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ABSTRACT 

This review exposes the long trails of exploratory investigations and intensive research carried out in the field of 
sericulture and silk industry in Uzbekistan for a period of thirty years. It highlights the development of 
biotechnological approaches employed in sericulture, cocoon processing and resource saving in the silk industry. The 
exhaustive studies comprised of thrust areas viz., chemical and biochemical composition of mulberry leaves, 
mulberry silkworm eggs, larvae, pupae and cocoon shell as well as physiology and biochemistry of nutrition, 
intricacies of respiration and natural products biotransformation. The recipes and methods of preparation of artificial 
diets for silkworm on the basis of local raw materials and biotechnology for its mass rearing have been developed 
besides exploration of fields of its application including space experiments. Methods of bioprotective post harvest 
cocoon processing and utilization of sericulture and silk industry raw materials and wastes for obtaining new bio- and 
nano-technological products have been established. As shown by the results of the research conducted, the chosen 
direction proved to be fruitful enough and its further development will result in a wasteless, diversified and profitable 
production of high-tech silk products and goods. 

Key words: Artificial diet, energy-resource saving, mulberry silkworm, nutrition biotechnology, silk 
bionanotechnology. 

INTRODUCTION 

Uzbekistan is a long-standing and significant world 
producer of silk cocoons, raw-silk, silk goods and 
products. More than 60 % of sericulture production in 
former USSR was from Uzbekistan. Mulberry tree, 
Morus alba L. and mulberry silkworm, Bombyx mori L. 

representing industrial basis of sericulture are strongly 
altered in comparison with the wild species due to human 
intervention and domestication over a long period of time. 
Sericulture could nowadays be referred to a 
biotechnological manufacturing process along with crop 
grcwing, livestock farming, bread baking, cheese- and 
vine making and other similar ancient productions. 
Application of modem biotechnological approaches to 
traditional technologies will lead to significant progress in 
any enterprise that makes use of a living organism. 

In spite of enormous achievements in the field of 
development of new, highly productive mulberry varieties 
and silkworm races as well as mechanization of silkworm 
feeding, the silk industry still maintained a seasonal 
manufacture status depending on natural conditions, 
exposed to the risks of pests and pathogens, based on 
cottage breeding of silkworm larvae that is far from 
industrial production methods. This paper is a 
consolidation of research outputs in the form of 
biotechnological methods introduced to meet the crucial 
issues encountered in traditional sericulture and silk 
processing activities, in a direction of developing energy-
and resource saving technologies (Madyarov, 2005 a; 
Madyarov, 2010 a). 

The present-day biotechnological approaches were 
applied to the following tasks: 1) development of local 
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artificial diets (AD), provision of stimulating additives 
for silkworm followed by studies on chemical, 
physiological, biochemical and microbiological status of 
feeding substrate, digestion and respiration 2) use of AD 
in mass rearing of silkworm for production of cocoons, 
qualitative proteins, lipids, carbohydrates and secondary 
metabolites, nontraditional medicine as well as for 
screening of biologically active substances (BAS), for 
intensification of cocoon production, scientific 
researches and other purposes; 3) development of 
environment friendly-, energy- and resource saving 
technologies in silk processing and rational use of silk 
proteins, fibroin and sericin, larvae, pupae and different 
byproducts and wastes of sericulture in food and fodder 
industry, medicine, pharmacy and bionanotechnology 4) 
elaboration of preparation methods of natural silk based 
biosorbents and composites from regenerated fibroin 
incorporated drug, protein (enzyme), other biopolymer, 
organelle and alive cell as well as physico-chemical 
properties, electron - microscopic study of their structure, 
physiological and pharmaceutical effects. 

It should be noted that all organics of mulberry leaves 
produced in photosynthetic processes, utilizes only 0.2 % 
of absorbed solar energy by mulberry plant and therefore, 
any new innovations that increase the efficiency in 
moriculture or/and sericulture can be considered as 
energy- and resource-saving inventions. From this 
portion of solar energy in mulberry leaves, — 0.02 % is 
passed on to silkworm organics and only 0.0015 —0.002% 
of absorbed energy into raw silk i.e., two order less than 
that in mulberry leaves. As it is apparent from these data, a 
significant part of renewable organic raw materials in the 
annual increase of mulberry biomass is not fully and 
rationally used. The biotechnological approaches 
discussed in this review will allow more efficient and 
rational use of nature-provided renewable organics. Our 
attempts highlight application of biotechnological 
approaches in sericultural science and technology, silk 
material science and also in rational utilization of by-
products and wastes of silk processing which could be 
useful for modern researchers. The following section 
comprises the technological interventions employed for  

increasing silk productivity under traditional and artificial 
rearing of mulberry silkworm. 

I. Development of AD for mulberry silkworm using 
local raw materials 

1.1. Chemical and biochemical analysis of potential 
components ofAD 

Results of an elemental (23 elements) assay by radio-

activation analysis of plantation soils, harvested mulberry 

leaves, silkworm pupae, soya cake meal and AD as well as 

estimation of contents of nitrogen (crude protein), 
common sugars, lipids, ash and H20 in mulberry leaves, 
silkworm larvae, pupae, eggs and some components ofAD 

and AD itself have been generated (Mad'yarov, 1995,2005 

a, 2010 a). For example, average content of crude proteins 

in mulberry leaf powder of spring season was about 24.5 % 

but, in some instances, estimated up to 29.7 % and in 

autumn season, it was18.4 % in mulberry leaves; 43.5 % in 

V instar larvae powder; 68.4 % in pupae powder with the 

defatted one carrying up to 82.5 %. AD formulated by us 

consisted of 21.6 — 25.3 % of protein as against 20.1 — 

25.6% in industrial AD of Japan. Excrements of silkworm 

larvae of I and V instars comprised of 6.9 and 13.7 % 

protein content, respectively, indicating that about 50 % of 

crude proteins of mulberry leaves is not used by silkworm. 

So, sericultural products and byproducts including 

excrements are highly proteinic materials. These and 

similar results of elemental, chemical and biochemical 

analyses were used for choosing potential components of 

AD for silkworm (Madyarov and Muminov, 1985; 
Mad'yarov, 1995,2005 a). 

High sensitive bioluminescent analysis of toxic 
contamination in some components was also very useful 
during optimization of composition and formulation of 
AD. Amino acid composition of some protein containing 
components and AD itself was estimated for this task and 
also for comparison of natural ingredients and for 
correction of protein content of AD (Madyarov and 
Muminov, 1985; Mad'yarov, 1995,2005 a). 
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Hydrocarbons, mono-, di- and triglycerides, polar 
lipids, fl-sitosterol, amyrin, phenyl-f3-naphthylamine, 
glucovanillin, a-tocopherol, chlorophyll fractions, phytol 
and other substances including unidentified ones were 
revealed in chromatographic studies of mulberry leaves 
(Mad'yarov et al., 1994, 2010 a). Analysis and 

purification procedures of such potential components of 
AD as soya-, cotton flour and oil cakes, lipid components 
of vegetable oils including mulberry seed oil (very rich 
source of linoleic acid), 13-sitosterol — an essential 
component of AD, silkworm egg lipids and many other 
products of local industry were also carried out 
(Mad'yarov, 1995; Tolibaev et al.,1995). 

Neutral, phospho-, glyco- and sulfolipids isolated 
from silkworm pupae organic products (Mad'yarov etal., 

1994; Tolibaev et al., 1995) can be used as valuable 
alternative raw materials in local industry aiming at new 
direction i.e., nanobiotechnology (Mad'yarov and 
Sadykova, 1989; Tolibaev et al., 1995; Madyarov et al., 
1994, 2005 b, 2010 a). 

1.2. Biochemical, biophysical and biotechnological 
basis of nutritional efficiency in mulberry silkworm 

The reasons for high efficiency of assimilation process 
in silkworm were probed at microbiological and 
enzymatic levels. For example, Torulopsis (Candida) 
genus of asporogenous yeasts that produce cellulolytic 
enzymes transforming cellulose to glucose were detected 
and isolated from silkworm gut content (Kocherovskaya 
et al., 1987), for the first time. Also, it should be noted that 
enzymes of fresh mulberry leaves along with enzymes of 
symbiotic microorganisms and silkworm digestive 
system have an important role in assimilation of leaf 
nutrients. It is necessary to take this fact into account upon 
formulation of AD for silkworm. A lot of water soluble 
proteases, amylases, esterases, oxidoreductases and 
lipolytic enzymes were detected in defatted mulberry 
leaves (Madyarov, 2010 a). Hence, one should extremely 
be careful while preparation of mulberry leaves as AD 
component, food or means of traditional medicines that it 
is necessary to dry them by bioprotective method  

(Madyarov, 2000). 

Enzymatic studies of silkworm mid gut revealed 
relatively high specific activity of water soluble and 
membrane-bound proteases, glycosidases, lipolytic 
enzymes and oxidoreductases of silkworm digestive 
system (Madyarov, 1995, 2005 a). Synergism of water 
soluble and membrane-bound protease action on similar 
protein substrates was demonstrated (Madyarov et al., 
1988 a; Madyarov, 2010 a). The synergism is reproduced 
at replacement of membrane-bound enzyme on artificially 
immobilized and gut cavity enzymes of intestine juice on 
industrial ones. Moreover, activation of esterase, lipases 
and phospholipases takes place upon emulsification of 
substrate phase in presence of bile acids, detergents, 
natural (Gum Arabic) and synthetic (polyvinyl alcohol) 
polymers, at adsorption on surface of adsorbents, on 
phospholipid containing supramolecular structures, they 
keep and increase enzymatic activity during association 
with diet's particles, dietary fibers, fibers of cellulose and 
fibroin (Rakhimov and Madyarov,1982; Madyarov and 
Rakhimov, 1989; Madyarov, 2005 a, 2010 a). 

Addition of the mentioned substances to the 
composition of AD increases its nutritional value and 
assimilability which is manifested in shortening of larval 
stage of silkworm, rate of its biomass growth, yield of 
cocoons, egg laying and improving of raw silk 
technological characteristics. Sucrase activity along with 
protease activity was found out in associated state with 
peritrophic membrane of silkworm intestine repeatedly 
washed by 0.9 % NaCl solution. Apparently these and 
perhaps other hydrolytic enzymes produced by intestine 
epithelium, moving into intestine cavity are adsorbed by 
glycoproteins (peritrophins) of peritrophic membranes 
forming efficient ultrafiltration and biotransformation 
system (Madyarov, 2005 a, 2010 a). 

The simplified types of model bioreactors with 
coupling processes of digestion and suction mimicking an 
effective functioning of silkworm intestine have been 
developed. These principles were applied in creation of 
"Artificial intestine" bioreactor operating in digestion — 
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sucking regime during heterogenic process (Madyarov, 
1993,1995, 2010a). 

The use of industrial enzyme preparations, their 
activators and immobilized enzymes in preparation ofAD 

or in traditional silkworm rearing technology are the other 
important practical solution for increasing of feeding 
efficiency. For example, enzymatic pre-treated cellulose 
substrate for application into AD and traditional 
sericulture gave the significant effect upon optimal ratio 
in enzymatic composition of celloviridine — 
pectofoetidine (3:2) and its optimal concentration (0.3%), 
at 2 % concentration of natural substrate. The optimum 
temperature for this process is 50-55 °C at pH 3.7. The 
reaction efficiency was increased up to 4 times by 
mechanical fine crushing (by vibrating mill or by 
extrusion-type method). The superiority of the raw 
materials tested were in the following order: autumn 
mulberry leaf powder > cellulose from stems of cotton > 
cellulose dust > disintegrated cellulose > bentonite 
cellulose > cellulose treated by Lewis acids > mulberry 
stem powder (Madyarov et al., 1988 b; Sultanov et al., 
1990). 

The product obtained by enzymatic hydrolysis of 
cotton lint by columnar method became subject of 
invention of AD economizing food products: starch and 
sugar (Madyarov etal., 1989). 

On the other hand, effect on feeding of silkworm by 
fresh mulberry leaves treated with enzyme composition 
shows better assimilability and full use of its nutritive 
substantives (Madyarov et al., 1989; Madyarov, 2005 a, 
2010 a). This effect could quantitatively be verified from 
cocoon and raw silk production of silkworm (Madyarov, 
1989,2005 a). 

Characteristics of esterases and lipolytic systems in 
silkworm gastrointestinal tract, mulberry leaves and 
components of AD were also reported (Mad'yarov and 
Sadykova, 1989; Madyarov, 1993; Madyarov, 2005; 
Madyarov, 2010 a). The mechanism of interfacial 
activation, regulation and function of phospholipase D  

(PLD) in heterogenic conditions was studied too. PLD is 
the example of ubiquitous enzymes which is important 
both in intracellular lipid metabolism, membrane 
homeostasis, intercellular regulation and signaling 
(Rakhimov and Madyarov, 1982; Madyarov and 
Rakhimov, 1989; Madyarov, 2010 b; Madyarov, 2014 a, 
Madyarov, 2017). 

The results discussed herein could be used for 
increasing efficiency in feeding and in formulation of AD 
not only for silkworm but for other insects, animals and 
microorganisms. 

1.3. Screening for microoganisms in silkworm rearing 
set-up for AD 

Microbiological studies related to contamination of 
rearing room, used equipment, mulberry leaves, 
components of AD and sterilized consumer forms 
(Madyarov et al., 1993 b; Madyarov, 2010 a) confirmed 
the presence of various mycoflora (including pathogenic) 
on materials and equipment of AD rearing. Their presence 
emphasizes the necessity of maintaining sanitary 
conditions especially during rearing of young instars. 
These results allowed to select the best antiseptics and 
antibiotics (fucsine, nitrofiirans preparations, biovit, 
cloramphenicol and others), practice rearing room 
disinfection methods (vapour-phase treatment by 
formalin), AD autoclaving (30 min at 1 atm or sterilization 
by flowing vapour) and storage under optimum conditions 
(5-10 °C). Representatives of asporogenous yeasts, 
Torulopsis (Candida) — T. apicola (strain 11 b), T mans 
(strain 3b) and Torulopsis sp. (strain 8b) have been 
revealed among useful microflora of intestinal content. 
These yeasts produce complex of cellulolytic enzymes 
which hydrolyze cellulose to glucose (Kocherovskaya et 
al., 1987; Madyarov, 2005 a; Madyarov, 2010 a). This 
testifies that cellulose should also be a nutritious 
component of the diet for silkworm. 

1.4. Valuation of energy supply of gastrointestinal tract 
and respiration of mulberry silkworm 

Method of isolation of mitochondria from different 
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sections of intestine of silkworm was developed. 
Parameters of respiration and oxidative phosphorylation 
with different oxidation substrates were studied as well as 
activities of multienzyme systems of mitochondrial 
respiratory chain (Almatov et al., 1982; Madyarov, 2010 
a). Functional state of mitochondria isolated in these 
conditions showed intact state of coupling machinery, 
clear metabolic states at addition of adenosine di 
phosphate di Na salt (ADP) with respiratory control near 
2. p-di-nitrophenol (DNF) activates respiration more than 
twice. Efficiency of their oxidative phosphorylation - 
ADP/0 with succinate does not differ from tissues of 
other animals, however in presence of other oxidation 
substrates, it remarkably differs. 

Me ions do activate velocity of succinate oxidation. 
The highest activity is typical for cytochrome c — oxidase 
and lower - for NAD-H oxidase. 

Therefore, respiratory characteristics of mitochondria 
of silkworm intestine is close to mitochondrial parameters 
of gastrointestinal tract of homeothermal organisms but 
they differ on coupling degree and other energetic 
reactions. 

It was shown also by parameters of respiration velocity 
that metabolism in tissues of anterior section of gut 
proceeds with higher velocity in comparison with other 
sections of insect's intestine (Almatov et al., 1986; 
Madyarov, 2010 a). Decrease of absorption of oxygen 
along the intestine is first of all due to lowering of 
metabolism in tissues of the organ. The lowest level of 
metabolism is typical for cells of posterior gut. 

A study of specificity of respiration of silkworm at 
different stages of development showed that the most 
metabolically active stages of development of silkworm 
are in eggs during initial days of development after 
ovipo3ition and before larvae hatching as well as during 
larvae molting and metamorphosis. Hence, during these 
stages, it is necessary to ensure proper ventilation of 
incubation and rearing rooms and cocooneries in the 
normed manner (Madyarov et al., 1993 a; Madyarov,  

2010 a). 

1.5. Standardization of AD and application in 
mulberry silkworm rearing 

Numerous rearing experiments aimed at 
standardization of the recipes of the AD on the basis of 
products, semi products, byproducts and wastes of local 
industry are represented in this section (Madyarov,1989; 
Madyarov, 2010 a, Madyarov etal., 2014). 

A large number of potential locally produced 
ingredients such as substitute items of complete proteins, 
lipids, carbohydrates, mineral and vitamin additives, 
antibiotic, antioxidants and other bio-regulatory 
components were tested during development of optimind 
AD for silkworm. 

The primary composition ofAD recipe for young instar 
larvae is the following (in grams): mulberry leaf powder — 
25, soya defatted flour -36, corn starch— 7.5, beet sugar - 
8.0, cellulose powder — 15, agar-agar — 7.5, salt mixture — 
3.5, oil — 1.5, f3-sitosterol -0.25, citric acid — 4, ascorbic 
acid — 1, sorbic acid- 0.25, phytin — 1, B-group vitamin 
mixture —1 and antioxidant —0.05. To prepare ready to use 
AD, 200-250 ml distilled water was added to the dry 
mixture and then autoclaved for 30 min at 1 atm. 

Mulberry leaf powder, cotton seeds gossypol free flour, 
deodorized soya flour, disintegrated flour of chlorella, 
spirulina and yeasts, defatted silkworm pupae flour, 
sericin concentrate, acidic and enzymatic hydrolyzates of 
nontraditional proteins and cotton cellulose, crude cotton 
seed oil and their fractions containing tocopherol and 13-
sitosterol and other useful components also formed the 
potential ingredients. They became accessible 
replacement of such food products as protein and lipid 
components, sugar, starch, mineral substances and 
vitamins. 	A large number of biologically active 
substances (BAS) to be incorporated into AD for silkworm 
were obtained from academic and rural research institutes 
of Uzbekistan and SIC countries. Twenty-six recipes of 
AD were developed on the basis of these potential 
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components (Madyarov, 1989; Madyarov, 2010 a). 

Natural 13-sitosterol, ecdysteroids and other hormones 
of insects, polyphenolic compounds, isoprenoids, 
alkaloids, organic and polyunsaturated fatty acids, 
phospholipids, thyroid hormones, crown ethers and 
complex compounds of transition elements, adsorbents-
deodorants, phage-stimulators, antiseptics, antibiotics, 
enzymes, antioxidants and other BAS were tested in 
composition ofAD. 

Distinct and adequate physiological and growth 
responses of silkworm larvae were observed in all these 
experiments. Ultimately, it is reflected in development, 
increased or reduced silkworm biomass, behavior of 
insects, biological or biochemical characteristics and also 
in characteristics of cocoons confirming practical use of 
silkworm as highly sensitive indicator in screening tests 
of BAS including natural toxins, pesticides and other 
xenobiotics and impact of natural pathogens: bacteria, 
fungi, viruses, etc. (Madyarov, 2010 a). 

The patents and certificates of authorship obtained on 
optimized AD and publications on chemical and 
biochemical characteristics of composition of AD for 
silkworm and on renewable resources of non-traditional 
food and fodder products are the testimonies of these 
works (Kovalenko et al., 1987; Madyarov, 1989; 
Madyarov et al., 1989 a, b; Radzhabov et al., 1991; 
Madyarov, 1995; Madyarov, 2005 a; Madyarov, 2010 a; 
Madyarov and Khamraev, 2013, 2014; Madyarov, 2014 
b). Use of these ingredients in fodder production for 
animals other than silkworm was also recommended. 

Cocoons with average mass of 1.7 g were obtained 
when raised on these diets in the farm trial at Bukhara 
region of Uzbekistan. This prompted to go for larger trials 
(Madyarov, 1989). 

The important technological items of preparation of 
paste-like, porous and granulated forms of AD for larvae 
of young and elder instars were solved through 
development of pilot experimental apparatus with output  

of 20 kg/hour. Zootechnical questions and problems on 
mass rearing of silkworm in young instars were solved 
with use of automatic mechanized rearing line "Maki 
Seisacussio, Co., Ltd" (Japan). 	The possibility of 
obtaining cocoons of equal grade or even higher than that 
of industrial rating in biological and technological 

characteristics was demonstrated during rearing of I — III 
instars of silkworm by AD on mechanized line and IV and 
V instars by feeding on fresh mulberry leaves under 
conditions of rearing rooms of the Uzbek Research 
Institute of Sericulture and the Central Design Technical 
Project Bureau "SILK" (Madyarov, 2005 a; Madyarov, 
2010 a). 

1.6. The modifying effects of different chemical 
compounds in silkworm AD composition 

Stimulating actions of both natural compounds 
(ecdysteroids, a-tocopherol, lecithin, ethanol extracts of 
cotton leaves) and synthetic bioregulators (crezacin, 
crown ethers, N- and S-containing macro-heterocyclic 
polyethers and others) were tested which gave better 
results than leaf control (Madyarov et al., 1989 a; 
Madyarov et al., 1997; Madyarov and Turakhodjayev, 
2009; Madyarov etal., 2009; Madyarov, 2010 a). 

1.7. Adaptability of silkworm breeds to AD 

Adaptability of silkworm breeds to AD for selection of 
specialized breeds and hybrids was studied in order to 
increase output and quality of cocoon production. 
Prospective silkworm breeds belonging to Central Asian 
Research Institute of Sericulture, Georgian Agricultural 
Institute, Azerbaijan Research Institute of Sericulture, 
Russian Sericulture Station as well as Chinese industrial 
hybrids that were the most adaptive to AD were screened 
(Djuraeva et al., 1991). Easily adaptable and highly 
productive (in terms of cocoon mass, silk shell content, 
shell percentage and oviposition efficiency) breeds and 
hybrids, such as Tashkentskaya 8, Tashkentskaya 10, 
SANIISH-8 and Marlchamat x Asaka were selected based 
on results of three years' experiments (Djuraeva et al., 
1993 a, b). 
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1.8.AD for other phytophagous insects 

AD developed for mulberry silkworm was replicated 
with necessary modifications in preparation of 
specialized AD for other insects including mulberry 
pyralid Glyphodes pyloalis Walker— a serious pest of 
mulberry plantation. Mostly they were designed for 
production of environment-friendly agents of biocontrol 
— hosts for propagation of entomophages, preparations of 
microbiological plant protection, various baits, traps, etc. 
(Madyarov et al., 2006; Madyarov, 2010 a; Madyarov and 
Khamraev, 2013).  

using a developed AD "Bombyvit" was performed during 
two weeks since 27 December 1992. Silkworm eggs and 
larvae of different instars were exposed to unique complex 
of physical impacts and to conditions of environment of 
pilotless artificial Earth satellite "Cosmos-2229" (Bion-
10), Russia (Madyarov etal., 1995). 

Eggs, hatched larvae, AD for them, middle and elder 
instars larvae development up to weaving and silk 
producing processes were tested in these experiments 
under conditions of overloading, weightlessness and 
pilotlessness (without attendance) of satellite flight for 2 
weeks. 

These AD contain by-products and wastes of 
sericulture and cocoon processing not only as nutritious 
substances but as polyfunctional additives. Hence, we 
cculd simultaneously and profitably solve problems of 
utilization of by-products and wastes. AD for mulberry 
pyralid was similar to AD for silkworm with significantly 
simplified composition. Also, universal AD for serious 
pests of cotton plantation, cotton ballworm Helicoverpa 
armigera and other noctuids and baits for Central Asian 
termites were elaborated to increase efficiency of works 
on search for new preventing and protective means as 

==4 

	

	well as pathogen-biopesticides (Madyarov and 
Khamraev, 2013). 

Different agents of insect chemical control and 
entomopathogens were incorporated into these attractive 
artificial diets. This allowed to create samples of effective 
means for integrated control of crop pests including 
mulberry pyralid. Biotechnological approaches were 
used with involvement of above mentioned wastes for 
improvement of AD for biological factories and for 
development of attractants for natural entomophages for 
their attraction to places of the pests gathering (Madyarov 
etal., 2006; Madyarov, 2010 a; Madyarov and Khamraev, 
2013). 

1.9. Space experiment with mulberry silkworm and 
AD 

Space experiment with two varieties of silkworm 

The results obtained were compared with identical 
earth control data (cosmodrome, Plisetsk city, Russia and 
Uzbek research institute of sericulture, Tashkent city, 
Uzbekistan) which had no significant differences apart 
from cocoons weaving process. The cocoons were not 
weaved though silk thread was excreted to a surface of 
Petri dish, while normal cocoons of control earth variants 
were weaved (Madyarov et al., 1995). 

Nevertheless, silkworm can be used as a prospective 
space shipboard experimental animal and "bioreactor" for 
biotechnological, including genetically engineered, space 
researches due to its outstanding biological characteristics 
of development, growth, productivity, reproductive 
property and unpretentiousness in its mass propagation. 

1.10. Adaptation of the developed mulberry silkworm 
biotechnology to conditions of tropical sericulture 

We have tested AD developed on the basis of local raw 
materials for tropical conditions of Malaysia and zoned 
silkworm breeds (Madyarov, 2005; Madyarov, 2010 a). 

The principles of nutritional value and assimilability of 
natural and artificial diets have been studied. The 
conception of efficiency of feeding and fast insect 
development in younger instars providing a high quality of 
cocoon production was elaborated too. Expenses for 
feeding and stimulating additives are not high in this 
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period but effect in cocoon production and its studied 
biological and technological properties were significant 

(Madyarov, 2005 a). 

Biologically active additive 'EVA' to natural and 

artificial diets stimulated fast development and growth of 

larvae in younger instars and the obtained reserve of vital 

power finally provided increased cocoon yield. The 

efficiency of such biologically active additive was 

demonstrated in conditions of extremely continental 

climate of Uzbekistan (URIS, 1994) and humid tropical 

climate (MARDI branch, state Terengganu, Malaysia, 

1995-1996, Tables 1-3 and Figure 1). Thus the I-III instars 

larvae development increased by two fold, vitality of 

silkworm by 10-17%, weight of green cocoon by 10-20%, 

shell percentage by 1-3 %, length of thread by 30-100 m; 

cocoon reeling by 8-15 %, oviposition by 10-20 % along 

with reduction of rearing period by 1-3 days (Madyarov, 

2005 a; Madyarov, 2010 a). The developed conception 

"Biostimulation of the species in young instars is the 

guarantee of its high productivity" is applicable for other 

animals, plants and microorganisms too at successful 

selection ofbioadditives. 

Table 1: Rearing performance of Chul Thay variety 
silkworm on mulberry leaves: Effect of EVA stimulator 

(MARDI, Terengganu, Malaysia, July, 1995) 

Method of rearing 
Vitality 
(%)* 

Cocoon 
weight (g) 

Shell 
weight (g) Shell % 

Control (common method) 

Best method of MARDI 

Control + EVA treatment 

73 

90 

100 

2.16 

2.21 

2.50 

0.447 

0.450 

0.546 

20.68 

20.81 

21.97 

* - Vitality of green cocoons estimated based on exit of moths from cocoons. 

Table 2: Post-cocoon parameters of Chul Thay variety 
silkworm reared on mulberry leaves 

('Tersat' farm, 'Suterasemai'Co., Terengganu, Malaysia, July, 1995) 

Control 
	

0.867 	78.83 	40.23 	1405 

Control+ EVA 	
1.003 	88.44 	43.15 	1490 

treatment 

Table 3: Silkworm rearing performance on mulberry versus 

artificial (Chul Thay variety; MARDI, Terengganu, Malaysia, 

April, 1996). 

Method of rearing 	Cocoon weight (g) Shell weight (g) Shell % 

Control (Mulberry leaves) 1.492 0.290 19.4 

Mulberry 4-EVA treatment 1.845 0.305 19.8 

AD of Japan 1.692 0.342 20.2 

AD of Malaysia + EVA treatment 2.013 0.396 20.0 

AD of Malaysia 1.653 0.340 20.6 

Larvae fed on AD during 1-III instars followed by feeding on mulberry leaves during 
IV-V instars. (Tables 1 — 3 adopted from Madyarov, 2005 a). 

II. Biotechnological approaches in cocoon processing 
and rational use of silk materials 

2.1. Bioprotective method of processing 

Bioprotective method of drying and sterilization of 

larvae, pupae and cocoons with use of infrared irradiators 

on the basis of functional ceramics allowing efficient and 

specific moisture stripping from biological object will 

play an important role in producing high quality silk and 

utilization of silkworm larvae and pupae (rich in 

biologically active substances-BAS) for non-traditional 

medicine and cosmetics (Madyarov, 2000; Madyarov, 

2005 a, 2005 b; Madyarov, 2010 a). AD, larvae, pupae and 

cocoons being dried by this method (as it was shown by 

physico-chemical, biochemical and organoleptic 

analysis), totally preserve BAS complex i.e., proteins and 

lipids, carbohydrates (glycogen, trehalose, chitin), 

enzymes, inhibitors and many others in their composition 

which can safely be extracted and isolated (Madyarov, 

2000,2005 b, 2010 a). 

2.2. Isolation of food and fodder proteins, lipids and 
carbohydrates from mulberry silkworm pupae 

Single-stage and double-stage schemes of pupae flour 

defatting were tested. Fractions of polar and non-polar 
lipids, and also their mixtures which contain triglycerides, 

free fatty acids, steroids, phospholipids and unidentified 
compounds were obtained as by-products (Madyarov, 

2005 a, 2005 b, 2010 a). 
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Figure 1: Effect of `EVA' feed additive on the development of mulberry silkworm larvae on mulberry leaves under conditions of 
tropical sericulture of Malaysia: A. 1 - Larvae of II instar (control); 2 - 'EVA' treatment (experiment); B. 1 - Ready cocoons of the 
experiment; 2 -Control larvae. 

The defatted material (protein-chitin concentrate) 
served as initial material for isolation of protein and chitin 
fractions and also of all studied enzymes and proteinases 
inhibitors. As regards chitin of silkworm, the molting 
cuticle of IV and V instar larvae and pupae, pupae and 
moths themselves and egg shells can form an accessible 
source of chitin and chitosan. For example, yields of 
bleached chitosan from cuticles resulting from molting of 
IV and V instars silkworm larvae and pupae are 24 ± 1.6%, 
19 ± 1.2 % and 30 ± 1.9 %, correspondingly (Madyarov, 
2005 b, 2010 a). 

2.3. Chemical and enzymatic methods of hydrolysis of 
proteins 

Hydrolyzates of fibroin, sericin, and other unusable 
proteins are obtained by improved chemical method up to 
any desired degree of the hydrolysis. Final product has 
such properties that it does not require additional 
purification and its yield is significantly higher than that 
of traditonal method (Kovalenko et al., 1987; Madyarov 
etal., 1999; Madyarov et al., 2001). 

The production can be improved further by hydrolysis 
of protein substrates by soluble and immobilized 
proteases on carbon-mineral sorbents or on fibroin 
biosorbents (Kovalenko et al., 1987; Madyarov and 
Islamova, 1989). 

Enzymatic hydrolysis of sericin waste water in flow 
reactor with alkaline proteases immobilized into porous 
carbon — mineral sorbents allows to obtain hydrolyzate of 
sericin containing amino acids, peptides and other 
components having high nutritious and medicinal 
properties (Madyarov et al., 2011). 

The results of study of comparative action of different 
commercial preparations of protease on fibroin and sericin 
can form a basis for low temperature degununing of 
fibroin threads in the sector of cocoon reeling and 
subsequent activities of silk textile industry (Kovalenko et 
al., 1987; Madyarov, 2005 a, 2010 a, Madyarov et al., 
2011). 

Defective cocoons and fibrous wastes of filatures and 
textile fabrics can also be used to obtain acidic and 
enzymatic hydrolyzates. Different molecular weight 
peptides for study of physiological characteristics are 
obtained by fractionating methods of membrane 
technology (Madyarov and Islamova, 1989; Madyarov et 
al., 1999, 2001). Enzymatic hydrolyzates of fibroin are 
used in the field of preparation of dietary and allergyless 
medical food, in composition of cosmetics, in food 
industry and non-traditional medicine, as antimicrobial 
agent, antioxidant, immunomodulators and inductors of 
different pharmaceutical effects (Madyarov et al., 1999, 
2001, 2011). 
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2.4. Rational use of raw silk and utilization of 
sericulture and cocoon processing wastes 

More rational use of fibroin is achieved in its natural 
polymeric form than in depolymerized state. Fibroin can 
exist in soluble, gel-like and crystal forms and can 
interconvert these forms into each other. Due to these 
properties, fibroin may be used to obtain a great variety of 
new products in definite physico-chemical conditions. 
For example, fine-dispersed and porous form of silk 
adsorbent with highly developed surface for 
immobilization of enzymes, functional proteins and 
different medicines can be obtained from fibrous wastes 
(Kovalenko et al., 1987; Mad'yarov and Sadykova, 1989; 
Madyarov and Islamova, 1989; Madyarov, 2010 a). Also, 
it can be used as entero- and hemosorbents (as traps of 
fatty acids, cholesterol and their ethers), as adsorbents and 
activators of cavitary enzymes (Madyarov, 2010 a). 

2.5. New trends of silk proteins use in 
nanobiotechnology and biomedical researches 

Lately, fibroin and sericin have found more and more  

outfield application against traditional textile. Structural 
features of fibroin as discovered early by scientists and 
supplemented by recent gene engineering studies make 
this biopolymer material irreplaceable in design of micro-
and nano-scale devices remindful of molecular machinery 
and some parts of living cells. 

On the other hand, fibroin with its simplified protein 

structure reminding structure of synthetic block 
copolymers can be used as soft polymer matrix, such as 
collagen, gelatin, elastin, polyhedrin, peritrophin and 
other structural proteins to obtain accessible membranes 
for biosensors, to create present day means of delivery of 
drugs, proteins, nucleic acids, organelles and even living 
cells (Madyarov, 2001, 2002 a, 2005 a, 2008 a, 2010 a, 
Figures 2, 3). The enzymes being incorporated into such 
porous silk matrices are able to function in waterless 
organic media that simplifies stereo specific synthesis of 
medicines in pharmaceutical technologies. The example 
of such synthesis is demonstrated with use of anti-
inflammatory ketoprofen and industrial lipase from 
fungus Candida rugosa OFF immobilized into fibroin 
matrix (Madyarov, 2002 a, 2008 a). The reactions of ethers 

Figure 2: SEM pictures of biosorbent samples from natural silk thread: A — at 10 gm scale; B -2 gm; C - 200 nm and regenerated 
fibroin: D -200 am. (Adopted from Madyarov, 2001 a). 
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Figure 3: EM pictures of fibroin—polyacrylamide-lipase nanoparticles (F-PAA-lipase, A) and  F- Dextran ohm (B), F — PLD (C), F-
lysozyme (D), F- E. coli cells (E), F-vitamin B,, (F);F- Saccharomyces cerevisiae cells (G) and F- cytochrome c CH) composites. (Adopted 
from Madyarov, 2001 a). 
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synthesis easily run on in waterless organic substrate 
systems through hydrolysis of lipids and phospholipids 
with participation of lipases walled-in matrix of 
regenerated fibroin were shown too. It may also be noted 
that reactions of hydrolysis of phospholipids by PLD 
generally run on only in the presence of Ce ions and one 

of numerous non-specific activators. In the case of 
alcoholysis, the same phospholipids are transformed by 
encapsulating in silk matrix PLD in organic media in the 

absence of any activators, even without Ce ions 
(Madyarov, 2001, 2002 a,2008 a, 2010 a, 2014 b). 

Moreover, fibroin having high mechanical property and 

plasticity, biocompatibility, biodegradability and self-

assembling properties, can be used as an irreplaceable 

protein biomaterial for prosthesis production, for creation 

of biomedical micro- and nano-devices similar to natural 

biocatalytic systems of animal intestinal mucosa or 

insects peritrophic membrane, lysosomes, cell transport 

vesicles and many other highly organized functional 

parts of living cell (Madyarov, 2001, 2002 a, 2008 a, 2010 

a, 2013, 2014 b). 

A detailed electron-microscopic study of natural 

fibroin based biosorbents and composites from 

regenerated fibroin revealed some elements of 

ultrastructure as high density nano-globules (Figure 2 — C, 

D and Figure 3 — B, D). Electron compact spheres of 10-20 

nm in size with intermediate diffusion material are seen in 

the pictures. This apparently corresponds to the described 

crystal and amorphous parts of native silk. 

Summary and perspectives 

Long-term experience of use of biotechnological 

approaches in sericulture and silk technology revealed its 

successful application in rearing of silkworm both in the 

traditional as well as AD ways, environmentally safe 

protection of mulberry against pests, rational utilization 

of raw silk, silk by-products and wastes and also in the 

present day bio- and nano-technological directions for  

obtaining new consumer goods. 

Class of insects (Insecta) is the most numerous among 

zoogenous living organisms and have an annual 

reproduction rate of multibillion tons of organics 

(Madyarov, 2013, 2014 b; Madyarov and Khamraev, 

2017). Insects, historically originated in the same epoch 

as plants, accumulated similar defense mechanisms of 

survival, metabolic pathways and especially diversity in 

morphological architecture. During the recent years, 

world warming is progressively felt due to greenhouse 

effect. This promotes fast development of all flesh, 

including insects which pose a real danger for national 

economy and all mankind. Precise study of physiological, 

biochemical and biophysical processes in insects at 

molecular level can lead to heuristic discoveries of rational 

ways of bioresources use for progressive achievements in 

bio-nanotechnology and present-day pharmaceutical 

industry. 

The integrated study of such most important 

biopolymers as fibroin, sericin and chitin, their 

biosynthesis, biotransformation, their different 

derivatives and composites will provide not only new 

biomedical and biotechnological materials but will lead to 

creation of such high-tech processes as widespread in 

wild-life 2D and 3D printing, space biotechnology, self-

assembling, refolding and tuning of biomolecules, 

especially in connection with the studied new mechanism 

of regulation of membrane proteins leading to creation of 

the nontoxic drugs based on silk bio-polymers for 

treatment of metabolic and conformational diseases 

(Madyarov, 2002 a, 2008 b, 2013, 2014 b, 2017; Madyarov 

and Khamraev, 2017). 

The developed biotechnological methods and 

approaches have been transforming the scenario of 

sericulture and silk industry with generation of 

progressive scientific information leading to the 

development of diverse and value added outputs. 
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RESUME 

Cette revue expose le long chemin des investigations et des recherches intensives menees "en sericiculture et sur 

l'industrie de la soie en Ouzbekitan pendant trente ans. Particulierement le developpement des biotechnologies 

employees ensericiculture, traitement des cocons et la preservation des ressources. Les etudes exhaustives ont 

concerne des domaines de pointe comme la composition chimique et biochimique des feuilles de murier, les ceufs de 

vers a soie, les larves, les chrysalides et la coque des cocons aussi bien que la physiologie et la biochimie de la 

nutrition, les interactions entre la respiration et la transformation des produits naturels. Les recettes et methodes de 

preparation d'aliments artificiels pour les vers a soie sur la base de materiaux locaux et la bioteclutologie pour 

l'elevage en masse ont ete developpees en meme temps que l'exploration d'applications incluant des experiences 

spatiales. Des methodes de protection des cocons et l'utilisation de materiaux bruts et de sous produits de la 

sericiculture et de l'industrie de la soie pour obtenir des produits bio et nano-technologiques ont ete etablies. Les 

resultats montrent que la direction choisie est assez fructueuse et que ses developpements futurs resulteront en une 

production sans dechets, diversifiee et profitable de produits de haute technologie. 

Mots des: Aliment artificiel, economie d'energie, ver a soie du murier, biotechnologie de la nutrition, bio-nano-

technologie de la soie. 
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ABSTRACT 

The present work relates to the efficacy of microwave curing system employed on cross linked en i silk fabric with non-
formaldehyde finishes viz.,glyoxal, glutaraldehyde and 1,2,3,4 butanetetracarboxylic acid (BTCA) to achieve easy 
care property. Water soluble chitosan with varied concentrations of 0.5 to 2 g/lwas also incorporated in the finishing 
bath to impart antibacterial activity to the fabric along with the easy care characteristics. After application of fmishing 
formulation, the treated en i silk fabrics were cured at two different conditions: microwave and conventional thermal 
curing. Crosslinker Glyoxal proved the best finish and, hence, it was studied under a variety of conditions including 
chitosan concentrations, power and duration of microwave curing. Antibacterial activity that resisted domestic 
laundering/progressive washing was tested using nonionic detergents besides the crease recovery and strength 
properties of the finished fabrics. The Fourier transformed infrared (FTIR) spectra revealed the cross linking reaction 
between the formaldehyde free finishing agent and the hydroxyl group of silk polymer and this reaction could form 
ester and ether groups in presence of catalyst under microwave and conventional curing system separately. The fabric 
was also characterized by using scanning electron microscope (SEM) and the micrographs showed the surface 
deposition of cross-linking agents on the finished fabrics. The study recommends microwave curing system as 
advantageous in production of chitosan and glyoxal treated en i silk fabrics with antibacterial and easy care properties, 
without a significant loss in strength properties when compared with conventional curing system. 

Key words: Antibacterial, chitosan, cross-linking, glyoxal, microwave curing. 

INTRODUCTION 

The concept of "antibacterial finishing for textiles" has 
made significant advances in developing antibacterial 
fibers and agents in textile industry. An ideal silk textile 
antibacterial finishing should not only kill undesirable 
microorganisms and stop the spread of diseases, but also 
fulfill three other basic requirements (Arai et al., 2001; 
Xiacrong et al., 2011). First, safety: the product should 
not be excessively toxic to human and the environment 
and should not cause skin allergy and irritation. Second, 
compatibility: the product must not present negative  

influences to textile properties or appearances and must be 
compatible with common textile processing. Third, 
durability: the product should be able to endure 
laundering, drying, and leaching. Researchers are now 
focusing on safe, durable, and environment friendly 
natural substitutes as finishing agents. 

Silk fabrics are often subjected to chemical finishing 
using cross linking agents in order to convey easy care 
properties. Glyoxal, glutaraldehyde and 1,2,3,4 
butanetetracarboxylic acid, (Figure la — c) have been 
investigated as possible substitutes for formaldehyde- 
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emitting N-methylol compounds (Schramm and 
Rinderer, 2002; Purwaand Joshi, 2005; Kittinaovarat et 
al., 2006), as amine formaldehyde condensate resin 
finishes are also associated with the disadvantages of 
formaldehyde splitting during processing and use, 
endangering the health of processors and users (Munshi et 
al. 2014). Though the cross-links contributed towards 
fabric's wrinlde resistance, also resulted in discolouration 
and impairment of fabric strength and other mechanical 
properties (Kang etal., 1998; Vukusic et al., 2003). Cross-
linking between phenolic —OH and primary hydroxyl 
groups, respectively of tyrosine and serine amino acids of 
silk macromolecular network causes fiber embrittlement 
that reduces the treated fabric's mechanical strength 
(Munshi, 2014). 

Chitin that is more than 55 % deacetylated and called 
as chitosan, is a biopolymer with unique properties such 
as biodegradability, nontoxicity and antimicrobial 
activity. Chitosan is already used in textile field for 
anionic dyeing and fmishing (Lim and Hudson, 2004), but 
the major problems of chitosan as antimicrobial agent are 
the activity loss under alkaline conditions due to 
modification of the cationic nature (Sudardshan et al., 
1992; Tsai and Su, 1999) and the poor durability on 
textiles due to lack of strong bonding with fabrics (Shin 
and Min, 1996). Hence, it is applied by wet thermal curing 
involving relatively high temperature with energy  

consumption, higher costs and possible fabric 
degradation. Moreover, the addition of crosslinking 
agents is required (El-Tahlawy etal., 2005; Alonso et al., 
2009). Chitosan has a high molecular weight and inter-
and intra-molecular hydrogen bonding which makes it 
chemically stable and of low water solubility. Chitosan is 
soluble only in certain dilute acid solutions which limits its 
wider use. Chitosan can be hydrolyzed into low molecular 
weight oligosaccharides. The molecular structure of 
chitosan (Figure 1 d) is similar to that of cellulose except 
for the hydroxyl groups on the carbon atom number two 
which have been replaced by amino group. Chitosan can 
be applied as a silk finish to produce fabrics with 
properties similar to cellulose fabrics (Yu, 1997). This has 
become an area of increased research interest. 

A conventional curing system may also contribute to 
the decrease in cross-linking mechanical properties. 
Moreover, it involves heat transfer to the fabric by 
convection, conduction and radiation. The surface of the 
silk fabric becomes hotter than the interior leading to 
baking and non-uniform cross link distribution throughout 
the fabric material (Kang etal., 1998). 

Microwave curing is a possible alternative to 
conventional curing for improving the mechanical 
properties of cross-linked textile materials. This method 
can generate heat uniformly throughout the textile 
substrate. One of the most outstanding advantages of 
microwave technology is volumetric heating which 
minimizes the damage from over drying. Since heat 
energy is transferred through the material 
electromagnetically, and not as a heat flux, it is not limited 
by the volume of the material (Vulcusic et al., 2004). 
Microwave heating of the textile fabric is almost 
instantaneous throughout the material, so that the fabric's 
environment insulates it against heat loss from the surface 
thereby allowing curing. 

The present work was undertaken to use microwave 
technology for curing en i silk fabrics treated with 
formaldehyde free finishing agent along with water 
soluble chitosan with a view to impart easy care and 
antimicrobial properties. Finishing agents comprised of 
glyoxal, glutraldehyde and 1,2,3,4 butanetetracarboxylic 
acid (BTCA). 
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MATERIALS AND METHODS 

En i silk fabric with warp count 34 Ne (-18 tex) and 
weft count 30 Ne (-20 tex) having average area density of 
85 g in-2  was used for the present study. Textile grade 
finishing chemicals viz., BTCA, glutraldehyde and 
glyoxal (40 %) obtained from E. Merck, India were used. 
Commercial grade water soluble chitosan obtained from 
Macromols Polymer India Pvt. Ltd. was used without any 
treatment or purification. All other chemicals viz., sodium 
carbonate, noniodet — P40 (a nonionic detergent), 
magnesium chloride, sodium bi-carbonate and sodium 
hypophosphite procured from Ahura Chemicals Ltd. 
(Ahuramine — YX) were of laboratory reagent grade. 

Fabric treatment 

Fabric samples were impregnated for 5 min in pad 
baths, each containing specified doses level (0.5 — 2 g/1) of 
water soluble chitosan and 5 % owb (on weight of bath) of 
different crosslinkers each of them with its compatible 
catalyst. For glyoxal and glutaraldehyde, magnesium 
chloride (10 g/l) was used, and for BTCA, sodium 
hypophosphite, 5 % owb was used. Samples were then 
padded through laboratory padder with two dips and two 
nips to give a wet pick up of 100 % (owing of weight of 
fabric). The pH of the monomer solution was adjusted at 
different specified levels with the use of required dose of 
soda ash and caustic soda and aqueous formulations of 
cross linkers as described above and prepared using CO,-
free distilled water. Immediately after padding, half of the 
samples were simultaneously dried and cured in a 
microwave oven at 200 W/2 min. The remaining half of 
fabric samples were dried at 90 °C for 5 min and cured at 
140 °C for 5 min. After curing, the fabric samples were 
soap washed following ISO—I wash method followed by 
rinsing with warm water for 15 min and dried at room 
temperature. They were then analyzed for weight gain and 
some textile related properties. Research was designed to 
investigate factors affecting such finishing treatments. 
Variables examined include concentration of chitosan, 
microwave power and duration of exposure. This work 
was carried out at Department of Fiber Technology, 

Calcutta and Regional Silk Technological Research 
Station, Guwahati. 

Testing and analysis 

The weight gain percentage was calculated on the basis 
of initial dry weight of the degummed silk (W,) using the 
following relationship: Weight gain (%) = (W, — W2)/W2  x 
100 where W, is the weight of specific finishing chemical 
treated sample (Das and Munshi, 2008). The crease 
recovery angle (CRA) of a selected fabric sample was 
measured using a SASMIRA Crease Recovery Tester in 
accordance with ASTM-D-1295-67 (1972). Tear strength 
measurement of unmodified / modified silk samples were 
done according to a method prescribed by IS: 6489-1971 in 
an Elmendrof Tearing Tester. Tensile strength (TS) and 
elongation at-break of some selected fabric samples were 
measured using Instron (KAO-TIEH) Universal Tensile 
Testing Machine, according to a method prescribed by 
ASTM-D-1682-64. The whiteness index (WI) in the 
Hunter lab scale of the selected fabric samples was 
obtained following a standard approach and procedure 
(ASTM E 313-1976/1973) with the help of Macbeth 
2020+ reflectance spectrophotometer. 

Fourier transformed infrared (FTIR) spectra of 
unmodified and selectively modified silk samples were 
obtained following KBr pellet technique as detailed 
elsewhere (Munshi et al., 2014) using Perkin-Elmer 
Fourier Transform IR spectrophotometer. The dried fibre 
samples were crushed to a size finer than 20 mesh before 
pelletizing with Kbr (each 0.3 g). Each of such test KBr 
pellets contained 1 % powdered fibres. 

Surface morphology of selected unmodified! modified 
silk fibres was examined using FEL Quanta 200 
(Netherland) Scanning Electron Microscope (SEM). 
Selected fibre samples taken out from the relevant fabrics 
were subjected to coating with palladium with coating 
thickness of 7 nm using a vacuum coater (FEL-200 
Autofine Coater). The observations were made at an 
operating voltage of 30 kV using different specified 
magnifications. 
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RESULTS AND DISCUSSION 

Effect of microwave and conventional curing 
technique on different cross linkers of silk fabric in 
presence and absence of chitosan 

To start with, silk fabrics were independently treated 
with three finishing agents, viz., glyoxal, glutaraldehyde 
and 1,2,3,4 butantetracarboxylic acid in presence and 
absence of chitosan. The fabrics treated thus were 
subjected to curing as per two systems: the conventional 
thermal curing system and microwave curing system. 
After being washed and dried, the finished fabrics were 
monitored for tensile strength retention (TS %) and crease 
recovery angle (CRA) in degree. This was done to clarify 
differences in system performance between the 
microwave curing system and the conventional curing 
system when the finishing treatments were carried out 
with and without chitosan in the finishing baths. Results 
obtained are shown in Figures 2 and 3. Figure 2 shows the 
tensile strength of silk fabrics treated using the three 
finishing agents in presence and absence of chitosan as 
per the conventional curing system and the microwave 
curing system. As is evident, fabrics treated in presence of 
chitosan and cured as per the microwave system 
displayed the highest tensile strength while those fabrics 
treated in absence of chitosan and cured according to the 
conventional system exhibited the least tensile strength. 
In both the systems, fabrics treated with glyoxal retained 
the highest tensile strength as is observed in presence and 
absence of chitosan application. 

The favourable role of chitosan in retaining higher 
strength could be ascribed to the basicity created in the 
finishing bath as well as in the liquor picked up by the 
fabric. Such basicity would certainly detract from the 
severity of the acid catalyst thereby reducing the 
detrimental effect of the latter on the molecular 
degradation of peptide linkages and, therefore on the 
tensile strength. It is as well to emphasize that the 
mechanism of cross linking of silk fabrics occurs through 
esterificaticiii of the three hydroxyls, although not all the 
carboxylic acids will be able to react with peptide 

Figure 2: Effect of application of different crosslinkers, using 

microwave and conventional curing techniques, on tensile 

strength (TS) 
Chitosan: 1 g/1; crosslinker: 5 % [owb]; microwave power: 200 W/2min.; 

thermal drying & curing: 90 °C/5 mm & 140 °C/5 mm. 

Figure 3: Effect of application of different crosslinkers, using 

microwave and conventional curing techniques, on crease 

recovery angle (CRA) 

Chitosan: 1 g/1; crosslinkcr: 5 	[owb]; microwave power: 200 W/2min.; 

thermal drying & curing: 90 °C/5 min & 140 °C/5 mm. 

substrate (Ga and Yan, 1998; Hsieh et al., 2003). The 
addition of water soluble chitosan in the finishing bath 
formulation provides the peptide cationic properties, as in 
the case of BTCA, in the presence of sodium 
hypophosphite (SHP) as catalyst. While using glyoxal and 
glutaraldehyde as dialdehyde crosslinking agents, 
chitosan has a dual function; it acts as a catalyst as well as 
cationizing agent. 

t71 
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Results of Figure 3 signifies that in the absence of 
chi:osan, the two curing systems under investigation 
bring about finished fabrics which exhibit significantly 
improved CRA but with the certainty that in the case of the 
conventional curing system, the CRA obtained with 
BTCA exceeds those of glyoxal and glutaraldehyde, on 
the contrary, glyoxal is the best candidate for finishing 
using the microwave curing system. Trends obtained with 

1 

	

	the two :uring systems persist when the finishing 
treatments were conducted in the presence of chitosan 
though the conventional system tends to marginally 
decrease the CRA. 

At any event, it is very likely that microwave energy 
heats the fabric uniformly from inside out. As a 
consequence, a uniform distribution of cross links and 
polymerization occur throughout the micro structure. In 
addition, such heating uniformity prevents serious losses 
in stength without impairing the desired crease resistant 
durable press properties. This, indeed, affords 
considerable advantages compared to conventional 
surface heating, which is a non-uniform outside-in 
heating anE might cause the surface, edges and corners to 
be much hotter than the inside of the fabric. Consequently, 
the quality of conventionally heated materials varies and 
freqLently does not reach the desired level. 

Effect of chitosan concentration on glyoxal finished eni 
silk fabrics under microwave curing 

Table 1 shows the effect of chitosan concentration 
(0.5-2 g/1) on the performance properties, viz., CRA and 
TS of the treated fabric. The finishing baths were prepared 

containing 5 	owb glyoxal and MgC1, 1 	owb, the 
fabrics treated thus with 100 % pick up were dried, then 
exposed to microwave power 200 W/2 min. It is clear 
(Table 1) that the CRA of the treated fabrics which was 
cured under the microwave condition was pronounced as 
chitosan concentration increased up to 1 g/1 and then 
decreased sharply whereas, there was a notable increase in 
weight gain with the increase of dose level of chitosan 
concentration. 

The enhancement in CRA of the finished fabrics by 
increasing chitosan concentration suggests that chitosan 
performed two functions: (1) it reacts with glyoxal in the 
fiber molecules; (2) chitosan undergoes crosslinking with 
the fabric to form a network matrix. The water soluble 
chitosan with its low molecular weight penetrate the fiber 
more easily promoting anticreasing in the treated fabrics. 
Water soluble chitosan generates ether reaction with the 
hydroxyl groups in the fibers, forming a two dimensional 
structure that improved the crease resistance of the fabrics 
(Hsieh et al., 2003). Decrement in CRA by increasing the 
chitosan concentration above 1 g/1 could be associated 
with increased basicity of the finishing environment at 
higher chitosan concentrations. It is logical that basicity 
would stand as an inverse function to the acidity of the 
catalytic system of the crosslinking peptide molecule with 
glyoxal. Lower catalysis would certainly lead to 
decreased CRA. 

With respect to tensile strength (TS), on the other hand, 
penetration or encapsulation of chitosan molecules would 
improve the strength properties of the treated fabrics. As 
shown in Table 1, the tensile strength and elongation at- 

Table 1: Effect of chitosan concentration on glyoxal finished en i silk fabrics under microwave curing 

Chitcsan % En silk finish Weight gain (%) Crease recovery angle Tensile strength retention Elongation at-break Tear strength retention 

(W+F)* (%) (%) (%) 

Nil None Nil 190 100 18.2 100 

Nil Glyoxal 2.4 222 68 16.6 92 

0.5 -Do- 5.23 248 72 17.2 85 

1.0 -Do- 7.28 262 84 17.9 81 

1.5 -Do- 7.42 236 60 15.2 78 

2 -Do- 7.57 228 48 14.5 70 
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break increased by increasing chitosan concentration up 
to 1g/1 which tends to decrease thereafter. Rigidity 
conferred on the structure of silk by inclusion of chitosan 
through various interactions with silk and glyoxal may 
account for the decrease in TS at higher chitosan 
concentrations and also, tear strength retention shows a 
monotonic fall with increases of chitosan dose level. It is 
also probable that higher concentrations of chitosan 
create more fibers bridging and are more likely to cause 
stress accumulation thereby decreasing the tensile 
strength. 

Effect of chitosan concentration on antibacterial 

efficacy on the finished en i silk fabric 

En silk fabric with good antibacterial activity could be 
obtained by crosslinking of silk with glyoxal in presence 
of water soluble chitosan and catalyst as detailed. 
Different concentrations of water soluble chitosan (0.5 — 
2g / 1) were applied to en i silk fabrics with 5 % owb 
glyoxal, MgC12  1 % owb, using microwave power 200 
W/2 min. The antibacterial activities of the treated silk 
fabrics were evaluated against Escherichia coli and 

Micrococcus luteus according to TTC-test method (El-
Shafei etal., 2008). In Figures 4 and 5, the absorbance of 
formazan is observed directly proportional to the number 
of active cells. The activity of the cells of both 
microorganisms decreased by increasing chitosan 
concentration. There are two proposed mechanisms of 
antibacterial activity by chitosan. In one mechanism, the 
poly cationic nature of chitosan interferes with the 
bacterial metabolism by stacking at the cell surface (Xie et 

al., 2007). The other mechanism is the binding of chitosan 
with DNA to inhibit mRNA synthesis. The latter is 
favourable because water soluble chitosan can easily 
penetrate into the cells (Lim and Hudson, 2004). 

Since the structure of glyoxal is similar to that of 
formaldehyde, the glyoxal—chitosan treated fabric might 
decompose under certain condition and release the 
formaldehyde to inhibit the growth of bacteria 
(Kittinaovarat and Kantuptim, 2005). The uses of such 
glyoxal as finishing agent is prone to be associated with 

Figure 4: Effect of chitosan concentration on the antibacterial 
properties of crosslinked en i silk 

Gyloxal: 5 [owb]; microwave power: 200 W/2 mm. 

Figure 5: Effect of chitosan concentration on the antibacterial 

properties of crosslinked eri silk using microwave and 

conventional curing technique 

Gyloxal: 5 [owb]; microwave power: 200 W/2 min.; conventional curing: 

140 °C/5 min. 

reported odd and adverse effects of formaldehyde as 
mutagen for certain bacteria and animal species and as a 
probable carcinogen (Schramm and Rinderer, 2002). 

Also, microwave technique is more promising than 
conventional one because of the ease of fixation of 
glyoxal—chitosan combination which lead to improved 
antibacterial efficiency. 

165 
Sericologia 58(3&4): 160-171, 2018 



Rajiv Munshi and Sourabh Majumder 

Table 2: Effect of microwave curing power and duration on the glyoxal ftnished en i silk performance properties 

Microwave power (W) Curing time (mm) 
Crease recovery angle 

 
(W+F)° 

Tensile strength 

retention (%) 

Elongation at-break 

(%) 

Whiteness index 

(Hunterlab scale) 

Nil 190 100 18.2 74.82 
180 1 226 92 13.4 73.18 

2 238 85 13.2 73.00 

3 252 82 13.0 72.86 

200 1 254 87 14.9 73.12 

2 262 84 14.5 72.38 

3 268 82 13.6 71.76 

220 1 260 74 12.7 60.38 

2 272 71 12.2 56.34 

3 276 67 11.4 52.34 

Influence of microwave curing power and duration on 
the glyoxal finished en i silk performance properties 

Improvement in textile properties of fabrics finished 
with glyoxal 5 	owb and 1 g/1 chitosan would be 
anticipated to rely greatly on the curing power and time. 
This expectation is, indeed, valid when the results of Table 
2 are consIdered. Here, the curing was carried out using 
different intensities of microwave power (180, 200 and 
220 W) for 1, 2 and 3 min. As is evident, the power acts in 
favour of CRA and TS only when the duration of curing 
was short (1 min). Longer duration decreased the TS 
without significant enhancement in CRA of treated 
fabrics. The elongation at-break of treated fabrics was not 
affected much by the magnitude of power or duration of 
curing. 

Under microwave conditions, cross linking occurs by 
making use of the energy generated by water molecule 
vibration and other ionic components, e.g., crosslinking 
agent and catalyst. Meanwhile, the deformation and 
breaking of some crosslinking may also occur. As 
treatment tnne increases, crosslink deformation may 
dominate over crosslink formation. Both the rate of 
crosslink fcrmation and deformation increases as the 
magnitude of power increases. Therefore, the final crease 
recovery angle depends on the rate of crosslink formation 
vs the rate of crosslink deformation at higher intensity of 
power. Though a more stable crossslinked structure may 
have formed at shorter times, thereby minimizing  

deformation, the crease recovery angle of the treated 
fabrics was better with higher treatment power or longer 
times, because silk fiber molecules swell more and 
finishing solution enters more easily. 

It is also noteworthy that since more crosslinking takes 
place when the reaction between the fibers and glyoxal is 
more active with higher power or longer time, the treated 
fibers become hardened and straightened, resulting in a 
greater loss of tensile strength of fabrics. Furthermore, 
long time enhances the hydrolysis of fibers in acid 
catalysts thereby reducing the tensile strength and also 
dropping trends of whiteness index of the finished en i silk 
fabric. 

Effect of laundering durability 

Glyoxal finished silk fabrics were washed in launder-o-
meter following ISO — I washing method and effect of such 
wash on crease recovery, tensile strength and antibacterial 
activity of finished fabrics are presented in Figures 6 and 7. 
Figure 6 shows that with the increase in wash cycle, 
wrinkle recovery of finished fabrics commonly suffers a 
monotonic fall. However, the difference between crease 
recovery angles of silk samples subjected to 0 and 20 nos. 
wash cycles is not more than 40°. Tensile strength 
retention has also shown a falling trend with increase in 
wash cycle which was not more than 24%. 

One of the biggest concerns of antibacterial finish in 
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Figure 6: Effect of wash cycle on CRA and TS of finished silk 
fabric 

Glyoxal: 5 % [owb]; chitosan: 1 g/1; microwave power: 200 W/2 min. 

today's textile industry is durability. An ideal 
antimicrobial finish should be effective for the entire 
lifetime of a textile article. Generally, if a textile material 
can maintain at least 80 % of its antibacterial activity after 
twenty times of home laundering, it will be acceptable as a 
"durable antibacterial finish."(Corcoran, 1998). We 
performed wash fastness test on en silk fabric based on 
AATCC standard Method 61-1996. The efficacy was 
determined by measuring formazan absorbance of the 
finished fabric after 0, 10 and 20 repeated wash cycles as 
shown in Figure 7. All washed samples maintained high 
antibacterial efficacy even after 20 times of repeated 
laundering. Such an excellent antimicrobial durability 
means that with the aid of glyoxal, a chemical binder, the 
chitosan component on fabric surface could not be 
washed away, even in a chitosan-soluble acidic 
environment. This low-molecular-weight chitosan 
adhered itself firmly onto the peptide surface, most likely 
not only by physical interactions but also by certain 

chemical bindings (Periolatto et al., 2012). 

Characterization of treated fabrics 

The fourier transform infrared (FTIR) spectra of 
untreated silk fabric and en silk treated with glyoxal and 
chitosan under conventional and microwave curing are 
shown in Figure 8. A broad absorption band over 3400 — 

Figure 7: Effect of wash cycle on antibacterial activity of 

finished en i silk fabric 

Glyoxal: 5% [owb]; chitosan: 1 g/I; microwave power: 200 W/2 mm. 

3000 cm.' characteristic of hydrogen bonded (N — H) 
stretching vibration and an absorption band at 1652 cm.' 

characteristic of amide stretching are common to all 

spectra (Das et al., 2014). Two notable absorption bands at 

1558 cm1  and at 1410 cm' appearing in different 

intensities in the spectrum of unmodified silk [spectrum 
(a)] are characteristic of carboxylate anion stretching and 
phenolic (—OH) bending, respectively. Carboxylate anion 
stretching accounts for presence of free carboxylic acid 
group at the end ofpolypeptide chains and phenolic (—OH) 
bending accounts for presence of residues of tyrosine 
fractions of amino acids in the unmodified silk. Strong 

absorption band at 1218 cm.' also appears in the spectrum 

of unmodified silk and is attributed to (C — N) vibration of 
amine groups present at the end of polypeptide chains of 
silk. In the spectrum of unmodified silk, absorption band 

at 1738 cm.' (ester stretching) and 995 cm"' (vinyl un-

saturation) are practically not existent. 

Silk treated with glyoxal and chitosan exhibited a 
decrease in absorbance intensity at 1652 and 1558 cm-1  

irrespective of the curing method i.e., conventional or 

microwave systems [spectrum (b) and (c)] as compared 
with untreated silk sample. A decrease in intensity at 1652 
and 1558 cm 'could be attributed to a decrease in the total 
number of hydroxyl groups through crosslink formation 
between silk and glyoxal. Both conventional and 
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Figure 8: FTIR spectra of silk: (a) untreated, (b) conventionally 
cured (dried at 90 °C/5 min & cured at 140 °C/5 min) and (c) 

microwave cured at 200 W/2 min. 

mIcrowave curing system resulted in the appearance of a 
strong absorption band at 1738 cm' characteristic of ester 
stretching and a weakening of the band corresponding to 
vinyl un-saturation at 995 cm-'. Substantial weakening / 
disappearance of band 1410 cm-1  corresponded to 
phenolic (—OH) bending due to significant disappearance 
of phenolic (—OH) groups. The decrease in absorbance 
was higher in the case of conventionally cured samples as 
compared to the microwave cured sample. This indicates 
that there are fewer hydroxyl groups associated with 
covalent bond formation, i.e., crosslinking, for 
microwave cured sample than for the conventionally 
cured sample (Bang etal., 2007). 

Surface morphology of en i silk fabrics 

Figure 9 shows SEM micrographs of the surface 
morphology of finished en silk fabrics cured by different 
techniques: conventional and microwave curing. The 
effect of treatments on the surface morphology is clear, in 
witch the diameter of the strings forming the weave 
structure is larger in the case of untreated fabrics. The 

Figure 9: SEM micrograph: (a) untreated silk, (b) glyoxal and 
chitosan treated en i silk under conventional curing and (c) 

glyoxal and chitosan treated en i silk under microwave curing 

strings are also more compact, in which the distance 
between strings is filled with the finishing agent.The 
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surface in the case of thermal curing seems more rough 
with white spots than that of microwave cured one. This 
might be because the chitosan got absorbed 
homogeneously on the fabric surface, indicating that 
more crosslinking reaction has taken place on the surface 
under microwave curing. 

CONCLUSION 

To achieve the durable press and antibacterial 

properties of en i silk fabric, relevant cross-linkages in the 
silk fabric under microwave curing technique was studied 
using glyoxal and chitosan combination. Treatment with 
5 % glyoxal (on weight of bath) and 1 g/1 chitosan along 
with magnesium chloride (10 g/1) catalyst at microwave 
curing of 200 W/2 min produced optimum improvements 
in textile related properties. Microwave curing yielded 
strong antimicrobial properties against E. coil even on silk 
fabrics at low polymer add-on, with about 1g/1 chitosan. 
Combination of water soluble chitosan and glyoxal 
crosslinker finished en silk fabric under microwave 
curing (200 W/2 min) was found to be superior to 
conventional thermal curing (pad—dry—cure technique) at 
140 °C for 5 min, considering improvements in properties 
such as crease recovery angle (CRA) and weight gain with 
retention of 84 % of original tensile strength (TS), 
extensibility and tear strength. However, another novelty 
aspect was related to the durability after washing, of the 
antimicrobial treatment which was strongly dependent on 
the fiber nature and the ionic character of the detergents. 
In fact, a non-ionic surfactant could assure an 
antimicrobial activity completely retained after repeated 
washings on silk. The homogeneous distribution of 
chitosan on silk fabrics, in particular in correspondence to 
the sample that presented the best durability, was 
confirmed through SEM analysis. FTIR analysis 
indicated that catalyst MgCl2  allowed esterification of 
non-formaldehyde emitting crosslinking agent glyoxal 
with tyrosine and serine amino acids of silk. The said 
process ultimately led to some degree of crosslinking of 
chain polymers of silk under microwave treatment as a 
consequence for improvement of easy care properties 
compared to thermal curing. In conclusion, chitosan —  

glyoxal combination microwave curing can be indicated 
as a valid environment friendly method to confer a 
satisfactory washing resistant antimicrobial activity 

against E. coil and durable press finish to en silk fabrics. 
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EFFICACITE DU TRAITEMENT AUX MICROONDES SUR LESTISSUS 
ER! TRAITES AU CHITOSAN HYDROSOLUBLE POUR INDUIRE 
DES PROPRIETES ANTIBACTERIENNES ET DE PROTECTION 
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RESUME 

Cette etude conceme l'efficacite d'un systeme curatif de microondes employe sur les tissus de soie en lies avec des 

apprets non formaldehyde comme le glyoxal, la glutaraldehyde et l'acide 1„3,4 butane tetra-carboxylique (BTCA) 

pour obtenir des proprietes d'entretien facile.Les concentrations de chitosan hydrosoluble varient de 0,5 a 2 g/lsont 

incorporees au bain d'appret pour induire une activite antibacterienne sur le tissu ainsi que des caracteristiques 

d'entretien facile. Apres l'application des formules, les tissus traites sont traites a deux conditions : thermique 

conventionnelle ou microondes. Le glyoxal fixe est le meilleur appret et a donc ete etudie sous diverses conditions 

incluant des concentrations de chitosan, la puissance et la duree de traitements aux microondes. L'activite 

antibacterienne qui resiste a la lessive domestique et aux lavages successifs a ete test& en utilisant des detergents non 

ioniques ainsi que le froissement et la resistance des tissus finis. Les spectres des infrarouges transformes de Fourier 

(FTIR) revelent la liaison entre l'agent sans formaldehyde et le groupe hydroxyle de la soie et que cette reaction 

pourrait former un ester et des groupes ether enpresence de catalyse sous microondes et systeme conventionnel 

independamment. Le tissu a egalement ete caracterise par microscopie electronique a balayage (SEM) qui montre une 

deposition en surface des agents de liaison. L'etude recommande l'utilisation des microondes pour nettoyer des tissus 

de soie en traites au chitosan et au glyoxal avec des proprietes antibacteriennes et d'entretien aise, et ceci sans perte 
significative de resistance compare au systeme conventionnel. 

Mots des: Antibacterien, chitosan, liaison chimique, glyoxal, traitement microondes. 
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ABSTRACT 

Of late, there has been a shift in consumer preference of fabrics, from selections on the basis of colour and motif to 
their functionality. In this direction, an experiment was worked out to apply neem leaf extract as dye, print colour and 
finishing agent on mulberry silk. Neem leaf colour was extracted into aqueous media. Dyeing conditions viz., 
temperature, duration and pH were optimized through different experiments. Optimum colour yield, good 
performance in response to wash, light, rubbing and perspiration fastness tests were considered for selection of the 
most :deal ranges of temperature, duration and pH for dyeing experiments. Printing was done using fine neem powder 
extract mixed with Guar Gum along with solvent and acid media agents. Printed fabric was also treated with post-
mordanting agents in order to obtain different shades and better fastness properties. Neem solvent and aqueous 
extracts along with butanetetracarboxylic acid (BTCA) and sodium hypophosphite (SHP) were used in finishing of 
silk by pad dry cure method and the products have shown better antimicrobial properties at different washing cycles. 
By application ofneem extract in dyeing, printing and finishing of silk material, creation of special purpose silk goods 
with enhanced antimicrobial property is possible. This can enhance market share of functional fabrics and marginal 
share of investment and profit as well, in this sector. 

Key words: Antimicrobial properties, fastness properties, mordants, mulberry silk, neem leaf powder. 

INTRODUCTION 

Textile industry is constantly in need of new 
technclogies in order to accomplish consumers' demands. 
Consumer attitude towards active lifestyle and concern on 
hygiene has created a rapidly expanding market for a wide 
range of antimicrobial textiles, which in turn has 
stimulated intensive research and development 
(Ramachandran et al., 2004; Borkow and Gabbay, 2008; 
Gao and Cranston, 2008). Especially in recent years, new 
developments have been supporting the production of 
functional and smart textiles which are capable of sensing 
and responding to changes in environmental conditions or 
body functions. 

Many natural plant products have been reported to 
possess antibacterial properties (Gao and Cranston, 
2008). Extracts from roots, stems, leaves, flowers, fruits  

and seeds of diverse species of plants exhibit this 
characteristic feature. There is scope to use these 
antibacterial extracts as textile finishing agents in the 
crude form or as microcapsules to enhance the durability 
and controlled release of the extracts (Thilagavathi et al., 
2007). 

Neem tree (Azadirachta indica), one of the richest 
sources of biologically active compounds, belongs to the 
Meliaceae (Mahogany) family and is abundantly found in 
the Indian subcontinent. The biological activity of neem 
has been known from centuries, and preparations based on 
it have been used in traditional Indian medicine since 
ancient times. A large number of formulations that include 
herbal medicines, toothpaste, cosmetics, toiletries and 
pharmaceuticals are now based on neem derivatives 
because of its unique properties. The most important 
quality of neem compounds is that they are non-toxic to 
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warm-blooded animals like human. More than 300 active 
compounds have been isolated from different parts of 
neem tree; while some of them have already been 
identified for their potential antimicrobial effect, the 
activity of the remaining compounds are yet to be 
ascertained. Different parts of the neem tree viz., leaf, 

bark, fruit, twig, gum and seed pulp are exploited for anti-
fungal, anti-bacterial and anti-oxidant activities (Biswas 

et al., 2002). Neem leaf extract has also been reported to 
show antiviral and virucidal properties. The antibacterial 
properties of neem oil in combination with other herbal 
oils such as clove, tulsi and karanga have been used to 
impart antimicrobial finish on cotton textiles (Joshi etal., 

2007). Some researchers have studied antimicrobial 
properties of eleven natural dyes against Gram positive 
and Gram negative bacteria. They found that the 
antimicrobial efficacy of a dye would vary when it is 
present in solution from that when it is held intimately by a 
textile substrate. Hence, the textile material impregnated 
with these natural dyes shows less antimicrobial activity 
as the uptake of these dyes on textile substrate is below 
minimum inhibitory concentration. The antimicrobial 
activity of these dyes is also dependent on their chemical 
structure specifically the functional groups present. Gupta 
et al. (2004) reported the presence of tannins as 
responsible for antimicrobial activity of most of these 
natural dyes. They also revealed the increased 
antimicrobial activity (70-90 %) of Ouercus infectoria 
extracts treated cotton fabric when the treatment is done in 
combination with alum or copper mordant as compared to 
only 45-60 % inhibition of bacterial growth without any 
mordanting. The improved durability of activity of the 
mordanted sample which retains nearly 100 % activity up 
to 5 launderings was also revealed (Gupta et al., 2004). 
The various compounds with diverse chemical 
components detected in neem consist of isoprenoids, 
amino acids, carbohydrates etc (Table 1). Isoprenoids 
contain diterpenoids and triterpenoids containing 
protomeliacins, limonoids, azadirone and its derivatives. 
It also contains nimbin, salanin and azadirachtin. Non-
isoprenoids include amino acids (proteins) and 
carbohydrates (polysaccharids), sulphurous compounds, 
flavonoids, glycosides, dihydrochalcone, coumarin and 

tannins along with aliphatic compounds. 

Table 1: Medicinal properties of neem 

Component 
	

Activity 

Anti-bacterial, anti-fungal, anti-inflammatory, 
anti-gastric ulcer 

Anti-inflammatory 

Spermicidal 

Anti-bacterial, anti-malarial 

Anti-fungal, anti-malarial 

Anti-malarial 

Anti-bacterial 

Anti-inflammatory and immunomodulatory 

Anti-inflammatory and immunomodulatory 

Anti-inflammatory and immunomodulatory 

Anti-bacterial 

Anti-bacterial 

Anti-bacterial 

Anti-fungal 

Anti-fungal 

Anti-inflammatory 

Anti-tumor, anti-inflammatory 

MATERIALS AND METHODS 

Materials 

Mulberry raw silk (2 ply twisted), mulberry soft silk of 
40 gsm, en i knitted rib structure fabric and neem leaves 
collected in and around Bengaluru, Karnataka, India 
formed the materials used for the study. 

Methods 

Degumming of raw silk 

Mulberry raw silk yarn (2 ply twisted) was subjected to 
degumming by following standard degumming method 
(Prabhu et al., 2008) using 5 gpl of neutral soap and 1 gpl 
of sodium carbonate at 90-95 °C followed by hot wash at 
60°C. The degumming recipe is presented in Table 2. 

During this process, 21 % of degumming loss was 
observed. Then, the material was made ready for dyeing. 

Nimbidin 

Sodium nimbadate 

Nimbin 

Nimbinene 

Gudunin 

Azadirachtin 

Malunoodin 

Gallic acid 

Epicatchin 

Catchin 

Margoline 

Margolonone 

Isomargolonone 

Cyclic trisulphide 

Cyclic tetrasulphide 

Polysaccharides 

Polysaccharides GLA 
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Table 2: Degumming recipe 

Material to liquor ratio 1:30 

Nautral soap (gpl) 5.0 

Sodium carbonate (gpl) 1.0 

Tine (min) 60 

Temperature (°C) 90-95 

PH 9.5 -10.5 

For printing experiments, mulberry soft silk of 40 gsm 
was selected. En i knitted rib structure fabric was chosen 
for finishing, to be used as a cover for collar neck pad. 

Neem leaf powder extraction process 

The collected neem leaves were initially dried under 
shade within a temperature range of 37-40 °C. Moisture 
content of the leaves was reduced to less than 14 % from 
the initial level of 60-80 % for proper storage. Partial 
drying method was carried out under controlled 
conditions by using Electrical Hot Air Dryer for 90 min at 
90 °C. The dried leaves were then cooled and crushed 
down through mechanical grinder into very small units 
ranging from coarse fragment to fine powder (Figure 1). 
De-mineralized water (500 ml) was added to the 
powdered plant material (50 g) and boiled for I hour at 
100 °C followed by cooling overnight. The solution was 
bolled again and filtered. 

Crushing 

Neem leaves H 
washed & 

dried under 
shade 

Conditioning and drying at 90°C 
for 90 min 

   

Sheaving 1— Grinding 

Aqueous method Solvent method 
Fine powder for 

printing 

Figure 1: Flow chart depicting the process of neem 

powder extraction 

Dyeing with neem leaf powder extract 

Degummed sample was subjected to pre-mordanting 
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with 2 % alum (w/w) at 85 °C for 30 min. Pre-mordanted 
samples were subjected to dyeing for different durations 
(30,45, 60, 75 & 90 min), different pH (2, 4, 6, 7, 8 & 10) 
and different temperature (50, 60, 70, 80 and 85 °C) levels 
keeping the other two parameters constant while testing 
for one, with 15 % neem extract. Dyed samples were 
washed with 1 gpl neutral soap. Effect of each parameter 
on colour strength as well as performance of the dyed 
material was studied using standard laboratory testing 
methods to determine wash fastness, light fastness, 
rubbing fastness and perspiration fastness. 

Printing with neem powder 

Mulberry soft silk was treated with 2 % alum (w/w). 
Fifty grams of neem powder was boiled for 20 min and 
added to 500 g of guar gum, 50 ml of formic acid and 50 ml 
of diethylene glycol. These were thoroughly mixed using a 
mechanical stirrer. This homogenous print paste was used 
for printing with screen printing as well as block printing 
method by direct style. Printed fabric was dried and 
steaming was done in steam ager. Printed samples were 
post-mordanted with 2 % herbal mordant (myrobalan) and 
1 % ferrous sulphate to get different shades and subjected 
to washing with 1 % neutral soap. The samples were then 
evaluated for fastness properties by adopting standard test 
procedures. 

Neem as a finishing agent 

Fifty grams of neem powder was weighed and 
dissolved in 500 ml of methanol and kept for 36 hours in a 
conical flask closed with cotton plug and wrapped tightly 
with silver foil. Same was added to water at 1:20 ratio 
along with 8 % Butanetetracarboxylic acid (BTCA) and 4 
% Sodium hypophosphite (SHP). Finish was 
subsequently applied on to degummed mulberry silk by 
using 2 dip and 2 nip method and dried at 65-70 °C and 
cured at 145-150 °C for 120 sec. Treated samples were 
subjected to fastness and antimicrobial tests. 

Tests 

Color strength 

Color strength (K'S) of dyed samples was evaluated 



80 	90 

0.5 	 
0 

40 	50 	60 	-0 

Tempe' atm e (- C) 

4.5 

4 

3.5 
3 

Ts 2.5 

2 

1.5 

Application of neem leaf extract on silk 

using a spectrophotometer (Data color 650) (Zhang, the temperature range of 80-85 °C. 
2014). 

Colour fastness 

Washing fastness of the dyed samples was evaluated 

by ISO 105-006: AIS: 1994 method in Gyro wash (James 
H. Heal & co. ltd.; Halifax, England. Model No. : 415). 
Light fastness of the dyed samples was evaluated by ISO 
105/B02: 1994 method with Xenon Arc light fastness 
tester. Rubbing fastness was evaluated by ISO 105 
X12:2001 method with a crock-meter and color fastness 
to perspiration was evaluated by ISO 105 E04:2008 
method by using perspiration tester with artificial 
perspiration solutions (acidic and alkaline) 
(Mongkholrattanasit and Wiener, 2010). Two sets of 
standard grey scales as follows were used to assess the 
color fastness: 

ISO Grey scale for change in color 
ISO Grey scale for staining 

Antimicrobial test 

Antimicrobial test was conducted as per AATCC test 
method 147. Agar diffusion test was used for qualitative 
analysis. Pathogenic stains of Staphylococcus aureus 
(gram positive bacteria) and Escherichia coli (gram 
negative bacteria) were used as treatments (Singh et al., 
2005) 

RESULTS AND DISCUSSION 

Effect of temperature 

Between the temperature ranges of 50 to 60 °C, there 
was minimum dye absorption due to low dye solubility 
and less movement of dye molecules in the dye bath at 
lower temperature (Figure 2). But, as could be seen, at 70 
°C, there is a clear increase in the rate of adsorption of dye 
and correspondingly higher color intensity. It is quite 
obvious that higher temperature promotes dye solubility 
as well as rate of dyeing. Maximum dye adsorption and 
development of optimum depth of shade was observed at 

Figure 2: Effect of temperature on K/S value 

Table 3: Fastness properties of silk fabric dyed with neem 

powder extract under different temperature profile 

Tempe- 
Perspiration' 

Acid 	Alkali 	 
(C) 	  

CC SS SC CC Dry Wet CC SS SC CC SS SC 

50 4 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

60 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

70 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

80 4/5 4/5  4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

85 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5  4/5 4 4/5 4/5 

CC - Change in colour, SS - Stain on silk, SC - Stain on cotton 

Grading: I - Poor; 3 - Fair; 5 - Excellent. 
I - Very poor; 4.5. Fair; 8 - Excellent. 

The neem dyed silk samples have displayed good to 
excellent washing fastness properties except for sample 
dyed at 50°C (Table 3). At 50°C, wash fastness property is 
moderately low because, though dye migration over the 
surface is observed, fixation of dye has not taken place. 
Fair to excellent grades of light, rubbing and perspiration 
fastness properties were exhibited by all the dyed samples. 

Effect of duration 

Dyeing of silk with neem for different durations (30, 
45, 60,75 and 90 min) was observed, keeping temperature 
(85 °C) and pH (4) constant. Increase in duration from 30 

Fastness 

rature 	Wash' 
	

Light-  Rubbing 
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to 45 min has shown a slight increase in the depth of shade 
due to migration of dye particles from dye bath to fibre 
surface (Figure 3). Further, increase in duration from 45 to 
60 min also imparted gradual increase in the depth of the 
shade indicating an increase in the rate of adsorption. 
After 60 min duration, there was no further improvement 
in the depth of the shade. As optimum dye reaction with 
fibre occurs at 60 min duration, any further increase in 
time would lead to removal of unfixed colorant from 
surface of the fibre to dye bath. 

	• 

	

2 	 

	

> 1.5 	 

K/S 

0.5 

	

0 	- 

20 	30 	40 	50 	60 	"0 	80 	90 

Duration (min) 

Figure 3: Effect of duration on K/S value 

Table 4: Fastness properties of silk fabrics dyed 

with neem under different durations 

Fastness 
Duraticn 

(min) Wash.  Light-  Rubbing 
Perspiration' 

Acid Alkali 

CC SS SC CC Dry  Wet CC 	SS 	SC CC 	SS 	SC 

30 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

45 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

60 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

75 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

90 3 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

Wash fastness properties of silk samples dyed with 
neem under different durations have shown good to 
excellent grades due to formation of ionic bonds between 
dye molecules and fibre at pH 4 which corresponds to the 
isoelectric point of silk (Table 4). Moderate to fair level of 
light fastness and good to excellent grades of rubbing and 
perspiration fastness properties were exhibited by all  

samples. 

Effect of pH 

As silk is pre mordanted with 2 % alum which has 
optimum functionality at pH 4-5 i.e., at the isoelectric 
point of silk (pH 4.5), there is maximum formation of 
bonding between fibre and dye molecules contributing to 
maximum color strength (Figure 4). An increase in pH 
beyond this causes loss in active functionality. At higher 
level of pH 6-7, fibre-dye interaction decreased in terms of 
color strength. At alkaline pH 8, flavonoids and 
polysaccharides which are present in the neem dye were 
shown to have some linkages with silk fibre. 

Figure 4: Effect of pH on K/S value 

Table 5: Fastness properties of neem dyed silk fabrics under 
different pH 

Fastness 
pH 

Wash' Light-  Rubbing 
Perspiration' 

Acid Alkali 
CC SS SC CC Dry Wet CC SS SC CC SS SC 

2 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

4 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

6 4/5 4/5 4/5  3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

7 4/5 4/5 4/5  3/4 4/5  4/5 4 4/5 4/5  4 4/5 4/5 

8 4/5 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

10 4 4/5 4/5 3/4 4/5 4/5 4 4/5 4/5 4 4/5 4/5 

The materials dyed under acidic and mild alkaline 
conditions performed equally well when subjected to 
wash, light and rubbing fastness tests (Table 5). Higher 
alkaline condition has not supported higher depth of shade. 

3 

2.5 
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Application of neem leaf extract on silk 

When dyed under higher alkaline conditions, the silk 
samples delivered moderate performance against 
washing fastness test. 

excellent grades against rubbing and perspiration fastness 
properties (Table 6). 

Table 6: Fastness properties of neem finished en i knitted sample 

Effect of mordant on silk printing 

Soft silk fabric samples were printed with neem leaf 

powder using screen and block printing methods by direct 
style of printing and the impact of mordanting was 
assessed. Figure 5 represents the sample printed with 8 % 
(w/v) neem powder without mordant, displaying dark 
copper shade. Figure 6 depicts a sample pre-treated with 
2 % alum and printed with 8 % (w/v) neem powder 
wherein it appears light golden yellow in shade. In 
another experiment, the sample was pre-treated with 2 % 
alum and printed with 8 % (w/v) neem powder and post 
mordanted with 1 % ferrous sulphate. This sample 
exhibited dark brownish colour (Figure 7). Similarly, 
when the silk fabric sample was pre-treated with 2 % alum 
and printed with 8 % (w/v) neem powder followed by 
post-mordanting with 2 % herbal mordant (Myrobalan), it 
resulted in light golden colour (Figure 8). 

Figure 9 depicts samples a, b and c simultaneously 
mordanted with (a) 8 % (w/v) neem and 2 % alum, (b) 8 % 
(w/v) neem and 2 % herbal mordant (Myrobalan) and (c) 
8 % (w/v) neem and 2 % CuSO4. The results endorse that 
mordanting has a greater influence in enhancing the 
colour as well as depth of the shade. Always pre-
mordanting with alum has delivered darker shade and 
post-mordanted samples have exhibited better fastness 
properties (Narayanaswamy etal., 2013). 

Effect of neem finishing on en i knitted fabric 

Wash fastness properties of neem finished en i knitted 
sample has shown good to excellent grade. As solvent 
extract had higher concentration of alkaloids and 
flavonoids, neem finished goods have shown higher 
performance in initial attempt. Due to leaching character 
of finished material, these samples showed slightly lower 
performance when comparison with dyed material during 
washing. Neem finished en i knitted sample has shown 
moderate to fair level of light fastness and good to 

Fastness 

Perspiration 

Acid 	Alkali  
CC SS SC CC Dry Wet CC SS SC CC SS SC 

Neem 
finished 

3/4 4/5 4/5 4 4/5  4/5  4 4/5 4/5 

knitted 
fabric 

Antimicrobial property 

Neem dyed, printed and finished silk samples were 
treated with gram negative and gram positive bacterial 
samples i.e., E. coli and S. aureus, separately (Table 7). 
From the test results, it is clear that en knitted fabric 
finished with neem extract in presence of BTCA and SHP 
has exhibited better performance in terms of zone 
inhabitance in mm. 

Table 7: Antimicrobial property of different silk samples 

Sample 
	 Zone inhabitation (mm) 

co/i (Gram —ye S. aureus (Gram 
bacteria) 	+ve bacteria)  

Mulberry twisted yarn dyed 
with neem 

Mulberry soft silk fabric printed 
with neem 

En knitted fabric finished 
with neem 

Durability of antimicrobial properties of neem treated 
samples was assessed for their performance during 
different wash cycles. The neem printed and dyed samples 
displayed better results than the finished samples (Table 
8). This might be due to the leaching out of the finishing 
treatment during different wash cycles as against strong 
bonding of the neem with silk that occurs during dyeing 
and printing process. 

Table 8: Antimicrobial efficiency in terms of bacterial reduction 

Sample Control 
No. of washes.  

5 10 	15 

Mulberry twisted yam dyed with neem 100 80 67 	55 

Mulberry soft silk fabric printed with neem 100 85 70 	65 

En knitted fabric finished with neem 100 75 65 	60 

'Bacterial reduction % 

Sample 

Wash. 
	

Light.' Rubbing 

11 	 14 

14 	 18 

18 	 30 
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Figure 5: 8 % (w/w) pure neem leaf powder 

Figure 6: 8 Vo neem leaf powder with 2 % alum 

Figure 7: 8 % neem leaf powder with 1 4)/0 Ferrous sulphate 

 

Medd Mid 

Figure 8: 8 % neem leaf powder with 2 % herbal mordant 

(Myrobalan) 

(a) 
	

(b) 
	

(c) 

Figure 9: Fabric samples screen printed with 8 % neem and pre-mordanted with 
(a) 2 % alum (b) 2 % Myrobalan and (c) 2 % CuSO4. 

Neem powder dyed, printed and finished products 

Neem dyed, printed and finished products have major 
attraction as eco-friendly medical application. Neem dyed 
soft silk are found suitable to wear over sensitive skin as 
these product cure the development of rashes and control 
allergies tendency to wearer (Figure 10). Availability of  

alkaloids and flavonoids has been established in neem. 
These alkaloids play a major role in plant defense against 
pathogens. Flavonoids make a considerable proportion in 
neem and their potential benefits as antiviral and anti-
allergic agents are high. En i silk knitted collar and hand 
gloves products have tendency to develop bad odor during 
usage due to combined action of higher moisture content 
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Figure 10: Neem dyed mulberry silk fabric 

Application of neem leaf extract on silk 

in the silk and natural accumulation and multiplication of facilitate control of pathogen growth (Figures 11, 13). As 

micro-organisms. Neem finishing was observed to colour obtained by neem is very light, it definitely adds to 
the aesthetics. Figure 12 presents a tasar silk fabric sample 
block printed with motifs using neem. 

Conclusion 

As neem is an abundantly available plant material, 
judicial uses of its extract in textile processing may launch 
a new era in creation of technical textiles. Proper drying, 
storage and extraction in aqueous and solvent media may 
have greater influence on performance of processed 
goods. 

Mulberry or non-mulberry silk, both filament and 
spun yarn fabric as well as knit were dyed in bulk 
using neem leaf extract. Dyeing parameters were 
optimized for neem extract dyeing on silk (pH 4, 
temperature 85 °C and duration 1 h, followed by 
neutral soap wash). 

Figure 11: Neem treated en i silk knitted hand gloves 

Figure 12: Block printing with neem powder on tasar 
silk fabric 

Figure 13: Neem treated en i silk knitted fabric 

For the first time, neem powder was used in printing 
of silk along with guar gum and acid. Different 
shades were obtained using 1 % copper sulphate 
and ferrous sulphate in post-mordanting. 

Application of neem extract on spun silk knitted 
garments viz., socks, gloves and inner lining 
materials have shown better antimicrobial 
properties up to 15-20 washes. Hence, neem extract 
has potential roles to play in the manufacturing of 
antimicrobial silk products, increasing the share of 
functional textiles and the market share as well. 

Wash, light, rubbing and perspiration fastness tests 
conducted for neem dyed and printed silk goods 
have yielded satisfactory results. 
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Article scientifique 

APPLICATION D'EXTRAITS DE FEUILLES DE MARGOUSIER 
SUR LA SOLE COMME TEINTURE, COLORANT D'IMPRESSION ET 

AGENT D'APPRET 

S. A. Hipparagi., Sreenivasa, M. A. Joseph, Abhishek Kumar Singh and Subhas V. Naik 
Central Silk Technological Research Institute, Central Silk Board, Bengaluru 560068, India. 

saamhisir@gmail.com  

RESUME 

II y a cu un changement dans la preference des consommateurs de tissus quant a la selection des couleurs et des motifs 

en fonction de leurs fonctionnalites. Une experience a ete conduite pour appliquer des extraits de feuilles de 

margousier comme teinture, colorant d'impression et agent de finition sur la soie mfirier. La couleur de la feuille de 

margousier a ete extraite en milieu aqueux. Les conditions de teinture comme la temperature, la duree et le pH ont ete 

optimisees. Le rendement optimal, la bonne performance en reponse au lavage, a la lumiere et aux tests de solidite a la 
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transpiration ont servit a selectionner les zones ideates de temperature, duree et pH pour la teinture. L'impression a ete 

realisee en utilisant un extrait de poudre fine de margousier mélange a de l'Agar dans des milieux solvant et acide. Le 

solvant de margousier et les extraits aqueux ainsi que l'acide butane-tetra-carboxylique (BTCA) et l'hyposulfite de 

sodium ont ete utilises dans la finition de la soie et les produits ont montre des proprietes antimicrobiennes meilleures 

a differents cycles de lavage. Par l'application d'extraits de * pour la teinture et la finition de la soie, la creation de 

produits en soie speciaux avec des proprietes antimicrobiennes ameliorees est possible. Ceci peut augmenter la part 

de marche des tissus fonctionnels et des investissements et des profits dans ce secteur. 

Mots des: Proprietes antimicrobiennes, solidité, mordants,soie marier, poudre de feuille deneem . 
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ABSTRACT 

Front line demonstration (FLD) is an important method of transfer of the latest package of practices in totality to 
farmers. FLD of integrated technology package of oak tasar culture were conducted at adopted farmers' fields in 
Senapati and Imphal East districts in Manipur (India) during 2017-18. To demonstrate the benefit of adopting 
improved technologies, 500 grams disease-free laying (DFL) was brushed in each of the 20 adopted farmers' field 
during spring crop 2017-18. The adopted package of technologies resulted in yield of 37.2 cocoons per DFL with 37.9 
per cent improvement which was significantly higher (p<0.05) than that under traditional practices (27 cocoons per 
DFL). Study also registered very narrow technology gap in the demonstration yield over the potential production. 
Mean technology index was calculated to be 7 per cent which prove the feasibility of technology packages at farmer's 
field. Comparative economic analysis has revealed that FLD of improved technology packages realised significantly 

higher (p< 0.05) net return of t20,260/- as compared to 14,300/-underT 	traditional practices. The importance of FLD 
of improved technology package in the context of oak tasar culture for enhancing the productivity is discussed. 

Key words: Front line demonstration, impact assessment, oak tasar culture. 

INTRODUCTION 

Sericulture is a labour—intensive agro based cottage 
industry, which requires low investment. It serves as an 
important tool for rural reconstruction with a potential of 
generating higher periodical returns within a short span of 
time and also assures own family employment 
opportunities around the year (Lakshmanan et al., 1998). 

Thus, it has emerged as a gainful economic venture for 
farmers, entrepreneurs as well as weaker sections of the 
society. India is the second largest producer of raw silk in 
the world and the only country to produce all five different 

types of silk, viz., mulberry, en, muga, oak tasar and 
tropical tasar. Among them, oak tasar silk is 
predominanly produced in Manipur state. It is an elegant 
natural fibre which is popular for its ethnicity, thus having 
a high domestic and international demand. Oak tasar 
culturz is a recently developed segment of Indian 
sericulture, which involves the commercial production of  

oak tasar cocoons and silk by rearing oak fed silkworms. 
However, the oak tasar raw silk production is very low (5-7 
MT) compared to other types of raw silk produced in the 
country. 

The oak tasar silkworm, Antheraea proylei (Family: 
Saturniidae, Order: Lepidoptera) is a hybrid species which 
was synthesized by crossing the Indian species A. roylei 
with Chinese species A. pernyi. The primary food plant of 

the silkworm is Quercus serrata which is grown 
abundantly both in the hilly and valley regions of the 
Manipur state. Presently, more than 20,000 ha of oak 
plantation is available which is under easy access of 
farmers for rearing and approximately, 5,000 families are 
actively involved in oak tasar culture in Manipur (Devi et 

al, 2017). Production and productivity of oak tasar silk 
mostly depends on the knowledge and adoption of the 
latest technologies developed (Mech et al., 2004; 
Goswami etal., 2015). 
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Front line demonstration of oak tasar technologies 

A number of new technologies have been developed 
from time to time in the field of sericulture industry. 
Unless all these innovations reach the field, the envisaged 
development would not take place. By realizing the need 
of extension activities to create awareness on the new 
innovations to the farmers, the extension personnel 
constantly keep in touch with the farmers. Although many 
improved technologies of oak tasar culture have been 
developed by Regional Sericultural Research Station, 
Imphal and recommended for increased productivity, the 
average cocoon yield in the demonstration sites ranged 
from 20-25 per disease free laying which is far below the 
potential yield. This may either be attributed to the low 
adoption or less effectiveness of the technologies. 
Frontline demonstration (FLD) introduced by Indian 
Council ofAgricultural Research (ICAR) has been one of 
the most effective tools of extension to boost crop 
production (Mech et al., 2016). Dissemination of 
improved technologies through FLDs was attempted in 
two major oak tasar cocoon producing districts of 
Manipur and the comparative economics was assessed. 

MATERIALS AND METHODS 

Front line demonstration of oak tasar integrated 
technologies was carried out in two districts of Manipur, 
viz., Senapati (hill district) and Imphal East (valley 
district) during the period of 2017-18. Twenty farmers 
having at least 0.404 hectares of systematic oak plantation 
were identified in different locations of the two districts. 

Selection of site, farmers and demonstration layout was 
followed as suggested by Chaudhury (1999). The 
integrated technologies selected for FLD to the farmers are 
listed in Table 1. 

Disease free layings (DFL) @ 500 gram per farmer 
were provided during spring crop, 2017 & 2018. The 
activities were monitored throughout the rearing period 
and necessary technical guidance was provided as needed. 
Cost of production, returns and benefit cost ratio were 
calculated based on the prevailing market rates of inputs 
and outputs. Technology gap, extension gap and 
technology index were calculated by using the formula 
described by Samui etal., 2000 as mentioned below. 

(I) Technology gap = Potential yield - Demonstration yield 
Extension gap (or Yield Gap) = Demonstration yield - 

Farmer's yield 

Technology Index (%) — Potential yield x01 0 

RESULTS AND DISCUSSION 

A comparison of the average cocoon yield (number / 
DFL) under FLD and traditional practices in the two 
districts of Manipur is presented in Table 2 and the details 
of production at each of the farmer's level is provided in 
Tables 4 and 5. In Imphal East district, the average cocoon 
yield / DFL was 36.3 under FLD whereas, it was 26.0 

Technology gap  

Table 1: Technological interventions versus traditional farmer's practices in oak tasar culture 

Particulars 
	

Technological interventions 
	

Traditional practices 

Pruning schedule 

Fertilizer application 

Disinfection 

Egg disinfection 

Outdoor rearing 

Use of sodium hypochlorite as leaf surface 

disinfectant 

Branch pruning during Nov-Dec before spring crop 
rearing 

NPK and FYM as per schedule 

Disinfection of rearing appliances and rearing field 

with lime and bleaching powder (9:1) before rearing 

Two time disinfection of eggs, once after laying and 

once before hatching 

Rearing of I-11I instar larvae under nylon nets to prevent predator 

attack and use of Uzi fly traps during IV and V instars 

Sprayed as leaf surface disinfectant once each during 

1-111 instars and twice each during IV-V instars 

No pruning 

No fertilizer applied 

No disinfection schedule followed 

One time disinfection done 

Nylon nets not used 

Sodium hypochlorite not sprayed 
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Cocoon yield (No.) 

FLD 
Traditional 
practices 

Imphal East 

Senwati 

Mean 

18150 13000 5873 4367 25501 

19050 14000 5873 4367 26765 

18600 13500 5873 4367 26133 

17695 
	

19628 
	

13598 
	

3.34 
	

3.11 

19369 
	

20892 
	

15002 
	

3.56 
	

3.43 

18667 
	

20260 
	

14300 
	

3.45 
	

3.27 

Ritwika Sur Chaudhury el al. 

Table 2: Productivity, technology gap, extension gap and technology index of oak tasar culture under FLD 

(ha) brushed (g) Traditional increase 
FLD practices 

Imphal East 0.404 500 36.3 26 39.62 

Senapati 0.404 500 38.1 28 36.07 

Mean 0.404 500 37.2 27 37.85 

Table 3: Economics of improved technologies and traditional practices of oak tasar culture under FLD 

Distict 
	Cocoon yield (No.) 	Cost of production M 	Gross return (T) 	Net return (T) 

	
BCR 

FLD Traditional practices FLD Traditional practices FLD Traditional practices FLD Traditional practices FLD Traditional practices 

Area under 	DFL 	
Avg. Cocoon yield (No./DFL) Per cent Potential Technology Extension Technology 

Distric: 	plantation 	 yield index gap 	gap 

(No./DFL) (No./DFL) (No./DFL) 	(%) 

40 
	

3.7 	10.3 	9.25 	18150 	13000 

40 
	

1.9 	10.1 	4.75 	19050 	14000 

40 
	

2.8 	10.2 	7.00 	18600 	13500 

Table 4: Productivity, technology gap, extension gap and technology index of oak tasar culture under FLD (farmer-wise) 

in Imphal East district, Manipur 

Farmer 
Area under 
plantation 

(ha) 

DFL 
brushed 

(g) 

Avg. Cocoon yield (No./ DFL) Per cent Potential yield Technology 
gap 

increase 	(No./DFL) 	(No./ DFL) 

Extension 
gap 

(No./ DFL) 

Technology 

index (%) 

Cocoon yield (No.) 

FLD Traditional practices FLD Traditional practices 

1 0.404 500 36.1 24.8 45.56 40 3.9 11.3 9.75 18050 12400 

2 0.404 500 36.8 27.3 34.79 40 3.2 9.5 8.00 18400 13650 

3 0.404 500 35.9 25.1 43.03 ao 4.1 10.8 10.25 17950 12550 

4 0.404 500 39.0 28.4 37.32 40 1.0 10.6 2.50 19500 14200 

5 0.404 500 33.7 23.9 41.00 40 6.3 9.8 15.75 16850 11950 

6 0.404 500 34.8 24.2 43.80 40 5.2 10.6 13.00 17400 12100 

7 0.404 500 38.0 27.6 37.68 40 2.0 10.4 5.00 19000 13800 

8 0.404 500 37.5 26.9 39.40 40 2.5 10.6 6.25 18750 13450 

9 0.404 500 35.2 24.3 44.85 40 4.8 10.9 12.00 17600 12150 

10 0.404 500 36.0 27.5 30.91 40 4.0 8.5 10.00 18000 13750 

Average 0.404 500 36.3 26.0 39.83 40 3.7 10.3 9.25 18150 13000 

C.D. 2.44* 1219.67 

*p<0.(5 

under traditional practices. In Senapati district, it was 38.1 
and 28.0, respectively. Per cent increase in yield under 
FLD over traditional practices was 39.62 % and 36.07 % 
in Imphal East and Senapati, respectively. The results 
indicated highly significant improvement in cocoon yield 
through FLD of integrated technology practices of oak 
tasar culture over the practices followed by traditional 
farmers. The higher cocoon yield under FLD can be 
attributed to complete adoption of the integrated 
technology package. Similar impact of FLD was reported 

in several other crops (Samui et al., 2000; Raj et al., 2013; 
Joshi etal., 2014; Singh et al., 2014). 

Technology gap 

Technology gap recorded in FLD yield was 3.7 and 1.9 
cocoons / DFL in Imphal East and Senapati, respectively 
against the potential yield of 40 cocoons / DFL (Table 2). 
The difference in the values between the two regions 
might be due to dissimilar environmental conditions in the 
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valley and hill regions. The mean technology gap in FLD 

yield against the potential yield was 2.8 cocoons / DFL, 
which is quite low. Lower technology gap signified 
effectiveness of technological interventions through 
FLD. 

Extension gap 

The extension gap of 10.3 and 10.1 cocoons / DFL was 
observed in Imphal East and Senapati districts,  

respectively (Table 2). The high extension gap stresses the 
need to educate farmers on adoption of improved practices 
and ensure their effective transfer to the farmer's level so 
that oak tasar cocoon productivity can be enhanced to a 
greater extent. 

Technology index 

The technology index was calculated to be 9.25 % in 
the case of Imphal East while it was 4.75 % in Senapati 

Table 5: Productivity, technology gap, extension gap and technology index of oak tasar culture under FLD (farmer-wise) 

in Senapati district, Manipur 

Farmer 
Area under 
plantation 

(ha) 

DFL 
brushed 

(g) 

Avg. Cocoon yield (No./ DFL) Per cent Potential yield Technology 

increase 	(No./ DFL) 	(Nog./aDPFL) 

Extension 
gap 

(No./ DFL) 

Technology 

index (%) 

Cocoon yield (No.) 

FLD Traditional practices FLD Traditional practices 

1 0.404 500 38.5 27.4 40.51 40 1.5 11.1 3.75 19250 13700 

2 0.404 500 36.9 26.7 38.20 40 3.1 10.2 7.75 18450 13350 

3 0.404 500 37.8 28.3 33.57 40 2.2 9.5 5.5 18900 14150 

4 0.404 500 38.1 27.8 37.05 40 1.9 10.3 4.75 19050 13900 

5 0.404 500 38.9 28.8 35.07 40 1.1 10.1 2.75 19450 14400 

6 0.404 500 37.7 28.2 33.69 40 2.3  9.5 5.75 18850 14100 

7 0.404 500 38.6 26.9 4 3.49 40 1.4 11.7 3.5 19300 13450 

8 0.404 500 36.3 26.7 35.96 40 3.7 9.6 9.25 18150 13350 

9 0.404 500 39.4 29.5 33.56 40 0.6 9.9 1.5 19700 14750 

10 0.404 500 38.8 29.7 30.64 40 1.2 9.1 3 19400 14850 

Average 0.404 500 38.1 28 36.17 40 1.9 10.1 4.75 19050 14000 

C.D. 1.47* 734.85* 

*p<0.05 

Table 6: Comparative economics of improved technologies and traditional practices of oak tasar culture under FLD in Imphal 

East district, Manipur 

Farmer 
Cocoon yield (No.) Cost of production M Gross return (T) Net return (T) BCR 

FLD 	Traditional practices 	FLD Traditional practices FLD 	Traditional practices 	FLD 	Traditional practices FLD 	Traditional practices 

1 18050 12400 5873 4367 25360 14988 19487 10621 2.32 1.43 

2 18400 13650 5873 4367 25722 16499 19849 12132 2.38 1.78 

3 17950 12550 5873 4367 25219 15170 19346 10803 2.29 1.47 

4 19500 14200 5873 4367 27398 17164 21525 12797 2.67 1.93 

5 16850 11950 5873 4367 23675 14445 17802 10078 2.03 1.31 

6 17400 12100 5873 4367 24447 14626 18574 10259 2.16 1.35 

7 19000 13800 5873 4367 26695 16681 20822 12314 2.55 1.82 

8 18750 13450 5873 4367 26344 16258 20471 11891 2.49 1.72 

9 17600 12150 5873 4367 24728 14686 18855 10319 2.21 1.36 

10 18000 13750 5873 4367 25290 16620 19417 12253 2.31 1.81 

Average 18150 13000 5873 4367 25487 15714 19615 11347 2.34 1.60 

CD. 1707.61* 

*p<0.05 
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Table 7: Comparative economics of improved technologies and traditional practices of oak tasar culture under FLD in 

Senapati district, Manipur 

Farmer 
Cocoon yield (No.) Cost of production (t) Gross return (T) Net return (T) BCR 

FLD Traditional practices 	FLD 	Traditional practices FLD 	Traditional practices 	FLD 	Traditional practices FLD 	Traditional practices 

1 19250 13700 5873 4367 27046 16560 21173 12193 3.61 2.79 

2 18450 13350 5873 4367 25922 16137 20049 11770 3.41 2.70 

3 18900 14150 5873 4367 26555 17104 20682 12737 3.52 2.92 

4 19050 13900 5873 4367 26765 16802 20892 12435 3.56 2.85 

5 19450 14400 5873 4367 27327 17406 21454 13039 3.65 2.99 

6 18850 14100 5873 4367 26484 17043 20611 12676 3.51 2.90 

7 19300 13450 5873 4367 27117 16258 21244 11891 3.62 2.72 

8 18150 13350 5873 4367 25501 16137 19628 11770 3.34 2.70 

9 19700 14750 5873 4367 27679 17829 21806 13462 3.71 3.08 

10 19400 14850 5873 4367 27257 17950 21384 13583 3.64 3.11 

Average 19050 14000 5873 4367 26765 16923 20892 12556 3.56 2.88 

C.D. 1032.52* 

*p<0.05 

district (Table 2). Technology index shows the feasibility 
of the evolved technology at the farmer's field and lower 
the value of technology index, more is the feasibility of 
the technology (Jeengar el al., 2006). The average 
technology index was 7 % signifying the feasibility in 
adoption of the improved oak tasar technologies. 

Economic return 

The rearing costs were calculated on the basis of the 

prevailing market rates, from which gross returns, net 

returns and benefit cost ratio (BCR) were determined 

(Table 3, 6, 7). In both the districts, the cost of production 

was higher under FLD (5,873/-) compared to traditional 

practices (T4,367/-) considering the extra inputs utilized 

for improved technology practices. The gross return 

under FLD was calculated as t 25,501/- and 26,769- in 

Imphal East and Senapati as against 17699- and 

19369/- under traditional practices, respectively from 

the rearing of 500 DFLs in 0.404 hectares of oak 

plantation. The net returns under FLD and traditional 

practices were in the range of 18,574 - 21,806/- and 

t 10,078 - 13,583/-, respectively. The average BCR of the 

two districts under FLD was 3.45 whereas, it was 3.27 in 

the case of rearing under traditional practices. This can be  

attributed to the effectiveness of technologies 

demonstrated to the selected farmers. 

Conclusion 

From the present study, it is very clear that front line 
demonstration of improved oak tasar technology package 
had a significant impact in improving the cocoon 
productivity at farmer's level. Considering the present 
status of oak tasar culture in Manipur and demand of oak 
tasar raw silk for export as well as domestic use, 
technological interventions are the need of the hour. FLD 
being a result-oriented demonstration method, has proved 
to be very effective in educating the farmers to adopt the 
newer technologies for increased profitability. The 
difference in output and economic returns under FLD and 
traditional practices was quite evident and the selected 
traditional farmers were convinced to adopt the 
technologies for oak tasar culture in future. Considering 
the yield potential of oak tasar, there is an urgent need to 
popularize the improved technologies to all existing and 
potential oak tasar farmers with the coordination of all 
responsible agencies such as research, development and 
training institutions through single forum and through 
model farmers in village clusters so as to enhance oak tasar 
cocoon and raw silk productivity in the country. 
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RESUME 

La demonstration sur le terrain (FLD) est une importante methode de transfert des dernieres technologies chez 

Pensemble des fermiers. La FLD des paquets technologiques integres de l'elevage du tasar du chene a ete adopt& dans 

les champs de fermiers des districts Senapati et Imphal de l'est au Manipour (Inde) en 2017-2018. Pour demontrer le 

benefice a adopter des technologies ameliorees, 500 grammes de pontes saines (DFL) ont ete utilisees chez chacun 

des 20 fermiers selectionnes au cours de la recolte de printemps 2017-2018. Le paquet de technologies adopte a donne 

37,2 cocons par ponte avec une amelioration de 37,9 pour cent ce qui est significativement plus eleve (p<0,05) 

qu'avec les pratiques traditionnelles (27 cocons par ponte). L'etude montre egalement un fosse technologique entre le 

rendement de la demonstration et le potentiel de production. L'indice moyen de technologie a ete calcule a 7 pour cent 

ce qui prouve la faisabilite des paquets technologiques chez les fermiers. L'analyse economique comparative revele 

que La FLD des paquets technologiques ameliores permet un retour significativement plus eleve (p<0,05) de 20 ;260 

Rs compare a 14.300 Rs avec des pratiques traditionnelles. Nous discutons de l'importance de la DFL de ces 

techniques ameliorees dans le contexte de l'elevage du tasar du chene afin d'augrnenter la productivite. 

Mots des: Demonstration sur le terrain, evaluation d'impact, elevage du tasar du chene. 
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ABSTRACT 

Among the different crop seasons and ecoraces of tasar silkworm, Antheraea mylitta, significant improvement in both 

cocoon and shell weight was noticed across 1 to 3'd  crops of Daba TV and from 1." to 2" crops for Daba BV and Raily 

ecoraces. But, single filament denier remained at par irrespective of three ecoraces and crop seasons. Ascending trend 
was observed for both filament length as well as non- broken filament length (NBFL) from to 3'd  crops of Daba TV 

and r to 2"d  crops for Daba BV and Raily cocoons. Maximum NBFL existed below 200 m despite filament length 
being above 800 m due to excessive breaks during withdrawal of filament from cocoons. Statistical term 'skewness' 
denotes the asymmetry in distribution of data. For all cocoon varieties, mode values of NBFL were lower than average 
revealing that maximum frequencies lie in the lower range as compared to average values and hence, the estimated 
skewness values were positive. This parameter establishes the lower reeling speed of tropical tasar cocoons at about 
30 m/min. Since the NBFL is above 150 m, third crop of Daba TV and first as well as second crops of Daba BV and 

Raily tropical tasar cocoons are considered for commercial reeling purpose. 

Key words: Bivoltine, ecorace, filament length, reelability, tasar, trivoltine. 

INTRODUCTION 

Tropical tasar silkworms are Antheraea mylitta Drury 

species under order Lepidoptera and family Saturniidae. 
Daba is a reared ecorace of tropical tasar whereas, Raily is 
from natural resources. Daba consists of both bivoltine 
and trivoltine types but Raily is of bivoltine. Mulberry silk 
is well known for its luster, beauty, elegance, and 
sensuality but the importance of tropical tasar is next to 
mulberry from reeling point of view. After harvesting, 
continuous filament yarns of desired denier are produced 
by reeling process. Before conversion into yarn, the 
cocoon quality parameters viz., shell weight, filament 
length, non- broken filament length and filament denier 
are measured to predict its reeling performance. 

Among the different quality parameters, non-broken 
filament length (NBFL) is the most decisive characteristic  

for assessment of reeling performance. The reeling speed 
is directly proportional to the non-broken filament length 
of silk cocoons (Lee, 1999). State of the art reeling 
machines are used for production of mulberry silk yarn 
with higher speed (Somashekar and Kawakami, 2002) vis-

a-vis reeling of tasar and muga cocoons at very low speed 
either by manual process or by using conventional 

machines (Jolly etal., 1979; Sonwalkar, 1993; Kariappa et 

al., 2005). The frequency distributions of non- broken 
filament length of tasar silk cocoons are positively skewed 
and doesn't present a normal distribution pattern. The 
mode value for non-broken filament length exists in the 
lower range with respect to average value (Das and Ghosh, 
2007). Due to excessive breaks during filament 
withdrawal, the non-broken filament length (NBFL) is 
minimum for tropical tasar cocoons. In the case of 
mulberry cocoons, due to few breaks during reeling along 
with higher filament length, the NBFL is higher (Munshi 
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etal., 2015). The NBFL of tropical tasar cocoons ranges 
between 150 to 175 m despite above 450 m for mulberry 
variety. This parameter establishes the reason for higher 
reeling speed of about 100 m/min for mulberry cocoons as 
against only 30 m/tnin in the case of tasar cocoons 

(Chattopadhyay et al., 2018). The average NBFL ranges 
from 70 to 125 m for different varieties of Daba TV 3" 
crop tropical tasar cocoons whereas, the average filament 
length varies from 300 to 400 m (Mitra etal., 2012). 

From the different studies carried out as far, as 
discussed above, it is revealed that no attempt has been 
undertaken to evaluate the quality characteristics and 
distribution pattern of filament as well as non-broken 
filament length of domestic Daba and natural resource 
Raily cocoons in different crops. So the present study was 
initiazed with these objectives. 

EXPERIMENTAL MATERIALS 

Tropical tasar cocoons of domestic Daba Trivoltine 
(TV) l', 2" and 3" crops as well as Daba Bivoltine (BV) lst  
and 2"d  crops were procured from Raw Material Bank, 
Central Silk Board, Chaibasa, Jharkhand, India. Raily 
tasar cocoons of 1" & Td  crops were collected from 
Regional Tasar Research Station, Central Silk Board, 
Jagdalpur, Baster, Chhattisgarh, India. Sodium carbonate 
and neutral soap "Extran MA 02" of laboratory reagent 
grade from Merck, Germany were used for this study. 

METHODS 

Assessment of cocoon parameters 

Cocoon and shell weight were assessed for Daba TV 
(r, rd  & 3" crops), Daba BV (1 & Tdcrops) and Raily (1" 
8c Td  crops) tropical tasar cocoons following the standard 
method (Jolly etal., 1979; Sonwalkar, 1993). A total of 50 
observations were taken for each variety of cocoons. 

Degumming of tropical tasar cocoons 

Tropical tasar cocoons of Daba TV (1", 2"d' & 3" crops), 

Daba BV (1st  & Td  crops), and Raily (1' & Td  crops) were  

softened by using sodium carbonate and neutral soap 
(Sonwalkar, 1993). A solution of sodium carbonate and 
neutral soap was prepared by dissolving both at 
concentration of 10 g/1 each of water. For 100 cocoons, 4 
liters of water was taken. The cocoons were kept in netted 
nylon cloth and boiled for 45 minutes followed by 
steaming for 30 minutes. The cocoons were washed by hot 
water followed by cold water to remove excess alkali. The 
cocoons were then defiossed by hand to find the single end 
of filament for reeling at semi moist condition. Three 
replications were carried out and 100 cocoons were 
softened for each replication under all experimental 
samples of tasar cocoons. 

Reeling of tasar cocoons 

Tasar cocoons of Daba TV, Daba BV and Raily for each 
crop, softened by using sodium carbonate and neutral soap 
were reeled by using Epprouvette. Filament was 
withdrawn from single cocoon in semi moist conditions 
and breaks were noted during reeling. The total length of 
yarn from single cocoon was estimated by multiplying the 
no. of revolution (noted from revolution counter meter) 
with factor 1.125. Total of 200 observations were taken for 
each variety of tasar cocoon. Yarn was collected for each 
observation. After drying using hot air dryer for 20 min at 
105 ± 3 "C (BS 4784-1973, 1974), yarn weight was 
measured using precision electronic balance. Yarn denier 
and non-broken filament length were estimated as per 
standard procedures (Jolly et al., 1979; Sonwalkar, 1993). 

Conditioning of yarn samples 

The yarn samples were kept at standard atmospheric 
conditions i.e., 65 ± 2 % relative humidity and 27 ± 2 °C 
temperatures for 24 hours before testing (ASTM D 
1766/1766M, 2015) and subjected for assessment of 
filament weight. 

Analysis of experimental data 

The experimental data were analyzed for average, 
standard deviation, median, mode and frequency 
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distribution pattern of filament as well as non- broken 
filament length using MINITAB 17 Statistical Software. 

RESULTS AND DISCUSSION 

Cocoon and shell weight 

Cocoon and shell weight of Daba TV ( 1 a' to 3ad  crops), 
Daba BV (15` & 2" crops) and Raily (18` & 2" crops) 
cocoons are presented in Table 1. 

Ascending trend for both cocoon and shell weight was 
observed from I n  to 3'd  crop for Daba TV and from la' to 2" 
crop in the case of Daba BV as well as Raily cocoons 
(Table 1). Since the quantity of silk in cocoon shell is 
anticipated by shell weight, silk content for Daba TV 3rd  

crop as well as Daba BV and Raily 2" crop is more as 

compared to their previous crops. Table 2 presents the test 
of significance for cocoon and shell weight among 
ecoraces and crops. 

Table 1: Cocoon and shell weight of tropical tasar cocoons 

Ecorace Crop Cocoon weight (g) Shell weight (g) 

Daba TV 1" 7.80 (1.20) 0.70(0.10) 

2 4̀  8.10 (1.60) 1.00 (0.30) 

3 d̀  8.70 (0.80) 1.10 (0.10) 

Daba BV 7.60 (1.40) 1.00 (0.30) 

2n4  9.60 (1.30) 1.40 (0.20) 

Raily 10.80 (2.30) 2.20 (0.50) 

12.60 (2.60) 2.50 (0.60) 

TV: Trivoltine, BV: Bivoltine; Values in parentheses are Standard Deviation. 

Table 2: Test of significance for cocoon and shell weight 

values 
Ecorace / Crop 	 Cocoon weight 

	
Shell weight 

Daba TV 1' & Daba TV 2'" 
	

1.00NS 
	

6.80- 

Daba TV 2- & Daba TV 3"1 
	

2.35' 
	

2.27' 

Daba TV l&DabaTV3d 
	

4.45- 
	

20.00" 

Daba BV 1' & Daba BV 
	

7.40- 
	

8.00- 

Raily 1' & Raily 2°° 
	

3.60- 
	

2.70- 

Daba TV 3"' & Daba BV r 
	

4.30- 
	

9.70- 

Daba TV 3r" & Raily 
	

10.00- 
	

16.30- 

Daba BV r & Raily r 
	

7.30- 
	

12.40- 

TV: Trivoltine, BV: Bivoltine; NS - Not significant; 

*- Significant at 5 % confidence level; **- Significant both at 5 % and I % confidence level. 

Significant difference of cocoon and shell weight was 
noticed between 3'd  crop as well as I" and 2" crops for 
Daba TV cocoons and between 2" and 1' crop of Daba BV 
and Raily cocoons (Table 2). Between ecoraces; cocoon 
and shell weight of Daba BV 2" crop were significantly 
higher as compared to Daba TV 3rd  crop. Similarly, the 
maximum value for cocoon and shell weight was found for 
Raily 2" crop, significantly more than that of Daba TV 3'1  
and Daba BV 2" crops. This is quite substatntiated by the 
maximum leaf protein content (mg/g) reported during 
autumn and winter seasons for Aijun (Terminalia arjuna) 
and Asan ( Terminalia tomentosa) plants (Dash et al., 1992; 
Scheirs et al., 2002). The overall leaf nutrient was rated 
more in the case of Sal (Shorea robusta) also during the 
above seasons (Lokesh et al., 2016). This may be the 
reason for maximum cocoon and shell weight for Daba TV 
3rd  crop as well as Daba BV 2" crop and Raily 2" crop 
because Daba TV and BV silkworms are reared on Arjun 
and Asan plants whereas, Raily on Sal tree. Although no 
difference was noticed in terms of crude protein content 
among these host plants, Sal tree leaves possessed 
comparatively higher quantity of crude fibre (Sinha and 
Jolly, 1971). This might be the reason behind the 
maximum cocoon and shell weight displayed by Raily 
ecorace. 

Filament denier 

The data on single filament denier of Daba TV, Daba 
BV and Raily cocoons are provided in Table 3. It is evident 
that single filament denier remained unaltered among 
ecoraces and crops as confirmed by significance test ('t' 
values). Significant differences observed only between 
Daba BV 2" crop and Daba TV 3rd  crop as well as between 
Raily 2" crop and Daba TV 3" crop (1 % significance 
level). The shell weight presented a gradual increase for 

Table 3: Single filament denier of tropical tasar cocoons 

Ecorace 
Single filament denier 

1' crop 2" crop crop 

Daba TV 10.00 (0.90) 10.10 (0.60) 9.80 (1.00) 

Daba BV 10.80(1.00) 10.60 (1.10) 

Raily 10.50 (1.30) 10.80 (1.20) 

TV: Trivoltine; BV: Bivoltine; Values in parentheses are Standard Deviation. 
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different ecoraces of tropical tasar from 1." to successive 
crops along with filament length. Hence, the single 
filament denier remained at par (Reddy et al., 2011). 

Frequency distribution pattern of filament length and 
non- broken filament length (NBFL) 

The distribution pattern for filament and non- broken 

filament length of Daba TV cocoons from 1 to 3 4̀  crops is 

depicted in Figures 1 and 2, respectively. The maximum 

frequency proportion of filament length existed between 

50 and 300 m for 1" and 2nd  crop and from 450 to 650 m in 

the case of 3'd  crop cocoons. However, when non-broken 

filament length being considered (Figure 2), the values 

were found between 50 and 250 m for all crops. 

Figure 3: Distribution of filament length of Daba BV cocoons 
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Figure 4: Distribution of non- broken filament length of 

Daba BY cocoons 

The distribution pattern of filament and non-
broken filament length for Daba BV cocoons is illustrated 
in Figures 3 and 4, respectively. The range for maximum 
proportion of filament length in the case of Daba BV 1' 
and 2nd  crops existed between 350 and 650 m and from 450 
to 950 m, respectively (Figure 3). Nevertheless, for non-
broken filament length, the values were between 50 and 
250 m and from100 to 300 m, respectively (Figure 4). In 
the case of Raily 1st  crop, maximum samples have fallen in 
the filament length ranges between 500 and 900 m and for 
2nd  crop, from 700 to 950 m (Figure 5). In contrast to the 
higher values stated for filament length, NBFL was found 
between 50 and 250 m and from 50 to 300 m, respectively 
for 1 and 2"d  crop of Raily variety (Figure 6). 

From the distribution pattern of filament length and 
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Figure 6: Distribution of non- broken filament length of 
Raily cocoons 

non-broken filament length of Daba TV, Daba BV and 
Raily cocoons, it can be opined that significant 
differences exist between two parameters. The reeling 
speed is directly proportional to NBFL of silk cocoons 
(Lee, 1999) as established by the following equation. 

Reeling speed (m / min) = 

Non- broken filament length (m) x No. of possible 
piecing / min by reeler 

No. of reeling cocoons in single thread 

Considering an average NBFL of 150 m, no. of piecing 
possible per min per person is 1 and when 6 cocoons are 
maintained per end during yarn production, the  

anticipated reeling speed is 25 m/min for tasar cocoons. 
So, higher reeling speed could not be achieved for tasar 
cocoons because the major distributions of NBFL lie in the 

ranges of lower values and hence, the take up speed is 
maintained at about 30 m / min (Munshi et al., 2015; 
Chattopadhyay et al., 2018). Lower modulus along with 
higher extension of tasar filament indicates poor 
orientation and crystalline order (Das et al., 2005; 
Divakara et al., 2009). The secretion from Filippi's gland 
of silkworm helps for better coagulation of liquid silk and 
thereby uniformity of filament. It is less active for non-
mulberry silkworms as compared to mulberry (Iizuka, 
1980). Hence, there may be possibility for presence of 
more weak points throughout the progressive length of 
tasar silk filament. Therefore, excessive breaks occur as it 
cannot withstand high tension during reeling. 

Statistical parameters for filament and non-broken 
filament length 

Statistical parameters i.e., average, standard deviation, 
median, mode and skewness values for filament and non-
broken filament length of different types of tropical tasar 
cocoons are presented in Tables 4 and 5, respectively. 

As observed from the data, an ascending trend is 
witnessed for filament length from 1St  to 3Td  crops for Daba 
TV cocoons and from to 2" crops for Daba BV and 
Raily cocoons. Similar trend was observed in the case of 
median and mode values. Higher filament length was 
noted for Daba TV 3" crop, Daba BV 2' crop and Raily 2' 

Table 4: Statistical parameters of filament length of tropical 

tasar cocoons 

Ecorace Crop 

Statistical parameters 
Average 

(m) 

Standard 
Deviation (m) 

median  

(m) 
Mode 
(m) 

Skewness 
(-) 

Daba TV 1" 204.00 107.50 193.60 130.80 +0.690 

220.25 125.00 198.60 183.30 + 0.300 

523.00 114.00 517.00 515.00 + 0.070 

Daba BV 404.30 124.80 397.10 382.10 + 0.178 

680.50 195.30 647.60 581.30 + 0.508 

Raily 729.30 140.20 760.00 825.90 - 0.690 

827.80 115.20 846.80 906.90 - 0.687 

BV- Bivoltine; TV- Trivoltine. 
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Table 5: Statistical parameters of non- broken filament length of 

tropical tasar cocoons 

Statistical parameters 

Average Standard  Median Mode Skewness 
Ecorace Crop 	(m) 	Deviation (m) 	(m) 	(m) 	(-)  
Daba TV 1 	114.75 	71.94 	104.72 	90.40 	+0.340 

	

2" 	129.00 	76.20 	120.50 	113.30 	+ 0.206 

	

3' 	175.50 	73.50 	168.30 	158.50 	+0.231 

	

Daba BV 1' 	152.30 	70.70 	147.60 	144.70 	+ 0.107 

	

V 	184.80 	97.00 	173.60 	171.70 	+ 0.134 

Raily 	l' 	156.80 	70.90 	150.00 	137.10 	+ 0.280 

	

2,1 	195.30 	109.10 	180.90 	170.40 	+ 0.230 

BV- Bivokine; TV- Trivoltine. 

crop cocoons. This may be due to higher leaf nutrient 
content ofArjun, Asan and Sal plant leaves during autumn 

and w-_nter seasons (Scheirs et al., 2002; Lokesh et al., 
2016) that correspond to the raising of these crops of 
tropical tasar cocoons. Since more of filament length is a 
function of heavier silk shells, obviously higher values 
were recorded during this period, in respect of shell 
weights too. Except for Raily lst  and 2"d  crops, median and 
mode values of filament length were lower than average 
values. Similarly, a progressive trend was observed for 
non-broken filament length from 1" crop of Daba TV, 
Daba BY and Raily cocoons to their successive crops. But 
it is noted that maximum NBFL existed below 200 m 
despite filament length being above 800 m. For all types 
of coccons, median and mode values ofNBFL were lower 
than average, which revealed that maximum frequencies 
for NBFL lie in the lower range as compared to average 
(Das and Ghosh, 2007). NBFL is an important 
characteristic of cocoon from reeling point of view since it 
is directly proportional to reeling speed (Lee, 1999). In the 
case of tropical tasar, due to lower range of NBFL, 
production is carried out at about 30 m/min only vis-a-vis 
100 tnimin for mulberry cocoons (Sonwalkar, 1993; 
Munshi et al., 2015). 

Skewness is a statistical term that denotes the extent of 
asymmetry in the data (Das, 1986). It is revealed from 
Table 4 that except for filament length of Raily cocoons, 
positive skewnwess was noted for Daba TV and Daba BV 
Varieties. In the case of non-broken filament length 
(NBFL), positive skewness was observed for all cocoons  

(Table 5). The non-broken filament length distributions 
for tropical and temperate tasar silks are positively skewed 
and it cannot be considered as normal distribution 
populations. Gamma distribution provides best fit of 
NBFL in the case of tropical tasar whereas, temperate tasar 
follows lognormal distribution (Das and Ghosh, 2007). In 
contrast to this fact, negative skewness values for NBFL 
were being noticed in the case of mulberry bivoltine and 
multivoltine cocoons (Chattopadhyay et al., 2018). Since 
tropical tasar cocoons also contain calcium oxalate and 
tannin in addition to sericin and fibroin (Gheysens et al., 
2011); softening is quite difficult even though sodium 
carbonate (Na2CO3) is used for cooking vis-a-vis plain 
water boiling followed for mulberry cocoons. Due to poor 
orientation and crystalline order of molecules in tasar silk 
filament, lower initial modulus along with higher 
extension characteristic was noticed (Das et al., 2005). 
The tenacity of tasar silk filament in floss and upper layers 
is lower as compared to inner layers similar to other silk 
types (Chattopadhyay et al., 1997). Hence, during 
filament withdrawal, excessive breaks occur for tropical 
tasar cocoons, resulting in inferior reeling performance. 
The reelability of tropical tasar cocoons is below 40 % and 
raw silk recovery, below 65 % as against above 70 % for 
mulberry variety (Sonwalkar, 1993; Munshi etal., 2015). 

The test of significance for filament length and non-
broken filament length of tropical tasar cocoons is given in 
Table 6. 

Except between 1' and 2"d  crops of Daba TV; 

Table 6: Test of significance for filament length and non- 

broken filament length 
values 

Filament length Non- broken filament 
length 

Daba TV 1' & Daba TV 2" 
	

1.40NS 
	

1.90N5 

Daba TV 2" & Daba TV 3" 
	

25.20- 
	

6.20- 

Daba TV I" & Daba TV 3" 
	

28.70- 
	

8.30- 

Daba BV & Daba BV 
	

16.80- 
	

3.80- 

Raily 1"& Raily 	 12.80- 
	

4.20- 

Daba TV 3" & Daba BV 
	

9.80- 
	

1.10N5 

Daba TV 3" & Raily 
	

26.50- 
	

2.10' 

Daba BV 2d & Raily 	 9.20- 
	

I.01NS 

TV: Trivoltine; BV: Bivoltine; NS - Not significant; *- Significant at 5 % confidence level; 

**- Significant both at 5 % and I % confidence level 

Ecorace / Crop 
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significant differences existed between first crop and 
successive crops for other varieties of cocoons in terms of 
filament length and NBFL. The non- broken filament 
length of maximum order were reported for Daba TV 3rd, 
Daba BV 2" and Raily 2" crop cocoons due to possession 
of more filament length. Correspondingly, the shell 
weight was also maximum for these cocoons due to 
availability of more quantum of food plant leaves with 
high nutrient content (Scheirs etal., 2002; Lokesh et al., 
2016). Since the average NBFL is 150 m and above for 
Daba TV 3" crop, Daba BV and Raily 1' and 2" crops 
cocoons, these are considered for commercial reeling 
purpose. Though significant differences existed for 
filament length among Daba TV 3m, Daba BV 2" and 
Raily 2" crops cocoons, the NBFL presented values at par 
between Daba TV 3" and Daba BV 2" as well as Daba BV 
2" and Raily 2nd  varieties. 

Conclusion 

Progressive increase in both cocoon and shell weight 
was observed from 1' crop to successive crops for all 
ecoraces of tropical tasar cocoons. Silk content was 
observed maximum in Daba and Raily last crop cocoons. 
However, filament denier remained unaltered among 
ecoraces and crops. Ascending trend was noticed for both 
filament and non- broken filament length (NBFL) in 
respect of all types of tropical tasar cocoons. Significant 
differences for cocoon and shell weight as well as 
filament length and NBFL were noted between Daba TV 
3rd, Daba BV 2" and Raily 2" crops cocoons as compared 
to their previous crops. Despite the filament length being 
more than 700 m for Daba TV 3" crop as well as Daba BV 
and Raily 2" crops cocoons, non- broken filament length 
existed in a lower range i.e., between 50 to 300 m. The 
statistical term skewness denotes the extent of asymmetry 
in the data. In the case of non-broken filament length, 
positive skewness was observed because the median and 
mode values were lower as compared to average values. 
So, major proportion of non-broken filament lies towards 
lower side with reference to average values. Since NBFL 
is an important characteristic of silk cocoon from reeling 
point of view, higher take up speed to withdraw filament  

from cocoons is not possible in tropical tasar. As NBFL is 
150 m and above for Daba TV (3rd  crop) as well as Daba 
BV and Raily (1' and 2"d  crops) cocoons, these are 
considered the best for commercial reeling. 

The present work underscores the need of further 
investigations on assessment of chemical composition of 
minerals as well as other additives present in cocoon shell 
of different ecoraces in relation to the various crops of 
tropical tasar. The filament-layering pattern of cocoon 
shell along with the reason for inactiveness of Filippi's 
gland would generate added information which may 
facilitate establishment of suitable softening process using 
appropriate chemicals so that longer NBFL can be 
recovered at higher reeling speed. 
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RESUME 

Parmi les differentes saisons de recolte et des races de ver A soie tasar Antheraea mylitta, des ameliorations 

significatives ont ete obtenues pour le poids du cocon et celui de la coque soyeuse de la premiere a la troisieme recolte 

de Daba TV et de la premiere A la deuxierne recolte pour Daba BV et Raily..Mais le titre du filament reste quelle que 

soient les ecoraces et les saisons. Une tendance ascendante est observee pour la longueur du filament et la longueur du 

filament sans casse (NBFL) de la premiere A la troisieme recolte chez Daba TV et dans la premiere et la deuxierne 

recolte chez Daba BV et Raily. La NBFL maximale est en dessous de 200m alors que la longueur de filament est de 

800m ceci en raison des cassures excessives pendant le devidage des cocons. Le terme statistique «skewness» 

signifie une asymetrie dans la distribution des donnees.Pour toutes les varietes de cocons, les valeurs de NBFL sont 

plus faibles que la moyenne et done les valeurs estimees de skewness sont positives . Ce parametre etablit la vitesse la 

plus faible devidage des cocons du tasar tropical A 30m/min. Puisque le NBFL est au dessus de 150m, la troisieme 

recolte de Daba TV et la premiere ainsi que la seconde de Daba BV et Raily sont acceptables pour la filature 

commerciale.; 

Mots des: Bivoltin, ecorace, longueur du filament, devidabilite, tasar, trivoltin. 
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ABSTRACT 

A new device, the 'Eco-eri cocoon degumming machine' was developed in an attempt to degum the en i silk cocoons 
without using any chemicals. Existing methods of en i cocoon degumming in the industry involves the use of 
chemicals, such as soap, soda and hydrogen peroxide in open vessels at boiling temperature. This apart, they are 
lengthy processes that give way to environmental hazards due to the pollution load in the effluent. The new technique 
is proved economical and environment friendly; furthermore, saves water and energy which is an added advantage 
and enhance the productivity due to shorter processing time as well. 

Key words: Degumming machine, en i cocoon, soap, soda. 

INTRODUCTION 

The en i silk accounts to 77.79 % of the total wild silk 
production and to 18.57 % of the total silk production 
(2016-17) in India. Ericulture prevails mostly in the 
North-eastern part of the country. The states of Assam, 
Nagaland, Meghalaya and Manipur contribute to nearly 
98 % of en i silk production in the country, locally known 
as "Endi". 

The en i cocoons are open mouthed, white or brick red 
coloured and made up of entangled layers which cannot 
be reeled like mulberry cocoons but, are spun like cotton 
or 	wool. 	En i silk has certain excellent quality 
characteristics, which are unique in many aspects, such as 
warmth, fineness, density, cross sectional shape, surface 
properties etc., which play an important role in 
determining the end use ofthe fibre. It appears like en i can 
be blended with other fibers, such as cotton, wool, 
polyester, etc. (Sreenivasa et al., 2007). Each en cocoon 
weighs about 1 to 5 g with the shell weighing 0.2 to 0.7 g 
where the staple length of the fibre is about 57.00 mm. The 
denier of the filament is 2.2 to 2.5 with a tenacity of 3 to 
3.5 g/d (Kariyappa et al., 2009). En i silk possess an 

elongation property of 20-22 %. Possession of excellent 
thermal properties provide the scope of substitution for 
wool. The moisture retention capacity is 11 % (Sreenivasa 
et al., 2005). Although en silk is finer than other vanya 
silks and possesses many positive features, as twist play an 
important role in spun yarns, proper level of twist is 
required to maintain dimensional stability of fabric 
especially garments. Major portion of the en cocoons are 
spun on traditional devices like Takali. In mill spinning, 
fibres are pulled and twist is imparted simultaneously to 
form a yarn (Chattopadhyay et al., 2017). The coarse yarn 
produced so is normally used for production of traditional 
materials mainly for domestic use. 

En i silk contains 10-15 % of sericin which is to be 
removed either by boiling with soap water or through 
scouring in vats followed by hydro extraction. This 
process reduces the sericin content to 2-3 % which is 
optimum for further opening and carding (Kulkarni, 
2007). Usually, 0.5 to 1.0 % of gum is retained in the 
material to facilitate the spinning process. Degumming is 
also carried out by different methods viz., soap soda 
process, enzymatic process, etc. The degumming recipe 
definitely has an influence on the mechanical properties of 
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the silk, such as colour, lustre, etc. 

In India, presently, most of the en i silk is degummed in 
the cocoon stage under alkaline conditions. The 
degumming loss varies from 8-10 % depending on the 
degumming conditions. As there is no standard procedure 
available, the degumming loss varies from lot to lot. In 
order to solve this issue, degumming of en cocoon under 
pressurised condition is recommended. In pressurised 
degumming, the process can be standardized by 
optimising the pressure / temperature and duration of 
degumming. Further, the process is also eco-friendly as 
no chemicals are required. The present work describes the 
structural and functional characteristics of the new device 
fabricated for this purpose. 

MATERIALS AND METHODS 

Materials 

En cocoons were procured from the Department of 
Sericulture, Guwahati, Govt. of Assam. The following 
Table presents the characteristics of en i cocoons and fibre 
used for the present experimentation. After degumming, 
cotton spinning technique was followed to produce spun 
silk yarn out of en i cocoon shells. 

Cocoon characteristics 

Cocoon weight (g) 2.50 

Shell weight (g) 0.36 

Shell % 17 

Physical properties of fibre 

Filament denier (d) 2.34 

Fineness (microns) 14 

Whiteness (%) 43.29 

Yellowness (%) 13.88 

Silk fibre parameters 

Span length at 50% (mm) 18.91 

Span length at 2.5 	(mm) 38.40 

Design and fabrication of CSTRI Eco-Eri cocoon 
degumming machine: At high temperature and high 
pressure, the sericin of en cocoons can be stripped in 
water under proper agitation. This principle has been used 

for 	the development of CSTRI Eco En i cocoon 
degumming machine (Figure 1). The machine has been 
designed to accommodate 2.0 kg en cocoon shells at a 
time. However, with pre wetting of cocoon shell, the 
machine can accommodate 2.5-2.75 kg of cocoon shells 
per batch of degumming. 

Figure 1: CSTRI Eco Ed cocoon degumming machine 

The machine consists of a 304 grade stainless steel 
shell which form the main body. The shell houses 3 cages 
to be filled with en i cocoons. The temperature within the 
shell can be raised upto 140 °C according to the 
requirement. The shell is equipped with water circulation 
mechanism so as to have forced extraction of sericin from 
the cocoons and to have proper degumming. The machine 
is also equipped with multiple safety devices for working 
under high pressure and high temperature environment. 

Methodology 

The 	Eco en i degumming machine employs high 
temperature and high pressure with low quantity of water 
and doesn't involve the use of any chemicals. The eri 
cocoons are filled in th.., cages and the door is shut. The 
temperature is slowly raised up to 121-130 °C and run for 
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25-30 minutes. After degumming, the material is washed 
in hot water followed by a cold wash. The degumming 
recipe followed is as given below. 

Eri cocoon degumming recipe 

Particulars 

Material to liquor ratio 
	

1:20 

Time (minutes) 
	

25-30 

Temperature (°C) 
	

121-130 

Pressure (PSI) 
	

15-25 

Washing (hot water) 
	

5 minutes in plain water 

RESULTS AND DISCUSSION 

The popular eri cocoon degumming methods that have 
been in practice are the soap & soda and the conventional 
methods of degumming. Both of these practices, as they 
involve the use of high doses of chemicals, are proven to 
possess many disadvantages (Chattopadhyay et al., 
2018). 

Usage of soap and soda ash, in higher dosages leads to 
fibre damage which results in loss of fibre strength and the 
property of elongation. In this method, the degumming 
loss was detected as 10.00 % only. Since the sericin is not 
removed completely, the degummed material does not 
open up properly during the spinning process. 

In the conventional method too, usage of soap, soda 
ash and hydrogen peroxide in higher dosages cause 
similar sort of fibre damage ( Chattopadhyay et al., 2018). 
Though the degumming loss (13.59 %) was reported 
comparatively higher, the process was successful in terms 
of total removal of sericin. Hence, the spinning process 
could be at ease as the degummed fibres were able to open 
up properly. At the same time, the intensive use of 
chunicals failed to prevent the fall in fibre strength. 

CSTRI Eco Eri cocoon degumming method 

This method of degumming of eri cocoons is 
characterised by chemical free treatment. This novel 
approach is found to enhance the productivity due to  

shorter processing time. Moreover, the process is 
economic and environment friendly and saves water and 
energy as well. The degumming loss is reported to the 
highest extent of 14.58 %. The sericin could be removed 
completely, without fibre damage during the process. 

The eri cocoon degumming device works under the 
principle of high pressure and high temperature (Joseph et 
al., 2013). At high temperature and pressure, en i sericin 
will swell and get softened. Due to the dynamic movement 
of water molecules, sericin will be separated from the fiber 
surface. Since en i sericin needs more aggressive action for 
separation from the fiber surface, additional forced water 
circulation mechanism is incorporated in the machine. 
This forced circulation of high temperature water will 
effectively degum the eri cocoons. 

The quality parameters of eri cocoons degummed using 
different techniques are presented in Table 1. 

Table 1: En i silk quality parameters 

Quality parameter 
Soap & soda 

degumming 

Soap, soda & 

H20, degumming 

Eco eni 

degumming 

Degumming loss (%) 10.00 13.59 14.50 

Tenacity (g/d) 1.90 2.00 2.25 

Elongation (%) 20.02 20.12 19.80 

With the adaptation of Eco - Eri cocoon Degumming 
machine, the main advantage is the conservation of 
ecosystem along with a cut on cost. The process doesn't 
add to environment pollution. Moreover, there is financial 
gain through savings on water, chemicals and fuel (Table 
2). 

Table 2: Comparative degumming cost of en i cocoons 

Particulars 
Existing method Eco degununing 

Quantity Amount () 	Quantity Amount (T) 

Water (Litres) @ 	0.2/I 1500 300 180 36 

Soap @ 	100/kg 7.5 750 0 0 

Soda @ 90/kg 4.5 405 0 0 

Fuel @ TS/unit 250 units/ 
equivalent 

1250 120 units 600 

Manpower @ T300/day 4 1200 1 300 

Total cost per day 3905 936 

Production per day 50 18 

Cost per kg 78.10 52.00 
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Conclusion 

Degumming of en cocoons using the earlier methods 
is tedious and require intense use of a few chemicals, 

causing higher expenditure as well as pollution of the 
environment. On the contrary, the en i cocoon degumming 
using pressurised water with the help of CSTRI eco en 

cocoon deguinming machine will not only save the 

environment but also proves economical. Going further, 

with the extraction of en sericin from the chemical free 
effluent, we can achieve zero discharge as well as value 

addition to the process of degumming. Application of eri 

sericin in its natural form can also be explored in various 
cosmetic and other fields. 
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UNE TECHNIQUE INNOVANTE ECOLOGIQUE POUR LE 
DECREUSAGE DES COCONS ERI 

Sreenivasa*, Prakash N. Bhat, M. A. Joseph, S. A. Hipparagi and Subhas V.Naik 
Central Silk Technological Research Institute, Central Silk Board, Bengaluru 560068, India. 

srinivasacsb@gmail.com  

RESUME 

Un nouvel outil, la "machine de decreusage des cocons en ecologique" a ete developpee pour tenter de decreuser les 

cocons en i sans utiliser de produits chimiques. Les methodes existantes supposent l'utilisation de produits chimiques 

comme le savon, la soude et le peroxyde d'hydrogene a ebullition. Cela dit, ii existe des processus longs qui entrainent 

des risques environnementaux dus a la pollution des effluents. La nouvelle technique est economique et ecologique et 

de plus, elle economise de l'eau et de Penergie ce qui represente un avantage supplementaire et ameliore la 

productivite en raccourcissant la duree du traitement. 

Mots des: Machine a decreuser, cocon en, savon, soude. 
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ABSTRACT 

Potential areas for expansion of temperate tasar sericulture in 34 selected districts covering 5 states in the north-
eastern region of the country were mapped using satellite remote sensing data, GIS and GPS tools. Among the 
selected 5 states, Assam has maximum highly suitable area (68.9 % of total study area) followed by Arunachal 
Pradesh (11.7 %), Nagaland (9 %), Manipur (5.4 %) and Mizoram (4.9 %). Only 16.4% area of total study area was 
found highly suitable followed by moderately suitable (12.7 %) and marginally suitable (70.9%) areas. This was due 
to slope and elevation limitation. The layers prepared for the study and all information collected from state sericulture 
departments regarding sericulture was put in a geoportal titled 'Sericulture Information Linkages and Knowledge 
System' (SILKS) which was conceptualized and developed using open source GIS, and put in the public domain 
(http://silks.csb.gov.in). 

Key words: Geoportal, geo spatial tools, North-east India, open source GIS, tasar sericulture, web technology. 

INTRODUCTION 

Sericulture is an age-old allied agriculture activity in 
India. Sericulture plays an important role in rural 
economy of India in programmes of poverty alleviation. 
It provides income and employment to the rural poor 
especially farmers with small land-holdings and the 
marginalized and weaker sections of the society. Several 
socio-economic studies have affirmed that the benefit-
cost ratio in sericulture is the highest among comparable 
agricultural crops (http ://www. nis tads. res in/india snt 
2008). Employment generation in various sericulture 
activities in the country is estimated to be 82.50 million 
persons during 2015-2016. India has the unique 
distinction of being the only country producing all the five 
known commercial silks, namely, mulberry, tropical 
tasar, temperate tasar (oak tasar), en i and muga, of which 
except mulberry, other varieties of silks are generally 
termed as vanya silk. The vanya sector provides  

livelihood for a large number of indigenous and tribal 
communities. In India, oak tasar is generated by the 
silkworm, Antheraea proyeli J. which feed on natural 
food plants of oak, found in abundance in the sub-
Himalayan belt of India covering the states of Manipur, 
Himachal Pradesh, Uttar Pradesh, Assam, Meghalaya and 
Jammu & Kashmir. 

India is the second largest producer of silk in the world 
with the total raw silk production of 31,906 MT. 
Sericulture production is still limited to a few pockets in 
the country and the decline in areas under silkworm food 
plants is a matter of concern. The current production is not 
adequate to meet the demand for silk in the country. There 
is tremendous scope for improving silk production and 
quality by expanding sericulture to new potential areas. In 
this context, geospatial tools comprising remote sensing 
(RS), geographical information system (GIS), global 
positioning system (GPS) and web technology have the 
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potential of integrating, analysing and disseminating 
satellite derived information for further expansion of 
sericulture in the country. 

Central Silk Board (CSB) has been pursuing the 
application of satellite remote sensing (RS) for sericulture 
development ever since the launch of the first operational 
remote sensing satellite, IRS-1A in1988 (Navalgund et 
al., 1991). CSB and ISRO in collaboration with the 
concerned State Sericulture / Textiles Departments 
applied the technology of RS and GIS for mulberry 
acreage es:imation, garden condition assessment and for 
finding suitable areas for introducing sericulture in non-
traditional states (Nageswara Rao et al., 1991; CSB, 
1994). ISRO and CSB carried out a project, called 
SPAARS (survey of potential and actual area under 
sericulture with remote sensing), for mapping potential 
and actual areas under sericulture at 1 : 250,000 scale. 
Because of the coarse mapping scale, the information 
derived could not meet the requirement for district and 
block/taluka level planning. An ambitious plan was taken 
up by CSB for implementing in 2008-09 to 2013-14 
period, to identify and map additional potential areas for 
development of temperate tasar (oak) sericulture in North 
East India at 1:50,000 scale. It was also envisaged to 
develop a geoportal for integrating the potential area 
maps along with other required information for expansion 
of sericulture at district level in North East India. 

MATERIALS AND METHODS 

The study was carried out in 34 districts of North 
eastern states of Assam, Arunachal Pradesh, Nagaland, 
Manipur and Mizoram. Evaluation of land for 
identification of suitable areas for expansion of oak tasar 
sericulture was carried out within open tree clad areas 
according to the FAO guidelines (1976, 1990). It 
consisted of interpretation and integration of 
physiographic conditions, climatic parameters, 
vegetaticn and other aspects of land, such as soil types, 
slope, etc. Slope and elevation map was derived from 
SRTM DEM (Shuttle Radar Topographic Mission-Digital 
Elevation Model). Elevation of above 700-1500 MSL and  

slope <35 % were considered suitable for oak tasar 
sericulture (Manuals on Sericulture, FAO). Since soils of 
NE India is mostly moderately deep to deep and acidic in 
nature, they were considered suitable for growing of oak 
trees. Dominance of silkworm rearing communities in the 
villages occupied were also considered for identification 
of potential areas for tasar sericulture. List of villages with 
silkworm rearing communities were collected from 
Department of Sericulture of respective states and a 
village point layer was generated. This village layer was 
used for generating multiple ring buffer using proximity 
function of Analysis Tools of Arc GIS software. All these 
thematic layers were overlaid in GIS environment and a 
composite layer was prepared by using overlay function of 
Analysis Tools of Arc GIS software. The attribute values 
of the composite layer were compared with the 
requirements of tasar food plants and suitability classes 
were assigned as suitable and not suitable by following 
simple and maximum limitation method. The suitable 
areas were again classified into 4 classes based on 
following criteria: 

Highly suitable: Within 1 km buffer of villages 
growing tasar silkworm food plants. 

Moderately suitable: within 1-2 km buffer of villages 
growing tasar silkworm food plants 

Marginally suitable: within 2-3 km buffer of villages 
growing tasar silkworm food plants 

Not suitable: beyond 3 km of villages growing tasar 
silkworm food plants. 

Figure 1: Methodology flow chart for identification of 
potential areas for oak tasar sericulture 
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Steps involved in delineating potential areas for 
expansion of oak tasar are described in Figure 1. 

Development of SILKS geoportal 

The SILKS geo-portal was developed based on client 
server principle where a browser sends requests for a map 
through HTTP. The request is processed by the Map 
server, e.g., fetching of map from database as per extend 
and then map styling as per symbologies defined in the 
mapfiles and finally output is sent to the web server which 
is then rendered on client's browser. The Portal 
framework is based on Map server and PHP/Mapscript. 
The tools have been customized using Map script APIs. 
This framework comprises of set of configuration files for 
configuring Map server map files and layout and order of 
layers in the GUI. In this case, PHP was used to call Map 
server mapscripts to create GIS tools such as zoom-in, 
zoom-out etc. Mapscripts take geospatial data or user 
click instances as output as some images such as jpeg or 
png. A brief schematic diagram of SILKS portal is shown 
in Figure 3. The Map server map file defines the inter-
relationships among various objects within a given layer 
to be drawn. The definitions on how the layers are to be 
drawn based on layer attributes and filed are explicitly 
described here. Map files are then called within the portal 
framework configuration file where layer groupings, 
searching criteria and GIS tools to be made available on 
the GUI are added. The Javascripts have been used to 
properly set the settings of each tool and their 
functionalities. The XMLs are used to store other relevant 
metadata of each layer and tool set. All the layers are made 
accessible through the web framework. The layouts, 
themes and icons have been judiciously selected and 
tested on the latest browsers for proper functionality and 
issues are resolved with minor modifications. 

The SILKS mapping framework has new dynamic 
tools embedded within the map framework to interact 
with the map and extract useful information. The legend 
has been appropriately placed and dynamically displays 
the legend for the active / selected layers. The 
print/download tools allow downloading and printing of  

the customize maps as per user's choices and selections. 
The GUI framework has been developed using various 
open source tools and follows OGC specifications for data 
interoperability. The necessary tools have been built on 
top of framework for basic navigation, map query, 
analysis, print and exporting of maps. The database 
schema has been designed and various data abnormalities 
have been properly checked before storing in the RDBMS. 
The Portal framework is based on Map server for 
rendering and processing of GIS maps on the browser and 
enables map querying on raster and vector database 
formats. The PHP / Mapscript APIs have been used to 
customize the web plugins. This overall SILKS 
framework comprises of set of configuration files for 
configuring Map server map files and layout and order of 
layers in the GUI. The map viewer can be expanded to full 
screen size for better visualization and interaction of the 
maps present within the district portal. Figure 1 shows the 
new mapping framework used for the portal. 

RESULTS AND DISCUSSION 

Perusal of Table I reveal that 16.4 % area of total study 
area as highly suitable followed by 12.7 and 70.9 % of 
moderately suitable and marginally suitable areas, 
respectively for oak tasar. This was because of slope and 
elevation limitation. Among the 5 states, Assam has 
maximum highly suitable area (68.9 % of total study area) 
followed by Arunachal Pradesh (11.7 %), Nagaland (9 %), 
Manipur (5.4 %) and Mizoram (4.9 %) that can be brought 
under temperate tasar sericulture (Figure 2). In terms of 
total area coverage, Manipur has maximum area 
(combining highly suitable, moderately suitable and 
marginally suitable areas) among 5 NE states (Table 1), 
which is about 46.5 % of total suitable areas. Assam 
occupies second position with 33.1 % followed by 
Nagaland (7.8 %), Mizoram (7.3 %) and Arunachal 
Pradesh (5.3 %). 

Among 34 districts of selected 5 states, Lakhimpur 
district of Assam has maximum highly suitable area 
(30.08%) followed by Darrrang (19.84 %) and Golaghat 
(9.12 %) districts of Assam (Table 2). The lowest highly 
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Figure 2: Potential areas for expansion of oak tasar 
sericulture in North Eastern states 

Table 1: Suitable areas for tasar sericulture in 

North Eastern states of India 

Area (ha) 

Highly Marginally Moderately 
State Total % area 

suitable suitable suitable 

Arunachal Pradesh 16114.55 11007.86 17659.73 44782.14 5.34 
e3 

Mizoram 6728.61 51267.97 3143.60 61140.17 7.29 0 .N 

Nagaland 12406.02 26252.82 27004.13 65662.96 7.83 

Assam 94611.54 135911.11 46853.15 277375.79 33.06 

Manipur 7438.64 370347.08 12331.11 390116.83 46.49 

Total area (ha) 137299.35 594786.83 106991.71 839077.90 100 

% area 16.36 70.89 12.75 100.00 

00 
CO 

suitable area was found in Champhai district of Mizoram 
covering only 36.40 ha (0.03 %). 

P. T. Das el al. 

Table 2: District-wise suitable areas for tasar sericulture in 
North Eastern states of India 

Highly Marginally Moderately 

suitable 	suitable 	suitable 

322.95 

184.74 

1370.44 

10.49 

3444.44 

9336.17 

1445.31 

North Cachar Hills 3543.79 

Bishnupur 1041.70 

Chandel 307.20 

Churachandpur 3.86 

Imphal east 1805.70 

Imphal west 1081.30 

Senapati 723.85 

Tamenglong 2.56 

Thoubal 2139.89 

Ukhrul 332.59 

A izawl 3113.23 

Champhai 36.43 

Lawngtlai 374.26 

Lunglei 827.32 

Mamit 1600.59 

Saiha 776.77 

Kiphire 1819.20 

Mokokchung 1716.69 

Phek 2045.36 

Tuensang 3212.12 

Zunheboto 3612.65 

Total % area 

144.60 216.69 684.24 1.53 

0.13 125.88 310.75 0.69 

183.42 881.37 2435.24 5.44 

14.15 21.26 45.91 0.10 

5179.08 6487.89 15111.41 33.74 

4103.46 8456.12 21895.75 48.89 

1383.01 1470.52 4298.84 9.60 

7953.76 7513.29 20583.76 7.42 

8552.62 8912.02 44711.16 16.12 

40830.64 3980.89 49689.54 17.91 

50345.04 9289.30 72156.87 26.01 

9924.33 0 9924.33 3.58 

8240.57 9871.67 59416.23 21.42 

10064.15 7285.97 20893.91 7.53 

2517.32 1067.57 4626.58 1.19 

74723.85 723.10 75754.15 19.42 

81018.33 231.87 81254.05 20.83 

654.08 1545.03 4004.81 1.03 

2847.88 2131.34 6060.52 1.55 

16601.29 2724.73 20049.87 5.14 

35046.79 8.15 35057.50 8.99 

5391.79 2453.20 9984.88 2.56 

151545.76 1446.12 153324.47 39.30 

6453.75 1430.65 10997.63 17.99 

13268.53 28.28 13333.25 21.81 

5723.31 354.44 6452.02 10.55 

12430.51 498.57 13756.40 22.50 

4786.11 97.96 6484.66 10.61 

8605.75 733.69 10116.22 16.55 

1977.40 3520.77 7317.37 11.14 

3614.33 3966.14 9297.16 14.16 

6522.63 4744.68 13312.68 20.27 

7897.27 7286.26 18395.65 28.02 

6241.18 7486.28 17340.10 26.41 

State 	District 

Cachar 5116.71 

Darrang 27246.52 

Dhubri 4878.01 

Golaghat 12522.52 

Karbi Anglong 
	

0 

Lakhimpur 41303.99 

SILKS geoportal 

The SILKS geoportal (http://silks.csb.gov.in) 
provides interactive maps of site suitability for silkworm 
food plants and other relevant spatial information, such as 
soil map, slope map, land use land cover map etc. for  

taking up planning activities (Figure 4). In addition, it also 
has other local planning and advisory services modules, 
specific for the districts and is available in 12 languages, 
viz., English, Hindi, Telugu, Kannada, Assamese, Bengali, 
Mizo, Manipuri, Khasi, Garo, Ao-Naga and Sumi Naga. It 
has 16 major non-spatial modules and 2 spatial modules. 
Non-spatial modules are grouped into 3 categories, 
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Figure 3: SILKS application architecture 

Figure 4: A page of SILKS geoportal (part of Baksa district, 

Assam) 

namely planning services, farmer's services and other 
services. Spatial layers are kept as natural resources 
information. Under natural resource information, layers 
are kept in two modules, namely potential sites for 
silkworm food plants and meteorological information. 
The available modules under planning services are on 
silkworm food plants' production technologies, 
techniques of rearing silkworm, diseases and pest 
management of silkworm food plants, improved varieties 
of silkworm food plants, species of silkworm, processing 
of cocoons, infrastructure and equipment and allied 
sectors and occupations. Other service has modules viz., 
micro credit and self-help group, sericulture marketing, 

seed distribution centers, weaving reeling centers and 
schemes and grants for farmers. Farmer's services module 
consists of weather and weather advisory, disease and pest 
forewarning and support services. Regular updating of 
information content in the portal is done based on 
feedback from users particularly the sericulture farmers. 
Recently, SMS based sericulture advisory was started in 
support of India Meteorological Department, which 
would be linked to SILKS portal for maintaining the 
database and evaluate feedbacks. A case study taken up by 
Central Silk Board in NE region revealed more than 86 % 
accuracy in terms of mapping of potential areas for 
sericulture development, and is boosting development of 
sericulture in the region. 
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POUR ETENDRE LA SERICICULTURE TASAR TEMPEREE BANS LE 

NORD-EST DE L'INDE 

P. T. Das", P. S. Singh', B. K. Handique,1  J. Goswamil, C. Goswamii, C. J. Prabhakar2, 
C. M. Bajpeye and P. L. N. Rajul  
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'Central Silk Board, B.T.M. Layout, Madivala, Bengaluru 560068, India. 
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RESUME 

Nous avons cartographie par satellite a l'aide du GIS et du GPS les zones potentielles pour l'expansion de la 

sericiculture tasar temperee dans 34 districts selectionnes couvrant 5 etats dans le nord-est du pays. Leur 

identification est basee sur l'evaluation des tures comprenant l'interpretation et l'integration des conditions 

physiographiques, les parametres climatiques, la vegetation et d'autres aspects comme le type de sol, la pente etc. 

Panni les 5 etats selectionnes, l'Assam presente les surfaces maximales les plus propices (68,9 'Yo des surfaces totales 

etudiees) suivi par l'ArunachalPradesh (11,7 %), le Nagaland (9 %), le Manipour (5,4 %) et le Mizoram (4,9 %). En 

raison du relief et de la limite d'altitude, seulement 16,4 % du total des surfaces etudiees sont tres propices et 12,7 % 

moderement propices alors que 70,9 % sont marginales. Le Manipour presente la surface maximale (nes, 

moderement et marginales ensemble) parmi les 5 etats, ce qui represente 46,5 % des surfaces propices totales. 

L'Assam occupe la deuxieme position avec 33,1 % puis le Nagaland (7,8 %), le Mizoram (7,3 %) et 

l'ArunachalPradesh (5,3 %). Les elements de l'etude et toutes les informations collectees aupres des departements de 

sericiculture des etats ont ete deposes sur un portail intitule « Sericulture Information Linkages and Knowledge 

System >> (SILKS) qui a ete concu et developpe en utilisant les donnees GIS et depose clans le domaine public 
(http.//silks.csb.gov.in).Dans les cinq ans, le portail pourrait avoir un impact significatif, en particulier dans les etats 

du Nord-Est et un nombre d'activites de formation. 

Mots des: Geo portail, outils de geolocalisation, nord-est de l'Inde, source GIS, sericiculture tasar, technologie 
internet. 
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Training Programmes organized by ISC 

ISC has organised the following training programmes 
for its Member Countries: 

One month training on "Post Cocoon 
Technology" was organised at Central Silk 
Technological Research Institute, Central Silk 
Board, Bangalore during 12th  November, 2018 to 
9th  December, 2018. 21 trainees from Kotarma 
Cooperative Society, Madagascar had attended 
the training programme. Shri Dinakar Asthana, 
Additional Secretary, Ministry of External 
Affairs, Govt. of India attended the valedictory 
function held at Bangalore on 07.12.2018 and 
distributed the certificates of participation. The 
programme was sponsored under the Indian 
Technical Economic Cooperation (ITEC) 
programme of Ministry of External Affairs, 
Govt. of India. 

One month training on Sericulture and Silk 
Industry was held at Central Sericultural 
Research and Training Institute, Central Silk 
Board, Mysore during 2' to 31' December, 2018. 
30 candidates from 15 countries have attended 
the training. The participating countries were 
Argentina, Azerbaijan, Bangladesh, Cuba, 

Ethiopia, Ghana, Kenya, Madagascar, Nigeria, 
Philippines, Sudan, Thailand, Tunisia, Uganda 
and Vietnam. Shri Dinakar Asthana, Additional 
Secretary, Ministry of External Affairs, Govt. of 
India interacted with the trainees on 10.12.2018. 
While the inaugural function was held at Mysore 
on 03.12.2018, the valedictory function was 
conducted at Bangalore on 31.12.2018 wherein 
Shri Bharath Kumar Kuthati, Regional Passport 
Officer, Ministry of External Affairs, Bangalore 
was the Chief Guest. Mr. Kuthati had also 
distributed the certificates of participation to the 
trainees. The programme was sponsored under 
the Indian Technical and Economic Cooperation 
(ITEC) programme of Ministry of External 
Affairs, Govt. of India. 

Visit of Uzbekistan Delegation to ISC 

A 3 member Uzbek delegation led bN. 
Ms.Yusupkhodjaeva Gulnoz, Senior Lecturer, 
Department of Silk Technology, Tashkent Institute of 
Textile and Light Industry, Uzbekistan visited the 
sericulture areas and facilities in and around Bangalore 
and Mysore for a period of 5 days during 26-30 
November, 2018. The delegation held discussion with 
the Secretary General and other officials of ISC for the 
development of sericulture and silk industry in 
Uzbekistan. 
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