoparticles (calcined at 350 0C) are shown in figure 3. It can be noted from the 
TEM bright field images [Figure3 (a)] that the particles exhibit almost spherical shape. Most of the 
particles are agglomerated and their average diameter can be determined as about 23.00 nm. HRTEM 
image of the sample is shown in figure γ(b). Average‘d’ value obtained from HRTEM is 0.28 nm. 
Figure 3(c) is selected area electron diffraction (SAED) which also confirms that CaWO4 
nanoparticles are highly crystalline. The SAED rings correspond well with dspacing of the scheelite-
type CaWO4 
 
 
Figure3. (a) TEM bright field images of CaWO4 sample calcined at 3500C (b) HRTEM image of 

CaWO4 and (c) SAED pattern of the sample. 
 
 
The diffuse 
reflectance of 
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each sample is measured and Kubelka-Munk transformation of measured reflectance is performed. 
Figure 4 shows the UV-Visible diffuse reflectance spectra of three samples of CaWO4 nanoparticles. 
From the results, it can be observed that the peaks of samples S2 and S3 shifts towards the longer wave 
length region. This red shift could be due to particle size elevation caused by calcination. The optical 
band gap values obtained from the absorption graphs for samples S1, S2 and S3 are 4.23 eV, 3.64 eV 
and 3.31 eV respectively. Band gap energy increases with decreasing particle size, which confirms 
quantum size effect. 
 

 

 

Figure4.(a) UV-Visible diffuse reflectance spectra and (b) Room temperature PL spectra of 

CaWO4 samples. 
 
 
Room Temperature photoluminescence spectra of CaWO4 prepared at different temperatures is shown 
in figure 4b, for 240nm excitation wavelength. The light-emitting property of the calcium tungstate 
crystal is greatly influenced by synthesis temperature. With the excited wavelength at 240 nm broad 
emission peak at 350 nm was observed in the case of sample calcined at temperatures 350 0C. The 
corresponding broad emission peak at (420-430) nm was observed in the case of samples calcined at 
temperatures above 500 0C. The intensities of emission peaks decreased with increasing calcination 
temperature which can be attributed to increase in the ordering of the CaWO4 powders. The PL 
emission spectra of the samples are attributed to the increase in the trap states that give rise to 
luminescence, which is a combined effect of defect centers generated by oxygen vacancies, small 
particle size, and increased absorption over the UV and visible range. The results show that CaWO4 
nanoparticles are promising semiconductor nanocrystals for nanophotonic applications in the 
ultraviolet-blue spectral region. 
 
4. CONCLUSIONS 
 

CaWO4 nanoparticles have been successfully prepared following a simple chemical 
precipitation.Crystal quality and particle size can be modified by calcination treatment. The FTIR 
spectra provide the evidence of W–O stretching vibration in [WO4]β− tetrahedrons at 812.17 cm−1 and 
W-O bending bands at 440.22 cm−1characteristic of tungstates. It is found that thermal treatment can 
be used to tune the bandgap for various applications. Unlike earlier reports new PL behavior has been 
evidenced. We report photoluminescence in the near ultraviolet regime peaked at 350 nm for the 
sample calcined at 350 °C and in the visible region peaked at 423 nm for the sample calcined at 650°C 
with an excitation wavelength of 240 nm. The results show that CaWO4 nanoparticles are promising 
semiconductor nanocrystals for nanophotonic applications in the ultraviolet-blue spectral region. 
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ABSTRACT 

Using electron beam gun evaporation technique, the multilayers in the configuration, 
[Mn(60nm)/Al(20nm)]n; n = 1 and 9 were deposited at 473K under high vacuum conditions. Atomic 
force microscope (AFM) were employed to study surface structure and grain sizes. The magnetization 
as a function of field (hysteresis loop) at 150K and 200K have been measured using the MPMS 
SQUID - vibrating sample magnetometer (VSM). From the hysteresis loop, coercive field, saturation 
magnetization, remanent magnetization were determined. Saturation magnetization and remanent 
magnetization are decreasing with increasing temperature. Antiferromagnetic coupling between Mn 
layers has been found to be finite and decreases with the increase of number of multilayers. For the 
first time that the films present configuration has been studied for structure and magnetic properties at 
150K and 200K and the data has been thoroughly analyzed.   

1. INTRODUCTION 

In the past three decades, the magnetic and electronic properties of magnetic multilayers have been 
intensely studied due to their attractive applications ranging from magnetic sensors to memory alloys 
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[1, 2]. The role of nonmagnetic spacer in tuning the interlayer exchange coupling (IEC) between two 
neighboring magnetic layers has been first reported by Grunberg. Subsequently, giant 
magnetoresistance (GMR) was discovered [3, 4] followed by the detection of oscillations in IEC with 
varying width of the nonmagnetic spacer [5]. Thin films of Al with varying thickness in the range 10-
200nm have been grown on (111) Si which revealed that grain size increases with increase in 
thickness [6]. In some studies, chromium (Cr) spacer instead of copper (Cu) has been used and 
investigated the effects of interface roughness, magnetic and electronic structures [7-9]. An anomalous 
behavior of low temperature resistivity has been observed in the structure, Co/M/Co (M = Cr or Cr/Ag 
or Ag/Cr) [10]. The effect of Cu interlayer on grain size and stress has been investigated in sputtered 
Fe/Cu multilayers [11]. The structural and magnetic properties were studied for Fe/Cu multilayers as a 
function of Fe layer thickness [12]. Some of the studies were aimed at optimizing the planar structure 
of Au/Co/Cu trilayers [13]. The idea of diffusing metals from nonmagnetic under layer and over layer 
into magnetic grain boundaries have been reported for materials C, Cr , Pt [14,15], Ag [16], Al, Cu, 
and so on [17]. Some Mn-based alloys and compounds exhibit ferromagnetism although they do not 
contain ferromagnetic elements as such. Mn/Al [18], Mn/C/Si [19,20] and Mn/SiO2/Si [21] 
multilayers exhibit ferromagnetism at room temperature. The results suggest that the Mn lattices 
become ferromagnetic and that the ferromagnetic regions are located near the Mn/Al interfaces [22]. It 
is known that the interlayer coupling sensitively depends on the thickness of spacer layer. Here we 
report investigations on structural and magnetic properties of films,[Mn (60nm)/Al (20nm)]n= 1and 9 
labeled as MAM1, and MAM2 respectively. 
 

2. MATERIALS AND METHODS 

The [Mn (60nm)/Al (20nm)]n= 1, 9 labeled as MAM1, and MAM2 films were deposited in a Vacuum 
Coating Unit using electron beam gun evaporation techniques at a pressure 7 x 10-6 mbar and at a 
temperature of 473K. Surface morphology of the films has been investigated by Atomic force 
microscope (AFM). Average surface roughness of the films was determined on a scan area of 1 m x 1 
m using Nanoscope software  and measurements of the hysteresis loops were carried out using a 

SQUID based vibrating sample magnetometer (VSM). 

 3. RESULTS AND DISCUSSIONS 

i) AFM: 

AFε images in contact mode with a scan area of 1 m x 1 m have been recorded. The AFM images 
in 2D and 3D for MAM1 and MAM2 films are shown in Fig. 1. The images have been quantified by 
recording the height verses distance profiles across the length [white line drawn in Fig. 1(a) [23]. This 
analysis provided information on average grain size, D (pair of blue dots) and average surface 
roughness, h [pair of green dots in Fig. (1a)] of the films. It is noted that both D and h increased with 
increase of  

 

 

 

 

number of repeats. The measured D and h  are recorded in Table.1. Surface roughness increased by ten 
fold and grain size by about 5 fold when the number of repeats increased from one to nine. 

Table 1: AFM parameters of MAM sample. 
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Sample Surface roughness, h 
(nm) 

Average particle size, 
D (nm) 

MAM1 2.13 101 
MAM2 22.22 477 

 

 

(a)                                                                  (b) 

 
 
 
 
 
 
 
 

 
 
 

 
 
 
Fig.1. AFM image of MAM1 and MAM2 films in (a) 2D and (b) 3D 
 

ii) Magnetization 

Magnetization, M, as function of applied field, H, was measured at a temperature of 150K and 200K 
applying field parallel to the surface of the films. The recorded hysteresis (M-H) loop for MAM1 and 
MAM2 films are shown in Fig.2. The parameters such as coercive field, Hc, saturation magnetization, 
Ms, remanent magnetization, Mr, were extracted from the hysteresis loops and tabulated in Table.1  
Table 1: Parameters derived from the M-H loops at 150K and 200K for MAM Samples. 

Sam
ple 

Temperature
, K 

Coerci
ve 
field, 
Hc (T) 

Saturation 
magnetizati
on, Ms (Am-

1) 

Remanent 
magnetizati
on, Mr (Am-

1) 

 

Squarenes 

(Mr/Ms=MR)rat
io, S 

 

AF 
couplin
g 1-
MR 

MA
M1 

150 0.006 0.016 0.002 0.128 0.871 
200 0.013 0.003 0.001 0.415 0.584 

MA
M2 

150 0.018 0.017 0.005 0.312 0.687 
200 0.015 0.003 0.001 0.433 0.560 
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Hc is found to be increasing with increase of temperature and number of repeats. It might be 
understood because the thermal activation energy increases with increasing the temperature, where the 
magnetization reversal takes place by the thermally activated process overcoming the reversal energy 
barrier for domain nucleation and wall-depinning processes [24]. The remanent magnetization and 
saturation magnetization decreased with increase in temperature in both the films. Similar results have 
been reported for [Co2MnGe/V]n multilayers [25]. Squareness ratio of both the films increased with 
increase of temperature. Similar results have been reported for [SmCo/FeCo] multilayers [26]. The 
strength of antiferromagnetic coupling decreases with increasing temperature and number of repeats in 
the present system.  
 

 

 

 

 

 

 

 

Fig.2. Plot of magnetization versus magnetic field for MAM1 
and MAM2 film at 150K and 200K. The solid lines drawn are only to guide the eye 

4. CONCLUSIONS 

The Multilayered films, [Mn(60nm)/Al(20nm and)]n; n = 1 and 9 were deposited by electron beam gun 
methods at 473 K under high vacuum conditions. The structure and surface roughness were probed by 
atomic force microscope (AFM). Roughness and grain size increased with increase of number of 
layers.At temperature of 150K and 200K, magnetic hysteresis loops were recorded in a MPMS 
SQUID – vibrating sample magnetometer (VSM). The coercive field was found to be slightly 
increased with increase of temperature in both the films. Also, both films exhibited decrease of 
saturation magnetization and remanent magnetization with in increase temperature. The 
antiferromagnetic coupling between Mn layers is found to be finite and decreased with increasing 
number of multilayers.  
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ABSTRACT 

Dy3+ doped CaMoO4 and CaLaNbMoO8 were synthesized using a high temperature solid state route at 
a temperature of 12000C for 12h.  XRD, SEM, UV-Visible absorption spectroscopy, 
photoluminescence excitation and emission spectroscopy were used to investigate the structure, 
morphology and absorbance, photoluminescence respectively. The XRD results reveal that all the 
samples were in good agreement with the reported diffraction pattern of CaMoO4 (JCPDS no. 29-
0351; tetragonal powellite; space group I41/a).  The photoluminescence properties of dysprosium 
activated CaLaNbMoO8 is investigated and the studies indicated that CaLaNbMoO8: Dy3+ has two 
sharp emission peaks in the visible region. The yellow and blue emissions at 489 nm and 576 nm upon 
UV excitation resulted from the forced electric dipole transition of 4F9/2–6H13/2 and the magnetic dipole 
transition of 4F9/2–6H15/2 respectively.  The luminescence emission properties of the samples have been 
investigated upon 351 nm, 366 nm, and 387 nm excitation.  Dy3+ doped CaLaNbMoO8 under the 
excitation of near UV region could serve as a promising candidate for single-phase white-light 
emitting phosphor for application in WLEDs. 

INTRODUCTION 
 
White light emitting diodes (WLEDs) are emerging as the next generation lighting source after 
incandescent bulbs and fluorescent lamps.  Solid state lighting offers high luminous efficiency, low 
power consumption, reliability, superior life time and environmental friendliness. Among the many 
ways of obtaining white light, phosphor converted White LEDs (pc-WLEDs) are gaining attention. 
There are two methods used to obtain white light emission. One is the combination of a blue LED with 
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a yellow phosphor (YAG:Ce3+), however, this approach leads to a poor color rendering index (CRI ~ 
70–80) because of the lack of a sufficient red component.  The other method is a combination of ultra-
violet (UV) LED with red–green–blue (RGB) phosphors, which also has some disadvantages such as 
low luminescent efficiency owing to the strong re-absorption of blue light by the red and green 
phosphors[Zhipeng Ci et al.(2014)]. With respect to these problems, the development of a novel, 
stable and efficient single-phase white-light emitting phosphor that can be effectively excited in the 
near UV/blue region is one of the most effective solutions and has attracted much attention for white 
LED applications. Dysprosium (Dy3+) ions has two emissions in the visible region, the yellow and 
blue emissions which are attributed to the forced electric dipole transition of 4F9/2–6H13/2   and the 
magnetic dipole transition of 4F9/2–6H15/2 respectively. [G. Blasse, (1979)].  The current phosphor 
materials used for solid- state lighting based on near-UV InGaN-based δEDs ( em~370-410 nm) are 
BaMgAll0O17:Eu2+ for blue, ZnS:Cu2+, Al3+ for green and Y2O2S:Eu3+ for red and that for blue LED 
chip, the phosphors are SrGa2S4:Eu2+ for green and SrY2S4:Eu2+ for red[M. Thomas et al.(2009)].  
Molybdates and tungstates with scheelite structure are considered as good host lattice under near-UV 
or blue excitation due to its MoO4 tetrahedron unit.  These materials have broad and intense charge 
transfer (CT) absorption bands in the UV and therefore capable of efficiently capturing the emission 
from a GaN-based LED over a range of wavelength.  Luminescence efficiency of a phosphor material 
strongly depends on their physical properties such as surface area, crystallinity, phase purity, 
distribution of activator in host matrix etc[Mariyam Thomas etal.(2012)]. The synthesis method and 
heat treatment of phosphors have a direct role in determining the microstructure, luminescence 
properties, and quantum efficiency of phosphors.  CaMoO4  is an important inorganic host material 
which belong to the scheelite structure.  Due to their interesting optical properties, they are used as X-
ray phosphors, scintillators, laser crystals and host lattices in electron spin resonance.  CaMoO4 shows 
either a broad blue or green luminescence emission peak in the range of 350–650 nm with a peak 
maximum at around 498 nm[K. Gayatri Sharma and N. Rajmuhon Singh, (2013)].  The peak 
maximum is dependent on particle size and oxygen vacancies in the lattice. CaLaNbMoO8 Eu3+ is 
reported as a novel powellite-based red emitting phosphor for white light emitting diodes, 
CaLaNbMoO8 Eu3+ emits strong red light at 615 nm originating from 5D0-

7F2 (electric dipole 
transition) under excitation either into the 5L0 state with 394 nm or the 5D2 state with 464 nm, that 
correspond to the two popular emission lines from near-UV and blue LED chips, respectively.  When 
compared with emission intensity from a CaMoO4:Eu3+, the emission from CaLaNbMoO8:Eu3+ 
showed greater intensity values under the same excitation wavelength (394nm).  The enhanced red 
emission is attributed to the enhanced f–f absorption of Eu3+.  Single-phased white-light-emitting 
phosphors find applications in white-light sources such as solid-state multicolor three-dimensional 
display and back light, that have led to very active research efforts in the phosphor synthesis.  
Therefore, Dy3+ doped CaLaNbMoO8 under the excitation of near UV/blue region could serve as a 
promising candidate for single-phase white-light emitting phosphor for application in WLEDs.  In this 
regard, a series of CaLa1-xNbMoO8: xDy3+ (x = 0.02, 0.025, 0.03, 0.035, 0.05, 0.075, 0.1, 0.125) 
samples have been synthesized by the conventional solid state route. 
 
Experimental 

Preparation of CaLa1-xNbMoO8: xDy3+ (x = 0.02, 0.025, 0.03, 0.035, 0.05, 0.075, 0.1, 0.125) samples: 

In the present work, a series of CaLa1-xNbMoO8: xDy3+ (x = 0.02, 0.025, 0.03, 0.035, 0.05, 0.075, 0.1, 
0.125) samples have been synthesized by the conventional solid state route using CaCO3, La2O3, 
Nb2O5, MoO3, Dy2O3 (All chemicals are from Sigma Aldrich with 99.99% purity) as the starting 
materials.  The required stoichiometric amounts of these materials were weighed and then thoroughly 
wet mixed in an agate mortar with acetone as the wetting medium.  The mixing is followed by drying 
in an air oven.  The mixing and drying was repeated thrice to obtain a homogeneous mixture.  The 
obtained mixture was initially calcined at 12000C for 12hours in a platinum crucible in an air 
atmosphere furnace.  The calcination was repeated with intermittent grinding to obtain the final single 
phase sample. 
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Characterization of prepared samples: 

The crystalline structure and phase purity of the samples were examined by recording XRD patterns 
using a powder X-ray diffractometer (X’Pert Pro PANalytical) operated at 40 kV/γ0 mA with a Ni 
filtered Cu-Kα radiation ( =0.15406 nm) in the βθ range from 10° to λ0°. εorphological studies of 
powder particles were done by a scanning electron microscope (JEOL, JSM-5600LV) operated at 
15kV. Absorbance study of the samples were carried out using a Shimadzu, UV-2450 UV-Vis 
spectrophotometer in the 400–700 nm wavelength range using barium sulfate as a reference.  The 
excitation and emission spectra were recorded on a Fluorolog HORIBA fluorescence 
spectrophotometer with a Xe lamp (450 W) as the excitation source. All the measurements were 
carried out at room temperature. 

Results and Discussion 

Structural Studies 

Powder X-ray diffraction patterns of the samples are given in Figure 1. All the samples were in good 
agreement with the reported diffraction pattern of CaMoO4 (JCPDS no. 29-0351; tetragonal powellite; 
space group I41/a). No extra peaks from impurities were observed and samples are highly crystalline. 
The prominent peaks corresponding to (112), (004), (200), (204), (220), (116) and (312) lattice planes 
are observed.  From the literature reviews we expect the Ca, La, and Dy to be occupied at a VIII 
coordinated sites (wyckoff coordinates, 4b: 0, 1/4, 5/8) sites,  and Mo and Nb in a VI coordinated site ( 
wyckoff coordinate,  4a : 0, 1/4, 1/8) and O at (16f : x, y, z) site. Considering the matching ionic radius 
and valency we expect the Dy3+ (ionic radius:1.027 Å) ions to be doped to the La3+ (ionic 
radius:1.16Å) sites  than to the Ca site.  

 

 

 

 

 

 

 

Figure 1:Powder X-raydiffraction patterns of CaLa1-xNbMoO8:xDy3+ (x= 0.02, 0.025, 0.03, 0.035, 
0.05, 0.075, 0.1, 0.125). 

Morphological Studies 

Scanning electron microscope images of the samples were recorded and the morphology of a 
representative sample is given in Figure 2. The particles were slightly agglomerated and were 
homogeneous with an average particle size of about 2—5 m. 
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Figure 2   Scanning electron  micrographs of  phosphor powders of  CaLa1-xNbMoO8:xDy3+ with 
varying Dy3+ concentrations: (a)  x = 0.02, (b)  x  = 0.025,  (c)  x  =  0.03, (d)  x = 0.035, (e) x   = 0.05, 
(f)  x = 0.075, (g)  x  = 0.1, and (h)  CaMoO4(x = 0.05).  

Photoluminescence Studies 

The UV-Visible absorption spectra of Dy3+ doped CaMoO4 and CaLaNbMoO8 is shown in figure 3.  
The absorption spectra of CaLaNbMoO8 exhibits a strong 
absorption band around 290 nm in the UV region.  All the 
samples show a strong absorption edge around 366 nm.  It is 
expected that these phosphors are excitable under both near UV 
and blue irradiation, which is one of the prerequisites for a 
phosphor material for pc WLEDs. 

Figure 3 UV-Visible absorption spectra of CaMoO4:Dy3+ and 
CaLa1-xNbMoO8: xDy3+ (x= 0.02, 0.025, 0.03, 0.035, 0.05, 0.075, 
0.1, 0.125 ). 

Photoluminescence excitation and emission spectra of the 
samples were recorded and the spectrum profile of the representative sample are given in the figures 
4a and 4b. The excitation spectra consisted of a broad and weak charge transfer band and sharp and 
intense f-f transition peaks of Dy3+. The sharp and intense excitation peaks in the UV region matches 
well to the outputs of the UV led chips making it a potential candidate in the application point of view. 
The luminescence emission properties of the samples have been carefully investigated upon 351 nm, 
366 nm, and 387 nm excitation. Upon all excitations the phosphor samples exhibited two sharp peaks 
in the visible regions at 489 nm and 576 nm which are attributed to the forced electric dipole transition 
of 4F9/2–6H13/2   and the magnetic dipole transition of 4F9/2–6H15/2 respectively. The blue and the yellow 
emissions combine together to give white light. The CIE color coordinates of all the samples lies with 
the range of the standard chromaticity coordinates of white light (0.33, 0.33). Therefore, it can be 
concluded that the Dy3+ doped CaLaNbMoO8 under the excitation of near UV/blue region could serve 
as a promising candidate for single-phase white-light emitting phosphor for application in WLEDs. 

 

Figure 4a: Emission spectra of CaLa1-xNbMoO8:xDy3+ ( x = 0.02) under 387 nm excitation 
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Figure 4b: Excitation spectra of CaLa1-xNbMoO8:xDy3+  ( x = 0.02) for an emission at 575 nm. 

Conclusions: 

A series of blue yellow complimentary phosphor CaLa1-xNbMoO8: xDy3+ have been prepared by the 
conventional solid state method. The luminescence emission properties of the samples have been 
carefully investigated upon 351 nm, 366 nm, and 387 nm excitation. The phosphor exhibits two sharp 
peaks at 489 nm and 576 nm which are attributed to the forced electric dipole transition of 4F9/2–6H13/2   
and the magnetic dipole transition of 4F9/2–6H15/2 respectively. 
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ABSTRACT 
 
This article highlights the microwave shielding properties of polyaniline/barium ferrite 
(PAni/BaFe12O19) composites. The composites were synthesized by in-situ chemical oxidative 
polymerization with various compositions (10, 20, and 30 wt%) of barium ferrite in PAni. The 
spectroscopic characterizations of PAni/BaFe12O19 composites were performed using Fourier 
transform infrared (FTIR), X-ray diffraction (XRD) and scanning electron microscopy (SEM). The 
electromagnetic interference (EMI) shielding measurements were carried out in the broad microwave 
spectrum covering the frequency range from 8 to 12 GHz (X-Band), relevant for practical applications. 
The influence of barium ferrite in PAni over the shielding effectiveness (SE) has been studied. The 
study shows that all the composites have shown excellent microwave absorption behavior confirmed 
by the shielding effectiveness values in the range of –36 to –39.2 dB. 
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INTRODUCTION: 
 

There is an ever increasing demand for EMI shielding and electrostatic dissipating materials due 
to the rapid proliferation of electronic and telecommunication systems with high device density. This 
silent invisible electromagnetic pollution is not only unfavorable for equipment operation but also 
harmful to human health. One of the important parameters in recognizing EMI shielding materials is 
the electromagnetic interference shielding effectiveness (SE) values in the frequency range of interest 
[Celozzi et al., (2008); Faisal and Khasim, (2013a); Gupta et al., (2013). Conducting polymers have 
emerged as an important class of technologically relevant electronic materials because of their 
potential applications in optoelectronic devices [Stubb et al., (1993)], corrosion inhibitors for iron and 
mild steel [Sathiyanarayanan et al., (1992); Kinlen et al., (2000)] and EMI shielding [Dhawan et al., 
(1991), Barnes et al., (1996)], etc. Thus the prospects of synthetic metals have inspired much interest 
for technological applications where light weight, flexibility and high conductivity materials are 
required. Among the various conducting polymers, polyaniline and its composites have been widely 
investigated due to its ease of protonic acid doping in the emeraldine form and its environmental 
stability in both doped and undoped forms [Bhadra et al., (2009); Faisal and Khasim, (2013b)]. In 
addition, they are relatively light-weight and corrosion-resistant conducting materials which may be 
easily produced in large scale at low cost. Conducting polyaniline is known for its electromagnetic 
shielding and microwave absorption properties [Lee et al., (1999); Makela et al., (1997); Fauveaux 
and Miane, (2003)]. 
 
Barium ferrite is a well-known ferric-magnetic material with superior chemical stability and anti-
erosion properties. The have attracted extensive attention in recent years as they exhibit various 
electro-magnetic properties, in particular the complex permeability and complex permittivity. These 
electromagnetic attributes are important in determining their high frequency characteristics. Owing to 
its high anisotropy property, this material has been widely used in the fabrication of magnetic and 
magneto-optic devices [Maensiri et al., (2007); Sugimoto, (1999)]. Applications are also found in 
microwave devices mainly because of its high resistivity and permittivity at high frequency [Liu et al., 
(2001)]. The changed electronic structure of barium ferrites gives rise to their unique properties 
including electromagnetic wave attenuation properties. Composite materials, in which magnetic 
particles are embedded in conducting polymer matrix introduce modified interfaces and makes 
electromagnetic relaxation behavior and dipole interactions more complex. PAni/BaFe12O19 
composites investigated in the present study are expected to exhibit modified structural disorder and 
electromagnetic properties towards better broad band EMI shielding and microwave attenuation. 
 
2. Experimental 

 
2.1 Synthesis of PAni/BaFe12O19 composites 
 
 

Aniline (AR grade) was purified by distillation before use and ammonium per sulfate 
[(NH4)2S2O8)], HCl were used as received. 0.1M aniline monomer is dissolved in 1M hydrochloric 
acid to form aniline hydrochloride [Faisal and Khasim, (2013b); Raghavendra et al., (2003)]. Fine 
graded pre-sintered (BaFe12O19) (AR grade, Sigma-Aldrich, India) powder in the weight percentages 
(wt%) of 10, 20 and 30 is added to the polymerization mixture with vigorous stirring to keep the 
(BaFe12O19) powder suspended in the solution. To this reaction mixture, ammonium per sulfate 
which is used as an oxidant, is added drop-wise with vigorous stirring for a period of 6 h at a 
controlled temperature of 0-5oC. Polymerization of aniline takes place over fine grade barium ferrite 
particles. The resulting composite precipitate is filtered under suction and washed with distilled water 
until the filtrate becomes colorless. Acetone is used to dissolve any unreacted aniline. After washing, 
the precipitate is dried at 50oC for 24 h to get the resulting composites (PBF10- PAni with 10 wt% of 
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BaFe12O19, PBF20- PAni with 20 wt% of BaFe12O19, and PBF30- PAni with 30 wt% of 
BaFe12O19). PAni/BaFe12O19 composites thus synthesized were compacted into rectangular pellets 
of standard X-band wave guide dimension (WR-90) to fit exactly into the X-band waveguide adapter 
of vector network analyzer. 
 
2.2 Characterization 
 

The FTIR spectra of the samples were recorded using Thermo-Nicolet (model - Avatar 370, 
USA) spectrophotometer in KBr medium. X-ray powder diffraction studies of the samples were 
carried out at ambient temperature using Bruker (model - AXS D8 Advance, Germany) X-ray 
diffractometers with Cu-Kα (1.5406 Å) radiation. The patterns were recorded in a wide range of γo-80o 
at 0.02o step size. JOEL (model 6390LV, Japan) scanning electron microscope was employed to study 
the morphological features of the composite samples. The EMI shielding measurements were carried 
out on pressed rectangular pellets by the waveguide transmission line technique [Faisal and Khasim, 
(2013a and 2013b), Varshney et al., (2014)] in a vector network analyzer (Hewlett Packard-model 
8510C; 45 MHz to 26.56 GHz, USA). The rectangular pellets of the samples fit exactly into the X-
band rectangular waveguide sample holder coupled to the vector network analyzer. The vector 
network analyzer was calibrated for errors due to source matching and load matching before the 
experiment. The transverse electromagnetic waves in the frequency range from 8 to 12 GHz were 
made to incident on to the loaded samples. The scattering parameters (S-parameters) correspond to the 
transmission (S12/S21) and reflection (S11/S22) of the incident electromagnetic waves were 
measured. These S-parameters were used to compute the EMI shielding and complex permeability 
properties of the composites in the X-band microwave spectrum. 
 
3. Results and Discussions 
 
3.1 Structure characterization 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 FTIR spectra of (a) PAni, (b) BaFe12O19, Fig. 2 X-ray diffraction patterns of (a) PAni, 
 
and (c) PAni/ BaFe12O19 (20 wt%) composites (b) BaFe12O19, and (c) PAni/ BaFe12O19 (20 
 

wt%) composites 
 

The FTIR spectra of the samples are shown in Fig. 1. The characteristic absorption peaks of PAni (Fig. 
1a) are observed at 1610 and 1508 (C–N and C=C stretching), 1310 (C–N stretching) and 1150 cm-1 (a 
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vibration mode of N–Q–N) [Poussin et al., (2003); Faisal and Khasim, (2014)]. The characteristic 
absorption bands of barium ferrite (Fig. 1b) are observed at 600 and 460 cm-1, which are ascribed as 
the metal-oxygen stretching vibrations. The FTIR spectrum of PAni/BaFe12O19 composite is similar 
to that of pure PAni (Fig. 1c). But, the incorporation of BaFe12O19 in PAni leads to small shift in 
characteristic peaks of PAni indicating the interaction between the conjugated structure of PAni chains 
and BaFe12O19 particles. Typical XRD patterns of PAni, BaFe12O19, and PAni/ BaFe12O19 (20 
wt%) composites are presented in Fig. 2. The XRD pattern of pure PAni (Fig. 2a) shows a broad peak 
around βθ = β5°-30° indicating the predominantly amorphous nature of PAni [ Ghasemi and 
Sundararaj, (2012); Wu et al., (2008); Xia et al., (2002)]. Fig. 2b shows the X-ray diffraction of 
BaFe12O19 and the spectra reveals the presence of typical hexagonal structure (JCPDS file no: 27-
1029). For PAni/BaFe12O19 composite (Fig. 2c), the diffraction peaks of BaFe12O19 can be clearly 
observed in the composite, with a slight variation of intensity. This result suggests that the BaFe12O19 
retained its structure in the composites. 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig. 3 SEM images of (a) BaFe12O19 and (b) PAni/ BaFe12O19 (20 wt %) composites 
 

SEM was used to determine the morphology and distribution of BaFe12O19 in PAni. The SEM 
micrographs of BaFe12O19 and PAni/ BaFe12O19 (20 wt %) composites are shown in Fig. 3. Fig. 3a 
shows the irregular polyhedral BaFe12O19 particles with random grain orientation. There are also 
regions of multiparticle aggregates because of the interparticle dipole interactions. The incorporation 
of morphologically diverse BaFe12O19 in PAni matrix results in modified phase boundaries in the 
composite leading to charge carrier delocalization and strong polarization effects. This may increase 
the dielectric loss of the composites and subsequent enhancement in the microwave shielding 
characteristics in a broad high frequency band. The SEM image of PAni/BaFe12O19 composite (Fig. 
3b) shows that the BaFe12O19 particles are completely covered by PAni during the in-situ 
polymerization of aniline. This fact is also supported by FTIR and XRD analysis. 
3.2 Electromagnetic interference shielding investigations 
 

Shielding is the process by which an effective level of attenuation from electromagnetic 
interference is achieved using a strategically designed electromagnetic shield. The shielding efficiency 
is generally measured in terms of reduction in magnitude of incident power /field upon transition 
across the shield. Shielding effectiveness (SE) can be expressed in dB as [Faisal and Khasim, (2013a 
and 2013b), Varshney et al., (2014)], 
 

SE (dB) = 10 log(Pt/Pi) = 20 log(Et/Ei) = 20 log(Ht/Hi), where Pi (Ei or Hi) and Pt (Et or Ht) 
are the power (electric or magnetic field intensity) of the incident and transmitted electromagnetic 
waves respectively. 
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Fig. 4 Dependence of shielding effectiveness (SE) of  

PAni and PAni/BaFe12O19 composites as a function  
of X-band frequency. The inset illustrates the  
variation of SE with concentration of BaFe12O19 at  

selected X-band frequencies. 
 
 
Fig. 4 shows the electromagnetic interference shielding effectiveness (SE in dB) versus frequency for 
different weight percentage (wt%) of polyaniline/barium ferrite composites. There is a stabilized 
increase in observed SE with increased weight percentage of barium ferrite. Except for few range of 
frequencies, SE of composites is independent of frequency within an average shielding effectiveness 
of –36 to –39.2 dB. It is also reported that SE of a composite depends not only on conductivity, but 
also on permittivity of the composite. Thus the composition of the sample, nature of the dispersed 
phase, its particle size and shape etc. are important factors and can affect the electromagnetic radiation 
absorption and SE [Pramanik et al., (1991)]. Here the higher shielding efficiency observed for the 
composites may be attributed to the action between the magnetic and electric dipoles present in the 
composites and the enhancement of this dipole effect in the presence of barium ferrite particles in 

polyaniline molecular chains. Also, higher interfacial area provided by the barium ferrite particles in 
PAni molecular chains can also contribute such effective electromagnetic wave attenuation. Altogether 
the composites show very effective shielding in the entire X-band. The inset of Fig. 4, indicates the 
influence of barium ferrite concentration (wt%) on the shielding effectiveness (SE) and its observed 
that the shielding efficiency increases marginally with increase in wt% of barium ferrite particles. The 
variation of the EMI shielding effectiveness is very minimal throughout the X-band for each 
polyaniline/barium ferrite composites. 
 
Fig. 6 Behavior of the absorption coefficient 
 
(A) of PAni/BaFe12O19 composites as a function of frequency over 8-12 GHz. 
 
Fig. 7 Behavior of real and imaginary parts of the permeability of PAni/BaFe12O19 composites 
 
as a function of frequency over 8-12 GHz. 
 
 
Variation of the reflection (R) and absorption (A) coefficients of the PAni/BaFe12O19 composites at 
X-band frequencies are given in Fig. 5 and Fig. 6, respectively. Fig. 6 shows that the absorption 
coefficient increases with the increase in weight percentage of barium ferrite partcles particles with in 
a minimal range. The variation of R and A of PAni/BaFe12O19 composites show that the effect of 
absorption is dominant over reflection. The increase in absorption coefficient observed for the 
composites may be attributed to the ferromagnetic behavior provided by the barium ferrite particles in 
PAni molecular chains. The action between the magnetic and electric dipoles present in the 

Fig. 5 Behavior of the reflection 

coefficient (R)  of PAni/BaFe12O19 

composites as a function of 

frequency over 8-12 GHz. 
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composites can also contribute the electromagnetic wave attenuation with dominant effects on 
magnetic dipoles. Thus the barium ferrite particles provided an excellent dispersion in the polymer 
matrix.  
 
To further analyze the shielding mechanism, complex permeability ( r = ' - j '') was calculated using 
scattering parameters (S11 and S21) based on the calculations given in Nicholson, Ross and Weir 
method [Nicolson and Ross, (1970); Weir, (1974)]. The variation of complex permeability values over 
the X-band frequency range is shown in Fig 7. The real part ( ') is mainly associated with the 
magnetic field induced in the material and the imaginary part ( '') is related to the magnetic loss. The 
modified interface boundaries in the composites due to the presence of magnetic barium ferrite 
particles induce magnetic losses and provide enhanced microwave absorption. Thus the cooperative 
effect of polyaniline and barium ferrite results in the observed higher shielding response of the 
PAni/BaFe12O19 composites. 
 
4. CONCLUSIONS 
 
In this paper electromagnetic shielding and microwave absorption properties of synthesized 
PAni/BaFe12O19 composites in the X-band frequency range have been presented. Our results 
demonstrates that all the composites have shown excellent microwave absorption behavior confirmed 
by the stabilized SE values in the range of –36 to –39.2 dB indicating an attenuation of almost >99%. 
The microwave attenuation behavior shown by the composites were almost similar, with slight 
increase in the shielding efficiency with increase in wt% of the Barium Ferrite. The higher shielding 
efficiency observed for the composites may be attributed to the ferromagnetic behavior provided by 
the barium ferrite particles in PAni molecular chains with dominant effects on magnetic dipoles. The 
absorption dominated shielding effectiveness confirms the relevant technological applications of the 
polyaniline-barium ferrite composites for electromagnetic compatibility uses in the broad microwave 
frequencies. 
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Abstract 

The microwave dielectric properties of naturally occurring mineral sillimanite was investigated for possible substrate 

applications. The crystal structure and the microstructure of the material were studied by X-ray diffraction and SEM-

EDAX techniques. The dielectric properties of the sample were measured at microwave frequency. The results show 

that the mineral is a useful material for substrate application due to its cheap cost, better properties etc. 

Introduction 

Sillimanite (Al2SiO5) is a mineral which is abundantly present in Kerala beach sand. Sillimanite 

occurs throughout the world in metamorphosed peri-aluminious sedimentary rocks. The most 

well-known alumino-silicate polymorphs are sillimanite, andalusite (Al2SiO5) and kyanite 

(Al2SiO5.). It is believed that sillimanite was formed under high- temperature conditions, kyanite 

at high pressure, while andalusite developed at lower temperature and pressure environments. 

The sillimanite mineral show hardness and density in the ranges 5.5-7.5 and 3.13-3.65, 

respectively, with andalusite having the lowest and kyanite the highest densities. In sillimanite 

crystal structure the second Al is in 4coordination while it is in 5 and 6 coordination in andalusite 

and kyanite [Joseph et.al, (2010)].  

Traditionally alumino-silicates are extensively used in the manufacture of high alumina 

refractories. When sillimanite group minerals are calcined they produce a mixture of highly 

refractory mullite (3Al2O3.2SiO2) and cristobalite. Sillimanite group refractories lie between the 

acid and basic refractory groups and are used in the metallurgical, particularly steel, industries 
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and the glass industry [O’Driscoll (1999, 2002)]. Outside the refractory industry, other 

applications of these include abrasives, ceramics and non-slip flooring.  

The influence of processing temperature on the structural and optical characteristics of sillimanite 

is largely unexplored, which is believed to be attributed to the practical difficulty in preparing 

these compounds synthetically. In the present paper, we investigate the dielectric properties of 

naturally occurring mineral sillimanite with the view of developing a novel hard microwave 

substrate from natural resources. The efforts towards densification of these mineral dielectrics by 

the additives of several vitreous sintering promoters are also reported. 

Materials and Method 

The mineral sillimanite (Al2SiO5) obtained from Indian Rare Earth Limited (IRE) was weighed 

and planetary ballmilled using agate balls for 6 hrs in distilled water medium. The slurry was 

dried at 100oC in hot air oven. 

The crystal structure of the sample was studied using XRD  (CuKα radiation,PANalytical X,Pert 

Pro diffractometer).The microstructure using SEM-EDAX (CARL ZEISSIV 18).The optical 

microscopic image was studied using Leica-DMRX optical Microscope. The average particle size 

was obtained using Dynamic Light Scattering instrument (Malvern Zetasizer, Nano-ZS).The 

samples were sintered at1525oC (2 hrs).The thermal expansion studies were done using Thermo 

mechanical Analyser (Exstar-TMA/SS7300) The polished ceramic pellets with an aspect ratio 

1.8-2.2 were used for microwave measurements by resonance method (Krupka et.al,1998). The 

microwave dielectric properties of the samples were measured using a vector network analyzer 

E5071C. The unloaded quality factor was determined using the cavity method. The temperature 

coefficient of resonant frequency (τf) was measured by noting the variation of resonant frequency 

of TE01δ mode with temperature in the range 25-75oC 
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τf = 
1×∆��×∆� 

 where △f is the variation in the resonant frequency from room temperature and △T is the 

temperature difference. The dielectric constant was measured by the post-resonator method of 

Hakki and Coleman [Hakki et.al, (1960)]. 

Results and Discussions 

Sillimanite is a translucent mineral which crystallizes in orthorhombic bipyramidal structure with 

Pbnm space group symmetry. Figure 1 (a) shows the XRD patterns of raw sillimanite powder, 

sillimanite sintered at 1525oC and (c) milled and sintered at 1550oC. In figure 1 (a) along with the 

peaks of sillimanite some additional peaks of silica were also observed. In figure 1 (b) all the 

peaks could be indexed based on JCPDS File Card Numbers 38-0471, but there were some 

additional peaks of silica along with sillimanite. The XRD pattern (figure 1c) matched well with 

the XRD pattern of mullite (JCPDS File Card Numbers 85-2645).Hence it became evident that 

the phase stability of sillimanite is restricted only up to 1550oC where it undergoes a phase 

transition to mullite. It should be noted that as-received mineral sillimanite powder which is a co-

product of sand mining may contain additional impurities like silica. 

The variation of density with sintering temperature is shown in figure 2.From the figure it can be 

seen that the density of the material increases with increase in temperature and maximum density 

is obtained at 1600oC.At 1525oC the density of the sample is low which may be due to the 

presence of impurities 
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                                     Fig.1 

                                                                                                                      Fig.2 

 Fig. 1: (a) XRD patterns of raw sillimanite before ballmilling, (b) 6 hrs planetary ballmilled 
sample sintered at 1525oC (c) 6 hrs ballmilled sillimanite sintered at 1550oC 

Fig.2. Variation of density with sintering temperture 

 

The optical microscopic image of raw sillimanite was shown in figure 3 which shows grains with 

polygonal morphology whose size is ranging from 300-600 μm. As mentioned before, as-

received minerals contains significant amount of impurities whose presence cannot be quantified 

using optical microscopy. We have made EDAX analysis to examine the phase purity of the 

sample. The SEM-EDAX image of sillimanite powder is shown in figure 4. Table 1 represents 

the quantitative elemental details of the mineral obtained from EDAX. From the table it is clear 

that the material consist of Al, Si, O and traces of Fe, Ca etc, which concludes that the secondary 
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phases or impurities were present. It should be noted that the trace level of the silicate impurities 

present in the XRD pattern can be identified in SEM-EDAX analysis. Figure 4((a) and (b)) 

depicts the scanning electron micrograph of the sillimanite sintered at 1525oC. The average 

particle size appears to be about 1μm which can be further reduced by prolonged ball-milling. 

This result supports the Dynamic Light Scattering (DLS) measurement, where the average size of 

the sillimanite powder after ball-milling reduces to 1μm from 300-600 μm. 

 

 

 

 

 

 

  Fig.3. Optical microscopic image of raw sillimanite               Fig.4 

 

 

 

 

 

 

 

                         Fig. 4(a)                                                        Fig. 4(b) 

Fig.4 and Fig.4 (a) and .4 Fig (b): SEM-EDAX image of sillimanite sintered at 1525oC 
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The variation of dielectric constant and unloaded quality factor (Quxf ) with sintering temperature 

are shown in figures 5 and 6. It can be seen that the Quxf value increased with increasing sintering 

temperature reaches a maximum (Quxf=38,000 GHz) at about 1525oC and then decreases. At 

higher sintering temperatures above 1550oC the Qux f decreases. This is believed due to the fact 

that sillimanite decomposes to mullite, (3Al2O3·2SiO2) at 1550oC.  Mullite is the only 

aluminosilicate which is stable at high temperature [Peter M Ihlen, (2000)]. The dielectric 

constant also shows a similar trend with increasing the sintering temperature. 

 

 

 

 

 

 

 

 

                       Fig.5                                                                                  Fig.6  

             Fig.5 and 6: Variation of dielectric constant and Quxf with sintering temperature 

The temperature coefficient of resonant frequency of the sample sintered at 1525oC is found to be 

-17 ppm/oC. Since sillimanite is naturally formed at high temperature and pressure, it is very 

difficult to densify them at ordinary pressure conditions. However, we have made genuine efforts 

to densify this material through liquid phase sintering by the addition of suitable sintering aid 

additives (see table 2). 
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The linear dimensional changes for the material with temperature is shown in figure 7.The 

coefficient of thermal expansion averaging from 40oC to 400oC  was found to be 4.3 ppm/oC. 

The effect of various additives and dopants on sillimanite in order to improve its densification 

and properties are listed in table 2. It is interesting to notice that a few dopants like nano alumina 

and silica improve the microwave dielectric properties of sillimanite. However, the density is not 

improved considerably and the reasons are not well understood. Hence further study is needed to 

improve the densification of the material. 

 

Fig.7: Thermal expansion study of sillimanite 

Table 1: Chemical composition of sillimanite from EDAX 

Element Weight % 

Al 31.84 

Si 18.15 

Fe 0.76 

Ca 0.06 

O 49.23 
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Table 2: Effect of additives and dopants on sillimanite 

 

 

Conclusions 

With the objective to develop a cost effective hard ceramic substrate the dielectric properties of 

the naturally occurring mineral sillimanite are investigated despite having a poor densification. 

The mineral was found to have promising microwave dielectric properties (Quxf=38,000 GHz) 

 

Additives/Dopants 

 

Sintering 

Temperture (
o
C) 

 

Density(g/cc) 

 

εr 

 

Quxf 

(GHz) 

 
0.5 wt % Lithium aluminium 

borosilicate glass 

 

1525 

 

2.2 

 

5.7 

 

17000 

 

1 wt % Lithium aluminium 
borosilicate glass 

 

1525 

 

2.1 

 

5.5 

 

17000 

 

1 wt% CeO2 

 

1525 

 

2.1 

 

5.4 

 

30000 

 

1 wt% TiO2 

 

1525 

 

2.2 

 

5.3 

 

30000 

 

1 wt % nano(alumina & 
silica) 

 

1525 

 

2 

 

4.9 

 

25000 

 

5 wt % nano(alumina & 
silica) 

 

1525 

 

1.8 

 

5 

 

38000 
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and low dielectric constant (5.3). The results showed that this material can be used as a dielectric 

substrate if it can be further densified. Future studies are required to investigate the effect of 

various additives on the densification of this mineral and thereby improving its dielectric and 

mechanical properties. 
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ABSTRACT 

        Intensity modulated radiation therapy (IMRT) is a modern cancer treatment technique using high 
energy photon beam. This is possible by a medical linear accelerator along with a treatment planning 
system (TPS). Most commercial treatment planning systems incorporate complex treatment planning 
algorithms. One of the features of these inverse planning algorithms is its user interfaced fluence 
smoothing levels. In this study we examined twenty IMRT plans from two different groups of patients 
by varying their smoothing levels. We used Varian Eclipse TPS version 10.0 for this study. Twenty 
clinically approved plans from two sites, Ca Nasopharynx and Ca Lung took as reference plans. These 
were re-optimized using different combinations of smoothing parameters from X=0, Y=0 to X=100, 
Y=100. 

                 Total treatment monitor units (equivalent to treatment time), different quality indices, 
various dose levels of organ at risk (OAR), etc. are studied while varying these smoothing parameters. 
The average total monitor units (MU) for both groups decreases with increasing X-Y smoothing 
values from 2181(σ =431.2) at X=0 and Y=0 to 1580 (σ =229.7) at X=100 and Y=100 for 
nasopharynx and from 1691 (σ =481.4) at X=0 and Y=0 to 1227 (σ =322.2) at X=100 and Y=100 for 
lung plans. Also the quality of re-optimized plans is studied in terms of Conformity index (CI), 
Homogeneity index (HI), OAR tolerance dose and maximum dose to the planning target volume 
(PTV). Marginal variations observed in HI and CI. Both of these tend to decrease while increasing the 
smoothing levels. Different OAR dose levels vary with optimization, but they are not statistically 
significant.  

                  Increased smoothing reduces the total MU without affecting the plan quality. Low MU is 
always better as it reduce the risk of secondary cancers and other radiation hazards. 

Keywords: IMRT; Smoothing levels; Monitor Units ; Eclipse; TPS,; Organ at risk.  

INTRODUCTION 

                    A mass of cells experiencing uncontrolled cell growth and cell division is referred to as a 
tumour, and is sometimes cancerous when invasive to surrounding healthy normal tissues. The 
treatment of cancer requires eliminating masses of cancer cells. Ionizing radiation is capable of 
causing irreparable damage to DNA and thus can be used to inhibit the function and replication of 
tumour cells. External beam radiation therapy has been calculated to be a beneficial treatment for 52% 
of all cancer patients. The objective of radiation therapy is to deliver a prescribed amount of ionizing 
radiation (dose) to the tumour while limiting the complications of dose to surrounding normal tissues. 
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The mostly used form of radiation in the treatment of cancer is photons and electrons of energies in 
the order of MeV. The planning of curative external beam radiation therapy typically begins with a 
Computed Tomography (CT) scan of the patient for a fixed setup that can be replicated at the time of 
treatment delivery. The 3-dimensional anatomical information is then imported into a computerized 
Treatment Planning System (TPS) that is used to manage and optimize the treatment with the help of 
dose calculation algorithms. The dose calculation algorithms are the most unique, critical and 
complex piece of software in the TPS. Once a suitable plan has been determined, patients are 
positioned appropriately at the treatment unit and the planned radiation fields are delivered. 

                     In the beginning, the treatments were given by a rectangular beam, which resulted in 
high dose to the normal tissue close to the tumor, as well as to the tumor. After that, several beams 
from different angles along with blocking were used to get the beam geometrically shaped with the 
aim of normal tissue sparing. However a better dose shaping in three dimensions has been achieved 
with the help of a technique called intensity modulated radiation therapy (IMRT) which generally 
uses inverse planning with an optimization algorithm to get the desired dose distribution to planning 
target volume (PTV) and a low dose to the surrounding organs at risk (OAR). This technique is very 
useful when the PTV and the OAR are situated near or overlapping each other. The primary delivery 
tool for IMRT is a medical linear accelerator (LINAC) that rotates on a gantry around the patient, 
emitting modulated beams of X - rays from a number of pre - fixed angles (see Figure1). This 
modulation is accomplished by means of a device known as a multileaf collimator (MLC). Its 
computer - controlled leaves act as a filter, blocking or allowing radiation through in order to confine 
the field to the shape of the tumor and minimize the exposure of the critical organs.  

                 By deciding the number of beams, their directions and define constraints for the doses to 
the PTVs and the OARs, the TPS creates an “optimal fluence map” through iterative reconstruction. 
Depending on the geometry of the PTVs and the OARs, the demands for conformity to the PTV and 
tolerance to the surrounding OAR the fluence maps can be more or less complex. By complexity is 
meant the degree of frequency fluctuations and the height of the amplitude in the fluence distribution 
of the beam. If the complexity is reduced, this implies that the quality of the treatment may be 
deteriorated by loss in the conformity or unfulfilled tolerance. But more complex plans put greater 
demands on the delivery system. The leaf motion calculator (LMC) creates the MLC positions and 
account for physical and mechanical constraints of MLCs such as leaf transmission, maximum leaf 
speed, leaf edge shape, etc. Because of these limitations more complex plans are harder to achieve and 
the LMC creates an “actual fluence map” which is as close to the “optimal fluence map” as possible. 
The increased complexity of the delivered intensity maps may result in potential challenges such as 
increased delivery time (treatment monitor units), increased peripheral dose, and technical or 
mechanical difficulties during treatment delivery. Several methods have been proposed to simplify 
such treatments through a reduction in complexity known as “smoothing” of the delivered intensity 
maps.  

              Two popular methods of efficiency improvement by accomplishing fluence map smoothing 
are the application of intensity modulated beam (IMB) smoothing filters to decrease the differences in 
fluence between beamlets and the incorporation of smoothness terms into the objective function of the 
optimization algorithm. Both methods eliminate any unwanted and random noise in the fluence maps 
by decreasing differences in fluence between adjacent beamlets while preserving important features of 
the overall fluence pattern. Commercially available TPS typically include a smoothing interface. This 
allows the user to manipulate key parameters of the vendor-specific smoothing function that control 
the irregularity or complexity of delivered beam fluence patterns. Most TPS vendors recommend use 
of a default set of smoothing parameters within their software. This typically leads to an average or 
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moderate level of smoothing, or fluence complexity, in order to achieve a desirable balance of 
complexity and efficiency. In this work, we aim to study the effect of such smoothing functions over 
plan quality in a commercially available TPS (Eclipse-Varian Medical Systems, Palo Alto, CA) for 
twenty complex IMRT cases treated in our clinic.  

                             

                           Figure:1 Medical Linear Accelerator 

MATERIALS AND METHODS 

            In this study we selected twenty inverse planned IMRT cases which include lung and 
nasopharynx at random from a cohort of 30 patients who had already completed their treatments in 
our hospital. All of the investigated lung plans in this study were given with 2 Gy/fraction (total dose 
= 60 Gy) and that of nasopharynx is 212.2 Gy/fraction (total dose 70Gy). Most of these treatment 
plans had nine and seven beam entries for nasopharynx and lung respectively. All the plans 
investigated in this study were planned by the Varian treatment planning system Eclipse TM, version 
10. These were initially optimised using vendor recommended smoothing parameters of X=40 and 
Y=30 and each of these clinically approved and dosimetrically verified plans was used as a reference 
plan for each patient. These reference plans were then copied and the X and Y smoothing parameters 
varied from 0 to 100. Total seven plans with smoothing at (X = 0, Y = 0; vendor-defined minimum), 
(X = 20, Y = 20), (X=0. Y=100), (X = 40, Y = 30; vendor-recommended), (X = 70, Y = 60), (X = 
100, Y = 0) and (X = 100, Y = 100; maximum defined in standard practice) were created for all 
patients. All planning parameters, except smoothing-related values, were held constant at all times. 
These plans were then re-optimised for a fixed number of iterations (100) which was sufficient to 
approach a minimum cost function and reflect what is done in practice locally. Anisotropic Analytical 
algorithm was used for the dose calculation with a grid size of 2.5 mm and modified Batho was the 
inhomogeneity correction used. For each of the 10 lung and 10 nasopharynx patients, 20 X 7 
combinations were optimised, giving a total of 140 individual dose plans. 

            To understand the impact of smoothing parameters in the inverse treatment planning system 
(ITPS), it is very important to know how a TPS perform fluence pattern smoothing within its inverse 
planning process. In Eclipse ITPS, fluence smoothing is achieved within the objective function of the 
ITPS. A penalty is applied for differences in neighbouring fluence values in both the direction of leaf 
travel (X) and the direction perpendicular to leaf travel (Y). For each beamlets, the fluence value 
differences between respective neighbouring pencil beams are summed together and then multiplied 
by user-defined X and Y direction smoothing penalty values, which are then added to the total 
objective function penalty score. Therefore, these user-defined values of the X and Y smoothing 
levels determine the relative priority of these goals in the overall objective function calculation. The 
net effect of the fluence smoothing process is to increase the total value of the objective function 
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penalty score for plans with widely varying fluence maps, thereby steering the optimization in a 
direction leading to smoother fluence maps 

                      Standard treatment plan reports were used to obtain values for Monitor Unit (MU) for 
individual fields. To determine the quality of the absorbed dose distributions resulting from 
smoothing, the Paddick Conformity Index, CIPAD and the International Commission on Radiation 
Units (ICRU) Homogeneity Index were calculated. 

Paddick Conformity Index (CI) 

   CI = (TVPI)
2 / (PIXTV)   where PI is the volume of the prescription isodose line (95%), TVPI is the 

target volume within the PI, and TV is the target volume (D98%). A CI of 1.0 suggests a perfect plan. 

ICRU Homogeneity Index 

           The ICRU HI is defined as (D2%-D98%) / D50%.    Where D2%, D98% and D50% is the dose 
received by 2%, 98% and 50% of the target volume. An HI of zero suggests a perfectly homogeneous 
absorbed dose distribution. 

            The dose-volume histogram (DVH) analysis was performed to determine the near-minimum 
absorbed dose (D98%), maximum dose (Dmax), dose to the 2% volume (D2%) and dose to the 95% of 
volume (D95%) for the PTV. Challenging OAR dose constraints were required for all plans based on 
Radiation Therapy Oncology Group (RTOG) protocols, including < 1% OAR volume above 54 Gy 
for the optic nerves and chiasm, and < 1% above 50 Gy for the spinal cord. Additional constraints 
included a maximum dose < 54 Gy for the brainstem, 20 Gy dose < 32% for combined lung and 40% 
of heart volume receiving over 30 Gy. 

RESULTS AND CONCLUSIONS              

            The detailed analysis of all treatment plans give an idea about the effect of variation of fluence 
smoothing on different level of plan quality. The total monitor units (MU) for treatment, Paddick 
Conformity index, ICRU Homogeneity Index, PTV coverage, PTV maximum dose, different organ 
tolerance dose, etc. are obtained from respective plan evaluations.  

Total MU 

          The average of the total MU for Nasopharynx plans decreases with increasing X-Y smoothing 
values, from 2181(σ =431.2) at X=0 and Y=0 to 1580 (σ =229.7) at X=100 and Y=100. Lung plans 
show same trend, but fall of is comparatively smaller. Maximum average MU is 1691 (σ =481.4) at 
X=0 and Y=0 and minimum value is 1227 (σ =322.2) at X=100 and Y=100. MU calculated for 
vendor recommended smoothing (X=40,Y=30) is 1787 (σ =295.7) and 1379 (σ =358.1) for 
Nasopharynx and Lung respectively. This is illustrated in below tables 1 and 2. 

 Table.1  Distribution of treatment MU over various fluence levels  for 10 Nasopharynx IMRT 

plans 

Smoothing 
Levels 

Minimum 
MU 

Maximum 
MU 

Average 
MU 

Standard  
Deviation 

X=0, Y=0 2997 1711 2181 431.2 
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X=0, Y=100 2846 1686 2101 402.5 

X=20, Y=20 2303 1427 1787 295.7 

X=40, Y=30 2028 1328 1666 238.7 

X=70, Y=60 2024 1319 1675 245.6 

X=100, Y=0 1935 1278 1588 229.5 

X=100, Y=100 1933 1280 1580 229.7 

 

   Table.2  Distribution of treatment MU over various fluence levels for 10 Lung IMRT plans         

Smoothing 
Levels 

Minimum 
MU 

Maximum 
MU 

Average 
MU 

Standard 
Deviation 

X=0, Y=0 2382 917 1691 481.4 

X=0, Y=100 2268 881 1623 449.7 

X=20, Y=20 1852 731 1379 358.1 

X=40, Y=30 1759 693 1283 344.8 

X=70, Y=60 1756 695 1288 335.1 

X=100, Y=0 1714 674 1249 333.0 

X=100, Y=100 1689 672 1227 322.2 
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 Fig. 2          
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Paddick CI and ICRU HI 

             Quality of re-optimized plans is studied in terms of CI and HI. No substantial differences have 
been noted in these. Conformity index decreases from 0.79 (σ = 0.08) to 0.76(σ =0.09) for 
nasopharynx and 0.82 (σ = 0.05) to 0.81(σ =0.05) for lung while going from lower to higher 
smoothing levels. Average minimum and maximum HI of nasopharynx plans are 9.5 (σ =2.0) and 9.6 
(σ =2.0) for low and high smoothing levels respectively. In the case of lung IMRT corresponding 
figures are 18.2 (σ = 5.3) and 18.7 (σ = 5.0) for similar smoothing conditions. These are given in the 
following graphs. 
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PTV coverage and maximum dose 

               No significant change in D95% of PTV has been observed in both groups during analysis of 
PTV coverage. A maximum of 0.8% for nasopharynx and 0.6% for lung is obtained while varying the 
fluence. But average maximum dose of PTV was found to be decreased to 1.7% and 3.8% for 
nasopharynx and lung respectively when we increase smoothing from X=0, Y=0 to X=100 and Y 
=100. 

OAR sparing 

                Increased fluence smoothing has not much appreciable effect on normal tissue sparing. We 
took maximum dose and volume dose for various OAR in this study. Detailed DVH analysis is plotted 
in the following graphs.   
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Fig. 4     

 

                This scientific report evaluates the effect of increased smoothing on treatment plan quality 
for 10 nasopharynx IMRT and 10 lung IMRT patients. A total of 140 individually optimized plans 
were examined. The optimization algorithm present in the TPS iteratively approaches the minimum 
cost function which is more or less influenced by many variables such as dose constraints, 
optimization priority, level of smoothing, etc. As smoothing was increased for both groups of patients, 
the number of maximum, minimum and average MUs decreased. It is a reflection of term called MU 
factor which in turn related to the complexity of the plan. Plan complexity and smoothing is always 
inversely related and this is already investigated by several teams. MU factor is a function of 
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maximum leaf speed, dose rate, complexity constant for fluence matrix. When smoothing level 
increases, complexity constant of fluence matrix decreases. This reduces MU factor and then 
treatment MU. Also the MU fall off is steeper for nasopharynx when compared to lung. This is 
because relatively hard and large numbers of individual dose constraints in the nasopharynx increase 
the fluence complexity in the initial plans without smoothing. A different level of smoothing reduces 
the sharp edges in the fluence matrix and thereby observes a substantial reduction in the MU. 

                But the process of reducing complexity sometimes results in the loss of good quality of 
treatment plans especially for complex and irregular anatomical regions. We did quantitative analysis 
of treatment plan quality for our cohort. We found that Conformity Index (CI) decreases with 
increasing the fluence smoothing, which is expected. There is a marginal decrease (2.5% for 
nasopharynx and 1.2% for lung) has been observed for a change of smoothing from X=0,Y=0 to 
X=40, Y=30. But our data shows no appreciable difference from smoothing value X=40, Y=30 to 
X=100, Y= 100 for both cases. It should be noted that the conformity indices depend on target size 
and shape complexity. Similarly the ICRU HI, which is another method of evaluation of plan quality 
found to be decreased over smoothing for both groups. The overall decrease in the average HI is 1.4 
% for nasopharynx and 2% for lung. Although there is a variation in these indices during smoothing, 
our treatment plans are not drastically affected especially due to smoothing change from X=40, Y=30 
to highest values in our study. 

               Small variations in the PTV coverage (D95%) are noted. But the given method of DVH 
analysis may not clearly reflects the small change in PTV volume dose. Hence we can’t clearly 
predict the trend. But for maximum PTV dose there is a decreasing tendency with smoothing because 
of smaller complexity and MU values. Detailed study about various OAR reveals the fact that there is 
no significant difference in the organs tolerance dose. We analysed maximum doses of spinal cord, 
brainstem, optic nerve, optic chiasm and lens in nasopharynx IMRT and Volume dose of lung and 
heart in Lung IMRT patients. There is no observed trend in any of these structures and we went for 
statistical column analysis one way ANOVA. In this we compared mean of each column (data for 
various smoothing levels) with the mean of control column (data for smoothing X=40, Y=30). We can 
conclude that the observed variations in OAR dose figures are not statistically significant. The p 
values are listed below in the table 4.   

 

Various OAR dose constraints 
Results of statistical test 
p Value 

Spinal cord Dmax (Naso 
IMRT) 0.7853 

Brainstem Dmax 0.9999 

Chiasm Dmax 0.9996 

Right optic nerve Dmax 0.9999 

Left optic nerve Dmax 0.9998 

Right lens Dmax 0.9999 
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Left lens Dmax 0.9999 

Spinal cord Dmax(Lung 
IMRT) 0.9983 

Combined lung V20 0.9999 

Heart D=V30 0.9982 

                         Table 4 

        This study of 140 IMRT treatment plans gives an idea that treatment MU can minimise by giving 
appropriate level of smoothing in the optimization without compromising the quality of the plans 
much. As MU is directly related to overall treatment time, small number of MU increases the 
efficiency of treatment by reducing the potential consequences of long term effects such as secondary 
cancer induction and other radiation induced issues. 

REFERENCES 

 1.  Chen Y, Michalski D, Houser C, Galvin JM. A deterministic iterative least-squares 

     algorithm for beam weight optimization in conformal radiotherapy Phys  

     Med Biol. (2002). 

 2.  McNiven, Andrea L, Sharpe, Michael B and Purdie, Thomas G. A new metric for 

     assessing IMRT modulation complexity and plan deliverability. Med. Phys.(2010), 

     Vol. 37(2), pp. 505-515. 

 3.  Shepard DM, Earl MA, Li XA, Naqvi S, Yu C. Direct aperture optimization: a 

     turnkey  solution for step-and-shoot IMRT. Med Phys. (2002) 

 4.  Van Asselen B, Schwarz M, van Vliet-Vroegindeweij C, Lebesque JV, Mijnheer BJ,  

     Damen EM. Intensity-modulated radiotherapy of breast cancer using direct  

     aperture optimization.  Radiotherapy Oncol. (2006;79) 

 5.  Webb, S. Use of a quantitative index of beam modulation to characterize dose 

     conformality: illustration by a comparison of full beamlet IMRT, few-segmet IMRT 

     and conformal un modulated radiotherapy. Phys. Med. Biol. (2003) 

 

 

1862

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



1 

 

TiO2/CoPc NANOCOMPOSITE FOR NUV LIGHT EXCITED LEDs 

Priyanka K P
a,b

,
 
Balakrishna K M

b
 and Thomas Varghese

a* 
aNanoscience Research Centre (NSRC), Department of Physics, Nirmala College,  

Muvattupuzha – 686 661, Kerala, India 
bDepartment of Studies in Physics, Mangalore University, Mangalagangotri, 

Karnataka - 574 199, India 
*nanoncm@gmail.com 

 
ABSTRACT 

TiO2/CoPc nanocomposites were synthesized using a standard procedure. Characterizations were done 

using X-ray diffraction (XRD), UV-Vis spectroscopy and photoluminescence (PL) spectroscopy. Though, CoPc 

does not show fluorescence spectra, the composite sample shows bluish-green emission when excited with near-

ultraviolet light, evidenced by CIE diagram. The present study suggests that the synthesized nanocomposite can be 

used to construct TiO2 phosphor for efficient near ultraviolet (NUV) light excited bluish-green light-emitting diodes 

(LEDs). 

Keywords: TiO2/CoPc nanocomposite, UV-Vis absorption, Photoluminescence 

INTRODUCTION 

Increased potential applications in lighting and displays in the recent years made 

researchers to investigate solid state light emitting diode (LED) materials. Organic light emitting 

diodes (OLEDs) are relatively more efficient compared to inorganic light emitting diodes since 

they require a relatively small amount of power for the same amount of light produced. Besides 

that, OLEDs offer several merits such as easy to fabricate, low cost, flexible, and low operating 

voltage [Bandar Ali et al., (2013)].  TiO2 is a versatile transition-metal oxide and is useful 

material in various potential applications [Priyanka et al., (2012)]. Metal phthalocyanines are 

having an important role in the case of future molecular devices such as organic light emitting 

diodes (OLEDs), solar cells, organic field-effect transistors, molecular gas sensors, memory 
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devices, optoelectronic devices and semiconductor junctions. They can occur in many 

polymorphic phases with different crystalline structure. The most popular is metastable  form 

and stable  form [Khusayfan, (2011)]. The study of these composite material incorporating 

TiO2 and metal phthalocyanines is very essential in order to explore their various physical and 

chemical properties. 

MATERIALS AND METHODS 

Titanium dioxide nanoparticles produced by sol-gel method, Cobalt phthalocyanine 

(CoPc) (Sigma Aldrich Chemicals), dimethyl formamide, dimethyl sulphoxide and ethanol 

(Merck) were used for the synthesis procedures. 

The composites were prepared using a standard method by coating TiO2 nanoparticles 

with cobalt phthalocyanine, dissolved in a solvent mixture containing 50% dimethyl sulphoxide, 

30% dimethyl formamide and 20% ethanol, at 600 C. The required amount of TiO2 nanoparticles 

prepared by sol-gel method [Priyanka et al., (2012)] was gradually added to this solution under 

constant stirring and heating, resulting in a suspension with homogeneous appearance. After 

complete solvent evaporation, the obtained material is washed several times with distilled water 

under vigorous stirring to remove residues and remaining organic solvent. Then, the composite is 

dried at 1000 C in a hot air oven for 15-20 h. This is the room temperature prepared 

nanocomposite sample.  A part of this sample is calcined at 3500 C in a muffle furnace. As 

prepared TiO2/CoPc nanocomposite sample and the sample calcined at 3500 C are denoted as S1 

and S2 respectively. 
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The structural characteristics of the synthesized nanocomposite has been studied by X-

ray powder diffraction using Bruker D8 Advance X-ray diffractometer  ( = 1.5406 Å, step size 

= 0.0200 and dwell time 31.2 s) with Cu-Kα radiation in 2θ range from 5 to 800. The particle size 

was estimated from the Scherrer’s equation [Cullity, (1967)], given by    t= 0.9 λ/βcosθ,  with β 

= βobs - βstd, where λ is the X-ray wavelength, βobs is the observed full width at half maximum 

(FWHM) of the peak, βstd is the instrumental contribution to FWHM and θ is the Bragg’s angle. 

JEOL Model JSM – 6390 LV Scanning Electron Microscope was used to study 

morphology of the samples. Shimadzu 2600 UV–Visible spectrophotometer was used to record 

the optical absorption spectra of the samples in a wavelength range of 200 to 900 nm. The 

absorption coefficient α is related to the photon energy hν by the relation, α= α0 (hν-Eg)n,  where 

Eg is the optical band gap. 

Photoluminescence spectra were measured at room temperature using a Fluoromax-3 

spectrophotometer having a 20 kW continuous powered high pressure Xe-lamp as the excitation 

source, and an R928 photomultiplier as the photo-detector. The emission spectra were recorded 

in the 300- 600 nm range at an excitation wavelength of 340 nm using an excitation slit width of 

5 nm. 

RESULTS AND CONCLUSIONS 

Figure 1 shows the X-ray diffraction (XRD) spectra of TiO2/CoPc nanocomposite 

samples. By using Scherrer equation, the average size calculated was 9 nm for as-synthesized 

sample (S1) and 11 nm for nanocomposite calcined at 350 0 C (S2). The spectra show the 

presence of characteristic peaks of anatase TiO2 nanoparticles (JCPDS No: 21-1272) and cobalt 
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phthaloyanine (ICCD card No. 14-0948) which confirms that the synthesized sample contains 

both TiO2 and cobalt phthalocyanine nanostructures. The peaks at 2θ values 250, 37.40, 47.70 and 

54.20 correspond to planes (101), (112), (200) and (211) respectively for anatase TiO2. The peaks 

at 2θ values 12.590 and 30.720 correspond to planes (200) and (502) respectively for CoPc.    

 

Figure 1. XRD spectra of TiO2/CoPc nanocomposite. 

The scanning electron micrographs (SEM) of the synthesized TiO2 nanocomposite 

prepared according to the procedure described above are shown in figure 2. As it follows from 

the SEM micrographs, the synthesized samples consisted of spherical clusters of rather narrow 

size distribution. The photographs of the samples contain both homogeneous and irregular 
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crystallized nanoparticle clusters. The sample became more crystalline for S2 due to calcination 

resulting phase change activity.  

 

                      Figure 2. SEM micrographs of TiO2/CoPc nanocomposite 

 

                           Figure 3. UV-Vis absorption spectra of the nanocomposite. 

Figure 3 shows the UV-Vis absorption spectrum of TiO2/CoPc nanocomposite in the 

range 200-900 nm. Absorption spectra display the existence of absorption bands in 400-800 

region caused by the π-π* transitions of the conjugated macro-cycle of 18 π- electrons. The 
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absorption peak at higher energy region and low energy region results from B (Sorret band) band 

and Q-bands respectively, which arise from π-π* transitions [Rajesh and Menon, (2005)]. The 

intensity of higher energy peak (Q1) is higher than the second peak (Q2) of Q bands, which 

represents the typical feature of CoPc phase for sample S1 and all of the peaks diminish as the 

calcination temperature goes to 3500 C. There is a red shift for the Sorret band while a slight blue 

shift for Q1 and Q2 bands which is due to the change of phase from to as the calcinations 

temperature changes [Joseph and Menon, (2008)]. The absorption edge at 424 nm and 449 nm 

for and phase determines the band gap of the semiconducting material TiO2/CoPc 

nanocomposite. The band gap values for the nanocomposite and excitonic energy levels are 

presented in table 1.  

Table 1. Bandgap and excitonic energy level values for the nanocomposite 

-------------------------------------------------------------------------------------------------------------------- 

         Excitonic energy levels (eV) 

Sample Absorption edge (nm)  Bandgap (eV)  Q1 band Q2 band 

---------------------------------------------------------------------------------------------------------- --------- 

S1   424   2.92   2.01  1.82 

S2   449   2.76   2.05  1.83 

----------------------------------------------------------------------------------------------------------- --------- 
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                              Figure 4. PL emission spectra of TiO2/CoPc nanocomposite 

PL emission spectra (λex = 340 nm) of TiO2 /CoPc nanocomposite samples are shown in 

figure 4. It has been reported in literature that CoPc does not show fluorescence because of 

strong spin orbit interaction [Bala et al., (2009)]. However, many emission peaks have been 

obtained for the TiO2 /CoPc nanocomposite samples. It may be attributed to the rearrangement of 

intra-molecular structure. Intense peaks were observed at the 450 and 475 nm in the Q band 

region. A weak emission peak was observed at the 375 nm in the Sorret band region. Spectra 

also show the presence of rather clear emission peak at 560 nm mainly attributed to the 

formation of defect centres. Intensity of the sample S2 is also greater compared to S1 due to 

phase change [Bandar Ali et al., (2013)]. 
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                 Figure 5. CIE chromaticity diagram of nanocomposite samples 

Figure 5 exhibits the CIE chromaticity diagram of the synthesized nanocomposite samples.  

RGB is the phosphor triangle. The bluish-green emission is obtained for samples, as shown in 

figure 5, when excited with 340 nm which is in the near-UV region. The present study suggests 

that the synthesized nanocomposite can be used to construct TiO2 phosphor for efficient near 

ultraviolet (NUV) light excited bluish-green light-emitting diodes (LEDs). 

CONCLUSION 

TiO2/CoPc nanocomposites were synthesized successfully by adopting a standard 

procedure. Absorption spectra display the existence of absorption bands in 400-800 region 

caused by the π-π* transitions of the conjugated macro-cycle of 18 π- electrons. There is a red 

shift for the Sorret bands and slight blue shift for the Q bands due to the phase change activity. A 

bluish-green emission is obtained with a NUV excitation wavelength and is confirmed with the 
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CIE diagram. Furthermore, TiO2/CoPc nanocomposites have potential applications in NUV light 

excited LEDs. 
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ABSTRACT: 

 The progress of holographic technology depends upon the development of a better recording 
medium. Of the available recording media for holography, photopolymer is proved to be a highly 
versatile medium and it plays a vital role in recording and reading holograms in real time with good 
efficiencies and has contributed significantly to the recent growth of holography. Photopolymers are 
known as ‘Silicon of Photonics’. It is multifaceted due to its rapid dry processing, low cost, high 
optical quality and resolution, low diffusivity, easy preparation techniques, high diffraction efficiency 
and angular selectivity, transparency in the visible spectral region etc. However, availability of 
commercial grade photopolymer material is very limited due to its strategic importance. We 
developed a new research grade red sensitive photopolymer in our laboratory for holographic 
applications. In the present work, a transmission holographic optical element to perform like a lens 
was recorded in a red sensitive photopolymer recording material successfully using off- axis 
geometry. The wave length selectivity and the focusing property of holographic lens were used to 
design concentrator for solar radiation to enhance the power yield from photovoltaic systems and 
reduce cost per Watt. The fabricated holographic lens was coupled to a dye sensitized solar cell and 
an efficiency enhancement was found. The present paper explores a simple idea to use the 
holographic lens as windows of a house. The windows can either accommodate a small holographic 
lens or act entirely as a holographic lens for solar concentration. 

Keywords: Holography, photopolymers, transmission holographic lens, off-axis geometry. 

1. INTRODUCTION: 

The emissions created by conventional energy-use are very high and there is a big requirement of non 
–polluting renewable energy sources. Among the renewable energy sources, solar energy is the prime 
free source of inexhaustible energy available for our country.  India is a tropical country, where 
sunshine is available for longer hours per day and in great intensity. In most parts of India, clear 
sunny weather is experienced 250 to 300 days a year. The solar energy potential is about 6,000 
million GWh per year [A]. But, so far the solar energy utilization in India is very small.The main 
constraint of solar power generation now is the high cost of photovoltaics. One approach to overcome 
this problem is to reduce the total area of photovoltaics by concentrating sunlight using optical 
components and focus it on to the solar cells. The concentrators can be used as roof top concentrators 
or window concentrators to collect the impinging solar power. The traditional solar concentrator finds 
limitations due to its bulky nature and its need for some mechanical tracking system to face the sun 
directly. It also heats up the solar cells and requires a cooling system. Holographic lens which is an 
optical element fabricated by holographic methods is a better alternative to conventional 
concentrators.  

1873

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

mailto:vpmpillai9@gmail.com


 

1.1. Holography: 

Holography was first conceived as a theoretical possibility by the British scientist Dennis Gabor in 
1947. For perfect optical imaging, the object should be recorded as a whole; both the amplitude and 
phase of the electron wave from the object have to be recorded. The basic idea behind the holographic 
process is that the intensity distribution in the interference pattern from two or more coherent 
electromagnetic waves is a function of the relative phases of the waves. The interference pattern 
contains both information about the amplitude of the light reflected or scattered by the object and the 
relative phase of the beams. Using the phenomenon, it is possible to encode both amplitude and phase 
information in a recording material like photopolymer which is sensitive only to the intensity of the 
exposing light [B]. 

Let the object wave is denoted as ψobj and the reference wave as ψref .The phase information of the 
object wave is encoded in the recording medium as an interference pattern of the object wave and the 
reference wave. The observed intensity of the interference pattern is given by: 

 
 objrefobjrefobjref

objrefobjrefobjref

objobjobjrefobjrefrefref

objref

IIII

AAAA

yxI

















cos2

cos2
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22
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2

                  (1) 

The recorded object can be reconstructed by illumination of the reference wave [C]. 

1.2. Holographic Optical Elements (HOEs) 

HOEs such as lenses, beam splitters, diffraction gratings, filters etc. are diffractive structures that are 
constructed holographically by the interference of an object beam and a reference beam. Unlike 
conventional optical elements, HOEs are independent of substrate geometry and are wavelength 
sensitive and can perform multiple functions simultaneously. They have advantages such as they are 
relatively light and can be produced on quite thin substrates and are inexpensive in mass production. 
HOEs such as holographic lens can be used to focus the impinging monochromatic light on it to a 
small point. They can hub the incident solar light on it to a single line. A single holographic lens can 
split the solar spectrum and concentrate the radiation of desired wavelength and diffract away the heat 
radiation. The cooling system can be avoided in such systems and the mechanical tracking system can 
be avoided as holograms have the ability to focus light falling at different angles to the solar cells. 

1.3. Window Holographic Lens  

In passive solar building design, windows are made to collect solar energy [D]. A holographic lens 
can be described as a set of concentric annular rings which diffract light waves so that they add 
constructively at a desired focal point, preventing the passage of light waves that would interfere 
destructively at that point. A hologram can focus different wavelengths to different regions with high 
efficiency without any spectral overlap.White light when passes through a window hologram, 
different wave lengths diffract at different angles. The useful parts of the solar spectrum strike 
photovoltaic cells to which their photon energies are well matched. The ultraviolet and infrared 
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components of the solar spectrum are diffracted away from the solar cells.Hologram can disperse 
sunlight so that each part of the solar spectrum plays a different role [E]. The dispersion allows the 
addition of more solar cells to the module. Since holograms have both horizontal and vertical parallax, 
they offer varying three dimensional perspectives when viewed from side to side or from top to 
bottom and vice versa. 

The present paper describes the development of a red sensitive photopolymer material and the 
fabrication of a holographic lens in the material and an effort to couple it with a dye sensitized solar 
cell for the efficiency enhancement of the solar cell. An off- axis transmission HOE is recorded in the 
photopolymer material. The interference fringes are written on the holographic recording material as 
shown in Fig. 1(a). The recorded HOE will act as a diffractive lens when illuminated by a reference 
beam. The HOE so made can be arranged in such a way to act as a window to a house (Fig. 1(b)). The 
window hologram splits and focuses the incident solar light to a focal line as shown Fig. 1(c). Suitable 
solar cells can be placed along the focal line in such a way that each wave length can be made to 
strike single cells to which they are matched in terms of photon energies. An array of solar cells can 
also be arranged to account for the diurnal and seasonal variation in the angle of incidence of solar 
radiation. 

 

 

 

 

 

 

 

 

 

 

 

1.4. Photopolymers as  

Holographic Recording Medium 

A photopolymer recording material consists of binders, monomers, crosslinkers, photo-initiators and 
sensitizers [F].The binder is an inactive component used to hold the elements of the Photopolymer 
film. It is an important constituent that affects the physical properties of the recording medium. 
Monomers are small molecules that also enter into the reaction to produce refractive index 
modulation. Cross linkers are used in photopolymers to improve the storage life of recorded 
hologram; since it forms crosslinks with the binder matrix, thereby inhibiting the diffusion of 
unreacted monomers and stabilizing the recorded grating [G].Photo-initiator enables the formation of 
free radicals when exposed to light. It is capable of reacting with both the monomers and binders to 

Fig. 1. (a) Transmission holographic lens (b) Holographic lens as a window (c) spectral splitting and focusing 

of holographic lens 
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link them together. The sensitizer absorbs light and interacts with the photoinitiators to begin 
photopolymerisation of monomers [F]. A long chain of polymer is formed by the involvement of 
monomers with only one free radical. As the polymer forms, the volume occupied by its long chain is 
less than the total volume occupied by the original monomer molecules and the associated free 
radicals. So shrinkage occurs here creating a thickness change and refractive index modulation. 

In the present work the photopolymer material contains PVA as binder, acrylamide (AA) as solid 
monomer, N,N’-methylene-bis-acrylamide (BAA) as cross linker, triethanolamine (TEA) as initiator, 
and methylene blue as sensitizing dye.  

2. Sample Preparation 

In the present work, the photopolymer material contains polyvinylalcohol (PVA) as binder acrylamide 
(AA) as solid monomer, triethanolamine (TEA) as initiator, N, N’-methylene-bis-acrylamide (BAA)  
as cross liker and methylene blue as sensitizing dye. 0.375 molar AA, 0.22 molar BAA and 0.223 
molar TEA were added to 10% transparent PVA solution. A uniform aqueous solution of 1.34 X 10-6 

molar methylene blue dye was prepared. Cleaned glass slides of dimension75mm X 25mm X 
1.35mmwere used to cast films. The photopolymer films were casted using gravity settling method. 
The films were fabricated in room temperature and dried for two weeks.  

3. Recording Geometry and Diffraction Efficiency Measurements: 

The off- axis geometry as shown in Fig. 2 (a) was used to record transmission holographic lens. The 
laser beam was split into two beams using a beam splitter and the beams were expanded using spatial 
frequency filters. The reference beam was made parallel using collimated lenses. The path lengths of 
the beams were made equal and the beams were directed to the holographic film. The exposure time 
was controlled using a shutter placed in front of the laser.  

For illumination, the laser radiation of wave length 632.8 nm from a He- Ne laser was used. The 
object beam was made to diverge from a point which was 10 cm away from the film. The beam ratio 
between the object and reference beam was set to 1:4.  For recording HOE, the beam diameter of 1 cm 
was used and the inter beam angle between object and reference beams was kept at 30°. The HOEs 
were recorded with different exposure energies. 

 

 

 

 

 

 

 

 

 

 

Fig.2. (a) Transmission holographic optical element recording geometry and (b) Schematic 

representation for the diffraction efficiency measurement of holographic optical elements 
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           (2) 

The first order diffraction efficiency of HOE was found using the schematic diagram shown in Fig. 
2(b). The laser beam was allowed to fall on the hologram placed at Bragg’s angle.The intensity of the 
focused beam was measured using a laser power meter placed at the focal point, in this case 10 cm 
from the hologram. The intensity of incident beam (Pi) and that of first order diffracted beam (P1) 
were measured. The percentage of diffraction efficiency (DE) was calculated using equation (1) given 
below [4]. 

100*1 






iP
PDE

 

4. Coupling of HOE with Solar cells: 

After recording an efficient HOE, The effect of coupling of HOE with a standard yellow wave length 
sensitive Dye Sensitized Solar Cell (DSSC) of area 0.25 cm2 was studied at Department of Physics, 
IIT Chennai. The DSSC (fabricated by IIT, Chennai) used titanium dioxide as photoanode, platinum 
as counter electrode, N719 as sensitizing dye and tri-iodide/iodide redox couple as electrolyte. 
Simulations were made using Newport’s ORIEL Class A solar simulator. 

4. Results and Discussion: 

The variation of the first order diffraction efficiency of transmission HOE with exposure energy is 
shown in fig. 3. The HOE showed a maximum diffraction efficiency of 50 % for an exposure of 250 
mJ/cm2. 

 

 

 

 

 

 

 

 

 

 

 

 

The window hologram was used to direct the light from the solar simulator to fall on DSSC. DSSC 
was initially placed at the weakly illuminated region of the simulator and the efficiency measured at 
this position was 0.076. The HOE was then placed vertically to the illuminating plane of simulator in 
such a way to make the yellow radiation falling on the DSSC and it was found that the efficiency of 
DSSC enhanced to 0.11. 

 

Fig .3. Variation of first order diffraction efficiency with exposure 
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5. Conclusions: 

A transmission holographic lens was recorded in a newly developed red sensitive photopolymer 
material successfully using off-axis geometry. This fabricated holographic lens was coupled to a dye 
sensitized solar cell and an efficiency enhancement was found. Preliminary experiments done on the 
photopolymer showed that photopolymer holograms can be effectively used as solar concentrators in 
photovoltaic systems. The result also shows the possibility of using holographic lens in a window 
plane to focus incident solar light on to solar cells.  
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ABSTRACT 

Silver gallium selenide (AgGaSe2) is an important member of the I-III-VI2 chalcopyrite family 
having potential applications in the field of non-linear optics and photovoltaics. The ternaries have the 
ability to form various solid solutions and to accommodate different dopants which makes them 
technologically significant materials. The present study details the effect of incorporation of IVth 
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group element Sn on the structural, optical and electrical properties of the AgGaSe2 thin films. 
Polycrystalline thin films of AgGaSe2 and Sn doped AgGaSe2 are prepared using multi-source 
vacuum co-evaporation technique. Pure elements of Ag, Ga, Se and Sn are evaporated simultaneously 
in a multisource vacuum co-evaporation unit, at a substrate temperature ~ 623 ±5 K and at a pressure 
~10-5 Torr. The films are characterized structurally and compositionally by X-ray diffraction 
technique and energy dispersive analysis of X-rays. The X-ray diffraction patterns show that the 
preferred orientation of both the doped and undoped films is along (112) direction, characteristic to 
the tetragonal chalcopyrite structure. Different structural parameters like deformation parameter, 
anion displacement and anion-cation bond lengths for the doped films show negligible variations from 
that of the undoped films. The optical analysis has been done by using absorbance spectra and that 
reveals the possibility of band gap engineering by the introduction of Sn dopants in AgGaSe2. The 
enhanced transmittance in the IR region for the doped films is evidenced through the transmittance 
spectra. The room temperature conductivity is ~10-2 S/m for all the films and the high temperature 
conductivity measurements indicate the presence of deep defect levels. This initiative study on the 
structural, optical and electrical properties of Sn doped AgGaSe2 give way for the incorporation of 
various dopants to improve their physical properties suitable for optoelectronic applications. 

INTRODUCTION   

   Ternary chalcopyrite compounds of the group I-III-VI (I ≡ Ag, Cu; III ≡ In, Ga, Al; VI ≡ S, 

Se, Te) have attracted considerable attention of the researchers because of their wide applications in 
photovoltaics and in non-linear optics [Karaagac et al, (2009)]. These compounds are ternary 
analogues of the II-VI binary semiconductors with chalcopyrite structure. Among the I-III-VI2 
compounds, copper indium diselenide (CuInSe2) has already proven its suitability in the fabrication 
of solar cells and are extensively studied [Chen et al., (1992)]. Silver based chalcopyrites that have 
greater band gap than CuInSe2 are attracting more attention today in photovoltaics, due to their 
favourable band gap to match the optimum solar spectrum [Bhuiyan and Firoz, (2006)]. Yamada et al. 

reported the tandem solar cell fabrication using Ag(InGa)Se2 thin films as the top cell and 
Cu(InGa)Se2 thin films as the bottom cell [Yamada et al., (2006)].  The AgGaSe2 thin films are also 
potential materials for non-linear optical applications as well as for the preparation of Schottky diodes 
[Karaagac and Parlak (2009)]. Even though, doping is an efficient means to tune the optoelectronic 
properties, literature survey shows that investigations in that direction for silver gallium selenide 
(AgGaSe2) are rare. Here we succeeded in tuning the band gap of AgGaSe2 by doping with the fourth 
group element Sn by vacuum co-evaporation. In the present work we report the findings on analyzing 
the structural, optical and electrical properties of Sn doped AgGaSe2 thin films. 

MATERIALS and METHODS 

   Polycrystalline thin films of AgGaSe2 are deposited on ultrasonically cleaned soda lime glass 
substrates by multi-source vacuum co-evaporation method, a modified form of Gunther’s three 
temperature method [Gunther, (1996)], by evaporating 99.999% pure elements of Ag and Ga from 
two separate molybdenum boats and 99.999% pure Se from a glass crucible kept in a molybdenum 
basket. The substrate temperature is maintained at 623 ±5 K and the pressure ~10-5 Torr throughout 
the deposition. The desired composition is obtained by adjusting the deposition rates of each element 
by controlling the flux through each boat. 99.999% pure Sn is also co-evaporated along with the other 
elements to get the doped films. After the deposition, the substrate temperature is reduced slowly to 
room temperature to ensure in-situ annealing in vacuum.  
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              The structural characterization of  the prepared thin films  has been done by X-ray diffraction 
technique (XRD) using  Bruker AXS D8 Advance X-ray diffractometer with CuKα1 as the source 
radiation (λ=1.5404 Å). The composition of the films is ascertained by Energy dispersive X-ray 
analysis (EDAX) using LINK 10000, Cambridge Instruments. The optical characterization has been 
performed with a Hitachi U-3410 UV-Vis-NIR spectrophotometer. A picometer along with a power 
supply is used to determine the electrical resistivity and the conductivity type is ascertained by hot 
probe method.  

RESULTS and CONCLUSIONS 

The structural analysis has been done using X-ray diffraction patterns of the films and the peaks are 
compared with the standard JCPDS files. The XRD patterns of the doped and undoped films are 
depicted in Fig. 1. Both the doped and undoped films show tetragonal body centred structure with 
preferred orientation along (112) direction which is the characteristic peak for the chalcopyrites.  

 

Figure 1.  XRD patterns of a typical AgGaSe2 and Sn doped AgGaSe2 thin film. 

Nelson-Riley plots are used to estimate the accurate values of lattice parameters and are tabulated in 
Table 1. The anion displacement u is estimated using the rule of conservation of tetrahedral bonds 
(CTB) fundamental to Bragg’s classical notion of transferability of elemental radii in molecules and 
crystals. The ‘CTB plus = expt’ rule has been put forward by Jaffe et al [Jaffe and Zunger, (1984)] 
explaining the ‘conservation of bond lengths’. 
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The parameter u depends upon the A-C and B-C (Ag-Se and Ga-Se) interactions and the bond lengths 
are calculated from Eq. (3) and Eq. (4) [Rajani et al, (2012)].  

      2122 16121  uaRBC
   2122 161  uaRAC    (3)                                 

   (4)    

The bond-length mismatch δ is estimated from Eq. (5)  

22
BCAC RR 

   (5)  

The structural parameters of the doped and the undoped films tabulated in Table 1 shows negligible 
variations.    

Table 2. Structural parameters of the AgGaSe2 and Sn doped AgGaSe2 thin films. 

 sample a (Å) c (Å)  u 
ACR (Å) BCR (Å) 

δ (Ǻ)2 

AgGaSe2 5.98 10.89 0.91 0.30 2.70  2.35  1.77  

Sn doped AgGaSe2 5.96 10.81 0.91 0.30 2.69 2.34 1.76 

The crystallite size calculated using Scherrer’s formula in Eq. (θ) is 18 nm for AgGaSe2 and 24 nm 
for Sn doped AgGaSe2 and that indicates the formation of nanostructured films in both type of 
samples. 

  cos9.0 hklt 
   (6)     

where t is the crystallite size, λ the wavelength of X-rays, hkl the full width at half maximum and  is 
the Bragg angle. 

 The compositional analysis by EDAX measurements on typical samples gives an atomic 
percentage of undoped films as Ag:Ga:Se ~ 27.9% : 20.5% : 51.6%  and that of the doped films as 
Ag:Ga:Sn:Se ~ 26.4% : 9% : 10.1% : 54.5%. The EDAX spectrum of a typical Sn doped film is 
depicted in Fig. 2. 
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Figure 2.  EDAX spectra of a typical Sn doped AgGaSe2 thin film. 

The absorbance spectra of the films are depicted in Fig. 3 and from the absorbance values the 
absorption coefficient (α) are calculated for different wavelengths using the Eq. (7). 

                             dRART  exp1exp1 22

   (7)                          

where T is the transmittance, R the reflectance, A the absorbance,  α the absorption coefficient and d is 
the thickness of the film which is calculated as ~ 0.1micrometer by Fizeau’s interferrometric 
technique. The band gap value is estimated by extrapolating the graph (αhν)2 versus hν to (αhν)2 = 0 
(Fig. 3 inset) using the Eq. (8).        

  gc EhAh     (8)                                           

 where  is a constant which is equal to 1/2 and 3/2 for allowed and forbidden direct transitions 
respectively and equal to 2 and 3 for allowed and forbidden indirect transitions in which the photons 
are involved, Ac is a constant and Eg is the optical band gap [Rajani et al., (2013)]. The band gap 
values vary from 1.76±0.02eV for undoped films to 1.40±0.02eV for Sn incorporated films. Thus a 
red shift in the band gap energy of AgGaSe2 could be made possible through doping with an ideal 
amount of tin. These optical band gap values are in the optimal range for the layers of a hetero-
junction cell as well as tandem solar cell with Cu-based bottom cell. 
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Figure 3.  Absorbance spectra of AgGaSe2 and Sn doped AgGaSe2 thin films.  

Inset: (αhν)2 vs hν plots for the films. 

 The transmittance spectra of the films are depicted in Fig. 4. The improved transmittance in 
the IR region exhibited by the Sn doped films suggests its better suitability in the field of infra-red 
optical applications. 

 

 

Figure 4.  Transmittance spectra of AgGaSe2 and Sn doped AgGaSe2 thin films.  

The hot probe analysis indicates n-type conductivity for both the doped and undoped films. The room 
temperature conductivity determined from voltage-current measurements is of the order of ~ 10-2 S/m 
for all the films. But the conductivity is improved for about 2 orders in Ag rich films and those films 
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show binary peaks of Ag2Se in the XRD pattern. The temperature dependent conductivity of the films 
has been measured in the temperature range 301-455 K in a conductivity cell under rotary vacuum. 
The activation energies for the films are calculated using the Arrhenius relation 

 TkE Ba exp0
   (9) 

 where σ is the electrical conductivity, σ0 is the pre-exponential constant, Ea is the activation energy, 
kB is the Boltzmann’s constant and T is the temperature in Kelvin. The Ln σ Vs. 1000/T plots given in 
Fig. 5 shows deep defect levels.  Marquez et al. suggested that such deep levels in between 250 to 550 
meV could be due to defects such as VGa or AgGa [Marquez and Rincon, (1999)]. 

 

Figure 5.  Ln σ Vs. 1000/T plots of a typical AgGaSe2 and Sn doped AgGaSe2 thin films. 

The present study demonstrates the successful incorporation of Sn atoms in the AgGaSe2 chalcopyrite 
structure without much structural distortions as evidenced by XRD and EDAX analysis. The blue shift 
in the optical band gap and the improved transmittance in the IR region are the advantages of the Sn 
doping in AgGaSe2 for optoelectronic and IR optical applications. More studies are underway to 
analyse the defect levels present in the doped and undoped films.   
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ABSTRACT 

 Magnetic nanoparticles have attracted a great deal of interest in recent years owing to their 
potential applications such as magnetic sensors, magnetic recording media, magnetic refrigeration, 
permanent magnets, ferrofluids and biomedical applications. When the size of these materials is 
reduced to the nanometer regime, they exhibit a number of unique properties, such as low field 
magnetoresistance, low saturation magnetization, surface spin-glass and superparamagnetic behavior 
compared to their corresponding bulk materials. Perovskite manganites with a typical composition 
La0.7Sr0.3MnO3 (LSMO) is of particular interest due to its high TC about 370 K and a large magnetic 
moment at room temperature. We have synthesized nanosized La0.7-xRExSr0.3MnO3 (RE=Nd, Gd & 
Sm with x=0.1) using modified sol-gel route. These samples were characterized using X-Ray 
Diffraction (XRD), Thermo Gravimetric Analysis (TGA), Transmission Electron Microscopy (TEM) 
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and magnetic measurements. All the samples crystallized into a single phase rhombohedral structure 
with R-3c space group. The average crystallite size was determined from Scherrer equation. The TEM 
images show nanosized particles which lie in the range of 30-40 nm. The field dependent 
magnetization measurements reveal superparamagnetic nature of La0.7-xRExSr0.3MnO3 nanoparticles.  

INTRODUCTION  

 Doped manganites with the general formula Ln1-xAxMnO3 (Ln =rare earth ion; A =divalent or 
tetravalent ions) have been a subject of interest in recent years owing to their exotic physical, 
electronic, transport and magnetic properties [1, 4]. Magnetic nanoparticles offer a wide variety of 
technological applications such as magnetic-field sensors, hard disk read heads, fuel cells, infra-red 
devices, spintronic materials, magnetic refrigeration, biomedical applications, etc [5]. Many theories 
have been proposed to understand the underlying physics of manganites including double-exchange 
(DE) interaction, Jahn–Teller effect, and phase separation [8]. Amongst the perovskite manganites, 
the half metallic La1-xSrxMnO3 is of particular interest as the composition with x= 0.3 possesses the 
largest ferromagnetic (FM) ordering temperature of about  370 K and has a large magnetic moment at 
room temperature. The Mn4+ ion content (Mn4+/Mn3+ ≈1) and angle of 180° favors the double 
exchange interaction (Mn 4+-O-Mn3+) in La0.7Sr0.3MnO3 giving it the highest magnetic moment at 
room temperature [2]. The interaction between the pairs of Mn3+ and Mn4+ ions via oxygen atom is 
responsible for the metal to insulator transition in the La0.7Sr0.3MnO3 [9]. The magnetic properties of 
manganites are strongly affected by the Mn–O–Mn bond length, bond angle (controlled by the ionic 
radii of A site and B site ions) and Mn3+/Mn4+ ratio which modifies the double exchange (DE) and 
superexchange (SE) interactions [7]. It is the competition between DE and SE which determines the 
magnetic and transport properties of the system. The doping of rare earths on La sites and its 
antiferromagnetic AFM exchange coupling with Mn moments induce random disorder in the 
magnetic lattice of the system [3, 6]. The substitution of rare earths at La site not only induces 
distortion of the average ionic radius of La site <rA>, but also influences the structural and magnetic 
properties of the system due to its magnetic moment. In an attempt to investigate the effect of this 
random disorder on magnetic properties, we carried out structural and magnetic studies on La0.7-

xRExSr0.3MnO3 (RE=Nd, Gd & Sm with x=0.1). 

 In this paper, we report on the synthesis of nanoparticles of La0.7-xRExSr0.3MnO3 (RE=Nd, Gd 
& Sm with x=0.1) manganite by the modified sol–gel method. The formation temperature were 
estimated from thermogravimetric analysis (TGA). Phase formation, crystal structure and particle size 
were studied by X-ray diffraction (XRD) and transmission electron microscopy (TEM), respectively. 
The magnetic properties of the powder were investigated M-H measurements done at room 
temperature (300 K). Results show that La0.7-xRExSr0.3MnO3 has superparamagnetic characteristics 
around room temperature. 

Materials and Methods   

 La0.7-xRExSr0.3MnO3( RE=Nd, Gd & Sm with x=0.1) nanoparticles were synthesized  by 
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modified sol-gel procedure from their nitrate precursors. Stotiometric amounts of La(NO3)3.6H2O, 
Nd(NO3)3.6H2O,  

(NO3)3.6H2O, Sm(NO3)3.xH2O, Sr(NO3)3 and Mn(NO3)3.4H2O  were accurately weighed and 

dissolved in deionised water  and mixed with a solution of citric acid and ethylene glycol, at 
continuous stirring in the ratio of (1-x[La3+]+x[Sr2+]+1[Mn2+])/1.5[citric acid]/2.25[ethylene glycol] to 
get a homogeneous solution. Ammonia solution was added to maintain the pH of the resulting 
solution at 9. The solution was then heated on a thermal plate under constant stirring at 80˚C to 
eliminate excess water and to obtain a viscous gel. The gel was then dried at 300˚C to get dark 
brownish flakes. These flakes were then thoroughly ground and calcinated at θ00˚C for η hours. The 
calcinated powder was again ground well and pressed into pellets and sintered at 700˚ C for ηhours to 
get phase pure samples. The phase purity of the samples were studied using powder X-Ray 
Diffraction (XRD) obtained with a PANalytical X’pert Pro diffractometer using Cu-Kα radiation 
operated at 40 kV and 30 mA in the 2  range of 10° to 90° with a step size of 0.017°. The 
thermogravimetric  analysis  (TGA)  was  carried  out  with Perkin Elmer at  the  heating  rate  of  
10°C/ minute  in  air. The morphology and  size  of  the  grains  were  directly  investigated  by  high 
resolution  transmission  electron  microscopy (HRTEM-FEI, Tecnai T30, Netherlands) operating at 
300 kV. Magnetization measurements were made using a Physical Property Measurement System 
[Quantum Design, Dynacool] up to a maximum field (H) of 50 kOe at 300K. 

Results and Conclusions 

 Thermogravimetric Analysis (TGA) of La0.7-xRExSr0.3MnO3 ( RE=Nd, Gd & Sm with x=0.1) 
samples are shown in  Figure 1. For LSMO, with the increase in temperature, the weight  loss  region  
in  the  temperature  range  ~30-100 °C  is 5%  which  is  due  to  loss  of  coordinate solvent  water 
molecules. Decomposition of the nitrate/citrate complexes takes place in the temperature range 250°C 
< T< 400°C and the weight loss is ~10 % due to decomposition of CHx organic components [5]. The 
last stage of TGA is a fast weight loss stage with 35% loss in the temperature range 350°C < T< 
650°C which is due to  the decomposition of burning  of  residual  organic  compounds  of the  
precursor. Above 650°C there is no mass change in TGA curve suggesting complete crystallization 

Table1:  Variation of particle size with doping 

Fig.1 TGA curves for La0.7-xRExSr0.3MnO3 (RE=Nd, Gd & Sm with x=0.1) 
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and formation of the perovskite phase which was also confirmed by XRD. All the samples were 
calcined at θ00˚C for η hours and finally sintered at 700˚C for η hours.  

 

 

 

 

 

  

 

X-Ray Diffraction patterns of La0.7-xRExSr0.3MnO3 are shown in Figure 2. The well defined X-ray 
diffraction peaks in the case of all the four samples confirm that the samples are crystalline. The XRD 
patterns of all the studied compositions were identified to form a single phase perovskite structure  

with R-3c space group. The average crystallite size (t) were determined from the broadening of X ray 
diffraction peaks using the Debye Scherrer’s equation,   

 

 

 

 

 

 

 

 

t = k / hkl cos hkl 

where k=0.9 is the particle shape factor, considering the spherical shape of the nanoparticles, λ is the 
incident X-ray wavelength (λ Cu=1.η40θ Å),  hkl is the full width at half maximum of the diffraction 
line in radians and hkl is the Bragg angle corresponding to the diffraction line. The lattice parametes 
and average crystallite size calculated for La0.7-xRExSr0.3MnO3 are shown in Table I. As seen from 
Table 1, the lattice parameters show a systematic decrease with decrease in the ionic radii of rare 
earths from La to Gd (lanthanide contraction).  

Figure 3 shows the TEM image and corresponding SAED pattern of LSMO as a representative 
example. The image show an abundance of nearly spherical particles. The average particle size of the 
samples observed from TEM micrograph (~35 nm) is in reasonable agreement with crystallite size 
obtained from the XRD (~20 nm). 
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 To study the magnetic behavior of the samples, the field dependence of magnetization has 
been measured at room temperature (300 K). Figure 4 shows the M-H curves of La0.7-xRExSr0.3MnO3 ( 
RE=Nd, Gd & Sm)  samples at 300K. The M-H curves of all the samples show a superparamagnetic 
behaviour without noticeable remanence and coercivity. The fact that magnetization is not saturated in  

 

 

 

 

the magnetic fields up to 50 kOe, shows that some of magnetic nanoparticles are in the 
superparamagnetic state.  

In conclusion, nanocrystalline La0.7-xRExSr0.3MnO3 (RE=Nd, Gd & Sm) were synthesized by modified 
sol gel process. All the samples crystallize in rhombohedral R-3c space group. The formation 
temperatures were analysed from the TGA curves.TEM analysis shows that the samples are 
nanocrystalline. Isothermal magnetization versus magnetic field shows a negligible coercive field and 
an unsaturated magnetization which indicates that some of nanoparticles of La0.7-xRExSr0.3MnO3 
(RE=Nd, Gd & Sm with x=0.1) sample are blocked at around room temperature showing 
superparamagnetic behaviour. 

 The authors acknowledge CSIR 12th Five Year Plan Project, “Sustainable Utilization of Rare-
earths,” (No. CSC0132)for financial support. Bhagya Uthaman is thankful to KSCSTE (Kerala State 
Council for Science, Technology and Environment) for granting Junior Research Fellowship. 
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Abstract 

                           This paper analyzes the synchronization of two coupled chaotic HR neurons 

with linear gap junction coupling. The control inputs are derived so that it makes the time 

derivative of Lyapunov function a negative definite. The behavior of the coupled system has 

been analyzed numerically by applying the controllers. Numerical simulation verifies that the 

proposed controllers are effective in stabilizing the error states and there by achieving 

synchronization. 

 

1. Introduction 

                              Synchronization of chaos in physical and biological system is a fascinating 

subject that has attracted a lot of attention. It refers to a process where two chaotic systems either 

identical or non-identical adjust a given property of their motion to a common behavior due to a 

coupling or a forcing [1]. It plays an important role in revealing communication pathways in 

neural systems [2]. The study of synchronization processes for populations of interacting neurons 

is basic to the understanding of some key issues in neuroscience. Neural activity is a cooperative 

process of neurons and their synchronization helps in information processing in the brain [3]. 
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Recently, many researchers have focused on the synchronization of coupled neurons, which is 

one of the fundamental issues in understanding the neuronal behavior in networks. The selective 

synchronization of neural activity has been suggested as a mechanism for binding spatially 

distributed object into a coherent one and too much synchrony may cause dynamical disease [4, 

5]. Commonly used models for the study are Integrate- and-Fire neuron model [6], FitzHugh-

Nagumo model [7], Hodgkin-Huxley model [8] and Hindmarsh-Rose (HR) model. Many 

neurons are linked to each other by special inter cellular pathways known as gap junctions. Gap 

junctions are clusters of aqueous channels that connect the cytoplasm of adjoining cells, which 

allow the direct transfer of ions and small molecules, including second messenger molecules 

between cells without leakage to the extracellular fluid.  

                        In this paper we analyze the synchronization of two coupled chaotic HR neuron 

model with linear gap junction coupling. The paper is arranged as follows. In section 2, the 

dynamics of the system for weak and strong linear coupling has been analyzed numerically 

without any control laws. The theoretical frame work for deriving the control laws and numerical 

analysis of the system with controllers is discussed in section 3. The paper concludes in section 

4. 

2. HR neurons with linear coupling: 

                    Neurons can generate an oscillatory rhythm known as bursting, consisting of a rapid 

sequence of spikes followed by a quiescent state. Interacting bursting neurons may exhibit 

different forms of synchrony. The emergence of synchronous rhythms in a neural network is 

closely related to the properties of the individual bursting neurons, type of synaptic coupling and 

network topology [9]. Hindmarsh Rose (HR) neuron is a three dimensional neuron model 

capable of handling bursting activity for some ranges of system parameters.  
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The HR neurons with gap junction is,                                                                     (1)                                                                                        (2)                         
 

 where ‘x’ is membrane potential, ‘y’ is the fast current (recovery variable), ‘z’ is called slow 

current (adaptation variable), a=3.0, b=5.0, R=4.0, e = -1.61,  r = 0.006 ( ratio of  fast/slow time 

scale) and ‘I’ is an external current or the control parameter. For I=3.1 mA, the HR model shows 

chaotic bursting. Here ‘g’ represents the coupling strength of gap junction. The system has been 

analyzed numerically by changing the value of coupling strength ‘g’.  

 

Fig: 1 Error dynamics of x, y and z with time for weak coupling (g=0.1). 

 

                         The error dynamics of the variables of the system is shown in fig (1). From the 
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figure it is clear that for 'g=0.1' the coupled system shows irregular behavior. Numerical analysis 

is carried out by increasing the coupling strength of gap junction. The system shows 

synchronization for values of g > 0.6 as shown in fig (2). Numerical results have shown that 

strong coupling synchronizes a system of two coupled HR neurons.  

 

Fig. 2.  Error dynamics of x, y and z with time after synchronization for strong coupling strength 

(g>0.6). 

3. Controller for weak coupling 

                     In this section the control laws for synchronizing two coupled HR neurons with 

weak coupling has been derived using lyapunov function. 

 The system of two coupled HR neurons with the controller is expressed as,                                                                     (3)                                                     

                                       (4) 
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where Ux(t), Uy(t) and Uz(t) are the active control functions. 

The error states are given by,                                                     (5)                      
On the synchronization manifold the errors ex(t), ey(t) and ez(t) tends to 0 as t tends to infinity. 

Then the error dynamics takes the form,                                                                                                                                                         (6)                    
We choose the lyapunov function as,                                      (7) 

Then,                                                                                                            
In order to make the time derivative of lyapunov function negative, we choose the controllers as:                                                                                                                                                              (8)                 
Substituting the values of Ux, Uy and Uz in the eqn. for      , we get                                                                                                                          (9) 
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Since g is positive,       is always negative. 

                     The system in eqns. (3) and (4) has been analyzed numerically by applying the 

control laws given in eqn. (8) for ‘g=0.1’. As long as these controllers synchronize the system 

the error states given in eqn. (5) satisfies the condition,                                                                                                                                  (10) 

The error states are plotted and plots are shown in Fig. (3). The plot depicts that the two systems 

represented by eqns. (1)  and (2) evolving from different initial conditions are synchronized in 

the presence of controllers. 

 

Fig. 3.  Error dynamics of x, y and z with time after synchronization for strong coupling strength. 

4. Results and conclusions 

                      In this work, we have analyzed the synchronization of Hindmarsh-Rose neurons 

with linear gap junction coupling. The dynamics of HR model with linear gap junction for weak 

and strong coupling strength has been analyzed without any control laws. The system has been 

analyzed by varying the coupling strength and it is observed that strong coupling synchronizes 

the system of two coupled HR neurons. For weak coupling numerical study shows that the two 
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systems exhibit irregular behavior. The control inputs which synchronize the system for weak 

coupling has been derived analytically. The numerical study has been carried out by applying the 

control inputs. The studies have shown that the control functions  make the time derivative of 

lyapunov function negative  and are effective in  synchronizing  the system.  
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ABSTRACT 
 
The influence of gold nanoparticles  concentration on the emission behaviour of fluorescein dye 
molecule are investigated using steady state fluorescence as well as dual beam thermal lens  technique. 
There has been a strong interest since the past couple of decades to use metallic nanoparticles to tailor 
the emission characteristics of laser dyes. Earlier reports shows that, depending upon the distance from 
the fluorophore; nanoparticles can either enhance or quench the luminescence of a fluorophore. The 
enhancement or quenching is determined by the changes in radiative versus non-radiative pathways. 
This kind of tailoring of emission characteristics of a fluorophore by the metallic nanoparticles find 
wide applications in diverse areas including bio-imaging. Among the commonly employed metallic 
nanoparticles, gold nanoparticles are widely used due to their unique optical, electronic, plasmonic, 
bio-medical and surface enhanced Raman scattering properties. In this work we investigate the 
influence of gold nanoparticles concentration on steady state fluorescence and nonradiative energy 
transfer, using thermal lens technique, of fluorescein dye. For the preparation of gold nanoparticles, 
green synthesis method is employed because it is more facile, ecofriendly and results in 
monodispersed nanoparticles. The experimental arrangement of the dual-beam thermal lens technique 
employed for the studies is described elsewhere. 
The absorption spectrum of gold nanoparticles shows the characteristics absorption band having a 
peak around 525 nm, is due to Surface Plasmon Resonance in gold nanoparticles. Moreover the 
absorption spectrum is highly asymmetric, showing a plateau for lower wavelengths, due to the 
absorption by the bound (d- band) electrons. The fluorescence spectra of fluorescein alone and with 
gold nanoparticles having different concentrations (0.13, 0.26, 0.51, 1.28, 2.57 nM) are measured. The 
fluorescence intensity of the dye decreases with an increase in concentration of gold nanoparticles and 
the thermal lens signal increases, which is due to the nonradiative energy transfer between dyes to 
gold nanoparticles. Thermal lens method and fluorescence spectroscopy are complementary to each 
other because thermal lens method measures the photon energy which has been converted into heat 
while fluorescence observes the re-emitted photons. In summary it is observed that the gold 
nanoparticles quenches the steady state fluorescence signal of fluorescein dye with an increase in non- 
radiative thermal lens signal. 
 
Keywords: Gold nanoparticles, Thermal lens, Fluorophore, Fluorescence quantum yield, Surface 
Plasmon Resonance. 
 
1. INTRODUCTION 
 
Fluorophores have been indispensable optical signal mediators in optical sensing and imaging. 
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Fluorescence emission of a fluorophore can be altered by the plasmon field created around an entity 
when fluorophore is placed near to it. The entities are metal nanoparticles (NPs) [K A Kang et 
al.(2011)] and  NPs either enhance or quench the fluorescence of a fluorophore depending on the 
distance from the fluorophore [M.C. Daniel, D. Astruc (2004)]. The two factors affecting the changes 
in fluorescence are i) the fluorescence emission level can be enhanced due to the plasmon field 
generated around the NP by incident light 2) the reduction in the ratio of radiative to non radiative 
decay rate is due to the dipole energy around the NP [K A Kang et al.(2011)]. There are several metal 
NPs, we use gold NPs (AuNPs) due to its chemical inertness and high biological applications and it 
has a strong absorption band in the visible region [J. Zhang et al. (2012)]. The NP influences the 
deactivation path of the fluorophore by energy transfer mechanism and energy transfer depends upon 
the spectral overlap emission spectrum of fluorophore molecule to the absorption spectrum of AuNPs 
[B R Kumar et al. (2013)]. According to Radiating Plasmon (RP) model, the absorption component in 
the extinction spectra causes quenching and scattering component causes enhancement [M.P.Singh 
and G.F.Strouse (2010)].   
 Fluorescence Quantum Yield (FQY) is the ratio of the emitted light to the absorbed light and it can be 
tuned by mixing it with NPs. For the measurement of FQY, we use one of the photothermal techniques 
such as thermal lens (TL) technique due to the limitations of conventional fluorescence technique [C. 
Wurth et al. (2012]. TL techniques offer advantages such as precision, sensitivity and non contact 
nature [B R Kumar et al. (2013)]. In TL technique, a part of the incident Gaussian laser radiation is 
absorbed by the sample cause excitation of the molecules. The energy can be given out radiatively or 
nonradiatively. The nonradiative part causes heating of the medium and in turn changes the refractive 
index of the medium. Due to the modification in refractive index, medium acts like a diverging lens 
called thermal lens. 
Fluorescein is chosen for the present study due to its applications in biomedical field. In this work, we 
investigated the influence of Au NP concentration on steady state fluorescence signal of fluorescein 
dye.  Additionally, we employed dual beam TL technique to measure the nonradiative signal and 
hence the evaluated the FQY of the fluorescein dye. 
 
2. Materials and Methods 
 
2.1. Materials 
 
Conventionally, chemical as well as physical methods are employed to prepare dispersions of metal 
NPs. In the present work we have employed ecofriendly green synthesis method for preparing 
nanofluids [G. Geoprincy et al. (2013), S. Pandey et al. (2012)]. 
For the preparation of gold nanofluid, Gold (III) chloride trihydrate (HAuCl4·3H2O, 99.99 %, Sigma-
Aldrich) is used as the precursor and cinnamomum verum is used as the reducing agent. In all cases, 
double distilled water is used as the solvent. The dye used for the study is fluorescein (dye content 
95%, Sigma Aldrich) and solvent is ethanol. 
The gold nanofluid preparation method is as follows [S.S.Lal and P.L.Nayak (2012)]. Primarily 
cinnamomum verum is washed, cleaned and dried with water absorbent paper. We have taken 4g of 
cinnamomum verum crushed with mortar, dispersed in 20 ml of double distilled water and boiled for 
10 minutes at 70-80 0C. Then cinnamomum verum extract is filtered and stored at 4 0C. 1mM gold 
chloride is added to the extract, and then colour change from light yellow to cherry red shows the 
formation of Au NPs.  
The sample solution is prepared as follows:  an accurately weighed amount of fluorescein is dissolved 
in ethanol to obtain a concentration 2.4x10-4 M. In the fluorescein solution, AuNPs having 
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concentrations ranging from 0.15 nM to 2.57 nM are added in the ratio 1:2. 
 
2.2. Principle of measurement 
 

The method of finding the quantum yield is based on the principle of energy conversion. If LP be the 

power of the incident pump beam and  tP  the power of the transmitted beam, the absorbed power is 

the sum of the laser power degraded to heat, thP  and luminescence emission fP , provided that no 
photochemical reaction occurs [A. Santhi et al. (2004)]. Hence,  
          (1) 
In the case of a completely fluorescence-quenched sample, the entire excitation energy is converted 

into non-radiative relaxation processes and hence the FQY, fQ  is given by [A. Santhi et al. (2004)] 
         (2) 

The ratio of peak florescence wavelength f to the excitation wavelength  takes account of the 

Stokes shift. Here thP  is directly proportional to the TL signal  


 and P  is directly proportional to 

the TL signal  corresponding to the concentration at which the fluorescence intensity is quenched 
completely. Thus the quantum yield can be calculated by [A. Santhi et al. (2004)] 
          (3) 
2.3. Experimental Setup 
             
The experimental arrangement of the dual-beam TL technique employed for the quantum yield 
measurement is shown in Figure 1.      
 
 

 
 
 
 
 
 
 
 
Figure 1. Dual beam Thermal lens setup 
           
 
 

  A He-Cd laser of 25 mW power operating at 442 nm (Kimmom Koha, Japan) and  a He-Ne laser of 
1mW power operating at 632.8 nm is used as the pump beam and probe beam for the present studies. 
Both beam are made collinear using dichroic mirror and allowed to irradiate on the sample placed in a 
quartz cuvette. The pump beam is mechanically chopped (Stanford Research Systems SR 540) before 
it irradiate on the sample. An optical fibre collects the probe beam and is coupled to a photodetector. 
The signal is measured using Lock-in amplifier (Stanford Research Systems SR 830). Fluorescence 
measurements are taken using a monochromator – PMT assembly (Dongwoo Optron Co. Ltd).  
 
3. RESULTS AND DISCUSSION 
 
The UV-Vis absorption spectrum (Shimadzu UV-2401 PC) of prepared gold nanofluid shows peak at 
525 nm is shown in Fig.3.1 
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The fluorescence spectra of fluorescein –AuNP mixture is shown in Fig.3.2. It is clear that, the 
addition of AuNPs in fluorescein quenches the fluorescence of fluorescein. The reason for this 
quenching is the non radiative energy transfer from fluorescein to AuNPs. The fluorescence intensity 
is proportional to the amount of light absorbed and the fluorescence quantum yield. 
The variation of TL signal amplitude with concentration of gold nanofluid is shown in Fig. 3.3. From 
the figure, it is clear that TL signal increases with increase in concentrations of gold nanofluid and 
fluorescence decreases. That is fluorescence spectroscopy and thermal lens techniques are 
complimentary to each other. TL method measures the photon energy converted into heat and 
fluorescence measures the re-emitted photons [A Kurian et al.(2005)]. As the concentration increases, 
the dye - NP distance decreases and cause an enhancement in nonradiative energy transfer.

Fig.3.1 Absorption spectrum   

Fig 3.2 Fluorescence spectra of 

fluorescein- gold   
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Fig 3.4 shows that as the concentration increases the peak fluorescence wavelength decreases. This 
blue shift is due to the change in environment of the emitting molecule. The addition of NP in a 
nonpolar environment results in blue shift in the emission wavelength [B R Kumar et al. (2014)].   
 
 
          Table.1 Variation of Quantum yield with 

concentration of gold nanofluid 
               
                                                                   
 
 
 
  
 
 
 
 
 

Concentration 
(nM) 

FQY 

0.13 0.5080 

0.26 0.3946 

0.51 0.2457 

1.28 0.1360 

Fig. 3.3 Variation of TL signal with 

Concentration    

Fig. 3.4 Variation of peak flurescent 

wavelength with concentration 
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Table.1 shows a decrease in quantum yield with increase in concentration of gold nanofluid. As 
concentration increases the thermal lens signal also increases. This means that the quantum yield 
decreases as the heating effect increases. If NPs are added in the solution then they also absorbs some 
amount of energy i.e. energy is transferred from fluorescein to AuNPs. This will results in the decrease 
in quantum yield. i.e., quenching of fluorescence occurs, is shown in Fig 3.2. In the vicinity of a NP, 
the strong plasmon field around the NP can influence emission behavior of the dye molecule, 
depending upon the distance between the metal core and dye molecule. The non-radiative energy 
transfer between the dye molecule and nano particle depends upon the spectral overlap between the 
emission spectra of dye molecule (donor) and the absorption spectrum of the NP (acceptor). As 
explained above, the non-radiative energy transfer quenches the fluorescence of emitter and results in 
reduced fluorescence quantum yield. 
 
4. CONCLUSION 
 
The fluorescence quantum yield of fluorescein in presence of cinnamomum verum synthesized gold 
nanofluid is measured using dual beam thermal lens technique. The quantum yield decreases with 
increase in concentration of gold nanofluid shows a non radiative energy transfer from fluorescein to 
gold nanoparticles in the fluid. 
 
5. ACKNOWLEDGEMENTS 
 
 Authors gratefully acknowledge financial support from KSCSTE (Kerala State Council for Science, 
Technology and Environment), Trivandrum through the project F.No.002/SRSPS/2007/CSTE and A 
K acknowledge UGC, India.  
6. Reference 
[1]. A Kurian, S D George, V P N Nampoori, C P G Vallabhan (2005), Study on the  
      
      determination of molecular distance in organic dye mixtures using dual beam thermal lens  
       
      technique, Spectrochimica Acta Part A 61: 2799–2802. 
 
[2]. A. Santhi, M. Umadevi, V. Ramakrishnan, P. Radhakrishnan, V.P.N. Nampoori(2004),  
       Effect of silver nano particles on the fluorescence quantum yield of rhodamine 6G    
       determined using dual beam thermal lens method, Spectrochimica Acta Part A: Molecular  
       and Biomolecular Spectroscopy, 60: 1077-1083.    
 
 [3]. B. R. Kumar, N. S. Basheer, A. Kurian, S. D. George (2013), Thermal lens study on the   
       distance dependent energy transfer from Rhodamine 6G to gold nanoparticles, Int.   
       J.Thermophys. 34:  1982 -1992. 
 
 [4]. B R Kumar, N S Basheer, A Kurian, S D George(2014), Study of concentration dependent  
        quantum yield of Rhodamine 6G by gold nanoparticles using thermal lens technique, Appl.  
        Phys. B 115 : 335-342. 
 
 [5]. C. Wurth, M.G. Gonza´lez, R. Niessner, U. Panne, C. Haisch, U.R.Genger (2012),   
        Determination of the absolute fluorescence quantum yield of rhodamine 6G with optical and  
        photoacoustic methods – Providing the basis for fluorescence quantum yield   
        standards,Talanta  90:30-37. 
[6]. G. Geoprincy, B. N. Vidyasree, U. Poonguzhali, N. N. Gandhi, S. Renganathan (2013), A  
        review on green synthesis of silver nanoparticles, Asian J. Pharm. Clin. Res. 6: 8-12. 
  
[7]. J. Zhang, L. Zhang,W. Xu (2012), Metal-enhanced fluorescence of an organic fluorophore  
        using gold particles, J. Phys. D: Applied Phys. 45: 113001. 
 

1904

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



7 

 

 [8] K A Kang, J Wang, J B Jasinski, S Achilefu (2011), Fluorescence Manipulation by Gold  
       nanoparticles: From complete Quenching to Extensive Enhancement, J. Nanobiotechnol.9:  
       1-13. 
 
 [9] M.C. Daniel, D. Astruc (2004), Gold nanoparticles: assembly, supramolecular chemistry,  
       quantum-size-related properties, and applications toward biology, catalysis, and   
       nanotechnology, Chem.Rev. 104: 293-346. 
  
[10] M.P.Singh,G.F.Strouse (2010), Involvement of the LSPR spectral overlap for energy   
  
        transfer  between a dye and Au nanoparticles, J.Am.Chem.Soc 132: 9383-9391. 
 [11]. S. Pandey, G. Oza, M. Vishwanathan , M. Sharon (2012), Biosynthesis of highly stable  
      
         gold nanoparticles using Citrus limone  Annals of Biolog. Res. 3: 2378- 2382. 
 
[12] S.S.Lal, P.L.Nayak (2012), Green synthesis of gold nanoparticles using various extract of  
       plants and spices, IJSID. 2: 325-350. 
 
 
12-21 
 
ELECTROLYTIC SYNTHESIS AND CHARECTERISATION OF GRAPHENE-Cu2O 

NANOCOMPOSITE 
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ABSTRACT:     
 
 Graphene based nanocomposites have been a widely discussed area of research in recent 
years.  Unique properties of the graphene made it a centre of attraction to use as a basal phase for nano 
particles to form nanocomposites, aiming their potential applications in a myriad of fields, such as 
electronic, catalytic, sensing, etc. In this work we successfully synthesized graphene, and 
functionalised using Cu2O (Cuprous oxide) nanoparticles. Cu2O  is an eco-friendly metal oxide 
semiconductor. For the synthesis we implemented electrolytic method, by a reliable and convenient 
way for preparing high purity nanocomposites. The method contains three step processes. First step 
was synthesis of graphene by electrolysis using graphite electrodes and ionic solution. In the second 
step, synthesized graphene undergoes modification by producing more defects on graphene sheets to 
achieve functionalisation more efficient.  In the final step, functionalisation of graphene was obtained 
using electrolysis of proper electrolytes. Structural and characteristic studies of graphene and graphene 
– Cu2O nanocomposites were done by XRD and Raman spectroscopy. The Morphology of the 
prepared samples were analysed using SEM. From structural and morphological studies of the 
composite, it was found that, Cu2O nanoparticles of size 40±10 nm were effectively anchored on 
graphene sheets and was found to be spread throughout the graphene plane. Also it was noticed that a 
sizable number Cu2O particles preferred to anchor around the defects and edges of the graphene 
sheets. Those Cu2O particles formed clusters. It is important that the studies did not show any other 
impurities in the nanocomposite. In this work, we successfully synthesised pure graphene –Cu2O 
nanocomposite. Through this work we report of implementation of a reliable, cost effective and 
environment sensitive synthesis route for graphene based nanocomposite. 
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INTRODUCTION 
      
 Graphene (GN)   is one of the most important allotrope of carbon. It is one atom thick two 
dimensional sheet of sp2  bonded carbon atoms with hexagonal honeycomb lattice. It emerged as an 
immensely promising nano material.  With its own unique properties, graphene led to large scale of 
technological applications [1].   Long range π conjugation in graphene cater to unique properties like 
extremely high surface area (~ 2600 m2/g) [1-2], high mobility of charge carriers (~ 200000 cm2/VS) 
[3]. It has been reported that graphene shows a high thermal conductivity of   5000 W/mK. More over 
graphene exhibit 97.7% optical transmittance and a Young’s modules of 1.0 TPa [1-3].              
     On recent years researchers have been giving immense attention to develop these unique 
properties of graphene to various levels of applications. One of the highlighted way adopted for these 
purpose is production of graphene based composite materials. Various graphene nanocomposites like 
GN-TiO2 [4, 5], GN- ZnO [6], GN- NiS [7], GN-Mn3O4 [8], GN-Co3O4 [9], etc was reported for 
various applications [1, 4-10]. Among the metal oxide nanoparticles Cuprous oxide (Cu2O) is an eco-
friendly, p-type semiconductor and posses a band gap energy of 1.9 – 3.2 eV [10]. Cu2O is reported as 
an attractive material in everyday applications like Catalysts [11], Sensors [12], Lithium ion batteries 
[13], electronics and Photocatalytic water splitting [14]. 
     Graphene can be synthesised using various techniques such as Chemical vapour deposition 
(CVD) [15], exfoliation of graphite [16] etc.  Reportedly, a reliable way to produce high pure 
graphene is by electrochemical synthesis [17, 18, 19].  Using electrolytic deposition anchoring of 
metals like platinum, nickel, etc on graphene to produce graphene based composite were  reported 
[20,21,22]. Electrolytic deposition of Cu2O nanoparticle on electrolytically synthesised graphene to 
form graphene – Cu2O nanocomposite is not reported. To develop graphene -Cu2O nanocomposite, 
we adopt three step processes. Here we report about synthesis, characterisation and successful 
anchoring of Cu2O nanoparticles on graphene sheets.  
 
Materials and Methods  
  
 Two Graphite rods (purity 99%, metals basis.) were purchased from AlfaAesar. NaCl   and Copper 
sulphate, Conc. sulphuric acid (purity 98% ACS Empesti) were purchased from Merck. 
 Two graphite rods as electrodes   connected to an   appropriate constant dc voltage across it,   was 
dipped in   0.01 M of NaCl electrolytic   solution to obtain graphene sheets on anode graphite rod.  
Then    treated with Conc. Sulphuric acid   to achieve   more defects on   graphene sheets. The 
graphene deposited graphite rode was employed as cathode. The   Copper sulphate solution used as 
electrolyte. This leads to   deposition of Cu   based nanoparticles on the graphene sheets. The resultant 
powders were completely oxidised by drying. The graphene-Cu2O nanocomposites thus formed were 
used for further analysis.  The electrochemical reactions behind the formation of Graphene-Cu2O are 
given below in Table.1. 
      
 
 
 
 
 
 
 
 

Table .1. Ionic Half Equations (graphene Synthesis):  
    Cathode: 2H+ + 2e → H2 (g) 
 
    Anode:               2Cl-   →   Cl2 (g) + 2e-   
 
    In solution:       Na+ + OH-   → NaOH (aq) 
Formula Equation: 
     
 2NaCl (aq) + 2H2O (l)    → H2 (g) + Cl2 (g) + 2NaOH (aq)  
  Ionic Half Equations (Functionalisation on graphene): 

      Cathode:      Cu
2+

 (aq) + 2e
-
 → Cu s  

     Anode:           4OH
-
 aq  → 2H2O (l) + O2 (g) + 4e

-
  

Formula Equation: 2CuSO4 (aq) + 2H2O l  → 2Cu s  + 2H2SO4 (aq) + O2 (g). 1906
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 The structure of the sample was characterised by X-ray diffraction (XRD) Rigaku MiniFlex600 using 
Cu kα (λ= 1.54 Ao), The Raman spectra of graphene was obtained using Raman spectroscopy (Fischer 
Scientific dxr scientific 532nm, 10mV). The morphology was analyzed by Scanning Electron 
Microscopy (SEM) (Hitachi 0066). 
 
Result and discussion 

       
 The XRD of the graphene shows a large peak at an angle 2Ɵ =26.20 corresponding to the (002) 
reflection of graphene. As shown Fig.2 (a) small peaks at 2Ɵ =44.30 and 2Ɵ =54.40 corresponding to 
(101) and (004) respectively also obtained. In the XRD of graphene-Cu2O nanocomposite all the 
characteristic peaks of Cu2O are observed. This result can be taken as proof for successful synthesis of 
Cu2O nanoparticles. Peaks of Cu2O were obtained at angles 2Ɵ= 36.30, 41.90, 61.40, 73.20 
corresponding to the reflectance from (111), (200), (220), (311) Fig2 (b). On Comparing the XRD of 
pure graphene and GN-Cu2O nanocomposite, the (002) peak of GN shows a slight shift towards higher 
2θ side, (as demonstrated in   Fig.2(c)). This shift might be due to the deposition of Cu2O 
nanoparticles on graphene sheets.                   Raman spectra of graphene show characteristic peaks at 
1350 cm-1, 1581.5 cm-1 for D band and G band respectively. The Raman spectrum is shown in Fig 3. D 
peak reveal the disruption of symmetrical hexagonal graphitic lattice and G peak indicate the in-planar 
stretching motion of symmetric sp2 C-C bond. The ID/IG      ratio was found to be 0.88. 

Fig.1 Schematic representation – a) Synthesis of graphene by electrolytic method,  b) 

Electrolytic deposition of copper particles on graphene sheets. 
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Fig.2. a) XRD of graphene,  b) XRD of graphene- Cu2O nanocomposite,   c) Shift in XRD of GN-Cu2O  

compared with GN at (002) peak.  Fig.3. Raman spectra of graphene. 
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The SEM images of GN and GN-Cu2O are shown in the figure Fig.4 (a) and (b) respectively. The 
SEM images of graphene show transparent and wavy nature of graphene sheets. From the SEM 
images of the GN-Cu2O nanocomposites it is clear that Cu2O nanoparticles are effectively anchored 
on Graphene sheets on top, bottom and edges of the sheets.  On detailed investigation with SEM we 
found two types of Cu2O nanoparticle distributions. Some of the nanoparticles are loosely and freely 
anchored on the sheets distributed in a random fashion. Those particles were of average size 36 nm. A 
significant nanoparticles are found to grow around the defects seen on the surface of GN. It forms 
clusters of Cu2O nanoparticles around the defects. M.H Chakrabarti et al also reported the same effect 
on electrophoric deposition of platinum particles on graphene [20]. The size of the clusters ranges 
from 86 nm to 309 nm and has an average size of 150 nm. Clusters posses irregular shapes. The size 

c) SEM image of GN-Cu2O; arrows 

shows Cu2O. dispersed particles  on 

graphene phases.  

d) SEM image of GN-Cu2O; Cu2O- 

nanoclusters anchored. on defects and 

edges of the grapheen sheets. 

Fig.4. a)  SEM   image of   

Graphene (GN). 

b) SEM image of GN-Cu2O 

nanocomposite;   Cu2O nanoparticles of 

size 40±10 nm deposited on graphene 

sheets are specifically labelled. 
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of single nanoparticles is 40±10 nm.  Most of them seem to be spherical in shape.  
     On Conclusion, in this work, we successfully synthesised and functionalised graphene with Cu2O 
nanoparticles by electrolytic method. XRD pattern, Raman spectra and SEM images of the prepared 
samples suggest that Cu2O nanoparticles were successfully anchored on graphene sheets. The 
methodology discussed in this reported work suggest an efficient method for synthesis of 
functionalised graphene. The samples are specially noted for its purity and maximum yield.  The 
electrolytic synthesis of graphene nanocomposite is definitely an ecofiendly method. However, 
improvements are needed to obtain electrolytically synthesized graphene with lesser number of layers. 
A better control on the nano particle cluster formation and arrangement of Cu2O on graphene sheets 
are needed. That would lead in to an eco-friendly synthesize of graphene for photocatalytic, sensors, 
electronics and Lithium ion batteries.   
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SYNTHESIS AND CHARACTERIZATION OF NEODYMIUM DOPED 
NANOPIGMENTS FOR SURFACE COATING APPLICATIONS 
 
Dr. Chandini Sam S.P., Associate Professor, Department of Physics, Govt. College for Women, 
TVPM. 
 
ABSTRACT:  
  
  The proposed paper aim to investigate on the synthesis of zirconia based rare earth mixed 
oxide pigments of the form ZrCe1-xNdxO4-δ  by the solution combustion method and their 
characterization by X-ray powder diffraction, reflectance spectral data,  transmission electron 
microscopy, energy dispersive spectrometric analysis,  thermal analysis, and surface area 
measurements.  The synthesized nano pigments will also have notable NIR reflectance and hence 
have applications in NIR reflective coatings  and possess low a and high b and exhibit off white color 
when doped with Nd, with increase in x values. These pigments show maximum reflectance of 90 % 
when the wavelength is above   550 nm. HRTEM shows the particle size around 12nm. The 
homogeneity of the phase formed and resistance to water, acids and alkali, will be analysed and the 
rare earth mixed oxides developed will found to be promising candidates as nontoxic pigments. 
 
Keywords:   nanomaterials, combustion synthesis, X-ray diffraction, opical properties 
 
1.INTRODUCTION  

  
 Inorganic pigments are widely used in various applications  such as paints, inks,  plastics, 
rubbers, ceramics, enamels and  glasses1-4. Unfortunately  many  of  the  inorganic  pigments  
comprise toxic metal ions like lead, chromium, cadmium and cobalt. The use of these metal ions is 
increasingly strictly controlled, indeed banned by legislations in many countries because of their high 
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toxicity. Hence there is a strong incentive to develop new coloured  inorganic  pigments  to  substitute  
for  industrial  pigments  that  are  based  on  heavy elements hazardous to health and the 
environment. Thus the primary objective of the present study is to design and develop novel 
environmentally  benign rare earth (Nd) doped inorganic pigments for various applications5-7.   
Solution Combustion method is used for the synthesis of ceramic pigments at low temperature and  
homogeneous end products. In this method citric acid is used as fuel.  Pigments  derived from rare 
earth materials can arise from charge transfer interaction between donor and acceptor with the metal 
ions, playing generally the role of an acceptor. Dopants based on the rare earth elements in a mixed 
oxide system offer an opportunity to tune the response through the manipulation of energy gap and 
the localization phenomena in conduction and valence band. This property offers wide scope for 
specific applications8-10.  
            The new pigments of the formula  ZrCe1-xNdxO4-δ (x  =  0.1,  0.2)  have been synthesized by 
solution combustion method from the respective oxides/nitrates and characterized  for their structure 
and color properties. The new yellow pigments give better reflectance compared to available 
pigments. The synthesized pigments    have wide applications in coloring paint, ink, plastic, ceramics  
etc.    
 
2.EXPERIMENTAL  

 
The starting materials used for the preparation of ZrCe1-xNdxO4-δ nano pigments are Zirconyl 
Oxychloride (ZrOCl2.8H2O) ,  Cerium (III)nitrate hexahydrate  (Ce(NO3)3.6H2O) ,  Europium fluoride 
(EuF3) , Citric acid,   Liquor Ammonia,  con. Nitric acid,  Acetone.  Stoichiometric  amounts  of the 
materials were taken and dissolved in conc. HNO3 in separate  beakers.  A  clear solution was 
obtained by uniform stirring and  mixing, the  solution  was then  heated at 3500C. The  powder 
obtained  after combustion was collected  and heated in an  Muffle furnace at about 6500C  for  to 
remove the carbon if any. A light yellow powder obtained. The powder samples were characterized by 
X-ray powder diffraction technique (XRD) using a Philips X’pert Diffractometer with  Ni-filtered  Cu  
Kα   radiation, reflectance spectra with Varian, Cary 5000 UV-NIR Spectrophotometer operating in 
the 200-800 nm. Color coordinates were measured with a UV-visible Spectrometer(Shimadzu UV-
2450 with an integrating spere arrangement , ISR-2200) using BaSO4 as reference. The CIE 1976 L* 
a* b* colorimetric method was used to describe the colour parameters 
 
3.RESULTS AND DISCUSSION  

 
The structure of the sample is same as Tetragonal group of ceriamite compound ZrCeO4  (as per 
JCPDS file no. 38-1436). The sharp and intense peak found in the XRD pattern reveals the crystalline 
nature of the powders (Fig. 1  ).  The particle size of the colorants was determined using Debye 
Scherrer  formula,  
D =0.9λ   / β cosθ  ; where, D is the particle size, λ   is the wavelength of X- ray used,  β the half 
width of XRD diffraction lines half diffraction angle respectively.  The  particle  size    measured  
from  XRD  data    was  found  in  the  range 10-12nm . The average particle size  as observed from 
the TEM photograph is 12nm (Fig.2a,b). 

 
                  
 
 
 
 

1912

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



15 

 

  
 

  Fig.1 The XRD pattern of pure ZrCe1-xNdxO4-δ nanopigment.  
                                 
  
  
 
 
 

 
 
 
 
 
 
 

 
 

Fig. 2(a)  Bright field image of  

ZrCe0.8Nd0.2O3.5 pigments                 Fig.2(b)The HRTEM of pure  ZrCe0.8Nd0.2O3.5 pigments 
 
The  reflectance spectra  of  the  pigments  were  recorded  at  room  temperature  in  the visible range 
(340-800 nm)  by using  a Varian,  Cary 5000  UV-NIR spectrophotometer using MgO as a reference. 
The reflectance  spectra of the ZrCe1-xNdxO4-δ nano pigment is shown in Fig.3  . The pigment ZrCe1-

xNdxO4-δ shows a maximum reflectance of  90%  when  the  reflected  radiation  wave  length  is  
above  645  nm.  The  pigment ZrCe0.8Nd0.2O3.5   shows  a  maximum  reflectance  of  92%  when  the  
reflected  radiation  wave length  is above  620nm.  The reflectance  spectrum of  the pigment ZrCe1-

xNdxO4-δ shows  an absorption edge depends critically on the dopant Nd. The pigments have light 
yellow colour (Table.1  ). The  reflectance spectra confirm the formation  of yellow colour  when 

doped with Nd, with  increase in x  values. Addition  of Nd 
does not change the colour of the pigment significantly. The 
average surface area of the samples was found to be 
20.79m2/g. The powder density of the samples obtained were 
3.2 and 3.5 g/cc, and foam density between 0.01 and 0.02 g/cc. 
 
 
 
 

Fig.3 The reflectance of ZrCe0.8Nd0.2O3.5 nanopigment 
 
Table. 1 The colour properties of the Nano pigments  
 
Theoritical formula of 
the pigment 

L* a* b* h0 C* Max R% Color 

ZrCe0.8Nd0.1O3.5 93.95   -3 .24   17.29     100.63     17.59   90% YELLOW   
ZrCe0.8Nd0.2O3.5 95.31   -2 .74   13.21     101.71     13.49   92% YELLOW 
 
                     The stoichiometric formula calculated from the semi-quantitative EDS analysis was in 
close agreement with the respective theoretical formula. The EDS micro chemical analysis was 
carried out at different regions of the sample (Fig.4) and  found the presence of all the expected 
elements.  It is observed from the TGA and DTA analysis that there is no weight loss or phase 
transformation of ZrCe0.8Nd0.2O3.5 in the temperature range (50-1200oC).  Fig. 5 shows TGA/DTA of 
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the pigment, ZrCe0.8Nd0.2O3.5.  

   
 
 
 
 
 
 
 
 
 
 
                                                           
 
          
 
 
 
 
 
 
 
Fig.4 EDS of ZrCe0.8Nd0.2O3.5 nanopigments.  

 
 Fig. 5  TGA/DTA of ZrCe1-xNdxO4-δ pigments. 
 
  
 
 

Fig.5 Photograph of ZrCe1-xNdxO4-δ   (x  =  0.1, 0.2) 

nanopigment 
 
 
 
 
 
 
 
CONCLUSION  
 
  The preparation of fine particle ZrCe1-xNdxO4-δ   (x  =  0.1, 0.2) yellow pigments by the  
solution combustion  method gives nanosize oxides with particle sizes in the range of 11-12 nm using 
citric acid as fuel. The combustion process yields voluminous fine particle products in short time and 
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appears to be energetically attractive and economically viable. The developed pigments were found to 
have yellow hue, high reflectance and lightness. Further these colorants were also thermal and 
chemical resistant. Thus the above pigments may find potential alternative to the conventional toxic 
inorganic pigments for use in paints, coatings, plastics and glass enamels. 
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NEGATIVE SOLITARY WAVES IN A FIVE COMPONENT COLLISIONAL PLASMA 
 
Sijo Sebastiana, Manesh Michaela, Sreekala G.a, Neethu Theresa Willingtonb, S. Antonya, and Chandu 
Venugopala,* 

aSchool of Pure & Applied Physics, Mahatma Gandhi University, 
Priyadarshini Hills, Kottayam, 686 560, Kerala, India 
bC.M.S College, Kottayam 686 001, Kerala, India*cvgmgphys@yahoo.co.in 
 
ABSTRACT:  
  
 We have studied the collisional effect on negative solitary structures in a five component 
dusty plasma consisting of kappa described electrons, hot electrons and ions and also negatively and 
positively charged oxygen ions(dust).The modified equation is derived and the solution is plotted for 
different physical variables. We find that collisions decrease the magnitude of the amplitude of the 
solitary structures. Also the magnitude of the amplitude of the solitary structure increases with an 
increase of dust temperature; the amplitude, however, decreases with an increase of electron 
temperature. 
   
1. INTRODUCTION 
   
 Dusty plasmas is an interesting current topic of extensive research since dust plays an 
important role in space, astrophysical and dusty plasma environments. Dust is widespread in the 
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plasmas of the Earth’s magnetosphere, rings of Saturn, asteroid zones, cometary tails and interstellar 
clouds [Horányi and Mendis, (1985); Shukla (2001); Shukla and Mamun, (2002); Mamun and Shukla, 
(2002)].This extensive presence of dust makes non-linear studies in these plasmas very complex and 
interesting. The discovery of novel phenomena such as dust acoustic waves [Rao et al., (1990)], dust 
ion acoustic waves [Shukla and Silin, (1992)] and dust lattice waves [Melandso, (1996)] have added 
impetus to the study of dusty plasmas. Most of the studies on these phenomena were generally 
confined to plasmas with negatively charged dust as a constituent [Chatterjee and Jana, (2005); Ellis 
and Neff, (1991); Chow et al., (1993); Horányi et al., ( 1993)]. 
 
However, many plasma environments exist in nature where positively and negatively charged dust 
grains coexist. For example it was shown by Ellis and Neff, (1991) that the sign of the charge on the 
dust grains in the tail of comet Halley is a function of distance. Additionally, the grain potential could 
be either positive or negative in the region between the outer shock and the cometary ionopause 
[Horányi and Mendis, (1985)]. It was also shown by Chow et al., (1993) that cosmic plasma have 
different sized grains of opposite charge: the smaller sized grains were positively charged while the 
larger sized grains were negatively charged. In the nearer plasma environment of the Earth, Havnes et 

al., (1996) found the negative charge density locked in the dust grains was so large that it resulted in 
an electron bite out. And an increase in an electron density due to photo- ionization resulted in 
positively charged dust grains. 
 
This growing realization of the importance of co- existence of positively and negatively charged dust 
grains led many authors to study nonlinear phenomena in these dusty plasmas: solitary waves in a 
four component plasma was investigated by Sayed and Mamun, (2007) by the RPT technique; a 
complementary study of the same phenomena was carried out by Chatterjee and Roy, (2008) using the 
pseudo-potential technique of Sagdeev. This wave was also studied in a four component adiabatic 
magnetized plasma [Akhter, (2013)]. 
 
Plasmas observed in different space environments, which have a significant population of high energy 
particles are better modelled by “kappa” distribution functions [Vasyliunas, (1968)]. Acoustic solitary 
waves with the ions described by kappa distributions have been studied by many authors [Basu, 
(2008); Baluku and Hellberg, (2008); Saini et al., (2009); Sahu, (2010); Shah, (2011); Choi et al., 
(2011)]. Linear and nonlinear studies in dusty plasmas where both ions and electrons are described by 
kappa distributions have also been carried out [Masood and Ahmad, (2012); Haque, (2013)]. 
 
A plasma composition of five constituents is required to realistically model a cometary plasma: in 
addition to the main components of solar wind hydrogen and hot electrons, the dissociation of water 
group molecules would give rise to positively charged oxygen ions and the associated colder, photo-
electrons [Brinca and Tsurutani, (1987)]. And the negatively charged oxygen ions discovered by 
chaizy et al, (1991) forms the fifth constituent. 
We investigate the existence of solitary waves in the above five component plasma taking collisions 
into account. We find that the effect of collision decreases the magnitude of the amplitude of the 
solitary structures. 
 
2. Basic Equations: 

 
As mentioned above we intent to study solitary waves in a five component plasma consisting of 
positively and negatively charged oxygen ions (dust) and colder photo-electrons, protons and hotter 
electrons. And for reasons given above, we model the protons and electrons by kappa distributions. 
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The relevant equations, all normalized with parameters appropriate to negatively charged oxygen ions 
and denoted subscript 1, are: 
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In equations (1) to (4) 
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In (6), j=1 denotes (negative ions) or 2 (positive ions) while x and t are the space and time variables. 

Also m and T denote, respectively, the mass and temperature respectively. And ju
 and jn

 denote, 

respectively, the velocity and density of species j (‘0’ denotes the equilibrium value) while  j
 is their 

collision frequency. Also 1D  and 1p
 denote, respectively, the Debye length and plasma frequency 

of the negative ions defined by  
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In (7) Z denotes the charge number while e is the electronic charge. Bk is the Boltzmann’s constant. 

Also 
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 in (3). 
The normalized form of the kappa distributions for hot and cold electrons and protons is given by 
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Derivation of K-dV equation: 
 
To derive the K-dV equation in the plasma of the above composition we expand all parameters about 
their equilibrium values as  
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where 0M
is the Mach number. 

 
Converting equations (1) to (5) from the (x,t) to (  , ) coordinate system and equating the 
corresponding powers of  , we get the following relations for the perturbed quantities: 
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Using (11) and (12) and the higher order equations of motion and continuity and the Poisson’s 
equation permits the final equation to be written as  
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where the coefficients A, B and C are given by: 
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The solution to (13) can be shown to be as 
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3. Results 
 
We plot our graphs for parameters relevant to comet Halley [Brinca and Tsurutani, (1987)]. The 

density of hydrogen ions observed at comet Halley was 
-3

4.95 cm  with a temperature of 
4

8 10 K . The 

solar electron temperature was 
5

2 10 K  [Brinca and Tsurutani, (1987)]. The negatively charged ions 

were detected with an energy of 1eV, with densities 
-3

1cm  in the 7-19 amu peak [Chaizy et al., 

(1991)]. Therefore we choose a majority ion density 
-3

4.95 cm0ni   and temperature
4

8 10T Ki   , hot 

electron temperature 
5

2 10 KTse    and photo-electron temperature
4

2 10 KTce   . Negatively and 
positively charged oxygen ions are considered in lieu of negatively and positively charged dust with 

densities of 
-3

0.05 cm10n   and 
-3

0.5 cm20n   respectively. The temperature of negatively and 

positively charged oxygen is taken as 
4

1.16 101T K   [Chaizy et al., (1991)]. 
 
  The different graphs in red, blue and green in colour shows respectively the collision less, 

collisional (only one dust) and collision 
(both dust) throughout. 

                              

Fig (1)       
Figure (1) shows the effect of collision on 
negative solitary structures. From the 
graph, we can see that as the equilibrium 
values of hydrogen density increases the 
magnitude of the amplitude of the solitary 
structures decreases. The decrease is a 

maximum in a dusty plasma with two components as compared to collision less plasma. The value of 
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the effect of collision of only one type of dust lies in between the collision (two types of dust) and 
collision less cases. 
            
                                                               Fig (2) 

Figure (2) shows the effect of collision 
on solitary structures for the variation of 

equilibrium values of positively charged 
oxygen ions. From the graph, it is clear 

that the effect of the collision is similar to 
the previous case. However the influence of 
the positively charged oxygen ions on the 
amplitude of the solitary structure is smaller when compared to that due to hydrogen ions.        
         

                                     
 
                              Fig (3) 

Figure (3) shows the effect of collision and 
variation of electron temperature on the solitary 
structures. From the three cases (collisional, 
with both types of dust, collisions of one type 
of dust and collision less), it is seen that as the 
electron temperature increases magnitude of the 
amplitude of the solitary structures increases. 

The effect of collision causes a decrease in the magnitude of the amplitude of the solitary structures. 
                   
                                                                        Fig (4) 
 

And finally figure (4) shows the effect of 
collision and variation of temperature of 
dust on the solitary structures. From the 
figure, we can see that as temperature of 
dust increases, the magnitude of the 
amplitude of solitary structure decreases. 

 
 
 
 
4. CONCLUSION 
 
 We have studied the collisional effect on negative solitary structures in a five component 
dusty plasma consisting of kappa described electrons, hot electrons and ions and also negatively and 
positively charged oxygen ions (dust). A modified KdV equation is derived and the solutions are 
plotted for different physical parameters for the three cases; with collisions (two types of dust), with 
collision (only one type of dust) and collision less. We find that the effect of collision decreases the 
magnitude of the amplitude of the solitary structures. The magnitude of the amplitude of the solitary 
structures decreases with an increase in the equilibrium values of hydrogen density. However, the 
amplitude is less affected by an increase of equilibrium values of positively charged dust. The 
magnitude of the amplitude of the solitary structure increases with an increase of dust temperature; the 
amplitude, however, decreases with an increase of electron temperature. 
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SYNTHESIS AND CHARACTERIZATION OF NEODYMIUM DOPED 
NANOPIGMENTS FOR SURFACE COATING APPLICATIONS 
 
Dr. Chandini Sam S.P., Associate Professor, Department of Physics, Govt. College for Women, 
TVPM. 
 
ABSTRACT:  
 
  The proposed paper aim to investigate on the synthesis of zirconia based rare earth mixed 
oxide pigments of the form ZrCe1-xNdxO4-δ  by the solution combustion method and their 
characterization by X-ray powder diffraction, reflectance spectral data,  transmission electron 
microscopy, energy dispersive spectrometric analysis,  thermal analysis, and surface area 
measurements.  The synthesized nano pigments will also have notable NIR reflectance and hence 
have applications in NIR reflective coatings  and possess low a and high b and exhibit off white color 
when doped with Nd, with increase in x values. These pigments show maximum reflectance of 90 % 
when the wavelength is above   550 nm. HRTEM shows the particle size around 12nm. The 
homogeneity of the phase formed and resistance to water, acids and alkali, will be analysed and the 
rare earth mixed oxides developed will found to be promising candidates as nontoxic pigments. 
 
Keywords:   Nanomaterials, Combustion Synthesis, X-ray Diffraction, Opical Properties 
 
1.INTRODUCTION  
  
 Inorganic pigments are widely used in various applications  such as paints, inks,  plastics, 
rubbers, ceramics, enamels and  glasses1-4. Unfortunately  many  of  the  inorganic  pigments  
comprise toxic metal ions like lead, chromium, cadmium and cobalt. The use of these metal ions is 
increasingly strictly controlled, indeed banned by legislations in many countries because of their high 
toxicity. Hence there is a strong incentive to develop new coloured  inorganic  pigments  to  substitute  
for  industrial  pigments  that  are  based  on  heavy elements hazardous to health and the 
environment. Thus the primary objective of the present study is to design and develop novel 
environmentally  benign rare earth (Nd) doped inorganic pigments for various applications5-7.   
 Solution Combustion method is used for the synthesis of ceramic pigments at low temperature 
and  homogeneous end products. In this method citric acid is used as fuel.  Pigments  derived from 
rare earth materials can arise from charge transfer interaction between donor and acceptor with the 
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metal ions, playing generally the role of an acceptor. Dopants based on the rare earth elements in a 
mixed oxide system offer an opportunity to tune the response through the manipulation of energy gap 
and the localization phenomena in conduction and valence band. This property offers wide scope for 
specific applications8-10.  
           
  The new pigments of the formula  ZrCe1-xNdxO4-δ (x  =  0.1,  0.2)  have been synthesized by solution 
combustion method from the respective oxides/nitrates and characterized  for their structure and color 
properties. The new yellow pigments give better reflectance compared to available pigments. The 
synthesized pigments    have wide applications in coloring paint, ink, plastic, ceramics  etc.    
 

1. EXPERIMENTAL  

 
The starting materials used for the preparation of ZrCe1-xNdxO4-δ nano pigments are Zirconyl 
Oxychloride (ZrOCl2.8H2O) ,  Cerium (III)nitrate hexahydrate  (Ce(NO3)3.6H2O) ,  Europium fluoride 
(EuF3) , Citric acid,   Liquor Ammonia,  con. Nitric acid,  Acetone.  Stoichiometric  amounts  of the 
materials were taken and dissolved in conc. HNO3 in separate  beakers.  A  clear solution was 
obtained by uniform stirring and  mixing, the  solution  was then  heated at 3500C. The  powder 
obtained  after combustion was collected  and heated in an  Muffle furnace at about 6500C  for  to 
remove the carbon if any. A light yellow powder obtained. The powder samples were characterized by 
X-ray powder diffraction technique (XRD) using a Philips X’pert Diffractometer with  Ni-filtered  Cu  
Kα   radiation, reflectance spectra with Varian, Cary 5000 UV-NIR Spectrophotometer operating in 
the 200-800 nm. Color coordinates were measured with a UV-visible Spectrometer(Shimadzu UV-
2450 with an integrating spere arrangement , ISR-2200) using BaSO4 as reference. The CIE 1976 L* 
a* b* colorimetric method was used to describe the colour parameters 
 

2. RESULTS AND DISCUSSION  

 
The structure of the sample is same as Tetragonal group of ceriamite compound ZrCeO4  (as per 
JCPDS file no. 38-1436). The sharp and intense peak found in the XRD pattern reveals the crystalline 
nature of the powders (Fig. 1  ).  The particle size of the colorants was determined using Debye 
Scherrer  formula,  
D =0.9λ   / β cosθ  ; where, D is the particle size, λ   is the wavelength of X- ray used,  β the half 
width of XRD diffraction lines half diffraction angle respectively.  The  particle  size    measured  
from  XRD  data    was  found  in  the  range 10-12nm . The average particle size  as observed from 
the TEM photograph is 12nm (Fig.2a,b). 

 
    Fig.1 The XRD pattern of pure ZrCe1-xNdxO4-δ nanopigment.  
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Fig. 2(a)  Bright field image of ZrCe0.8Nd0.2O3.5 pigments                 Fig.2(b)The HRTEM of 

pure  ZrCe0.8Nd0.2O3.5 pigments 
 
The  reflectance spectra  of  the  pigments  were  recorded  at  room  temperature  in  the visible range 
(340-800 nm)  by using  a Varian,  Cary 5000  UV-NIR spectrophotometer using MgO as a reference. 
The reflectance  spectra of the ZrCe1-xNdxO4-δ nano pigment is shown in Fig.3  . The pigment ZrCe1-

xNdxO4-δ shows a maximum reflectance of  90%  when  the  reflected  radiation  wave  length  is  
above  645  nm.  The  pigment ZrCe0.8Nd0.2O3.5   shows  a  maximum  reflectance  of  92%  when  the  
reflected  radiation  wave length  is above  620nm.  The reflectance  spectrum of  the pigment ZrCe1-

xNdxO4-δ shows  an absorption edge depends critically on the dopant Nd. The pigments have light 
yellow colour (Table.1  ). The  reflectance spectra confirm the formation  of yellow colour  when 
doped with Nd, with  increase in x  values. Addition  of Nd does not change the colour of the pigment 
significantly. The average surface area of the samples was found to be 20.79m2/g. The powder 
density of the samples obtained were 3.2 and 3.5 g/cc, and foam density between 0.01 and 0.02 g/cc. 

                              
Fig.3 The reflectance of ZrCe0.8Nd0.2O3.5 

nanopigment 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table. 1 The colour properties of the Nano pigments  
 
Theoritical formula of 
the pigment 

L* a* b* h0 C* Max R% Color 

ZrCe0.8Nd0.1O3.5 93.95   -3 .24   17.29     100.63     17.59   90% YELLOW   
ZrCe0.8Nd0.2O3.5 95.31   -2 .74   13.21     101.71     13.49   92% YELLOW 
 
                     The stoichiometric formula calculated from the semi-quantitative EDS analysis was in 
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close agreement with the respective theoretical formula. The EDS micro chemical analysis was 
carried out at different regions of the sample (Fig.4) and  found the presence of all the expected 
elements.  It is observed from the TGA and DTA analysis that there is no weight loss or phase 
transformation of ZrCe0.8Nd0.2O3.5 in the temperature range (50-1200oC).  Fig. 5 shows TGA/DTA of 
the pigment, ZrCe0.8Nd0.2O3.5.  

   
 
 
 
 
 
 
 
 
 
 
                                                          
 
        
 
 
 
 
 
 

  Fig.4 EDS of ZrCe0.8Nd0.2O3.5 nanopigments.  

 
 Fig. 5  TGA/DTA of ZrCe1-xNdxO4-δ pigments. 
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Fig.5 Photograph of ZrCe1-xNdxO4-δ   (x  =  0.1, 0.2) nanopigments 

 
 

3. CONCLUSION  
  
The preparation of fine particle ZrCe1-xNdxO4-δ   (x  =  0.1, 0.2) yellow pigments by the  solution 
combustion  method gives nanosize oxides with particle sizes in the range of 11-12 nm using citric 
acid as fuel. The combustion process yields voluminous fine particle products in short time and 
appears to be energetically attractive and economically viable. The developed pigments were found to 
have yellow hue, high reflectance and lightness. Further these colorants were also thermal and 
chemical resistant. Thus the above pigments may find potential alternative to the conventional toxic 
inorganic pigments for use in paints, coatings, plastics and glass enamels. 
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Abstract  
 
The stability of kinetic Alfven wave (KAW) in a two ion plasma, consisting of hydrogen ions, oxygen 
ions and electrons is studied. All three components have been modeled by ring distributions (obtained 
by subtracting two Maxwellian distributions with different temperatures) with the hydrogen and 
electrons drifting, respectively, with velocities VdH and Vde. The two potential theory of Hasegawa has 
been used to derive the dispersion relation. For typical parameters at comet Halley, we find that both 
VdH and Vde can drive the wave unstable; the KAW is thus driven unstable in a current-less plasma. 
Such instability was found for the ion acoustic wave by Vranjes et al [Vranjes et al, (2009)]. 
 
1. Introduction 
 
The KAW was introduced by Hasegawa and co-workers [Hasegawa and Chen, (1975); Hasegawa, 
(1976)] and takes into account the effect of finite electron pressure and ion gyro-radius on the shear 
Alfven wave. Since then, the KAW has been studied in a wide variety of contexts such as space 
plasmas [Wu, (2003 a, b); Wu and Chao, (2003, 2004)], solar [Wu and Fang, (1999, 2003, 2007); 
Voitenko, (1998); Voitenko and Goossens, (2000)], cometary [George et al., (2011)] and laboratory 
plasmas [Ross et al., (1982); Huang et al., (1991)]. KAWs have also been studied in multi-ion plasmas 
since oxygen and other heavier ions have been observed in auroral and cometary plasmas [Yang and 
Wu, (2005); Guang et al., (1997)]. At this point it may be noted that the low frequency 
electromagnetic fluctuations observed in the auroral zone of the ionosphere and magnetosphere has 
been identified as KAWs. 
 As regards comets an elegant 3 step process involving KAWs has been proposed to describe 
how the solar wind protons are heated by low frequency MHD waves that are driven unstable by ion 
beams on ring like distributions [Sharma and Tripathi, (1988)]. And such Alfvenic turbulence has 
been detected by the ICE spacecraft at the comet Giacobini-Zinner [Tsurutani and Smith, (1986); 
Gosling et al., (1986)]. Similar turbulence has also been detected at comet Halley by the spacecrafts 
Giotto and Vega [Neubauer et al., (1986); Reidler et al., (1986)]. 
 A cometary plasma environment contains hydrogen and new born heavier ions (mainly 
oxygen) with densities depending on their distances from the nucleus. A popular model of the solar 
wind containing dilute, drifting distributions of electrons, hydrogen and oxygen ions with finite 
thermal speeds was used to study numerically the stability of electromagnetic waves driven by new 
borns [Brinca and Tsurutani, (1987)]. We use this popular model to study the stability of KAWs using 
the two potential theory of Hasegawa. For the most general case we find the dispersion relation to be a 
polynomial equation of order 5. For typical parameters observed at comet Halley we find that the 
KAW is driven unstable in a current-less plasma with the growth rate increasing with increasing 
oxygen ion densities. 

2. The Dispersion Formula 
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 We investigate the stability of KAWs in a two ion plasma of hydrogen (H) and oxygen (O) 
and electrons. Hydrogen and electrons (e) are described by a drifting Maxwellian distribution, parallel 
to the magnetic field. In the direction perpendicular to the magnetic field we simulate a loss cone type 
distribution obtained by subtracting two Maxwellians with different temperatures [Brinca and 
Tsurutani, (1987)]. The distributions thus have the form 
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 We use the two potential theory of Hasegawa (Hasegawa and Sato, 1989) to 
derive the dispersion formula for the propagation of KAWs. In this theory the electric fields parallel (
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Again, using the expression for the perturbed distribution function for ions [Hasegawa and Sato, 

(1989)], (1) and (2) and carrying out the ||dv
 and dv  integrations result in the following expressions 

for the perturbed charge density and current for ions. The perturbed charge density for ions is 
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We derive, in this section, the dispersion relation for the propagation of KAW in our e + H + O 
plasma, using relations (6), (7), (8) and (9) in conjunction with (4) and (5). By using small parameter 
expansion of the plasma dispersion function in equation (6) and (7), we get  
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Using the asymptotic expansion for the plasma dispersion function of ions in (8) and (9) and retaining 
only the n = 0 term, we get  
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The expression for the z-component of the perturbed ion current is 
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(10), (11), (12) and (13) will be used to derive dispersion relation for KAWs. 
Substituting the required relations into the Poisson’s equation (4) and the Ampere’s law (5) and 

making a last simplifying assumption of 
2 2 2,dH TH TOV V V  (an assumption that will be justified in the 

next section) and simplifying enables us to write the dispersion relation for KAWs in our three 
component plasma of electrons, hydrogen and oxygen ions as 
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4. Results 
 
 We consider the parameters observed at comet Halley, namely a hydrogen density 

3   4.9 Hn cm , oxygen density 
3 0.5 

O
n cm


, hydrogen temperatures 

4 9  10HT K 
, 

electron temperature 
5 2 10eT K 

and oxygen temperature 
4 1.16 1  0

O
T K  

. The 
observed value of the solar wind velocity was 400 km s-1 and for the ion temperatures above 

222 , 
TOTHdH VVV

 thus justifying our assumption made in the derivation of the dispersion relation. 
The ring parameters ‘a’ and ‘b’ were held a constant for all species at a = 2.0 and b = 1.2. The zero 

current condition was satisfied from H dH e den V n V
.  

  

 Fig. 1 is a plot of normalized growth rate AVk||


(VA is the Alfven velocity) versus Hk   (

H is the hydrogen ion gyro-radius) as a function of the hydrogen drift velocities. Curve (a) is for 
5400 10dHV    cms-1, curve (b) for 

5 410 10dHV    cms-1 and curve (c) for 
5 420 10dHV    

cms-1; the other parameters are as given above. We find that the growth rate increases with increasing 

dHV
.  

1931

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



34 

 

            
                  Fig. 1.                                                               Fig. 2.        
   

The influence of the hydrogen ions on the growth rate is studied next, fig. 2 is a plot of  AVk||


 

versus Hk   for 
5400 10dHV    cms-1; the other parameters are as given above. Curve (a) is for 

3 3.0 Hn cm , curve (b) is for 
3 5.0 Hn cm and curve (c) is for 

3 7.0 Hn cm . We find that 
the growth rate increases with increasing hydrogen densities; there is also a shift in the peak value of 

the growth rate towards lower Hk   as Hk   increases. Figures 1 and 2 illustrate that the drift 
velocity of the hydrogen ions is a source of instability for the KAW wave.                              

                    
                         Fig. 3                                                                     Fig. 4 
 

 The effect of heavier ion is considered next. Fig. 3 is thus a plot of  AVk||


 versus 

Hk   for 
5400 10dHV    cms-1; the other parameters are as given above curve (a) is for nO

+ = 0.5 
cm-3, curve (b) is for nO

+ = 0.6 cm-3 and curve (c) is for nO
+ = 0.7 cm-3. From the figure we find that 

the growth rate increases with increasing oxygen ion densities. 

The effect of the ion temperature is considered next. Figure (4) is thus a plot of ( AVk||


) versus 

Hk   for different hydrogen ion temperatures HT
.  Curve (a) is for 

51.2  10HT K  , curve (b) is 

for 
5 1.3  10  HT K  and curve (c) for 

51.5  10HT K  . The other parameters are 
3  4.9 Hn cm ,  

3 0.5
O

n cm


and 
5 1 4= 00 10dHV cms . We find that the growth rate decreases 

with increasing hydrogen temperatures. 
5. Conclusions 

 We have studied the stability of the kinetic Alfven wave in a plasma composed of hydrogen 
and positively and oxygen ions and electrons. The source of free energy for the instability is the drift 
velocity of the H+ ions which is equal to the drift velocity of electrons so that the plasma is current-
less. 
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1. Introduction   

 In the uniform nonlinear fiber, soliton can propagate over a long distance without change of 
the amplitude   and shape under the condition that the group velocity dispersion (GVD) balances the 
self-phase modulation (SPM). In the regime of anomalous dispersion, the bright soliton exists, while 
the dark soliton could arise in the regime of normal dispersion.   The antidark soliton   is another type 
of soliton similar to the bright soliton which exists in the form of a bright pulse on a nonzero 
continuous wave background in the normal dispersion regime. The dynamics of optical soliton 
propagation is governed by the nonlinear Schrödinger (NLS) equation.  In a realistic optical fiber 
transmission system, the core is not homogeneous due to the various factors such as manufacturing 
defects and density variations. The propagation of optical pulse in inhomogeneous fiber is governed 
by variable-coefficient nonlinear Schrödinger (VcNLS) equation.  It is essential to the study of gain/ 
loss and compression/broadening of optical solitons, these are the new and important developments in 
the application of solitons for optical fiber communication systems. The pulse compression is an 
important application of nonlinear fiber optics, which reduces the pulse duration in the regimes of 
ultrashort pulse, resulting in an output pulse that is narrower than the input pulse. In this work, we 
investigate the pulse compression of optical antidark soliton in the variable-coefficient modified 
nonlinear Schrödinger (VcMNLS) model with the distributed dispersion, self-phase modulation, self-
steepening and linear gain/loss.  The VcMNLS is given by [H. Q. Zhang (2012)]; 
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                                                        ,       (1)                          

 
 In Eqn. (1),         is the envelope of the axial electric field, the variables   and  , respectively, 
represent the normalized distance along the fiber and the retarded time. The group velocity dispersion, 
self-steepening, Kerr nonlinearity and amplification or absorption effects are related to the respective 
coefficient functions     ,            and      . 
 

2. Soliton solution 
 
In this section, we have constructed the one-soliton solution of Eq. (1) by using Hirota’s bilinear 
method, with rational dependent variable transformation, 

                                                                                                                                    (2) 

Where G is real and F is complex functions. By substituting Eq. (2) in (1), we can derive the 
following bilinear equations [R. Hirota. (2014)],                                                    
                                                                                            (3a)                                               (3b) 

                                                                                                    (3c) 

                                                                                    (3d) 

Where D is the Hirota operator,      is an analytic function to be determined.    and   are describe 
as, 
                                 and                                    
 
By solving the above set of Eq. (3) with the power series expansion of G and F as 
 
G =            ,       F =                  
 
For one -soliton solution, the lowest order expansions is taken as, 
 
 
G =      , and F =         , then back to bilinear Eqn. (3), we get 

                      ,                                     and                          (4) Where, 

                           ,                                                                      

                               ,                                                                                     , 
                                                                                 

 
From the Eq. (2), the one- soliton solution is, 
                                                  
                                                                                           (5) 
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With     is a real constants. Therefor the above one- soliton solution can be explicitly given by, 
                                  
 
 
 

                                                                                        (6)  

Where, 

                                                                                                              
 
 
 
 
 
 3. Parametric regions for the existence of soliton solutions. 

From the solution (6), we will analyze the dynamics of antidark soliton pulse in inhomogeneous 
fibers. In order to ensure a real dispersion relation, we must require that the parameter   be a constant 
and have a certain range. The frequency     is real if the wavenumber    satisfies 
                                 

With                    or            

 
 
Characterizing the inhomogeneous features of propagating optical antidark soliton, some important 
physical quantities such as velocity, width, amplitude and energy are respectively given as 
 
 
             ,            ,                                    ,                 = 

                      
 

 
4. Results and discussions.     
           
     The antidark one-soliton solution of the Eqn. (1) has been constructed by the Hirota bilinearization 
method and it is given in the Eqn. (6). We study the solution (6) by varying coefficient functions       and      . Figures (1) and (2) depict the evolution plot of ultrashort antidark soliton pulse with 
gain/loss and compression/broadening in the VcMNLS model.   In the long distance optical fiber 
transmission system, the optical soliton will deform progressively as a result of fiber loss. The 
coefficient       plays an important role in determining the amplification or absorption of the soliton 
pulse.  From the Eqn. (6), the soliton controls due to amplification and absorption has been studied. 
The coefficient     =0, which corresponds to the case of fibers without any loss or gain. Fig. 1(a) 
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(a) (c) (b) 

illustrates the soliton propagation without gain/ loss. When      is a constant value   , the solution 
represents propagation of soliton pulse in a medium with constant gain or loss. When σ <0, the pulse 
undergoes the amplifications.  In this case the amplitude of the pulse increases as it propagate through 
the medium.   Fig.1 (b) illustrate the soliton propagation with gain. When σ >0, the pulse undergoes 
compression. In this case the amplitude of the pulse continuously decreases as it propagate through 
the medium. Fig. 1(c) illustrate the soliton propagation with loss.  By varying the coefficient     , the 
soliton amplification or absorption can be controlled [H. Q. Zhang. (2010), M. L. Li. (2010)] 

 
 
 
 
  
 
 
 
 
 
 
 
 

 
 
Fig (2) shows the evolution of antidark soliton pulse with respect to the varying GVD parameter     .  In the case of pulse compression/broadening, soliton gets compressed/broadening, when the 
distance increases.  In this case the dispersion parameter taken in the form as           . The pulse 
compression is an important application of nonlinear fiber optics, which reducing the pulse duration in 
the regimes of ultrashort pulse, resulting in an output pulse that is narrower than the input pulse. In the 
presence of GVD, different frequency components of the pulse travel at different speeds. If the 
leading edge of the pulse is delayed by just the right amount to arrive nearly with the trailing edge, the 
output pulse is compressed [A. Mahalingam (2013)]. The soliton pulse compressions are shown in the 
Fig. 2(a&c).  From these figures, we have investigated the pulse compression during the propagation. 
The soliton pulse broadening are shown in the Fig. 2(b). In our physical system, we have considered 
the ultrashort picosecond optical fiber communication system. The pulse compression of soliton is 
found to have wide applications in optical telecommunication and switching purposes [P. A. 
Subha,(2006)]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: The antidark soliton pulse evolution via solution (6). The relevant physical quantities are   =        and     =0.5. Where (a)       = 0.5 (b)      = - 0.1 (c)       = 0.1 
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4. CONCLUSION.  
  
In this paper we have investigated the variable-coefficient modified nonlinear Schrödinger model with 
distributed dispersion, self-steepening, Kerr nonlinearity and linear gain / loss, which describes the 
ultrashort   antidark soliton pulse propagation dynamics in inhomogeneous fibers. The soliton solution 
has been analytically constructed by the Hirota’s bilinear method. We studied the inhomogeneous 
fiber system with and without gain/loss. We have also studied the pulse compression/broadening for 
specific choices of the inhomogeneous parameters.   
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EVALUATION OF HOUNSFIELD UNITS OF THE KILOVOLTAGE CONE-BEAM CT 
ATTACHED TO THE MEDICAL LINEAR ACCELERATOR 

 
M.P. Noufal ,  P.Niyas ,  K.K. Abdullah a, T.S.Sankaranb 

Fig.2: The antidark soliton pulse evolution via solution (6). The relevant physical quantities are   =        and     =0. Where (a)     =1+exp(    (b)      = -1-exp(     (c)       = 

exp(  . 
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INTRODUCTION 
 
 Kilovoltage cone-beam computed tomography (kV-CBCT) integrated into a linear 
accelerator was developed to acquire online anatomical and volumetric images .By matching soft 
tissues and/or bony structures in the CBCT to those in planning CT images, patient positioning can 
be verified accurately. In addition, to guide the patient setup, the CBCT data acquired prior to 
treatment can be used to recalculate and verify the treatment plan based on the patient anatomy on 
the day of treatment .This allows the patient’s treatment plan to be adaptively modified during the 
radiation therapy course based on the dose that has already been delivered. However, this 
application depends on the CBCT image quality. However, the potential for CBCT scan CT 
numbers to be used for between- fraction re planning in light of changes in patient anatomy has long 
been recognized . It is suggested that the reasons this is not generally done are because of (1) 
inaccuracies in reconstructed CT number, (2) sub optimality of the clinical acquisition protocol for 
planning purposes (eg, exposure settings or the limited size of reconstruction volume), and (3) 
relatively poor image quality, specifically soft tissue contrast, compared to that of planning CT 
scanners.  
              Varian On-Board Imaging (OBI) system integrates the functionality of a kilovoltage CT 
scanner with a linear accelerator. It can generate cone- beam CT (CBCT) images for volumetric 
reconstruction of the patient’s ‘anatomy-of-the-day’ .Currently, this technology is used primarily to 
account for geometric errors in patient setup CBCT information could also be utilized in a process 
referred to as dose adaptive radiation therapy (DART), which accounts for tissue deformation 
through modifications to the delivered dose distribution over the course of fractionated radiation 
therapy .Cone-beam CT (CBCT) offers a state-of-the-art technology to improve the target 
localization. Patient positioning can be verified by matching soft tissues and/or bony structures in 
CBCT to those in planning CT images. However, organ motions, organ deformation, and changes of 
external body are often observed through the course of treatment for many patients. These 
target/organ variations cannot be resolved by simply repositioning the patient. One of the ideal 
solutions will include real-time re-planning for such situations . 
            CBCT and CT images of phantoms and patients were acquired with scanning techniques 
commonly used for routine clinic were used for the study. Hounsfield unit (HU) values and profiles 
were compared for CBCT and CT images. The variation of the  HU of the different material like 
water , air, Teflon, Derline are compared. The variation of the HU values by changing the 
kilovoltage (kV),Tube current (mA), are compared by taking CBCT of the phantom 
 
MATERIAL AND METHOD 

  
 The on-board imaging (OBI®, Varian Medical Systems, PaloAlto, CA) system consists of a 
kV X-ray source (KVS) and a kV amorphous-silicon digital imaging detector (KVD) mounted on 
the linear accelerator using robotic arms (Exact™), which are orthog- onal to the electronic portal 
imaging device (aSi500, PortalVi- sion™, Varian Medical systems). CBCT images were 
reconstructed using about 700 kV-projection images acquired over 360° rotation. When the center 
of the KVD is positioned at the isocenter in the longitudinal-lateral plan and 50 cm away from the 
isocenter in the vertical direction, the reconstructed field-of-view (FOV) is a circle of 24-cm 
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diameter with a 15-cm length. This acquisition mode is called “full-fan” and is used for small 
anatomic sites such as the brain, head-and-neck, and a truncated part of larger sites. For larger sites, 
such as the pelvis, chest, and abdomen, the KVD is shifted by 14.8 cm laterally. In this mode, only 
part of the object is viewed in a half-fan projection. The other part of the object is viewed in the 
half-fan projection from the opposite direction. This acquisition mode is called “half-fan”. The FOV 
for the half-fan mode is a circle of 45-cm diameter with a 14-cm length. The effects of X-ray scatter 
and artifacts are larger in CBCT images than in CT images. A bowtie filter mounted to the X-ray 
tube improved image quality because it reduces intensity variations across the detector and charge 
trapped in the detector. However, the clinical protocols of CBCT should use a bowtie filter for better 
image quality and lower skin dose. 

The four mode are generated with and without filter  
1) CBCT-Low dose -With full bowtie (CB-LWD-FB)   kv=100, mA=10, time=20ms 
2) High quality Head – With full bowtie (CB-HQH-FB)  kv=100,mA=80,time=25ms 
3) Standard Dose head-With full bowtie (CB-SDH-FB) kv=100, mA=20,time=20ms 
4) Low dose thorax -Half bowtie (CB-LWT-HB) kv=110,mA=20,time=20ms 
5) Pelvis-Half bowtie (CB-PL-HB) kv=125,mA=30,time=30ms 

            Phantom measurements were performed to compare the different HU value of the material 
with different modes. CT and CBCT images of  phantom geometries were acquired and compared 
with respect to their suitability for pixel value calibration CATPhan® (CATPhan® CTP503)(fig1) 
was used to establish the relationship between the density of different materials and their 
corresponding HU values for the planning CT. The body of the CATPhan® contains seven different 
material inserts. To use a CT or CBCT image for dose calculation, the Hounsfield unit (HU) of the 
scanner must be related to the actual electron density.The Catphan® 503 has a diameter of 15 cm 
(longitudinal dimension is 16 cm) and contains seven tissue substitute materials, namely air, poly-
methyl pentene (PMP), low-density polyethylene (LDPE), polystyrene, acrylic, delrin, and teflon. 
Their relative electron densities relative to water range from 0 to 1.867. The calibration of a CT 
scanner involves acquiring CT images, obtaining an average HU for each inserted material, and 
plotting the HU values as a function of the relative electron density. The calibration curve was 
obtained for CBCT in full-fan and half-fan modes. The calibration curves of the CT, full-fan CBCT, 
and half-fan CBCT images in the different modes were compared. Cross-sectional images of the 
phantom imaged with the CT, full-fan CBCT, and half-fan CBCT are shown in Fig. 1. The CT, full-
fan CBCT, and half-fan CBCT images of the Catphan® 503 phantom were imported into the 
Eclipse treatment planning system (Varian Medical Systems, Palo Alto,CA). 
 

                                       
               Fig:1 CT slice image of the Catphan® 503 with 
different material ring 
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RESULTS AND CONCLUSIONS 
                      
 We compared different the density of the materials ranges from air to Teflon (CF2, 2.16 
g/cm3) including acrylci, polystyrene and low density polyethylene.The HU versus relative electron 
density calibration curves of the conventional CT, full-fan CBCT, and half-fan CBCT are shown in 
Fig. 2. In the full-fan mode, the maximum difference in the HU value compared with the reference 
CT is less than 20-30 HU. For the half-fan mode, HU values of tissue substitute materials were 
slightly higher than those of CT and teflon showed the maximum HU difference (50-60 HU). This 

study confirms that CBCT has the 
ability to generate images with HU 
values comparable to those of CT. 

 
                             
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
 

 
Fig:3 HU  horizontal profiles along inhomogeneous media from CT, full-fan CBCT, and half-
fan CBCT images of Catphantom. 

 
 
 
 
 
 
 
 
 
 

Fig:2 Relative Electron density-HU graph of the different modes 
Figure 3 shows the HU profiles in homogeneous and inhomogeneous 

media obtained from CT, full-fan CBCT, and s 
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The different material HU values are compared with CT HU values in following Fig 3,Fig4, a 
Fig5 and Fig 7 

 

              
           Fig:3   Derlin HU Values                                 Fig:4 Acrylic HU Values 

 

                                                              
              Fig:5 PMP HU Values                                          Fig:6 LDPE HU values 

               
             Fig 6 Teflon HU Values                                            Fig: 7 Polystyrene HU Values 
                 

  This study investigated HU values of the different material. The differences in HU values 
between CT and CBCT for the Catphan were less than 10 HU for most disk materials except the 
Teflon, which showed a maximum difference. The profiles of CBCT in the homogeneous phantoms 
displayed 100 to 150 lower HU at the periphery edge in the full-fan mode, and around the periphery 
edge and central regions in the half-fan mode, than the profiles of CT. Overall, the profiles of CBCT 
in the inhomogeneous phantom displayed 50 to 200 HU lower than those of CT.  
                          CBCT based on flat-panel technology integrated in a medical linear accelerator has 
improved the precision of targeting in radiotherapy. Two important applications of CBCT are 
patient setup and dose verification. A CBCT image of the patient on the treatment table can be 
acquired in about 60 seconds, just before delivery of each treatment. These pre treatment volumetric 
images may be used to verify or correct the patient setup and recalculate the treatment plan based on 
patient anatomy on treatment day. However, this application depends on the CBCT image quality. 
The quality of CBCT images is inferior to that of conventional CT images due to increased scatter, 
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beam hardening, and intra-scanning organ motion. This study investigated the HU values different 
in the different material in CBCT and CT. 
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ABSTRACT 
 
Cardiovascular diseases are the leading cause of deaths in developing countries like India. 
The prevalence of major risk factors like use of tobacco and alcohol, hypertension, hyper 
cholesterol, obesity, physical activity and unhealthy diet etc are high across the world. 
The present study was targeted for studying the prevalence of cardiovascular risk factors 
among the government employees of kerala. a questionnaire is used to collect behavioural 
risk factors like smoking, alcohol consumption, dietary pattern, physical activity etc. 
anthropometric measurements such as height, weight, waist circumferences and hip 
circumferences were measured. blood samples were collected in the fasting condition and 
fasting blood sugar and lipid profile were estimated by enzymatic method. a total of 2387 
employees comprising of 1478 males and 909 females participated in the study. analysis 
classifies 40.12% of men and 44.5% women under the overweight category. waist 
circumference values were high for 26.12% and 32.01% of men and women respectively. 
The study revealed a positive relation between overweight and high waist circumference 
with cardiovascular risk factors. The prevalence of risk factors were higher in subjects of 
both sexes having over weight and high waist circumference compared to that of subjects 
having normal body weight and waist circumference. The present study identifies waist 
circumference a better indicative of cardiovascular risk factors than bMI. 
 
INTRODUCTION 

 
Non communicable diseases (NCD) especially cardio vascular diseases 

(CVD), diabetes, stroke and cancer account for the highest percentage of death and 
disability globally. Among these CVD remain as the highest cause of death worldwide, 
though last two decades cardio vascular mortality rate have been declined in many of the 
developed countries, but at the same time have increased in undeveloped and 
developing countries (Mendis et al, (2001)). In developing countries like India there is a 
raise in the NCD burden which is causing morbidity and premature mortality (Reddy et 
al., (2005)). There are many risk factors associated with coronary heart diseases and 
stroke. The prevalence of major risk factors like tobacco use, alcohol consumption, 
hypertension, hypercholesterolemia, obesity, physical inactivity and unhealthy diet are 
high across the world. These risk factors contribute to the development of CVD from 
early life. Men are at greater risk of heart disease than premenopausal women 
(Highlander and Shaw, (2001)). About 25% of all deaths in the age group of 25 to 69 
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occur because of heart diseases in India. It was also reported that 20% of all deaths in 
Kerala are caused by coronary heart disease and more women are developing coronary 
heart disease. Increased body weight has been associated with an increased risk of 
morbidity and mortality from coronary heart disease in several populations (Stefania 
et al. (1996)). Hu et al., observed positive association between body mass and 
hypertension in rural Chinese population and also observed an inverse association of 
BMI with HDL cholesterol levels and direct association with total cholesterol, HDL 
cholesterol ratio, fasting glucose and triglyceride levels (Frank et al., (2000)). In India 
overweight and obesity was reported in 41 percent of men and 45 per cent of women and 
high blood pressure was reported in 33 per cent of men and 30 per cent of women while 
high cholesterol was found in one quarter of all men and women and diabetes was also 
reported in 34 per cent of men and 37 per cent of women. (Data presented at the world 
congress of cardiology organized by the world heart federation.). A Cross Sectional Study 
conducted by Dr. Jespal Singh Sandhu explained the positive association of presence of 
body fat, intra abdominal fat mass and cardio vascular risk factors in middle age of obese 
Indians (Jespal et al., (2012)). 

According to NFHS III data 24.3% of male and 34 % of female are obese. 28.1 
% of women in the age group 15 to 49 in Kerala are overweight. In the 25-29.9 BMI 
group 23.1 % of women in Kerala are overweight. 9.5 % of women are BMI above 30.0. 
Only 53.9 % of women are in the desirable BMI group (18.5-24.9). It is well established 
that the obesity is associated with increased prevalence of metabolic syndrome 
components and subsequent increased risk of type2 diabetes and coronary heart disease 
(WHO, (2000)). Waist circumference and waist hip ratio are widely used as indicators 
of abdominal obesity in epidemiological studies. Compared with waist hip ratio, waist 
circumference has been shown to be the best marker of visceral fat (Stewart et al., 
(2003)). Objective of the study is to determine the effect of overweight and obesity in 
the prevalence of cardio vascular risk factors among Government employees of Kerala, 
India. 
 
Materials and methods 

 
Present Study was carried out among state government employees of Kerala in the 
age group of 25-55. In this particular cross sectional study 5 districts 
(Thiruvananthpuram, Alapuzha, Idukki, Thrissur,Kozhikode.) were selected out of 14 
districts of Kerala, based on geographical variation. A total of 2387 employees of both 
sexes participated. All the government offices of each district head quarters were listed 
and offices to be included in the study were selected by random selection method and 
all the employees of the selected offices were included in the study. 

A questionnaire was used as a tool to collect data from individuals involved in 
the study. The clinical examination consists of a personal interview and a physical 
examination. Participants were well informed in advance to report in the morning after a 
12 hour overnight fasting. Fasting venous blood samples were drawn for the 
investigation of blood sugar and lipid profile. Anthropometric measurements such as 
weight, height (Jellifec (1966)) waist circumference and hip circumference (Han et al., 
(1995)) of the participants were measured with light clothing and without shoes. Waist 
circumference was measured at the level of umbilicus while the participants were supine. 
Percentage of body fat was estimated with a fat monitor (impedance meter). The 
systolic and diastolic blood pressure was measured with sphygmomanometer. 
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Fasting blood sugar was estimated by the enzymatic method (Pileggi and 
Szuskieweiz (1974)). Fasting total cholesterol (Roeschlau et al., (1974)), HDL 
Cholesterol (Wiiliam et al., (1979)), serum triglyceride (McGowan et al., (1983)), and 
direct LDL were also estimated enzymatically. 
 
Results 

 

Table I. Body mass index (BMI), Waist circumference (WC), Hypertension, Total 

Cholesterol (TC), Triglyceride (TG), Low density lipoprotein (LDL). 
Categor
y 

Total BMI WC HT TC TG LDL Diabetes 

Male 1478 593 
(40.12%
) 
 

386 
(26.12%) 

182 
(12.31%
) 

634 
(42.8%) 

391 
(26.45%
) 

725 
(49%) 

137 
(9.27 %) 

Female 909 405 
(44.5%) 

291 
(32.01%) 

65 
(7.15%) 

308 
(33.88%) 

72 
(7.92%) 

385 
(42.35
%) 

53 
(5.83%) 

TOTAL 2387 998 
(41.81%
) 

677 
(28.37%) 

247 
(10.35%
) 

942 
(39.46%) 

463 
(19.4%) 

1110 
(46.50
%) 

190 
(7.96%) 

 
Out of 1478 male participants, 593 (40.12 %) had overweight and 386 (26.12%) had 

high waist circumference. 182 (12.31%) had high systolic and diastolic blood pressure. 
634 (42.8%) of the total participants had high total cholesterol, 391 (26.45%) high 
triglyceride, 725 (49%) high LDL cholesterol, 137 (9.27%) were diabetic. Out of 909 
females, 405 (44.5%) participants were overweight, and 291 (32.01%) had high waist 
circumference. 65 (7.15%) of the total female participants had high systolic and 
diastolic blood pressure. 308 (33.8%) female participants had high total cholesterol, 72 
(7.92%) had high triglyceride, 385 (42.35%) were having high LDL cholesterol, 
53(5.83%) were diabetic. 
Categorizing on the basis of BMI 

 
Out of 1478 male participants 593 (40.12 %) had overweight and 855 had normal body 
weight. Among 593 over weight men 108 (18.2%) were diabetic, 257 (43.3%) had high 
total cholesterol, 284 (48.7%) high LDL cholesterol, 84 (14.16) had high blood pressure. 
But out of 855 normal body weight male subjects 101 (11.8%) were diabetic, 300 
(34.1%) had high total cholesterol, 340 (39.1%) high LDL cholesterol, 83 (9.7%) had 
high blood pressure. Out of 909 female participants 405 (44.5 %) had overweight and 
488 had normal body weight. Among 405 overweight women 52 (12.8%) were diabetic, 
176 (43.4%) had high total cholesterol, 201 (49.6 %) high LDL cholesterol, 45 (10.6%) 
had high blood pressure. (4.7%) of normal body weight females were diabetic, (27.8%) 
had high total cholesterol, (32.9%) high LDL cholesterol, (7.9%) had high blood 
pressure. (Figure.1) 

Figure. 1 
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Categorizing on the basis of Waist circumference. 
Out of male subjects having over waist circumference 18.3% were diabetic, 

44.9% had high total cholesterol, 49.8% high LDL cholesterol, 44.2% had high blood 
pressure. But out of subject having normal waist circumference 11.8% were diabetic, 
31.6% had high total cholesterol, 38.9% high LDL cholesterol, and 34% had high blood 
pressure. Out of female subjects having over waist circumference 12.3% were diabetic, 
37.6% had high total cholesterol, 38% high LDL cholesterol, 22.5% had high blood 
pressure. 2.6% normal waist circumference female subjects were diabetic, 24.1% had 
high total cholesterol, 25% high LDL cholesterol, and 11.2% had high blood pressure. 
(Figure: 2) 
 

 

 

 

 

                           Figure: 2 

Discussion 
Present study indicates a high 

prevalence of overweight among men and 
women in the study population. As the BMI and WHR increases there is a remarkable 
increase in the percentage of cardiovascular risk factors such as total cholesterol, LDL 
Cholesterol and high blood pressure. Rate of coronary heart diseases (CHD) clearly 
increases with extreme obesity (Jarret et al. (1982)). We also found that there is an 
increased percentage of women having high BMI and WHR compared to men. The 
sedentary life style of both male and female employees may be one of the reasons for 
overweight and obesity which leads to a rise in BMI.  It is co related with the study 
conducted by CSES and there they found that obesity has prevalent among women 
compared to men. It is evident from current study that, as the BMI and waist 
circumference increases, there is a chance of getting the cardio vascular risk factors 
high. O verweight and obesity are the independent risk factors for dislipidemia, 
hypertension and cardio vascular diseases and then increases the risk of cardiovascular 
complication and cardiovascular mortality in patients with type 2 diabetes (Wilson et 
al. (2002)). Abdominal obesity indicates a higher cardio vascular disease risk even in 
normal BMI persons. In our study also in both male and female, as the BMI increases, 
the percentage of participants with blood pressure also increases. In a cohort study, 
Bogers et al revealed the adverse effect of overweight, blood pressure and cholesterol 
levels and it could account for about 45% the increased risk of CHD (Bogers et al. 
(2007)). The morbidity and mortality associated with cardio vascular disease can be 
reduced by controlling the obesity epidemic (Shabana and Vijay (2010)). Obesity and 
physical inactivity independently contribute to the development of coronary heart disease 
in women (Tricia et al. (2006)). It contributes or directly cause most other modifiable 
risk factors namely hypertension, dysmetabolic syndrome and type 2 diabetes mellitus. 
The weight reduction is a key strategy for simultaneous improvement in global cardio 
vascular risk, with anticipated improvements in survival and quality of life (Mark and 
Emmnuel (2012)). 
Conclusion 

Our data from government employees of Kerala confirms the positive 
relation between body mass and waist circumference and cardio vascular risk factors in 
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men and women. Excess body weight and high waist circumference significantly 
increase the risk of numerous diseases and clinical disorders including all cause 
morbidity and CHD and hypertension. In our study it was found that waist 
circumference is more indicative than BMI on cardiovascular risk factors. 
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ABSTRACT 
 
Use of chemicals in food industry is increasing day by day. The excessive use of 
formaldehyde, its hazardous effects and awareness of the threat to common man is being 
discussed here. Shrimps are one of the highly demanded delicacies throughout the world 
and in kerala we use to consume a lot of shrimps collected freshly from the market 
believing it to be fresh. no fresh fishes coming to our local markets are fresh. They all are 
looking to be fresh but are treated chemically to look so. formalin which is used in 
biological science to preserve the dead bodies is used to keep the freshness of the 
shrimps. freshness pronounced repeatedly in all contexts is a belief not truth. once if the 
fish or shrimp is kept in formalin soon after capture it will remain so for a week. a cup of 
formaldehyde added to ten litres of water can preserve 300 kilogram fish for a week 
without freezing or icing. The other face of this preservation is the life taking disease the 
tumours. as per the study a survey was conducted in which it was revealed that most of 
them who use this don t know its hazardous effect. If chemicals are used in live 
vegetables and fruits it could be removed to some extent as it could eliminate it when 
exposed to water. but the chemicals entrapped in dead cells can t be eliminated so easily. 
Cytological studies also revealed the presence of formalin between cells. Time to take a 
decision had exceeded. The present work intense to develop a grass root level awareness 
among fisherman folks. 
 
INTRODUCTION  
We all are working for the development of science in its all possible way and we must be 
proud too that it s flourishing with new terms and techniques day by day. Today the world 
is facing the other flipside of science. Yes, surprising but true. Chemical cocktail has 
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become a recent trend. All what we eat believing it to be fresh and safe is treated with the 
most effective and hazardous chemicals whose presence in air itself may cause serious 
respiratory and physical disorders. All are aware of the use of chemicals in the agro 
industries, the same or even hazardous chemicals are used in the fisheries sector also is 
really an alarming fact. This work deals with a survey programme accompanied with 
some scientific proofs. The fresh fish we get from the market, especially the highly 
demanded crustaceans like shrimps are exposed to formaldehyde at the place of capture 
itself onboard. Formaldehyde is a colourless, flammable, strong-smelling chemical that is 
used in building materials and to produce many household products. In the medical and 
lifescience sector formaldehyde is used for preserving deadbodies.When exposed to 
formaldehyde, some individuals may experience various short-term effects. When 
formaldehyde is present in the air at levels exceeding 0.1 ppm, some individuals may 
experience adverse effects such as watery eyes; burning sensations in the eyes, nose, and 
throat; coughing; wheezing; nausea; and skin irritation. Some people are very sensitive to 
formaldehyde, whereas others have no reaction to the same level of exposure. 
Formaldehyde has been classified as a known human carcinogen (cancer-causing 
substance) by the International Agency for Research on Cancer and as a probable human 
carcinogen by the U.S. Environmental Protection Agency. Research studies of workers 
exposed to formaldehyde have suggested an association between formaldehyde 
exposure and several cancers, including nasopharyngeal cancer and leukaemia. 

Although the short-term health effects of formaldehyde exposure are well known, 
less is known about its potential long-term health effects. In 1980, laboratory 
studies showed that exposure to formaldehyde could cause nasal cancer in rats. This 
finding raised the question of whether formaldehyde exposure could also cause cancer in 
humans. In 1987, the U.S. Environmental Protection Agency (EPA) classified 
formaldehyde as a probable human carcinogen under conditions of unusually high or 
prolonged exposure (U.S. Environmental Protection Agency, 1989). Since that time, some 
studies of humans have suggested that formaldehyde exposure is associated with certain 
types of cancer. The International Agency for Research on Cancer (IARC) classifies 
formaldehyde as a human carcinogen (Coggon et al, 2003). In 2011, the National 
Toxicology Program, an interagency program of the Department of Health and Human 
Services, named formaldehyde as a known human carcinogen in its 12th Report on 
Carcinogens (Freeman et al, 2009). 

Since the 1980s, the National Cancer Institute (NCI), a component of the 
National Institutes of Health (NIH), has conducted studies to determine whether there is 
an association between occupational exposure to formaldehyde and an increase in the risk 
of cancer (Hauptmann, 2003). The results of this research have provided EPA and the 
Occupational Safety and Health Administration (OSHA) with information to evaluate the 
potential health effects of workplace exposure to formaldehyde. Even an exposure or 
physical contact can cause problems, and then what will be the effect of formalin 
consumption. Again most of the leman using these hazardous chemicals are unaware of 
the ultimate harm caused by these chemicals. This work was done with an intention to 
provide awareness and also to gather data on how intense is this chemicals used in this 
sector.Now a days  in fisheries industry fresh fishes irrespective of species and demand, 
the practice of using formalin is a most common thing to be done like that of salting dry 
fishes. Most of the fisherman folks are unaware of this chemical, its hazardous effect and 
its dosage. In dialect they use to call it medicine that prevents fish decay. They explain the 
benefits or miracle of this medicine as if a cup of this formaldehyde is added to ten litres 
of water they can preserve 300 kilogram fish for a week without freezing or icing. After a 
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week the fish will be stiff, shining, with clear eye and gills, shining scales and rigid 
texture, similar to that of fish caught one hour ago. The explanation never ends here, they 
also says that if we cook a fresh fish and a formalin preserved fish the preserved one will 
maintain the shape and texture as such, it won t be get damaged at the same time fresh 
fish do. The role of formalin in biology is to preserve dead bodies from decaying for 
several days. An adult human body needs 500ml to 1000ml of formalin on it to be 
preserved for a month or more. The same chemistry is being worked out here. One thing 
which is neglected by users both fisherman and consumers is that here formalin is added 
on to food to be eaten by human. Once the formalin reaches the live cell two things may 
happen, either it performs its duty of killing the cells or keeping it stable or it may act as a 
carcinogen promoting cell growth and proliferation ultimately leading to tumours. The 
science that currently exists does not allow consumers to feel confident that their health is 
safe when eating these foods.  When scientific investigations show that the use of these 
chemicals in food industry is unsafe for humans, such use must be globally banned and 
that ban enforced. 

METHODOLOGY 

The aim was accomplished in two steps. One was the scientific study of effect of 
formalin on the live and dead shrimps. Secondary study was a survey programme 
conducted to access the awareness of fisheries sector from fisherman to consumers. The 
site selected for the present study was Neendakara fishing harbour of Kollam district, 
Kerala. For the first step of study four tanks were set with two tanks having live shrimps 
and two having dead shrimps. Out of the two tanks containing live shrimps one was set as 
control and the other was exposed to formalin at serial dilutions. In the second set of 
tanks with dead shrimps one was kept as control and the other was exposed to formalin at 
the same quantity as that used for live one. For both set of tanks each tank was of 10 litre 
capacity containing ten shrimps each. The experiment was run for 24 hrs in four repeats. 
For toxicity studies 96 hour LC50 was performed and cytological examinations where 
done to estimate absorption. For the second set of study a field survey was conducted 
with a preset questionnaire. 50 fishermen were interviewed for the present study. 

RESULTS 

The toxicity studies revealed the fact that a bare minimum of 41.5 ml/l is lethal 
(fig.1). The TEM imaging of the muscle and gill of the shrimp showed the accumulation 
of formaldehyde between cells (fig.2 to 7).  
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The second part of the study revealed that the fishermen and the stakeholders are unaware 
of the hazardous effect of the chemical and most of them believe it to be a medicine 
(fig.8). 

 
fig.8 
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36% of all group from fisher man folks to sellers know that the formalin toxicity and its 
hazardous effect. Out of this 64% of unknown individuals 40% are consuming the same 
formalin treated shrimps. Among this 40% of formalin consumers 34% are suffering from 
lung cancer and leukaemia. 2% of these 34% sufferers are affected from naso- pharyngeal 
tumours. One of the alarming facts is that out of this 40% of sufferers 21% are below 10 
years of age.  Other health issues like respiratory disorder, nasal epithelial lesion, ulcers 
etc. A study on financial status of such fisherman community was also attempted to 
access, but a clear cut data was not obtained due to adulterated response. As the results 
explains the formalin or any chemical treatment in fishes and shrimp resources will 
definitely lead to harmful health issues which ultimately result in death.     
 

CONCLUSION 
 
If people ingest formalin even in small quantities it is still harmful, because once it comes 
in contact with the body cells, it kills the cells. That is why formalin is used in 
embalming; because once it encounters the cells it stops any chemical or physical 
changes. Fishermen folks and stake holders are unaware of the hazardous effects of 
formalin. The chemical has been banned internationally but is provided through medical 
stores as a medicine here in our Gods own country. To which extreme the technology has 
developed and to what extent the state is getting literacy, sufferers are still sufferers. We 
may be thinking that we could escape from it with our brevity. But extremely sorry we are 
also forced to be under the clutches of hazardous chemical cocktails. Vegetables are 
poisoned, fruits are poisoned, fishery resources are poisoned, and poultry antibiotic 
treated poisons, rice is adulterated and poisoned. We can t live without having food and 
we are running behind time so we are forced to consume the same chemical cocktails 
knowingly. The time to take an action has exceeded and even if we are keeping ourselves 
quite knowing all these facts and figures no sooner the real threat will be in front of you 
face to face. 
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ABSTRACT 
 
In the long history of educational reforms in Kerala, many attempts were made to bring 
about significant changes in its educational structure and system. Isolated attempts are 
still made at different parts of the country, both in the formal and informal sectors, to 
make the system more attractive and effective to children. Current education system is not 
capable of fulfilling our needs. That is obviously the reason for our constant efforts for 
reforming our educational system. The dissatisfaction is equally applicable to all subjects 
of study, especially to science education, though the emphasis may vary from place to 
place or among individuals. This led to the design of a new approach for constructivist 
science classroom, which solved the above mentioned challenges and provided a direct 
science feeling among the participants. This approach is called Visual Ethnography. 
Research in both educational theory and cognitive psychology tells us that visual learning 
is among the very best methods available for teaching students of all ages on how to think 
and how to learn. The investigator tested Visual Ethnographic approach among ninth 
standard Science students and found that it has catalytic response in constructivist science 
classroom.Such a system brings about education as a valuable investment and will never 
remain only as a tradition. 

 
INTRODUCTION 

In the long history of educational reforms in Kerala, many attempts were made to bring 
about significant changes in its educational structure and system. Any such attempt to 
reform education, in its structure or content, invariably had a political orientation or 
interpretation. Our new curriculum upholds the modern techniques and approaches of 
education like the integrated approach, process oriented approach, experiential 
classrooms, the view that learner is a constructor of knowledge, the awareness that social 
surrounding has a vital role in construction of knowledge, the idea of continuous and 
comprehensive evaluation etc. The learners who have been taught in these approaches 
and methods have completed their Higher Secondary education now. Still, we don t have 
an educational system about which we are completely satisfied. That is obviously the 
reason for our constant efforts at reforming our educational system. The dissatisfaction is 
equally applicable to all subjects of study, especially to science education, though the 
emphasis may vary from place to place or among individuals. There are isolated attempts 
at different parts of the country, both in the formal and informal sectors, to make a system 
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that is attractive and effective at the same time. Introspection on the currently employed 
Activity method in science classroom revealed the following drawbacks in our system of 
education. 
Activity oriented Constructivist Approach emphasis on 

Ø Learning by doing but faces infrastructure challenges. 

Ø Practice but ignored the desire to play. 

Ø Competence but ignored the preference for livelihood. 

Ø Thinking but ignored the scrutinising tendency of students. 

Ø Self-respect but not on intuition. 

Ø Attainment but ignored related losses 

Ø Dreaming but ignored the means for realization. 

These drawbacks make this approach a   failure in its real consequences.After thirteen 
years of activity oriented classroom the investigator asked two questions to two hundred 
students of Standard Nine. 

Q: What is Science? 

A: Science is Physics, Chemistry and Biology. 

Q: What is the difference between Science and scientific Knowledge? 

A: Data in science textbooks is scientific knowledge. 

This lead to the designing of a new approach aimed at the constructivist science 
classroom in order to solve the above mentioned challenges and to provide a direct 
science feeling among the participants who are the students. This gives them permission 
to ask questions whose answers are not yet known. The new approach coined is Visual 
Ethnographic Approach and has another phase for all the above mentioned criteria. 

Visual Ethnographic Approach emphasis on 

Ø Learning by participation and perception. 

Ø Stresses Field work  

Ø Making livelihood is important 

Ø Only convinced facts to be accepted. 
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Ø Intuition is necessary since culture favours it. 

Ø Value system based on Culture. 

Ø Exposure to various existing opportunities. 

After ten classes using Visual Ethnographic Approach the investigator asked the same 
two questions to two hundred students of Standard Nine. 

Q: What is Science? 

A: Science is the way of knowing the reality. 

Q: What is the difference between Science and scientific Knowledge? 
 
A: Any knowledge derived through experiments, observations, evidences. 

Sl.

No. 

VITAL VISUAL ETHNOGRAPHY ACTIVITY 

ORIENTED 

1 When Any time During Class time 

2 Where Wherever the participant play a 
part. 

In school 

3 What Science Science 

4 How Through Culture oriented visuals Through Activity 

5 Provider Anything which makes the 
participant precepts. 

Classroom 
resources 

6 Evaluato
r 

Performance. Grades based on 
scores. 
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The main vitals are compared between the contemporary Activity approach and 
recommended Visual Ethnographic approach in science education. 

The following reviews explain the role of visuals in grabbing knowledge. Cook Michelle 
(2012) in his study Teaching with Visuals in Science Class room  explains visuals play an 
important role in the teaching and learning of science and should be embedded within and 
supportive of authentic science inquiry. Flynt and Brozo (2010) in the study Visual 
Literacy and the Content Classroom: A Question of Now, Not when  confirms that since 
students are continually influenced by the visual culture surrounding them, content 
teachers should take steps to capitalize on the potential of instructional and 
communication technologies (ICT) to enhance their effectiveness. The article discusses 
the importance of integrating visual literacy and identifies the teaching environment 
needed to integrate ICTs to the content classroom. Kouyoumdiian (2012) in the study 
Visual imagery in the classroom  indicates that visual cues help us to better retrieve and 

remember information. The part of the brain used to process words is quite small in 
comparison to the part that processes visual images. Visual ethnography uses 
photography, motion pictures, hypermedia, the web, interactive CDs, and virtual reality as 
ways of capturing and expressing perceptions and social realities of people. These varied 
forms of visual representation provide a means for recording, documenting, and 
explaining the social worlds and understandings of people. The visual ethnographer 
simply pays particular attention to the visual aspects of culture as part of his or her 
ethnographic efforts. Dona Schwartz (1989) explains that using Photography in 
Qualitative Research study poses a new way to use photographs in ethnographic pattern. 
The method builds on earlier examinations of the unique properties of photographic 
articulation, interpretation and use, and employing the inherent ambiguities of the 
photographic imagery. 

As the traditional paradigm of science education emphasizes on the delivery of science 
knowledge and skill, the quality assurance is often focused on how well learning and 
teaching are organized to deliver the necessary science knowledge and skills to students. 
A strategy to deliver them effectively could be ensured by improvement of teaching and 
learning in a given time period and by accomplishing a standard in science examinations. 

The paradigm shift towards triangulation induces a new conception of quality assurance 
of science education. It could be based on the following criteria: 

1. Ensure that learning and teaching is well placed in a globalized, localized, and 
individualized context. 

2. Maximize opportunities of students for science learning in a triplized 

7 Teacher Peer Groups /Preceptor Facilitator 

8 Knowled
ge 

Formulation Generation 
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environment. 
3. Self-learning in science is sustainable for life long. 
4. Ensure the relevance and outcome of learning in terms of science consciousness 

and the ability to clarify key events by self-learning through exploration. 
The new paradigm of science learning and teaching is completely different from the 
traditional thinking and practice. It is really important to reform the curriculum and 
pedagogy of science education in different parts of the world if globalization, localization, 
individualization, and above all contextualization need to be addressed. It could be 
resolved by practising Visual Ethnographic Approach, which is necessary in education of 
the new generation. 
 

THEORETICAL BACKGROUND 
 
The process of instruction is explained by theories as: 

BEHAVIOURISM COGNITIVISM CONSTRUCTIVISM 
Communicate or 
transfer behaviors 
representing 
knowledge and skills 
to the learner. 

Communicate or transfer 
knowledge in the most 
efficient, effective 
manner. 

Build personal 
interpretations of the world 
based on individual 
experiences and interactions.  

Instruction is to elicit 
the desired response 
from the learner who 
is presented with a 
target stimulus. 

Focus of instruction is to 
create learning or change 
by encouraging the 
learner to use appropriate 
learning strategies. 

Learning is an active process 
of constructing rather than 
acquiring knowledge. 

Learner must know 
how to execute the 
proper response as 
well as the conditions 
under which the 
response is made. 

Learning results when 
information is stored in 
memory in an organized, 
meaningful way.  

Instruction is a process of 
supporting knowledge 
construction rather than 
communicating 
knowledge 

Instruction utilizes 
consequences and 
reinforcement of 
learned behaviors  

Teachers/designers are 
responsible for assisting 
learners in organizing 
information in an optimal 
way so that it can be 
readily assimilated 

 

Do not structure learning for the 
task, but engage learner in the 
actual use of the tools in real world 
situations  
 

 

Visual ethnography is a learning style in which the learner better understands and retains 
information as ideas, words and concepts are associated with images. Research tells us 
that the majority of students in a regular classroom need to see information in order to 
learn it. Visual learning helps students to clarify their thoughts and helps them to organize 
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and analyze information. It also aids to integrate new knowledge and to think critically. 
Visual ethnography and learning utilize graphical ways to work with ideas and to present 
information. Research in both educational theory and cognitive psychology tells us that 
visual learning is among the very best methods for teaching students of all ages how to 
think and how to learn. Visual learning strategies help students of all ages to better 
manage learning objectives and to achieve academic success. Students are required to 
evaluate and interpret information from a variety of sources, in-corporate new knowledge 
with what they already have learned, and improve writing skills and think critically. 
Visual learning helps students to meet those demands. Paired with the brain s capacity for 
images, it aids students to better understand and retain information. 

Visuals help to chunk information and organize the content which is relevant to concept. 
Thus important information and knowledge become simple to understand. Behaviourism, 
Cognition and Constructivism favour the influence of Visual images. 
OBJECTIVES 

• To design Visual Ethnographic approach favourable for a Constructivist Science 
Classroom 

• To find the effectiveness of Visual Ethnographic approach in a Constructivist 
Science Classroom 

MATERIALS AND METHODS 

• Focus Group Discussion was used to collect different opinions from six science 
teachers and four teacher educators involved in the change process, thus enabling 
the process to be managed more smoothly. It helped to design the strategies of the 
approach.  

• Classroom Implementation: 
Variables are Activity oriented Classroom and Visual Ethnographic Classroom. 
The developed approach based on the prepared lesson transcript was 
implemented among forty Students of Standard Nine from Thiruvananthapuram 
district. An achievement test was conducted to assess the achievements on 
Standard Nine science text book. 

 

RESULTS  

 DESIGNED VISUAL ETHNOGRAPHIC APPROACH FOR THE SCIENCE 

CLASSROOM 
Determine the objectives: Target to be attained throughout the learning process and are 
invaluable in the evaluation process. 
Visuals/video clippings: Visuals related to science and culture can create records of 
observed behaviours which might be scrutinised by the participant. 
Preceptor: Teacher who provides an explanation of the concept through visuals.  
Resources Extension: Resources to show the visuals or video clippings to the participant 
evidently and rationally. 
Management Space: Arrangement of boards, other materials in the classroom and 
general procedures and rules to be followed.  
Peer/Interactive/Motivated Groups: Every phase of learning is supported by the groups 
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in the class. 
Performance Assessment: The assessment part should be helpful to identify how 
effectively the planned activities were carried out and also the achievement level of the 
participants. The assessment of the activities conducted by the preceptor should also be 
coded. 
Participant: Coined for student who likes to learn through observation. 

 

Appendix 1  Diagrammatic 

Representation of Visual 
Ethnography 

 
Observe - Outdoor/Indoor 
Visuals 

Understand - Write assumptions 
about the visuals 
Explore - Inquire the details 

Interact - Relate the ideas 

Analyse - Identify the reality 

Discuss - Present the notion to groups and reach a conclusion. 
Researcher - Participant will become an individual with advanced knowledge in one or 
more area. 
 
For this system to function properly, it stipulates clearly formulated objectives, requires 
cultural related visuals/video clippings from the field, formation of active classroom 
groups and proper assessment of the level of performance of each individual. For the 
process to be a success, the participant need to be supported by preceptor, classroom 
management strategy, resources including journals, portfolio etc. 
A participant whose entry behaviour is at the level of a learner undergoes six stages in a 
renovating manner and has a terminal behaviour of a researcher, who has the skill to 
organise a systematic investigation into their own surroundings. 
Effectiveness of Visual Ethnographic Approach in a Constructivist Science 

Classroom 
Table 1 shows the Pre-test scores of experimental and control group of students from 

Standard Nine: 
 

CATEGORY 

 

MEA
N 

STANDARD 

DEVIATION 

 

N 

 

t-value 

EXPERIMENTAL GROUP 22.4 1.86 40  

1.2582 CONTROL GROUP 21.81 2.31 40 

 
The table shows that t-value of the mean difference of the scores of Pre-test scores of 
experimental and control group is not significant. The mean value shows that both the 
groups are not statistically different. 
 
 
 
 
Table 2 shows the Post-test scores of experimental and control group of students 

from Standard Nine: 
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CATEGORY 

 

MEA
N 

STANDARD 

DEVIATION 

 

N 

 

t-
value 

EXPERIMENTAL GROUP 28.9 1.72 40  

8.3421 CONTROL GROUP 24.93 2.47 40 

 
The table reveals that t-value of the mean difference of the Post-test scores of 
experimental and control group is significant. Applying two tailed test for determining the 
acceptance region, which is 0.05% of level of significance using normal curve area, the 
observed value of t is in the rejection region and rejects the null hypothesis. The mean of 
Post-test scores of experimental group is better than the Post-test scores of control group. 
This result shows that the developed Visual Ethnographic approach has catalytic 

response in constructivist science classroom. 

CONCLUSION 

Vidyadanam Sarvadanal Pradanam  is our concept about education which means 
education is the best investment. An investment will become valuable only when it gives 
return, not when it is procured. Education will become worthy only when it is revitalizing 
personally and socially. Such an education should never be only activity-oriented but 
should be continuously evaluated. Education is the process which permits man to have a 
culturally oriented and satisfied life. Only when it is achieved, education becomes a 
valuable investment. 
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ABSTRACT 
 
Tropical tuber crops viz., cassava, sweet potato, yams, aroids and minor tubers like 
coleus, arrow root and yam bean constitute one of the major food crops contributing to 
the food, nutritional,economic and employment security of more than 500 million people 
globally. among these, cassava (Manihotesculenta Crantz) belonging to the family 
Euphorbiaceae is the most important, owing to its yield potential, tolerance to vagaries of 
weather (drought), pests and diseases, high tuber starch and its better information for post 
harvest utilization especially for modifying it into several value added products. The 
research experience over half a century on cassava plant nutrition confirms its high and 
positive response to manures and fertilizers. The research results from a long term 
fertilizer experiment (LTfE) in cassava initiated at CTCRI in 1977 and still in progress 
indicated the efficiency of the crop to sustain by producing substantially good yield (10-
15 t ha-1) under continuous cultivation in the same field even without any manures and 
fertilizers (absolute control).The major reasons can be attributed to the inherent 
physiological mechanism of the plant to shed its leaves at times of drought coupled with 
high leaf dry matter production (3 t ha-1) and the high nutrient content in leaves to the 
tune of n, P, k, Ca, Mg, fe, Cu, Mn and Zn as 4.41, 0.28, 1.25, 0.21, 0.321, 0.016, 0.0008, 
0.0154 and 0.0064 % respectively. The above high leaf dry matter production of cassava 
through atmospheric Co2 acquisition could reduce its status in the air the leaf carbon thus 
formed through photosynthesis is converted to soil organic carbon (SoC) through the leaf 
residue being added to the soil through leaf shedding which in turn is directly related to 
the C sequestration potential of the crop. The high leaf dry matter as well as its high 
nutrient content could nourish the soil both physically and chemically for better 
tuberization and tuber bulking. The experience over 20 years under the LTfE in cassava 
indicated, significant differences between absolute control and recommended nutrient 
management practices in leaf dry matter production and incidentally the related 
parameters and ultimately the tuber yield. However, under the absolute control, a mean 
tuber yield of 14 t ha-1 was maintained revealing the sustainability of the crop under 
continuous cultivation. over these years, through the acquisition of 60.38 ppm 
atmospheric Co2, the leaf dry matter produced was 3.573 t ha-1 reducing the atmospheric 
Co2 to 317 ppm increasing the SoC by 2780 ppm which ultimately increased the tuber 
yield to 26 t ha-1under the recommended practice. Taking into account the above 
potentialities of the crop, cassava can be considered as a benign climate resilient food 
security crop which can enhance soil productivity also. The above facts vividly points to 
the need to exploit the above potentials of the crop to utilize the neglected waste lands of 
our State to meet partially the rising food demand in addition to combating the today s 
issues of rising atmospheric temperature under global warming. 
INTRODUCTION 

Tropical root and tuber crops form an important staple serving as secondary or subsidiary 
food for about one fifth of the world population in tropics and sub tropics and are the 
third most important food crop after cereals and pulses. These crops possess higher 
biological efficiency as food producers and can serve as substitute for cereals due to 
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higher carbohydrate and calorie contents. Besides, they have potential as sources of 
alcohol, starch, sago flour, liquid glucose, vitamin C, raw materials for many other 
industrial products and animal feed.  Hence, tropical tuber crops share a place with 
cereals as dietary staples both in raw and processed forms. They can be grown on a wide 
range of soil, climate and environment and have the capacity to withstand adverse biotic 
and abiotic stresses with the potential to grow and yield even under low fertility 
conditions. With the burgeoning population in India, in order to meet the food 
requirements by 2030, tuber crops assume importance together with the due support of 
advanced tuber crops technologies. The ever increasing population levels coupled with 
rapidly shrinking cultivable area and increasingly fragile resources lead to a vast scope 
for diversification and value addition of tuber crops and hence they offer a great 
opportunity for increasing the production, productivity and profitability. 

Among the tropical tuber crops, cassava is the most important which was introduced to 
India during 1880-1885 by Sri Visakham Thirunal Maharaja of Travancore from Malaya. 
It rescued the people of  Kerala  during the days of famine as it was a substitute to rice 
because of almost the same quantum of energy (121 mega joules ha-1day-1) supplied by 
consuming cassava tubers. The main attributes of the crop can be listed as high biological 
efficiency comparable to rice and wheat, high yield potential to the tune of 20-50 t ha-1, 
ability to sustain under marginal environments (especially drought)/ management 
conditions, less susceptibility to pests and diseases etc. The tolerance/resistance of the 
crop to drought can be attributed to the innate physiological mechanism of the plant to 
shed its leaves during times of high atmospheric temperature to lower the transpiration 
rate. This attribute makes cassava to be regarded as one of the climate resilient crop.  
The experience over half a century (1963-2014) research on plant nutrition of cassava 
indicated the crop as highly responsive to manures and fertilizers as evident from the data 
on LTFE with an yield of 14 t ha-1 under absolute control and 26 t ha-1 with recommended 
package of practices (POP). At the same time, an yield range of 10-15 t ha-1 reported 
during these 20 years under LTFE through continuous cultivation of cassava without any 
manures and fertilizers in the same field can be attributed to the high leaf dry matter 
production, leaf shedding nature and high leaf nutrient content of the crop which in turn 
are directly related to the C sequestration potential and incidentally on cassava 
productivity. This paper discusses these attributes in detail justifying the sustainability of 
the crop under continuous cultivation as well as the strong positive response to INM 
through the facts and figures from the LTFE over a period of 20 years. 
 
Materials and Methods 
 
The parameters calculated to substantiate the C sequestering potential of cassava included 
leaf dry matter production as an index of CO2 absorption, atmospheric CO2 absorbed for 
leaf dry matter production and there by the reduction in atmospheric CO2 content and 
resultant soil organic carbon status through leaf shedding which later formed a part of soil 
organic matter over a period of 20 years since 1991. From the LTFE, during each crop 
season, the number of fallen and retained leaves including the fresh weight of 10 leaves 
was taken at tri monthly intervals since 3MAP till harvest. The leaf samples taken were 
dried in an oven at 65±50C and from the dry weight of the leaves and from the number of 
retained and fallen leaves, the total leaf dry matter production per plant was calculated. 
According to Singh et al., (2007), to produce 1g dry matter, 1.69g CO2 is absorbed from 
the atmosphere, thus the atmospheric CO2 utilized to produce the total leaf dry matter was 
arrived. According to Ramakrishna et al., (2006), the atmospheric CO2 concentration 
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during 1990 is taken as 360 ppm and is increasing at the rate of 1.5 ppm per year and 
from this, the reduction in CO2 content of the air through leaf production was calculated. 
All the above parameters calculated on per plant basis were converted to per hectare basis 
by multiplying with the number of plants (12345) in one hectare. The initial soil organic 
carbon content during 1991 before the start of the experiment and the status after harvest 
of the crop during every year was calculated by taking soil samples from individual plots 
to a depth of 0-20 cm and determining the soil organic carbon status through Walkley and 
Black (1934) wet digestion followed by  titration method. Since the nutrient management 
practices involving the application of manures and fertilizers as per the recommended 
POP is found to have significant effect on tuber yield over absolute control, the tuber 
yield during these years under both practices viz.,  absolute control and POP was 
recorded. The post harvest leaf samples collected were properly processed and analysed 
for nutrients viz., N, P, K, Ca, Mg, Fe, Cu, Mn and Zn using standard analytical 
procedures (Piper, 1970) 
 
Results and Discussion 
 
The main attributes viz., total leaf dry matter production, C sequestration, tuber yield and 
soil productivity in relation to cassava productivity under continuous cultivation under 
two management practices viz., absolute control and recommended POP are discussed in 
detail to substantiate the potential of cassava to sustain under continuous cultivation 
without plant nutrition as well as the strong positive response of the crop to plant nutrition 
with respect to the above parameters over a period of 20 years . 
 
 
a. Leaf dry matter production 
 
The total leaf dry matter produced under 
the two practices viz., absolute control 
and recommended POP ranged from 
1.515-5.426 t ha-1with an average value 
of 2.693 t ha-1 and 2.415-7.69 t ha-1 with 
an average value of 3.573 t ha-1 
respectively (Fig.1). 
Fig.1. Leaf dry matter production (t ha-1) 

under absolute control (AC) and 
recommended POP (RP) over a period of 

20 years 
                      
Atmospheric CO2 absorbed and reduction in atmospheric CO2 
 
According to Ramakrishna et al., (2006), the CO2 content of the atmosphere during 1990 
was taken as 360 ppm and the mean CO2 concentration of the atmosphere during these 20 
years from 1991 to 2012 was calculated as 377.25 ppm. To produce the leaf dry matter as 
above, to the tune of average 2.693 and 3.573 t ha-1, the CO2 absorbed from the 
atmosphere as per Singh et al.,(2007) is arrived as 45.51 and 60.38 ppm respectively. 
Hence, the reduction in atmospheric CO2 is calculated as 331.74 and 316.87 ppm 
respectively under absolute control and recommended POP respectively (Fig.2). 
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C Sequestration 
 
As indicated earlier, C 
sequestration denotes the 
increase in soil organic carbon 
(SOC) which in turn is 
derived through the 
acquisition of CO2 from the 
atmosphere transformed into 
leaf C and then on leaf 
shedding formed a part of 
SOC. In this case, the initial 
SOC under AC and RP were 
0.67 and 0.80% respectively 
and was raised to a mean of 0.817 and 1.078% respectively in these treatments over a 
period of 20 years and the C sequestered was calculated as 0.147 (1470 ppm) and 0.278% 
(2780 ppm) respectively. Though year to year variation was noted, attributing these 
process being mediated to a great extent by soil physic-chemical and biological processes 
which in turn is governed by environmental factors, the enhancement appears to be high 
in RP than AC ( Fig.3). 

Fig.2. CO2 absorbed (ppm) from the atmosphere for leaf dry matter production under 
absolute control (AC) and recommended practice (RP) over a period of 20 years  

                        
Fig.3. SOC (%) under absolute control (AC) and recommended practice (RP) over a 

period of 20 years 

                     
 
Tuber yield 
 
The mean tuber yield obtained under these practices over these years was 14.274 and 
25.692 t ha-1 respectively under AC and RP. The data clearly depicts the strong positive 
response of the crop to manures and fertilizers over absolute control during all these years 
(Fig.4). However, the data on tuber yield under AC further establishes the sustainability 
of the crop where in an yield of 7-25 t ha-1 was maintained during these years without any 
manures and fertilizers applied to the crop cultivated in the same field. The reason can be 
attributed to the substantially good leaf dry matter production of the crop which might 
have increased the SOC and that incidentally improved the soil physico-chemical and 
biological properties for better tuberization and bulking. At the same, the data elucidated 
the effect of recommended nutrient management in enhancing the above parameters 
compared to absolute control.  
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Fig.5. Tuber yield (t ha-1) under absolute control (AC) and recommended practice (RP) 
over a period of 20 years 

  
 A comparison of the management practices in affecting the indicated parameters are 
presented in Table 1. The results from this LTFE in cassava conform to the reports of 
Swarup (1998) in rice and Ryan (1998) from other long term fertilizer experiments that 
recommended application of manures and fertilizers through POP can increase the SOC 
pool. According to Lal (2007), the average rate of C sequestration in uplands is 300-500 
kg ha-1 (0.0134-0.0223%) and in wet lands, 800-1000 kg ha-1 (0.0357- 0.0446 %). 
Moreover, the average rate of C sequestration through adoption of recommended 
management practices ranges from 50-1000 kg ha-1. High rate of C sequestration by 
cassava can be attributed to its high leaf dry matter production to the tune of 3-6 t ha-1, 
coupled with leaf residue incorporation  in soil due to leaf shedding which in turn 
resulting an increase in SOC and sufficient foliage canopy giving a shade and thereby a 
cool soil climate slowing down organic matter  mineralizaion  and  increases SOC 
accretion. 

Table 1. A comparison of the parameters under absolute control and recommended 
practice  

(Mean over 20 years) 
Management 

practice 
Leaf dry 
matter 

(t ha-1) 

Atmospher
ic CO2 

absorbed 

( ppm) 

Reduction in 
atmospheric 

CO2 

(ppm) 

Soil organic 
carbon 
content 

(ppm) 

Carbon 
sequester

ed 

(ppm) 

Tuber 
yield 

(t ha-1) 

Package of 
practices (POP) 

3.759 60.38 316.87 1.078 2780 25.692 

Absolute control  
(AC) 

2.693 45.51 331.74 0.817 1470 14.274 

Cassava as a crop to mitigate global warming 
 
As indicated earlier, the increase in CO2 level of the atmosphere is the major cause for 
increase in atmospheric temperature, this in turn ultimately result in warming up the 
entire environment including land, water and air. If through the cultivation of crops like 
cassava which had the inherent leaf biomass production potential through absorption of 
atmospheric CO2 resulting in reduction in CO2 level of the atmosphere and there by the 
atmospheric temperature, it can be presumed that, this crop can mitigate global warming 
to a great extent. 
 
Cassava as a food security crop  
 
The high biological efficiency of the crop to take advantage of the solar energy through 
its conversion to chemical energy in the form of carbohydrate or starch is well known and 
is comparable to any other starch yielding crops like rice, wheat or potato.  Moreover, the 
high yield potential to the tune of 6-15 tha-1 without plant nutrition and 20-50 t ha-1 with 
adequate manures and fertilizers narrate the significance of the crop as one to sustain the 
food requirements of mankind. 
It is also important to note that, the low management conditions the crop need after 
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establishment compared to other field crops also encourages the farmers to cultivate this 
crop. The ability of the crop to thrive under marginal soil as well as climatic conditions 
especially drought situation  also  is a factor favouring its adoption by farmers both under 
a small homestead scale and also on a wider magnitude. The good monetary return 
through its cultivation at present even under marginal management and climatic 
conditions also give warranty to farmers as an insurance crop against any kind of 
adversities.  
 
C sequestration versus soil productivity 
 
Relation between C sequestration and food security can be interpreted in terms of two 
aspects viz., enhanced soil acquisition of carbon and humus/ residue accumulated in the 
soil forming a source of nutrients. The former having impact on the following aspects like 
improvement in soil organic carbon, increase in soil quality, improvement in soil 
environment, increase in nutrient use efficiency and thereby increasing the biomass yield. 
As regards to the latter, the case of cassava leaves are rich in all nutrients especially N. 
The content of nutrients viz., N, P, K, Ca, Mg, Fe, Cu, Mn and Zn in cassava leaves 
accounts to the tune of 4.41, 0.28, 1.25, 0.21, 0.321, 0.016, 0.0008, 0.0154 and 0.0064 % 
respectively. Hence, the maintenance of soil fertility through improvement in both soil 
organic matter as well as other plant nutrients also is another factor sustaining soil 
productivity contributing to high crop productivity and thereby food security through the 
cultivation of this crop.  
 Conclusion 
 
Taking into account the above potentialities of cassava under rain fed condition and the 
extent of neglected /waste lands in Kerala to the tune of 2,34,838 ha (Farm guide, 2011) 
comprising of barren and uncultivable land, cultivable waste, current fallow and fallow 
other than current fallow, if proper planning for effective utilization of these lands 
through  cultivation of  cassava can be done, rather than meeting the food requirement, it 
can reduce atmospheric CO2 concentration and thereby the temperature, in addition to 
improving the soil carbon and nutrient status. The experience over 20 years in cassava 
regarding the potential of the crop to produce substantial quantum of leaf biomass by 
utilizing the atmospheric CO2 which in turn forms a part of the SOC through C 
sequestration vividly points to the need for the exploitation of the above potentials of the 
crop in managing the neglected waste lands of our State to meet partially the rising food 
demand in addition to address the issues related to global warming.                                     
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ABSTRACT 
 
The best way for students to learn physics is to experience problems that challenges 
science and the thought, habits of mind and actions associated with trying to solve them. 
This impels opportunities for authentic , inquiry  based learning. Problem based 
learning is a student centered pedagogy in which students learn about a subject through 
the experience of problem solving. The goals of PbL 
are to help the students develop flexible knowledge, effective problem solving skills, self-
directed learning, effective collaborative skills and intrinsic motivation. Computer 
assisted Problem based learning has been created to expand the boundaries of the 
creativity and the creativity of students beyond the four walls of the classroom. In the 
present study the investigator tested the effectiveness of the Computer assisted Problem 
based Learning (CaPbL) material in Physics for enhancing thinking skills among 
secondary school students. The sample consisted of 120 secondary school students . The 
study revealed that the CaPbL material is effective in enhancing thinking skills such as 
critical thinking, creativity and problem solving. 
Introduction 
 
Science has been characterized as a body of knowledge obtained by scientists.. Science is 
dynamic in its nature-changes taking place are both substantial  and peripheral. Scientific 
information is  constantly being rearrange and reoriented in the light of latest 
developments. Thus the dynamic nature of science is to be made clear to students to 
enable them to use this knowledge in their daily life. Technology has helped to expand the 
scope and depth of education across borders.  Technological application has offered new 
resources for learning. Merely introducing technology to the educational process is not 
enough  . The thoughtful pedagogical use of technology require the development of a 
complex, form of knowledge that we call Technological Pedagogical Content knowledge 
(TPCK). In doing so the merging of three main components of learning environment such 
as content, pedagogy and technology . The attempt of TPCK was to encourage teachers to 
design project in which the applied pedagogical content knowledge ( pedagogy) and 
technological knowledge of various ICT tools (technology) to create a subject specific 
lesson package(content).  
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Learning of Physics in the frame work of TPCK 

The purpose of Physic teaching in school is to enable  students to grasp ideas 
systematically   and further apply it into solve real world  problems.  The best way for 
students to learn physics is to experience problems that challenges science and the 
thought, habits  of   mind and actions associated with trying to solve them.   This impels 
opportunities for authentic , inquiry  based  learning. Problem-based learning is a 
powerful vehicle  in which  a real-world problem becomes a  context for students to 
investigate in depth, what they need to know and what they want to know.  

Computer Assisted Problem Based Learning 

Problem based learning is a student centered pedagogy in which students learn about a 
subject through the experience of problem solving. The goals of PBL are to help the 
students develop flexible knowledge, effective problem solving skills, self-directed 
learning, effective collaborative skills and intrinsic motivation. Problem based learning is 
a style of active  learning.  
Computer Assisted Instruction represents a teaching tool  that involves the use of 
computer programme or programs to facilitate the education of a group of student . Its 
major goal is to provide practical assistance to interactive programmes that teach 
effectively.  An integration of IT enabled technology with Problem based learning leads  
to introduction of yet another strategy which learning more productive.  Computer 
Assisted Problem Based learning has been created to expand the boundaries of the 
creativity and the creativity of students beyond the four walls of the classroom. 
 Importance of thinking skills 
 
Thinking skills can be defined as patterns of thinking that help learners go beyond the 
mere recall of of information and enable them to explore and  make sense of their world, 
to reason and problem solve , as well as  to plan ,create and invent. Although we are all 
born  with a capability to think, there is ample evidence that we can learn to think more 
skillfully. Thinking skills refer to processes of thinking and learning in a wide range of 
contexts, not just in schools. Developing thinking skills is  apart of learning to learn.  
Developing thinking skills enable  learners to gain deeper understanding of topics, to be 
more critical about evidence to think flexibly and to make reasoned judgments and 
decision rather than jumping to be drawn on when they encounter new situation. There 
are many strategies and methods for the enhancement of thinking skills among learners. 
Project method , Problem based learning, Computer assisted Instruction, Debates, 
Collaborative learning, Brain storming sessions, Buzzer techniques etc are some among 
them.  For the study the investigator selected  Computer assisted Problem based Learning 
to enhance thinking skills among secondary school students.  
 

Need and significance of the study 
 
It is a great fact that Science teaching and learning is a complex task. The efforts at 
reforming science teaching have often been too  restricted in scope and have focused 
mainly on updating the Science content in text books.  School education is the crucial 
factor that decides the future of the nation. The challenges and problems of the 
contemporary world can be met only if we develop a progressive and comprehensive 
system.  It  would  give opportunities to the learners to think critically and develop insight  
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into these problems and issues.  It is doubtful whether the instructional strategies 
employed in schools are enough to develop the thinking skills of the students. It is the 
responsibility of the teachers  and authorities to provide facilities for the students to think 
efficiently. 
Many studies proved that Learning will be effective by introducing participatory 
approaches in classroom teaching and  learning. In the participatory approaches the 
teacher and the taught equally share the responsibility of learning. In participatory 
approaches students are actively participating in the teaching learning process.  
One of the major criticism on Computer assisted learning is the active involvement of 
learners and lack of opportunity for the development of social skills. In this study due 
emphasis was given  for the participation of students and maximum involvement  of the 
learners in teaching learning process.  By Computr Assisted Problem ased learning 
Strategy, there will be an enhancement not only in the thinking skills of the pupil, but also  
in the technological skills, social skills, research skills and interpersonal skills. It could 
help the teachrs and curriculum planners to experiment on new ways of teaching, in the 
newera of technological advancement to make Physic learning more exciting and 
interesting.  
 

Statement of the Problem 
 
The study of Physics becomes interesting and effective if it is transacted in a better way  
such that the learner personally engage in the process of Science. Due emphasis has to be 
given to how to teach  or learn rather than what to  teach or learn. Since the main 
intention is to develop thinking skills among students, the investigator selected problem 
based learning   incorporated with Computer Assisted learning. Hence the study is stated 
as, Effectiveness of Computer Assisted Problem based Learning  in Physic for developing 
thinking skills among secondary schools students. 
 

Objectives of the study 
 
The major objectives of  the study are: 

Ø To prepare and validate a Computer Assisted Problem Based Learning (CAPBL) 
material in Physics for the topic Energy management for the  secondary school 
students. 

Ø To test the effectiveness of the  CAPBL material  for  developing thinking skills 
among secondary school students by comparing the pre-test and immediate post 
test scores of total sample 

Ø To test the effectiveness of the  CAPBL material  in developing thinking skills  
among secondary school students by comparing the  pre-test and  immediate post 
-test  thinking skill test scores such as  critical thinking, creative thinking and 
problem solving. 

Hypotheses of the study 
 
The Computer assisted problem Based learning is effective in developing thinking skills 
among secondary school students. 
 

Methodology in brief 
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The present study aimed at finding out the effectiveness of Computer Assisted problem 
Based Learning  in Physics for developing thinking skills among secondary school 
students. The details  regarding the method adopted for colleting data, tools and materials 
used for the study, statistical techniques employed for analysis of data are  give below: 
 
Method selected for the study  
 
The  pre-test post-test single group experimental  design was adopted for the study.  
 
Sample selected for the study 
 
The  sample consisted of  120  students  studying in  standard standards VIII and IX.  
 

Tools and materials used for the study.  
 
The major tools and materials used for the study are : 

5. Computer Assisted  Problem based Learning Material on Energy Management 
6. Rating scale for experts for  validation 
7. Thinking skill test 

Computer Assisted Problem Based learning material prepared by the 

investigator 
 
8. The unit plan, lesson plans, and supply materials including a PowerPoint 

presentation, on Energy Management, questionnaire and survey form for 
conducting survey on over consumption of energy , notice on the importance of 
smoke testing vehicles, news letter on the importance of the conservation of fossil 
fuels, posters on the ill effects of heaped biomass and  an interview schedule for 
Asst engineer, KSEB. . 

Computer Assisted Problem Based learning material prepared by the students 
 
The students  prepared learning materials on the unit energy Management for 
enhancing thinking skills among students with the assistance of the teachr as a 
facilitator . The materials prepared by the students in each group includes a power 
point presentation on Energy management, questionnaire and survey form for 
conducting survey on over consumption of energy, notice on the  importance of 
smoke testing in vehicles, newsletter on the importance of the conservation of 
fossil fuels, posters on the ill effects of heaped biomass and an interview schedule 
for the Assistant engineer(developed by the students with the assistance of the 
investigator.) 
Thinking skill test in Physics  
 
The test comprises of the thinking skills such as diacritical thinking skill, creative 
thinking skill and Problem solving skills based on the unit Energy management. 
The same test was used as the pre-test and post-test.  

Statistical techniques used for the study 
 
Percentage analysis ,Calculation of Arithmetic Mean and Standard deviation and Test of 
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significance of difference between means 

 
Major findings of the study 
 
The major findings drawn from the  study are: 
The percentage analysis made for the responses   collected from teachers and experts 

regarding the material prepared revealed that  a great majority (98%)  of experts 
and teachers reported that the material is  practicable in a normal class room. 
They also reported that it is suitable in enhancing the thinking skills of students. 
It is followed by simple to comprehend, effective in minimizing the stress among 
students , suitable for developing interest  and  relevance of the material . 

In terms of mean scores in thinking skill test in Physics: 
The  Computr Assisted Problem Based Learning material ws effective in enhacing 

thinking skills among secondary school students. This conclusion is based on the 
test of significance between mean pre-test and post-test scores (t value=4.984, 
significant at 0.01 level).  

There exists  significant difference between the mean  pre-test and post test scores for the 
thinking skill-critical thinking (t value =4.94, significant at 0.01 level). 

There exists  significant difference between the mean  pre-test and post test scores for the 
thinking skill-creative thinking (t value =5.834, significant at 0.01 level). 

There  exists  significant difference between the mean  pre-test and post test scores for the 
thinking skill-problem solving (t value =4.534, significant at 0.01 level). 

Hence the Computer Assisted Problem Based Learning Material is effective in developing 
thinking skills such as critical thinking, creative thinking and problem solving. 

Discussion of Results 
 
From the above findings it can be concluded that Computer Assisted Problem Based 

Learning is found to be  effective in enhancing thinking skills among students at 
secondary level.  The comparison of the mean scores of component skills 
between pre-test and immediate post test of the experimental group reveals that 
Computer Assisted Problem Based Learning is effective in developing the three 
component  skills such as critical thinking , creative thinking and Problem 
solving.  

The results of the present study have a very significant value in the field of Science 
Education and hence the present study has a number of implications. CAPBL is 
found  to be Effective in enhancing thinking skills especially critical thinking, 
creativity and problem solving among secondary schools students. 

The CAPBL  helps in enhancing technological skills of the students  by means of 
PowerPoint preparation, newsletter and notice preparation which is very essential 
in this modern world. It also helps in the development of research skills . inquiry 
skills. And social skills through the surveys, field trips, nature study etc. which 
are essential part of this learning. Learning bys searching internet, referring 
magazines , preparing story boards .interviewing  individuals etc arouse the 
curiosity and appeal the interest of the learners.  
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INDIAN CLASSICAL DANCE THERAPY FOR ONE AND ALL INDIRA VMD 
 
C-1105, Sanskritiapts., KaspateVasti, Wakad, Pune, Maharastra- 411057. 
 
ABSTRACT 
 
As per natyashastra written by the great sage bharata, dance will provide solace to 
the afflicted, fatigued, miserable ones and ascetics, tired of religious ceremonies . 
Here, religious ceremonies refer to their daily duties and chores. In other words, 
dance is a good break for both the spectators and the performers. dancers commonly 
claim to find dancing as the perfect food for the soul . The reasons are psychological 
as well as physical. 
 
The research is an attempt to probe at why dancing is a physically enthralling and 
mentally satisfying activity. with a good music on, people with no connection to dancing 
can be seen grooving and smiling to the music. This is because it soothes the nerves and 
relaxes the mind. while dance is a physically taxing and mentally agonizing process, post-
dance, it is pure bliss. 
 
The research involved teaching dance to people hailing from different backgrounds, 
belonging to different age-groups and facing a variety of physical and mental problems. 
although the main cause was a modernised, sedentary lifestyle that involved minimum 
movement, there were also other causes such as abuse of amenities, technology, etc. 
 
being the initial stages of research, our findings are only restricted to what dancing does 
to the body and whether it influences the mental and physical well-being of an individual. 
Research is under way to establish the factors that influence the physical and mental well-
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being of individuals as well as its therapeutic effects and healing process. 
 
INTRODUCTION 
 
Human body is meant to stand on two feet and work. However, in today s times of 
technology, movement and even standing is restricted. Therefore, people are more getting 
used to sedentary lifestyle- thus increasing their girth and chances of suffering from 
various ailments. In order to tackle this, people choose various modern methods of 
healthy lifestyle  such joining the gym, subscribing to diet plans, etc. While some work, 

some do not.  
Generally, people subscribe to these plans, follow them, lose weight and then stop the 
plan. Upon stopping, they gain back all the weight they lost- perhaps some more of it. 
This is because people do not realize the fact that weight loss and maintenance is a life-
long exercise.  
This study is focused on Indian classical dancing as a good form of exercise, learning and 
the proverbial food for the soul . The reason behind choosing Indian classical dance is 
that it has a systematic form of teaching starting from warm-up exercises for every part of 
the body and slowly progresses to steps. The steps begin with simple ones to adapt the 
body to various postures and gradually moving on to the more complicated ones. In other 
words, it is a systematic approach for learning.  
 

Materials and Methods 
 
The number of participants is limited to a group of 25. They fall under varying age groups 
and were suffering from various physical and mental conditions when the research began. 
The study is focused on how the learning progressed and how effective the dance sessions 
are from therapeutic point of view. Table below shows participants  age, their physical 
ailments  and  mental  condition. For privacy sake, we have not named them: 
  

Subject 

no. 

Age Weight Medical Condition 

(Physical) 

Mental Condition 

1 65 57.3 Kg High blood pressure, 
diabetes, joint pain 

Mentally sound with no signs of 
depression or loneliness 

2 48 60.8 Overweight, high 
blood pressure, Low 
energy levels 

Depression, acutely short tempered 

3 47 62 Overweight, high 
blood pressure, 
suffering from acidity 

Depression (in state of constant self-
denial), Loneliness, feels being a good 
for nothing  

4 45 57.8 High blood pressure, 
diabetic and 
overweight 

Suicidal tendency, depression, feels life 
has reached to  a level of saturation and 
that there is nothing new to do 

5 45 57.6 Overweight, joint pain 
especially in knee 
area, very low stamina  

Avoids group, prefers to be alone, 
depressed state of mind 

6 34 56.4 Fluctuating blood 
pressure, excess 

Feeling low owing to excess weight 
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weight gain, Pain in 
joints and inability to 
walk or sit on floor 
easily 

7 32 56.4 Excess weight around 
stomach, hips and 
thighs, irregular 
menstrual cycle, high 
blood pressure 

Normal 

8 32 56.3 Lack of body 
flexibility, Inability to 
walk, low blood 
pressure, overweight 

Showing symptoms of depression owing 
to excess weight in body 

9 30 53.3 Overweight, joint 
pain, low stamina 
levels, excess 
sweating and 
breathlessness on 
doing small activities 
like washing clothes, 
cooking for a short 
interval 

Depression owing to feeling OLD  

10 29 56.4 Weight gain post 
pregnancy leading to 
low stamina level, 
high blood pressure 
and sugar level, 
anaemia,  

Normal 

11 28 51.2 Weight gain leading to 
pain in joints. Unable 
to move right or left 
side individually. 

Inability to walk properly leading to 
frustration 

12 26 47.9 Head and back injury 
leading to a disturbed 
balance. Was unable 
to walk or even stand 
properly. Difficulty in 
balancing body while 
standing. 

Depression owing to inability to do basic 
activities 

13 23 55.6 Imbalance in 
biological cycle 
owing to shifts, low 
haemoglobin levels, 
Low blood pressure, 
lack of appetite 

Normal 

14 22 48.3 Body weight gain but 
lack of appetite, low 
blood pressure but 
high sugar level 

Normal 
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15 24 47.6 Body weight gain, 
sleeplessness, low 
haemoglobin level 

Normal 

16 25 44.5 Low sugar level, 
stamina and body 
weight gain 

Normal 

17 23 49.5 Body weight gain. 
Low stamina, profuse 
sweating even in 
cooler atmospheric 
conditions 

Normal 

18 22 48.3 Body weight gain, 
severe headaches 
often 

Normal 

19 26 45.3 Excess body weight, 
low stamina, low 
blood pressure, 
myopia 

Normal 

20 20 44.7 Excess body weight 
leading to pain in 
joints, back bone 
curving, stooping 
posture and myopia 
since 3 years with 
continuously 
increasing power 

Lack of confidence 

21 19 52.0 Excess body weight 
with lack of appetite, 
low blood pressure 
and inability to stand 
straight on both legs. 

Normal 

22 15 NA Weight gain, irregular 
menses accompanied 
with excess pain and 
loss of appetite 

Lack of confidence leading to reserved 
nature  

23 15 NA Loss of appetite, 
stooping posture, 
inability to walk for 
long and even climb 
upto one floor 

Diagnosed with autism in early stages of 
life and hence given special coaching  

24 9 NA Inability to walk 
properly, suffers from 
acidity 

Normal 

25 7 NA Lack of co-ordination 
in  movements, low 
immunity, breathing 
difficulty 

Normal 

 
The numbers of subjects in different age groups are varying. For the last two participants, 
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weight is not taken into consideration as focus was on muscle movements. All the 
subjects except the first one do not practice Yoga or any other form of exercise as a part 
of regular routine. However, the first subject has been practicing Yoga since the age of 40.  
The mode of training used was regular practice for one hour everyday in the morning. 
Results here are produced for the first 90 days of regular practice. In other words, 90 
hours of results are produced here. Of these ninety hours, twenty four hours were 
reserved for teaching a new step or exercise while rest sixty six hours were devoted 
towards practicing the exercises or steps that were taught. The number of hours in both 
teaching and practice were distributed evenly so that every week, there are two hours of 
teaching and five hours of practice.  
 

Results and Conclusions 
 
For the first week, observations and feedback were taken on an everyday basis. After the 
first week, the next feedback session was after an interval of 7-days gap. Following this, 
regular feedback sessions were on an interval of 15 days. The feedback and observations 
recorded on individual basis are as follows: 
 

Age Group: 65-45 Years 
 
The first day of the session was spent in correcting the posture. Some women had a 
tendency to support on one leg while standing and others had a tendency to stoop.  The 
second day was focused on moving various body parts such as neck, shoulders, hips, 
lower back, knees and ankles. This is an important exercise since dance involves 
movement of every joint and muscle in the body. For the next one week, the one hour was 
devoted towards warm-up exercises. They were increased gradually everyday to keep the 
stress to a minimal level. The most common problem faced by the ladies was inability to 
walk or jog comfortably owing to excess body weight. Hence, the first task was to 
facilitate easy movement. Two weeks later, the subjects were able to move and run 
comfortably. Three of them could even use the stairs and sit cross-legged on the floor 
comfortably. Actual dance (adavus) training started only after the first two weeks.  
The eldest in the group showed remarkable level of stamina. She not only performed all 
the warm-up exercises and steps on the first day, but also reported a very low level of 
muscle stiffness unlike others. In addition to the dance sessions, she continued to practice 
Yoga and perform all her household chores as usual with no stress. This is in 
contradiction to the other subjects who had lower stamina levels.  
One of the subjects who were suffering from acidity found relief after a month of regular 
dance classes. Three months later, she switched back to her normal diet.  
During this training period, as per the family feedback, these ladies underwent a 
tremendous change in their personalities. They were suffering from depression and had 
sought psychiatric help. However, post the ninety days  session, they seemed more 
cheerful and less fussy. One of the subjects suffering from suicidal tendency has found a 
new diversion and it has kept her busy apart from the normal chores. The spouses 
definitely seemed relieved.  
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Graph 1 
 

Age Group: 35-25 
 
The subjects under this age group fall under the new mothers  category. These five 
subjects delivered about two years back. Yet, two years later they were unable to shake 
off the excess weight and were feeling stagnated in life. Like other subjects, their body 
weight was higher than what was ideal. One of the subjects also suffered from a head 
injury six months before joining the session, while another found it difficult to walk 
properly as balancing the two sides was an issue.  
The focus was to first shake off the excess weight and then give their lives a new purpose 
apart from raising a family. These ladies lead a sedentary lifestyle unlike the previous 
group.  
The first three days seemed slightly difficult and they faced problems like muscle 
stiffness, catch and even a sprain. Three days later, things were better and they could 
dance comfortably after the warm-up session for an entire hour with no occasional 
breaks. This continued for the next three months.  
The results in this group were actually quite intimidating. The subjects not only lost a 
considerable amount of weight, but, all five of them even regained 80% of the flexibility 
they had. Happy with the results, they have decided to continue learning dance.  
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Graph 2 

The families also had nice words about the new found passion of their spouses/ daughters. 
According to the members, the subjects were more energetic and cheerful. They welcome 
everyday with a new refreshed outlook. Once again, the spouses heaved a huge sigh of 
relief.  
 
Age Group: 22-27 
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Most subjects in this age group kick-started their careers three months back. They were 
recruited from campus after graduation and settled in the city as this was their posting. All 
the subjects in this group had the following problems: 

Ø Sudden body weight gain 
Ø Anaemia owing to irregular lifestyle 
Ø Disturbances in biological cycle 
Ø Feeling of stagnation as they have no other diversion- it is plain office to hostel 

and back 

The above problems were observed because their job profile involved minimal 
movement. Mostly they were sitting at one place and working at the click of a button .  
This has led to weight gain. Also, they do not feel tired despite of a hectic day at office. 
Hence, some suffer from insomnia.  
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ph 3Teaching these subjects 
seemed easy at the beginning as they had a lot of energy in them. However, a week later, 
the energy levels ebbed. The subjects needed a break after every adavu which is almost 
after every minute! This seemed alarming. A month later, once again, the energy level 
started rising slowly and soon, by the end of the ninety day period, they were able to 
dance for an hour with no breaks.  
Physically, the subjects were able to achieve what they had set out to at the beginning of 
the session. 6 of the total 8, faced no problems in falling asleep. The biological cycle and 
anaemia was restored to normalcy at the end of three months in 7 of them. All 8 of them 
not only experienced improved stamina levels, but also their weight was back to where it 
was at the beginning of their careers.  
 
Age Group: 12-18 
 
The subjects falling under this age group are predominantly teenagers who have a mixture 
of physical and mental attributes. While mentally they fall under the shy and reclusive 
category, physically they are undergoing a series of changes. The group was further sub-
divided into 2 as: 

A) Attaining puberty 
B) A grown-up youngster 
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Those in the first group fall under the 12-15 years of age while those in the second group 
fall under the 16-18 years age. Although there is a difference in their mentality, physically 
all of them faced common problems. The problems are as below: 

• Stooping posture 
• Irregular menstrual cycle 
• Anaemia 
• Myopia 
• Loss of appetite 
• Extremely painful menses 
• Weight gain in some subjects 

The subjects also faced extreme stress and lack of confidence owing to a variety of 
reasons ranging from peer pressure to exam performance. All the subjects in this group 
began with light warm-up exercises and quickly progressed to adavus. Their advancement 
was much faster than compared to other subjects from other age groups.  
The ninety-day trial period showed quite good progress in their status. 3 of the 5 subjects 
started having the 28-day biological cycle pattern while the other two were still struggling 
with the same. The pain had subsided since they were practising the prescribed exercises 
regularly. In addition, since their diet pattern got regularised their overall health 
improved. Posture of these students have improved slightly, however, there is room for 
more improvement in their posture. The main reason behind this is because they tend to 
stoop as they write keeping books on their desks.  
Graph 4 
 
Another remarkable observation was in the case of eyesight and stamina. All five subjects 
had much improved stamina levels and their eyesight also improved considerably. Owing 
to the abuse of gadgets by the younger generation, the eyesight was alarmingly weaker 
among all of them. The eye exercises in dance helped them tremendously and an 
improvement in their sight was observed. Similarly, these subjects are not used to walking 
or climbing the stairs. They have lifts installed in their buildings that take them up and 
down the floors, this keeps them away from using the stairs at all. For transportation it is 
either their parents  vehicles or the school buses. They have never used a public transport 
system so far. Another astonishing discovery was that these students never carried their 
own school bags! All these factors contributed to developing a very low stamina since 
they are not exposed to any kind of physical stress.  
Our first task with this group was to help them build their stamina and slowly progress to 
dancing. However, unexpectedly, they responded promptly and showed increase in 
stamina levels as well as an increase in their determination when the research began. This 
determination persists even now as I continue to type the report.  
 

Age: 7-9 
 
The two subjects are children with a variety of physical and mental problems. Their body 
movements were stiff and uncoordinated although they were not reported to be suffering 
from any other medical condition. In addition to this, they had very low immunity level, 
low appetite and faced severe breathlessness from time to time.  
Owing to their medical condition, dance was not a preferred choice as it involves 
strenuous physical activity. However, within the first two months of their joining, the 
medical condition improved. The muscle movements were much controlled and they 
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showed increased immunity levels. Their diet pattern was normalised. They also showed 
a regular breathing pattern which was a reverse effect. Usually, dancing makes people 
breathless. However, in this case it normalised breathing. One cause can be attributed to 
the breathing pattern while dancing. There are specific movements and specific time gaps 
that let you breathe at the time of dancing. Dancers are trained to breathe in a certain 
pattern which becomes their normal breathing pattern gradually. For example, any 
movement pointing towards the floor or a gesture that makes the dancer go down is 
accompanied with exhalation while an upward movement is accompanied with inhalation. 
In addition, artistes are trained to expand their stomach to store air as they inhale and pull 
the stomach back as they exhale. This is another form of pranayam  in Yoga. In our 
normal lives we tend to ignore these minute points.  
 
Conclusion: 
 
From the experiment conducted on subjects of varying age groups, it was observed that in 
addition to simply being a weight management exercise, it also does wonders on the 
overall physical health, mental health and is a good food for soul. It teaches you to grow 
aware of your body, feel every internal organ moving and gives the ability to judge what 
is going wrong and where.  One hour of dance is equivalent to an hour of meditation. The 
subjects get to focus on nothing else but the adavus and acquiring perfection in the 
techniques. One adavu a day was a good enough homework for everyone to go home and 
keep themselves occupied during their free time at home if any.  
Dance is a good exercise primarily for weight management because it is a good life-long 
learning tool. Dance, especially Indian dance is an in-depth subject and no amount of 
learning is enough for the same. An artiste is a student for the entire life if he or she is a 
dancer. The I am a student  mode is enough inspiration for anybody to continue dancing 
everyday.  
 

Further Research 
 
In addition to weight management, other health benefits like correct posture, normalised 
blood pressure, blood sugar level, better pain management, enhanced circulatory system, 
etc. were also observed. Further research to establish these are under way.  
Also, other points of focus are as below: 

• Effect of dance on various parts of the body. For example, Bharatantyam helps 
strengthen hamstring muscles, Manipuri helps in overall body control and shock 
absorption and Kathakali helps achieve facial muscle flexibility.  

• What are the factors attributing to an enhanced circulatory, nervous and 
lymphatic system through dance? 

• Does it actually work on the various acupressure points beneath the foot and in 
various body parts? 

• Gymnasium vs. Indian classical dance- what is the range of difference from 
health point of view.  
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Abstract 

This is a study of stress on school students, college students and software professionals and the 

impact on their productivity. Majority of the students and professionals in India are struggling to 

perform at their respective area primarily due to high expectations, pressure and tension. They 

are undergoing lot of stress due to their pressure from day to day activities, families, peers and 

industry. The uncalled deadline factors, high demand, cross cultural dealings, etc. are all 

ingredients to increase the pressure. The peer pressure, high goals and ever increasing 

performance levels also puts a heavy toll on their health. Globalization, competition, quality, do 

it right at the first time, etc. would ultimately are putting pressure on them, making them tense 

and hence affecting the productivity. In any situation, the pressure, the tension and the stress 

affects in all forms of our life; be it in studies, work, family, friends and any other social 

interactions. Attempt made here is to analytically evaluate how this affects their lives and what 

are those emotional intelligence best practices by which it can be controlled to give a positive 

outcome in one’s personal and professional life. 
Keywords 

Emotional Intelligence, Stress, Students, Professionals, Productivity 

Introduction 
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Competition from all angles has increased the pressure on all of us. Globalization, short product 
life cycle, do it right first time, quality and cost are some of the reasons for increased pressure to 
perform. Students are under severe pressure from different angles. They know that if they don’t 
perform they will be left behind. The expectations from family and relative circles are putting 
heavy toll on students in addition to the bodily and emotional changes undergoing in them. 
Comparison with peers and other groups are regular in nature which brings the depression in 
them. Suicide rates on failure are also on the rise. In a recent newspaper story from Kerala, two 
professional study aspirants committed suicide as a result of failure in various examinations. 
They were from well-to-do families. In Kerala, the professional college pass percentage is about 
40% and out of which only 20% are employable. This low pass percentile could be due to 
various reasons. 
 
This cannot sustain like it. We have to bring in amicable changes and support systems to help our 
students perform well under healthy conditions. Future of India should not succumb to pressure 
and finally all going depressed and non-performing. We need performing people with an 
innovative mindset to build a new India.  
 
Attempt made here is a study conducted on professional students and future aspirants to measure 
their stress level and analyze to see where are they today and what could we do differently for a 
better tomorrow. Practicing EI-Emotional Intelligence can help all of us to live a healthy life and 
influence others around. 
 

Stress – an Overview 

Stress in students is often induced from many angles. It slowly builds up as they grow up to 
higher levels. Different angles where stress can occur are Bodily/Hormonal Changes; Parents; 
Peers; School; Entrance examination coaching institutions; Teachers; Industry 
On reviewing the various journals, especially the once published in Science Direct and study 
conducted by Harvard University reveals that during puberty both Boys and Girls undergo 
emotional conflicts like what to do, when to do and most of the times there will be flare up of 
emotions.  
 
Adolescence can be considered as a transitional period between childhood and adulthood, when 
children are prepared for adult roles. During this stage there occurs multiple transitions in 
various fields like education, training, employment and unemployment, also transitions from one 
living circumstance to another. 
 
Even though   the transition varies or depends by country and by function, there can be different 
ages at which an individual is considered (chronologically and legally) mature enough for 
society to entrust them with certain privileges and responsibilities. . Changes involved during 
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this include driving a vehicle, having legal sexual relations, serving in the armed forces, drinking 
alcohol, voting, entering into contracts, finishing certain levels of education, and marriage.  The 
stage of Adolescence is accompanied by an increased independence allowed by the parents.  
The Cognitive or thinking encompasses both increases in knowledge and in the ability in abstract 
thinking and in effective reasoning more effectively.  The researchers in various fields studied 
the pubertal changes in brain structure and its effects on cognition or social relations whereas 
sociologists studied about the changes occurred in adolescence on acquisition of social roles 
(e.g., worker or romantic partner) and how this varies across cultures or social conditions. And 
the Developmental psychologists studied on changes in relations with parents and peers as a 
function. 
 
The puberty can have important psychological and social changes. Early maturing boys have the 
advantage in capturing the attention of potential partners and in becoming hand-picked for sports 
whereas pubescent boys often tend to have a good body image, are more confident, secure, and 
more independent. Boys maturing late can be less confident because of poor body image due to 
comparison of their body to already developed friends and peers. There are also studies 
indicating, early puberty is not always positive for boys; early sexual maturation in boys can be 
accompanied by increased aggressiveness due to the increase of hormones that affect them. Since  
they appear to be older than their peers, pubescent boys may face increased social pressure to 
conform to adult norms and  society may view them as more emotionally matured, irrespective 
of the fact that their cognitive and social development may lag behind their appearance. Studies 
also have shown that early maturing boys are more likely to be sexually active and are more 
likely to participate in risky behaviors. 
 
For girls, early maturation can sometimes lead to increased self-consciousness, Because of 
maturing changes in their body in advance; pubescent girls can become more insecure. In 
consequence of that, girls that reach sexual maturation early are more likely than their peers to 
develop eating disorders.In addition to all these personal conflicts inside them, girls may have to 
deal with sexual advances from older boys before they are emotionally and mentally mature 
[40].Having earlier sexual experiences, molestations, rapes etc. can bring more emotional trauma 
in early maturing girls. Girls who have had such experiences tend to perform less well in school 
than their "inexperienced" age peers. 
 
The parents as usual will put the pressure to get high marks especially to continue the studies in 
reputed colleges, pay less tuition fees and to get selected in the campus recruitments. Peers put 
the unknown pressure as they are compared against each other. Rather than creating a helping 
mindset, friends would hide facts and information from sharing. The schools would want their 
status to be kept high and which adds the pressure on their students. Entrance coaching institutes 
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have their take to project them as the premier institute. Teachers as usual wanted their wards to 
come to top. Finally, the industry will put the pressure by saying that they are not employable. 
 

Expectation to perform always puts the pressure. 
Continued pressure becomes stress. Stress relieving 
did not happen on daily basis and it piles up making 
the body and mind suffer. It turns out as depression. 
The expectation on future incidents always will 
create the pressure. We should learn and encourage 
students to live in the present. Let the future happen. 

Let us learn from the past. We wanted them to concentrate on the present. 
 

Emotional Intelligence – an Overview 

We all live in a transaction based world where one transaction leads to another. Understanding 
the response, preparing ourselves for the response and finally responding in a way to win is the 
ability that we should nurture in students. If you are a better EI person you will have the ability 
to win them quickly with a smile. EI requires that, a person should understand self-emotions, 
know others emotions, manage self and others emotions and should be able to control the 
outcome with a timely response such that the transactions stays alive. Others’ interest on us 
depends on the kind of response that we provide. If that response is in line with their thoughts, 
then, the conversation or transaction would progress and finally reach the desired destination.  
 

Objectives of the study 

This study aims to measure the stress level of school, college students and software professionals 
and to recommend suggestions to mitigate this problem. 

1. To study the stress factors in school students, professional college students and software 
professionals 

2. To measure the variances in the stress levels 

3. Suggest solutions to mitigate this issue 

Scope of the study 

Scope of the study is to measure and evaluate the stress levels of school students, professional 
college students and software professionals by means of standard questionnaire. The data 
collected would be analyzed and to recommend the suggestions thereon. 
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Research methodology used 

Out of the twenty professional colleges in Trivandrum, we have selected three colleges to collect 
the data. Data of both males and females are collected. We have collected data from two schools 
in Trivandrum city. We have collected samples from four different companies at Technopark 
Trivandrum. The sample was arrived by using the convenience sampling method. Questionnaire 

was obtained from National 
Psychological Corporation (NPC). 
The questionnaire and scales for 
school and adults were different. 
Data collected by direct 
questionnaire sharing, filling and 
collecting it back then and there. 
Data was coded and errors and 

omissions were identified and removed. Few cases were subsequently contacted to get the 
accurate data. The entire data collection process took 4 weeks of time. The scoring of data was 
done using the guidelines of the standard questionnaire. The guidelines are as specified below. 

Analysis 

Productivity is the ratio of output to inputs in production; it is a measure of the efficiency of 
production.  
 

Data collected for 105 professional college 
students from three different medical and 
engineering colleges. The average age group is 
around 22 years. There were 70 females and 35 
males.  
 
Analysis of data revealed that, there are 7 (7%) 
students out of 105 in the very high stress 
category, 15 (14%) out of 105 in the high 

category, 35 (33%) out of 105 in the moderate category, 19 (18%) out of 105 in the low category 
and 29 (28%) out of 105 in the very low category. 
 
Overall, 54% college students are in the moderate to very high stress category. These students 
require immediate counseling and support. 
 

Data collected for 68 school students from two different schools. The average age group is 
around 15 years. There were 19 females and 49 males.  
 

Raw Scores  Stress 

Levels Boys Girls Adults 
204 – 180 210 – 196 >40 Very high 
177 – 166 194 – 189 ’31-40 High 
164 – 153 188 – 175 ’21-30 Moderate 
151 – 141 169 – 161 <20 Low 
138 – 115 160 – 141 NA Very Low 
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Analysis of data revealed that, there are 6 
(9%) students out of 68 in the very high stress 
category, 13 (19%) out of 68 in the high 
category, 23 (34%) out of 68 in the moderate 
category, 14 (21%) out of 68 in the low 
category and 12 (18%) out of 68 in the very 
low category. 
Overall, 62% school students are in the 
moderate to very high stress category. These 
students require immediate counseling and 
support. 

 

 

Data collected for 41 software professionals 
from four different Trivandrum technopark 
companies. The average age group is around 
25 years. There were 28 females and 13 
males.  
 
Analysis of data revealed that, there are 2 
(5%) professionals out of 41 in the very high 
stress category, 9 (22%) out of 41 in the high 
category, 19 (46%) out of 41 in the moderate 

category, 11 (27%) out of 41 in the low category. 
 
Overall, 73% professionals are in the moderate to very high stress category. These professionals 
require immediate counseling and support. 
 

Effects of Stress  

Stress can have various effects on the individual as well as on the productivity on personal level 
or institutional level. Not only the individual suffers but the result may also be affected by 
absenteeism, exam performance, and overall result of the institution. While stress is typically 
discussed in a negative context, it also has positive value. Some individuals use stress positively 
to rise to the occasion and perform to their maximum. And hence the productivity rises. 
From the Institutions stand point, they may not be concerned whether the student experience low 
to moderate level of stress. Such levels may lead to low productivity. Stress usually prevents the 
person from doing things what he or she desires whereas demand refers to the loss of something 
desired. Stress is highest for the individuals who are uncertain as to whether they will win or lose 
and lowest for those who think that winning or losing is a certainty. But high levels of stress or 
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even low levels sustained over a long period of time, can lead to reduced exam performance and 
there intervention is required. From the students’ standpoint even low levels of stress are likely 
to be perceived as undesirable. What we should consider as ‘a positive stimulus that keeps the 
adrenaline running’ is very likely to be seen as ‘excessive pressure’ by the teachers or parents. 
Stress has an emotional impact on productivity of students. Some people make the potential gain 
in stressful conditions while others are overwhelmed. The ability to handle stress depends upon 
perception, experience, family and social support, belief in locus of control etc. 
 
Consequences of stress  

The various physiological symptoms involved in 
stress are headache, high blood pressure, ulcer and 
loss of appetite. The psychological symptoms are 
self-pity, low self-esteem tension, anxiety, boredom 
and difficulty in making routine decisions and shame 
in facing others etc. The behavioral symptoms may 
include absenteeism, increased smoking or 
consumption of alcohol, fidgeting and sleeping 
disorders. 
 
The above figures (College, School and 
Professionals) show the split of male-female 
distribution in each category. Females are leading in 
all categories. But in the high category males are 
leading compared to females. So, stress factor is more 
in females than males. 
 

 
 

 
 
 
 
 
 
 
 
 
 

Practice Emotional Intelligence  
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EI can help adjust our emotions to reduce the stress and help control the depression.  
1. Understand and control self 

Every individual is going through a wave of emotions on each transaction. Each one of us 
would have the strength and weaknesses and that need to be identified. Seek help from 
counseling professionals if unable to identify. 

2. Understand and manage others 
Why are they behaving like this? It might be because 
they are under stress. They have been going thru a 
difficult time. Understanding emotions of others 
would help respond with better empathy. 

3. Respond than react 
Reaction often is spontaneous action based on others 
actions or statements. Prepare ourselves to respond 
with facts, figures and compassion. Always prepare 
yourself to respond than react. 

4. Manage Situations 
Understand the situations of both parties to ensure that you are in control of your 
emotions. This can save a lot of energy, time and make our life stress free. 

 

Findings and conclusions 
The study reveals that average 63% students/professionals combined are in the moderate to very 
high stress category. They require immediate counseling and support. We recommend this. 

1. Have more trained Emotional Intelligent Teachers/Councilors 
2. Eighth class onwards there should be one period weekly to teach Emotional Intelligence 
3. All Teaches/Councilors should be given basic Emotional Intelligent Training 
4. All Parents should be encouraged to attend Emotional Intelligent workshops 

 
The fact is that stress is very bad. Stress is a major factor in almost all diseases today. We should 
not grow our children as furnaces of stress. Stress has to be controlled by practicing EI. Every 
school/college/working place should have an EI session once every week. Especially EI trained 
teaches should conduct the sessions. All other Understand and manage you and your 
surroundings very well such that you have the liberty of having a better job, better health and 
better family. 
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ABSTRACT 
 
A study was conducted during 2012-13 among the vegetable farmers of Pathanamthitta 
district to analyze the problems and prospects of vegetable cultivation. a total of 402 
progressive vegetables farmers were identified in consultation with the agricultural 
officers of State department of agriculture. Two stage stratified random sampling was 
adopted.The various socio – personal and communication perspectives analyzed during 
the study revealed that 83% of the farmers fall in the age range of 46 years and above and 
that 76% had an education background of up to primary level only. The family status of 
majority of the farmers falls to the group of nuclear family (74%) with a maximum of 
four members, which also reveals the changing system of family relations in the society. 
The work also throws light on a major issue faced presently in agriculture, which is the 
dependence on external labour. Crop loss due to the attack of diseases and pests has been 
identified as the most important problem faced in vegetable cultivation as opined by 
83.3% of the surveyed farmers. The study clearly demonstrates the lacuna between 
development of scientific cultivation 
practices and its adoption by the farmers, as only 12.9 to 46.3 % of the total respondents 
are adopting scientific practices of vegetable cultivation. Thus the study necessitates the 
need for bridging the gap between technology creation and technology adoption at 
farmer’s level. The measures to be adopted for making vegetable cultivation a profitable 
venture are adoption of scientific cultivation practices; general awareness on pest 
management, soil test based fertilizer usage as well as forecasting natural disasters. 
Encouragement of the progressive farmers through awards and other recognitions as well 
as assuring reasonable sale price for agricultural produce can attract younger generation 
to take up agriculture as a profession thereby reducing the dependence of our state on 
others states for food and other commodities. 
 

INTRODUCTION 
 
Vegetables play an inevitable role in providing essential nutrients and minerals vital for 
enhancing our health. They also contribute elements for activating our defense system. 
Our state is invariably depending upon other states for consumption of vegetables. It is 
essential to bring back vegetable cultivation to an increased pace to counter the 
conundrum of health hazards due to pesticide residues in vegetable produce. A study was 
conducted during 2012-13 among the vegetable farmers of Pathanamthitta district to 
analyze the problems and prospects of vegetable cultivation. The work was done as part 
of a project under “The State Food Security Programme”. 
 
Materials and Methods 
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Eight blocks of Pathanamthitta district were identified for the study. Among the blocks, 
the Panchayats having maximum area under vegetables were selected. From such 
Panchayats, progressive vegetable farmers were identified in consultation with the 
Agricultural Officers of State Department of Agriculture. Two stage stratified random 
sampling was adopted. Thus a total of 402 vegetable farmers were selected throughout the 
district, covering the entire eight blocks. 
 
Results and Conclusion 
 
Various socio – personal and communication perspectives were analysed initially and is 
tabulated as in Table 1. The study reveals that 83% of the farmers fall in the age range of 
46 years and above, which throws light on the reduced involvement of younger 
generation towards taking up Agriculture as a profession. Among the total respondents, 
76%  had an educational background of up to primary level only. 5 % of the farmers only 
had an educational level up to XIIth standard.  
Table. 1 Distribution of the vegetable farmers according to their personal characteristics 

Variable
s 

Category Range Percentage 

Age Up to 35 years 
36 – 45 years 
46 years & above 

- 3 
14 
83 

Educati
on 

Illiterate 
Up to primary passed 
Middle school 
passed 
XII passed 
Graduate and above 

- 7 
76 
12 
5 

- 

Size of 
family 

Small (nuclear) 
Medium (Joint) 
Large (Joint) 

Up to 4 
members 
5-7 members 
8 and above 

74 
25 
1 

Training 
exposur
e 

Yes 
No 

- 79 
21 

Training 
at 

KAU 
Department 
VFPCK 
Others 

- 
- 

- 
 

30 
58 
7 
5 

Awards  Panchayat level - 18.2 

 
The joint family system which prevailed extensively during the past has been revealed to 
be diminishing as observed from the survey. The family status of majority of the farmers 
surveyed falls in the group of nuclear family (74%) with a maximum of four members, 
which also reveals the changing system of family relations in the society. 
The study indicated that 79% of the farmers had exposure to trainings on vegetable 
cultivation, of which 58% was organized by department of Agriculture and 30% by 
Kerala Agricultural University. The work also throws light on a major issue faced in 
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Agriculture presently, which is dependence on external labour. 68% of the farmer’s 
agreed on the usage of labour other than the that of the family members. Availability of 
labour is thus becoming a burning issue in agriculture in the present context. Dependence 
of labour from other states is creating new socio- ecological problems. 
The major problems and prospects in vegetable cultivation are detailed as in Table 2. 
Crop loss due to the attack of diseases and pests have been identified as the most 
important problem faced in vegetable cultivation as opined by 83.3% of the surveyed 
farmers followed by loss due to natural disasters (69.2%), availability of labour (58.3%), 
lack of marketing and storage facilities (15.1%) and dissemination of technical 
knowledge through seminars (8.1%).  
 
Table .2 Major problems and prospects of vegetable cultivation in the district 

 

Problems Per cent Prospects Percent  
Disease& 
pests 

83.3 Pest & disease 
management 

86.4 

Natural 
disasters 

69.2 Making available 
good quality 
planting 
materials, 
fertilizers & 
pesticides 

68.9 

Availability 
of labour 

58.3 Timely labour 
availability 

32.6 

Marketing 
& storage 
facility 

15.1 Technical advice 
through classes & 
trainings  

29.5 

Less price 
for the 
produce 

9.7 Timely assistance 
for natural 
calamity 

21.9 

Technical 
knowledge 

8.1 Subsidy for 
seeds, fertilizers 
and pesticides  

17.9 

Animal 
attack 

6.7 Marketing facility  9.5 
 Timely soil 

testing facility 
7.7 

 Mechanization 5.7 
 Bank loans 5.0 

 
From the study, it was revealed that diseases and pests are the major threat in vegetable 
cultivation. Hence an attempt was made to identify the major vegetable crops cultivated 
extensively in the district as well as the major diseases and pests affecting them as 
explained in table 3. 
Table .3 Major diseases and pests affecting vegetable crops of the district 

 

Vegetable Area (%) Disease Percent Pest Percent 
Cowpea  

 
Wilt 66.8 Black aphid 92.0 
Rust 33.4 Pod bug 73.3 
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31 

Mosaic 27.9 Serpentine leaf miner 19.8 
Anthracnose 25.7 Leaf eating caterpillar 20.1 
Root rot 16.2 Stem borer 18.7 
Bacterial wilt 1.0 - - 

Bitter 
gourd 

 
 
23 

Mosaic 83.1 Fruit fly 80.7 
Phytoplasma 60.6 Pumpkin beetle 11.6 
Root rot 11.9 Epilachna beetle 4.6 
Wilt 0.4 - - 

Snake 
gourd 

 
 
11.7 

Mosaic 45.2 Fruit fly 83.4 
Root rot 41.0 Stem fly 55.5 
Wilt 1.4 Leaf eating caterpillar 34.9 
  Pumpkin beetle 15.1 
  Serpentine leaf miner 1.4 

Amaranth
us  

9.0 Leaf spot 90.8 Leaf webber 72.5 

Cucumber  
 
8.0 

Downy 
mildew 

46.7 Pumpkin beetle  54.2 

Mosaic 43.9 Fruit fly 24.74 
Root rot 12.1 Epilachna beetle 18.7 
Bacterial wilt 1.9 - - 

Coccinia 13.0 Downy 
mildew 

7.5 Stem fly 47.5 

Root rot  Fruit fly 42.5  

Mosaic 77.5 Thrips 22.5 
Brinjal 14.0 Bacterial wilt 28.8 Fruit borer 51.9 
Chilly 20 Mosaic 78.6 Thrips 68.4 
 Bhindi 13.4 Yellow vein 

mosaic 
81.3 Fruit borer 32.6 

 
                         
         
 
 
 
 
 
 
 
 
 

 

 Fusarium wilt of cowpea Fruit fly      
 
 
 
                     
                
       

1995

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 
 
 
     Snake gourd downy mildew Bitter gourd mosaic 
 
The study clearly demonstrates the lacuna between development of scientific cultivation 
practices and its adoption by the farmers (Table 4). The data confirms that only 12.9 to 
46.3 % of the total respondents  are adopting scientific practices of vegetable cultivation 
such as seed treatment (23.4%), clean cultivation (33.3%), application of lime to correct 
soil acidity (31.6%), soil test based fertilizer application (12.9%), weedicide usage 
(46.3%) and adoption of organic practices (16.5%). 
Table 4. Extend of adoption of scientific practices by the farmers 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Thus the study necessitates the need for bridging the gap between technology creation 
and technology adoption at farmer’s level. Even though scientific cultivation practices for 
each crop have been developed by Kerala Agricultural University, their rate of adoption 
by farmers is relatively less.  This gap need to be bridged by adopting measures such as 
adoption of scientific cultivation practices, general awareness on the various pests and 
diseases as well as their timely management practices to be adopted through trainings at 
University and department level, providing facility for timely soil test based fertilizer 
usage, forecasting natural disasters and provision for assistance and provision of labour 
through NREGs for actual farmers, thereby making vegetable cultivation a profitable 
venture. Encouragement of the progressive farmers through awards and other 
recognitions as well as assuring reasonable sale price for various agricultural produce can 
attract younger generation to take up agriculture as a profession thereby reducing the 
dependence of our state on others states for food and other commodities. 
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ABSTRACT 
 
Information and Communication Technology (ICT) has been widely used in many areas 

worldwide ranging from agriculture to communication. This pilot study attempts to 
identify the depth of the usage of ICT and the hindrances for the effective usage of ICT in 
the agriculture sector of kerala. we mainly investigate the level of ICT usage in 
agriculture sector, thecontribution of ICT toward productivity, identify the obstacles for 
usage of ICT and farmer’s view towards ICT. The main impediments to ICT adoption 
cited were lack of awareness of facilities of ICT and technical knowledge to use ICT 
options. These constraints and other ICT adoption issues were appreciated in the 
questionnaires as a public concern. These and additional insights gleaned from the 
questionnaire will hopefully alleviate current ICT adoption constraints, guide relevant 
ICT policy formulation and ICT development priorities and ICT applications in 
agriculture. 
 

1. INTRODUCTION 
 
A major challenge to agricultural development is the lack of system to provide timely 
information to framers. Limited access to current and relevant information in the form of 
primary documents and machine readable databases as well as poor documentation, 
storage and retrieval techniques may adversely affect the agriculture sector.   Empirical 
research suggests that ICTs have a positive impact on the development of any nation. 
Information and Communication Technology (ICT) is the scientific, technological and 
engineering disciplines and the management technologies used in the handling of 
information, processing and application related to computers [7]. According to CTA 
(2003) Information and Communication Technologies are technologies which facilitate 
communication and thus the processing and transmission of information electronically. 
ICT adoption for agriculture and rural development today remains a continuously studied 
critical issue, at regional, national, and international levels. In our study, we focused on 
assessing the views of farmers regarding the use and role of ICTs in agriculture. 
Hopefully, the insights gained will contribute to alleviating current ICT adoption efforts 
and guide the formulation of ICT policies [1,2,3]. 

Sl.No Profile Category Frequency % 1997
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2. Methodology 
In this study, respondents 
were selected from two 
districts of Kerala -
Thiruvananthapuram and 
Wayanad. Total of 50 
respondents were selected.  
Respondent specific 
information such as age, 
gender, educational and 
marital status as well as 
information about any 
membership to which 
respondents are joined 
with, were some of the 
information collected by 
the structured 
questionnaires. The target 
population for this study is 
from farmers from the 
cited districts. Simple 
random sampling 
procedure was used to 
select the respondents. The 

instrument for data collection-- questionnaire, which elicited information on personal 
characteristics of respondents, awareness, access and utilization of ICT and types of ICT 
needed.  Age of the respondents ranged from 20 to 78 years with a mean of 45 years old. 
In education level, 32% have primary education, 42% have secondary education and 26% 
have tertiary education. 20% of the respondents indicated that they are members or 
attached with some organization or local agriculture association.[1,2,3] 
Some of the questions, listed in the questionnaire is shown below. 
1. What is current level of usage of ICT? 
2. In what stage, farmers are seeking help of ICT? 
3. What are the factors limiting the use of ICT by farmers? 
4. Should public funds help to finance Information Technology Services for Farmers? 

 
3. Analysis and Discussion 

 
(i). Respondents’ awareness and utilization of ICT 
                                          
About 70 % of the respondents indicated that they are aware of ICT while 22   % of 
population indicated that they are not aware of such facilities. Among those know about 
ICT very few use the facility of ICT in agriculture. 40 % of the respondents indicated that 
they do not have adequate access to ICT, 20 % of respondents indicated that they have 
adequate access. The findings show that even though they know about ICT they are not 
aware about the potential of ICT.  
                                         
Table:1 Respondent's profile 
 

1 Age 

20-35 14 28 
35-45 11 22 
46-55 12 24 
>55 13 26 

2 
Marital 
Status. 

Married 40 80 
Unmarried 10 20 

3 
Education 

level 

 (a) 

Primary 16 32 
 (b) 

Secondary 21 42 

 (c) Tertiary 13 26 
 (d) No 
Formal 

education 0 0 

4 

    Any 

membershi
p in 

organizatio

n 

Yes 10 20 

No 40 80 

5 
ICT 

usage/Awar

e 

No 11 22 
Little 35 70 
Well aware 4 8 
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(ii). Levels of ICT and other sources in agriculture 
                         
                       The second objective is to know the level of ICT usage among farmers. 
Three answers option were included such as often, seldom and never. For the part of ICT 
usage, for category of often used, mobile phone is the most used ICT tool in which more 
than two third of the respondents indicated  that they often use phone to collect various 
information. This is followed by television, telephone and radio. For category of seldom 
used, radio has or recorded the highest percentage. One third of the respondents indicated 
that they seldom listen to the radio; this is followed by television, telephone and mobile 
phone.  For the detailed statistics refer Table 3. Table 2 gives the information about the 
level at which respondent seeks the help of ICT. 
 

Sl.No Purpose 
Frequenc

y  % 

1 
 Market 
Information  25 50 

2  Advice  9 18 
3  Loan service  10 20 
4  Post-harvest  5 10 
5  Disease control  10 20 

6 
 Weather 
information  21 42 

   
                Table 2: Level at which respondent use ICT 
 

 

Sources Often Never seldom 
Electronic Media       
1. Radio 8 39 3 
2.Television 18 24 8 
Information and Communication Technology       
1. Internet Computer 5 43 2 
2 CD/ Cassette Video 2 47 1 
3. Telephone 10 37 3 
4. Mobile Phone 28 16 6 
Printed Media       
1. Magazine 10 35 5 
2. Journal 2 47 1 
3. Book 0 50 0 
4. Newspaper 18 26 6 
Interpersonal Communication       
1. Refer to expert 15 33 2 
2. Salesman 2 48 0 
3. Agri-based entrepreneur colleague 2 46 2 
Other sources 5 45 0 

 

              Table 3:  Sources of Information to the respondents 
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(iii). Limitations of ICT usage 
                                   
  Almost 34% of the respondents suggested that farmer ICT incompetence was a 
dominant reason for not adopting ICT for farming. About 40% of the respondents added 
technological infrastructure limitations (e.g. poor rural communication facilities) as a 
constraint. Even few has no interest in ICT enabled service in agriculture. [6] (Ref-Table 
4). 
  

sl.No Reason Frequency Percentage 

1   Lack of ICT Knowledge  17 34 
2 Lack of Access to ICT  20 40 
3  High Cost of ICT  8 16 
4  No Interest in ICT Usage  3 6 
5   None of the above 2 4 

  Table 4:  Limitations of ICT usage 
 

(iv). Governments intervention in ICT enabled service 
                                              
  Among the responses received from the examined farmers 80% suggest that 
government should take initiative in funding ICT facility in agriculture and 20% have no 
opnion about the funding process (Ref-Table 5) 
 

Sl.No Response Frequency Percentage 

1 Yes 40 80 
2 No 0 0 
3 Don't know 10 20 

 
                    Table 5: Response to Governments intervention 

 
CONCLUSION 
                     
    The pilot study shows that ICT has not been effectively utilized in the 
agriculture sector. Most of the respondents are unaware of the facility provided in ICT. So 
proper initiative should be adapted to covey the potential of ICT in the agriculture sector. 
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ABSTRACT 

When the travel demand in Thiruvananthapuram city is growing by the day, it is imperative to plan 
schemes to encourage the use of public transportation systems thereby reducing personalised modes 
of travel. Any public transportation system planned for the city should ensure good connectivity to 
its work centres from all parts of the city. Technopark Campus is one of the primary work centres in 
the city which has to be catered to with a well equipped bus terminal. The study region of 
Kazhakkuttam situated at the periphery of Thiruvananthapuram city is connected by means of 
different modes of transportation, mainly KSRTC bus and train services, but it lacks a convenient 
and a facilitated point of transit like a well equipped bus terminal even though the public bus service 
has the major share of public transport. The study area being the hub of many commercial, 
institutional and industrial activities, it witnesses severe traffic problems. The current trend of urban 
development encourages private vehicle usage which generates many economic and social costs. An 
effective investment in building up the transportation infrastructure like a well equipped bus terminal 
can strengthen the public transport of the region and further lead to better management and transport 
efficiency. Taking into consideration the existing transportation scenario and the travel demands in 
future including modal shift and impending developments, a qualitative and demand responsive bus 
terminal is designed to enhance the overall mobility of the region. Multi modal integration is ensured 
in the design of the bus terminal. Universal accessibility was one of the major points of 
consideration for design. Any public transport initiative would be incomplete without properly 
designed last mile connectivity. This has been taken care of by proposing an eco friendly mode of 
transport from the bus terminal to Technopark (phase 1, 2 and 3) and to the railway station via 
Kazhakkuttam junction. The proposed facility is capable of competing with personalized modes on 
the congested urban corridors, which will help to attract choice riders. Hence due care has been 
given in the study to promote public transport thereby endorsing sustainable transportation.  
 
1 Introduction 
Thiruvananthapuram city is continuously growing and its boundary is getting extended to its 
outskirts. Newly developed urban centres along NH 66 and NH bypass are getting added to the city. 
Among them the Kazhakkuttam region demands attention due to the presence of the technological 

2002

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



hub of the state - Technopark. It is more so because of the upcoming Phase II and III developments 
in Technopark campus. The region also houses many public offices, educational institutions like 
College of Engineering Thiruvananthapuram (CET) and other prestigious institutions like ISRO, 
Kinfra film and video park, Sainik School etc. The vast campus of Central Reserve Police Force 
(CRPF) is also situated in its neighbourhood. Kazhakkuttam happens to be one of the major traffic 
destinations in the periphery of Thiruvananthapuram city and expects an immense growth in traffic. 
In this context, it is highly imperative to develop a public transit point in the vicinity which can 
facilitate a high quality, brand-distinguished bus service that strives to provide the same level of 
service as personalised modes of transit. 
2 Scope and Objectives of the Study 

The study covers the scope of assessing the existing traffic scenario of the area to establish the 
feasibility of bus station within the available land and also to propose adequate layout plan for the 
approaching roads and the bus station. The future travel demands arising out of the upcoming Phase 
II and III developments and the mode shift from personalised modes has to be considered.  
3 Study Area 

The proposed Bus terminal is located in the Technopark campus by the side of NH bypass at about 
250m from Kazhakkuttam Junction and is located within the city corporation area of 
Thiruvananthapuram. The influence area of the study, shown in Figure 1, comprises of 
Kazhakkuttam Panchayath, the neighbouring panchayaths and the wards of Thiruvananthapuram 
Corporation and is mostly located along the coastal area. The availability of major transportation 
corridors like National Highway 66 (NH 66), NH Bypass, link to State Highway 1 (MC Road) and 
other roads in the region have acted as catalysts in the development of these areas into urban centres. 
The region has, in the last decade, attracted a large number of job seekers from within and outside 
the State. The importance of the region has increased substantially over the last few decades not only 
as a technology hub but also as an economically active region contributing to the State’s economy. 
The study area was divided into 10 zones based on the origin/destination of the KSRTC bus trips. 
  Figure 1: Study Area Map 
 
 
 
 

 

 

 

 

 

 

 

4 Traffic Surveys and Data Collection 
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The combination of land-use activity and a transport system invariably results in trip-making, and to 
measure the type and extent of trip-making it is necessary to conduct various surveys. The following 
traffic surveys were conducted: 

 Primary Surveys 
 Traffic volume survey 
 Passenger boarding alighting survey  
 Passenger Opinion Survey,  

shown in Figure 2 
 Opinion Surveys of Technopark  

Employees 
 Secondary Data Collected 

 Number of employees in each building along with built up area 
 Future employment potential and built up area 

 

 

 

 

 

 

 

 

 

 

 

5 Traffic Survey Results 
The details of the buses plying in various directions through the region are given in Table 1. The 
classified volume count at Kazhakkuttam junction reveals that a total of 166 bus trips ply through 
this junction in the morning peak hour (09:15-10:15) while there are 46 bus trips plying on bypass 
road in the morning peak hour (08:30-09:30). The difference in the peak hour can be attributed to the 
work trips to Technopark. Out of the total vehicular traffic plying through the area, vehicular share is 
6% buses, 37% cars, 12% auto rickshaws, 39% two wheelers, 5% trucks and other goods traffic and 
remaining 1% slow moving traffic. 
The modal split of Technopak employees in the present scenario is shown in Figure 3. Opinion 
survey of Technopark employees reveal that they would prefer to use public bus transport to 
LRT/Monorail system for their work trips, as shown in Figure 4. IT professionals are attracted to 
KSRTC feeder services followed by eco friendly mode like solar/electric/hybrid vehicle as the 
transport mode for their last mile connectivity, as shown in Figure 5. 
Table 1: Details of KSRTC buses plying in the region 

Sl 
No 

Bus Routes Direction No. of bus routes No. of bus trips 

 Ordinary and City fast   
1 Towards Kollam  36 228 

Figure 2: Passenger Opinion Survey 
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2 Towards Trivandrum City  49 470 
3 Towards Kovalam  7 16 
4 Towards Menamkulam  12 30 
5 Towards MC Road  12 93 
Total 116 837 

 
Fast Passenger, Super Fast and 
Limited Stop Fast Passenger 

  

6 Towards Kollam  48 197 
7 Towards Trivandrum City  39 171 
8 Towards Kovalam  2 2 
9 Towards MC Road  13 21 
Total  102 391 

Grand total 218 1228 

Percentage of Ordinary and City Fast 68 % 

Percentage of FP, SF and LSFP 32 %  

 

 
Figure 3: Technopark Employee modal split 

 
Figure 4: Technopark Employee preference for public transport mode 
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Figure 5: Mode Choice of Technopark employees for the last mile travel 
Comparing the survey results with the findings of previous studies of similar nature, it was inferred 
appropriate to consider a realistic modal shift of 15%. To closely analyse the impact of various 
situations of modal shift, three scenarios were considered as briefed below: 
Scenario 1: Optimistic 20% of personal vehicle users shift to public mode 
Scenario 2: Realistic  15% of personal vehicle users shift to public mode 
Scenario 3: Pessimistic 10% of personal vehicle users shift to public mode 

5 Travel Demand Assessment 
The layout design for an infrastructure facility has to done based on the peak hour demands. The 
intra city bus trips contribute 68% of the public bus transport in the region whereas the share of 
intercity bus trips is 32%. The methodology for the travel demand assessment includes establishing 
the travel pattern of the region, assessment of modal shift and estimation of future public transport 
trips. 
Matrices of trip origins and destinations (zone to zone trips) by public transport (KSRTC buses) are 
developed based on boarding alighting surveys and volume count surveys. Based on traffic surveys, 
traffic assignment procedure was used for allocating the bus trips across routes between their origin 
and destination. In addition expected shift from private modes to public transport vehicles were also 
considered. The total travel demand estimated for the peak hour for each of the scenarios 1, 2 and 3 
is given in Table 2. 
 
Table 2: Peak Hour Travel Demand 

Scenarios 
Peak Hour Travel Demand (Passengers) 
Intra-city trips Inter-city trips Total Demand 

Scenario 1: 20% shift 1385 
130 

1515 
Scenario 2: 15% shift 1154 1284 
Scenario 3: 10% shift 921 1051 

6 Bus Terminal Facilities 
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Three major attributes considered in the bus terminal design were location, accessibility and 
adequate infrastructure facilities. While designing the bus terminal facilities, due consideration was 
given to parking spaces for cars and two wheelers, space allocation for taxi and auto rickshaw stand, 
pedestrian sidewalk and crossings and universal accessibility for the differently abled (example 
shown in Figure 6). In total the land  
available for the bus terminal is 243 cents. In this area five design alternatives were  
worked out of which the best adoptable option is shown in Figure 7. 

 
 
Figure 7: Proposed Bus Terminal Layout Plan (best option) 

 

Swept Path Analysis: Swept Path Analysis was carried out with the help of AutoTRACK software 
for the design alternatives to find if the designs are sound with respect to the critical/ largest vehicle 
which is likely to visit the terminal. Most of the bus bays were checked using a 12m (Volvo type) 
bus. At some locations where a 12m bus could not maneuver, 10m bus has been used. For 
personalised vehicles a typical car has been used to check its soundness. 
6 Feeder Service – First and Last Mile Connectivity 
The surveys revealed that the most preferred mode for last mile connectivity is KSRTC feeder bus 
followed by Solar/ Electric/ Hybrid vehicle, (Figure 8) and Personalised Rapid Transit (PRT, Figure 

9). As per the 
demand estimated, 
the fleet size of an 
eco-friendly feeder 
service is given in 
Table 3. 
 
 
 
 
 

 
 

Figure 6: International Symbol of 

Figure 8: Electric Vehicle (7-seater) Figure 9: Personalised Rapid Transit 
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Table 3: Feeder Service Fleet Size 

Route 

No 
Main areas covered 

No of solar/electric/hybrid 

vehicles required 

7 seater 14 seater 23 seater 

1 Technopark Phase I 
buildings 

9 6 6 

2 Technopark Phase II 
& III buildings 

2 2 2 

3 Kazhakkuttam 
Railway Station 

  2 

 
7 Conclusion and Summary 
A well designed bus terminal infrastructure can improve the efficiency of the public bus transport 
system of the region. Since this bus terminal design takes care of all the road users like pedestrians, 
differently abled people, non motorised vehicle users, intermediate public transport users, it can act 
as a better transit place thereby integrating different modes of transport. As the bus terminal is 
planned in close vicinity to Technopark, users of around 476 two wheelers and 231 cars are likely 
shift to buses for work trips thereby reducing a total of 8466 vehicle kilometers. The bus terminal 
can utilise the permissible Floor Space Index (FSI) for revenue generation purposes. This 
development can make the bus terminal facility usable in all weather conditions. Introduction of 
Intelligent Transportation System (ITS) applications like Passenger Information System (PIS) would 
further attract the IT professionals towards public transport. Eco-friendly modes of transport are 
recommended for providing feeder services. Some of the social and economic benefits of the 
development of proposed infrastructure are promotion of mass transport, decongestion of roads in 
the vicinity, safer roads, connectivity with proposed LRT facility, tranquil intra-city commuting, 
better connectivity to Technopark, sustainable and eco-friendly modes of transport, multi modal 
integration and encouraging better patronage of public bus transport.  
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ABSTRACT 

Pedestrians are the most common road users. Pedestrian behavioural models are important for 
integrated design of urban intersections and signalized crossings. Behaviour data is often needed to 
explain how people are actually using the intersection and can supplement evaluations done with 
crash data. Consequently, the choice of where, when and how to cross roads, are more or less 
conforming to the awaited behavior. Pedestrian walking speed affects the timing of pedestrian 
signals at intersections and the amount of space pedestrians require. 

This paper discusses on pedestrian crossing behaviors at various road sections in Trivandrum 
city. Three types of road sections, namely, signalized, unsignalized and vehicle actuated signalized 
are considered for the study. The study is confined to designated crossways at intersections. The 
methodology adopted for the study consists of a two level methodology. It comprises of a tentative 
pilot survey as the level 1 methodology followed by the actual field data collection and analysis as 
the level 2 methodology. The most influential behavioral pattern at each study section is identified 
and justified. The average speed and variance in speed of crossing by pedestrians were determined 
and percentage of divertive pedestrian crossing behavior was identified from the set variance ranges. 
Analysis of one of the study sections was done using VISSIM and VISWALK software. The 
intersection selected for software analysis and modelling was the one showing the maximum 
percentage of divertive crossing behaviours along a designated pathway. The outcome of this study 
is determination of pedestrian crossing time and crossing speed with respect to behavioural 
influential factors and comparison between field observed and software simulated values. 

1.INTRODUCTION 

1.1 GENERAL 

 The first and foremost mode of travel in the ancient period was the travel by foot, called as 
“walking”. Though the oldest mode of travel, it is now considered as the most neglected mode too. A 
pedestrian is defined as a person who travels on foot. Pedestrian behaviour on roads is two-fold. It 
includes walking along the streets and walking across the streets [2]. Traffic accidents involving 
pedestrians is increasing at an alarming rate these days than what witnessed in the past years which 
ultimately put forth the need for advanced studies on behaviour of pedestrians and their preferences. 
Non-compliant behaviour while crossing the road is quite commonly showed by the pedestrians 
which may be due to certain reasons like urgency, carelessness, value of time and so on.  
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 In India, heterogeneity of traffic is the main issue and this when taken along with the non-
compliant walking and crossing behaviour of pedestrians leads to severe conflicts with motorized 
and non-motorized vehicles. Pedestrian movements are usually not lane restricted like vehicle 
movements. Restrictions imposed are of physical boundary types, like walkways or crosswalks, 
pedestrian signals and signs. The pedestrian behavioural parameters can be integrated into the 
pedestrian performance measures. Walking speed is considered as a performance measure and hence 
it is necessary to identify the behavioural factors influencing walking speed[3]. According to various 
needs, or behavioural differences from person to person, crossing differs with respect to type of 
crossing, speed of crossing, location of crossing, waiting time for crossing and origin and destination 
of crossing. 

1.2 LITERATURE REVIEW 

 Vujanic M et al., in 2013 [4]conducted a pedestrian behavioural study at signalized pedestrian 
crossings.  The outcomes of this work represent a contribution to the harmonization of positions on 
the effect of a countdown display on pedestrian behavior. Video recordings at two completely 
similar pedestrian crossings enabled the collection of pedestrian behavior data (crossing at the red 
light), which included different categories (gender, age, individual/group, and “slow” pedestrians), 
collected in different conditions. The results of the research showed that a statistically significant 
larger number of pedestrian offenders occurred at pedestrian crossings without countdown displays 
rather than at crossings with countdown displays. 

1.3 OBJECTIVES 

1. To understand pedestrian crossing behaviours and identify its parameters. 

2. To identify one study location and replicate it using VISSIM  

1. To analyze a prominent study location using VISSIM and to evaluate the crosswalk 
behaviour using VISWALK. 

2. STUDY AREA AND METHODOLOGY 

2.1 STUDY AREA 

Study locations selected for the present work are some prominent areas in 
Thiruvananthapuram, the capital city of Kerala. The city being the capital is the center spot for the 
political activities of the State. Thiruvananthapuram district is a major academic hub. Different types 
of road sections in Thiruvananthapuram city were selected for the study purpose.  Three types of 

road sections have been identified from the city for the present study. Type 1 consists of un-
signalized intersection with variable number of lanes, Type 2 consists of signalized intersection with 
variable number of lanes and Type 3 consists of vehicle actuated signalized intersection. In the type 
1, study locations selected are Sreekaryam unsignalized intersection (undivided two lane) and 
Kesavadasapuram unsignalized intersection (divided four lane). Figure 3.4 shows the two un-
signalized intersections selected. In the type 2, as shown in Figure 3.5, study locations selected are 
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Pattom signalized intersection (divided four lane) and Overbridge signalized intersection (divided 
four lane). In type 3, Vellayambalam VA signalized intersection (divided four lane) is selected for 
the study purpose 

2.2 METHODOLOGY 

For the first two objectives, the methodology adopted is a two level methodology. Level 1 
methodology includes understanding various pedestrian behaviors from previous studies reported. 
Pilot survey consists of a short period video-graphic survey and visual analysis of various locations 
in the Thiruvananthapuram city. Level 2 methodology deals with the actual data collection. Data 
collection is done through video-graphic survey at the selected road sections and facilities. A one 
hour peak and off peak video-graphic data is collected, thus a total of 10 hours video-graphic data. 
Crossing speed of the pedestrians, time taken for crossing, signal timings, waiting time of the 
pedestrians will also be recorded from the video-graphic data collected.  

The third objective deals with simulation analysis of the pedestrian crosswalk behavior. The 
simulation tool to be used for the study is VISWALK which is an add-on of the micro simulation 
tool VISSIM. The selected intersection was replicated through VISSIM. The links, connectors and 
signals for the area were created. Vehicles and pedestrians were assigned according to the field 
status of vehicular and pedestrian volume traversing the intersection. The output obtained was 
validated with the field results for the same parameters.[5] 

3. DATA COLLECTION AND ANALYSIS 

3.1 DATA COLLECTION 

  3.1.1 Video graphic data collection 

 Detailed hourly video-graphic survey at the selected road sections and facilities were 
conducted using Canon Power shot A110 handheld camera. By visually studying the field 
performance through the videos obtained, [1] Actual Pedestrian Crossing Behaviour in the present 
scenario can be established. 

  3.1.2 Geometric data collection 

 The geometric details of the selected study locations which include crosswalk width, 
crosswalk length, nearness to the nearest crosswalk in the same area were obtained. An example of 
one selected intersection is shown in Figure 1. 
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Fig. 1 Diagrammatic sketch of Overbridge (signalized junction) 

3.2 DATA ANALYSIS 

3.2.1 Crosswalk speed 

 Converting the behavioural aspects in terms of traffic parameters, the crossing time taken by 
each of the pedestrians as well as their speed of crossing was estimated. The maximum crosswalk 
speed was shown by pedestrians’ manoeuvring Kesavadasapuram un-signalized intersection. 

3.2.2 Speed Variance 

 Variance of speed is determined from the mean speed of pedestrians at each selected 
locations. By taking the positive and negative values of the obtained variance, a limit is set for 
pedestrian normal behaviour at each study section. The pedestrian speed variances which exceeds or 
preceeds the above set limits were considered as abnormal crossing behaviour and the percentage of 
these categories was separated out and studied. 

The following Table 1 shows the percentage of pedestrians with non-compliant behaviour at 
the selected road sections. The table gives a glimpse of the type of road section, type and sample 
sizes taken at each section, average time and speed of crossing, variance in speed and samples 
outside the set variance limits. .If speed variance is 0.15 (for Overbridge intersection), the limit set 
will be within +0.15 to – 0.15 and all those values outside of this limit was taken as the divertive 
behaviour in crossing.   
Table 1. Observed crosswalk speed and sample variance 

 Overbridge Pattom Sreekaryam 
Kesavada-

sapuram 
Vellaya-

balam 

Type Signalized Signalized Unsignalized Unsignalized 
VA 
signalized 

Sample 

size 
509 398 560 373 348 
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3.3 ANALYSIS USING VISSIM AND VISWALK 

The intersection showing the maximum number of samples out of the variance limits among the 
various road sections was selected for analysis using VISSIM and VISWALK software. The 
intersection thus selected was Overbridge signalised intersection in Thiruvananthapuram city.  It 
showed the maximum samples of 70% of the total selected sample size at that area which comes out 
of the variance limit set. Initially the intersection and all its associated infrastructures were replicated 
using VISSIM 6.0. All inputs including vehicle types, class, pedestrian inputs, traffic signalling 
adopted at the junction etc was inputted using the software. Later, using an add-on of the software, 
VISWALK was used to create pedestrian areas, crosswalks and pedestrian behaviour. 

3.3.1 Steps involved in VISSIM-VISWALK ANALYSIS 

The steps involved in replicating the field conditions in the simulation software are: 

STEP 1: Background image of the Overbridge intersection was loaded in the form of a google 
imagery from google maps and was imported to VISSIM 

STEP 2: Scaled the imported image by giving actual field measurements. 

STEP 3: Drawn the links and connectors. A total of 5 major links and 8 connectors connecting these 
links were created. 

STEP 4: Entered the vehicle types, vehicle classes and vehicle proportions. Vehicle types were 2 
wheelers, 3 wheelers, cars, buses, LCV’s. 

STEP 5: Signal controllers and signal heads were established in the study stretch in replica to what 
observed from the field. Red times and green times were manually measured through continuous 
observations from the field and entered into the software for analysis. 

Avg 

time 
11.94 s 12.12s 4.83s 8.56s 13.67 

Avg 

speed 
1.94m/s 1.75m/s 1.58m/s 2.83m/s 2.14m/s 

S
p

ee
d

 

V
a
ri

a
n

ce
 

0.15 0.16 0.23 0.37 0.12 
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p
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f 
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356 250 324 153 212 

%
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o
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m

it
s 70 

 
63 58 41 61 
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STEP 6: Priority rules were given to each assigned links and their associated signals. 

STEP 7: Various pedestrian characteristics of the area were given. Pedestrian areas were created. 
Origin and destination areas were marked, and crosswalk for pedestrians was created using the link 
tool of VISSIM. It cannot be connected using a pedestrian area tool. Since crosswalk movement is 
the characteristic required, it is given in the form of a link. Pedestrian type, class and composition 
was also given 

STEP 8: Finally Simulation run and analysis of data is the last step in this regard. Various analyses 
were carried out from the outputs obtained. Evaluation includes pedestrian number, pedestrian type, 
travel distance, travel time, time delay, time gain and deviation speed of each of the pedestrian. 
Figure 2 shows snapshot of a simulation run. 

    

 

 

 

 

 

 

 

Fig. 2 Snapshot of simulation run using  

VISSIM-VISWALK 

3.3.2 Analysis and validation 

The output obtained by performing various simulation runs at the selected study site is shown in 
figure 3. The major outputs comprising of the travel time and travel distance made by the pedestrian 
while crossing were also obtained. Travel distance is the distance travelled by the pedestrian from 
start to the destination area and is given in metres. Time of travel from start to destination is given by 
the travel time and is measured in seconds. 
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                Fig 3. Snapshot of simulation results in VISSIM-VISWALK 

Time delay and time gain obtained by the pedestrian is also a part of the outputs. Deviation of 
speed, that is, the difference in speed between the actual and desired speeds has been shown in the 
last column of the output table. These are the major outputs. 

Validation of VISSIM-VISWALK is done through speed comparison from field study and 
simulation evaluation for Overbridge signalized intersection. The mean speed of pedestrian crossing 
is obtained from the field study at Overbridge signalized intersection. The average time and speed of 
pedestrian crossing is also obtained from the VISSIM-VISWALK output, by taking the average of 
the simulation run output and pedestrian crossing time and speed was obtained. 

4. RESULTS AND CONCLUSIONS 

4.1 PROMINENT RESULTS FROM THE STUDY 

 Crosswalk speed shown by male was found to be 21.5% more than female. 
 Crosswalk speed shown at un-signalized intersections was found to be more than the 

signalized intersections by 37.5% 
 Comparison of analyses between field observations and VISSIM-VISWALK simulation 

evaluation can be represented as: 
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 Average time from field study = 11.94 s 

 Average speed from field study = 1.94 m/s 

 Average time from simulation = 15.6 s 

 Average speed from simulation = 1.69 m/s 

4.2 CONCLUSIONS 

 Intersection influential factors contributed to the type of crossing behaviours. 
 Location of bus stop is the most influential factor in crosswalk speed. 
 Average crossing speed for male is 1.98 m/s and for female is 1.57 m/s considering the 

selected locations 
 In general, it can be stated that the crosswalk speed is influenced by the following factors: 

 Age and gender 
 Crossing site 
 Gait of crossing 
 Type of crossing 
 Direction of crossing 
 Head movements of the pedestrian before and while crossing. 
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ABSTRACT 

Planning and development of transportation facilities necessitate primary survey data like traffic 
volume, and travel pattern which is quintessential for transport demand estimation. The conventional 
transport planning process involves collection of voluminous data from primary surveys and analysis 
using complex models which are costly and time consuming. Development of a quick response 
technique which utilizes secondary information as basic input is an effective way of estimation of 
the transport demand. The study involves the development of a simplified travel demand estimation 
technique using easily available data and transferable parameters. Based on the available data with 
NATPAC and government agencies, easy to apply, transferable models were developed using 
regression analysis. These include: passenger trips by public transport modes, non-transport trips and 
commercial vehicular traffic for small and medium towns. Both linear and non-linear models were 
developed for two scenarios, one being independent models and the other combined models.  

This study deals with the development of quick response travel demand estimation technique for 
small and medium sized towns in Kerala, using the available database of traffic and transportation 
studies carried out by NATPAC for over 30 towns during the last 10 years. The simplified technique 
reduces the requirement of primary data collection through costly surveys and cumbersome 
computer modeling of travel behavior.    

Keywords: Quick response technique, travel demand estimation, small and medium towns, 
regression analysis.  

1. Introduction 

Transportation planning is considered an important function in modern society which deals with the 
development of a comprehensive transportation plan for the horizon year. The travel demand, unlike 
other customary demands, is a derived demand. The most commonly used and traditional method for 
transport planning is the sequential four step process originally developed in the US during the 
1950s and later on, transferred to other countries in the 1960s. 

There has been a noticeable shift from the application of complex transport models to easily 
transferable trip rates for planning purposes in smaller towns. One such approach is developed for 
small and medium sized towns in Kerala State. The motivation towards the development of a quick-
response travel demand technique may be attributed to the dissatisfaction and criticisms of the 
traditional transport modeling approach by practitioners. Since primary data collection involves 
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voluminous work, high cost and the data collection itself takes as much as two years for completion, 
the quick-response approach assumes importance in present context. It utilizes easy to apply 
transferable parameters which are derived from the past traffic and transportation studies conducted 
for towns of similar geographic and demographic features in Kerala State.   

2. Collection of data  

Kerala State has a population of 33.38 million as per the 2011 Census. It has reached a high level of 
urbanization; nearly 48% of the state’s population live in urban areas as against the national average 
of 28%. The transport network and traffic characteristics vary significantly within the state due to 
large variation in geographic and demographic features. A thorough understanding of existing travel 
pattern is necessary. Cities and towns with similar geographic and demographic features tend to have 
same transport structure and travel pattern. So it is necessary to investigate the commonalities in 
travel pattern among the towns and thereby identifying the transferable parameters for future 
demand estimation.  

There has been noticeable shift from cumbersome computer models to quick, transferable techniques 
especially for planning in smaller urban areas. The best known approach for such quick-response 
technique was discussed in NHCRP Report 187 (1978) which was later updated by NCHRP Report 
365 (1998) using more travel procedures and further underwent significant changes in NCHRP 
Report 716 (2012). Studies in India are very much limited in this field.  Ravinder et.al (2008) 
examined this for small cities without any demographic classifications. Much of the travel demand 
estimation studies are conducted in metropolitan cities rather than small and medium sized urban 
centers.  

3. Methodology 

The methodology include the following steps: (1) data collection, (2) data compilation and coding, 
(3) analysis, (4) Model selection (5) model assumption, and (6)  model evaluation. Since the study is 
focusing on quick response techniques for travel demand estimation, the data collected are secondary 
in nature. The required data include demographic, geographic, traffic and travel characteristics 
which are obtained from the Traffic and Transportation study reports of various towns across Kerala 
conducted by NATPAC. Demographic data includes the population distribution, number of workers 
(from Census Records); Traffic volume, vehicle ownership etc. 

From the traffic and transportation study reports of various towns across the State, 27 small and 
medium size towns were selected for this study. The urban centers are classified into 6 classes based 
on its population, as per the Census of India classification, as shown in Table 1.  
Table 1: Classification of urban centers 

No. Class Population 

1 Class I 1,00,000 or more 
2 Class II 50,000 to 99,999 
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3 Class III 20,000 to 49,999 
4 Class IV 10,000 to 19,999 
5 Class V 5,000 to 9,999 
6 Class VI Below 5,000 

    Source: Census of India 

For the purpose of this study, the Class II urban center is categorized as medium town and the towns 
grouped under III, IV, V and VI are classified as small towns. The base year is taken as 2011 due to 
availability of Census data for that year. List of towns identified for the study is shown in Table 2.  
    Table 2: List of towns considered for the study in Kerala 

 

   Source: Traffic and Transport studies for 36 towns in Kerala, NATPAC 

4. Analysis of data  

No. Town Population (2011) 

 Medium town category  
1 Vadakara 75295 
2 Neyyatinkara 70850 
3 Kayamkulam 68634 
4 Kannur 64042 
5 Malappuram 67857 
6 Kanhangad 73536 
7 Kunnamkulam 54071 
8 Irinjalakuda 64112 
 9 Thodupuzha 52045 
10 Karunagapally 60000 
 Small town popn <50000  
11 Perumbavur 28110 
12 Pathanamthitta 37538 
13 Kothamangalam 38837 
14 Angamaly 33465 
15 North paravur 31503 
16 Kalpetta 31580 
17 Moovatupuzha 30397 
18 Adoor 29171 
19 Aluva 22428 
20 Idukki 11347 
21 Chalakudy 49525 
22 Kodungalllur 33935 
23 Pandalalm 43336 
24 Punalur 46702 
25 Cherthala 45827 
26 Chavakkad 39098 
27 Nileswaram 39752 
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The independent variables are selected on the basis of importance to estimation of trips. The 
parameters so selected describe socio-economic and demographic features, and traffic flow and 
travel characteristics. The data requirements include: population distribution, vehicle ownership, 
road length, volume to capacity ratio etc. The dependent variables include inter-city highway trips, 
transit and non-transit trips, work trips and optional trips. Independent variables compiled for 27 
towns for developing the model are presented in Table 3. 

Table 3: Data compilation for selected towns 

No. Town Popn. Area 

(sq.km) 

Per capita 

vehicle  

V/C 

ratio 

Road 

length 

Total passenger  

trips 

1 Vadakara 75295 21.32 1.29045 0.912 33 2.41445 
2 Neyyatinkara 70850 28.78 0.20064 0.51 38.74 2.53198 
3 Kayamkulam 68634 21.79 0.16006 0.857 27.6 2.16683 
4 Kannur 64042 11.03 0.08545 1.688 33.2 4.34077 
5 Malappuram 67857 33.6 0.09414 1.457 35.7 1.98165 
6 Kanhangad 73536 39.54 0.13428 0.548 57.7 2.15988 
7 Kunnamkulam 54071 34.18 0.2272 1.256 25.98 4.77431 
8 Irinjalakuda 64112 33.57 0.2272 0.893 25.6 2.16185 
9 Thodupuzha 52045 35.43 0.07124 1.035 56.86 1.51125 
10 Karunagapally 60000 18.65 0.1991 0.963 51.93 2.91719 
11 Perumbavur 28110 13.59 0.249 0.677 40.45 0.93590 
12 Pathanamthitta 37538 23.5 0.086 0.978 30 1.15876 
13 Kothamangalam 38837 37.45 0.249 0.9 49.98 1.82631 
14 Angamaly 33465 28.2 0.249 1.306 17.2 4.34551 
15 North paravur 31503 9 0.19910 0.881 20.65 1.67567 
16 Kalpetta 31580 34.14 0.069 0.587 29.1 0.97206 
17 Moovatupuzha 30397 13.2 0.249 1.015 29.1 1.66221 
18 Adoor 29171 20.82 0.086 1.219 39.1 1.15877 
19 Aluva 22428 6.5 0.249 2.145 13.1 4.48744 
20 Idukki 11347 32 0.071 0.837 54.3 0.34060 
21 Chalakudy 49525 25.23 0.2272 0.987 32.01 4.43110 
22 Kodungalllur 33935 17.3 0.227 0.937 26.36 3.82390 
23 Pandalalm 43336 28.42 0.086 0.656 30 1.41776 
24 Punalur 46702 34 0.199 0.876 45.4 4.62186 
25 Cherthala 45827 16.18 0.16 0.934 28.5 2.03681 
26 Chavakkad 39098 12.41 0.227 0.884 25 1.68442 
27 Nileswaram 39752 26.43 0.13428 0.641 34.8 1.42506 
 

5. Model development 

For the purpose of model development, regression analysis was adopted. The general modeling 
framework is to develop separate models for each urban category. However, an additional case is 
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also being considered, that a single model might be more appealing because of increase in sample 
size for the analysis. Hence, two scenarios were designed for the model development: 

 Case 1 - Individual models: In this case, separate models are developed for small and 
medium size urban centers in which 14 small towns and 9 medium towns are used. 

 Case 2 - Combined model: In this case, the data set of small and medium size urban centers 
are combined for the development of a single model, for which, 9 towns each belonging to 
the small and medium category respectively are selected. 
 

Regression method was used for data analysis generating linear and non-linear models for estimation 
of passenger trips for small and medium towns. The linear and non-linear models developed for both 
cases are shown in Table 4. 

Table 4: Model development 

Model 

case 

Town 

category 

Model R
2
 

value 

 
Case 1 

Small Trip = 0.747 + 5.633*pcvo + 1.352*v/c – 0.044*RL + 0.995*pop 0.775 
Medium lntrip = 0.828+0.002*(den^3)+0.199*(v/c^2.5)-0.001/(pcvo^2.5)+ 

0.181/(RL^0.5) 
0.688 

Cas
e2 

Combined Lntrip=0.661+0.748*v/c+0.26/(RL^(1/3))+0.065*den-0.471/ 
(pcvo^(1/3)) 

0.525 

 
Where, 

Trip: Total inter-city passenger trips (in lakh)  

lntrip: logarithm to the base e of total inter-city passenger trips(in lakh) 

 pcvo: per capita vehicle ownership considering all vehicles  

 v/c: average volume-capacity ratio of the motor able road links of the study area 

 RL: motor able road length (in km) of the study area 

 pop: population of the study area in lakh 

den: population density in thousand 

6. Validation of the model 

The models were validated using a set of observations of a medium town (Irinjalakuda) and a 
small town (North Paravur) and evaluate the predictive accuracy of the models. Table 5 compares 
the observed and the estimated values. 

Table 5: Model performance 

 Irinjalakuda North Paravur 

Model Observed Estimated Observed estimated 
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Case 1: Small town  1.42 1.24 

Case 1: Medium town 0.771 0.915  

Case 2:Small and medium  
towns (combined) 

0.771 0.769 0.516 1.562 

 

7. Results and Conclusion 

For the development of a quick-response travel demand estimation technique for small and medium 
towns in Kerala, regression analysis was adopted. Linear and Non-linear regression models are 
developed as shown in Table 4.The model was validated using observed values of two towns and 
found that the values were within acceptable level of significance.  

It is seen that the results from single or the combined model do not reflect the passenger trips 
observed in smaller towns but apparently predict closer to observed values for medium towns.  It is 
observed that the combined model reflects the travel pattern of medium towns better than the smaller 
town’s because of larger number of observations in that category. Separate model developed for 
small towns under Case 1 has better goodness-of-fit with observed data than the combined model. 
Therefore, separate model for small towns is considered superior than combined model. For medium 
towns, combined model estimates better than the separate model. 

In the decade where every process is quick, easy to use and cost effective, replacing the traditional 
method for travel demand estimation whose data collection is a voluminous, time consuming and 
costly affair, with a quick-response technique is a noticeable shift seen in transportation planning. 
The methodology put forward is applicable and transferable to other towns with similar demographic 
features.  
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ABSTRACT 

Alternative methods are to be adopted in the construction of pavements so as to minimize the 
use of natural resources. One such alternative is the use of industrial waste materials in road 
construction. Jarosite and mild steel slag are the waste materials disposed by Zinc & steel 
factories. By neutralization Jarosite using lime and cement, it becomes an eco friendly 
product named Jarofix which can be used along with soil as a sub grade layer material in the 
construction of pavements.   

The present study investigates the feasibility of utilizing Jarofix in flexible pavements 
especially for the sub grade layer. For the effective utilization of Jarofix, studies were 
conducted by mixing it with soil along with mild steel slag in the range of 20-40% and the 
influence of these mix proportions on compaction characteristics and CBR values were 
studied. Based on the study it is concluded that the design mix with optimum percentage of 
Jarofix , soil and  mild steel slag can be effectively used in the construction of the sub grade 
layer thus presenting a solution to construct good roads at low cost and reduce the use of 
natural materials.  

Keywords: Jarofix-Mild steel slag-Pavement-Sub grade soil 

1. INTRODUCTION 

Innovative methods for utilizing industrial waste products have great demand all over the 
world. Large amount of industrial waste materials are generated from various industries in 
India as well as from all over the world and are simply being disposed off without any 
applications. By using such waste materials for the construction of embankments and sub 
grade of road pavements, not only utilized, but also reduces the construction cost and save the 
natural soil.  

Jarosite is a waste material produced during the extraction of zinc ore concentrate by 
hydrometallurgical operation in zinc industries. Jarofix is the resulting stable material 
obtained when Jarosite residue is neutralized and stabilized by hydrated lime (2%) and 
cement (10%). Jarofix was collected from Binani Zinc Limited Kochi, Kerala. According to 
their report, 5% of lime and 15% of cement were added to 80% of Jarosite to obtain Jarofix. 
The annual production of Jarofix, is about 90,000 wmt to 34 lakhs wmt. Presently, the 
utilization of dumped Jarofix is much more crucial and of high concern in India due to large 
amounts of Jarofix being produced without having any applications. The material is 
occupying costly agricultural land and has become an environmental hazard. Hence the 
utilization of Jarofix for any construction applications could be a promising avenue. 

Limited literature is available regarding the utility of Jarofix material for different civil 
engineering applications. Sinha et al (2012) reported on the design, construction and 
evaluation of Jarofix on embankment and sub grade layers. Design and stability analysis of 2 
m high Jarofix and Jarofix-soil embankments were carried out under different water and 
seismic conditions. Experimental Jarofix section was constructed on one side of the widened 
portion of State Highway (SH-9), Chittorgarh to Udaipur, Rajasthan For total length 300 m. 
Jarofix was collected from Hindustan Zinc limited, Chittorgarh, and Rajasthan. It was 

2024

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



concluded that Jarofix (100 %) has the potential in the construction of road embankment 
while a mix of Jarofix-soil (50:50) may be used in the construction of embankment and sub 
grade layer of road pavement. Sinha et al (2011) performed the feasibility study of Jarofix 
waste material for road construction. This paper presents the study of physical and 
geotechnical characteristics of Jarofix, Jarofix-soil and Jarofix-bottom ash mixes. Based on 
the study it is concluded that Jarofix material may not be economically feasible for subgrade 
construction but Jarofix (100%), Jarofix-soil mixes (50-75%) and Jarofix-bottom ash mixes 
(50-75%) have the potential in the construction of road embankment. Patil and Patil (2013) 
studied the improvement in properties of sub grade soil by using pond ash and chemical 
additive. Based on the experimental investigations carried out, soil: pond ash: RBI81 Grade 
in the proportion of 78:20:02 has the potential to be used in the sub grade layer. These studies 
motivated the authors to study the potential of industrial waste i.e. Jarofix for road 
construction. 

 
2. MATERIALS AND METHODS 

Locally available soil, Jarofix, and mild steel slag were the materials used in the research 
work. For better utilization and feasibility study, Jarofix and mild steel slag were mixed with 
soil in different proportions and their geotechnical 
characteristics were evaluated.  

Jarofix, was collected from Binani Zinc Limited at Kochi, 
Kerala. It was taken from an existing dump yard near the 
plant area. The waste material was observed to be light in 
weight, fine grained and resembles soil. A pictorial view of 
the Jarofix Stock yard is shown in Fig. 1Soil was collected 
from Trivandrum district in Kerala and was air dried before 
conducting tests. Tests were conducted on the soil as per 
Indian Standards specifications (IS 2720).  

Mild steel slag was collected from Steel and Industrial Forgings Ltd, Thirissur, Kerala. This 
material was observed to be non plastic. 

2.1 Physical and geotechnical characteristics 

Properties of Jarofix and Mild steel slag were determined as per the Bureau of Indian 
standard. Specifications as summarized in Table 1. 

Table 1 Physical characteristic of Jarofix and mild steel slag. 

Properties Jarofix Mild steel slag 

Colour Yellow black 
Specific gravity 2.4 7.2 
ph 8.5 -- 
Moisture content 32 -- 
 

2.2Test methods  

Fig. 1 Stock yard of Jarofix  
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The dry soil sample as shown in Fig. 2 was collected from the site and was air dried before 
conducting the test. In the case of Mild Steel Slag (MSS), the materials were passed through a 
425 micron sieve to get homogenous mixes as shown in Fig. 3. A number of soil-Jarofix 
combinations were used to determine the variations in compaction values and suitable 
percentages of mild steel slag were introduced to improve the compaction as well as the 
strength characteristics of the mixes. The blending operations were carried out manually and 
care was taken to achieve uniform mixing.  

The laboratory studies were carried out in two phases i.e.,  

1. Utilization of Jarofix in soil by varying percentages of Jarofix by 20, 30 and 40. 
2. Modification of soil with 10 % of mild steel slag and varying mild steel slag 

percentages in the range of 20-40 with increments of 10%.  

A total of six trial combinations were carried out and the compaction and CBR properties of 
blended mixes were evaluated. Table 2 shows the combination of the soil – Jarofix – mild 
steel slag mixes. 

                                              

            Fig. 2 Dry soil sample                                                       Fig.3 Mild Steel Slag 

Table 2: combination of additives with soil 

Name of mix Soil(%) Jarofix(%) MSS(%) 
S1 100 - - 
J1 - 100 - 
SJ1 80 20 - 
SJ2 70 30 - 
SJ3 60 40 - 
SJM1 70 20 10 
SJM2 60 30 10 
SJM3 50 40 10 

 

3. RESULTS AND DISCUSSION 

  

3.1 Grain size distribution and  Atterberg limits 

The grain size distribution pattern and Atterberg limits are considered to be the major 
principal factors that control the stability of a soil mixture. The soil samples consist of 53.6 % 
of silt and clay and about 41% of sand. Jarofix was found to be a fine grained material with 
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97 % of its particles retained on a 75 micron sieve.  Mild steel slag was observed to be non-
plastic in nature 

The consistency and plastic characteristics of Jarofix and soil were determined as per IS: 
2720-Part-5 (Indian Standards-IS). The soil had a liquid limit (L.L) of 41.4 % and plastic 
limit (P.L) of 22.58%. The plasticity index (P.I) was found to be 18.82 %. The plastic limit 
and liquid limit of Jarofix were about 40.30% and 52.65% respectively. According to Indian 
Standard classification, soil was classified as CI. 

3.2 Effect of Compaction Characteristics 

Compaction properties i.e. maximum dry density (MDD) and optimum moisture content 
(OMC) were determined in the laboratory for all mixtures in accordance with IS: 2720 (Part-
7)-1983. The moisture-density relation for the soil, Jarofix, and their different proportions 
along with MSS were evaluated. Fig. 4 and 5 shows the moisture content – dry density curves 
for soil and Jarofix. 

      

    Fig.4 MDD & OMC of soil                                        Fig.5 MDD & OMC of Jarofix 

The maximum dry density (MDD) of Jarofix and soil were found to be 1.167 g/cc and 1.68 
g/cc respectively. At the same time, the OMC of Jarofix and soil were found to be 49.5% and 
19.7%. Fig. 6 shows the variations in MDD and OMC for soil and Jarofix.  

 

Fig.6 Variations in MDD and OMC for soil and 

Jarofix 

For the effective utilization of Jarofix, soil was 
replaced with 20%, 30% and 40 % of Jarofix and the 
variation of MDD and corresponding OMC for 
different percentage of mixture was studied. The 
MDD of the combination decreased from 1.68 g/cc 

to 1.51 g/cc when replacing soil content with Jarofix, varying from 20 to 40 %. Also the 
OMC increased from 19.7 % to 25.8 %. Thus it was observed that the addition of Jarofix to 
the soil yields a mixture possessing decreased MDD with an increased value of OMC. Fig. 7 
shows the variation of MDD & OMC for different mix proportions of soil & Jarofix. Low 
MDD and high OMC of Jarofix were due to the presence of high percentages of fine particles 
and high absorption of water by Jarofix. 
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To improve the density of the mix, MSS was introduced at 10% along with various soil-
Jarofix mixes. Fig.8 shows the increased value of MDD with addition of MSS. The effect of 
mild steel slag on soil-Jarofix mixes were evaluated and are as given in Table 4. There was a 
marked improvement in density value due to the addition of mild steel slag in the soil-Jarofix 
mixes. This increase in MDD may be explained by considering the Mild Steel Slag as filler 
with higher specific gravity (7.4) in the soil-Jarofix voids. The mix proportion of 40 % 
J+50% S+10 % MSS gives a density of 1.65 g/cc and hence it can be used as a sub grade 
material satisfying the density criteria as per IRC:SP:72-2007,as well as in embankments as 
per MORTH specifications. 

3.3 Strength characteristics  

CBR test was carried out for soil, Jarofix, and their mixes. Samples were mixed properly and 
were separately packed for uniform mixing. Three samples for each combination were 
prepared using the corresponding MDD and OMC in the CBR moulds based on IS light 
compaction. The samples were then soaked for 4 days in portable water before testing. The 
average value of the three samples was reported as the CBR value. Fig.8 shows the CBR 
value of soil and Jarofix mixes with and without mild steel slag. 

 

 

 

 

 

 

Fig.7 MDD & OMC of soil & 

Jarofix mix proportions 

Fig.8 Variation of OMC & MDD 

with the addition of 10% MSS 

Fig.8 CBR value of soil and Jarofix mixes with & 

without MSS. 
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The soil had a CBR value of 5.25 and for Jarofix it was 11.5. The addition of 10 % mild steel 
slag to the soil-Jarofix mixes showed large variations in CBR value. Without addition of 
MSS the maximum CBR value was obtained for 40% Jarofix along with 60% of soil. Higher 
CBR value of Jarofix was due to the presence of lime and cement after the neutralization of 
Jarosite. CBR values of all the mix proportions were tabulated in Table 4. From the analysis 
it was observed that, for the mix proportion of soil and Jarofix, CBR value was increasing 
with increasing amounts of Jarofix. 

Table 4 shows that CBR value increases with soil percentage along with mild steel slag. The 
maximum CBR value was obtained for the mix combination of 10% mild steel slag, 20% 
Jarofix along with 70% of soil.  The higher the percentage of soil in the mix, higher is the 
CBR value. Combination of these mixtures was found to satisfy the maximum dry density 
criteria and have a higher CBR value compared to the normal soil.  

Table 4 Compaction & CBR value of different mix proportions 

Type of 
mix 

OMC 
(%) 

MDD 
(g/cc) 

CBR 
(%) 

S1 19.7 1.68 5.25 
J1 49.4 1.17 11.5 
SJ1 22.8 1.58 7.75 
SJ2 24.8 1.55 8.9 
SJ3 25.8 1.53 10.83 
SJM1 19.8 1.76 18.5 
SJM2 22.5 1.71 15.3 
SJM3 24.8 1.65 12.25 

3.4 Design of flexible pavement thickness & cost analysis 

Flexible pavement design was carried out as per IRC: 37-2012. The pavement crust thickness 
was calculated by considering various cumulative traffic loads under different CBR value 
obtained from the test results. Design parameters were considered as per IRC: SP: 72-2007. 
According to the pavement thickness, cost analysis was carried out for two lane road of 1 km 
length as given in Table 5. 

Mix proportions 
(%) 

CBR 
(%) 

MSA 

 
Pavement 
Thickness 
(mm) 
 

Cost of 
construction 

Savings in 

Pavement 
thickness 
(mm) 

cost 
(%) 

Soil 
(%) 

Thickness(mm) 

S1 (100) 5.25 2 500 1,59,76275 0 0 Nil 
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Table5 Flexible pavement thickness & cost analysis 

From the results shown in Table 5, it can be seen that for 7.5 MSA of varied mix proportions, 
there is a reduction in pavement thickness (110mm) and savings in cost of construction 
(18.1%) as compared to the values of 100% soil of 7.5MSA. In addition to these advantages, 
50% of the soil can be saved by using such additional waste materials, thereby paving the 
way for sustainable construction and saving of natural material 

CONCLUSIONS 

Jarofix waste management can be carried out economically by mixing it with sub grade soil. 
Jarofix and Mild steel slag were mixed along with soil in different proportions and tests were 
conducted to determine their physical and geotechnical characteristics. Based on the above 
study following conclusions were drawn.  

1. Jarofix was found to be fine grained material and which has high plasticity.  
2. MDD decreased and OMC increased due to the addition of Jarofix to the soil. This 

was due to the predominant effect of fineness and low specific gravity of Jarofix. 
Moreover MDD increased with addition of mild steel slag in different proportions of 
soil and Jarofix.  

3. According to SP: 72 2007, guidelines for the design of flexible pavement, the 
minimum dry density required for rural roads is 1.65 g /cc. So for the maximum 
utilization of Jarofix, a combination of 40% Jarofix and 10 % MSS along with 50% 
soil has a good CBR value and satisfies the density criteria as well. So this mix 
proportion can effectively used as a subgrade material in flexible pavement design of 
rural areas. 

4. The mix proportion of 40% Jarofix and 60 % soil can be effectively used as a filling 
material for embankment up to 3m height as per MORTH specifications. 

5. The low value of soil CBR under different traffic intensity results in high pavement 
thickness and hence high construction cost. The Optimum soil-Jarofix mix gives high 
CBR value, which reduces the pavement thickness and thus reduces the construction 
cost. According to technical specification IRC 37:2012, there was reduction in 
pavement thickness up to 110 mm. Cost analysis shows an a saving of 18.1% for 7.5 
MSA with respect to the design parameter of soil CBR . 

Based on the study conducted, it can be concluded that Jarofix and mild steel slag can be used 
along with soil for the construction of sub grade and embankment near the industrial area. So 
it has three major advantages; Firstly, it reduces the uncontrolled dumping of waste materials, 
and secondly about 50% of the natural soil used can be conserved, finally resulting in cost 
savings on the pavement construction. The conclusions of the research are based upon 
laboratory investigations and need to be tested in the field with various types of soil. 

5 570 1,82,54040 0 0 Nil 
7.5 615 2,07,54930 0 0 Nil 

SJM3(50:40:10) 12 
2 425 1,36,69950 75 14.4 50 
5 470 1,54,06440 100 15.6 50 
7.5 505 1,80,52020 110 18.1 50 
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4.1 Need for further study 

It is recommended that the chemical parameters of the mix be analyzed for pavement 
construction.  
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ABSTRACT 

 
Long lasting pavement with good riding surface has always been remained a challenge to the 
pavement engineers. The design of flexible pavements is largely based on empirical methods. 
The  layered elastic analysis  has been generally been used to determine stresses, strains and 
displacements in flexible pavements. But it has several severe limitations. Hence there is 
currently a shift underway towards more mechanistic design techniques. With the current 
move towards adopting mechanistic-empirical concepts in the design of pavement structures, 
state-of-the-art mechanistic analysis methodologies are needed to determine accurate 
pavement responses, such as stress, strain, and deformation. This recent interest in the 
application of mechanistic empirical method to flexible pavements has made a demand for 
Finite Element Method (FEM). A two dimensional axisymmetric finite element analysis is 
conducted in the present study to evaluate the performance of a flexible pavement due to 
subgrade modification. The benefits of modifying the subgrade soils in flexible pavements  in 
terms of Layer Thickness Reduction(LTR) and Traffic Benefit Ratio(TBR) was also 
investigated in the study and design charts and design models were developed to quantify the 
benefits of subgrade modification. 
 
Introduction 
Pavements are deceptively complex systems, involving the interaction of numerous variables. 
Mechanistic design of pavements is becoming more prevalent, which facilitates the accurate 
evaluation of stresses and strains in pavements. With the increased advancement in personal 
computer technology during the last decade, computer programs now offer the potential for 
thorough and comprehensive analyses of flexible conventional pavement systems at an 
affordable cost and pavement design procedures based on linear elastic analysis have become 
popular. This requires the provision of a constant elastic modulus and a Poisson’s ratio for 
each pavement layer including granular material and clay. 
The lack of resources available and their ever-increasing cost of materials and energy have 
motivated highway engineers to explore new alternatives in building new roads and 
rehabilitating the existing ones. Improving the strength of the subgrade soils is one such 
alternative. Modifying the subgrade soils so as to improve their strength appears to have the 
greatest potential and these benefits can be realized by extending the service life of the 
pavement or reduction in subbase or base thickness. A realistic geometry and characterization 
accomplished through the use of a finite element solution improves the ability to reliably 
predict the pavement response, which leads to a better design methodology. The objectives of 
the study are to evaluate the stress strain characteristics and the benefits in the flexible 
pavement response in terms of Layer Thickness Reduction (LTR) and Traffic Benefit Ratio 
(TBR) due to modification of subgrade soils. 
 

Numerical modelling 

A two-dimensional (2D) axisymmetric, elasto-plastic finite-element analysis of the 
mechanistic pavement model was carried out by using ABAQUS software in order to 
quantify the benefits of modification of subgrade. The pavement section was modeled as an 
axisymmetric solid to obtain mechanistically the layered pavement response due to traffic 
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loading and to investigate the benefits of modifying the subgrade soil in the flexible 
pavement design. The thickness of each layer above the subgrade soils was decided based on 
CBR of subgrade soils for an assumed design traffic intensity of 100 million standard axle 
(msa) as per Indian code of practice, IRC: 37-2012. The thickness of various layers is given 
in Table 1.  
Table 1: Thickness of Each Layer for a Traffic Intensity of 100 msa (IRC:37-2012) 
 
 

Dimensions of model, loading and boundary conditions 

For application of a finite-element model in the pavement analysis, a five-layered system of 
infinite extent has been reduced to a system having finite dimensions. In the present study, 
the right boundary was placed at a distance of 1,100 mm from the outer edge of loaded area, 
which is more than seven times the radius of the applied load of 150 mm. A uniform pressure 
of 575 kPa has been applied on a circular contact area with a radius of 150 mm as shown in 
Fig. 1. This uniform pressure will be caused by a single axle wheel load of 40.8 kN (4,080 
kg). Roller supports were provided along the axis of symmetry to achieve the condition that 
both the shear stresses and radial displacements are equal to zero. Similarly, the roller 
supports were provided along the right boundary which was placed sufficiently far away from 
the loaded area so as to have a negligible deflection in the radial direction. At the bottom 
boundary, roller supports were provided, permitting free movement in the radial direction and 
a restraint to any movement in the vertical direction. Eight noded biquadratic axisymmetric 
elements with reduced integration were used for discretization of layers in the flexible 
pavement. The total number of elements in the cases considered  vary from 3717 to 8538 and 
the number of nodes vary from 11396 to 19991. 

 
Fig. 1 Axisymmetric Finite Element Model of the Pavement Section 

 

Material properties 

The finite element analysis of the pavement system was carried out by employing a linear 
elastic model. Properties of the different layers required for carrying out the FE analysis are 
the resilient modulus and Poisson’s ratio (ν) .The resilient modulus for the subgrade soil is 

Layer BC DBM Base Subbase Subgrade 

Thickness(mm) 50 155 250 Variable 500 
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computed from the CBR value using the following empirical relationships given in IRC: 37-
2012. 

Mr =10 CBR [MPa], for CBR up to 5%   (1) 
Mr =17.6 (CBR)0.64 [MPa], for CBR> 5%    (2) 

Knowing the value of resilient modulus of the subgrade layer, the resilient modulus for the 
granular base and subbase layers can be calculated using the equation given in IRC : 37-2012 
and is given by  

Mr(granular) = 0.2*(h)0.45* MR(subgrade)       (3) 
The materials required for DBM and bituminous concrete are aggregates, mineral filler and 
bitumen binder. The resilient modulus value for BC and DBM for VG40 bitumen at a 
temperature of 35oC is taken as 3000 MPa as per IRC:37-2012.  
 
 The Poisson’s ratio for various layers of the pavement is given in Table 2.  

Table 2 Poisson’s Ratio for Various Layers of the Pavement (IRC: 37-2012) 

Pavement Layer Poisson’s Ratio,  
BC 0.35 
DBM 0.35 
Granular Base 0.35 
Granular Subbase 0.35 
Subgrade 0.4 

Methodology 

If the CBR value of a subgrade soil is less than 3% then it can be considered as a soft/ poor 
subgrade and still it is one of major concerns to pavement design engineers due to its 
potential contribution to permanent deformation in flexible pavements. In this study soft soils 
having CBR values <=1.5%, 2% and 2.5% are considered and they are assumed to be 
improved to 3%, 4%, 5%,6%,  7% and 9%. Since the scope of the present study is limited to 
modifying the subgrade soils only, rutting has been considered as a failure criterion. The 
vertical compressive strain occurring on the top of the subgrade causes rutting in the 
pavement section and as per IRC: 37-2012, the allowable value of vertical compressive strain 
is 291x 10-6 microns. A two dimensional axisymmetric finite element analysis was conducted 
usins ABAQUS by varying the subbase thickness. A total of 127 cases were analyzed in the 
study. The vertical compressive strain for each section was obtained from the finite element 
analysis The optimum thickness of the subbase for the soft subgrade is taken as that thickness 
for which the vertical compressive strain falls within the allowable limit.. Using these data 
the Layer Thickness Reduction (LTR) and Traffic Benefit Ratio (TBR) for the pavement 
section is computed. Design models were developed for vertical compressive strain and 
traffic benefit ratio 
 

RESULTS AND DISCUSSION 
 

Variation of vertical compressive strain 
 
The vertical compressive strains developed at the top of the subgrade in soft and modified 
pavement sections were evaluated from elasto-plastic finite-element analysis. Fig. 2 shows 
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the variation of vertical compressive strain at the top of the subgrade with subbase thickness 
for different values of CBR.  It is seen that the vertical compressive strain at the top of the 
subgrade increases with decrease in subbase thickness and it shows a decrease with increase 
in the value of subgrade CBR.  

 
Fig. 2 Variation of Vertical Compressive Strain with Subbase Thickness for 

Different Values of CBR 
 
These plots were used to study the benefits of modifying the subgrade soils in terms of layer 
thickness reduction (LTR) and traffic benefit ratio (TBR). 
 

Layer thickness reduction 
Analysis were performed for the computation of Layer Thickness Reduction (LTR). The 
subbase thickness is varied from the optimum thickness obtained for the soft subgrade to the 
minimum value of subbase thickness prescribed by the code for each value of modified CBR. 
Optimum Layer Thickness Reduction (LTR) for pavement system is noted as that layer 
thickness reduction corresponding to the optimum subbase thickness. The variation of 
optimum LTR with modified CBR values for the different soft subgrade is shown in Fig.3.  

 
 

Fig. 3 Variation of Optimum LTR with Modified CBR values for Different Soft 

Subgrade 
From the figure it is evident that the layer thickness reduction is maximum for an 
improvement of CBR value from <= 1.5%.This plot can be taken as the design chart for 
pavements resting on modified soil subgrade. The design chart thus developed can be used to 
compute the required modification in the subgrade soil for a particular value of LTR.  
 

Traffic benefit ratio 
Traffic Benefit Ratio (TBR) is defined as the number of cycles to reach a particular 
permanent surface deformation for a modified subgrade section divided by the number of 
cycles to reach this same deformation in a soft subgrade section with the same layer 
thickness. The variation of optimum TBR with modified CBR value is as shown in Fig. 4.  
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Fig. 4. Variation of Optimum TBR with Modified CBR value 

The TBR gives the extension in the service life of pavement due to modification.Optimum 
Traffic Benefit Ratio  (TBR) for pavement system is noted as that traffic benefit ratio 
corresponding to the optimum subbase thickness. From the Fig. 4  it is evident that the traffic 
benefit ratio increases with improvement in soft subgrade. The maximum increase in TBR is 
noted for an improvement of CBR from <= 1.5%.  This plot can be taken as the design chart 
for pavements resting on modified soil subgrade. The design chart thus developed can be 
used to estimate the extension in service life of the pavement due to the modification of 
subgrade. 
 

Design Model Development 
 
The results obtained from the parametric study are summarized, interpreted and synthesized 
to develop a design model for vertical compressive strain and TBR in terms of subbase 
thickness and CBR value 
Design Model for Compressive Strain 
The design model developed for vertical compressive strain is  

εv= 5850.6 d-0.3905CBR-0.7191 

A Pearson correlation coefficient of 0.991 has been obtained in this case which implies that a 
linear equation describes the relationship between  the value obtained from the analysis and 
the value computed from the design model perfectly. 

Design Model for Traffic Benefit Ratio 
Design models were developed for traffic benefit ratio for improvement of CBR from <= 
1.5%, 2% and 2.5%. The models developed are 
       TBR = 0.006546 CBR2.9805 d0.6979 ( for an improvement of CBR from <= 1.5%) 
TBR = 0.01438 CBR2.6244 d0.4219 ( for an improvement of CBR from 2%)  

      TBR = 0.031385 CBR2.7177d0.2034 ( for an improvement of CBR from 2.5%)  

The Pearson product- moment correlation coefficient has been computed to determine the 
strength of linear relationship between the values of TBR obtained from the analysis and that 
computed from the design model. A correlation coefficient of 0.9905 has been obtained in 
this case which implies that a linear equation describes the relationship between the value 
obtained from the analysis and the value computed from the design model perfectly. 
Conclusion 

The finite element analysis of a five layered pavement system is carried out by adopting an 
axisymmetric linear elastic model in ABAQUS and the effect of subbase thickness on the 
pavement response is evaluated. The study was conducted by considering the rutting failure 
criterion. A total of 127 cases were analyzed in this study. The vertical compressive strain 
characteristics of the flexible pavement under static loading was studied and it was found that 
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the vertical compressive strain at the top of the subgrade decreases with increase in subbase 
thickness and with improvement in subgrade CBR. The benefits of flexible pavement 
performance due to the modification of subgrade were evaluated in terms of Layer Thickness 
Reduction (LTR) and Traffic Benefit Ratio (TBR). Based on the results obtained from the 
study design charts were developed for Layer Thickness Reduction and Traffic Benefit Ratio. 
The design charts developed were found to be very effective in predicting the degree of 
modification required for a soft subgrade for accomplishing a particular LTR or TBR. These 
charts can be used as an aid for evaluating the benefits of flexible pavement performance due 
to subgrade improvement. Design models were developed for vertical compressive strain and 
traffic benefit ratio in terms of subbase thickness and CBR value of subgrade. The design 
models developed were found to be sensitive to the pavement design variables and they 
present a means for calculating the benefits of subgrade modification. 
Based on the results obtained from the study it is seen that a pavement resting on a modified 
subgrade soil is beneficial in reducing the requirement for construction materials as well as 
the construction cost. 
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Abstract 

Thiruvananthapuram which has a large network of water bodies, the potential of inland water 
transport has been neglected for years. Thedevelopment of water transportation could release 
the big pressure from roadtransportation and it will improve living condition of people who 
are residing on thebanks of water bodies. Parvathy Puthanar is a manmade canal in 
Thiruvananthapuramcity. This canal was the main transport corridor during 19th century. 
Presently thecanal is highly polluted and is in an unusable condition. High proximity to the 
major touristspots like Kovalam beach, Veli estuary, Veli tourist village and Akkulam boat 
clubshows the feasibility of the water transport. In addition to this, Trivandrum 
Internationalairport, Central railway station and Central bus stand are easily accessible from 
the canal.This paper discuss the study of existing problems and constraints of Parvathy 
Puthanarcanal and proposes planning guidelines for the improvement of the canal in order 
toprovide passengers and goods movement, tourism promotion and recreational activity. 
Revival of the canal therefore will result in better social and environmental condition of the 
area. 
 
Keywords: Dredging, Water Quality, Waste Management 
 
1.0 Introduction 

 
Inland water transport (IWT) is effective as generally speaking, operating costs are low 

and environmental pollution is lower than for corresponding volumes of movement by road 
and rail. Kerala State has more than 1680 km of waterway network. However, today, hardly 
20% of them are in usable condition. The Parvathy Puthanar connecting the capital with the 
Veli and Kadinamkulam lakes and joining on the Anjengo backwater and the Vamanapuram 
river was cut during the reign of Rani Parvathi Bai. The study area stretches from Akkulam to 
Kovalam of about 18.26 km, passes through Thiruvallom, Edayar Island, Poonthura, 
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Panathura, Muttathara, Chakka and Karikkakom. After Munnattumukku Bridge near 
Thiruvallom, the waterway divides into two arms, which then passes around Edayar Island 
and meets again at Poonthurapozhi. The left branch of the waterway passes through 
Thiruvallom and meets with Karamana River. The canal is completely filled with sand near 
the Panathura Subramanya Swami Temple for about 200m and is the major bottleneck of 
navigation. The study area map is shown in Figure 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Parvathy Puthanar with its feeder is the main recipient of the storm water runoff from 

the southern part of the city. Kannamoolathodu, Thekkenakara canal, Kariyilthodu and 
Karamanariver are the major feeders of Parvathy Puthanar main canal. Government of India 
declared a section of west coast canal between Kollam-Kottapuram including Chempakkara 
and Udyogamandal canals (205 km) as the National Waterway No.3 in the year 1993. The 
Kollam-Kovalam strecth of T.S canal is a proposed extension of NW 3 and which is under 
consideration. Parvathy Puthanar is a part of this Kollam-Kovalam stretch of T.S canal. 
Revival of this stretch would help in enhancing inland navigation, tourism promotion and the 
environmental condition of the area. 
 
2.0 Survey Conducted 
Condition Survey 

A detailed reconnaissance was carried out to assess the present condition of the canal, 
details of cross structures like road bridges, rail bridges, foot bridges, pipelines, electric lines, 
telephone lines, existing bank protection, road connectivity, land use and plan the course of 
action. 
 

Hydrographic and Topographic Survey 

The bathymetry survey using Differential Global Positioning System(DGPS) and 
Echo Sounder was conducted to collect the hydrographic details such as width and depth of 
the canal. The cross section was taken at every 30 m interval and the required dredging 
quantity is estimated to provide 14m width and 1.7 m draft for the waterway. The Electronic 
Total Station (ETS) instrument was deployed to demarcate the buffer zone of the canal and 
the land use pattern as part of topographic survey. 
 

Figure 1. Study Area 
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Socio Economic Survey 

 This was done through a detailed questionnaire survey which provides details of 
demography, type of buildings, built up area, drainage facilities, sanitary facilities, sources of 
water, availability of water, purpose of water and solid waste disposal. The existing 
population on both the banks was obtained and the population is projected for the year 2025. 
The water demand, generation of waste water and solid waste are also calculated for the 
projected population. 

Environmental Status and Issues 

 
Water samples were collected from locations where there is change in the 

characteristics and tested in the laboratory for parameters like temperature, pH, conductivity, 
dissolved oxygen, BOD, Total suspended solids, Total dissolved solids, chloride, turbidity, 
total hardness, calcium, magnesium, iron, sulphate, nitrite, nitrate, inorganic phosphate, total 
nitrogen and total phosphorous.  
 

Improvement Proposal and Cost Estimation 

 
Development proposals were identified to make the canal navigational which includes 

cleaning, dredging, bank protection, reconstruction/modification of cross-structures with 
adequate clearance, design of sewage pipeline, disposal of solid waste, provision of 
navigational aids and sanitation facilities etc. The standard rates are adopted to estimate the 
project implementation cost. 
 

3.0 Results and Discussion 

Cross Structures 

  

 Different types of cross structures were observed in the stretch Kovalam to Akkulam. 
11 road bridges, 2 railway bridges, 7 foot bridges, 1 lock and 1 aqueduct are existing in the 
study area. The particulars of the cross structures are given in Table 1.It is proposed that the 
foot bridges at Panathura, Edayar, Karikkakam and Vazhavila old has to be dismantled. The 
SM lock at Poonthura has to be reconstructed. The road bridges namely Edayara bridge, 
Ponnara bridge, Puthanpalam, Vallakadavu bridge and Karikkakam are structurally weak and 
these bridges are to be reconstructed. The aqueduct at Muttathara is to be renovated. 
 

Table 1 Details of Cross Structures 

Sl.No Name of Bridge Type of Bridge No. 

of 

Span 

Horizontal 

Clearance 

(m) 

Vertical 

Clearance 

(m) 

1 Panathura footbridge Temporary Wooden  1 4.5 2 
2 Edayar Road bridge Road bridge, steel 3 7.5 5 
3 Edayar foot bridge Foot bridge, RCC 3 9 5 
4 Moonattumukku Bridge Road bridge 3 11 6.5 
5 SM Lock Road bridge &old lock 1 5 5 
6 Muttathara steel bridge Foot bridge 1 20 4.5 
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7 Muttathara Pipeline 
bridge  

Foot bridge (Aqueduct) 1 11 4.5 

8 Ponnara bridge Road bridge 1 15 4.5 
9 Puthanpalam Road bridge 1 10 2.2 
10 Vallakadavu bridge Road bridge 1 7.5 2.8 
11 Kairali foot bridge Foot bridge 1 20 4.5 
12 New airport bridge Road bridge 10 32 8 
13 Chakka old bridge Road bridge 3 19 3.8 
14 Chakka new bridge Road bridge 3 18.6 4 
15 Chakka rail bridge I Rail bridge 3 11.3 3.7 
16 Chakkal rail bridge II Rail bridge 3 12.6 3.9 
17 KarikkakamVayanasala 

bridge 
Foot bridge 3 9 3.74 

18 Karikkakam foot bridge Foot bridge 3 7.2 3.8 
19 Karikkakam temple 

bridge 
Road bridge, Steel 3 9.7 1.5 

20 Vazhavila old foot 
bridge 

Foot bridge 3 7.2 3.8 

21 Vempalavattom bridge Road bridge 3 17.8 3.8 
22 Akkulam bye pass 

bridge 
Road bridge 12 32 7.5 

  
Desiltation 

The section wise dredging quantity (percentage) is shown in Figure 2. It can be noted 
that there is more siltation in Thiruvallom to Vempalavattom sector. This is where the canal 
encounters deep cut in its course and emphasis the need for slope protection and drainage 
facilities to prevent future silting. The estimated dredging quantity is given in Table 2. 

Table 2Desiltation of Canal - Section wise 

S.No Section 
Length 

(km) 

Dredging Quantity 

(m
3
) 

1 Kovalam - Panathura 1.85 19891.57 
2 Panathura - Edayar Island South 1.86 30771.51 
3 Edayar Island South - Thiruvallom 1.90 26235.58 
4 Thiruvallom - Moonattumukku 0.58 6047.13 
5 Edayar Island South - Moonattumukku 2.25 13803.21 
6 Moonattumukku - Ponnara bridge 3.34 69323.82 
7 Ponnara bridge - Chakka Railway bridge 3.52 75218.16 
8 Chakka Railway bridge - Vempalavattom bridge 2.32 34791.23 
9 Vempalavattom bridge - Akkulam boat club 3.12 5879.69 
Total 20.74 281961.90 

 
The total amount of dredging is estimated as 281961.90 cum.  The dredging quantity 

is calculated for 580 cross sections of Kovalam-Thiruvallom-Akkulam canal and 71 cross 
sections of Edayar Island.  
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Figure 2 Section-wisePercentage of Dredging Quantity  

 

Bank Protection 
25.98 kms of the canal has to be protected and the details are given in Table 3. 

Traditional and economically cheaper measure like Random Rubble masonry or stone 
boulders strengthened with coir grids type are suggested for protecting the banks. 
 

Table 3 Stretches identified for Bank Protection 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Projection of Population, Water Demand, Wastewater and Solid waste generation 

0 5 10 15 20 25 30 

I 

II 

III 

IV 

V 

VI 

VII 

VII 

IX 

Sl.No Chainage(Km) Bank protection(Km) 

Left Bank Right bank 

1 0 1 0 0 
2 1 2 0.67 0.67 
3 2 3 1 1 
4 3 4 0.2 0.2 
5 4 5 0 0 
6 5 6 0.77 0.77 
7 6 7 1 1 
8 7 8 1 1 
9 8 9 1 1 
10 9 10 1 1 
11 10 11 1 1 
12 11 12 1 1 
13 12 13 1 1 
14 13 14 1 1 
15 14 15 1 1 
16 15 16 1 1 
17 16 17 1 1 
18 17 18 1 1 
Total 12.99 12.99 
Grand Total 25.98 
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The population between Akkulam - Muttathara is 1910 and the stretch Muttathara - 
Kovalam is having a population of 512 with a total population of 2422. The population 
projection for the year 2025 is calculated based on the Kerala Population growth rate. The 
projected population is 2473 and the wastewater generation and solid waste will be 1692 
lakhs litres and 6.8 lakhs kg for the year of 2025.  
 

Waste Management 

The thickly populated Thiruvallom - Vempalavattom stretch is facing serious 
unhealthy condition due to inadequate sewage/drainage facilities. To avoid the environmental 
issues of the canal, community toilets at every 2 km interval along the stretch are proposed. 
Other major environmental issue in this area is the solid waste disposal. At present the settlers 
are directly disposing the solid waste into the canal. This dumping of waste is becoming the 
huge barrier to flow in canal and also affecting the natural beauty of the canal.Based on the 
characteristics of solid wastes the appropriate disposal method is listed out in Table 4 by 
location wise. 
 

Table 4.Solid Waste Disposal Method 

Sl. No. 
Chainage 

(km) 
Location Disposal Method 

1. 3.2 Near Beach & Lake resort Composting 
2. 5.3 Edayar Island Composting/Land filling 
3. 8.5 Muttathara Composting/Land filling 
4. 14.9 World Vegetable Market Composting 

  
Involvement of local bodies, Trivandrum Development Authority and NGO’s are 

required for effective waste management of the area. 
 

Water Quality 

The water samples were collected at 9 locations along the canal. The summarised results of 
water sample analysis is given in Table 5. 
 

Table 5 Results of water sample analysis 

 

SAMPLE 

STATION/ 

PARAMET

ER 

Akku

lam 

boat 

club 

Near 

Chak

ka 

bridg

e 

Mutt

a 

thara 

pipeli

ne 1 

Mutt

a 

thara 

pipeli

ne 2 

SM 

lock 

bridg

e 

B

&

L 

res

ort 

Near 

Temp

le 1 

Near 

Temp

le 2 

Near 

Quarry 

Site 
 

Temperature 29.4 29.5 29.6 29.9 29.5 29.
5 

29.7 29.4 29.6 

PH 7.03 6.76 6.59 6.6 6.86 6.8
7 

6.99 7.0 7.1 

Conductivity 
(mS/cm) 

8376 530 563.7 525 497 52
6 

1834 1819 2613 

TDS(PPM) 9356 685 748 683 718 65
4 

1906 1968 3215 

Turbidity(NT 643 263 106 154 112.6 98. 140.2 151 559 
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U) 4 
Total 
hardness(mg/
L) 

3750 125 15 60 70 65 750 1000 1250 

Ca(mg/L) 701.4 40 7.02 20.04 14.02 12 200.4 150.3 400.8 
Mg(mg/l) 486.2 6.08 6.08 2.43 8.51 8.5

1 
60.7 160 60.7 

Chloride(mg/
l) 

4189 70.4 105.6 35.2 70.4 70.
4 

633 528 1002 

Alakalinity(
mg/l) 

70 122 102 102 96 80 74 72 86 

Iron(mg/l) 0.132 0.35 0.37 1.20 0.18 0.0
8 

0.08 0.11 0.1 

Sulphite(mg/l
) 

407.4 34.0 45.14 34.3 33.0 40.
3 

227 227 275 

Nitrite(mg/l) 243.6 66.7 26.16 19.0 57.2 71.
4 

61.0 304.0 497.0 

E-
coli(CFUml-
1) 

260 26500 29000 42000 14000 14
20 

90 360 30 

 
The major findings of the water sample analysis are discussed as follows; 
 

 The temperature of the water samples observed in the range of 29.3 - 29.9˚C. The 
maximum was observed at Muttathara Pipeline bridge 1. The temperature at all the 
samples shows well within the permissible limit of Central Pollution Control Board 
(CPCB). In the case of PH the minimum value was observed at near  Muttathara 1.  

 
 Conductivity of sample indicates the presence of Ca, Mg, etc. The higher value of 

conductivity was obtained for the sample collected near the sea mouth i.e Beach and 
Lake Tourist Resort. The higher Total Dissolved Solids (TDS) value at Quarry site 
shows that, the coir waste as well as the debris were deposited in the canal banks. The 
turbidity was high near quarry site due to the presence of large amount of suspended 
matter such as clay, silt or some other finely divided organic matter present in water. 

 
 Hardness is higher for the Quarry site sample, collected along the sea due to the 

presence of Sulphates, Chlorides and Nitrates of Calcium or Magnesium. The disposal 
of waste from this resort is also the cause of increase in hardness. 

 
 Calcium content is high near sea mouth due to the presence of quarry, sea shells etc. 

Magnesium content is high near sea mouth due to the presence of quarry, sea shells 
etc Chloride content is higher for the sample collected along the sea due to leaching of 
marine sedimentary deposits, pollution from sea water, brine or industrial, domestic 
wastes etc. 

 
 Higher value of Alkalinity is observed near quarry site due to the higher value of Ca, 

Mg etc. Higher value of Sulphite is obtained near Beach and Lake Tourist Resort. Iron 
content of all water samples tested is within permissible limits as per tolerance limits 
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for surface water. The maximum iron content was observed at Beach and Lake resort 
may be due to the city drainage i.e the sewer lines are connected at this station. 

 
 The amount of Nitrite should be nil in water. Nitrites indicates the presence of partly 

decomposed organic matter. E-coli value is higher for the sample collected near 
Muttathara pipeline bridge, SM Lock road bridge and Chakkai bridge indicating 
pollution caused by human or animal faeces. 

 
 To improve the water quality of the canal, the sewage pipeline from Akkulam to 
Muttathara and Kovalam to Muttathara has to be provided. So that, the sewage which 
generated from the settlers can be transported to Muttathara sewage treatment plant. 
 

Cost Estimation 

The implementation of this project includes cleaning, dredging of canal, construction 
of protective measures on bank, dismantling and reconstruction of cross structures, 
construction of sanitation facilities, sewage pipeline and bio gas plant and deployment of 
navigational aids. The summary of cost is given in Table 6. 
 

Table 6 Summary of Project Cost 

Sl. 

No. 

Item Quantity Amount (Rsin 

lakhs) 

1 Cleaning 20.74 km 103.70 
2 Dredging 281961.90cu.m 450.29 
3 Bank Protection 

Left Bank 
Right Bank 

 
12990 m 
12990 m 

 
782.52 
782.52 

4 Cross structures 
i) Road bridges reconstruction and 

dismantling 
ii) Foot bridges dismantling  
iii) Foot bridges reconstruction 
iv) Lock reconstruction 
v) Aqueduct reconstruction 

 
6Nos 
 
4Nos 
2 Nos 
1 No 
1 No 

 
3587.37 
 
5.50 
103.00 
3556.00 
655.00 

5 Sanitation Facilities 9 Nos 112.50 
6 Bio gas plant 4 Nos 1000.00 
7 Sewage pipeline  3111.00 
8 Navigation aids  1025.00 
Overall cost 15274.40 
 

The overall cost for improving the canal section between Kovalam and Akkulam 
section of Parvathy puthanar is Rs15274.40 lakhs. Initially, cleaning, dredging, construction 
of community toilets and construction of new road bridge at Panathura Subramania Swamy 
temple has to be taken place as Phase I for navigation. The sum of Rs.1216.49 lakhs is 
required to make the canal as navigable. Other activities like construction of bank protection, 
cross structures modification/reconstruction, sewage and bio gas plant construction and 
implementation of navigation aids can also be simultaneously done as Phase II.  
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4.0 Conclusion 

The canal stretch between Kovalam and Akkulam pauses constraints in terms of siltation, less 
stable slopes, unprotected banks, stagnated and contaminated water and improper solid waste 
management. This can be rectified by dredging of the canal, proper protection of banks, 
scientific management of sewage and solid waste etc. The above measures will restore and 
maintain the water flow in the canal. The development of the canal stretch would boost up the 
overall social and economic conditions of the area. 
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ABSTRACT 

Rapid increase in motorization in Kerala combined with limited attention to pedestrian and 
public transport facilities has inadvertently resulted in a decrease in the overall pedestrian 
mode share. Every trip starts and ends as a walk trip and as such more importance is to be 
given to improve the facilities provided for pedestrians. Non-motorized modes are also 
exposed to greater risk of accidents as they share a common right of way with motorized 
vehicles. Non-motorized modes are environmentally friendly and have to be given their due 
share in the transport system of a city. Walking requires less space as compared to other 
modes of transport.  Moreover, walking is quite economical, costing much less than the auto 
and public transport, both in direct user cost and public infrastructure costs. The pedestrians 
are forced to walk on the road carriageway and obstruct vehicular traffic and at the same time 
endangering themselves. It has been estimated that pedestrians are involved in about 30 
percent of accidents. To maintain and improve walkability, pedestrian facilities should be 
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planned as an integral part of urban transport system. The National Urban Transport Policy 
ensure safe, affordable, quick, comfortable, reliable and sustainable access for the growing 
number of city residents to jobs, education, recreation and such other needs within our cities. 
The policy is giving priority to promote non-motorized transport, which includes the cyclists 
and pedestrians. In urban areas, it is difficult for pedestrians to move around safely and 
comfortably. In this paper, an evaluation of existing pedestrian faculties in Cochin city is 
made against the minimum requirements of standard practice.    
 
Keywords: Pedestrian, Kochi, Walkability, Level of Service 
 
1. INTRODUCTION 

Pedestrians are an important component of road users and considered as the most vulnerable 
road users in the entire traffic stream. Various studies indicate that the percentage of walk 
trips in the total trips vary from 20% to 30% in different regions. It has been estimated that 
pedestrians are involved in about 30 percent of accidents. Walking is such a basic human 
activity that it has frequently been overlooked in the quest to build sophisticated 
transportation systems. As a result, accidents involving pedestrians are a regular phenomenon 
in the study region. 

There is an urgent need for improving the pedestrian environment on a street-by-street, 
neighborhood-by-neighborhood basis, on priority and to promote non-motorized transport. 
Safe and convenient non-motorized travel provides many benefits, including reduced traffic 
congestion, reduced air and noise pollution, road and parking facility savings, economic 
development, increased social interaction, financial savings, increased public health and a 
better environment. This also gives opportunities for planning of additional planting areas 
and improving street furniture and landscaping. 

Little attention has been devoted to study the pedestrian Level of Service (LOS), behavior, 
their flow characteristics, etc. and to use such data in the integrated design of road geometrics 
with due consideration to walking as a mode of movement. Thus, due to inadequate facilities 
provided for their movement, there exists a constant conflict between pedestrians and motor 
vehicles in sharing the limited space of the road, resulting in pedestrian being involved or 
being the cause of most of the road accidents. 

This report presents the findings of the study, which include assessment of pedestrian flow 
pattern in the study region, its adequacy and improvement proposals.  

2. SCOPE AND OBJECTIVES OF THE STUDY 

The main aim of the study is to assess adequacy of pedestrian facilities available in the city 
region and formulate suitable intervention and action plan for pedestrian friendly urban 
transport system in Kochi city. The ultimate aim of the study is to have our roads pedestrian 
friendly & safe and integration of pedestrian facilities with transport terminals. Scope of the 
study is limited to selected corridors and adjacent areas in central part of Kochi city as 
illustrated in Figure 1 

The following tasks are carried out to achieve the aim of the study; 
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a) Assessing the existing pedestrian facilities like: width of footpath, surface condition, 
cross-walk facilities and identification of potential hazards location. 

b) Carrying out pedestrian traffic survey at locations where the density of pedestrian 
movement is significant. 

c) Conducting traffic surveys on major roads in the study region and evaluation of traffic 
condition vis-à-vis vehicle and pedestrian conflict points. 

d) Collection of data pertaining to pedestrian related accidents and identification of risk 
areas. 

e) Evaluation of walkability indices of the roads in the study area. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Study Area Map – Kochi 

 

3. ANALYSIS AND RESULTS 

3.1. Accident Scenario 

As per the accident statistics, nearly 4,200 persons are killed in road accidents in Kerala in 
the year 2012. Pedestrians constituted nearly 33% of the road accidents deaths (1,360) in 
terms road user categories. Table 1 shows the number of accidents reported in Ernakulam 
District, Kochi City and Study area for the year 2009-2011.  

It is evident from the table that more than 50 percent of the accidents reported in Ernakulam 
district occurred in Kochi city. Again, about 13 per cent of these accidents took place in the 
study area. 30-35% of the total accidents reported are pedestrian involved accidents in the 
entire study area.  

Table 1: Details of accidents reported in Kochi city 

Year 

No. of accidents 
No. of accidents involving 

pedestrians (Study area) 
Ernakulam 

District 
Kochi 

City 
Study 

area 
2009 3,648 1,844 277 107 
2010 2,932 1,566 210 61 

2011 3,286 1,748 231 80 
 

3.2. Level of service 

Pedestrian level of service indicates the environmental qualities of a pedestrian space and 
serves as a guide for development of standards for pedestrian facilities. Pedestrian spaces 
should be designed in consideration of human convenience and have to be qualitatively 
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suitable to the needs of human beings. The planning and design methods for pedestrian 
suggested by many researchers are based primarily on vehicular traffic flow theory. 
Additional environmental factors that contribute to the walking experience and therefore to 
the perceived level of service, such as comfort, convenience, safety, security and 
attractiveness, should be considered. Within the pedestrian LOS definition, six levels of 
service in which LOS A means that ideal pedestrian conditions exist and the factors that 
negatively affect pedestrian LOS are minimal. At LOS F, all walking speeds are severely 
restricted, and forward progress is made only by shuffling. There is frequent, unavoidable 
contact with other pedestrian. Cross and reverse-flow movements are virtually impossible. 
Flow is sporadic and unstable. Space is more characteristic of queued pedestrian than of 
moving pedestrian streams. The recommended flow for various level of Service for according 
to footpath width is recommended in Table 2. 

Table 2: Design capacity of footpaths 

Width of sidewalk 

(m) 

Design Flow in number of persons per hour 

In both directions All in one direction 

LOS B LOS C LOS B LOS C 

1.8 1,350 1,890 2,025 2,835 
2.0 1,800 2,520 2,700 3,780 
2.5 2,250 3,150 3,375 4,725 
3.0 2,700 3,780 4,050 5,670 
3.5 3,150 4,410 4,725 6,615 
4.0 3,600 5,040 5,400 7,560 

The land use adjacent to roads significantly influences generation of pedestrian traffic. 
Recommended width of footpath along with various land uses are given in Table 3. 

Table 3: Required width of footpath as per adjacent land use 

Sl. 

No. 

Type of Land Use Minimum obstacle free 

walkway width (m) 

1 Residential/ mixed use areas 1.8 
2 Commercial/ mixed use areas 2.5 
3 Shopping frontages 3.5 to 4.5 
4 Bus stops 3.0 
5 High Intensity commercial areas 4.0 

 
The study area is characterised by narrow roads and less space available which makes the 
supply of recommended width difficult. High pedestrian volume accompanied by less clear 
walking spaces is the main problem in the study area. Existing Level of Service of footpath 
cannot be defined for majority of roads due to non-standard width of footpath. Except Marine 
Drive road with LOS of A, MG road (C), Kaloor-Kadavanthara road (A), Railway Station 
road (A) and Bannerji road (C) all other roads have inadequate pedestrian facilities in relation 
to the existing pedestrian demand or land use characteristics. Level of Service of footpath 
based on existing pedestrian flow is shown in Table 4. 

Table 4: Level of Service of Footpaths in the study area. 
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Sl 

No   Road Stretch  

 Average 

Availabl

e 

footpath 

width 

(m)  

Existi

ng 

peak 

hour 

pedes

trian 

volu

me 

Existing 

Level of 

Service 

 Width 

required 

as per 

pedestria

n volume 

at LOS-C 

(m)  

 Width 

require

d as 

per 

Land 

use (m)  

NS-1: Fine Arts - High Court Jn  
1.1 Shanmugham Road 2.30 732 A 1.80 2.50 
1.2 Park Avenue Road 2.70 433 A 1.80 4.00 
1.3 Foreshore Road  3.00 195 A 1.80 4.00 
NS-2: Mahatma Gandhi Road 

2.1 Mahatma Gandhi Road 2.20 2,331 C 2.00 4.50 
NS-3: Kacheripady to Ravipuram Jn 

3.1 Chittoor Road 1.20 1,819 
 

1.80 2.50 
3.2 Ravipuram Road 1.10 480 

 
1.80 2.50 

NS-4: Kaloor-Kadavanthara road 
4.1 Kaloor-Kadavanthara 2.00 539 A 1.80  
EW-1: High Court Jn to Kaloor 

5.1 Banerji Road 2.05 2,159 C 2.00 4.00 
EW-2: Hospital Jn to Iyatt Jn 
6.1 Hospital Road 1.00 350 

 
1.80 2.50 

6.2 KPCC Jn-Iyatt Jn 
 

1,184 
 

1.80 2.50 
EW-3: BTH to Railway station 
7.1 Durbar Hall Road 1.15 416 

 
1.80 2.50 

7.2 
South Railway Station 
Road 2.00 1,013 A 

1.80 4.50 

EW-4: Fine Arts to Vyttila 
8.1 Church Landing Road 0.80 757 

 
1.80 2.50 

8.2 
Sahodaran Ayyappan 
Road 1.10 2,691 

 

2.50 4.00 

Other main roads 
9 Madhavan Nair Road  0.55 344 

 
1.80 1.80 

10 Broadway 1.35 910 
 

1.80 4.50 
11 Market Road 1.10 453 

 
1.80 2.50 

12 TD Road  1.00 371 
 

1.80 2.50 
13 Veekshanam Road  1.05 233 

 
1.80 1.80 

14 Pullepady Road  1.10 240 
 

1.80 1.80 
15 Rajaji Road 3.25 233 A 1.80 3.50 
16 Convent Road 0.65 977 

 
1.80 1.80 

17 Amman Kovil Road 0.55 139 
 

1.80 1.80 
Note: Pedestrian facilities grossly 
inadequate   
  

    3.3. Intensity of pedestrian-vehicle conflict 

The intensity of pedestrian-vehicle conflict on a road link and is represented by PV2 value 
where P is the number of pedestrians crossing a link during peak hour and V is the number of 
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vehicles passing through the link during peak hour. For a road section with refuge, a value of 
PV2 greater than 2x108 and for a road section without refuge, PV2 value greater than 108 
indicates a higher level of conflict and warrants grade-separated pedestrian facility. It implies 
that a divided carriageway could be considered to have reduced impact of PV2 value by 50%. 
Based on the above criterion, the critical locations where pedestrians are in sharp conflict 
with vehicular traffic have been identified.  

While preparing transport infrastructure projects in Kochi city, pedestrians are usually 
neglected as a major traffic unit and due importance for the pedestrians were not given. 
Although both lateral and cross movements of pedestrian were heavy along the major travel 
corridors, appropriate facilities for pedestrians movements in pedestrian intensive locations 
are lacking in the city. This results in invasion of carriageway by pedestrian for their 
mobility, leading to high pedestrian-vehicle conflicts and pedestrian accidents. The indicator 
of pedestrian-vehicle conflicts namely PV2 value has exceeded the critical value of 2x108 in 
almost all major locations in the city. 

As per IRC 103:2012, control measures of pedestrian crossing is warranted based on the PV2 
value where P and V are peak hour volume of pedestrian and vehicles respectively. 
Controlled crossings become necessary if PV2 value is 108 for undivided carriageway and 
2X108 for divided carriageway. PV2 value at different location of the study area is presented 
in Table 5. 

Table 5: Pedestrian – Vehicle Conflict (PV
2
) 

Sl No. Critical Location Name of intersecting road 

Pedestrian vehicle 

conflicts (PxV
2

) in 

10
8

 
1 Menaka Shanmukham Road 526  
2 Townhall Banerjee Road 521  
3 High court Shanmukham Road 496  
4 Kacheripady Banerjee Road 327  
5 Vyttila Bypass Towards Kundanoor 314  
6 Kacheripadi school Banerjee Road 284  
7 Vyttila Bypass Towards Edapally 279  
8 Broad way Shanmukham Road 271  
9 Pallimukku M G Road  244  
10 Jose jn M G Road  220  
11 High court Banerjee Road 192  
12 Valanjambalam Chittoor Road 188  
13 Valanjambalam S A Road 172  
14 Lissie jn Banerjee Road 165  
 
The maximum value of PV2 is observed at Menaka in Shanmugam road with a value of 
525X108, followed by Town hall in Bannerji road having a value 520X108. Pedestrian - 
vehicle conflict at High court is also a real concern because PV2 value is coming in the range 
of 496X108.  
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The control measure usually adopted in such cases is a traffic signal with exclusive pedestrian 
phase. In certain cases, where the warrants are met only during peak hours, police control 
could be introduced. Pedestrian operated pelican signals can also be introduced at such 
locations where the vehicular volume is too large even though the volume of pedestrian may 
be low. Unless judiciously used, pelican crossing are known to cause undesirable 
impediments to the flow of vehicular traffic. 

3.4. Walkability index 

Walkability is a measure that indicates how friendly an area is to walking of people. Factors 
affecting walkability include presence or absence of quality footpaths/ sidewalks or 
pedestrian right of way, traffic and roadway conditions, land use pattern, building 
accessibility and safety among others. Walkability is an important parameter in sustainable 
urban transport system. It indicates the extent to which the built environment is friendly to the 
presence of people - living, shopping, visiting, enjoying or spending time - in an area.  

The important infrastructure factors that influence the walkability are given below: 

 Access to public transport services 

 Presence of quality footpaths 

 Street furniture 

 Traffic volume and speed  

 Buffers to moving traffic (curb side parking) 

 Pedestrian cross-walk 

 Aesthetics to nearby local destinations 

 Shade or sun shine in appropriate seasons 

Walkability index was a function of the availability of footpaths and a pedestrian facility 
rating. The perception of pedestrians was gauged on the availability and quality of footpaths, 
obstructions, maintenance, lighting, security from crime, safety of crossings, and other 
qualitative factors. The main objective of walkability index was to benchmark different road 
sections against different walkability parameters and to inform policy makers, development 
agencies and other stakeholders on the results to enable them to improve walkability. 

Walkability Index (WI) is calculated as; 

WI   = [(W1 x Availability of footpath) + (W2 x Pedestrian Facility rating)]  

Where,  

W1 and W2 Assumed weightages (50% for both in this case) 
Availability of 
footpath 

(Footpath length / Length of major roads in the city) x  
(Average available width of footpath / Standard width as per IRC) 

Pedestrian facility 
Rating 

Score estimated based on opinion on available pedestrian facility 

Marine Drive Road, consisting of three road links, i.e. Shanmugam Road, Park Avenue Road 
and Foreshore Road connecting High Court Junction and Fine Arts, have highest walkability 
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index of 0.64. This is followed by Mahatma Gandhi Road, Rajaji Road and South Railway 
Station road which have a walkability index of 0.56. Lowest walkability index of 0.27 was 
recorded for Convent Road connecting Market Road and MG Road. This is followed by 
Madhavan Nair Road, connecting St George Church Junction and Ravipuram Junction, with 
walkability of 0.29. Estimation of walkability index for different roads in Cochin City is 
given in Table.6 

Comparison of Walkability Indices of major road stretches in the study region is illustrated in 
the Figure 2. 

 
Figure 2: Walkability Index of major corridors in Kochi city 

Table 6: Walkability index of Footpath in Cochin City 

Sl 

No 
Road Stretch 

Lengt

h of 

road 

(km) 

Availabi

lity of 

footpath 

- Length 

(%) 

Availabili

ty of 

footpath - 

Width 

(%) 

Facility 

rating 

Walkability  

index 

 NS-1: Fine Arts - High Court Jn 

1.1 Shanmugham Road 1.20 100.00 92.00 0.59 0.75 

1.2 Park Avenue Road 0.85 100.00 67.50 0.63 0.65 

1.3 Foreshore Road 0.54 100.00 75.00 0.61 0.68 

NS-2: Mahatma Gandhi Road 

2.1 
Mahatma Gandhi 
Road  3.12 100.00 48.89 0.63 0.56 

NS-3: Kacheripady to Ravipuram Jn 
3.1 Chittoor Road  2.60 100.00 48.00 0.31 0.40 

3.2 Ravipuram Road  0.75 100.00 44.00 0.47 0.46 

EW-1: High Court Jn to Kaloor 
4.1 Banerji Road  2.10 71.43 51.25 0.61 0.49 

EW-2: Hospital Jn to Iyatt Jn 
5.1 Hospital Road  0.56 100.00 40.00 0.68 0.54 

EW-3: BTH to Railway station 
6.1 Durbar Hall Road  0.57 100.00 46.00 0.55 0.50 

6.2 
S. Railway Station 
Road 0.46 100.00 44.44 0.68 0.56 
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EW-4: Fine Arts to Vyttila 

7.1 
Church Landing 
Road  0.50 70.00 32.00 0.55 0.39 

7.2 
Sahodaran 
Ayyappan Rd  3.50 77.14 27.50 0.58 0.40 

 Other main roads 

8 
Madhavan Nair 
Road 0.74 59.46 30.56 0.39 0.29 

9 Broadway  0.90 100.00 30.00 0.41 0.36 

10 Market Road  1.60 100.00 44.00 0.35 0.40 

11 TD Road  1.55 100.00 40.00 0.52 0.46 

12 Veekshanam Road  0.63 100.00 58.33 0.46 0.52 

13 Pullepady Road  0.40 100.00 61.11 0.42 0.52 

14 Rajaji Road  0.40 50.00 92.86 0.65 0.56 

15 Convent Road  0.40 50.00 36.11 0.35 0.27 

16 Amman Kovil Road  0.46 78.26 30.56 0.36 0.30 

 
Taking the study area as a whole, walkability Index of the study area was found to be 0.53, 
which is considered average.  

1.CONCLUSION 

To maintain and improve walkability, pedestrian facilities should be planned as an integral 
part of urban transport system. In urban areas, it is difficult for pedestrians to move around 
safely and comfortably. Every effort has to be made to make pedestrians’ movement safe, 
convenient and enjoyable. Keeping the long-term transportation goals of the city, an 
integrated pedestrian infrastructure need to be thought of. Measures such as 
footpaths/walkways, cross walk facilities, grade-separated facilities, skywalk, pedestrian 
guidance measures, pedestrian amenities etc will streamline pedestrian movements and make 
the streets pedestrian friendly. 
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ABSTRACT 

Performance of pavement includes both structural and functional performance and the 
accurate prediction of pavement performance is important for efficient management of the 
transportation infrastructure. Pavement performance model, is an equation that relates to 
some extrinsic ‘time factor’ (age or number of load applications) to a combination of intrinsic 
factors (structural responses, etc.) and performance indicators which simulate the 
deterioration process of pavement condition and provide forecasting of pavement condition 
over a period of time. In the present study, structural response measurement of 6 stretches of 
the study road that is MC road stretching from Thiruvananthapuram to Kottarakkara were 
carried out. The project intends to carry out a study for the appraisal of the highway 
development under Kerala State Transport Project. A scientific and rational method is needed 
to model this process because of the influence of time and ageing. Modeling provides the 
tools for analysis, design, planning, projecting, allocating costs and apportioning funds. 
Mathematical models are needed to predict the trend in road condition over time, viz. both 
short and long term effects of maintenance, so that reasonable estimates can be made 
regarding the likely timing and cost of future maintenance on a road and of the resultant 
quality of the service of the road to the road user. The structural predictive model must utilize 
only parameters, which can be measured physically and obtained within the budget of 
agencies. Regression analysis is used to develop the best fit model using IBM SPSS 
Statistical tool. 
This study deals with development of  structural performance model to predict the damage 
due to traffic loads and subgrade soil properties of the pavement of the study road, that is MC 
road stretching from Thiruvananthapuram to Kottarakkara which involves evaluation of 
structural performance of pavement and the evaluation of engineering properties of the 
subgrade soil to investigate its effects. 

Keyword: Flexible pavements, Structural performance, Subgrade soil properties, deflection 
model. 

 
1. INTRODUCTION: 

  
Kerala state has embarked on a massive highway development programme through projects 
like Kerala State Transport Project (KSTP) which could enhance the comfort and level of 
mobility on the state highways. Modern flexible pavements contain sand and gravel or 
crushed stone compacted with a binder of bituminous material such as asphalt or tar. The 
main problem of flexible pavement is that it requires periodic as well as routine maintenance. 
Accurate prediction of maintenance strategy is important to ensure the life of pavement with 
optimum resources. 
 According to American Association of State Highway and Transport Officials 
(AASHTO) pavement performance is defined as “the serviceability trend of pavement over a 
design period of time, where serviceability indicates the ability of the pavement to serve the 
demand of the traffic in the existing conditions”. Useful models should be able to quantify the 
contribution of the most relevant variables to prevent deterioration. Different categories of 

2055

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015

http://www.britannica.com/EBchecked/topic/521875/sand
http://www.britannica.com/EBchecked/topic/242331/gravel


pavements require different models for the prediction of their performance as the 
performance, maintenance practices, and decision processes for varying surfaces differ 
significantly. The pavement deterioration studies for the highways in Kerala gathers much 
significance in this context. 
Structural performance, in terms of deflection of pavement is a main component of pavement 
performance model.  Deflection of pavement measured using Benkelman beam deflection 
testing is a function of traffic, age of pavement and engineering properties of subgrade etc. 
The periodic measurement of deflection in turn reflects the benefits of highway development 
projects.  
 
The recent research results on the theoretical and practical issues of road pavement 
performance models obtained in India and in Hungary were briefly presented in the paper by 
L Gaspar, A Veeraragavan and A Bako, (2009). The Hungarian methodology based on the 
long term monitoring of selected trial sections typical for the whole national highway 
network can be considered as straightforward, logical approach to collect the necessary 
information for the creation of pavement performance models. However it is a rather time 
consuming procedure to attain reliable pavement performance models. The Indian approach 
discussed in the paper is different. The pavement performance prediction models developed 
concentrated on the roughness (unevenness) and the bearing capacity (characterized by 
Benkelman beam deflection measurements, actually a combination of them. Sood et al. 
[1996] collected performance data on existing pavement sections over a period of about six 
years for expeditious development of approximate pavement deterioration models. They also 
did the study on specially designed and constructed pavement sections for providing more 
accurate data generation over a period of about ten years. In this study, an attempt is made to 
develop a prediction model for characteristics deflection of pavement by considering the 
traffic and soil properties of subgrade as independent variable and it is validated.   
 

2. Study Area  

Representative stretches from the state highways in Kerala which are strengthened under 
KSTP is selected for the study. The study stretch is from Thiruvananthapuram (Vettu road) to 
Kottarakkara of SH 1(MC Road). It is divided into six homogeneous sections named as HS I, 
HS II, HS III, HS IV, HSV & HS VI. 

 HS I    - Vettu Road to Pothencode (6.9 km) 
 HS II   - Pothencode to Venjaramoodu (8.2 km) 
 HS III  - Venjaramoodu to Nilamel (18.1 km) 
 HS IV  - Nilamel to Chadayamangalam (5.95 km) 
 HS V   - Chadayamangalam to Ayoor (3.35 km) 
 HS VI - Ayoor to Kottarakkara (18.4 km) 

 
Representative stretches of 1 km is selected from each homogeneous section and the study is 
conducted on it. 
3. Methodology 
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Various engineering studies and measurements essential for the structural pavement 
performance evaluation have been carried out along the study roads. 

 Collection of base line data like inventory. 
 Soil Investigation tests: They are carried out to determine the subgrade 

characteristics in terms of soil type and soil strength Subgrade soil properties like 
CBR test on 4 day soaked sample (main property under consideration), Wet Sieve 
Analysis, Atterberg limits, Laboratory compaction test etc were carried out. 

 Traffic Volume Survey:  Knowledge of the traffic volume on a road network is 
important to understand the efficiency at which the system works and the general 
quality of service offered to road users. 

 Structural Evaluation of Pavements: This was done through deflection 
measurement as per the specifications of IRC 81-1997 using Benkelman Beam. 
The pavement surface deflections can be measured using either static deflection 
equipment or impact load deflection devices. Static deflection equipment 
measures the pavement deflection in response to a static load. Benkelman Beam 
falls in this category. 
 

4. Analysis and model prediction 

 

Model prediction is done through regression analysis to get a best fit model using IBM SPSS 
Statistical tool. Structural performance models were obtained by taking deflection measured 
in the study stretches as dependent variables and engineering properties of the subgrade, 
Traffic count, Age of pavements etc as independent variables. The standard approach for 
describing the relationships is by regression analysis. The most common measure of how well 
a regression model fits the data is its R2 value. It measures the overall accuracy of the model. 
This statistic represents how much of the variance in the response is explained by the 
weighted combination of predictors. Engineering properties of the Subgrade soil of 6 
stretches is given in the Table 1. Traffic Data of the study road stretches is given in Table 
2.Characteristic Deflection of the study road stretches is given in Table 3. 
 
                    Table 1: Engineering Properties of Subgrade Soil of Study Roads 

Sl 
N
o 

Soil 
Sampl
e 
Code 

OMC 
(%) 

MDD 
(g/cc) 

CBR 
(%) 

LL 
(%) 

PL 
(%) 

PI 
(%) 

Grave
l (%) 

Sand 
(%) 

 
Silt& 
Clay (%) 

Soil 
Classi
ficatio
n 

1 HS I 21.20 1.572 7 37.90 26.93 10.97 1.00 34.20  64.80 SC 

2 HS II 6.41 2.082 17.90 25.50 14.36 11.14 8.00 57.80  34.30 SC 

3 HS III 11.90 1.980 11.70 
27.50 21.11 6.39 

14.30 59.00  
26.70 

SM-
SC 

4 HS IV 11.10 1.934 9.90 44.00 33.33 10.67 16.20 55.10  28.70 SC 
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5 HS V 7.80 2.102 36.80 20.50 16.67 3.83 13.90 82.40  3.70 SP 

6 HS VI 11.00 1.790 3.70 35.50 13.39 22.11 9.50 57.50  33.00 SC 

 

Table 2: Traffic Data of the study road stretches in CVPD. 

Year HSI&HSII HS III HS IV HS V HS VI 
2012 
(October) 

688 1268 1108 1276 1299 

2013 
(March) 

754 1327 1160 1335 1385 

2013 
(November) 

860 1421 1243 1429 1522 

 

Table 3: Characteristic Deflection of the study road stretches in mm. 

Year HS I HS II HS III HS IV HS V HS 
VI 

2012 
(October) 

0.34 0.29 0.37 0.53 0.54 0.59 

2013 
(March) 

0.64 0.3 0.43 0.57 0.75 0.79 

2013 
(November) 

0.41 0.34 0.52 0.58 0.78 0.87 

 
For the purpose of model development, regression analysis was adopted. The generated 
model in SPSS software is as shown below.  

 
 
Δ = (0.003 x CBR)+ (0.002 x CVPD) - (0.001 x PI) - (0.078 x OMC)+ (0.045 x PL)   
         -(0.109 x %Gravel -(0.140 x age) +0.175 
 

 
Having an R2 Value= 0.848          
Significance or P value=0.002      
Where 
 Δ = Characteristic Deflection in mm. 
 CBR = California Bearing Ratio in %. 
 CVPD = Commercial Vehicles per Day. 
  PI = Plasticity Index in %. 
            OMC = Optimum Moisture Content in %. 
  PL = Plastic Limit in %. 
 % Gravel = % of Gravel in the Subgrade. 
 Age = Age of the pavement in years.  
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The model Summary and Analysis of variance (ANOVA) done by the software is shown in 
Table 4 and 5 respectively.  
 
 
Table 4:Model Summary 
Model R R Square Adjusted R 

Square 
Std. Error of 
the Estimate 

1 0.921a 0.848 0.742 0.09112 
a. Predictors: (Constant), age in years, PI in %, OMC in %, 
traffic CVPD, PL in %, in %, Gravel in % 
 

Table 5:ANOVAa 
Model Sum of 

Squares 
df Mean 

Square 
F Sig. 

1 
Regression 0.463 7 0.066 7.969 0.002b 
Residual 0.083 10 0.008   
Total 0.546 17    

a. Dependent Variable: in mm 
b. Predictors: (Constant), age in years, PI in %, OMC in %, traffic CVPD, PL in 
%, in %, Gravel in % 
 

5. Validation of the model 
 
Validation of the model was done by plotting graph between actual deflection and predicted 
deflection values and hence obtained R2 value which indicates how well the Regression 
model fits the actual data. So the developed model is validated for their better use in field 
condition. Hence these models can be used for deflection measurement which somewhat 
could replace the costly equipments for deflection measurement. Fig 1 shows Validation of 
the model. 
 

 
   
                           Fig 1:  Validation of the model 

 

6. Conclusion 
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Structural performance of the pavement is greatly affected by engineering properties of the 
subgrade, traffic, age of pavement and other environmental factors.  In this study predicted 
model is developed in SPSS software which gives the best accuracy in terms of R2 
(coefficient of determination). The generated model is then validated and hence understood 
that the Regression model fits the actual data. So the developed model is validated for their 
better use in field conditions. Hence we can predict the future deflection of the pavement by 
only knowing the traffic data, age of pavement and engineering properties of soil subgrade. 
The effect of Type of soil is least significant in the case of structural performance of the 
pavement while considering the other factors due to homogeneous materials used for the 
construction of these roads. 
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FUNCTIONAL PLANNING AND DESIGN OF MOBILITY HUB 

AT KOTTAYAM 

Justin Dominic 
Paradise, Karuvissery P.O., Malikadavu, Calicut-673010 13justincredible@gmail.com 

 

ABSTRACT 
Indian cities and town with huge population figures are recording a fast growth due to 

rapid urbanization, a phenomenon noticed all over the globe. The urban environment is 
deteriorating significantly with lack of infrastructural facilities in transportation, 
communication, power and water supply. Kottayam, a land of unique characteristics and 
topography with a population of above 3.5 lakhs is developing at an alarming rate in all 
aspects. Several socio-economic and development problems are coming to the forefront in 
this town with inefficient transport facilities and increased density of population. Kottayam is 
one of the hotspots of all commercial activities in Kerala and an important trading centre of 
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spices and crops. Increasing urbanization over the years has resulted in the development of 
vast areas as urban extensions. Many roads were laid which are unable to cater the increasing 
future traffic demand. The town has developed in a disintegrated urban form spreading along 
major traffic corridors. Congestion on arterial roads is due to haphazard development, narrow 
streets, congested junctions, unorganized parking etc. which creates hindrance to the smooth 
flow of traffic. Most of the major areas and places are no longer able to cope up with even the 
present traffic demand. High travel time and slow traffic movement have created an adverse 
effect on the economic and environmental health of this town. Traffic congestion in Central 
Business District (CBD) is one of the major problems faced by Kottayam today. An optimum 
solution to ease the traffic congestion and to reduce the traffic delay in the CBD shall be the 
setting up of a well designed and integrated transit terminal at the periphery of the CBD with 
ample and proper connectivity with different modes of transportation. This work aims at the 
development of a Mobility Hub at Kodimatha in Kottayam. The functional planning and 
design of the bus terminal along with the traffic pattern and streamlining is presented in this 
report. 
 
INTRODUCTION 

1.1 General 
Kottayam is a town located in central Kerala with unique characteristics. Panoramic 
backwater stretches, lush paddy fields, lofty mountain ranges, extensive rubber plantations, 
places associated with legends and literate people have given Kottayam District the enviable 
title: The land of letters, legends, latex and lakes. The city is an important trading center of 
spices and commercial crops. Kottayam is the ideal take off point for visits to Peermade, 
Munnar, Thekkady, Ernakulam and Madurai. It is also a gateway to the pilgrim centers of 
Sabarimala, Mannanam, Vaikom, Ettumanoor, Bharananganam, Erumeli, Manarcaud etc. 

1.2 Objectives 
The following are the objectives of the project 

 To decongest the CBD area of Kottayam  
 To identify efficiency of the existing road network  
 To channelize the traffic flow within the town  
 To design, streamline and functionally plan the Mobility Hub  

1.3 Locations of traffic survey 

  Table 1. Locations of Traffic Survey  
     
 

LOCATION 
 NAME OF THE ROAD  

    
     
Nagambadom (North)  MC Road  

     
Kanjikuzhi (East)       Kanjikuzhi-Kollad Road (KK Road)  

     
Illikal (West)   Kottayam-Thiruvarppu Road  

     
Chingavanam (South)  MC Road  
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Traffic volume counts at these locations were carried out for 24 hours. Origin destination 
survey and occupancy survey for bus traffic was included in the trafiic survey to arrive at 
the ideal routes. 

 

1.4 Current Traffic Scenario and Public Transport Facility in Kottayam 
 
The National Highway, NH 220 and three State Highways connects the various parts of the 
state to Kottayam. Even though it is well knit by road, rail and inland water transport modes, 
the present infrastructure is unable to cater to the ever increasing travel demands of the 
growing cities. The unplanned growth of city centres have resulted in a number of problems 
like traffic congestion, shortage of water and electricity and deteriorating environment and 
public health. The state of traffic congestion is majorly contributed by the following reasons: 

 The increasing travel demand and the insufficient carriage way width on the major 
road stretches of MC Road and KK road are the root causes for traffic congestion.  

 Due to lack of proper ring roads in and around the city, it compels the long distance 
road traffic to enter the CBD to proceed further to their destinations. Hence the major 
arterial roads are further congested by a large volume of long distance vehicles.  

 There are many arterial roads inside the CBD area connecting the major roads and 
places. The bus stations and the railway station are located within the CBD area 
which adds to the heavy road traffic movement of both public and private vehicles.  

 The concentration of shopping, entertainment, trading establishments etc. inside the 
CBD without enough parking facilities, causes heavy congestion during peak hours.  

The existing public transport facilities in Kottayam are the two Private bus stands and one 
KSRTC bus stand. The three bus stands together is built with 72 bus bays. The bus operations 
terminates at the private bus stand in Nagampadom and KSRTC bus stand near MC road. The 
segregation of these buses worsens the travel burden of a bus user. The need for an integrated 
bus transit facility is rising in this region taking into account the hardships of the commuters. 
With the emergence of the mobility hub in Kodimatha, it aims at providing the best public 
transport facility to the public without compromising on safety, time and efficiency. 
The major bottlenecks in Kottayam in the decreasing order of magnitude are 
1. Baker Junction 
2. Kanjikuzhy Junction 
3. Nagampadom Bridge 
4. TB Road Junction 
5. Kodimatha Bridge 
6. Carithas Junction 
7. Sankranthi 
8. Temple Road Junction 
The core business area of Kottayam lies along the intersection of MC road and KK road. The 
major activities like business, education and recreation functions within the CBD area. Hence 
the traffic management and regulation in this area should be given priority. The north-south 
corridor of Kottayam is connected by MC road and the east-west connectivity is through KK 
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road. The existing carriageway width in these locations is 6m. At present it is found that the 
intercity buses from Trissur, Ernakulam and from Trivandrum, Pathanamthitta traverse 
through the CBD area along MC road and KK road to bypass Kottayam. 
2. DATA COLLECTION AND TRAFFIC PROJECTION 
2.1 Traffic Volume Count  

The study was carried out to identify the volume of different type of vehicles in the Kottayam 
town and to identify the root cause of congestion. The volume count survey shows that the 
trucks and multi axle trailers constitutes 10% of the total vehicles in PCU. On street parking 

of trucks are observed on MC road and 
Manipuzha. This  indicates  the  requirement  
of  a  Truck  terminal  to  be  provided  at  
Kodimatha  with sufficient amenities for the 
drivers. 
 
 
 
 
 

 
 
Fig 1. Traffic Volume Count at Survey locations 
 
From the traffic volume survey it was observed that Nagampadom experienced highest traffic 
volume on an average day, accounting for 28400 PCU. The Kanjikuzhy Kollad road on the 
east corridor is the least congested junction with 8386 PCU per day. 

 

 

 

 

 

 

 

Fig 2. Variation in Peak Hour Traffic Volume 

The graph shows the variation in peak hour traffic volume at the major junctions. The 
inbound traffic exceeds the outbound traffic except at Chingavanam, Vadavathur and 
Kanjikuzhy-Pulpally road. Vadavathoor has the highest outbound traffic after Nagampadom. 
The variation in outbound and inbound traffic volume is minimum at Kanjikuzhy-Pulpally 
road and Chingavanam, where as the variation is maximum at Chungam. 
 2.2 Traffic Projection 
 In order to estimate the traffic requirements, the present peak hour traffic volume is projected 
for the next 15 years as per the provisions in IRC 37-1984. The vehicular traffic towards 
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Kottayam and from Kottayam are calculated separately. . This was done so as to estimate the 
traffic scenario at a later period considering that mobility hub and the integration of different 
modes of traffic is a long term project which has to cater for the future traffic demand. 
 
Table 2. Traffic volume Projection 

Anticipated traffic, A=P*(1+r)(n+15) 
where, A= Anticipated traffic volume, P= Present traffic volume, r = Traffic growth rate 
7.5% 
          n = Number of years between traffic volume count and project completion (4 years) 
On projecting the traffic volume it can be observed that, Nagampadom will be the most 
congested and Kanjikuzhy-Kollad road would be the least congested region after 15 years. 
 

2.3. Volume-Capacity Ratios and Level of Service 
From the volume–capacity analysis done, heavy congestion was observed at all locations 
where the volume exceeds capacity. The major cause of congestion is mainly the inadequate 
width at these locations that are not capable of handling the demand. 
 
Table 3. Determination of Level of Service 

Location  Volume in PCU’s   Capacity in  V/C ratio LOS 
  

per day 
  

PCU’s /day 
   

       

LOCATION TO KOTTAYAM 
FROM 

KOTTAYAM 
     

 PEAK ANTICIPATED PEAK 
ANTICIPA

TED 

 HOUR TRAFFIC HOUR 
TRAFFI

C 
     
NAGAMPADOM 1150 4544.213 1064 4204.385 

     
CHINGAVANAM 958 3785.527 981 3876.411 

     
ILLIKAL 387 1529.226 431 1703.092 

     
CHUNGAM 1064 4204.385 612 2418.312 

     
VADAVATHOOR 498 1967.842 843 3331.106 

     
KANJIKUZHI-
KOLLAD 514 2031.066 272 1074.805 

     
KANJIKUZHY-
P.PALLY 633 2501.293 451 1782.122 
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Nagampadom 28400  34500  0.823188 D 

       
Chingavanam 22417  34500  0.649768 C 

       
Chungam 23279  34500  0.674754 C 

       
Kanjikuzhi (Kollad Road) 28197  34500  0.817304 D 

         

4. DESIGN, STREAMLINING AND FUNCTIONAL PLANNING OF TERMINAL 
4.1 Streamlining 
The traffic from the north (Kozhikode, Ernakulam, Ettumanoor etc) of Kottayam makes its 
entry through Nagampadom. From the west (Kumarakom, Parippu, Medical College etc) 
traffic enters through Chalukunnu. For the east (Kumaly, Manarcadu, Pampady etc) vehicle 
entry is through Kanjikuzhy and the vehicles from south (Trivandrum, Pathanamthitta, 
Changanassery etc) enters at Manipuzha. The busses coming from Erayil-Kadavu take a free 
left to enter the hub while those from Manipuzha junction take the fly over to reach the hub. 
The intercity busses (red) take the outermost lane of the road and enter and park themselves 
in a saw tooth manner, wait for 5 minutes and continue in the counter clockwise direction. 
The intracity busses (green) take the inner lane while entering the hub, parks in a stepped 
parallel fashion along the outer periphery of the terminal building and continue in the counter 
clockwise direction. The busses moving towards the north pass through the fly over, while 
the busses to the east route takes free left. 

 
Fig 3. Streamlining inside the Hub 

 

 

 

 

 

 

4.2 Functional Planning 
The terminal building including parking bays is to be designed in 40 acres of land. The 
terminal building is done according to Architect’s Data Book and Time Saver Standards. 
Facilities for parking have been provided for intercity busses in a saw tooth fashion and for 
intracity busses in stepped parallel manner. Special care has been taken to reduce the walking 
period of passengers and to reduce accidents by providing a skywalk. Facilities for idle 
parking are also provided outside the terminal building. Landscaping is done so that 
passengers are forced to take up the skywalk instead of crossing the road, leading to their 
safety. Towards the front, facilities for parking taxis, private vehicles and auto rickshaws 
have been provided. Seating facilities in the terminal has been suitably provided such that 
they can be accessed from the concourse area. Since there will be movement of both vehicles 
and passengers at the same level, platforms have been provided for obvious safety reasons, to 
separate the two as much as possible. 
4.3 Calculation of the Number of Bus Bays 
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Peak hour traffic at 6 cordon points (bus) = 191 

Providing a stopping time of 5 minutes   

The number of bus bays = 39 

Proving extra number of bays for private busses   

Total number of bays = 60 bays 

Bays are provided so that busses are parked in a saw tooth fashion with 15 busses occupying 
each straight stretch of the core each and rest 30 occupying the curved area of the core of the 
terminal building. The busses from the north (Erayil kadavu) take free left to enter into the 
terminal building while the busses coming from Manipuzha Junction has to pass through the 
proposed flyover so as to enter the terminal building. 
 

4.4 Components of the Terminal Building 
 
Elevated walkway: Covered elevated walkway connecting the two projecting arms of the 
terminal building has been provided keeping in mind the safely of the passengers. 
 
Parking space for private vehicles: A space of 7000 m2 ( KBR) has been allotted for the 
parking of private vehicles, taxis, auto rickshaws etc. with clockwise movement of the private 
vehicles. 
 
Idle parking: It has been provided for vehicles whose parking time is more than 5 minutes. 
They are parked outside the terminal building and they enter 5 minutes before the scheduled 
departure. 
 
Public address system: A public address system for the proper guidance of the passengers. 
 
Cloak room: Cloak rooms are provided for the storage of baggage of passengers 
 
Wash rooms: Adequate numbers of washrooms are provided in the terminal building. 
 
Passenger’s amenity centre: It has been allocated since the hub has a very high potential for 
shopping area. The passenger amenity centre will have first aid room, cloak room, telephone 
booth, ATM counters and toilets. 
 
Retiring rooms: Retiring rooms are provided for passengers travelling long distances. 
Special space shall be allocated for women, gents and handicapped persons.  
 
Drainage: Drainage facility has been provided which is connected to a sewage system 
 
Rainwater harvesting: Provision for rain water harvesting has been proposed at proper 
locations to collect and utilize rain water for general purpose 
 
Landscaping: Landscapes surrounded by water body in the core area of the terminal building 
is used to prevent passengers from crossing over and to minimize congestion and accidents.  
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Boundary walls: Boundary walls have been proposed along the boundary of the site. Area 

lighting has also been proposed along the boundary wall. 
 

CONCLUSION 
At present the district of Kottayam has a road network that cannot handle the increasing 
demand of traffic flow along all directions of the district due to the increasing vehicle 
population. The increasing travel demand and the insufficient carriageway width on the major 
road stretches of MC Road and KK road are the root causes for traffic congestion. The bus 
stations and the railway station are located within the CBD area which adds to the heavy road 
traffic movement of both public and private vehicles. Further it is essential to have a proper 
intermodal integration between road, rail and water transport to have an efficient public 
transport operation. Based on the traffic studies conducted, a comprehensive solution to 
decongest the CBD of Kottayam has been proposed with an integrated transit terminal. With 
the emergence of the mobility hub in Kodimatha, it aims at providing the best public 
transport facility to the public without compromising on safety, time and efficiency. 
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EMI SHIELDING EFFECTIVENESS OF POLYANILINE COATED COIR 

SreejithK.Pisharady, Sajid Hussain V.S., Gayathri R, Hareesh S,                                             
Muhammed Shafeek A & K.K.Narayanan 

Department of Physics Sanatana Dharma College, Alappuzha -688 003 
 

ABSTRACT 

Electromagnetic interference shielding properties of pure coir and Polyaniline coated coir 
were investigated in the frequency range of 9–12 GHz(X-band). PANI coated coir fibers 
are prepared using in situ chemical polymerization of aniline using ammonium 
persulphate as the oxidant. The PANI coated fibers are then characterized using FTIR, 
XRD and SEM. The FTIR studies confirm the formation of PANI. XRD studies reveal 
the existence of PANI and cellulose in the prepared samples. The Electromagnetic 
Interference Shielding Effectiveness (EMI SE) was measured in the frequency range 9-
12GHz. The EMI SE measurements shows that PANI coated coir fibers have a 
considerable shielding effectiveness. 

INTRODUCTION 

There is an increasing urgency to reduce electromagnetic interference because of the 
intensive use of compact devices operating at high frequencies. Placing of large number 
of components in limited space increases the probability of electromagnetic interference. 
Furthermore human body is exposed to large amount of radiations and most of them get 
absorbed by the human body. The heat generated due to the interaction of EM waves 
with cells causes glioma.  Kumar and Pathak (2003) studied the effect of irradiation of 
mobile signals on human body and observed that transmission power near the mobile 
tower is so high which is hazardous to human beings. Thus, suitable EM shielding 
techniques must be developed for the existence of life and the protection of sensitive 
electronic devices.  

 Conventional EMI shielding materials like metals and their composites have high 
shielding efficiency but they are limited with their weight and corrosion problems (Joo J. 
and Epstein A.J.1994).  For effective shielding, the shielding material should posses 
either mobile charge carriers or electric/magnetic dipoles which interact with the electric 
field. In the last few years a wide variety of materials ranging from metals to conducting 
polymers have been synthesized and investigated as EMI shielding materials. Out of 
these materials, the polymer composites made with carbon can effectively shield EM 
radiations (Abbas et al, 2007; Joo & Epstein, 1994; Ott, 2009; Saini et al, 2011). 

 Materials with a bio-origin and their composites, now commonly referred as Bio-
composites get much more attention in recent years due to their ability to face major 
environmental challenges. Plastic waste and e-waste are two of the major concerns in the 
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modern world. With the commercialization of plastic electronic materials the 
environmental pollution will plateau. In this situation research studies are focused on 
biocompatible materials for the fabrication of electronic devices.  A variety of materials 
like melanin and chitosan are identified as natural conductors.Β-carotene and glucose 
(semiconductor) and several protein based materials are proved as good semiconductors. 
Fully biomaterial-based Organic Electrochemical Transistors and Organic Field Effect 
Transistors (OFETs) with mobility in the range 10-2 - 0.4cm2/Vs were realized using 
Indigo and its derivatives (M.I.Vladua et al 2012). Rubber filled with conductive 
particles, carbon based materials, coated with conducting polymers produce good 
stability and efficient electrical properties. Another class of natural materials is fibers like 
silk and cotton. Giorgio Mattanaa et al. succeeded in fabricating Organic 
Electrochemical Transistors and OFETs using natural cotton fibers with nanoscale 
modification with Gold and poly(3,4-ethylenedioxithiophene).  

 In the present venture, an attempt has been made to prepare EM shields using 
coir coated with Polyaniline (PANI). Coir is extracted from the outer shell of a coconut 
and its scientific name is Cocos nucifera. Coir and it’s by products have high social and 
economic role in Kerala especially in Alappuzha. Through this study we can create a link 
between traditional industries and green electronics.   

MATERIALS AND METHODS 

 All chemicals, aniline (C6H5-NH2), sulphuric acid (H2SO4), ammonium 
persulphate ((NH4)2S2O8), and hydrochloric acid (HCl) in the analytical grades were 
used. Coir pieces of different dimensions are collected from local coir industry around 
Alappuzha. PANI deposition was carried out via in-situ chemical oxidative 
polymerization in an aqueous solution. Prior to the coating all the fibers were subjected 
to thorough cleaning. Firstly fibers are rinsed with ethyl alcohol solution for one hour on 
an ultrasonic bath to remove any oil contaminant or dust remains on the fiber. Further it 
was washed with water and then dried it in an oven at 45oC. 1M H2SO4 solution was 
made up to 100ml with distilled water. 11.4grams of (NH4)2S2O8 was dissolved in 50ml 
of water taken in a burette 0.5ml aniline mixed with 100ml 1M H2SO4 solution. While 
stirring this solution, (NH4)2S2O8 solution was added drop wise(~1ml/min). The slower 
addition of (NH4)2S2O8 will avoid the formation of oligomers. Polymerization starts and 
a PANI layer uniformly coat on the fibers. The reaction is carried out in low temperature 
range 0-5oC. The sonication was continued for another one hour so as to have the even 
coating of the fabric and also to augment the diffusion of the PANI in to the fiber 
structure of the textile or the fabric.  

 Structural characterizations are done using Fourier Transform Infrared (FTIR) 
and X-ray diffraction (XRD) studies. FTIR spectra were measured by Perkin Elmer 
spectrometer using the KBr pallets technique. XRD patterns are recorded using 
BRUKER D5005 diffractometer. Inorder to check the surface properties of PANI coated 
coir fiber scanning electron micrographs are taken using a LEO 435VP Scanning 
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Electron Microscope. Microwave reflections transmissions are recorded in the X-band 
range using 8510B Network Analyser. 

RESULTS AND DISCUSSIONS 

  

 

 

 

 

 

Fig 1- FTIR spectrum of Polyaniline coated coir fiber. 

 Figure 1 shows the FTIR spectrum of a chemically synthesized polyaniline 
coated on coir fiber. The observed vibration bands are at 3360.06, 2933.78, 1709.85, 
1607.24, 1462.88, 1223.33, 1111.74, 1052.72 and 587.78 cm-1 etc. These values are 
characteristic of polyaniline chain and are in agreement with theoretical predictions (M. 
Trchová and J. Stejskal 2011). The 3360.06 cm-1 vibration band has been attributed to the 
stretching vibration of secondary amine. The vibration band seen around 2933cm-1has 
been ascribed to the aromatic C-H vibration. The 1607cm-1 vibration band is due to the   
C -C double bond of quinoid rings whereas 1462.88cm-1 vibration band arises due to 
vibration of C-C double bond associated with the benzoid ring. The peak at 1050 may be 
due to strong symmetrical bending and it may be due to secondary aromatic amines. 
Perhaps it may be linked with various stretching and bending vibrations associated with 
C-N single bond. The vibration band at 1111.74cm-1 is due to presence of C-N double 
bond and indicative of protonation. The vibration band at 587.58cm-1 is attributed to C-H 
vibration band of paralinked phenyl ring. It confirms the predominance of para-coupling 
in polymerization of aniline. 

  X-ray diffraction studies were carried out to study the structural effect of 
diffusion of PANI on the crystalline and amorphous regions of the coir. When the fibers 
were treated with PANI, it was found that there was a change in the diffraction pattern. 
Fig 2 shows the X-ray diffraction patterns of PANI coated coir fiber. The broad peaks 
indicate the amorphous character of the samples and arise due to the scattering of 
polymer chains from interplanar spacing. The peak at 2θ=22.7030 is the characteristic 
peak of cellulose (V.N.Krishnan and A.Ramesh 2013). The peak appears at 2θ=250 
corresponds to (200) crystalline plane of PANI (Mexiang Wan et al 1994). The 
diffraction pattern observed in the present study differs from both the pure PANI and 
pure coir. This shows that diffusion of PANI in the fabric structure takes place and the 
crystalline region is affected marginally. It is likely that most of the diffusion of PANI is 
in the amorphous region. Like cotton fiber with high molecular weight and highly 
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crystalline cellulose prevents the formation of PANI oligomer. It also prevents the 
penetration of PANI in to the fiber bulk (Sparavigna et al. 2010). There is an appearance 
of additional peak at 2θ = 80.9910 after coating with PANI. This may be either due to 
some structural changes induced or due to accumulation of PANI in the cellulose 
structure (Ebrahim S M et al 2007). 

 

Fig. 2- X-ray diffraction pattern of PANI coated coir fiber. 

 

Fig. 3- SEM image of PANI coated coir fiber. 

 The surface morphological studies are carried out using SEM to investigate the 
distribution of PANI over coir fiber. Fig. 3 shows the SEM image of PANI coated coir 
fiber. The original fibers of coir present a very smooth surface with small clusters. Fig. 
3and shows the PANI coated coir fibers at low magnification. With this magnification it 
is clear that PANI particles are evenly deposited on the coir fibers and are seen as small 
globules. The coating presents a flaky and globular morphology. The surface studies 
reveal a uniform distribution which is necessary for reproducibility and reliability in 
applications. The fibers are swelled due to polymer impegration [11]. 

2071

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



When EM wave passes through a shielding material, the total incident power (PI) is 
divided into three parts- reflection (Pref), transmission (Ptr) and absorption (Pabs).  

Therefore total power Ptot= Pref+ Ptr+ Pabs (1) 

The shielding effectiveness of a material is defined as, 

 (2) 

In a two port network S-parameter S11, S21 represents the reflection and the transmission 
coefficients are given by  

The shielding effectiveness SER and SEAbs are calculated from Transmission coefficient 
(T) and Reflection coefficient ( R) by using the following equations, where SER is due to 
reflection and SEAbs is due to absorption, 

 (3) 

(4) 

 Fig 4 and 5 shows the SER and SEAbs of PANI coated coir fiber in comparison 
with pure coir. From the figs it is clear that PANI coating has a significant effect on the 
shielding properties of coir. The absorption has the reverse effect of reflection. In the 
case of reflection PANI coated coir samples has high value conversely in the case of 
absorption pure coir samples leads than the other. This is attributed to the enhancement 
in conductivity due PANI coating. The highest value of S21 value obtained in this study is 
of the order -10dB and for pure coir it is of the order -5.9dB. These values are 
significantly higher than values reported for other natural fibers. The actual shielding 
effectiveness is the ratio of transmitted to incident powers (S21). A comparison of S21 
values in the X-band, reported for some other fibers (N.Muthukumar and G.Thilakavathi 
2012) treated with PANI is given in the table 1. 

Material S11 (dB) S21(dB) 

 

Cotton 
-18.392 -1.6815 

Polyster 

 
-9.020 -2.7799 

Nylon -21.198 -1.5001 
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Table 1- EMI SE reported for different PANI coated fabrics. 

 

 

 

 

 

 

 

 

 

Fig 4- - SEref of PANI coated coir in and pure coir   Fig 5- SEabs of PANI coated coir 

in and pure coir. 

Conclusions 

 Polyaniline coated coir fibers are prepared and characterized in this study. 
Polyaniline is prepared using a simple chemical polymerization of aniline oligomer 
followed by an insitu coating on coir. PANI forms a uniform, intense coating over the 
coir surface confirmed by SEM analysis. The FTIR analysis confirms the chemical 
structure of Polyaniline. XRD studies confirm the presence of both cellulose and PANI 
on the prepared samples. The PANI coating improves the EMI shielding effectiveness of 
the coir. 
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MODERNIZATION OF TRADITIONAL POTTERY 
M. Lalithambika 

Integrated Rural Technology Centre, Mundur, Palakkad, kerala. 
 
ABSTRACT 

Integrated Rural Technology Centre (IRTC) conducted the Techno - Socio- Economic 
Survey on the Living and working Conditions of the Potter Communities of kerala during 
2000-2004. It was found that this community was educationally, economically and 
socially backward. Their production techniques were primitive, the product choice was 
limited and marketing methods very inefficient. IRTC made an intervention by 
modernising and mechanising their outdated skills and introduced diversified products. 
IRTC developed a mini pugmill which could be used by individual potters for reducing 
drudgery and improving the quality of the products an energy efficient potters’ wheel 
was introduced for improving productivity and quality. Value addition was effected by 
introducing decorated pots, ceramic ornaments and microwavable cooking pots. 
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Marketing also was modernised by participation in exhibitions, sales through organised 
agencies and setting up an emporium in Palakkad. 

INTRODUCTION  

Pottery is one of the major traditional industries of Kerala, giving employment to about 
2456 families. Potters were among the first engineers in the history of human civilization 
and the potter's wheel was a momentous invention ranking along with man's mastery 
over fire. Yet, traditional potters constitute one of the poorest sections of the society 
throughout India including the State of Kerala. Here, they live in colonies but are 
scattered all over the state. They are skilled, but their skills are outdated and lack 
relevance to meet the current demands.  During the last few decades there had been 
tremendous advances in ceramic and studio pottery all over the world but the traditional 
potters of India have only marginally been uplifted. 

Understanding the above facts IRTC decided to take up a project “Techno-Socio-
Economic Survey of the Living and Working Conditions of the Potter Communities of 
Kerala” (2004) which turned out to be an eye opener regarding the real life problems of 
the average traditional potters. The study revealed that they are present in all districts in 
Kerala and they live in clusters, big and small near the river banks where the raw 
material clay is available. Table 1 presents the list of potter clusters in Kerala. 

 

Table 1. List of potter clusters in Kerala. 

Sl. No District No. of Clusters No.of Families 

1. Trivandrum 15 350 
2. Kollam 5 19 
3. Pathanathitta 3 12 
4. Alappuzha 3 51 
5. Kottayam 7 74 
6. Idukki 2 5 
7. Ernakulam 24 159 
8. Thrissur 33 387 
9. Palakkad 47 676 
10. Malappuram 13 142 
11. Kozhikode 17 159 
12. Wayanad 17 165 
13. Kannur 13 137 
14. Kasargode 7 120 

 
The techno-socio-economic survey also revealed that the potter community is 

economically, socially and educationally very backward and also the drudgery involved 
in their work was enormous. The percentage of potters who had an average income of 
more than Rs.2000 / month was only 2.5. Govt. employees among them was only 0.2 % 
and 25 % of them had only thatched houses. It was felt that for the survival of this 
traditional craft certain steps can be introduced a) assuring the potter regarding the 
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availability of raw material b) modernization and mechanization of processing techniques 
and c) diversification of products and their effective marketing. 

It was also felt that introduction of the above techniques shall certainly give a 
boost to the paralised state of this traditional industry. 

With this in view, IRTC made an intervention in this area of work a decade back 
and today there is tremendous improvement in the awareness among the potters 
regarding its potential. 
METHODOLOGY AND SYSTEMS APPROACH ADOPTED 

 Reducing the drudgery involved in the work to enhance their income was the 
prime aim of our intervention. Easy processing of the raw material, modernization of 
shaping techniques and diversification of products were aimed for this purpose. The steps 
introduced were pugging of clay to make a uniform dough for processing, introduction of 
energy efficient potters’ wheel and making attractive and aesthetic products as 
ornamental and utility items 
 
RESULTS AND DISCUSSION 

PROCESSING OF RAW MATERIAL 

1. PUGGING AND DOOR DELIVERY OF PUGGED CLAY 

The traditional way of pugging of clay ie preparing the clay dough was by  kneading  
wet clay manually with hand and leg (hand pugging and leg pugging) (Fig 1&2)  

 
  

To start with IRTC installed a pu 
 
 
gmill (1 ton/day) as part of a project and  pugged clay was distributed to the potter 

colonies at a nominal rate of 50 paise/Kg. Initially the potters were reluctant to purchase 
pugged clay but once they started using it they found that the purchase of pugged clay 
was economical. There was reduction in drudgery and definite improvement in product 
quality and over and above, this resulted in saving of time. Slowly there was demand 
from the potters’ side and many of them requested that they would like to own 
minipugmills for their personal use. Needless to say that IRTC made efforts in this 
direction and designed a pugmill which could grind clay at a rate of 50 kg / hour which 
will be sufficient for one family. 

Fig 2. Leg pugging of clay 
Fig.1. Hand pugging of clay 
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2. INTRODUCTION OF MOTORISED POTTERS’ WHEELS IN THE 
CLUSTERS   
Introducing potters’ wheel was another drudgery removing device. Most of the potters 
even today are working with manual wheels. Here, the artisan has to stand or sit on the 
floor. The posture is unhealthy and the work becomes very tiresome. Moreover one 
person alone can not do it as he needs the help of another person to keep the wheel 
rotating. Hence introducing the use of electric wheel was a break through to reduce their 
drudgery and to enhance output. Potters accepted this device wholeheartedly and in 
pulinelly potter colony at Palakkad the potters took even bank loan and entrusted IRTC 
to develop potters’ wheel which has continuous speed variation and also provision for 
acceleration & brake. To day every potter involved in this work wants a motorised wheel 
which they found to be extremely useful for improving their productivity. IRTC in its 
campus fabricates both these devices for the potters. 

 
  

 
 
 
 
 
 
 
 

 
 
Thus, Mini pugmill and Motorised potters’ wheel were two valuable devices 

which reduced drudgery and improved the production rate. Those who adopted these 
techniques could improve their income by at least 3 times. Around 100 potter families 
own these devices in Palakkad Dist. Our recent visit to the clusters like Pulinelly and 
Kazhanichungam in Palakkad Dist. where machanization has been effected it was found 
that their average income has risen to Rs.9000 / month. 

Fig. 4. Mini pugmill (capacity 50 kg / hr) 

Fig. 6 Motorized potters’ wheel 
Fig. 5 Manual potters’ wheel 

Fig. 3. Pugmill (capacity 1 ton / day) 
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DIVERSIFICATION AND VALUE ADDITION 
 Another area introduced to the traditional potters by IRTC was value addition 
and diversification. The techniques perfected and transferred to the potters were a) 
Decoupage (Decoration of pottery), b) Terracotta ornament making, c) Mural work and 
d) Development of a novel product from clay i.e microwavable terracotta. Details are 
briefed below. 
 

a) DECOUPAGE 

 Decoupage is a French technique of decorating terracotta products with printed 
pictures, photographs etc. The process involves a) Polishing the surface of the pot b) 
giving a coating of cement primer so that the pot will have a white back ground. This 
step is necessitated because the reflection of colours will be better from a white back 
ground compared to a brown surface c) pasting the required photograph on the white 
surface with an adhesive d) manipulating the edges with wall putty e) painting the 
remaining portion according to the taste and talent of the artist and f) giving final glazing 
by a coating of sleek. 

 
  
 
 
 
Decoupage can be used for making personalised gifts and mementos. This roduct  
is getting very popular. This generates job for potters and artists. After training from 
IRTC many people have taken it as a livelihood activity. During the last five years 
around 900 women have been given training in decoupage (A R. 2008-2014) around 150 
trainees have chosen it as a livelihood activity. 
 

TERRACOTTA ORNAMENT MAKING  

 Terracotta ornament making was another diversification introduced. These 
ornaments are quite trendy and attractive and is liked 
by women of all age groups. These ornaments are 
environment friendly and easily affordable to the 
users. Regular trainings are being given at IRTC in 
ornament making under the supervision of trained 
staff from Regional Design and Technical 
Development Centre (Govt. of India), Bangalore. 
We have given training to around 500 women from 
in and outside Kerala. Many of them have started 
this activity as a self employment program.  
 

Fig.8  Pots after 

decoupage 

Fig.7  Pots before 

Fig.9  Terracotta ornaments 
2078

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 

MICROWAVABLE TERRACOTTA 

Microwave cooking using terracotta wares is a real high technology application. 
Making these pots involves removal of metal impurities, if any, shaping clay in the 
desired fashion and sintering the same at 800-850oC so that the water absorption capacity 
of the product is less than 15% and it has good compressive strength. The terracotta pots 
are individually tested for safe 
microwavability before marketing. Since microwave cooking is getting popular 
microwavable terracotta is also in good demand. 
 
 

 
 
 

 
 

TERRACOTTA MURAL ART 

This is yet another diversification of terracotta products. Mural work using 
terracotta is of exquisite beauty. Potters are being given training in shaping and fixing of 
mural designs on walls. Popularization of this art work creates employment for the 
potters and a new ornamental product for people. 

 
 
 
 
 
 
 
 
 
Trainings are being imparted at IRTC, Palakkad in all the above mentioned 

mechanization and product diversification techniques. We also give off- campus 
trainings in the potter clusters like Pazhayannur and Ottappalam in Palakkad, Peravur in 
Kannur, Elamkulam in Malappuram and Kunnummal and Ponnani in Kozhikode, all 
jointly with the respective panchayths. 
 

CONCLUSIONS 

There are 47 potter clusters in Palakkad. The number of Potter clusters is 
maximum in this district However, their productivity and product quality was low as the 
techniques used by them was primitive. During the last few years mechanization has 
been introduced in the colonies which reduced drudgery and increased productivity. 
Diversified products of aesthetic beauty and utility were introduced in the market. Lot of 
importance has been given for cluster development work. With our persistent 
intervention this traditional industry has been rejuvenated in this district. Marketing of 
the products is through organised agencies and emporia. Intervention by IRTC among the 

Fig.10.  Microwavable terracotta 

Fig.11 Terracotta artefacts 

2079

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



potter community in Palakkad remains a model which can be replicated. 
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Abstract  
This paper highlights the barriers in agricultural machinery industries and the strategies 

to overcome the same. Consortium of small scale industries manufacturing agricultural 
implements (Palakkad, kerala) is selected for this study. Small scale industries play a 
vital role in the growth of the country. It contributes almost 40% of the gross industrial 
value added in the Indian economy. by less capital intensive and high labour absorption 
nature, SSI sector has made significant contribution to employment generation and also 
rural industrialization. The problems faced by these industries in this present scenario are 
studied one by one and remedial measures for overcoming these factors are found out. 
basic manufacturing process steps carried out in a particular industry is described in 
brief. The management philosophy that has been put to use in evaluating industry 
concerned with agricultural implements is the SIX SIGMa approach of operational 
management. SIX SIGMa is a quality focused program that utilises worker teams to 
accomplish projects aimed at improving an organisation’s operational performance. Six 
sigma uses a problem solving approach called dMaIC (define, measure, analyse, 
improve, control) which was effectively applied to this present industrial situation. 

1.INTRODUCTION 

Kerala agricultural implements industrial co-operation is a well established firm working 
in the manufacturing of agricultural implements. There are various problems arising day 
by day which are challenging their existence. The various causes of these problems and 
their remedial measures are brought up by this paper. 

1. Basic Production Process ([1],[3]) 

Welding: Manual Electric arc welding is the major operation being utilized for the 
manufacturing/fabrication of agricultural implements. Raw material is converted to 
required size and shape by arc welding process. 
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Forging: Press Forging and Closed Die Forging technique is used for the manufacturing 
of products from raw materials. Hand operated hammers are used for production process. 
The major problems observed are (i) forged component lacks close tolerance level 
standard. (ii) high rate of flash generation, (iii) scale formation due to higher temperature 
and (iv) high degree of formation of iron oxide 

Trimming: The flashes produced in the forged blanks goes through an operation known 
as trimming. A special type of die known as trimming die is used for removal of the 
flashes.  Improper removal of the trimmed portion of the forged blank deteriorates the 
aesthetic value of forged component.  

Normalizing:  Normalizing is an earlier operation prior to machining after the forging. 
The operation improves the microstructure while relieving the internal stresses and 
improving the machinability of the materials of construction.  

Machining: The components requiring machining are not of very high dimensional 
accuracy. However, the productivity can be increased during machining by using right 
speed, feed and depth of cut.  

Heat treatment: Most of the enterprises in the clusters are not aware of the process of 
hardening, quenching and other heat treatment techniques and their effect on the heat 
treated part .Commonly water cooling and air cooling system is used for the normalizing 
process. 

 Painting: This is the final stage of production. This is most neglected area in 
agricultural Implement manufacturing. Painting is done in the open / dusty atmosphere. 
Shortage of space and size & weight of the product to be painted are some of the reasons 
for this neglect. 

I. Six Sigma [4] 

A scientific and practical method to achieve improvements in a company.The main thrust 
of six sigma is to reduce errors and waste in every kind of business endeavour to please 
customers and better working environment. 

 

DPMO - Defective Units per Million Opportunities 

I. DMAIC CONCEPT 

 DEFINE  the project goals and customer requirements  

 MEASURE  the process to assess its current performance 
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 ANALYSE the process and determine root causes of variations and defects 

 IMPROVE the process by reducing variations and defects 

 CONTROL the future performance by institutionalizing the improvements 

These are the basic steps in an improvement procedure intended for existing process that 
are currently operating at low sigma levels, where each sigma level denotes defective 
units per million opportunities(DPMO).A organization operating at ideal six sigma level 
has 3.4 DPMO at 99.9996% yield. The main thrust of Six Sigma is to reduce errors and 
waste in every kind of business endeavour to please customers and better working 
environment. 

 Define 

The various machines and raw materials used in agriculture implements manufacturing 
industry are observed and well studied. The productivity, efficiency and waste reduction 
of the industry were the main objectives under consideration. 

 Measure 

At this stage live industrial process of manufacturing various process were seen and 
studied in detail at the organization mentioned before. The processes involved were 
studied in detail and are as presented in the basic production process. 

 Analyse 

Analyse the process to find out how well or poorly the processes are working, compared 
with what’s possible and with what the competent are doing. 

II. Analysed Issues 

The industry belongs to small and medium scale enterprises sector. The problem arises 
from the initial stage of raw material selection to the final stage of marketing the final 
products by retail outlet stores. The various problems include  

A. Low level of promoting  products by retail outlet stores 

B. High manufacturing cost 

C. Lack of skilled labourer 

D. Lack of good appearance of finished  products 

E. Non availability of vast area f or cultivation 

F. Low productivity 
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A. Low level of promoting of products by retail outlet stores 

Completed products or implements reach customers hand from various retail outlet 
stores. There exists a tight competition in product selling between products manufactured 
from these small scale industries and multi branded products. Multi branded products 
costs only three by fourth of that manufactured from these industries. Customer is 
concerned only with the cost of the product. Retail outlet store promotes the products of 
multi branded sector due to the high commission they obtains by selling the product. 
Multi branded firms gives commission about 7.5 percent of the retail price when 
compared with 5 percent of small scale industries, and this varies with the type of 
product. 

B. High manufacturing cost 

Raw materials used for the production of agricultural implements are scrap rail. Scrap 
rails or used rails are cast iron with high carbon content. Agricultural implements with 
this raw material possess both positive and negative aspects in production process. The 
implements made from material have high strength and high resistance to fracture.  Due 
to its high strength, machines for production must be with high power. Especially cutting 
of raw materials to desired size and shape is a laborious work; it requires electric arc 
cutting or gas cutting machines.  The raw material cost and its processing cost accounts 
for 50 percent of the total cost. 

C. Lack of skilled labourer 

Labour force used in small scale industries must be highly skilled. This is because; the 
finishing as well as performance factor of the implements depends up on the labour 
force. Main reason is the low level of mechanization of these industries and their poor 
technological development. The worker operates the machine based on his eye 
perception. He himself decides the time of hammering by proper observation of forged 
material. Any error in this observation results in the product damage. The rejections or 
correction works accounts for 15 percent of the total cost. 

D. Lack of good appearance 

Majority of industries in the manufacturing of agricultural implements uses smith forging 
or hand forging techniques for production process. Hence they mainly uses hand 
operated hammer. This results in poor appearance of the final products. Labourers are 
paid in piece rate system. In piece rate system, payment is based on the number of 
products manufactured in the particular interval of time. Hence labourer is concentrated 
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in the number of products to be manufactured rather than in the finishing of product. The 
appearance of the product is the main selection criteria for buying the products for a 
majority of customers. 

E. Lack of large area available for cultivation 

As population increases day by day the subsidiary facilities requirement also increases. 
These facilities include that for shelter, transportation, medical purposes, trade etc. This 
requires sufficient land property which was previously used for farming. If there is no 
farming or cultivation then there is no need of agricultural implements and agricultural 
implements manufacturing industries. 

F. Low productivity 

Due to low level mechanization, number of products manufactured mainly depends up on 
the labourer’s skill and efficiency.  In most industries, each job has a well specialized 
worker, who carries out the work very well. His absence, results in the entire stoppage of 
production of that particular product. This results in delay in fulfilling the customer 
requirements.  The goodwill of the firm is lost due to the failure in meeting the customer 
demand due to low productivity.  

 

III. Remedial Measures To Be Taken (Improve) 

The various strategies to be introduced in the agricultural machinery industry include 

A. Higher level of promotion of product selling  

B. Proper raw material selection 

C. Providing proper training for labourers 

D. Mechanization for good appearance and high   productivity. 

E.  Motivating small area farming 

A. Higher level of promotion of product selling 

The customer is always interested in products at 
cheaper cost. Due to high manufacturing cost 
and production cost the small scale industries 
are not able to decrease the price of their 
product below a certain value in this 
competitive market. Measures should be taken 
for making customer aware about the qualities 
and specialities of the manufactured products 
when compared with multi branded products. 
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Proper subsidies must be given to the retail outlets for encouraging the selling of 
products. Trade fairs can be conducted in order to attain a large number of orders. 

B. Proper raw material selection 

Raw material used is scrap rails because of its high hardness. This requires high power 
requirements for production process. Its purchase cost is also high. Hence a material to 
be replaces cast iron, such that there is no compromise in the quality of the final product 
but at lower cost. The newly introduced materials property test is to be carried out and 
found to be in specific range before using it in the production process. Researches’ are 
being carried out for finding the best equivalent. The various tests to be carried out 
include impact test, tension test, hardness tests etc. 

C. Providing proper training for labourers 

In the present situation labourers working in this field are coming from hereditary back 
ground. That is a particular caste or group of people are working in this field from their 
ancestral era onwards. Peoples from all sections are to be absorbed to this job. Proper 
training helps in availability of well equipped workers. 

D. Mechanization for good appearance and high productivity 

High productivity can be achieved by mechanization of the existing industry and by 
technological up gradation of the firm. This includes replacement of hand forging by 
machine forging. For this hydraulic presses and hammers operated with power instead of 
hand operated ones. Although the mechanization cost is very high, it can be narrowed by 
installing a machine with high cost as common for two or more firms. Their operating 
time is also adjusted and changed periodically as beneficial for all the joint firms. Piece 
rate payment to labourers should also be revised such that some incentives are 
incorporated in the basic piece rate plan for finished goods with good appearance and 
surface finish. This results in the concentration of worker both in the number of products 
and in the appearance of products. 

E. Motivating small area farming 

Due to the lack of vast area, farming process tends to an end. This situation is to be 
changed by creating an environment of small area farming and by converting the barren 
land to a high yield land. It includes methodologies like a vegetable garden for a family, 
cultivation at schools under various clubs etc. 

IV. Product Diversification 

It’s a newly involving technique introduced in the industries in small and medium 
enterprises sector. Product diversification is the process of manufacturing of new type of 
products with the same machineries or machineries with a little alteration, for their 
existence in this present world. As agricultural machinery industry is concerned product 
diversification results in the manufacturing of gardening tools, small parts of machineries 
etc in addition to conventional products. This is because the present scenario is entirely 
different from that of the past years.  
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V. Conclusion 

This study brings out various factors affecting the existence of the small and medium 
scale industries in the manufacturing of agricultural implements. Mechanization, 
Modernization and product diversification helps in overcoming various draw backs 
caused due to those factors. The study is based on the management principle named Six 
Sigma, DMAIC concept.   

VI. References 

[1] International Workshop On Modernising Agriculture Visions and Technologies 
forAnimal Traction and Conservation Agriculture, Uganda 

[2] Strategy to overcome barriers in agricultural machinery industry in Asian developing 
countries special reference to Bangladesh, Omar Farooq 

[3] Cluster development programme agricultural implements industry in Karnal, 
Haryana, Raj kumar arora   

[4] S Lifvergren, A Large Scale Implementation of Six Sigma, International Journal of 
Six Sigma 

[5] Prasenjeet C. Gholap; Tushar N. Desai, Reduction of rework the Six Sigma way: case 
study of an Indian small scale industry 

[6] G.P. Prasada Reddy, V. Venugopal Reddy, Process improvement using Six Sigma – a 
case study in small scale industry. 

15-04 

BAMBOO RESOURCES AND LIVELIHOOD ISSUES IN KERALA 
Dr. Anitha. V 

Reader, Department of Economics, University of Kerala, Thiruvananthapuram E-
mail: anitha.palavila@yahoo.com, Mob: 9446361223 

 

ABSTRACT 

Bamboo is well known for their high ecological productivity and their consequent 
importance to the environmental sustainability. besides, it is economically and socially 
significant. Today in kerala, almost one lakh traditional workers are engaged in this 
sector, out of it 1500 are reed cutters, 37936 are mat weavers and 30,000 are other 
category workers. about 80% of these traditional workers belong to socially and 
economically backward classes. Another important aspect is that most of the mat 
weavers attached to the Corporation is women. They support human livelihoods by 
providing raw materials. despite these they are under pressure from competing resource 
use in particular paper industry, floor tiles, plywoods and handicrafts. In addition the 
urban development and over harvesting of bamboo badly affect the well-being of 
bamboo dependent communities, particularly the traditional weavers.The upliftment of 
the socially and economically downtrodden sections of the society, especially women, 
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scheduled castes and scheduled tribes and backward communities was a major challenge 
to the successive government since independence. There arises a need for organized 
articulation of their problems and needs.The main objective of the study is to assess the 
impact of dwindling bamboo resources in the livelihood of marginalized sections in 
kerala. 

INTRODUCTION 

 Forest genetic resources are the heritable materials maintained within and among 
trees and other woody plant species that are of actual or potential economic, 
environmental or scientific or societal value (FAO, 2014). Bamboos are generally 
considered as forest genetic resources and fall under the responsibility of forestry 
agencies. Bamboo plays an important role in providing goods and services to the well-
being of all humanity.  It is one of the best renewable resources on earth and can mitigate 
many environmental and economic problems of the modern age (Surendranath C, 2006). 
China is reported to have both the largest and fastest growing bamboo sector, involving 
more than ten million bamboo farmers, providing 35 million jobs and generating a 
market value of over10.5 billion(Bowyer Jim, et al 2014).  India stands next to China in 
bamboo resources of the world. India has about 10.03 million hectares of land area 
comprising 12.8% of total forest in the country is occupied by bamboo (Muraleedharan, 
2008).  Even though India’s bamboo resources are almost equivalent to China, yet we 
can contribute only 4% of world trade whereas it is 50% for China.  

As a non-timber forest produce (NTFP) and as a subsistence crop, bamboo is a 
source of income to resource extractors and farming community people who often have 
very limited opportunities to earn other cash incomes (Surendranath C). Development of 
bamboo resources is economically assisting impoverished people while at the same time 
stabilizing erodible slope and flood-prone watershed (Bowyer Jim,et al 2014). Bamboo 
forests are directly harvested for a number of products. Traditional use, paper pulp, 
furniture, plywood, floor tiles, handicrafts, etc. Bamboo shoot, medicines and reed 
products are the most common non-wood products.  

Today in Kerala, almost one lakh traditional workers are engaged in this sector, 
out of it 1500 are reed cutters, 37936 are mat weavers and 30,000 are other category 
workers. About 80% of these traditional workers belong to socially and economically 
backward classes. Among them traditional women are under pressure from competing 
resource use in particular paper industry, floor tiles, plywoods and handicrafts. In 
addition the urban development and over harvesting of bamboo badly affect the well-
being of bamboo dependent communities. The upliftment of the socially and 
economically downtrodden sections of the society, especially women, scheduled castes 
and scheduled tribes and backward communities was a major challenge to the successive 
government since independence. There arises a need for organized articulation of their 
problems and needs. The main objective of the study is to assess the impact of dwindling 
bamboo resources on the livelihood of traditional weavers in Kerala. 
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MATERIALS AND METHODS 

Western Ghats, one of the richest biodiversity in the world covering states such 
as Maharashtra, Goa, Karnataka, Tamil Nadu and Kerala has a great role in providing 
diverse forest resources in India. But between 1920 and 1990, 40% of this biodiversity 
has been destroyed because of the mining, industrialisation, tourism, deforestation, 
migration, etc. which finally leading to the desertification of Western Ghats. Kerala is the 
only one states in Western Ghats has the richest diversity in bamboo resources. So the 
study is limited to Kerala context. The study uses both primary and secondary data. For 
primary data a field survey is conducted among the traditional weavers in the 
Agasthyamalai Biosphere Reserves of Kerala. The forest areas included under this part 
are Neyyar, Peppara, Shendurney wildlife sanctuaries, Achencoil, Thenmala, Konni, 
Punalur and Thiruvananthapuram territorial divisions and Biological Park Range. Based 
on the multistage sampling method 100 samples are selected from the Achencoil, Konni, 
Chithara and Vithura. Since majority (more than 80%) of the traditional weavers are 
women, the study concentrated to women only. A detailed interview schedule, consisting 
of general details of household, socio-economic characteristics, problems in the 
workplace and related to work, nature of employment, etc. used to elicit the working 
conditions of the women bamboo workers. Statistical techniques like simple percentage 
and multiple response method are used to analyze data. Secondary data are collected 
from previous studies and reports of the Kerala Forest Research Institute and the website 
of Food and Agriculture Organisation and Kerala State Bamboo Corporation. In order to 
understand the current livelihood issues of traditional weavers this study conducted a 
field survey in the Agasthyamalai Biosphere Reserves.  

RESULTS AND DISCUSSION 

Bamboo resources in Kerala 

Bamboos are green gold which grow in tropical, subtropical and mild temperate 
regions. Of 111 genera and 1575 species of bamboos reported to occurring in the world, 
134 species belonging to 18 genera have been reported from India. In Kerala 25, species 
of bamboos have been recorded under seven genera among which five species come 
under the threatened category; four species have been recorded new to Kerala and two 
species newly described. This accounted for about 19% of the total bamboos distributed 
in India and 95% of the total species reported from peninsular India. 

Even though home gardens cultivated bamboos, its availability is declining due 
to heavy biotic pressures.  The total green weight of bamboo in home gardens of Kerala 
is estimated as 0.331 million tones(Muraleedharan et al, 2000). The total consumption of 
bamboo and reed in the state is estimated as 0.256 million tones. So the major source of 
bamboo is from forest areas. During 1987-88 and 2004-05, there has been a reduction in 
growing stock by about 0.077 million tones from 0.408 million tones during 1987-88 to 
0.331 million tones during 2004-05(Muraleedharan et al, 2000). Thus, there is a 
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significant reduction in the resources. This is a serious issue and if this situation 
continues, then bamboo will become a rare thing for the common people in Kerala. It is 
clear from different studies (Mathew,1998; Surendranath C, 2006 and Nair P.V. et al, 
2001) that the resource extraction and management practices prevailed in Kerala 
economy is the major cause of this depletion. It is also found that the depletion of 
resources base is faster than natural regeneration. 

  In Kerala bamboo resources are mainly extracted by Kerala State Bamboo 
Corporation sector (KSBC), head load pass sector, company sector and black sector 
(Mathew.P.M, 1998). In addition cutting rights are assigned to bamboo workers 
inhabiting a radius of 5km from the forest boundry. The department of forest has clear 
norms on cutting rights. The state government began to control the bamboo industries 
since the establishment of Kerala State Bamboo Corporation in the year 1971, in 
Angamaly in Erankulam district (Before that the exploitation of middlemen was very 
high).  The main aim of the Corporation is to remove the long chain of intermediaries 
and to end the exploitation of large number of people. Now the corporation supplied reed 
to the weavers through their depot across the state, for that there are 1500 reed cutters 
registered under the corporation. To avoid the exploitation of the middlemen permission 
of the Government is required in order to cut reeds from the forest. The Government 
directed the Forest Department to grant the Corporation permission to cut reeds in certain 
selected areas. In short user right approach is prevailed in Kerala.  

Lessons from traditional weavers 

Out of the 100 respondents 60% are scheduled castes 20% are scheduled tribes and 
20% are other backward community. Average size of the family is 4.25. About 40% of 
the weavers depend weaving as the only work they do.  But about 60% of the 
respondents commented that they do multiple works for their survival. Educational status 
shows that about 13% are illiterate. Average monthly income shows that 80% of the 
workers earn only an income of less than Rs.4000/- a year. The average annual working 
days range from 60 to 130 only.  All family has ration card and voters identity card. 
Housing conditions shows that 20% have no toilet facilities. Regarding the fuel used for 
cooking, 89% of the people use firewood. About 80% of the respondents got financial 
assistance from the govt. maintaining their house. They got financial help from the 
government not as a weaver but because of their community.   

A large number of families (96%) who live near to the forest particularly traditional 
workers extract bamboo resources directly from the forest. Most of the time 
weavers(80%) travel a long distance (ie, more than 8km to the inner forest) to collect the 
reed due to the less availability of bamboo resources.  For the question “do you know the 
area limit to collect the bamboo resources?” all the respondents answered ‘No’.  But 
about 72% of the respondents are aware that there are some restrictions to enter the forest 
areas.  Even though they aware about some restrictions, they do not give much 
importance to it due to their livelihood issues. In order to analyse the problems faced by 
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the traditional women weavers the study used multiple response method1 . There had 
been various types of responses on the part of the respondents about the problems they 
faced. There were even multiple responses on the part of a single respondent. As such the 
responses were coded and the percentages of responses are shown in Table 1. Here the 
higher responses come in the category scarcity of bamboo resources and improper policy 
of the government. The category others includes, lack of training, presence of mediator, 
etc. It is noted that due to these problems younger generations are reluctant to do this 
work. The decline in the production and use of traditional bamboo products and the 
increased use of plastic substitutes causes another environmental problem.   

Table: 1 Response of weavers regarding the problems they faced  

Category Label Number 
Percent of 

Responses 

Percent 
of 

Cases 

Low income 129 14.79 64.5 

Improper policy of 
the govt. 

168 19.26 84 

Scarcity of 
raw(reed) material 

192 22.01 96 

Very low price of 
the product 

87 9.97 43.5 

Easy availability 
of substitutes(eg: 
plastics) 

118 13.53 59 

Nature of work 110 12.61 55 

Others 68 7.79 34 

Total 872 100 436 

Source: Sample survey    

Conclusion 

 

1. Multiple Response System is a method used to analyse multiple responses. The results 
of multiple responses give “count” (the number of responses), “Percentage of responses” 
and “Percentage of Cases” (Percentage of count to the total number of respondents). 
Since there is the possibility of more than one response from a respondent, the total of 
the “Percentage of Cases” will be greater than 100. 
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Today, traditional bamboo-weavers in Kerala are in a pitiable state with falling 
incomes, shrinking markets and less access to raw materials. The study found that the 
scarcity of the bamboo resources are seriously affected the traditional weaving 
community. Even though different govt. had taken measures to protect the livelihood of 
the traditional weaver community, yet they are not free from the hurdles of changing 
scenario of bamboo sector. Thus it is evident that there exists space of exclusion in the 
traditional weavers of bamboo. The major recommendation of the study is that in order to 
increase the supply of bamboo reeds, the government should take necessary steps to plant 
bamboo. For this the authority can use the services of workers under Mahatma Gandhi 
National Rural Employment Guarantee Programme (MNREGP). Besides, with the help 
of Joint Forest Management (JFM) and Social Forestry we may identify particular area 
and plant bamboo on a participatory approach (participation from the traditional bamboo 
workers) method. So the policy makers should refocus their attention to bamboo 
resources, which have the ability to accelerate our economic growth through supplying 
raw materials to the industries and marginalised groups with environmental 
sustainability.  
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 ABSTRACT 

The cirrus clouds play an important role in the radiation budget of the earth’s atmospheric system so it 
is essential to characterize their vertical structure and optical properties. The Lidar technique has 
become a quantitative tool for detecting and characterizing cirrus clouds and their various properties. 
Ground based LIDAR system offers an excellent way to obtain characteristic values on thin cirrus 
formations. Although the microphysical and optical properties of thin cirrus clouds were also obtained 
by the observations from the earth –orbiting Satellites .The ground-based lidar observations could 
provide more continuously intensive measurements, when comparing with the various satellite 
observations. Utilising these, the statistical characteristics, physical and optical properties of thin 
cirrus clouds can be retrieved more precisely. For the present study LIDAR measurements are 
obtained from the tropical station Gadanki (13.50 N, 79.20 E), India.  Cirrus observations made using 
CALIPSO and MODIS satellites are also compared with the ground based lidar data for systematic 
statistical study of cirrus climatology. The height and temperature dependencies of the cirrus physical 
and optical properties were investigated and most of the cirrus clouds are observed near to the 
tropopause region. 

Introduction 

The cirrus clouds play an important role in weather processes and the Earth’s climate because they 
significantly modify the solar and infrared radiation within the atmosphere and covering near of 30 % 
of the Earth’s surface [Liou, 1986] ,high altitude (6-18 km) thin, wispy , and generally found in the 
region of upper troposphere and lower stratosphere. Cirrus clouds are one of the most important and 
yet uncertain components in weather and climate studies [Liou, 1986].  The influence of cirrus clouds 
on the climate is important, not only due to its high altitude but also due to its optical and 
thermodynamic properties.   So in order to quantify the effect on atmosphere the vertical structure and 
optical properties of these cirrus clouds are to be characterized. 

The Lidar technique has become a quantitative tool for detecting and characterizing cirrus clouds and 
its various properties. Ground based LIDAR system offers an excellent way to obtain characteristic 
values on cirrus formations. Although the microphysical and optical properties of cirrus clouds were 
obtained by the lidar observations from the earth –orbiting Cloud –Aerosol Lidar with Orthogonal 
Polarization (CALIOP) instrument on board the Cloud Aerosol Lidar and Infrared Pathfinder Satellite 
Observations (CALIPSO) satellite [Wang et al, 2011]. The Moderate Resolution Imaging 
Spectroradiometer (MODIS), instrument on the Terra and Aqua Spacecraft is also used for the global 
observations of cirrus clouds. The objective of this work is to findout the cirrus cloud statistics and its 
properties over a tropical station Gadanki (13.50 N, 79.20 E), India using Ground based and satellite 
based lidar observations during the period June 2006-May 2007. 

2. Data Sources  
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A pulsed monostatic LIDAR system was set up at the National Atmospheric Research Laboratory 
[NARL], Gadanki (13.50 N, 79.20 E), Thirupathi Andhra Pradesh, India in collaboration with 
Communication Research Laboratory Japan for the study of atmospheric aerosols and thermal 
structure of stratosphere and mesosphere in the year 1998. The lidar transmitter employs a Nd:YAG 
laser which emits the laser radiation (frequency doubled) at wavelength 532 nm and with an energy 
550mJ per pulse(pulse-width - 7 ns and repetition rate - 20 Hz).The laser beam is expanded using a 
10x beam expander, which makes the beam divergence < 0.1 mrad. The receiver telescope is a 350-
mm-diameter Schmidt–Cassegrain-type telescope with a FOV of 1 mrad. The data from Mie receiver 
which operates in the range of 8-20 km is used for this study.  

Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) is a joint NASA-
CNES satellite mission designed to provide insight in understanding of the role of aerosols and clouds 
in the climate system. CALIPSO provides information on the vertical distribution of aerosols and 
clouds as well as on their optical properties over the globe with high spatial resolution, since June 
2006. For the present study Satellite based LIDAR observations from CALIOP on board the 
CALIPSO satellite data are used. For this study the data of product version 3 is obtained for a grid (50 
N - 200 N; 600 E - 850 E).This data consist of layer data with horizontal resolution of 5km and a 
vertical resolution of 300m.  

The Moderate resolution Imaging Spectroradiometer (MODIS) is the primary imager on the Earth 
Observing Systems Terra platform. The Terra satellite is in a sun-synchronous near polar orbit of 705 
km and views the entire surface of the earth every one to two days. The MODIS data are generally 
processed into different levels from level 1 (radiances or brightness temperature), level 2 (derived 
geographical data products) and level 3, which is daily, eight-day, and monthly mean products 
generated globally at a 1°-1° !latitude-longitude grid resolution. For the present study the data of 
product is obtained for a grid (75.60 W – 16.9130 N; 840 E – 10.9120 S).MODIS is the first satellite 
instrument with capability of the 1.375-!m channel for cirrus cloud study because of strong water 
vapor absorption at this wavelength, and little upwelling radiance from low clouds or the surface 
which could reach the satellite. Here for cirrus detection MOD08_L3, level 3 Terra platform cloud 
data products are used. It is a level 3 MODIS girded atmosphere monthly product. The MODIS Cloud 
Product combines infrared and visible techniques to determine cirrus reflectance. Atmospheric 
monthly mean cloud reflectances are used in this study. However, combined studies with ground-
based lidars together with satellite observations will allow full exploitation of the data for a detailed 
description of the temporal and spatial distribution and evolution on a global scale. 

4. Results and Observations 

Lidar observations were carried out on 34 different nights of observation periods during June 2006-
May 2007. The satellite observations were also compared on similar days. Analysis and results are as 
follows; 

4.1 Cloud altitude statistics 

The vertical distribution of cloud is essential for climate studies because of its impact on the radiative 
forcing of the atmosphere. Fig.1 shows the monthly distribution of cloud base and top height during 
the observational period. It indicates that all the peak altitudes of the cirrus range between 8-20 km. It 
is also noted that as in agreement with Krishnakumar et al, the top altitude of cirrus tends to track 
tropopause height. 
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Fig: 1 – Monthly variation of cloud top and base 

altitudes 

From Fig.1 it is found that in both cases the 
maximum top heights are observed during the 
monsoon months and most of the cirrus cloud’s top 
heights are observed near to the tropopause region. 

 

Fig: 2 – The thickness of cirrus as a function of 

month 

Fig: (2) clearly depicts the monthly variation of 
cloud thickness during the period. It can be seen that 
thickness ranges from 1km – 3.5 km which agrees 
well with the typical cirrus thickness of 1.5 km in 
the middle latitude (David R et al, 1990). It indicates 
that most of the higher cirrus clouds are thinner .Due 
to environment’s mixing processes of the air may 
vary the thickness of the cloud and sometimes its 
decay (Platt et al., 1989). The thickness of thin 
cirrus cloud varies between 0.6 and 1.5 km whereas 
the thickness of the thick cirrus  falling in the range 
of 1 to 3 km (Platt et al, 1989). 

  

Fig: 3 – The monthly variation of average cirrus 

reflectivity 

The monthly variation of average cirrus reflectance 
during the observational period is plotted in Fig. 3. 
From the figure it is clear that there are sound cirrus 
presences over the station during the observational 
period. 

 

 

Fig: 4.a. – The monthly 
variation of optical 

depth, variation of 
optical depth according 
to (b) mid cloud 

temperature and (c) mid 
cloud height. 
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Fig. 4(a) shows the monthly variation of optical depth of the observed cirrus clouds. Optical depth is a 
crucial parameter concerning the radiation and scattering process of the cloud. In the current 
observation most of the case observed were thin clouds with 0.03 <τc <0.3.  It is observed that the 
cloud optical depth shows peak values during the monsoon periods. The convective activity is high at 
tropics during the monsoon periods. The observed variability in optical depth depends on the 
composition and thickness of the cloud. It is observed that optical depth increases with the thickness 
of the cloud. However, due to the changes in the microphysical properties when the cloud thickness is 
quite large, variations are observed in the optical depth and are in the range of 3-4 km. In the present 
study optical depth is found to be higher in the temperature range -600C to -700C with values around 
0.2 to 0.7 by the ground based system and from the Calipso observations -500C to -620C with optical 
depth values 0.5 to 0.8 The temperature dependence of the optical thickness are shown in Fig. 4.b. As 
the temperature rises, optical depth also increases.  

 

Fig: 5 – The monthly variation of average 
depolarization ratio 

Values above 0.50 are associated with dust and ice 
particles. The lower clouds shown low 
depolarization value suggesting that lower altitude 
clouds do not contain ice particles. Dense ice crystal 
precipitation is visible between 8km – 16km.  

 

Fig. 5 represents the monthly variation of depolarisation ratio and temperature according to altitude 
during the period 2006-2007. The trend of increasing depolarisation with decreasing temperature 
reveals a fundamental dependence of cirrus ice crystal shapes, internal structure and size. It is noted 
that during the summer months depolarisation is high. Fluctuation in the depolarisation ratio indicates 
about the in homogeneity of cloud particles. The water droplets generate less depolarisation ratio of 
incident laser lights in the exact back-scattering direction, where as the ice crystals generate a 
significant depolarisation.   

5. Summary and conclusions 

 Optical properties of cirrus clouds observed over the tropical station Gadanki (13.50 N, 79.20 
E), Thirupathi, Andhra Pradesh India, were investigated using NARL LIDAR system and were 
compared with the CALIPSO satellite data during the period of June 2006 to May 2007. The results 
show that the values retrieved by the lidar technique are in good agreement in the variation pattern 
with the ones obtained from CALIPSO satellite measurements.Aiso the presence of cirrus cloud is 
further analysed by the observations made by the MODIS imager on the Earth Observing Systems 
Terra platform. 

 This study reveals that during the observation period cirrus clouds were observed from 6km 
to 17 km , and in most of the cases cloud thickness varies from 1 – 3 km. It shows the strength of the 
tropical convective processes.The maximum cloud base height frequencies are at 12km – 14km, 
which signifies the occurrence of cloud base within the tropopause vicinity.The monthly variation of 
optical depth shows that most of cirrus clouds observed were thin clouds and optical depth shows 
highest value during monsoon period. Fluctuation in the monthly evolution of depolarisation value of 
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cirrus cloud during the period of observation indicates the in homogeneity of cloud particles.Since the 
lower clouds do not contain ice particles, they show low depolarisation values.  
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ABSTRACT 

           The modelling of the real world scenes through capturing 3D digital data has proven to be 
both useful and applicable in a variety of industrial and survey applications. Entire scenes are 
generally captured by laser scanners and represented by large unorganised point clouds. A typical 
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challenge in processing such point clouds and data lies in detecting and classifying objects that 
are present in the scene. The present thesis proposes a novel approach that makes use of the 
colour based region growing segmentation algorithm for the processing of 3D terrestrial LiDAR 
point cloud data as well as identifying and classifying objects in digitized scenes.  

The goal of the present work is to select and guide algorithms, following an adaptive and 
intelligent strategy for detecting objects in point clouds and how the features can be identified and 
separated within a defined area by making use of Point Cloud Library (PCL) and Visual studio 
C++.   Experiments with one pilot study and one with the original data demonstrate the 
applicability of this approach. The terrestrial LiDAR data used in this study provides an 
opportunity to extract facade elements for a building. The study was carried out on the scans of a 
building and its surroundings. The approach revealed that, the combination of geometrical and 
colour information leads to meaningful segmentation results, and also the use of colour 
information is more advantageous in the segmentation of point cloud data. Result shows that this 
approach was successful in identifying the objects of interest while using various data types. 

Introduction 

3D city modelling has recently been a lively research area within the remote sensing and 
photogrammetric community. Buildings, as the most prominent features of the urban landscape, 
receive special attention. Terrestrial LiDAR plays an essential role in the acquisition of complete 
three dimensional data for urban modelling. The growing demand for detailed facade model 
drives the developments in acquisition and processing of terrestrial data.  

The main objectives of this study were  the implementation of the segmentation methods for the 
building detection of the point cloud LiDAR data, implementation of the colour based region 
growing algorithm on terrestrial data sets and object or feature detection of the point cloud data. 
LiDAR (LIGHT DETECTION AND RANGING) is a method of detecting remote objects and 
obtaining their position or other characteristics by the analysis of laser light pulses reflected from 
their surfaces.  A LiDAR instrument principally consists of a laser, a scanner, and a 
specialized GPS receiver. Airplanes and helicopters are the most commonly used platforms for 
acquiring LiDAR data over broad areas.   

           

  

 

 

Figure 1: Principle of range measurement                           

using laser 

 

Application of Airborne Altimetric LiDAR: Floods ,Coastal applications, Bathymetric 
applications, Glacier and Avalanche, Landslides, Forest mapping, Urban applications, Cellular 
network planning, Mining, Corridor mapping, Transmission line mapping      Advantages of 

LiDAR technology: Higher accuracy Vertical accuracy 5-15 cm (1s),Horizontal accuracy 30-50 

Figure 2: LiDAR Principle 
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cm Fast acquisition and processing, Minimum human dependence,  Weather/Light independence, 
Canopy penetration, Higher data density, GCP independence and the Cost effectiveness 

  Materials and methods: The main data set used in this study was a terrestrial LiDAR point 
cloud data. The method of segmentation was done using the point cloud library (PCL) which is 
the main tool used in this study. PCL is a large scale cross-platform  open source library licensed 
under the Berkeley Software Distribution(BSD)  http://www.pointclouds.org free for both 
commercial and research use C++ programming library, which implements a large number of 
point cloud universal algorithms and efficient data structures. 

Software Requirements for the Given Study: Visual studio C++ (2010 professional),  CMake 
(the version used here was CMake 2.8.3),  PCL(the version used here is PCL 1.7.1 and for the 
pilot study the version used was PCL 1.6), las tools and in order to view the result, the 
visualisation tools used here were cloud compare viewer  and fugroviewer.  

Original data set: The original data set used here is in las format. The sensor used for obtaining 
this data was Terrestrial laser scanner RIEGL VZ-400. RIEGL VZ-400 is a very compact and 
light weight surveying instrument mountable in any orientation and even under limited space 
condition.  The data set used here is D2B1.las.It is a 3D view of a building. The original data 
visualized in the fugro viewer is given below. 

                                          

 

 

 

 

Figure 3: Original data in fugro viewer                  Figure 4: Terrestrial laser scanner RIEGL VZ-400                                     

Methodology: A pilot study was conducted by making use of the sample data and after that the 
original data was processed. The methodology followed for the segmentation and the building 
extraction is sequentially explained   in the workflow 

Work flow for the data set 

          

 

 

 

 

Colour based region growing segmentation: The segmentation algorithm make use of the 
colour as the discriminator. KdTree search is implemented here and the merging of the algorithm 
prevents over and under segmentation. The algorithm attempts to merge clusters with close 
colours. Two neighbouring clusters with a small difference between average colours are merged 

Install 
PCL 1.7.1 

Convert LAS 
to txt format 
by LAS tools 

Note the 
range of 

R,G,B in the 
txt and the 

cloud width 

Convert the .txt 
file to .pcd format 

using C++   

Implement colour 
based region growing 

segmentation 
algorithm 

XYZRGB(txt) 
format is converted 

to .pcd files  
.Clusters are formed 

Clusters are 
converted to txt 

format  by C++ code 
.txt files visualised 

in Fugro viewer 
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together. Then the next merging step takes place.Every single cluster is verified by the number of 
points that it contains. If this number is less than the user-defined value than current cluster is 
merged with the closest neighbouring cluster.  

The colour based region growing segmentation was done for the original data.  For this PCL 1.7.1 
was installed. As the original data was in .las format, the same was converted   to   XYZRGB   
format by the las.exe file using the Las Tools.  The given LIDAR data was a terrestrial data. After 
installing  PCL 1.7.1, the XYZRGB file was converted to pcd form .Txt file was generated ie 
XYZRGB file .  It was named as test.txt in the given work. The range of R,G ,B in the txt file was 
noted and checked, whether it falls within the range 0 and 255.If the range was not like that , then 
run the matlab code (.M files) for rescaling the RGB values between 0 and 255..M file had to be 
extracted by matlab. If the range was between 0 and 255, then the XYZRGB was to be converted 
to pcd files by the C++ code. 

The conversion of the .txt format to .pcd was done by using the C++ code in the visual studio.  A 
project named txt2pcd was created and the corresponding CMakeLists.txt file was created and 
saved in the respective folder .Then configure and generate the files in the CMake and then run 
the solution file in the visual studio and then debug it .The cloud width was noted from the las 
info of the fugroviewer interface and here in this data the cloud width was 150874 .The test.pcd 
file was generated after running the code.  

Results and conclusions:  

pcd files have to be converted to the text format for 
the visualization in fugro viewer. The pcd files were 
converted to text format by a C++ code and are 
viewed in the fugro viewer. 

The parameters in the C++ code are changed for 
effective segmentation .For better results the 
parameters in the code  

were changed by iterative method. The important 
parameters changed are Distance threshold, Point 
colour spacing  and Region colour threshold .The 
threshold parameters are adjusted. Better results obtained by keeping the minimum cluster size 
between 100 and 50.Features become completely visible for 
the minimum cluster size values 50 and 75.The colour 
based segmentation become more effective for the 
threshold values 50 and 75.By iterative methods it was 
found that by lowering the threshold values the 
segmentation become more effective. By adjusting the 
minimum cluster size to 100 and the distance threshold 

value 16, point colour threshold 10 and also the region 
colour threshold value12 the segmentation result obtained is 
shown in Figure 6. 

   For the complete process, the cluster size again was reduced continuously through trial and error 
method it was found that for the value 75 ac of the building was clearly visible .By reducing the 

Figure 6: Test CBR, the segmented result by changing the 

parameters 

Figure 5: Segmentation results by changing 

the parameters. 
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cluster size to 75 more features were distinguishable and here   AC was also clearly visible .The 
minimum cluster size was reduced to 50 then the segmentation become more effective than for 
the minimum cluster size 75. 

                                          

           

When we reduced the cluster size, the features were becoming completely visible. Here all the 
features were completely and clearly visible including the ac. The numbers of clusters were also 
increased by 104. The ac of the building was then seen in orange colour. Each wall was 
segmented in different colour. The pole and the tree were also seen in different colour. Here the 
most appropriate segmentation occurred when the cluster size was less than 150.The results when 
the cluster size was 50 and 75 were taken as the suitable results.  

Conclusion: In the case of Terrestrial Laser Scanner (TLS), it provides opportunities to extract 
facade elements for detailed building reconstruction which is hardly possible by aerial laser 
scanner. The combination of geometrical and colour information lead to meaningful segmentation 
results. The performance of algorithm varies with the cluster size, for the cluster size between 100 
and 50, we get much better segmentation results. In this approach the features are clearly 
segmented when the correct cluster size is given. The cluster size is a key factor which determines 
the extraction results .All the parameters are not tested here. Further studies can be done by 
selecting the other parameters. Terrestrial laser scanning provides an opportunity for the detailed 
extraction of buildings which leads to various applications in urban planning and detection.  

Object reconstruction and detection from digitized data, typically images and point clouds are 
more important tasks that find applications in many fields, because such processing tasks are 
extremely laborious and difficult when carried out manually it is of the utmost importance that 
they benefit from the support or even be entirely performed through numerical algorithms. The 
colour based region growing segmentation method used in this study effectively extract features, 
which enable the building detection and urban applications.                                         

The main limitation of this method is that we have to specify the tolerance by trial and error 
method and to find out the value which gives the most effective segmentation. Automatic 
methods are not developed for setting the tolerance value. 

 

 

Figure 8: Segmented results for the minimum 

cluster size 50 
Figure 7: Segmented result for the minimum 

cluster size75 
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      EXPERIMENTS IN CRITICAL MAPPING: DATA, SCALES AND FUNCTIONALITY 
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ABSTRACT 

Developments in Geographic information technology which combines GIS, Remote Sensing and 
GPS has created new avenues in mapping and spatial decision making. Advent of FOSSGIS and 
Web GIS has further simplified data availability and analytical capability. These new 
technological advances have helped the use of critical mapping which is a set of new mapping 
practices and theoretical critique grounded in critical theory. It differs from academic cartography 
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in that it links geographic knowledge with power structures operating in the area. The present 
study is a critical evaluation of traditional institutionalised maps and critical maps prepared by 
FOSSGIS and Web GIS techniques for three cases in Kerala. The first case is on land use 
mapping in Kavvai River basin; North Kerala in which the existing map was compared with the 
critical map prepared using FOSSGIS and WebGIS. This revealed a gross underestimation of land 
use types, grouping of heterogeneous land use classes into one homogenous class, and large area 
classified as waste lands while they are not.  A 9.5 km transect cut 45 times through 8 different 
land use types in the earlier map while it cut 125 times through 16 habitat types in the new map 
which indicates the inadequate gross classification which left out significant habitat patches like 
sacred groves, “Kuthirus”, riverine vegetation and mangroves. The second case study mapped the 
quarries in Thrissur, Ernakulam and Palakkad districts and compared it with the existing 
institutional map and data. The latter was seriously handicapped by representing quarries on a 
point layer which made it not amenable for area estimation. There was 40 percentage increases in 
numbers of quarries in the critical map compared to the State map. A proximity analysis of the 
layer as done with lineament, epicentre of earthquakes, drainage and environmental sensitive area, 
which revealed serious shortfalls from the perspective of life and livelihood security of people.  
Thirdly, the study used mangrove mapping and change detection analysis of Mangroves in 
Ernakulam district where the most recent FSI report has not reported any Mangroves. The land 
use changes in vypin region were mapped during the period 2002 to 2013 which indicated a loss 
of 100 hectares (45%) of mangrove forests along with filling up of 15 hectares of Vembanad lake 
and straightening of river courses. This critical mapping experiment using the three cases reveals 
serious limitations of the existing State maps by way of the data it presents, the scale they use and 
the functionality it addresses. Changing from low resolution coarse data to high resolution finer 
data, large scale maps instead of low scale maps, use of polygon data representation instead of 
point data in cases where the mapping element possess area and specifically fixing the functional 
use while preparing the map are critical changes needed in the use of GIS, Remote Sensing and 
ground truthing in a high population density State like Kerala. The study demonstrates that this is 
practical with the use of new advancements in Geographic information technology.  

Key words: Critical mapping, institutionalized mapping, free & open source GIS software 
(FOSSGIS), Web GIS.  

Introduction 

Maps are graphic representations that facilitate a spatial understanding of things, concepts, 
conditions, processes, or events in the human world and it is one of the oldest forms of human 
communication (Harley and Woodward, 1987). It originated and evolved as a science and 
technology interface that primarily catered to the understanding, explaining and governing the 
geographical space around human beings. From oral maps of the nomadic tribes it has evolved in 
close association with various forms of governance systems whether they be autocratic, colonial 
or democratic. However, when governance systems change, they move through a lag phase in 
which the change in theory is gradually converted to change in praxis like in the case of many 
colonial resource management norms continued to be in practice during the early phases of 
democracy.  

Mapping still remains largely a State activity done by various departments of the State based on 
which important resource management decisions are made. In this study these institutional maps 
are compared based on three case studies with critical maps prepared using FOSSGIS and 
WebGIS techniques during the study. Critical mapping is a set of new mapping practices and 
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theoretical critique grounded in critical theory which explicitly addresses the various sets of 
decisions taken during the mapping process as a function of existing power relations embedded in 
knowledge (Crampton, 2010). The main advantages of the critical mapping are that it uses 
available modern geographic data and technology which help to make large-scale, updated, 
transparent and decentralised maps.  

The first case is on land use mapping in Kavvai River basin, North Kerala in which the existing 
map was compared with the critical maps. The second case study mapped the quarries in Thrissur, 
Ernakulam and Palakkad districts and compared it with the existing institutional map and data. 
Thirdly, the study used change detection analysis of Mangroves in Ernakulam district using 
FOSSGIS, WebGIS and time series maps. The objective of the study was to evaluate the 
institutional and critical maps with regard to data, scale and their functionality. 

Materials and method 

The most common and easy to use FOSSGIS software like Quantum GIS 1.8 (QGIS 1.8) was 
used for mapping and analysis. The Open access WebGIS like Google Earth, and Google Map 
were used for the study. The QGIS Open layer plug-in have a functionality to use online Google 
satellite image (Landsat-8) as background layer for the spatial analysis at 1:2500 scale. The 
secondary GIS data layers used were Land use map prepared by Kerala State Land Use Board 
(KSLUB), drainage map (SOI,1972), earthquake epicentre (CP Rajendran, etal. 2009), lineament 
((KSDMPP, 2010) spatial distribution map of minor mineral quarries prepared by Mining and 
Geology Directorate (M&G Report 2014), environmental sensitive area (WGEEP Report, 2009 & 
HLWG Report, 2012), waste land atlas of India (2011), and elevation layer (USGS,2004).  

After detailed GPS field survey for locating geographical elements of enquiry, the survey points 
were brought into QGIS environment. Land class / objects in the satellite image (October 2013 
and September 2002) and secondary geographic data were identified using this GPS point layer 
and vectorised as polygon shape file and finalised after detailed ground truthing. Spatial statistics 
of the mapped area was extracted as per Sarash & Monica (2002). The critical maps thus prepared 
and the extracted data was compared with the published maps and data of same area prepared by 
the corresponding government agency. The GIS analysis like intersection, Interpolation, 
Proximity analysis were done and final maps were prepared. 

Study Area 

The first case study was conducted in Karuvellur Perealam panchayat of Kavvai River basin in 
north Kerala. This is a fragmented landscape with large expanse of lateritic biotope mediated by 
the Kavvai River which originates from midland literate hill at 160 msl and empties into the 
Kavvai estuary. In this area critical mapping and land use analysis was done during 2013. In the 
second case study, granite quarries in Thrissur, Palakkad and Ernakulam districts where stiff 
resistance has build from the general public against the quarries were mapped. The spatial 
information and proximity analysis results were compared with the map and data published by 
Kerala State Mining and Geology department (KSMGD). 

According to the Survey of India’s State of Forest Report – 2013 only two districts of Kerala, 
Kannur and Kasaragod possess mangrove cover (6 km2). This data is in stark contradiction with 
the report of Kerala Forest Department and the personal experience of the people who live in 
coastal zones of Kerala. The third case study critically analyse this problem through large scale 
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mangrove distribution mapping in Ernakulam. The changes of mangroves in the Vypin area 
during 2002 – 2013 were analysed.  

Results and Discussion  

Case study 1: Land use mapping at Kavvai River basin 

The KSLUB map classifies the panchayat in to 9 land use classes and (Fig.1). The area wise list 
of each class is given in the Table1. According to this map the largest land cover class is the 
coconut plantation which covers 60.7 % of the total area and the smallest is built up land which 
covers 1.74%. According to waste land atlas of Kerala, waste land covers 3.97 % of the area in 
the panchayat. Based on the map prepared in this study, there are 22 land use classes (Fig. 1 & 
Table 2). According to this map the largest land cover class is the homestead with mixed 
cultivation, which covers 39.9 % of the total area. Laterite exposed area covers 4.76 % of the 
panchayat. 

The largest transect within the boundary polygon have a length of 9517.8m. In the KSLUB map, 
along the transect, seven land cover classes divide the transect into 45 segments. Standard 
deviation to the mean segment length of each cover classes is 68.54 and the Coefficients of 
variation (%) are 271.65. In the case of the map prepared in the study, 16 land use classes along 
the largest transect divide it in to 125 segments. Standard deviation to the mean segment length of 
each cover classes is 30.06 and the coefficients of variation (%) are 318.88.  

Table: 1. Land use of the study area according to KSLUB Land use map 

Sl.No Land use classes 
Area 
(Km2) 

Area 
percentage 

1 Coconut plantation 13.98 60.65 
2 Paddy  4.46 19.41 
3 Mixed Cultivation  3.01 13.32 
4 Wasteland 0.62 2.67 
5 Built up land (rural) 0.40 1.74 
6 Scrub forest 0.30 1.30 
7 Agricultural fallow 0.07 0.24 
8 Plantation crops 0.07 0.04 

9 River/Stream 
perennial 

0.15 0.61 

                     Total 23.06 100 
According to the map prepared by the KSLUB of Karivallur Peralam Panchayat, 60 % of the area 
covered by Coconut plantation where as this study shows only 7.46 % of panchayat is under this 
land class. This difference could not have happened in the small period of 1.5 years between the 
preparations of these two maps. Interestingly, the latest map by KSLUB published after the 
preparation of the critical map during this study, the number of land classes is lower than the 
earlier map. There are 18 sacred groves (ranging from 0.1 h to 5.8 h), mangrove vegetation, 
Kuthiru and literate exposed area in the panchayat where as these land classes are not only absent 
but got added up as mixed cultivation, agricultural fallow or waste land. The critical map shows 
that 4.68% of the study area is covered by ecologically and biodiversity rich lateritic exposed area 
evidenced by high biological endemism (Balakrishnanet. al., 2010).The waste land atlas of India 
categorizes these areas as waste lands. An area of 10 h near to Kuniyan paddy field has been 
declared by the local people as Kuniyan bird sanctuary which harbors 86 bird species. The State 
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mapping process had been insensitive to the local situations by way of inadequate data and 
inappropriate scale and pose great harm by classifying ecologically sensitive habitat patches as 
waste land. 

Table: 2, Land use of the study area 2013 through critical mapping methods  

    Land use/ land cover classes  
Area 
(Km2)  

Area 
Percentage 

1  Homestead with mixed cultivation  9.00  39.90 
2 Paddy  3.98  17.26 

3 Mixed 
Cultivation  

Coconut – 
Arecanut (43%)  3.04  14.05 
Others  ( 57 % )  

4 Rubber Plantation 1.95 8.46 
5 Coconut plantation  1.71 7.41 
6 Laterite exposed area  1.08  4.68 

7 
Road Tarred road (70 %), Mud road 
(30 %) 0.63  2.73 

8 Cashew Plantation 0.42  1.82 
9 River  0.33  1.43 
10 Sacred groves  0.17  0.74 
11 Mines  0.14 0.51 
12,13 Mangroves / Kuniyan bird sanctuary  0.11 0.48 
14,15 Temple ground / Play ground 0.11 0.48 
16 Kuthiru 0.05  0.22 
17 Riverine vegetation  0.024  0.09 
18 Urban Built up 0.022 0.06 
19 School & School grounds  0.013  0.06 
20 Cemetery  0.014  0.06 
21 Pond  0.01  0.04 
Total 23.06 100 
   

  

Fig 1: Comparison of Land use map of Karivellur Peralam Panchayat  
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Case study 2: Mapping of Quarries in Central Kerala  

We mapped 2168 quarries in the study area (Table.3), with quarries ranging in size from 0.2 h to 
40 h. Ninety percent of quarries belongs to area class 0.5 h to 5 h.  Drainage proximity analysis 
shows that there are 734 quarries within 100m of first and second order drainage. Ninety percent 
of the quarries are in the elevation range 25m to 150m from mean sea level which indicates that 
the midland hillocks are the most impacted. District wise lineament and epicentre proximity of the 
quarries are given in Table 3. Number of the quarries falling in the Environmental sensitive area 
according to Western Ghats Ecology and Expert Panel (WGEEP) report and High Level Working 
Group (HLWG) report is given in Table 3.  

M&G   Reports have the point layer representation of 1439 quarries where as  the  present study 
mapped 2168 quarries as polygon layers in the study area.  Midland hills are the integral part of 
the landscape of Kerala critical to ground water conservation, micro climate maintenance and 
biodiversity conservation. The study shows that the quarries have disrupted the undulation of the 
midland hills and drainage network of the area.  There are many scientific studies which prove the 
relationship between quarrying and lineament tectonics, slope instability and small scale 
seismicity (Runqiu and Cahan. 2004,  Quido and Mencl 1982, Praddhan etal., 2006).In the study 
area, 108 quarries are within 200 m from lineaments and 42 are within 1 km from recorded 
earthquake epicentres. Twenty six percent of the total quarries are in the Environmental sensitive 
Zone 1 & 2 of the WGEEP where as 9.2 % of total quarries are in Environmental Sensitive Area 
of the HLWG. 

The results show serious concerns regarding the functionality of the M&G map and data. Beyond 
giving the point information on the location of a quarry the information provides no information 
which would help local decision making on resource use, impact and much needed disaster 
preparedness. 

Table: 3 Number of Quarries in each class (The total area of quarry belonging to class is 

given in the bracket) 

District 

Total  
no. of  

Quarries 
(Critical 
mapping) 

Total  no. 
of  

Quarries 
(KSMGD 
Report) 

Lineament 
Proximity 

 

Epicentre 
Proximity 

WGEEP  Report HLWG 
Report 

< 200 m 
200m  - 
500 m < 1km 

1km -
2km 

ESZ - 1 ESZ -  2 ESZ -  3 ESA 

Palakkad 
897 

(1278.6) 
425 

19  
(32.0) 

28 
(22.5) 

5 
(2.74) 

10 
(6.9) 

288 
(333.8) 

- 
229 

(253.2) 
127 

(197.9) 

Ernakulam 
795 

(1187.9) 
691 

60  
(42.6) 

101 
(90.1) 

14 
(18.6) 

49 
(40.5) 

10 
(6.7) 

- - 
64 

(83.1) 

Thrissur 
476 

(871.2) 
323 

29 
(31.2) 

58 
(71.9) 

23 
(33.7) 

47 
(64.3) 

153 
(279.3) 

106 
(274.5) 

215 
(310.3) 

10 
(6.7) 

Total 
2168 

(3337.7) 
 

1439 
108 

(105.7) 
187 

(184.5) 
42 

(55.1) 
106 

(111.7) 
451 

(619.7) 
106 

(274.5  
444 

(563.5) 
201 

(287.6) 
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Fig: 2 Comparison of Quarries map 

Case Study 3 : Change analysis of Mangroves in Ernakulam district 

The present study mapped 105 mangrove patches with an area greater than 1 h per patch.  The total 
mangrove area covers 443 h of the study area. There are 9 patches in the area that are greater than 10 
h. There were 229.41 h of mangrove in the Vypin coastal region of Ernakulam during 2002 whereas 
43 % (107 h) of the mangrove have been converted to other land uses during 2002 – 2013 (Table 4). 
Along with mangroves, other natural land covers like wet lands and drainage have had abrupt 
change in the area. The drainage course has been changed due to human intervention and 10 h of 
Vembanad Lake which is a Ramsar site has been filled mostly with dredged silt (Fig. 3). 

Table :4. Changes of mangrove during 2002 - 2013 

Sl. 
no 

Land use type Area ( h ) Area 
percentage 

1 Mangrove (no change)  121.99  53.02  
2 Land fill or vegetation cleared  36.15  15.71  
3 Mangrove degraded area  25.73  11.18  
4 LNG Terminal  32.15  13.97  
5 Others  11.1  5.08  
6 Road  2.29  1.00  
                       Total 229.41 100 

 

 

Fig: 3. Land use change map of 

Vypin coastal region of 

Ernakulam during 2002 – 2013  

This critical mapping experiment 
using the three cases detailed 
above reveals serious limitations of 
the existing State maps by way of 
data it presents, the scale they use 
and the functionality it addresses. 
Changing from low resolution 
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coarse data to high resolution finer data, using large scale maps instead of low scale maps, use of 
polygon data representation instead of point data in cases where the mapping element possess area 
and specifically fixing the functional use while preparing the map are critical changes needed in 
the use of GIS, Remote Sensing and ground truthing in a high population density State like 
Kerala. As a technology which closely assisted governance systems, this technology has not yet 
been used to its real potential in helping the decentralised governance system in Kerala. As the 
case studies show, this is practical with the use of new advancements in GIS and Remote Sensing. 
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INTRODUCTION 

Wild fires are serious threat to protected areas. It can cause due to natural forces as well as 
anthropogenic activities. The monitoring of forest fire is very important aspect of forest 
management. Most of the fires occurring today are thought to be human caused and are 
commonly considered to be a major cause of forest degradation. Nearly 55% of the total forest 
cover in India is prone to fires every year. Once the fire has started, its spread and intensity is 
influenced by factors like fuel (leaves, branches, and grass), weather (temperature, humidity, 
precipitation, and wind), and topography. It can cause environmental, economic damage and loss 
of human life. The present study area is prone to forest fires and was affected by forest fires in the 
past.  

GIS and Remote Sensing (RS) applications have been used by numerous workers in delineation of 
forest fire risk zones (Chuvieco and Congalton, 1989; Jaiswal et al., 2002; Sowmya and 
Somashekar, 2010; Ghobadi et al., 2012; Malik et al., 2013). Chavan et al. (2012) delineated 
forest fire risk zones in Huynial watershed using Remote Sensing and GIS techniques. The factors 
considered were fuel type, slope, aspect, habitation, drainage, and road. Nambi Manavalan and 
Jayalakshmi (2013) demarcated forest fire risk zones of Nilgiri district forest area using Remote 
Sensing and GIS tools. They considered various factors such as slope, aspect, temperature, 
distance from roads, distance from settlements, Normalized Difference Vegetation Index (NDVI), 
and Normalized Difference Water Index (NDWI) for forest fire evaluation. 

The objective of the present paper is to identify fire risk areas of Periyar Tiger Reserve by using 
RS and GIS techniques. A Fire Risk Index (FRI) method is used to delineate the risk zones. The 
selected factors are land cover type, slope, distance from settlements, distance from roads, and 
elevation. 

Study Area - The study area is in Periyar Tiger Reserve (Fig. 1). The Periyar Tiger Reserve is 
bounded between 76˚55’ and 77˚25’East longitudes and 9˚18’ and 9˚41’ North latitudes. The total 
area of the reserve is 777 sq. km. The temperature varies from 15˚C to 31˚C. The annual average 
rainfall is 1700 mm. The major rivers flowing through the reserve are Mullayar and Periyar. The 
forest types include tropical evergreen forests, tropical semi-evergreen forests, moist deciduous 
forests, grasslands, and eucalyptus plantations. 
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Fig. 1: Study Area map 

MATERIALS AND 

METHODS 

The study area, Periyar 
Tiger Reserve was 
delineated from the Survey 
of India (SOI) topographic 
maps of scale 1:50,000 (58 

C/15, 58 G/2, 58 G/3, 58 G/6, and 58 G/7). The thematic maps required for the present study were 
prepared by using ArcGIS 9.3 and ERDAS Imagine 9.2 software tools. The land cover type map 
(Fig. 2) of the study area was derived from the Landsat ETM+ image of 23.5 m resolution. 
ERDAS Imagine software was used for the supervised classification of the Landsat image. The 
road networks and human settlements of the study area were digitized from the SOI topographic 
maps and Google Image. The distance from road map (Fig. 3) and distance from settlement map 
(Fig. 4) were prepared from the digitized data by using ArcGIS spatial analyst tools. The contour 
data was generated from the Cartosat 1 DEM of 30 m resolution by using ArcGIS spatial analyst 
tools. The 20 m interval contour data was used to prepare the slope and elevation map. ArcGIS 
spatial analyst and 3D analyst tools were used to prepare the slope map (Fig. 5) and elevation map 
(Fig. 6). A Fire Risk Index (FRI) method (Ajin et.al. 2014) was used for the demarcation of fire 
risk zones. The thematic maps of the selected factors were reclassified by ArcGIS Natural breaks 
(Jenks) method. Ranks were assigned to each class of thematic layers and weights were assigned 
to each thematic layer. The Index (Table 1) was derived from the weight and rank (Index = 
Weight X Rank). The fire risk zone map (Fig. 7) was prepared by overlaying the index maps by 
using ArcGIS tools. Finally the risk map was validated with the forest fire inventory points of 
Forest Survey of India 

Factor Class Weight Rank Index 

Land cover 
type 

Deciduous forest 7 

10 

70 
Grassland 6 60 
Forest plantation 5 50 
Evergreen forest 4 40 
Built up 3 30 
Wetland 2 20 
Water body 1 10 

 

Slope 
(degree) 

0 – 5.64 1 

3 

3 
5.64 – 10.95 2 6 
10.95 – 16.43 3 9 
16.43 – 22.94 4 12 
22.94 – 43.65 5 15 

 

Distance from 
settlement (m) 

0 – 2723 5 

2 

10 
2723 – 5231 4 8 
5231 – 8313 3 6 
8313 – 12685 2 4 
12685 - 18275 1 2 

 
Distance from 
road (m) 

0 – 1006 5 
2 

10 
1006 – 2181 4 8 

2113

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



22 
 

2181 – 3490 3 6 
3490 – 5000 2 4 
5000 - 8557 1 2 

 

Elevation (m) 

95 – 636 1 

1 

1 
636 – 1003 2 2 
1003 – 1179 3 3 
1179 – 1402 4 4 
1402 - 1961 5 5 

 

Table. 1: Rank, Weight and Index assigned for different factors 

RESULTS AND CONCLUSIONS 

The index maps (slope, elevation, land cover type, distance from road, and distance from 
settlement) are combined by GIS tools to prepare the fire risk zone map. In the prepared map, the 

area has been classified into five 
categories: viz. very high, high, 
moderate, low, and very low risk 
zones. The prepared risk zone map is 
validated with the fire inventory point 
data collected from the Forest Survey 
of India (FSI) and during the field 
visit. It shows that out of 31 forest fires 
(from the year 2004 to 2014), 25 forest 
fires occurred in high and very high 
risk zones (80.64%), 4 occurred in 
moderate risk zones (12.90%) and 2 
occurred in low and very low risk 
zones (6.45%). GIS can be used as an 

effective tool that can help planners and decision makers in identifying fire prone areas. 
Advancements in the Remote Sensing technology and the GIS will help in real time monitoring, 
early warning and quick damage assessment of fire disasters. By overlaying or combining 
different geographical layers, fire prone areas can be identified and targeted for the mitigation of 
fire disasters. 

              Fig. 3: Distance from road map    Fig. 4: Distance from settlement map  

Fig. 2: Land cover type map 
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 Fig. 5: Slope map                                                          Fig.6: Elevation map 

  

                                    Fig. 7: Fire risk zone map 
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ABSTRACT 

Groundwater is the main source of water for domestic purposes in Kerala and dug wells are the 
major ground water extraction structures. The initial step for the management of ground water 
resources is the appraisal of the hydrogeological conditions prevailing in the region of interest. 
The watersheds or drainage basins should be the unit for better understanding of the hydrologic 
system.  It is also essential for the accurate assessment of available water resources. In this 
context, Killiyar watershed of the Karamana river basin in Southern Kerala, has been studied in 
terms of groundwater potential, employing Spatial Information Technologies. The major source 
of groundwater recharge in this basin is the monsoon rainfall. The drainage basin receives an 
average annual rainfall of 2600 mm. Geologically, the major part of  Killiyar watershed is 
characterized by Khondalites, Charnockites and Migmatites of Archaean age, and the remaining 
by Tertiary sedimentaries, Miocene and Holocene formations. The sedimentaries and basement 
rocks in the lowland and midland regions are extensively lateritised. Geomorphology, geology, 
drainage, fracture systems in hard rocks and the slope of the terrain plays a significant role on the 
accumulation and movement of groundwater in the basin. Through spatial information 
technology, the integration of these datasets has been accomplished. Based on these parameters, 
the basin area has been categorised into 4 zones, namely, Very high, High, Moderate and Poor in 
terms of groundwater potential. The downstream portion of the Killiyar Watershed is dominated 
by Low to Moderate groundwater potential zones whereas the Middle and Northern portion of the 
basin is dominated by High to Moderate groundwater potential zones. It is estimated that about 
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35% of the basin, which belongs to the cultivated and inhabited land use, comes under the very 
high to high category in terms of groundwater potential. Low groundwater potential category 
dominates in the study area which covers 40% of the area dominated by Builtup Area and forests. 
The moderate category covers about 20% represented mainly by plantations. 

Key words: Spatial Information Systems, Killiyar, Watershed, Drainage Basin, Groundwater 
potential 

1. Introduction 

Owing to the rapid growth in economic development and civilization, the need for developing 
water resources has become more pressing than before. Water is going to be one of the major 
issues confronting humanity in the coming decades. Kerala state is known for its enhancing lush 
green landscape, evergreen forests, serene water bodies, ponds, springs and wells. The major 
freshwater resources are surface runoff (mainly river discharges) and groundwater (wells or 
springs). Despite all these facts, the condition of Kerala is very worse with regard to the drinking 
water potential. Even though the State receives heavy down pour, the shortage of drinking water 
is alarming during summer months and then the only source is groundwater. The dug wells are the 
major ground water extraction structures in Kerala. Almost every household will have a dug well 
and people are mainly dependent on drinking and other domestic purposes (CWRDM, 1995). The 
initial step for the management of ground water resources is the evaluation of the hydrogeological 
conditions prevailing in the region of interest. The watersheds or drainage basins should be the 
unit for better understanding of the hydrologic system as well as accurate assessment of the 
available resources (Narasimhaprasad et al, 2013, Arun et al, 2014). Over the past three decades, 
remotely sensed data have been increasingly used in groundwater studies (Jackson and Mason 
1986, Star and Estes 1990, Baker and Panciera 1990, Sreedevi et al. 2005, Dinesh Kumar et al. 
2007; Narasimha Prasad et al, 2013; Arun et al, 2014). For groundwater-prospecting it is 
necessary to integrate data on various characteristics like topography, lithology, geology, 
lineaments, structures, depth of weathering, extent of fractures, slope, drainage patterns, etc. The 
use of remote sensing technique in combination with geospatial systems aids to integrate these 
data sets in a very convenient manner to facilitate quick decision support. In this context, the 
present study has been taken up with drainage basin as the unit in the Killiyar watershed of the 
Karamana river basin, which originates in the foot hill region of Western Ghats and drains 
through Thiruvananthapuram City, the capitol of Kerala State. 

2. Materials and Methods 

The available data on geology, hydrogeology, geomorphology, landuse/landcover, borehole 
lithologs, water level fluctuation, pumping test results, rainfall and other related and relevant data 
were collected from different agencies / publications and were suitably processed through modern 
statistical and spatial analysis tools. Survey of India toposheets, satellite imageries, ASTER 
Digital Elevation Model (DEM) and aerial photographs have been used to demarcate various 
geomorphological units and distribution of lineaments in the basin. Thematic map layers like 
drainage, geology, watersheds, geomorphology, land use and lineaments were prepared using SOI 
toposheets, IRS LISS III Imagery, Landsat Imagery and ASTER DEM. Derived map layers like 
slope, drainage density and lineament density were prepared using the Spatial analysis tools in 
GIS environment. All the maps were geo-referenced to the Universal Transverse Mercator (UTM) 
plane co-ordinate system. The entire base maps were transformed to a common format for further 
analysis and identification of groundwater prospect zones (Dinesh Kumar et al, 2007, Arun et al, 
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2014). This output map is correlated with the groundwater data collected in the field. Details of 
aquifer parameters have been taken from the already published literature of Central Ground Water 
Board (CGWB) and CWRDM. Datasets collected from the Ground Water Department (GWD), 
Government of Kerala, were also used for this study. All these information has been integrated in 
ArcGIS environment by assigning weights and ranks to understand the characteristics to 
demarcate groundwater potential zones. All the above results have been integrated to determine 
the conditions in the watershed in terms of groundwater potential and development prospects. The 
resultant composite coverage was classified into four groundwater prospect categories such as (i) 
very good (ii) good (iii) moderate and (iv) poor. 

3. Salient Features of the Study Area 

The Killiyar watershed of Karamana river basin is located between north latitudes 8° 26’ and 8° 
40’ and east longitudes 76° 56’ and 77° 03’ (Fig.1) with a drainage area of 97 km2. 

 

 

 

 

     Fig.1 Location and Drainage: Killiyar Watershed 
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The Watershed is oriented in North-South direction from the origin to the confluence with 
Karamana river at pallathukadavu, Kalladimukham. Physiographically the Killiyar Water Shed is 
characterized by, lowland in the south (between MSL and 7.5m AMSL), The midland region (7.5 
– 75 m AMSL), mostly covered by laterites, in the central portion and the highland in the north 
(>75m AMSL), comprising the foot hills of Western Ghats, covered by crystalline hard rocks 
(Arun, 2006).  

The Watershed receives an average annual rainfall of 2600 mm. While the southern part of the 
basin receives less than 1400 mm of rainfall, the northern portion receives rainfall of about 3000 
mm. The study area receives rain showers in all seasons (Eapen et al, 2000).  

The basin is characterized by dendritic to sub-dendritic type of drainage pattern with variable 
density. Angular joint/fracture controlled drainage also observed. The densest dendritic pattern is 
developed on the hard crystalline rocks (Strahler, 1957). The Killiyar is a 6th order stream. The 
morphometric analysis carried out under this study has revealed that the drainage density varies 
between 0.002 to 5.2 km/sq.km depending on the geological and geomorphological setup at 
different locations within the Watershed. 

4. Terrain Characteristics 

Geologically, Nearly 90% of the study area is composed of garnetiferous-biotite-sillimanite gneiss 
with or without graphite (khondalite). The remaining area is composed of garnet-biotite gneiss 
with associated migmatites, quartzo-feldspathic-hypersthene granulite and garnetiferous granite 
gneiss. These rocks are intruded at many places by acidic (pegmatites and quartz vein) and, basic 
(gabbro and dolerite) rocks (GSI, 1995). In addition to these, a few patches of Quaternary 
sediments represented by pebble beds, sand and clay deposits are also reported. A peat sample 
collected from a sand mining pit at Changa at a depth of 2.5m below ground level is C14 dated 
3300 ± 90 years before present (ybp) (Arun, 2006). This is a clear evidence of the occurrence of 
Late Quaternary (Holocene) sediments in the study area. Already available data on bore wells and 
also the observations made in the field from existing dug wells in the study area have been 
utilized to understand the subsurface lithological details. The alluvial deposits are followed by 
laterites, lithomargic clay, weathered rock followed by hard rocks. In the midland region lateritic 
soil tops the sequence and in the highland region, brown soil tops the same sequence with variable 
thickness. The depth to bedrock varies between 4 to 28m below ground level. 

 Most of the lineaments are found to follow linearly arranged valleys and hence are potential 
for groundwater development in Killiyar Watershed.  The trend analysis, based on the length and 
direction of lineaments in the basin, has shown that the major direction of lineaments as N-S and 
other directions are NW-SE and to a lesser extent NE-SW. It is observed in some places that the 
lineaments intersect each other and such areas are expected to be more favourable for 
groundwater development (Sekhar, 1966; Narasimha Prasad et al, 2013).  

Through remote sensing, various hydrogeomorphological features within the basin have been 
identified. Based on the relationship among the topography, lithology and drainage, the study area 
has been classified into different hydrogeomorphological units such as lateritic uplands, buried 
pediments, Alluvial plains, and flood plains. In the Structural hills, the chances of occurrence of 
groundwater there depend on the fracture system. Valley fills are considered as good potential 
zones for groundwater exploration (Arun et al, 2014). 
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Using the DEM of 30m ASTER data, the areas having a slope of more than 20% were identified 
and the areal extent is 23% of the watershed (Fig. 2). In the preparation of groundwater 
prospecting maps, more weight is given to gentle slopes since slope plays a significant role in 
infiltration verses runoff (Sarkar et al. 2001). As infiltration is inversely related to slope, a break 
in the slope (i.e. steep slope followed by gentler slope) promotes appreciable groundwater 
infiltration.  

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Slope map of Killiyar Watershed Fig.3 Landuse map of Killiyar Watershed 

Landuse/landcover describes how a parcel of land is used for agriculture, settlements industry 
etc., or refers to the material on land surface such as vegetation, rocks or water bodies (Anderson 
et al. 1976) and it plays a significant role in the development of groundwater resources. In this 
study, the landuse map is taken as one of the thematic layers for preparing groundwater potential 
zones (Fig. 3). Least ranking is given to the mining, settlement and industrial areas, whereas the 
highest is given to river sand, river channel and water body.  

5. Hydrogeological Conditions 

 Observation wells were established in such a way that different physiographic region is 
represented and wells are equally distributed. Based on these criteria, 20 wells were established in 
the Killiyar Watershed and seasonally monitored of depth to water level for almost two 
consecutive years. The water level fluctuation between post-monsoon and pre-monsoon periods is 
more important than the annual water level fluctuation for groundwater development and 
management purposes, as these values reflect the effective groundwater recharge due to rainfall.  

 The ground water in the Killiyar watershed mainly occurs under phreatic semi-confined and 
confined conditions. In the alluvium, laterite, weathered and fractured rock, groundwater occurs 
under phreatic condition and in deep seated fractured crystalline rocks, it occurs under phreatic or 
semi-confined or confined conditions.  

2120

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



29 
 

In alluvium dug well and filter point wells are used to extract groundwater. The dug wells are 
usually pumped at discharges between 30 and 265 lpm, but, it sustains for 30 to 60 minutes only 
during summer. Laterites are highly porous but the permeability depends on the texture and clay 
content. Large diameter dugwell is the typical groundwater extraction structure in this terrain  and 
discharges between 110 and 200 lpm and sustain pumping for 30 to 60 minutes during summer. In 
most of the cases, the full recovery takes place within 12 hours. In weathered rocks, usually large 
diameter dugwells are the typical groundwater extraction structures. Discharge from wells taping 
this zone varies between 58 and 67 lpm. In fractured rocks groundwater occurs under phreatic, 
semi confined or confined condition depending on the overlying lithomargic clay formation. Bore 
wells are the typical groundwater extraction structures. Yield ranges of majority of the established 
borewells are between 1000 and 3000 lpm and the depth ranges between 30 and 120 m below 
ground level. 
6. Groundwater Potential Zones 

Integrating all the above mentioned information represented as spatial information such as 
geology, geomorphology, land use, drainage, slope, lineament intensity, aquifer parameters, 
ground water level fluctuation and saturated thickness, the Killiyar watershed of Karamana river 
basin has been classified different groundwater potential areas viz VERY HIGH, HIGH, 
MODERATE and LOW using overlay analysis tools in Geographical Information System.  The 
criterion’s employed for delineating these ground water potential zones are summarized along 
with the Fig. 4. This can form the basemap for the concerned authorities to take necessary 
decisions as well as actions for the future groundwater development in this basin (Fig.4). 

7. Conclusions 

The present study establishes the significance of spatial data integration in identifying 
groundwater potential zones and thus the use of remote sensing as well as spatial information 
systems to achieve the data integration effectively. Valley fills and pediments of the basin are 
found favourable geomorphic units for groundwater exploration and development, whereas 
structural hills, residual hills, residual mounds, and linear ridges are of poor groundwater 
potential. Hydrogeomorphology, lineament and slope play vital roles in the occurrence and 
movement of groundwater in the study area. Based on these parameters, the basin area has been 
categorised into 4 zones, namely, Very high, High, Moderate and Poor in terms of groundwater 
potential. The downstream portion of the Killiyar Watershed is dominated by Low to Moderate 
groundwater potential zones whereas the Middle and Northern portion of the basin is dominated 
by High to Moderate groundwater potential zones. It is estimated that about 35% of the basin, 
which belongs to the cultivated and inhabited land use, comes under the very high to high 
category in terms of groundwater potential. Low groundwater potential category dominates in the 
study area which covers 40% of the area dominated by Builtup Area and forests. The moderate 
category covers about 20% represented mainly by plantations. 
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 SUMMARY OF Criteria 

VERY HIGH: Alluvial formation, 
valley region, low drainage density, 
High lineament density, Flat to gentle 
slope (<5%), Depth to water table 
(DTW) at 1 to 3 m below ground level 
(bgl), and availability of water 
throughout the year (Perennial). 
HIGH: Low land or valley portions in 
the Lateritic midlands areas covered by 
lateritic soil, low drainage density, 
High lineament density, Having flat to 
gentle slope (<5%), and availability of 
water throughout the year (Perennial). 
MODERATE: Lateritic formations in 
midland region, low to moderate 
drainage density, moderate lineament 
density, slope between 5% to 20%, and 
availability of water throughout the 
year (Perennial). 
LOW: Laterites or hard rocks in the 
highland region with more than 20% 
slope, high drainage density, low 
lineament density, seasonal water 
availability. 

Fig.4. Groundwater Potential zones identified in Killiyar Watershed 
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ABSTRACT 

A  cadastral map is an official village register identifying location, boundaries, ownership, value 
and with unique parcel number. This large scale maps are maintained to establish and to record 
the relationship between land parcels and land owners.  Other   details such as area, land revenue, 
land value, land history, crops and assets such as road, drainage, wells, tanks, grazing lands, 
religious and historical monuments are also shown on the cadastral maps.  Cadastral maps are 
indispensible for the village administration in dealing with revenue, planning and developmental 
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activities. Updating the cadastral maps has become very essential since these maps are not 
updated for a long period of time for various reasons. The cadastral maps on large scale do not 
have geodetic coordinates limiting the use of that in conjunction with Geographical Information 
System (GIS).  The geo referencing process using Ground Control Points on high resolution 
remote sensing data enables deriving geodetic coordinates for cadastral maps and further spatial 
analysis. Several studies have been carried out using panchromatic and merged products of high 
resolution satellite data for large scale cadastral mapping. The present paper discuss the task of 
generating digital village cadastral map with their attribute information in  GIS keeping high 
resolution IRS satellite data Cartosat-1(PAN)  as base. 

 Declaration of 123 villages as Ecologically Sensitive Area (ESA) villages by High Level 
Working Group (HLWG) on Western Ghats   necessitated an immediate collection of cadastral 
information of these villages. The spatial land use pattern of  villages were analysed and defined 
the area pertaining  to protected forest,  waste lands  and   water  bodies  under  ESA  and 
separated the  settlements and agricultural lands within the village boundary as non ESA. The 
methodology adopted in this study demonstrate the potential of high resolution satellite data for 
generating  large scale cadastral level maps with high accuracy.  

Keywords: Digital Village cadastral data, ESA villages of Kerala, India. 

1.  INTRODUCTION 

1.1 CADASTRAL MAPPING SYSTEM 

Survey plots or parcels with well defined boundary stones and unique survey numbers are the 
fundamental smallest revenue unit depicted in a cadastral map. The individual holdings or sub 
divisions inside the parcels are further recorded by Field Measurement Books (FMB). The 
cadastral map of a village is mapped as survey blocks comprising cadastral sheets numbered and 
arranged with an index map. Each survey number will be followed with a block number and 
village name to locate it on the map and ground. 

The International Federation of Surveyors (FIG, 1995) defined the cadastre as follows: “A 
cadastre is normally a parcel based and up-to-date land information system containing a record of 
interests in land, the nature, ownership, value and its improvements. It may be established for 
fiscal purposes-valuation and equitable taxation, legal purposes, to assist in the management of 
land and land use for planning and other administrative purposes, and enables sustainable 
development and environmental protection at local level.” 

A cadastre has specific properties from other land information records. It contains information 
about land parcels and people with legal relationship to the land, provides rights to deal with land, 
law and landowner (Angus, 1989). A Records of Right (ROR) are maintained to establish the 
relationship between land parcels and landowners. The main forms of legally approved tenure are 
private freehold, private leasehold, public freehold, communal ownership and tribal ownership 
(Andersson, 1986). A cadastre is an official register identifying location, boundary, geographical 
area, ownership , land revenue, land value, land history, land use, crops, soil type, ect. Asset 
details of location of wells, transportation network, drainage network, boundaries of cultural 
features, tree, road, tank, grazing land, religious and historical monuments etc. are also shown on 
the cadastral maps.  
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The heirarchal order of the cadastral system in Kerala is starting from Field Messurment Books -
survey polts- cadastral sheets based on index maps-revenue blocks with unique numbers - Village 
boundary- Taluk boundary and Distict boundary. The district boundary forms the common unit 
for both administrative and revenue boundary. There are 1593 villages in 75 Talukas of 14 
districts in Kerala with around 6800 cadastrsl sheets both surveyed and resurveyed. 

1.2 CADASTRAL MAPPING OF ESA VILLAGES OF KERALA 

Realizing the need to protect and rejuvenate the ecology for sustainable development in the 
Western Ghats, the Ministry of Environment & Forest (MoEF) constituted a Western Ghats 
Ecology Expert Panel (WGEEP) with mandate to demarcate ecologically sensitive zones and 
suggest measures to conserve, protect and rejuvenate the ecology of Western Ghats. Taking into 
account of recommendations of WGEEP report, MoEF constituted a High Level Working Group 
(HLWG) to suggest all round and holistic approach for sustainable and equitable development of 
Western Ghats. The HLWG defined the extent of Western Ghats area in six states taking the 
smallest revenue boundary, village as the analytical unit for demarcation of Ecologically Sensitive 
Areas (ESA).These villages were selected on the basis of the proportion of ESA to the geographic 
area of the village. A threshold of 20% of proportional ESA was used to mark the entire village as 
ESA. In Kerala 123 villages were listed as ESA in the HLWG report. On account of the 
protection from different sections of people, the Government  of Kerala requested for 
modifications in the ESA area by excluding the residential and agriculture area from ESA 
villages.  

In the absence of exact boundary and digital cadastral information of the area, approximate area 
under natural and cultural landscape were delineated from land use pattern using indicative 
village boundary. Area pertaining  to protected forest,  waste lands,  water  bodies  were separated 
from the  settlements and agricultural lands within the village and arrived at the  approximate area 
under non-ESA in each village (KSREC technical  report, 2014). The report recommended that 
the exact boundary, shape and area of villages can be derived only from the sharp boundaries of 
cadastral maps using high resolution Indian Remote sensing satellite data as base. 

This paper discusses the task of generating GIS based digital village cadastral information for the 
ESA villages using high-resolution (2.5 m ) satellite imagery Cartosat-1(PAN) as base on 1: 5,000 
scale. The vectorized cadastral maps were georeferenced by superimposing it on the rectified 
satellite data and GCP’s. The individual sheets were mosaiced to form revenue blocks and the 
blocks were mosaiced to form a village map. 

1.3      OBJECTIVES 

The objective work is the generation of digital cadastral information of individual holdings of 
land with parcel number for providing information on the Ecologically Sensitive Area villages 
declared by HLWG on Western Ghats. This task can be achieved by means of vectorization of 
cadastral, geo-referencing to enable geodetic coordinates for each parcel and value addition by 
integrating the spatial and field information and for geographical area analysis. 

1.4      STUDY AREA  

In Kerala, High Level Working Group on Western Ghats (HLWG) had identified 123 villages 
with 13,108 sq.km area under Ecologically Sensitive Area (ESA) spread over 12 districts in 24 
taluks. This comprises 33.72% of total area and 44.15 % of the Western Ghat region in Kerala. 
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Two districts without ESA villages are Allappy and Kasargod. Idukki has the maximum number 
of villages (47), followed by Palakkad (14), Wayanad (13), Malapuraam (10), Kozzikode 
(9),Thiruvananthapuram (7), Pathanamthitta (6), Kottayam (4), Kannur (3), Thrissur and 
Ernakulam one each. 

2 MATERIALS AND METHODS  

The materials used in this work are village 
cadastral maps from survey and land records 
department, seamless ortho rectified Cartosat 
PAN and merged satellite data provided by 
RRSC, Bangalore  and Software – ArcGIS,  
and Adobe Photoshop. The methodology 
(Figure.1) basically consists of three modules 
addressing the objectives of the study and 
involved the following steps. 

 

 

 

 

Procurement of cadastral sheets cadastral maps available from Dept. of Survey & Land Records 
on 1:5,000 or 16’=1 Mile scale, indexing, coding & scanning of cadastral sheets using raster 
scanner at 200 DPI, north orientation of the scanned sheets, vectorization of individual sheets with 
topology for point, line and polygon features  in Arc/INFO environment, mosaicing of vectors and 
raster sheets to form single reveune blocks and village, geo-referencing of mosaiced raster and 
vector with GCP’s on high-resolution ortho-rectified IRS- 1D PAN data  and thereby providing 
seamless mosaic of the cadastral sheets to blocks, blocks to villages and villages to  taluk level 
and then a district level information, the Universal Transvers Marcator (UTM) projection and 
WGS 84 datum is applied in this analysis, quantitative analysis for geographical area and finally 
layout preparation and maps for each block and villages.  

3.  RESULTS AND CONCLUSIONS  

3.1 Status and limitations observed in the cadastral system in kerala 

The collection of hard copy maps was a challenging work for 123 ESA villages. The statuses of 
existing cadastral maps were gathered in the process and certain difficulties and limitations were 
encountered. Out of 123 villages 5 villages do not possess either old survey or resurveyed 
cadastral. Resurveyed maps were available only for 85 villages. While for the remaining 33 
villages old survey maps were available. In the available cadastral sheets no common standard 
scales being followed. The scale varied from 16’=1 Mile to 1:5,000 in different villages. The 
cadastral sheets are generally very old resulting in degradation of quality.The accuracy standards 
also differ and are not adequate for present day requirements. The cadastral sheets are not north 
oriented which increases the burden while mosaicing them. The features in the cadastral map are 
not standardized, codified and symbolized for unique identification of each parcel in different 
villages. Latitude and longitude information is not defined. The most significant problems found 
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are low precision of geometric data quality, divergence between the map and the village register 
and records. 

3.2 Georeferencing of cadastral maps  

The process of defining the position of geographical objects relative to a standard reference grid is 
known as geo-referencing (Bernstein, 1983). It is done by assigning map coordinates to image 
data for making the data amenable to GIS analysis, and to facilitate viewing in conjunction with 
maps. The available cadastral maps do not have geodetic coordinates, limiting their use in 
conjunction with Geographical Information System (GIS). Lack of geodetic information limits the 
establishment of one-to-one relationship. The geo-referencing process using real world 
coordinates of the Ground Control Points (GCP’s) obtained from ortho-rectified high-resolution 
satellite images enables deriving geodetic coordinates for each map. Sample studies have carried 
using panchromatic and merged products of IRS data, (Raghvendran 2002, Raju, 2008, Govind  
et.al.  2013), RRSC (2008), and NRSC (2009) came out with  methodology for the use of high 
resolution data for large scale mapping. 

3.3 Accuracy of Geo Referenced Cadastral Maps 

The accuracy of the geo-referenced parcel boundaries pertaining to different elevations were 
analyzed through transformation models, location accuracy and area accuracy. The accuracy is 
represented by the residual error, measured as the difference in the projected coordinates and the 
defined coordinates of GCP’s and residual error of the transformation model, lesser the value, 
more the accuracy. The image distortion due to registration is very less, signifying the stable geo-
referencing with high precision. The RMS error of the transformation model varies from 0.00011 
- 0.00008 in lowland, 0.00014 - 0.00003 in mid land and 0.00025 - 0.00023 in high land.  

The location accuracy derived using GCP’s are in the range of 1 to 3.605 m. The values of 
location accuracy indicate that with increase in spatial resolution of the satellite data, the location 
accuracy will increase correspondingly, keeping other parameters constant. Figure.2and 3 shows 
samples of raster and vector layers registered on the satellite data using GCP’s and the GIS output 
map. The area belongs to aruvapalam village in the sub watershed of Kallar tributary of Pamba 

River. The 

natural 
boundary of watershed forms the village boundary. Out of three survey blocks in Aruvupalam 
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village 36,37,and 38, the block number 36 and 37 are presented here as Figure 2 and Figure 3. It 
was analyzed that the parcel boundaries in raster and vector forms are precisely matching with the 
corresponding points on the ground as observed in the satellite imagery. 

Area accuracy analysis is carried out for deviations in geographical area of parcels of geo-
referenced files to the area maintained in the land records. The  area accuracy is a function of 
method and scale of survey, method of area calculation, area of parcel, projection error, spatial 
resolution of satellite data used for geo-referencing, residual and rms values obtained in the 
transformation model for geo-referencing and digitization accuracy (Srinivasa Rao et al., 2003). 
The statistical analysis shows the accuracy of parcel registration depend upon the parcel size. The 
large parcels are represented more accurately than the smaller parcels. The results also show that 
the percentage difference of the total village area between the land records and GIS maps is very 
small in the range of -1.09 – 0.19%, at an average the percentage deviation is around -0.50%, 
indicates less distortion from pre to post geo-referencing in the total area of the village. 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

Digital information at cadastral level is essentially required for planning at grass root level. The 
methodology adopted  demonstrate the use of high resolution satellite data from Cartosat-1PAN 
with 2.5 m spatial resolution as base for geo-referencing  the cadastral maps with high accuracy of 
location and area. The digital cadastral maps,  which is efficient, reliable, cost effective, scale 
independent are capable of providing information of an individual holdings of land with parcel 
number and other attribute information. One of the important outputs from this exercise is the 
accurate and precise revenue and administrative boundaries in digital format with real world 
coordinates of the parcels.  

To sum up, the conversion of large scale cadastral maps into digital format can give a 
breakthrough in reaching the people, understanding their requirements and the action plans of 
land and water resource development in the execution of developmental activities at local level. 
High resolution remote sensing data has demonstrated its potential in large scale mapping with 
high plannimetric accuracy for their use in cadastral mapping of ESA villages in Kerala. 
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ABSTRACT 

Over the past decade hyperspectral image analysis has matured into one of the most powerful 
and fastest growing technologies in the field of remote sensing.They provide rich source of 
information and produces a spectrum at each pixel, which can be used to identify surface 
materials. This paper attempts to find out the most suitable atmospheric correction algorithm 
that can be applied on EO-1 Hyperion hyperspectral data for detection of minerals in the state 
of Rajasthan, India. As for base line data Hyperion EO-1 Hyperspectral reflectance imagery 
was analysed. To compliment accepted results derived from image analysis, rock samples 
collected from field was also analysed using an Analytical Spectral Device (ASD) FieldSpec 
4 spectroradiometer in wavelength range of 350-2500 nm. Two radiative Transfer model 
based approach and three scene based empirical atmospheric correction methods were chosen 
for atmospheric correction quantification.Spectral angle matching was done using the 
Spectral Angle Mapper (SAM) for the validation of the results. Correlation was computed 
between the spectral reflectance derived from each of the atmospherically corrected Hyperion 
image and ground truth data. Spectral reflectance profiles constructed contain the spectral 
wavelength from 426 to 2396nm.From these plots the absorption features were compared 
between the image data and field spectra data for each atmospheric correction technique. 
ATmospheric CORrection (ATCOR) and Flat Field Approach (FFA) were giving better 
results through Spectral Angle Mapper (SAM) technique. The results of the individual 
absorption feature proved ATCOR and FFA as the ones giving highest percentage similarity 
with the absorption features of reference data and that of the image data. The region wise 
correlation coefficient analysis resulted in region 2 i.e. wavelength range from 1447 to 1729 
nm having the highest correlation among the rest of the wavelength range.Flaash was giving 
better results in this analysis.Hence it can be concluded that though FLAASH and ATCOR 
are having comparative results, ATCOR has a upper hand in this study. 

Keywords: Atmospheric correction, EO-1 Hyperion, FLAASH, ATCOR, FFA, QUAC, 
IARR, SAM. 

1. INTRODUCTION 

The Hyperspectral imaging system contains precise spectral information which enables better 
characterization and identification of targets. Hyperspectral image such as Hyperion obtained 
from the EO-1 hyperspectral imaging system are widely used for mineral mapping and 
lithological discrimination of the geological units.The atmosphere may decrease or increase 
the amount of radiation reaching the surface or the satellite sensor.Inorder to retrieve the true 
reflectance from the target atmospheric corrections are necessary. 

The decision to perform an atmospheric correction is a function of the nature of the problem, 
the remote sensing data available, the amount of insitu historical and concurrent atmospheric 
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information available, and how accurate the biophysical information to be extracted from the 
remote sensing data must be. Atmospheric gases and aerosols have two types of effects on the 
radiance observed by a hyperspectral sensor. It absorbs radiation on the absorption line of its 
molecules and it scatters radiation. Thus to enable quantitative studies of the earth’s surface 

,atmospheric perturbations need to be removed from the observed signal. This process called 
atmospheric correction is essential to convert radiance measured by sensors to reflectance of 
surface materials. The present study is to compare the different atmospheric correction 
techniques on the satellite based sensor EO-1 Hyperion data for mineral detection. Also to 
retrieve the specific wavelength regions from the entire reflectance spectra ,ranging from 
0.40µm to 2.50µm which gives the best correlation for li thological units. Atmospheric 
correction technique applied on mineral data is divided into two categories. 

1.1 Empirical atmospheric correction approaches 

Scene based empirical approaches were developed to remove the atmospheric effects from 
hypersperctral imaging data for the derivation of relative surface reflectance spectra. The 
Internal Average Relative Reflectance (IARR), Flat Field Approach (FFA) and QUick 
Atmospheric Correction (QUAC) are compared to find the most suitable method for mineral 
studies. 

1.2 Radiative transfer model approaches 

Based on the radiative transfer principles many algorithms have been developed. The selected 
two are evaluated here such as Fast line-of-sight Atmospheric Analysis of Spectral 
Hypercubes (FLAASH) and ATmospheric CORrection (ATCOR) are taken in this study. 

2. MATERIALS AND METHODS 

The satellite data EO-1 Hyperion imagery acquired on April 20,2007 consisting of 242 bands 
is used for the present study for comparing the different atmospheric correction algorithms . 

The area of interest was subset from the acquired 
image on which the atmospheric corrections are 
done.The different algorithms compared here are 
FLAASH, ATCOR, QUAC, IARR and FFA.The 
image was geometrically corrected by image to 
image registration using LISS 3 data.The 
validation of the results is done using ground 
truth data by Spectral Angle Mapper (SAM) 
method.The study area belongs to a region of 
about 470 km2 in the south- eastern part of 
Udaipur district in the state of Rajasthan in India 
with Latitude 24°15´00˝ to 24°35´00˝ N and 
Longitude 73°40´00˝ to 73°58´00˝ E. It has arid 
to semi arid climatic condition. The location map 
of the study area is shown in Fig.2.1.The area is 
located in the foothills of the Aravalli Ranges 
which has elevation from 558 m to 767 m above 
MSL from North to South. 

Fig.2.1: Location map of the study area 
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2.1 Atmospheric Correction 

The real aim of various earth observation systems to know the surface characteristics of the 
features mapped and how do they change with time and how they vary in time scales with 
some progress.The satellite or air borne platforms record the signals in the visible and in the 
near infrared region are a combination of surface ,atmospheric contribution and sensor errors. 
There are a number of atmospheric agents which contaminate the content of various bands of 
information. To get the complete advantage of Hyperion data it is required to apply 
atmospheric correction so that the influence of atmosphere on the Earth observation data can 
be removed. The process of removing atmospheric contributions is commonly referred to as 
atmospheric correction. In the present study comparison has been done taking radiative 
transfer modelling approaches and empirical atmospheric correction approaches. 

2.1.1 Radiative Transfer Modeling Methods 

Around 1987, Alexander F.H. Goetz developed atmospheric correction techniques using 
radiative transfer modelling method which simulates explicitly the absorption and scattering 
effects of atmospheric gases and aerosols. 

2.1.1.1 Fast Line-Of-Sight Atmospheric Analysis Of Spectral 

Hypercubes (FLAASH)         

FLAASH is a MODTRAN -4 based atmospheric correction software package developed by 
the Air Force Phillips Laboratory, Hanscom AFB and Spectral Sciences, Inc (SSI). It 
provides accurate, physics-based derivation of apparent surface reflectance through 
derivation of atmospheric properties from HSI data. FLAASH operates in the 0.4 – 2.5 
micrometer spectral rangeand offers the additional option of correcting for light scattered 
from adjacent pixels . Flaash starts from a standard equation for spectral radiance at a sensor 
pixel,L. To do atmospheric correction on FLAASH, ENVI 5 is used. In the input parameter 
dialogue box the input radiance image is given as the resized data.The read array of scale 
factors from ASCII file in the radiance scale factors dialogue box is selected.The hyperion 
scale factors.txt file included with the data is then selected.Scale factors of 400 for VNIR and 
800 for SWIR .The scene informations are entered into the FLAASH model.After processing 
,the atmospherically corrected reflectance image is obtained. 

2.1.1.2 Atmospheric Correction (ATCOR) 

The ATmospheric CORrection (ATCOR)program was originally developed at DLR, the 
German Aerospace centre.ATCOR consist of ATCOR 2 (used for flat terrain) and ATCOR 3 
(used for rugged terrain, i.e the three stands for three dimensions).It employs the MODTRAN 
4+ radiative transfer code to calculate look up tables (LUT) of the atmospheric correction. 
ATCOR is found as a standalone software based on IDL .The input is the grey level or digital 
number image for each channel that is proportional to the radiance L ,measured at the 

sensor. 

..........................................................Equation2.1 

Where c0 and c1 are the offset and gain of the radiometric calibration.These 
are converted into units employed by ATCOR namely mWcm-2sr-1µm-1. Then it estimates 

L  c 0  c DN 
  1 

2132

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



41 
 

the atmospheric parameters (aerosol and water vapour )to derive the surface reflectance.After 
estimating the atmospheric parameters, ATCOR subtracts the radiance components from the 
total at-sensor radiance L and calculates the surface reflectance.The corresponding 
atmospheric functions are pre-calculated with a radiative transfer code (MODTRAN-5) and 
stored in look-up tables (LUTs) for a large range of weather conditions and solar view angles. 

2.1.2Empirical Atmospheric Correction Methods 

In mid 1980’s several scene based empirical approaches were developed to remove 
atmospheric effects from hyperspectral imaging data for the derivation of relative surface 
reflectance spectra.In this study three methods, QUAC, IARR and FFA have been compared 
for EO-1 Hyperion hyperspectral data. 

2.1.2.1 Quick Atmospheric Correction (QUAC) 

QUAC is a visible near infrared through shortwave infrared (VNIR-SWIR) atmospheric 
correction method for multispectral and hyperspectral imagery. Unlike other first principles 
atmospheric correction methods, it determines atmospheric compensation parameters directly 
from the information contained within the scene (observed pixel spectra), without ancillary 
information. QUAC is based on the empirical finding that the average reflectance of a 
collection of diverse material spectra, such as the endmember spectra in a scene, is essentially 
scene-independent. The QUAC atmospheric correction is applied on the study area using 
ENVI 5.The image is masked to eliminate the vegetative and water bodies.Hence the 
correction algorithm concentrates more on the remaining areas used for mineral exploration. 

2.1.2.2 Internal Average Relative Reflectance (IARR)  

The Internal Average Relative Reflectance (IARR) approach of Kruse calculates the average 
spectrumof a scene i.e to normalise the image to a scene average spectrum.Effective for 
reducing hyperspectral data to relative reflectance in an area where no ground measurements 
exist and little is known of the scene.Best for arid areas with no vegetation. Average 
spectrum is calculated from entire scene called as the global mean and is used as reference 
spectrum which is then divided into spectrum at each pixel of image.This algorithm is coded 
in matlab and the resultant corrected image is obtained. 

2.1.2.3 Flat Field Approach (FFA) 

Flat field approach assumes that there is an area in the scene that has spectrally neutral 
reflectance.i.e., the spectrum has little variation with wavelength. The mean spectrum of the 

“flat field” is then used for the derivation of relative reflectance spectra of other pixels in the 
scene.Flat area indicates topographically flat,spectrally flat i.e uniform spectral reflectance at 
all wavelength without significant absorption features. It does not need any field 
measurements of reflectance spectra of surface targets. The use of such mean spectrum in the 
derivation of relative reflectance spectra of other pixels can introduce broad absorption bands 
in the resulting spectra.In order to do this method, a flat area is identified from the image. 
Topographic flatness is identified from the DEM. Using the DEM and the image as such ,an 
approximate topographically and spectrally flat area is identified. This is used as the 
reference spectrum.The result is the corrected image. 
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To validate the atmospheric corrected hyperion images, the satellite image reflectance 
obtained by correcting through various methods is compared with the insitu measured 
reflectance from the mineral sites in the area. Geometric correction is done on the satellite 
image after which spectral similarity measures are calculated using Spectral Angle Mapper 

(SAM). 

2.2 Comparison Between Image Data And Field Spectra Data For Each Atmospheric 

Correction Technique Using Cross Correlation 

For the comparison 12 field sample spectra (P1, P2, P3, P4, P5, P6,P7,P8, P9, P10, P11and 
P12) are used as a reference data source for the test site .In cross correlation comparison of 
the spectral curves of the atmospherically corrected images and reference data, it is seen that 
completely opposite trends could exist in the different wavelength regions. In order to 
achieve precise correlation coefficients, whole spectrum of wavelength range between 426 
nm and 2396 nm is divided into 3 sub-regions. The range between 426.82 nm and 1285.76 
nm is defined as region 1, the range between 1477.43 nm and 1729.7 nm is described as 
region 2, and the range between 2002.06 nm and 2395.50 nm is identified as region 3. The 
region giving the best correlation for lithological studies can be extracted for the different 
atmospheric correction methods. 

2.3 Comparison Between Image Data And Field Spectra Data For Each Atmospheric 
Correction Technique Using Absorption Wavelength 

The comparison between spectrum of atmospherically corrected image pixel and field spectra 
measurements of the corresponding pixel carried out using ASD field spectrometer are done 
by extracting the absorption features from the reflectance spectrum of the satellite image and 
comparing it with the corresesponding absorption feature of the reference spectra.For the 
comparison 12 field sample spectra (P1, P2, P3, P4, P5, P6,P7,P8, P9, P10, P11and P12) are 
used as a reference data source for the test site .A total of 96 absorption areas were selected. 

3. RESULTS AND CONCLUSIONS 

The results of the Spectral Angle Mapper (SAM) has been retrieved from the 12 different 
pixel values.Smaller the spectral angle values higher the similarity between image spectra 
and ground spectra. Atmospheric CORrection (ATCOR) and Flat Field Approach (FFA) are 
the most suitable ones considering radiative transfer approaches and empirical approaches 
respectively. Results of SAM are shown in Table 3.1 The results of the correlation 
coefficients shows that those values approaching to 1 indicates that the correlation is perfect 
and two data sets exactly fit to each other , if the correlation coefficient is nearly equal to 
zero, the two data sets are not correlated to each other. The minimum and the maximum 
correlation coefficients obtained through the analyses are as 0.01 and 0.95.The correlation 
values of each sample P1, P2,P3, P4, P5, P6, P7, P8, P9, P10, P11 and P12 corresponding to 
the differe,it is seen that region 2 corresponding to the wavelength range from 1447.43 to 
1729.70 nm 
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SAMPLE No. 
  
  

  RADIATIVE    EMPIRICAL SCENE 

    
TRANSFER 
MODEL 

 BASED MODEL   

               
                 
    FLAASH  ATCOR  QUAC  IARR FFA 
  P1   0.187  0.251  0.339  0.575 0.404 
  P2   0.375  0.419  0.541  0.819 0.646 

  
P3   0.482  0.396  0.386  0.432 0.307 
          
  P4   0.410  0.335  0.320  0.431 0.314 
  P5   0.446  0.385  0.387  0.276 0.228 

  
P6   0.444  0.380  0.382  0.269 0.223 
          
  P7   0.374  0.338  0.363  0.478 0.277 
  P8   0.183  0.183  0.193  0.397 0.277 
  P9   0.555  0.430  0.440  0.379 0.271 
  P10   0.537  0.413  0.423  0.368 0.27 
  P11   0.320  0.357  0.368  0.535 0.309 
  P12   0.423  0.449  0.468  0.595 0.335 
           
  AVG   0.395  0.361  0.384  0.462 0.298 
         

Table 3.1: Results of Spectral Angle Mapper (SAM) 

,comparatively has a higher correlation coefficient quantifying to 0.76.This can be used for 
mineral detection and studies.Comparison results of each algorithm as a whole results in 
performance of FLAASH followed by ATCOR for radiative transfer methods and QUAC 
followed by the FFA and IARR for empirical scene based methods.The Spectral profile of 
each of the 12 samples as reference spectra, and the corresponding atmospherically corrected 
image data for each method is as shown in fig.4.30 . The graphs were plotted using SPSS 
statistics 20.The comparison of the different methods are done using absorption features of 
certain wavelength derived from these spectral reflectance plots. A total of 96 absorption 
features are selected.The results are tabulated and given in Table 4.3From the table 4.3, 
character 1 shows all the correction techniques are correctly detected and the character 0 
shows that none of the atmospheric correction techniques detected the absorption feature. The 
overall percentage shows ATCOR and FFA as successful atmospheric correction techniques 
since majority of the absorption features are coinciding for the image corrected by these 
methods. 

SAMPLE 
  FULL REGION (426-2396nm)       REGION 1 (426.82-1285.76nm)   
                              

NO:   FLAASH ATCOR QUAC IARR FFA FLAASH ATCOR QUAC IARR FFA 
P1   0.6   0.38   0.48 0.91   0.84 0.83 0.54 0.32 0.41   0.35 
P2   0.56   0.36   0.53 0.9   0.85 0.84 0.44 0.43 0.37   0.4 
P3   0.55   0.55   0.38 0.61   0.84 0.49 0.68 0.8 0.53   0.45 
P4   0.61   0.62   0.47 0.54   0.8 0.5 0.65 0.76 0.87   0.84 
P5   0.6   0.48   0.31 0.87   0.89 0.82 0.61 0.57 0.59   0.32 
P6   0.59   0.47   0.31 0.76   0.88 0.84 0.65 0.64 0.61   0.3 
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P7   0.55   0.57   0.43 0.28   0.78 0.9 0.6 0.23 0.62   0.58 
P8   0.7   0.66   0.5 0.16   0.71 0.87 0.48 0.38 0.63   0.48 
P9   0.44   0.44   0.32 0.7   0.85 0.92 0.61 0.44 0.4   0.51 
P10   0.45   0.44   0.32 0.7   0.85 0.93 0.57 0.41 0.4   0.51 
P11   0.69   0.48   0.4 0.39   0.7 0.79 0.57 0.33 0.32   0.48 
p12   0.62   0.43   0.31 0.31   0.74 0.82 0.53 0.28 0.3   0.45 
Average   0.58   0.49   0.39 0.59   0.81 0.79 0.57 0.46 0.50   0.47 
Total   0.57               0.56           
     

  
            Table 3.2 A. Correlation coefficient of samples for full region 

 
  SAMPLE                   
  NO: FLAASH ATCOR QUAC IARR FFA FLAASH ATCOR QUAC IARR 
  P1 0.85 0.63 0.78 0.88 0.63 0.9 0.63 0.84 0.51 
  P2 0.86 0.64 0.75 0.88 0.63 0.88 0.58 0.85 0.47 
  P3 0.92 0.82 0.46 0.84 0.9 0.77 0.88 0.78 0.37 
  P4 0.95 0.82 0.9 0.71 0.45 0.78 0.87 0.97 0.37 
  P5 0.87 0.79 0.97 0.65 0.86 0.95 0.96 0.97 0.62 
  P6 0.85 0.79 0.97 0.67 0.87 0.96 0.95 0.97 0.61 
  P7 0.98 0.77 0.92 0.86 0.21 0.74 0.84 0.89 0.72 
  P8 0.96 0.73 0.9 0.86 0.2 0.61 0.87 0.92 0.72 
  P9 0.91 0.8 0.97 0.49 0.69 0.36 0.94 0.97 0.62 
  P10 0.92 0.8 0.97 0.5 0.68 0.37 0.94 0.98 0.63 
  P11 0.94 0.76 0.92 0.89 0.14 0.76 0.66 0.73 0.57 
  p12 0.92 0.76 0.91 0.87 0.16 0.73 0.68 0.76 0.6 
                      
  Average 0.90 0.75 0.86 0.76 0.54 0.73 0.82 0.88 0.57 
  Total 0.76         0.70       

Table 3.2. B. Correlation coefficient of samples for region 2 and region 3 

 

 

 

Fig.3.1: Reflectance 

plots of image data 

with respect to 

ground data,stacked 

for each sample 

point P1 to P12 for 

allatmospheric 

correction methods. 
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In an attempt to compare the atmospheric correction algorithms for EO-1 Hyperion 
hyperspectral data for mineral detection ,the following conclusions can be drawn:- 

The spectral similarity measures between reference reflectance spectrum and the image 
spectrum calculated through Spectral Angle Mapper (SAM) shows that ATCOR of radiative 
transfer approach and FFA of empirical model based approach gives better comparison 
results with angle in radian values as 0.361 and 0.298 respectively. 

Also with the individual absorption feature comparison ATCOR and FFA are showing 
comparatively higher percentage similarity with the absorption features of reference data and 
that of the image data.The percentage similarity given by them are 67 and 66 percentage 
respectively. 

The correlation coefficient analysis , concluded that the region from 1447.43 to 1729.70 nm 
is best suited for mineral detection as this region has the highest correlation with respect to 
the ground reflectance data. FLAASH followed by ATCOR gives better results. 

Though comparative results are seen between the methods, ATCOR can be taken as the one 
having an upper hand in this study for regions of Rajathan, India. 
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ABSTRACT 

A sustainable food security system can be developed only with home-grown food, not imports. Kerala 
is a food deficit state and the production of paddy, which is one staple food, is nearly 15% of the total 
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requirement. Palakkad district is called the ‘rice bowl of Kerala” on account of its net sown area 
(1,18,701 hectares) under paddy cultivation and it covers an area of 4,478 km2. The annual average 
rain fall of the district is 211 cm. The present study evaluates the extent of paddy land, cultivating 
area and its conversion using high resolution satellite data, collateral data and field based data in 
1:10,000 scale. The study with the help of Cartosat-1 satellite data reveals that the extent and 
cultivating area of paddy in the district during 2010 are 869.72 km2 and 803.11 km2 respectively. Two 
crops of rice is cultivating in the district, Viruppu seasons (April-August) and other in Mundakan 
season (September-December).The statistics were compared with LISS-IV data during 2005 and SOI 
toposheet (1968). The permanent and seasonal conversions and waterbodies were also delineated from 
the imagery. The permanent conversions includes arecanut, coconut, mixed crop, rubber, residential, 
commercial, clay & sand mining. Banana is the seasonal cultivating crop in the study area. The paddy 
extent and cultivating area are found decreasing from 1968 to 2005 whereas the parameters increased 
during 2010. The large scale mapping using Cartosat-1 satellite data accounts as a major cause for the 
increase during 2010. The blocks/panchaythwise statistics of paddy details were also extracted and it 
shows that paddy cultivation is maximum in Chittur (133.86 Km2), Kollankode (96.86 Km2), 
Kuzhalmannam (89.7 Km2), Nenmara (78.69 Km2), Malampuzha (60.29 Km2), Palakkad (46.56 
Km2), Ottapalam (46.08 Km2) and Thrithala (42.18 Km2) blocks. The permanent conversion increased 
to 66.38 Km2 and major conversions are mixed crop, coconut and residential purposes. The reason for 
the conversions are shortage of labours, out-migration and low price for produce. The temporal study 
also shows that the area of waterbodies (river, reservoir and ponds) are in decline. Recommendations 
for the sustainable paddy cultivation for food security of the state are also laid down. 

1. INTRODUCTION 

Food security refers to a situation that exists when all 
people at all times, have physical, social and 
economic  access to sufficient, safe and nutritious 

food that meets their dietary needs and food preferences for an active  and healthy life [State of Food 
Insecurity in the World,(2001)]. Since land and water are shrinking resources, and climate change is a 
real threat, the National Commission on Farmers (NCF) has urged the spread of conservation  and 
climate –resilient farming. A sustainable foods security system can be developed only with home-
grown food, not imports. Kerala is a food deficit state and the production of paddy, which is one 
staple food, is nearly 15% of the total requirement. Palakkad district is called the ‘rice bowl of 
Kerala” on account of its net sown area (118701 hectares) under paddy cultivation. There is a large 
irrigation dam named Malampuzha on the river Bharathapuzha at the lower reaches of the hills of the 
Western Ghats. The annual average rain fall of the district is 211cm. The western Ghat mountain 

ranges which dominate in the district has an 
average altitude of 1538m with two peaks (viz. 
Angida and Karimala) of more than 1900m. Six 
out of the completed irrigation projects of Kerala 
are in Palakkad district [KSLUB, (2009)]. Two 
crops of rice is cultivating in the district, 
Viruppu seasons (April-August) and other in 
Mundakan season (September-December) 
[KSREC, (2011)]. The (males-13,60,067 and 
female-14,50,825). By the increase of human 
population and his excessive demand on limited 
land resources without adequate conservation 

total population of the district is 28,10,892  

Fig.1: Study area (Palakkad district) 
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techniques land degradation is also on the increase day by day [Thampi, (2012)]. The study area 
(Fig.1), Palakkad district covers an area of 4,478 km2 and 5 taluks, 13 blocks, 90 panchayaths and 156 
villages. It is located in the east central portion of Kerala State and lies between 100 20’ and 110 14’ 
North latitudes and 760 20’ and 760 54’ East longitudes. It is falling in the Survey of India Toposheets 
No. 58 A/8, A/12, A/16, 58B/1, 58B/2, B/5, B/6, B/9, B/10, B/13, B/14, and 49N/14. The district has 
well developed road network (NH 47, 17 & 213) and rail. 

2.  MATERIALS AND METHODS 

The study envisages identifying the extent of paddy lands, cultivating area and conversions   from 
high resolution Cartosat-1 satellite data (2010) in 1:10000 scale. The secondary data from Agriculture 
department was also utilised. The spatial database generated through visual interpretation is used for 
analysing with data derived from 1:50,000 scale SOI toposheets (1968) and the database derived with 
the help of LISS-IV satellite data (2005) to identify changes in the extent of paddy area. 

3. RESULTS AND CONCLUSIONS 

3.1  Paddy land (1968) 

The geographical extent of paddy is 
783.24Km2 which accounts for 17.49 % of the 
total geographical area of the district (Fig: 
2).The paddy land is concentrated in places 
such as Erimayoor, Pattancherry, 
Muthalamada, Polpully, Nallepilly, Elapally, 
Perumatty, Kollengode,   Puthusery, 
Elavancherry, Pallassana and Kuzhalmannam.  
In addition to this, ponds, river and reservoir 
were also delineated and classified as 
waterbodies. The total area of this class is 
103.96 Km2which covers 2.32 % of the total 
area (Table1).  

 

 

 

 

                                 Table 1:  Paddy status (1968) 

3.2  Paddy land (2005) 

Paddy area and its conversions are derived from LISS-IV data during 2005 (Fig: 3).The 
geographical extent of paddy was 692.69 Km2 (15.47 % of the total geographical area) as shown 
in Table 2. The total cultivating area covers630.01 Km2 (14.07 % of the total geographical area). 
The permanent conversions noticed are Arecanut, Coconut, Mixed crop, Rubber, Residential and 
Commercial purpose and covers 56.10 Km2 area. The seasonal conversions identified are Banana, 
Tapioca, and Banana & Tapioca. The total area of seasonal conversion was 4.36 Km2.  Total of 

Sl.No Classes Area (Km2) % of total area 

1 Paddy land 783.24 17.49 

2 Waterbodies 103.96 2.32 

Fig.2: Paddy status (1968) 
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2.22 Km2 area falls under current fallow. The 
total area of water bodies present in the district 
was 95.13 Km2and 8.83 Km2area decreased 
during this period. 

 

Fig.3: Paddy status (2005) 

 

Sl.No. Paddy  Classes 
Area 
(Sq.km) 

% of 
total area  

1 Double crop paddy (Viruppu + Mundakan) 630.01 14.07 

2 Arecanut (Converted from paddy) 0.02 0 

3 Coconut (Converted from paddy) 25.69 0.57 

4 Rubber (Converted from paddy)  5.27 0.12 

5 Mixed crop (Converted from paddy) 21.42 0.48 

6 Residential (Converted from paddy) 2.16 0.05 

7 Commercial (Converted from paddy) 1.54 0.03 

Total (Permanent Conversions) 56.10 1.25 

8 Banana  (Seasonal conversion) 1.68 0.04 

9 Banana & Tapioca (Seasonal conversion) 2.66 0.06 

10 Tapioca (Seasonal conversion) 0.02 0 

Total (Seasonal  Conversions) 4.36 0.10 

11 Current fallow 2.22 0.05 

12 Waterbodies 95.13 2.12 
                         Table 2:  Paddy status (2005) 

3.3  Paddy land (2010) 

Paddy area and its conversions were derived from cartosat-1 data during 2010 (Fig: 4). The  
geographical extent of paddy area during the period 
inthedistrictis869.72Km2(19.39%ofthetotalgeograpicalarea)asshowninTable3.Thecultivating are 

covers 803.11 Km2 (17.93 % of the total geographical 
area). The total paddy cultivating area in the district as 
per Agricultural statistics (2010) is 905.20 Km2. The 
permanent conversions noticed are Arecanut, 
Coconut, Mixed crop, Rubber, Residential, 
Commercial, Clay & Sand mining. Brick industry and 
sand extraction from agricultural fields are found to be 

Fig.4: Paddy status (2010) 2141
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a major source of land degradation [Hegde et al., (2008)].  Total of 0.70 Km2found as fallow due 
to clay mining and 0.14Km2is waterlogged due to clay mining. Since paddy cultivation seems to 
be unremunerative, land owners lease out their agricultural land for tile/brick clay mining. Once 
the lease is over, the land is left fallow, unlevelled and unproductive [Suraj and Neelakantan, 
(2014)]. The total area of permanent conversion is 66.38 Km2. The seasonal change found in 
paddy land is for banana cultivation and it covers  

0.23 Km2 area. The total area of water bodies present in the district is 79.53 Km2 (Table 3).The 
permanent conversion has increased to 10.28 Km2during the last five years in the district. The 
area of waterbodies is in decline and 16 Km2 decrease in extent is found during 2005-10 period. 

 

 

3.4 Blockwise paddy status 

Block/panchayathwise details of paddy status is given in Table 4. It shows that paddy cultivation 
is maximum in Chittur (133.82 Km2), Kollankode (97.66 Km2), Kuzhalmannam (89.7 Km2), 
Nenmara (78.69 Km2), Malampuzha (60.29 Km2), Ottapalam (46.08 Km2), Palakkad (46.56 Km2) 
and Thrithala (42.18 Km2) blocks. Permanent conversions are high in Mannarkad (9.69 Km2), 
Kollankode (8.31 Km2), Chittur (8.06 Km2), Nemmara (6.43 Km2) and Alathur (6.09 Km2). 
Seasonal conversions are noticed in Chittur (0.03Km2), Nemmara (0.02 Km2), Palakkad (0.06 
Km2) and Pattambi (0.02 Km2) blocks. Among the 4 Municipalities, Chittoor-Thathamangalam is 
having highest paddy area (7.20 Km2) and Palakkad Municipality in experiencing more area of 
paddy conversion (2.07 Km2). 

Sl. 
N

o 

Paddy classes Area (km2) 
% of total 
area 

1 Double crop (Viruppu + Mundakan)  803.11 17.93 

2 Arecanut (Converted from paddy) 0.03 0.00 

3 Coconut (Converted from paddy) 21.12 0.47 

4 Rubber (Converted from paddy) 4.03 0.09 

5 Mixed crop (Converted from paddy) 24.38 0.54 

6 Residential (Converted from paddy) 11.89 0.26 

7 Commercial (Converted from paddy) 4.09 0.09 

8 Fallow due to clay mining 0.70 0.01 

9 
Waterlogged  due to clay & sand 
mining 0.14 0.00 

Total (Permanent Conversion) 66.38 1.46 

10 Banana (Seasonal conversion) 0.23 0.00 

Total (Seasonal Conversion) 0.23 0.00 

11 Water bodies 79.53 1.77 

Table 3:  Paddy status (2010) 

2142

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



51 
 

Sl.No. Block/Municipality Class Area(km2) 

1 
Alathur 

Paddy (Double crop) 76.91 
Permanent conversion 6.09 
Water body 5.51 

2 
Attapadi 

Paddy (Double crop) 0.04 
Water body 0.25 

3 

Chittur 

Paddy (Double crop) 133.82 
Permanent conversion  8.06 
Seasonal conversion 0.03 
Water body 4.97 

4 
Kollankode 

Paddy (Double crop) 97.66 
Permanent conversion  8.31 
Water body 5.09 

5 

Kuzhalmannam 

Paddy (Double crop) 89.7 
Permanent conversion 4.59 
Seasonal conversion 0.006 
Water body 1.57 

6 
Malampuzha 

Paddy (Double crop) 60.29 
Permanent conversion  3.7 
Water body 18.99 

7 
Mannarkad 

Paddy (Double crop) 23.68 
Permanent conversion  9.69 
Water body 2.06 

8 

Nemmara 

Paddy (Double crop) 78.69 
Permanent conversion  6.43 
Seasonal conversion 0.02 
Water body 4.79 

9 
Ottapalam 

Paddy (Double crop) 46.08 
Permanent conversion  2.13 
Water body 2.69 

10 

Palakkad 

Paddy (Double crop) 46.56 
Permanent conversion  3.71 
Seasonal conversion 0.06 
Water body 4.0 

11 

Pattambi 

Paddy (Double crop) 37.25 
Permanent conversion  3.03 
Seasonal conversion 0.02 
Water body 7.69 

12 
Sreekrishnapuram 

Paddy (Double crop) 30.34 
Permanent conversion  1.81 
Water body 2.59 

13 
Thrithala 

Paddy (Double crop) 42.18 
Permanent conversion  3.42 
Water body 4.62 

14 
Ottapalam 
Municipality 

Paddy (Double crop) 6.59 
Permanent conversion  0.56 
Water body 1.26 

15 
Shornur 
Municipality 

Paddy (Double crop) 6.34 
Permanent conversion  0.93 
Water body 1.50 

16 Palakkad 
Municipality 

Paddy (Double crop) 6.78 
Permanent conversion  2.07 
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Water body 1.30 
17 Chittoor-

ThathamangalamMu
nicipality 

Paddy (Double crop) 7.20 
Permanent conversion  0.99 
Water body 0.31 

           Table 4:  Blockwise paddy area (2010) 

The temporal high resolution mapping coupled with field information enabled to derive accurate 
paddy statistics of the study area. The paddy extent and cultivating area of Palakkad district is 
869.72 Km2 and 803.11 Km2 respectively. During 1968 and 2005, the extent were 783.24Km2 and 
692.69Km2. The large scale mapping which gives more information also accounts for the increase 
in paddy land during 2010. The permanent conversion is increasing and waterbodies are found 
decreasing in the study area. The reason for the conversions are non-availability and high cost of 
labours, out-migration and high profit from other crops. The following recommendations are 
suggested for the conservation of paddy land; 

1. Land use norms are to be strictly followed to avoid unscientific land use and land fills. 

2. Limit the use of chemical fertilizer as it causes soil degradation. 

3. Traditional knowledge of farmers should be integrated with Agriculture research. 

4. Attention should be given to soil health and its enhancement, water conservation and its 
effective use and timely supply of needed inputs at affordable cost. 

5. Since paddy fields are the sinks of groundwater, clay mining may be allowed upto a level 
were 1 feet of clay bed is left in the field and the same should be ensured by the authorities. 
At places where mining is deeper and reaching the groundwater level, the quality of water is 
affected and should be banned. 

6. Integrated attention should be provided in paddy production, procurement and preservation 
for maintaining food security of the state. 
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MORPHOMETRY GOVERNED WATERSHED DYNAMICS: A CORRELATION 

BASED APPROACH 

 Vinod Gopal, V.*and Sabu Joseph 

 Department of Environmental Sciences, University of Kerala, Thiruvananthapuram 

ABSTRACT 

Morphometric delineation of tropical watershed/basin is a useful practice in the exploration of 
geomorphological aspects that can manage and control the total drainage system. The 
Vamanapuram river basin (VRB) in southern Kerala is a case in point. The major area of the basin 
falls under Khondalite group of rocks and dolerite dykes are seen in the middle part. The 
Cenozoic sediments cover the western part of the basin. The aim of study is the quantitative 
analysis of basin features using established mathematical equations which have been computed 
from the linear, areal and relief morphometric parameters in GIS platform. Using SOI toposheets 
(1:50,000, 1967) in ArcGIS (v.9.3), the VRB has been subdivided into seven 5th order sub-basins 
(SB1-SB7) for the wide delineation of geomorphological contribution in watershed morphometry. 
The major geomorphological units identified in VRB are coastal plain, flood plain, lower plateau, 
water bodies, denudational hill and valley fills. Among these units, major landform unit is lower 
plateau and denudational hills (~ 80%).  

About 26 morphometric parameters were generated and the basin is considered as an area of poor 
drainage frequency (Fs= 2.74) with a very fine drainage texture. Values of form factor (Ff) and 
elongation ratio (Re) reveal that the river basin is elongated in shape, and has a less efficient 
discharge run off. Basic parameters have substantial role in watershed management and 
quantitative and geomorphological analysis of a basin/watershed while considering the basin 
morphometry. Morphometric parameters derived using Arc GIS tools and mathematical equations 
are determining the flood, erosion, recharge, soil permeability and infiltration status of watershed. 
In this study, the basic parameters have negative correlation with shape parameters (except the 
shape factor), and derived parameters have positive correlation with shape parameters; the only 
exception is shape factor (significant negative status with Fs (-.654), Ds (-.640) and Dd (-.588). 
The negative correlation with shape parameters emphasis the elongivity of basin which, in turn, 
confirms the recharge potential and less erosive nature of the basin than a circular basin. 

Keywords: Vamanapuram river basin, Kerala, morphometry, correlation study 

Introduction 

Morphometry represents the topographical expression of land by linear, aerial and relief ways 
(Nautiyal, 1994) which can affect catchment flow pattern through their influence on time of 
concentration (Jones, 1999). Morphometry is the measurement and mathematical analysis of the 
configuration of earth's surface, shape and dimension of its landforms (Thornbury, 1969). The 
infiltration of water with time depends on morphometric parameters of any catchment area 
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(Sawant, 2002). Vamanapuram river is a dendritic, perennial, effluent and alluvial channel. 
Drainage patterns are good indicators of underlying rock types, structural features, nature of 
terrain and topography (Sarmah et al., 2012). In the present study, the morphometric evaluation of 
watershed has been done to describe the contribution of natural factors in watershed chemistry 
and inter correlational set-up.  

The study area is Vamanapuram river basin-VRB (L= 88 km; A= 687 km2; S= 7th), which 
originates from the Chemmungi mottai (elev. = 1717m. amsl) in the upper slope of Western Ghats 
and is traversing through two districts of Kerala State and finally debouch into the Anjengo lake, 
near Chirayikeezhu. The VRB lies between 8  35' to 8  50' N and 76  40’ to 77  15' E. This river 
deserves special attention with dearth of reservoirs. The drainage map of the study area is 
depicted as Fig.1. 

 

Materials and Methods 

The drainage networks of the basin 
were digitized in ArcGIS 9.3 
platform using raster toposheets 
(SOI; 1:50,000) after geometrically 
rectified and geo-referenced to 
world space coordinate system 
using digital image processing 
software (ERDAS IMAGINE 
v.8.7). The attributes were assigned 
to create the digital  

data base for drainage layer of the 
river basin. The whole basin is classified into 7 sub basins according to the stream order (Strahler, 
1964) -fifth order perennial channels that are boosting the major river.  

Results and Conclusion 

Stream order is directly proportional to the size of the contributing watershed, to the channel 
dimensions and to stream discharge at that place in the system (Strahler, 1957). The count of 
stream channels in its order is known to be stream order (Horton, 1945). Stream number is 
directly proportional to size of the contributing watershed, to channel dimensions. The stream 
length characteristics of sub basins confirm Horton’s second law (1945) “laws of stream length”. 
Most drainage networks show a linear relationship with a small deviation from a straight line 
(Chow, 1964). 

Basic Parameters VRB 

Stream order (S) GIS software analysis Strahler 
(1952) 

7 

Stream number (Nu) (N1+N2+N3+…….Nn) Horton 
(1945) 

1882 

First order streams (Sfi)  
Strahler 
(1952) 

1446 

Stream length (Lu)  (L1+L2+L3+…+Ln) Strahler 
(1964) 

1496.57 
km 

Mean stream length (mLu)  
Nu

Lu

 
Strahler 
(1964) 

4.04-
48.72 

1N
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Basin length (Lb) GIS software analysis Schumm 
(1956) 

88.79 
km 

Basin width (W) 
Lb

A

 
Horton 
(1932) 

7.74 km 

Basin area (A) GIS software analysis Schumm 
(1956) 

687.51 
km2 

Minimum and Maximum 
elevation (H&h) (m) 

GIS software analysis  1720m 
&20m 

Derived Parameters  

Stream length ratio (Rl) 
1mLu

mLu

 
Strahler 
(1964) 

1.61-
2.99 

Bifurcation Ratio (Rb)  
Strahler 
(1964) 

0-31.4 
 

Texture ratio (Rt) 
 

Schumm 
(1965) 

8.75 

Drainage texture (T)  
Horton 
(1945) 

11.39 

Stream frequency (Fs)  
Horton 
(1932) 

2.74 

Source density (Ds) 
A

Sfi

 
Mather 
(1972) 

2.1 

Drainage density (Dd)  
Horton 
(1932) 

2.18 

Drainage intensity (Di)  
Faniran 
(1968) 

1.26 

Constant of channel 
maintenance (C)  

Schumm 
(1956) 

0.46 

Length of overland flow (Lg)  
Horton 
(1945) 

0.23 

Basin relief (R)  
Strahler 
(1952) 

1.7 km 

Relief ratio (Rr)  
Schumm 
(1956) 

0.02 

Relative relief ratio (Rhp)   
Melton 
(1957) 

1.03 

Ruggedness number (HD)  

Patton 
&Baker 
(1976) 

3.7 

Shape Parameters  

Form factor (Ff) 
 

Horton 
(1932) 

0.09 

Elongation ratio (Re)  
Schumm 
(1956) 

0.33 

Circularity Ratio (Rc) 
 

Miller (1953) 0.32 

Shape factor (Sf) 
 

Horton 
(1956) 

11.47 

 

Giusti and Schneider (1965) announced the inverse relationship between stream order and 
bifurcation ratio. Unfortunately, all the sub basins are not following this hypothesis and further 
leading to the conclusion that geology and relief has immense control over all sub basins (except 
in SB5). The low ‘Dd’ leads to coarse drainage texture, while high drainage density leads to fine 
drainage texture. The Dd of VRB is 2.22 km km-2 favourable to a natural watershed. Stream 
frequency values decrease in downstream reaches because of the loss of tributaries along with the 
loss of relief. All sub basins and VRB alone are considered as areas of poor stream frequency 
(Table 2). Drainage texture depends upon a number of natural factors such as climate, rainfall, 
vegetation, rock and soil type, infiltration capacity, relief and stage of development of the basin 

1Nu

Nu

P

Sfi

P

Nu

A

Nu

A

Lu

Dd

Fs

Dd
1

)(2
1

Dd

hH 

Lb

R

P

R)(100

DdR

2)(Lb

A

/2 A
Lb

2

4

P

A

A

Lb 2)(
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(Smith, 1980). Texture value of VRB is shown in Table 1. Smith (1980) found out that the 
drainage density is directly proportional to the texture ratio. Rt of VRB is 11.70 and having a fine 
texture class. All the sub basins except SB5 are belonging to intermediate class while the 
excluded goes to course.   

 

Form factor values greater than 0.78 shows a perfect circular basin (Horton, 1932). When 
recategorizing the VRB based on the characteristic features of the parameter form factor, all sub-
basins along with VRB show an elongated appearance. Values close to 1.0 are typical regions of 
low relief, whereas values in the range 0.6-0.8 are usually associated with high relief and steep 
round slope (Strahler, 1964). According to this, VRB and all independent sub basins are elongated 
in shape. It is well noticed that VRB as a whole is elongated by attaining the ‘Rc’ value less than 
0.5, whereas some of the sub-basins have values greater than 0.5 suggesting that they are more or 
less circular in shape and are characterised by the high to moderate relief (SB2, SB3 & SB4) and 
are prompted to prolonged flood hazard. The ‘Sf’ value of VRB is 11.47 and recommends an 
elongated plain. 

 

 

Rt Fs Ds Dd Di C Lg RR HD Ff Re Rc Sf W 

5.87 6.68 5.35 4.25 1.57 0.24 0.12 0.15 6.80 0.26 0.58 0.4 3.85 2.83 
4.41 6.00 4.60 3.68 1.63 0.27 0.14 0.20 4.12 0.50 0.80 0.7 2.00 2.80 
5.05 4.71 3.50 3.11 1.51 0.32 0.16 0.07 1. 3.11 0.20 0.50 0.5 5.08 2.94 
3.97 3.84 2.89 2.59 1.48 0.39 0.19 0.04 1.04 0.32 0.64 0.6 3.10 3.49 
5.19 3.26 2.58 2.37 1.38 0.42 0.21 0.01 0.71 0.20 0.50 0.5 5.06 4.38 
1.47 1.10 0.80 1.24 0.89 0.81 0.40 0.01 0.33 0.12 0.39 0.3 8.24 3.95 
3.74 2.31 1.78 2.05 1.13 0.49 0.24 0.01 1.93 0.06 0.27 0.1 17.2 4.39 
8.75 2.74 2.10 2.18 1.26 0.46 0.23 0.02 3.70 0.09 0.33 0.3 11.4 7.74 

Stream Length Bifurcation Ratio (Rb) Mean Rb H h (m) sfi S 

V/IV VII I II III IV V VI VII      
1.82 - 5.32 5.17 2 3 - - - 3.87 1720 120 165 V 
0.03 - 4.8 3.75 2 2 - - - 3.14 1220 100 72 V 
2.49 - 4.16 3.36 2.75 4 - - - 3.57 1060 60 154 V 
1.25 - 4.19 3.71 3.5 2 - - - 3.35 460 60 109 V 
2.63 - 4.92 4.64 3.67 3 - - - 4.06 320 20 251 V 
14.67 - 3.81 3.38 2.67 3 - - - 3.21 290 20 103 V 
- 2.9 4.2 4.55 7.75 - - 2 - 4.62 960 20 592 VII 
2.81 2.9 31.4 28.56 24.34 17 0 2 0 25.82 1720 20 1446 VII 

Stream Stream Length (Lu) (km) Mean Stream Length (mLu) (km) 

IV V I I I IV V II II VI VII 
3 - 92. 2 7 5.83 - 0.7 1. - - 
2 - 38. 9 4 5.06 - 0.6 1. - - 
4 - 81. 3 1 5.47 - 0.8 1. - - 
2 - 55. 1 1 5.47 - 0.7 2. - - 
3 - 135 4 2 12.8 - 0.9 1. - - 
3 - 73. 4 1 5.53 - 1.5 1. - - 
4 2 379 1 6 20.44 3 1 2. 15.58 46.

21 2 
857

.14 

3

1

3

1

3

8

60.6 3

1

.

6.4

3 

1

1.

1

15.58 46.

57 
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 S Nu sfi A P Lb W mRb     Rt HD Dd Ds Fs Ff Re Rc Sf 

S  1 .86
7** 

.866
** 

.89
9** 

.96
2** 

.96
0** 

.76
0* 

.690 .429 .028 -
.365 

-
.417 

-
.427 

-
.62

0 

-
.71
7* 

-
.75
0* 

.885** 

Nu  
 

1 1.00
0** 

.98
4** 

.85
7** 

.89
3** 

.94
7** 

.954** .720
* 

.116 -
.305 

-
.340 

-
.350 

-
.55

5 

-
.61

3 

-
.56

6 

.629 

sfi  
  

1 .98
3** 

.85
5** 

.89
2** 

.94
7** 

.954** .724
* 

.120 -
.300 

-
.335 

-
.346 

-
.55

4 

-
.61

1 

-
.56

5 

.627 

A  
   

1 .92
0** 

.94
8** 

.95
5** 

.915** .585 .003 -
.444 

-
.479 

-
.490 

-
.63

3 

-
.69

9 

-
.67

1 

.724* 

P  
    

1 .99
7** 

.82
0* 

.687 .316 -
.136 

-
.567 

-
.612 

-
.627 

-
.76
9* 

-
.85
0** 

-
.86
8** 

.933** 

Lb  
     

1 .85
7** 

.741* .374 -
.113 

-
.553 

-
.598 

-
.611 

-
.76
0* 

-
.83
8** 

-
.83
9** 

.905** 

W  
      

1 .927** .597 -
.134 

-
.513 

-
.530 

-
.543 

-
.59

2 

-
.63

3 

-
.56

6 

.576 

mRb  
       

1 .780
* 

.184 -
.217 

-
.238 

-
.244 

-
.39

9 

-
.43

7 

-
.36

9 

.393 

Rt  
        

1 .547 .347 .324 .314 -
.08

3 

-
.08

3 

.00
9 

.043 

HD  
         

1 .835
** 

.811
* 

.797
* 

.30
3 

.30
0 

.19
7 

-.216 

Dd  
          

1 .997
** 

.995
** 

.66
6 

.68
7 

.62
3 

-.588 

Ds  
           

1 .998
** 

.70
9* 

.73
3* 

.66
6 

-.640 

Fs  
            

1 .72
8* 

.75
1* 

.69
4 

-.654 

Ff  
             

1 .98
7** 

.90
5** 

-.814* 

Re  
              

1 .94
2** 

-.893** 

Rc                 1 -.930** 

Sf                  1 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Correlation Approach: 

Basic features were gathered directly from the vector sources using Arc GIS software; derived 
parameters were mathematically derived from the basic parameters using standard formulae; 
shape parameters imply that the shape of the basin can open a wide range of applications- flood, 
erosion, recharge, soil permeability and infiltration analyses. They are also deriving from the 
above two classes using standard formulae. Basic parameters have significance by their derivation 
in morphometry of a watershed (Horton’s laws, 1940s). They exhibit a positive correlation among 
themselves, similar to derived and shape parameters (among shape parameters shape factor has 
high negative correlation with rest (Table 3). Basic parameters have negative correlation with 
Shape parameters except in shape factor (significant positive status) and shows positive 
correlation with some derived parameters (mRb 0.954 with Nu and 0.915 with A) and Rt (.720 
with Nu), while Dd (-.567 with P), Ds (-.612 with P) and Fs (-.627 with P) have negative stand 
out especially with perimeter. Derived parameters have positive correlation with shape 
parameters; the only exception is shape factor (significant negative status with Fs (-.654), Ds (-
.640) and Dd (-.588).  

In conclusion, the quantitative analysis of morphometric parameters using remote sensing and 
GIS have wide acceptance in watershed management including soil and water conservation and 
natural resource management. The morphometric analysis of the drainage networks in the study 
area illustrates dendritic to sub-dendritic patterns. The 7th order network of river basin is 
categorised into- basic, derived and shape parameters. The lower order streams are more or less 
dominating the basin and all the sub basins are of fifth-order (except SB7).  The low drainage 
density suggests highly permeable sub-soil and coarse drainage texture, but some sub basins 
(SB1, SB2 &SB3) are beyond the range and have exhibit very low permeability, steep basin 
slope, minimum infiltration capability and sparse to thick vegetation cover. SB1 and SB7 show 
some structural control on drainage pattern (Rb>5). The variation in stream length ratio might be 
due to change in slope and topography. The drainage texture falls under the category of very fine 
drainage texture (>8). The circularity ratio (0.32) denotes an elongated basin with low runoff and 
very high permeable sub soil condition. The low form factor and high shape index also reinforces 
the  conclusions based on Rc. All morphometric parameters are reliant on basic parameters; have 
substantial role in watershed management and geomorphological and quantitative analysis of a 
basin/ watershed. Awareness and good practices of geometrical analysis of a watershed can imply 
its future and should demand sustainable management.  
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ABSTRACT 

Detailed morphometric analysis has been carried out for Kadalundi River Basin in Kerala to 
understand the drainage pattern, spatial and temporal water availability using secondary data 
collected from different Departments. Geomorphological parameters have been estimated as a part 
of this study and it is found that Kadalundi river basin is a sixth order stream. The drainage pattern 
is complex with considerable variation in spatial arrangements, which are controlled by 
topography, slope, rock type and structural deformations. The basin is characterized by dendritic 
type of drainage pattern with variable density. The densest dendritic pattern is developed on the 
hard Charnockite and Gneissic rocks. In some areas, the drainage pattern is sub dendritic 
reflecting structural control. The existing land use pattern is derived from Indian Remote Sensing 
Satellite (IRS – LISS II1, P6) using ERDAS software. Using hydrological toolset of Spatial 
Analyst, an extension of ArcGIS software, slope map, aspect map and Digital Elevation Model 
(DEM) have been derived. In addition, the basic thematic map on geology and soil also been 
derived.. For annual period, the rainfall varies from 1800- 4100 mm, 1400- 2600 mm for South –
West monsoon period and 600-1100 mm for the North-East monsoon period.  About 94% of the 
annual discharge flows during the monsoon period and only 6% during the lean flow period. 
Although the normal annual rainfall is very high, a major portion of it is confined to 3-4 months in 
a year, leaving the rest of the year practically dry. Because of the unique geological and 
hydrogemorphological characteristics of Kadalundi River Basin, the Malappuram District of 
Kerala experiences severe water scarcity during non monsoon period. This morphometrical studies 
for Kadaluindi River Basin in GIS platform will  be useful for planners and decision makers in 
establishing integrated river basin plan for Kadalundi River. The thematic layers derived using 
GIS can be adopted to evolve sustainable plan for optimum development of the land and water 
resources of this River Basin. 

Keywords: Hydro geomorphology , dendritic pattern, spatial and temporal variation . 

INTRODUCTION 

The nature of stream flow in a region is a function of the hydrologic input and the physical, 
vegetative and climatic characteristics of that region. The description of the geometric aspects of a 
watershed in quantitative terms is an important factor in hydrology and can be traced back mainly 
to the efforts of Hortan (1926) ,Langbein (1947) and Strahler (1952). To quantify the geometry of 
a river basin, the fundamental dimensions of length, time and mass are used. Many river basin 
features that are important to the hydrologists can be quantified in terms of length, square of 
length or cube of length. Examples are elevation, stream length, basin perimeter, drainage area etc. 
A classification of watersheds based on stream orders was introduced by Horton, which was later 
modified by Strahler (1952).  There are certain laws governing stream numbers, stream length, 
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basin area and relief characteristics (Horton 1945 and Morisawa 1968).  The hydro 
geomorphology of Kadalundy river, one of the west flowing river of Kerala is different from other 
rivers and studied in detail here.  

GENERAL FEATURES OF KADALUNDI RIVER BASIN    

The Kadalundi river is formed by the confluence of its two main tributeries, the Olipuzha and the 
Veliyar. The Olipuzha takes its origin from the Cherakkombhanmala and the Veliyar tributary 
from the forests of Eratakombanmala. The total length of the river is 130 Kms, with a drainage 
area of 1099 sq. kms. The river flow towards Chaliyar and joins into the Arabian Sea at about 5 
Kms south of Chaliyar river. The Pooraparamba river, a small stream, is also included in this 
basin, as its length is only 8 kms with a drainage area of 23 sq.kms. The estuaries is situated in 
Kadalundi and Vallikunnu panchayats. The total drainage area of the basin is 1122 sq. kms. The 
fig 1 shows the location map of Kadalundi River Basin. 

MATERIALS AND METHODS 

The boundary, drainage and contour (20 m interval) have been digitized from SOI toposheets of 
scale 1: 50,000 using ArcGIS 10 software and stream ordering has been done following the laws 
established by Strahler (1964). In order to find out the spatial and temporal surface water 
availability, the rainfall and streamflow data from Water Resource Department, Govt of Kerala 
have been used. In addition, the river gauging data of Karathode station maintained by Central 

Water Commission 
also has been used.  

Fig 1 : Location map 

of Kadalundi River 

Basin 

Apart from the 
information derived 
from GTS toposheets, 
satellite images (IRS 
– LISS II1, P6) are 
used to derive the 

present landuse information of Kadalundi river basin . Based on the data derived from both GTS 
and Satellite images the landuse map has been derived 

DATA LAYER GENERATION 

A geographic database is a collection of spatially referenced data that acts as a model of reality. 
From the digitized contour map, the DEM, slope, aspect map have been derived using ArcGIS 
software. Figs 2, 3,and  4 shows the DEM, Slope and Aspect map respectively. Land use map 
from IRS data is derived using ERDAS software and is given in Fig 5.Geology,  Soil and 
physiography map derived using secondary data are shown in Figs 6 ,7 and 8. ,Topographically 
this region exhibit undulating terrain with steep slope (Fig 3). The ground elevation ranges from 0 
MSL to 1200 MSL within the basin length of 60 km (Fig 2). Based on the physiographic 
condition, the study area comes under three well defined natural divisions – low land, mid land 
and high land (Fig 8). 
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RESULTS AND DISCUSSIONS 

Geomorphological Studies of Kadalundi River Basin 

The geomorphological analysis of drainage basin 
includes the quantitative measurement of the drainage 
basin charecteristics and their expressions in numerical 
terms to evaluate the drainage system. The 
morphometric parameters like basin area, perimeter of basin, maximum length has been worked 
out by direct measurements while the parameter like bifurcation ratio, drainage density, stream 
frequency, circulatory ratio etc., have been worked out by mathematical expressions as shown in 
Table1. The Kadalundi river basin is taken as a whole for the study.  
Linear Aspects  

Stream order aalysis shows that the main strmofKadalundiissixthorder.able2showsthelinearaspects 
such as stream order, stream number, lengths, bifurcation ratio and cumulative length of the sub 
basins and relief parameters basin height, channel gradient and ruggedness ratio. 

 

  

  

  

Fig 2 Fig 3 

Fig 4 
Fig 5 

Fig 6 Fig 7 

Fig 8 

2154

Proceedings of 27th Kerala Science congress  Alappuzha, 27-29 January 2015



 

Table 1: Morphometric Parameters and Their Mathematical Expressions 

 

Table 2 – Linear Aspects of  Kadalundi Basin 

Basin Total 
Drainage 
Area 
(Sq.Km) 

Stream 
Order 

Stream 
Number 

Stream 
Length 
(Km) 

Bifurcation 
Ratio 

Kadalundi 1122 

1 1041 662.5 - 
2 269 219.7 3.01 
3 61 145.6 1.50 
4 14 108.2 1.34 
5 2 40.3 2.68 
6 1 98.5 0.40 

 

Sl 
.No 

Morphometric 
parameter 

Mathematical 
expression 

Description 

1 Bifurcation ratio 
(Rb)           Rb was computed as the ratio between the number of 

streams of any given order 
to the number of streams in the next higher order  

2 Cumulative 
length of streams, 
L 

      L was calculated as the number of streams in each 
order and total length of each order was calculated at 
sub basin level 

3 Basin relief,      =    -        was defined as the maximum vertical distance 
between the lowest and the highest points of a sub 
basin 

4 Ruggedness 
number, Rn 

  =  x   Rn was calculated as the product of the basin relief and 
its drainage 

5 Drainage 
density,     =      was measured as the cumulative length of stream 

channel per unit area of drainage basin 
6 Stream 

frequency, Fs 
u

u

s A

N
F


  Fu was computed as the ratio between the total number 

of streams and area of the basin 

7 Texture ratio, T       
T was estimated as the ratio between the  number 
offirst order streams and perimeter of the. basin 
 

8 Elongation ratio, 
Re           

Re was computed as the ratio between the diameter of 
the circle having the same 
area  as that of basin and the maximum length of the 
basin 

9 Form factor, Rf 

f
R   = 

2Lb

A
u   

 

Rf was computed as the ratio between the basin area 
and square of the basin length 

10 Constant of 
Channel 
maintenance, C 

D
C

1
  

C is expressed as the inverse of drainage density 
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Anakay

Raingau

 Class A 

Karat

Karuv

Perint
Tiru

Areal  Aspects 

The aerial aspects are estimated on the basis of S.A. Schumn (1956). The parameters considered 
for the study are basin area, perimeter, drainage density, stream frequency, circularity ratio, and 
constant of channel maintenance. (Table 3) shows the computed values of areal aspects of 
Kadalundi river basin. 

Table 3 – Areal aspects of  Kadalundi Basin  

Basin Kadalundi 
Area (Sq.Km) 1122 
Perimeter (Km2) 192 
Drainage Density 1.13 
Elongation Ratio 0.60 
Form Factor 0.31 
Circularity Ratio 0.38 
Stream Frequency 1.23 
Infiltration Number 1.38 
Length of overland flow 0.44 
Shape Factor 0.88 
Constant of Channel Maintenance 0.88 

 

Relief Aspects 

Table 4 shows the Relief aspects   of Kadalundi river basin. The relief aspects such as Chaneel 
gradient, relief ratio, relative relief etc are derived using mathematical expressions. 

Table 4 – Relief aspects of Kadalundi Basin          

Channel Gradient (m) 18 

Maximum Basin Relief (m) 1190 

Relief Ratio 619 

Relative Relief 31.25 

Ruggedness Number 1053.09 

                                                                                                                                                                                                  
Hydrological Studies of Kadalundi River Basin 

Rainfall 

 Five rain gauge stations (Karuvakundu, Perinthalmanna, Anakkayam, Malappuram and   
Tirurangadi) were identified representing all the physiographic regions of Kadalindi river basin.  
Fig 9 shows the locations of raingauge and discharge stations in Kadalundi river basin. 

Fig 9 . Rainguage and disharge stations of 
Kadalundy river basin 

        Fig 10 . Isohytal map of Kadalundi river basin  
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The two monsoons southwest and northeast have a good impact on the climate of the basin. About 
65 to 70% of the rainfall is contributed by southwest monsoon during June to August. The 
northeast monsoon, which is uncertain, strikes in October and continues till November. It 
contributes 20 to 25% of the annual rainfall. 10 to 15% of the rainfall is received during January to 
May as summer rains. The rainfall data shows the pattern of heavy downpour during June to 
September, occasional showers during October to November and a prolonged dry spell from 
December to May. In general there is a decreasing trend in rainfall towards the south and south 
western tracts of the river basin. The average annual rainfall varies from 2136 mm to 2748 mm. 
The yearly distribution of rainfall in Kadalundy river basin is not very even and balanced. The 
highest rainfall occurs in the highland region and its year to year changes and disparity is not so 
obvious .The frequent drought in the basin results from the uneven distribution of seasonal rainfall 
and year to year disparity. The annual isohyetal map derived using ArcGIS software and is given 
in Fig 10.  

Stream Flow Analysis 

The runoff data of Anakayam, the Karathode data were made use of for the analysis. In each year 
there are two distinct peak periods generally occur and peak discharge is in South west monsoon. 
The average annual runoff  of Kadalundi river basin is 1279 MCM in which 1243 MCM is 
receiving  during  monsoon period the remaining 36 MCM during non monsoon period 

Flow Duration Curves 

Flow duration curves for Anakkayam and Karathode sites were drawn for the summer months 
(Dec-May)  and dependable flows were estimated. Table 5 shows the 50 % , 75 % and 90 % 
dependable flows for Anakkayam and Karathode sites and .It is seen from the graphs, 75 %  and 
90 % of time, the there is no river flow during Feb – May at Karathode station.  

                              Table 5 Dependable flows(MCM) of Karathode station 

Months 
50% dependable 75% dependable 90% dependable 

Anakkayam Karathode Anakkayam Karathode Anakkayam Karathode 
December 21 15 10 12 5 1.5 
January 13 3.4 5 0.8 3 0.1 
February 5.9 0 2.5 0 0.57 0 
March 3.5 0 0.75 0 0.44 0 
April 1.34 0 0.68 0 0.2 0 
May 6.45 3.5 2.87 0 1.3 0 

 

CONCLUSION 

The Kadalundi river basin is charecterised by dendritic type of drainage pattern and is sixth order 
stream. Even though  the drainage density for the river basin as a whole is low, but in the eastern 
and north eastern part of the basin is having very high concentration of drainage network which 
indicates the mountainous terrain of that region.  But towards the mouth of the river, it travels 
through plain area. Because of the geological and soil structure, rate of ground water peneteration 
is very low. But some portion of midland and entire low land regions in the basin are suitable for 
ground water exploration. Geomorphologically the Kadalundi river basin have a combination of 
marine and fluvial originated landform distribution. Hydrogeomorphological features such as 
structural hills, Alluvial plains, flood plains, beaches, coastal areas etc can be identified in this 
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region. Hydrologically Kadalundi is very rich and self sufficient in water resources, but due to the 
physical, geological and soil condition the ground water exploration is difficult resulting in 
drought conditions. Apart from the hydrogeomorphological and environmental importance, 
Kadalundi is also famous for the ecotourism aspects near the mouth of the river. It is seen that the 
non monsoon runoff is only 3 % of total flow . This is due to the unique geomorphology and 
geological conditions of the river basin. The other adjacent river basins the non monsoon flow is 
about6-8 % of the total. 
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