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ABSTRACT 
Examining the modulatory effect of zinc chloride on various aspects of silkworm such as 
Morphometric traits, Protein profiles in various tissues like silk gland, haemolymph, fat body 
and muscle of the V instar silk worm larvae and also the Economic parameters of the cocoon. 
Different concentrations of zinc such as 2µg/ml, 5µg/ml, 10µg/ml and 20µg/ml, were 
prepared by dissolving Zinc chloride in distilled water. The experimental worms were divided 
in to four groups and fed with mulberry leaves soaked in these selected doses of zinc chloride 
and control groups of silkworm’s larvae were fed with normal mulberry leaves four times in a 
day throughout the 5th instar period. Both control and experimental larvae were sacrificed on 
selected days viz. 1st, 3rd, 5th and 7th day. Cumulatively, the findings of the present study 
finally suggest that zinc induced active turnover of all profiles of protein metabolic events in 
the posterior silk gland, creating the conditions that are highly congenial for growth and silk 
production.The present investigation is one such attempt in the direction of improving the 
economic parameters of the silk.  
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INTRODUCTION 
  Sericulture is both an art and science of 
raising silkworms for silk production. Indian silk has 
enthralled fashion watchers and all categories of 
consumers across the world with its vast repertoire 
of motifs, techniques and brilliant hues. India’s 
traditional and culture bound domestic market and 
an amazing diversity of silk garments that reflect 
‘geographic specificity’ gave India the status of 
being the second largest producer of raw silk after 
china.  

Nutrition plays an important role in 
improving the growth and development of the 
silkworm, Bombyx mori L. and the silk production is 
dependent on the larval nutrition and nutritive 
value of mulberry leaves and finally in producing 
good quality cocoons (Etebari K, 2002). Previous 
studies have been focused mainly at measuring the 
usefulness of the leaves or their specific 
components and the results so far obtained on the 
silkworm nutrition (Hanson et al., 2004) on this line 
are not evaluated properly even now. 

Dose requirements for various nutrients, 
including amino acids, sterol, fatty acids, (Yasuhiro 
H and Sholchi N, 1971) vitamins, and minerals, 

were investigated in detail, and minimal optimal 
levels were obtained by each nutrient. Among 
these, worthwhile to mention are the reports on 
the effect of vitamin supplementation on the 
growth aspects of B. mori  (Faruki, 2005; 
Mosallanejad, 2002; Etebari et al., 2004; Rajabi et 
al., 2006).   
  Nutritive values of different proteins, 
amino acids, fatty acids for the silkworm varied 
largely and it goes without saying that nutrition of 
the silkworm is closely related to the synthesis of 
silk protein as well as the growth of silk glands. 
Phospholipids extracted from soybean were also 
proved to be effective for growth improvement 
(Russo GL 2009). Similarly, the B vitamin such as 
biotin, choline, inositol, nicotinic acid, pantothenic 
acid, pyridoxine, riboflavin, and thiamine were also 
found to be essential for the silkworm. 

  Several reports are available where in 
ascorbic acid significantly increased the weight of 
silkworm larvae, silk filament length, weight and 
denier values (Babu et al., 1992), silk production 
(Sengupta et al., 1972), and number of eggs in the 
silkworm (Chauhan and Singh, 1992). 
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Similarly, it has been reported that  

mulberry leaf fortification by Pyridoxine 
hydrochloride, at higher concentrations from the 
third instar significantly reduced the fecundity 
(Banerjee,1992) and at lower concentrations 
enhanced the success rate of reproduction by  
enhancing  the oviposition of the silkworm (Etebari 
and Matindoost, 2005) and protein synthesis 
(Ziegler et al., 2000). 
          The quantitative requirements of minerals 
and trace elements as micronutrients for insects 
are largely unknown. Even though many basic 
biological functions depend on sodium, calcium, 
and chloride ions, their specific requirement has 
been difficult (Dunphy et al., 2002).  Because of co-
factor functions, iron (Nichol et al., 2002) and zinc 
are considered as having almost universal 
importance to insects in general. Zinc is the only 
heavy metal that shows amphoteric properties and 
is freely soluble in water and alkalis to form 
zincates. It has multiple biological functions such 
as, an integral constituent of over 20 different 
enzymes including DNA and RNA polymerases; 
confer protection on cells against the actions of a 
number of toxins; helps in structural and functional 
maturation of neurons; homeostasis under 
different conditions, (Willot and Tran, 2002). Since 
1930s, Zinc has been widely recognized as an 
important constituent of animal diet and is widely 
distributed in all animal tissues. In this direction, 
the role of mineral nutrition, more particularly that 
of Zinc, needs to be ascertained as it is known to 
play a vital role in the synthesis of lipids, proteins 
and carbohydrates and in reducing the duration of 
larval and pupal stages (Bhattacharya and Medda, 
1981). Such studies provide substantial evidences 
for practical application of Zinc and other 
microelements for qualitative and quantitative 
improvements in silk production.  Further, no 
studies are available on the modulatory role of Zinc 
on neurotransmitters and the associated enzymes 
of neural function. 
   Fortification of mulberry leaves with 
supplementary nutrient (Muniandy et al., 2001) 
and feeding silkworms is a useful modern 
technique to increase economic value of cocoon. 
Hence, it is the concern of every researcher   to use 
the best ingredients to launch the premium silk 
products and also other Seri-byproducts in the 
market for the consumers. In the present research 
project, the modulatory role of some selected 

doses of Zinc on the morphometric aspects  of 
protein profiles and economic parameters like 
cocoon weight, silk gland-body ratio, floss weight, 
floss-shell ratio, in the silk worm were investigated. 
 
MATERIALS AND METHODS 
Test species                : Silk Worm, Bombyx mori 
        Disease-free larvae from local grainages) 
Mulberry               :   M5 Variety   
Larval Instar        :   5th Instar 
Test chemical              :   Zinc chloride  
     (Fisher Inorganics & Aromatics Ltd, Chennai) 
Duration of Zinc treatment:  7 Days  
Doses Selected     :          2 µg/ml, 5 µg/ml, 10 µg/ml, 
20 µg/ml 
Tissues Selected:      Silk Gland, Haemolymph, Fat 
body and Muscle 
Economic parameters      :  Cocoons 

Since the experiments required continuous 
maintenance of the test species, silkworms were 
reared in the laboratory itself in accordance with 
the procedure (Krishnaswami, 1978). 
Treatment of fifth instar larvae with Zinc:  
As zinc is a micronutrient, required concentrations 
of Zinc chloride solutions were prepared in distilled 
water as shown below.   
 
Preparation of standard stock solutions and 
different concentrations of Zinc  
         For the preparation of standard stock solution 
1, 1g of zinc chloride was dissolved in 100ml of 
distilled water (1000 mg x 1000 µg /100 ml) which 
is equivalent to 10000 µg/ml. From this solution 
1ml was taken and added to 99ml of distilled water 
(10000 µg /100 ml) which is equivalent to 100 
µg/ml, known as standard stock solution 2. 

For the preparation of 2 µg/ml 
concentration, 2ml of standard stock solution 2 
was added to 98ml of distilled water. Likewise for 5 
µg/ml concentration, 5ml of standard stock 
solution 2 was added to 95ml of distilled water. For 
10 µg/ml, 20 µg/ml were also prepared in the same 

way i.e. 10ml of standard stock solution 2 was 
added to 90ml of distilled water, 20ml of standard 
stock solution 2 was added to 80ml of distilled 
water. 100 ml of each of these concentrations were 
prepared as per the above table and 25-30 
mulberry leaves were soaked  in these solutions, 
dried at room temperature till the wetness is 
removed & were used to feed four groups of 
experiment larvae of the 5th instar stage for 7 days. 
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The following experimental parameters were done 
in both control and the experimental silkworms.  
1. Morphometric Traits: 
The following morphometric traits were recorded 
in control and the experimental groups of silk 
worms on selected days. 
 
A. Total Body weight:  
The total body weight of fifth instar silkworms of 
both control and experimental groups were 
recorded from day 1 to day 7.  Each day 10 
silkworm larvae were taken and the weights of the 
10 silkworm larvae were measured in grams.   
 
B. Weight of the silk Gland: 
 The weight of the silk gland of fifth instar 
silkworms were noted from day 1 to day 7. Each 
day 10 silkworm larvae were dissected and the silk 
glands (10 pairs) were collected and weights of silk 
glands were recorded in grams.    
 
C. % of Silk gland in body weight: 
The   % of Silk gland in body weight was calculated 
by using the following formula: 
 

% of SG in 
BW  

= 

Weight of the silk 
glands (10 larvae) 

x 100 
Weight of the bodies 
(10 larvae) 

 
 
2. Protein profiles: 
Various protein profiles were estimated in selected 
tissues such as silk gland, haemolymph, fat body 
and muscle of control and experimental the 
silkworm by Lowry method (Lowry et.,al 1951).   
Isolation of Tissues:             
a) Silk gland: Larvae were dissected and the silk 
glands on both sides were extracted with the help 
of a forceps carefully. Weight of both silk glands 
from 5 silkworms i.e., 10 glands was recorded. The 
silk glands were cut into small pieces with the help 
of scissors and 0.05 g was taken and homogenated 
in 5ml of distilled water and was used for Protein 
estimation. 
(b) Haemolymph: Silkworm larvae held in between 
the index finger and thumb was punctured with a 
needle on the oral side and drops of haemolymph 
were collected in a veil up to 0.1 to 0.2 ml. From 
this, 0.1ml of haemolymph was taken and 0.9ml of 

distilled water was added and mixed well in a test 
tube to get a uniform mixture. This diluted 
haemolymph was used for Protein estimation. 
(c) Fat body: After dissection of silkworms, fat 
bodies were collected from 6 to 8    worms and a 
uniform mixture was made using a needle. From 
this mixture, 0.05 g of fat body tissue was taken 
and homogenated in 5ml of distilled water and was 
used for Protein estimation. 
 
 (d) Muscle: Muscle tissue was collected from 6-8 
worms and from this, 0.05 g of muscle tissue was 
taken and homogenates in 5ml of distilled water 
and used for Protein estimation.       
 
Procedure for calculation of protein quantities in 
various tissues of fifth instar larvae: 
Silk gland, Fat body and Muscle were taken as 1% 
Homogenates and Haemolymph was prepared by 
1: 9 dilutions with distilled water. 
3. Economic parameters of cocoons: 
By the end of seventh day of 5th instar, mounting of 
the silk worm larvae on the chakra was started. 
After the cocoons were completely formed (in 7-10 
days), the below given economic parameters were 
analyzed in control and the experimental groups of 
silk worms. 
1. Weight of cocoon: Cocoon is a protective case of 
silk or similar fibrous material spun by the larvae of 
silk worm. After the completion of cocoon 
development, 25 cocoons were taken and the 
weights were recorded and the single cocoon 
weight was calculated in grams.  
2. Weight of shell without floss: 25 cocoons were 
taken and floss layer was removed for these 25 
cocoons.  Then the weight of these de flossed 
shells was calculated.  
3. Weight of the floss: The floss layer of 25 shells 
was removed and weighed accurately.   The weight 
of the floss of a single shell was calculated in 
grams. 
4.  Floss – shell ratio: 

The floss-shell ratio can be calculated by 
using the following formula: 

 
 

Floss- Shell 
ratio 

= 

Weight of the floss (25 
cocoons) 

x 100 
Weight of the shell (25 
cocoons) 
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5.  Total proteins in shell: After removing the floss 
layer of the cocoons, 5 to 6 shells were collected.  
From these shells the pupae were removed by 
cutting the shell and the shell was made into small 
pieces with the help of a scissors. 
Preparation of Homogenate: For  preparation of 
Homogenate of shell, to 0.05gm of Shell pieces one 
or two drops of NaOH (1 ml of distilled water in a 
test tube + 1 – 2 pellets of NaOH) was added and a   
fine homogenate was prepared in  5 ml of distilled 
water and  used for estimation of total proteins.   
6. Total proteins in floss: To 0.05gm of floss layer 
taken from the cocoons, a drop of NaOH solution 
was added and a fine homogenate was prepared in 
5ml of distilled water and used for estimation of 
total proteins.   
 
Statistical Treatment of Data: 
          The mean, standard deviation (SD) and test of 
significance or students ‘ t ‘ test was calculated 
following the method of Pillai and Sinha(1968). 
Standard deviation and probability test i.e., t test 
were employed to know the levels of significance. 
 
RESULTS AND DISCUSSION 
1. Morphometric Traits:  
Control silkworms: As seen from the data, it was 
obvious that both the weight of the worm body 
and the silk gland recorded continuous increase 
from first day to seventh day. There was 
approximately a fivefold gain in the weight of the 
body and the silk gland by seventh day. 
Experimental silkworms: Our observations on the 
impact of different doses of zinc such as 2μg/ml, 
5μg and 10μg/ml revealed (Table:1 and Fig:1-2) 
that even though, Zinc, at all doses caused 
significant increase in both the total body weight 
and the weight of the silk gland from day 1 to day 7 
against the control worms of the corresponding 
days during the 5th instar larval period, at lower 
dose Viz. 2μg/ml a phenomenal gain in the growth 
aspects of the silkworm was noticed. However, at 
20μg/ml dose there was much decrease in the 
weight of the body and the silk gland.   

In the present research work, a 
phenomenal increase in the morphometric traits of 
the silkworm during the 5th instar larval stage on 
treatment with different doses of Zinc chloride 
revealed that Zinc at 2μg/ml l dosage, exerted 
promontory role and at higher doses toxic effect on 
these parameters. The role of nutrients, minerals 

and a variety of exogenous modulators on the 
growth and metabolism of silkworm and its impact 
on the economic parameters of sericulture has 
been well documented. For instance, the 
modulatory effect of zinc chloride, nickel chloride 
(Chamundeswari et al., 1994), ascorbic acid ( El-
Karaksy,I.,R. and M.Idriss, 1990 and Ito, 1961), 
magnesium sulphate, ferrous chloride (Nirvani et 
al., 2002), potassium sulphate (Nirvani and Kaliwal, 
1996b), folic acid (Rahmathulla et al., 2007), soya 
bean protein (Raman et al., 2007), thyroxin 
(Majumdar and Medda, 1995), on the silkworm 
metabolism, immune response  and silk production  
has been extensively studied. 

A detailed study conducted by Muhammad 
Ashfaq, et al., (2010) demonstrated that the entry 
of zinc into the food chain of Bombyx mori from 
mulberry plants irrigated using zinc containing 
synthetic effluents caused accumulation of higher 
concentration of zinc in larval body, eventually 
leading to increased mortality of the silkworms. An 
excellent review by Rajabi et al., (2006) reported 
that enrichment of mulberry leaves with various 
vitamins have different effects on economic traits 
and biological parameters of the silkworm and  
trace metals even essential ones, are toxic when 
present above threshold levels.   
2. Protein profiles: 
A. Total Proteins: Control silkworms 
The total protein content of the silk gland, 
haemolymph, fat body and muscle of the control 
silkworm was 47.34, 10.37, 48.99 and 47.39 mg 
protein / g wet weight of tissue respectively and of 
all the four tissues, haemolymph had the highest 
protein content when compared to other tissues. 
Experimental silkworms: 
The results of the present study indicated that Zinc 
chloride at all selected doses significantly elevated 
the total protein levels in silk gland, haemolymph, 
fat body and muscle tissues of silk worm on all 
selected days during the 5th instar larval stage. It 
was also noted that the effect of zinc was more 
pronounced on 7th day at 2μg/ml dosage when 
compared to other selected days and doses. On all 
days, the silk gland recorded highest protein 
content and haemolymph the least (Tables: 2-5 and 
Fig: 4). However, in the Silk worm  treated with 
20μg/m2l  Zinc chloride, the total proteins content 
was much reduced  in all  the selected tissues  but 
when compared with the controls it was always 
found to be high. 
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Fig.1: Pictures showing the silk worm and Silk gland 

 

Fig. 2: Morphometric changes in the total body weight and 
silk gland & their percentages in control  

 
 
Experimental silk worms treated with selected doses of zinc during 5th Instar. Each value is a mean,  ± 
Standard deviation of four individual observations. 
 
 
Fig. 3: Changes in the economic variables of the 
control and  experimental cocoons from                             
Silkworms treated with selected doses of zinc 

 

    

Fig. 4(a): Changes in protein profiles of various tissues in 
control and experimental silk worms treated with selected 
doses of zinc during 5

th
 Instar. 

 

 
Fig. 4 b& C: Changes in protein profiles of various tissues in control and experimental silk worms treated with 
selected doses of zinc during 5

th
 Instar. 

 

 

 

 

 
Each value, Expressed as mg protein / g wet weight of tissue, is the mean ± standard deviation (SD) of  Four 
separate observations. For each observation tissue from 6 to 10 larvae was pooled.  The percent change 
(PC) from the control value, is calculated day-wise. 
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Fig. 4 (d): Changes in protein profiles of various tissues 
in control and experimental silk worms treated with 
selected doses of zinc during 5

th
 Instar. 

Fig.5: Changes in economic variables of control and 
experimental cocoons from silkworms treated with 
selected doses of Zinc 

 

 

 
 
 

 

B. Soluble Proteins:  
Control Silkworms: The soluble protein content of 
the silk gland, haemolymph, fat body and muscle of 
the control silkworms was 47.34, 10.37, 48.99 and 
47.39 mg protein / g wet weight of tissue 
respectively. As in the case of total proteins, the 
soluble proteins level was highest in the silk gland 
and least in haemolymph.  
Experimental silkworms: 
 As a corollary to the total proteins, the soluble 
protein levels in silk gland, haemolymph, fat body 
and muscle tissues were also elevated (Tables: 2-5 
and Fig: 4) in the silkworms on treatment with 
selected doses of Zinc chloride throughout the 5th 
instar larval stage The results of the present study 
further clearly demonstrated that the effect of zinc 
was more pronounced on 7th day at 2μg/ml l when 
compared to other selected days.  
 
C. Structural Proteins:  
Control silkworms: The structural protein content 
of the silk gland, haemolymph, fat body and muscle 

of the control silkworm was 47.34, 10.37, 48.99 
and 47.39 as mg protein / g wet weight of tissue 
respectively. 
Experimental silkworms: 
Structural protein levels in the silk gland, 
haemolymph, fat body and muscle tissues of silk 
worms treated with different doses of Zinc chloride   
showed an increasing trend from day 1 to day 7 in 
all selected tissues. It was also noted that the effect 
of zinc was more pronounced on 7th day at 2μg/ml 
l. However, at 20μg/ml Zinc chloride, the structural 
proteins contents in the selected tissues were 
dropped down to lower levels in all tissues. 
 One common and the most significant 
observation made in the present study was that all 
fractions of proteins were elevated significantly in 
the silk gland, haemolymph, fat body and the 
muscle of the silkworms on treatment with 
selected doses of zinc chloride on all selected days 
during the 5th instar larval stage (Tables: 2-5 and 
Figs: 4) and the effect of zinc was more 
pronounced on 7th day at 2μg/ml of Zinc. 

 

Fig.6: Changes in total proteins of shell and floss of 

control and experimental cocoons from silkworms 

treated with selected doses of zinc 
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The present study demonstrated severe 

perturbations in protein profiles ( Fryer et al., 1986) 
of the silk worm (B. mori) in different tissues like 
silk gland, haemolymph, fat body and muscle, 
when fed on mulberry leaves treated with selected 
doses of zinc chloride. However, protein utilization, 
especially for the silk fibre as well as the spinning 
activity probably remains more or less same at 
these dosages, focusing on the possibility of 
variations in protein synthesis. Several researchers 
demonstrated phagostimulatory effect of vitamins 
and minerals in insects. 
              In the present study, the silk gland 
registered more protein content when compared 
to other tissues in both control and the 
experimental worms during 5th instar larval stage. 
The silk gland is a reservoir for two important silk 
proteins such as fibroin and sericin (Komatsu K, 
1980; Kato N, et al., 1998) and other proteins such 
as chaperones, metabolic enzymes, heat shock 
proteins, immuno proteins, serpins, transport 
proteins, cytoskeleton proteins and those involved 
in gene expression. 
            Similarly, the haemolymph of B. mori is the 
chief circulating fluid and flowing reservoir of about 
241 to 298 proteins (Lix et al., 2006) that promote 
larval growth, metamorphosis, silk production, 
apoptosis, chitin and haemocyte formation, growth 
of salivary glands, reproductive organs and ecdysis 
.Though, the impact of higher doses of zinc on the 
haemolymph proteins is negative, it exerted 
significantly positive role at lower doses viz.2µg. 
                The insect fat body plays a key role in the 
metabolism similar to that of the mammalian liver 
and adipose tissues. In B. mori, it synthesizes and 
stores over 177 proteins that constitute nine 
glycolysis related proteins, several metabolically 
related proteins like diacylglycerol binding protein, 
triacylglycerol lipase, putative hydrolases, defense 
proteins etc. From the detailed analysis on the 
protein profiles of the fat body, it was obvious that 
the impact of ZnCl2 was opposite to that of silk 
gland and haemolymph (Nirvani and Kaliwal, 1996). 

The overall effect of ZnCl2 on muscle 
proteins was similar to that of the fat body, with 
higher doses showing less impact and lower doses 
eliciting a more positive effect. From these 
observations, it was suggested that the metabolism 
in this tissue could be positively modulated at 
these dosages. Recent studies have shown that 

treatment with vertebrate-like hormones improve 
pre-cocoon and some post-cocoon characters of 
the silkworm. There are also reports on the 
improvement of economic characters of the 
silkworm, B.mori after administration of PMSG and 
thyroxin (Thyagaraja et al., 1991).  
3. Economic parameters:  
The effect of selected doses of Zinc chloride, as 
already done in the case of proteins was assessed 
on the  following  economic parameters of the 
cocoons  and the quality and quantity of the silk 
was determined after the cocoons were completely 
formed (in 7-10 days)  with the help of the 
appropriate techniques. 
1.Weight of cocoon 2.Weight of shell without floss 
3.Weight of the floss 4.Floss – shell ratio 5.Total 
proteins in shell 6.Total proteins in floss 

From the results, it was obvious that both 
the weight of the total cocoon, the shell and the 
floss recorded significant (Table: 6 and Figs: 3, 5 & 
6) increase after treatment of the silkworms with 
different doses of Zinc. As a corollary to these 
parameters, the total proteins in both the shell and 
floss were also elevated in the same trend as in the 
case of the other economic parameters. However, 
Zinc, at 2μg/ml was found to be more effective 
than the other doses. From the above results it was 
inferred that at lower doses, zinc has a positive 
effect on all the parameters but at higher doses it 
has a negative effect.  

One significant observation in our study 
was that Zinc at 2μg/ml dose was found to be 
having more positive modulatory effect than at 
higher doses. This observation derives support 
from the research findings of Etebari and 
Matindoost (2005) who reported that feeding of 
silk worm on mulberry leaves enriched  with multi 
vitamins from fourth instar increased female 
cocoon shell weight in 2.5% concentration, while 
female pupal weight get increased in 1% 
concentration. Further, recent experimental 
findings suggests that cofactor functions of iron 
(Nichol et al., 2002) and Zinc, for example are 
considered as the most universal importance to 
organisms and  trace elements can be  essential for 
insects in general. The economic importance of 
silkworms has attracted the attention of biologists 
to unravel the intricate mechanisms underlying the 
metabolic pathways involved in synthesis of silk 
proteins. 
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Research findings of demonstrated clearly 

that all organic constituents of the posterior silk 
gland and post cocoon variables (Akai et al., 1987) 
considered, except denier and sericin 
concentration, increased markedly following 
topical application of PGF2_through regulation of 
the basal metabolic rate thus demonstrating the 
growth-promoting effect of PGF2_ in B.mori, which 
in turn favored not only the metamorphic events 
but also increased the potential of the silkworm to 
yield super silk. 

In the present context, it is necessary to 
mention that Silk protein from silk glands of the 
silkworm, Bombyx Mori is a 100% natural protein 
that is mainly made of 25-30% sericin and 70-75% 
fibroin proteins. Tier’s silk protein product, made of 

very good quality silk protein is now a biggest silk 
farm in Thailand. They have 40 years of working 
experience with silk industry and thus, they can 
control the production of the best quality of the 
whole silk’s life cycle, from silk egg to silkworm to 
silk cocoon to silk yarn and the silk protein. Silk 
protein is widely used in cosmetics, health food, 
textiles and medical fields as it provides normal 19 
amino acids which are fundamental to the human 
body to construct proteins. Further, various 
constituents of the silk proteins confer several 
beneficial effects on human body such as Sericin- 
act as a moisturizing agent conferring  protection 
from UV; anti-wrinkle effect; protect skin from 
external pollution and provide gentle as silk when 
touch; can protect melanin on skin.
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In view of the increasing application of the 

silk proteins in various sectors as mentioned above, 
research work to improve the quality and also the 
quantity of silk proteins has become the fastest 
emerging area in the countries which are 
associated with the sericulture industry worldwide. 
It is the concern of every researcher because the 
best product has to use the best ingredients to 
launch the premium silk products in the market for 
the consumers. The present investigation is one 

such attempt in the direction of improving the 
economic parameters of the silk.  
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