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ABSTRACT 

An experiment was carried out to evaluate the effect of vitamins viz., thiamine, biotin and pantothenic acid 

supplemented with mulberry leaf at varied concentrations 0.2, 0.4, and 0.6 % on biomolecules and economic 

parameters in FC1silkworm hybrid. The silkworm larvae reared on thiamine at 0.6 % concentration recorded 

highest activity levels of succinate dehydrogenase and carbohydrate content in both silk gland and fat body tisuue 

of fifth instar 5
th

 day larvae, followed by 4
th

, 3
rd

, 2
nd

 and 1
st
 day. While it was lowest at 0.2 and 0.4% 

supplementation. Similar trends were also observed when the larvae supplemented with biotin and pantothenic acid 

over control batch. Further, economic parameters such as larval weight, cocoon weight, shell weight, filament 

length, filament weight and renditta was maximum at 0.6% of thiamine supplementation over remaining 

concentrations and control batch.  
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1. INTRODUCTION 

The silkworm, Bombyx mori L. is phytophagous insect and consumes only mulberry leaves 

during larval stage of its life cycle. The mulberry silk contributes over 70% of raw silk produced by 

sercigenous insects in the country (Anonymous, 2020). India is the second largest country in the world, 

next only to the Peoples republic of China. The cocoon yield mainly depends upon mulberry varieties 

and silkworm breeds utilized, besides proper rearing practices.  The quality cocoon production ensured 

by nutritive value of the mulberry leaf and silkworm nutrition is a major area research in sericulture 

(Legay, 1958). By the proper dietary management it is possible to obtained maximum output of cocoon 

yield with qualitative and quantitative parameters (Pant, 1978). The knowledge of silkworm nutrition is 

of great applied value. It is the nutrients such as proteins, lipids, carbohydrate, sterols, minerals, water 

and vitamins regulates growth, reproductive ability and cocoon production in silkworm. Efforts are made 

by several researches in order to improve larval and cocoon parameters by supplementing different 

supplementary compounds such as amino acids, minerals, vitamins, etc. through diet. The mulberry leaf 

fortified with nutrients increase economic parameters of the silkworm and is a recent technique practiced 

to improve cocoon parameter (Kumaraj et al., 1972). Vitamins are biocatalyst required in trace amounts 

in the diet for proper growth and development of animals. The specific dose requirement of different 

nutrients and vitamins suggests their specificity for various metabolic functions (Horie, 1980). The 

phenomenon of vitamin deficiency are varied according to kinds of vitamins required by the silkworm 
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(Horie and Ito, 1965). It has been reported that mulberry leaf supplemented with vitamins like folic acid, 

riboflavin, ascorbic acid at varied concentrations increase the larval growth and cocoon parameters of 

silkworm (Saha and Khan 1996; Nirwani and Kailwal 1996; Nirwani et al., 1998; Etebari et al., 2004; 

Rehmathulla et al., 2007; Ravi Kumar and Anil Kumar, 2014; Anil Kumar 2018 ). Thiamine is necessary 

for the proper functioning of many co-enzymes that are participate in amino acid, carbohydrate and fatty 

acid metabolism and helps in over all growth and development of animals including silkworms (Deb, 

2002). It has been observed that increase in larval and silk gland weight including commercial 

parameters such as cocoon weight, shell weight and fecundity in the batches of thiamine fed silkworm 

larvae (Nirwani and Kaliwal, 1998). The phago stimulatory effect of thiamine in silkworm was also 

reported by Horie and Ito (1963). Faruki (2005) showed that increased in larval and pupal weight in the 

batches of thiamine supplemented silkworm larvae over control batch. The pantothenic acid (B5) is 

widely distributed in varieties of plant and animals food. As part of co-enzyme A, the pantothenic acid 

donates fatty acids to protein in a way that can determine their location and function within a cell and 

also essential for the formation of ATP. It has been observed that silkworm larvae exhibit better larval 

growth and development with the supplementation of pantothenic acid little higher concentration than 

biotin (Horie and Ito, 1965). The Biotin occurred in the form of biocytin which is released on 

proteiolysis. It has been reported that biotin play a important role in carbohydrate and fat metabolism 

there by regulate growth and survival of the silkworm B.mori (Horie et al., 1966). The aim of present 

investigation is to know the effect of supplementation of vitamins on carbohydrate metabolism. The 

most important function of carbohydrate is to provide energy to the body. They are the structural 

components of tissues and also perform other functions like regulation of fat metabolism, protein sparing 

functions and bio-synthesis of certain amino acids. The late age silkworm larvae accumulate higher 

carbohydrates content then the young age worms. Reducing sugar account for about 5% of the total 

blood sugar and fat body tissue and glycogen serves as a major food reserve in insects (Kinby, 1958). 

Wyatte and Kal (1956 and 1957) reported that trehalose is the major blood carbohydrate in insects. The 

glycogen content in the fat body, integument, silk gland and free carbohydrate in the heamolymph differ 

significantly during last larval instar (Simex and kodrik, 1986). The Succinate dehydrogenase (SDH) is a 

mitochondrial index enzyme. The activity levels of SDH has been studied in a wide range of insects by 

many workers who have reported the enzyme in the different stages of the life cycle, such as egg, larva, 

pupa and adult stages (Blum and Taber, 1965; Sanjiv Agarwal and Sohal, 1994; Stefan et al, 1995; 

Gorbacheva et al, 2013). In silkworm, B. mori the activity levels of SDH varies among different 

silkworm breeds and hybrids was observed by Mahesha et al. (2015). Anil Kumar (2018) showed that 

increased SDH activity and economic parameters in the riboflavin supplemented batches at 1000ppm. A 

quite a good number of report available on various nutrients supplementation. However, information is 

available on supplementation of thiamine, biotin and pantothenic acid in relation to biochemical changes 

and economic parameters in silkworm is meager. In this context, the present investigation was initiated.   
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2. MATERIALS AND METHODS 

The bivoltine silkworm hybrid namely FC1was reared as per standard rearing techniques of Dandin and 

Giridhar (2010). The solutions of thiamine, biotin and pantothenic acid at varied concentrations viz., 0.2, 

0.4 and 0.6 % were prepared by using distilled water. The mulberry leaf were dipped in prepared 

solution and surface dried under shade and fed to the silkworms. The larvae divided into four batches 

namely the batch I (T1), batch2 (T2) and batch3 (T3) were reared with mulberry leaf supplemented with 

vitamins at 0.2, 0.4 and 0.6 %, respectively. Whereas batch4 (T4) larvae reared on mulberry leaves 

sprayed with distilled water (Control). The treated leaves were fed to silkworm once in a day (morning) 

during fourth and fifth instar. In each treatment three replications were maintained. 

2.1 Estimation of succinate dehydrogenase (SDH) and carbohydrate content in the FC1 Silk worm 

hybrid. 

 The succinate dehydrogenase enzyme and carbohydrate content were estimated in fifth instar 1st 

day larva to spinning stage (5
th 

day) in the silk gland and fat body tissue in respective treatments as well 

as control batch. The tissue homogenate of 1% (w/v) was prepared by using distilled water and 

centrifuged at 3,000 rpm for 10 minutes, the crude extract supernatant was collected and used for as a 

enzyme source. The SDH activity was estimated by the method of Nachlas et al. (1960). One ml of 

tissue extract was incubated with 1ml of sodium succinate, 1ml of phosphate buffer and 1ml of INT at 

370 C for 1 h followed by 6ml of glacial acetic acid was added. To this, 6ml of toluene was added. The 

reaction mixture was kept overnight at refrigerator. The colour intensity was measured at 495nm by 

using spectrophotometer. The standard curve was used for calculation. The enzyme activity was 

expressed in terms of µ moles of formazone (product generated) /g protein/h. 

 For carbohydrate estimation, the tissue homogenate of 0.5% (w/v) was prepared using 5% TCA 

and content was centrifuged at 3,000 rpm for 10 min. The supernatant was used for estimation. The 

carbohydrate content was estimated by method of Dubois et al. (1956). with slight modification. For 1ml 

of tissue extract, 4ml of anthrone reagent was added and boiled for 8min. The reaction mixture was 

cooled under tap water and colour intensity was measured at 630 nm by using spectrophotometer. The 

total carbohydrate content was expressed in terms of mg/g tissue. Further, the economic parameters 

namely larval weight, cocoon weight, shell weight, shell ratio, filament length, filament weight, denier 

and renditta were also determine in respective treatments. 

The shell ratio, Filament length, denier and renditta were calculated by using following formulae.  

Shell ratio (%) = 
Shell weight (g) 

X 100 
Cocoon weight (g) 

Filament length (L) = R×1.125 

R = Number of revolutions recorded by an epprouvette. 

1.125 = Circumference of epprouvette in meter. 
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Denier = 
Weight of the filament 

X  9000 
Length of the filament 

It denotes thickness of the silk filament. 

Renditta = 
Weight of cocoons reeled 

Weight of  raw silk obtained 

Unit quantity of cocoons required to produce one unit of raw silk. 

 The data obtained was statistically analyzed by employing one way factorial completely 

randomized design at 5% level of significance.  

3. RESULTS AND DISCUSSION 

3.1 Influence of mulberry leaves supplemented with vitamins on succinate dehydrogenase activity 

and carbohydrate content. 

The fat body has a storage function of reserve materials such as glycogen, proteins, etc. to carry 

out synthesis and intermediary metabolism of various nutritional substances. The fat body functions not 

only as a depot for storage materials but also a controller of histolysis of silk gland. In B. mori the fat 

body is the major tissue for the synthesis of various metabolites and the haemolymph which is in 

intimate contact with the fat body and silk gland acts as a medium for the interchange of metabolites. 

Thus it is reasonable to expect that the disruption of the fat body and correlated with biochemical 

parameters of the haemolymph. The activity level of SDH varies not only in different species of insect 

but also with in the same species at different stages of metamorphosis. The oxidation of carbohydrates 

like pyruvate is achieved by a series of dehydrogenation and decarboxylation after condensation of the 

active two carbon fragment with oxaloacetic acid and is almost certainly the main metabolic pathway for 

the complete oxidation to carbon dioxide and water.  

The silkworm hybrid FC1 reared on mulberry leaves supplemented with thiamine at 0.6% 

recorded higher activity level of SDH in the fat body and silk gland at 0.6% concentration in fifth instar 

5th day larvae (14.47µm of formazone/ g protein/h) and (13.92 µm of formazone/g protein/ h) (Table.1) 

followed by 4
th
, 3

rd
, 2

nd
 and 1

st
 day larvae. However, similar results was observed at 0.4 and 0.2% where 

in the activity level of SDH is relatively more in fat body as compared to silk gland. Irrespective of 

treatments, the larvae expressed maximum enzyme activity in thiamine supplemented batches followed 

by biotin and pantothenic acid. The data pertaining to the present study revealed that SDH activity was 

highest in the fat body and silk gland of vitamins supplemented batches over control batch. Increase in 

enzyme activity is due to additional supplementation of vitamins which enhance the activity of 

coenzyme A which is necessary to convert pyruvate into Acetyl Co-A and helps in formation of citric 

acid in kerbs cycle. Thus mobilization of co-enzyme A might have enhance activity of SDH inturn 

enhance biological oxidation in vitamins supplemented batches. However, higher activity levels of SDH 

was noticed in higher concentration at 0.6% supplementation indicating optimum utilization of vitamins 

than 0.4 and 0.2% concentrations. The present findings are in conformity with the findings of Anil 

Kumar et al.(2017) who have reported that supplementation of pyridoxine at 1000ppm concentration  
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enhances SDH activity (3.353 units /h ) in FC2 bivoltine hybrids over  control batch (3.033units/h). 

Further, the activity levels of SDH  was highest in 5
th
 instar 5

th
 day larvae followed by 4

th
 day, 3

rd
 day, 

2nd day and 1st day over control batches. It clearly indicates that effective utilization of additional 

supplementation of vitamins with increase in age. These results are in line with the earlier observations 

of Anil Kumar et al. (2017) who have observed that silkworm hybrids FC2 and FC1 supplemented with 

pyridoxine increases the SDH activity with advancement of age. Similarly increase in protease activity 

with advancement of age was also reported in silkworm breeds by Anil Kumar (2009). 

The carbohydrates are needed as energy source and for synthesis of both lipids and amino acids. 

The digestibility of nutritive effects of carbohydrate is closely related to the activity of respective 

glycosidase in the digestive system. Increased in carbohydrate content might be due to addition 

supplementation of vitamins enhance pyruvic acid content by non carbohydrate sources like lactic acid, 

amino acids and glycerol (Gluconeogenesis) which serves as a precursor in Krebs cycle. Further, 

carbohydrate content is relatively high in the fat body than the silk gland and even it varies among 

silkworm breeds. Synthesis of carbohydrate relatively more in the fat body of silkworm larvae 

supplemented with vitamins indicating major site for synthesis of various biomolecules. Like SDH, the 

maximum carbohydrate content was observed in the fat body and silk gland tissue, when the silk worm 

larvae were nourished with thiamine at 0.6% concentration in fifth instar 5th day larvae (16.92mg/g 

tissue) and (14.10mg/g tissue) (Table.2) respectively  followed by 4
th
, 3

rd
, 2

nd
 and 1

st 
day old larvae. It is 

evident from the results is that the carbohydrate content increases gradually from fifth instar 1st day 

larvae to spinning stage. It clearly indicated that the silk worm utilizes the additional supplementation of 

vitamins in accordance with their age. These results are in line with the earlier observations of Kilby 

(1958) who has opined that the late age silkworm larvae accumulate higher carbohydrate content as 

compared to young age worms.  

3.2 Larval weight 

Silkworms larvae reared on fortified mulberry leaves with vitamins expressed significant 

difference in respect of mature larval weight with  maximum being in thiamine followed by biotin and 

pantothenic acid at 0.6% concentration (4.573, 4.466 and 4.015g), respectively over control batch 

(3.723g). The lowest larval weight of 3.863, 3.800 and 4.165g was registered at 0.2% of pantothenic 

acid, biotin and thiamine supplemented batches when compared to control batch (Table.3). The increase 

in larval weight might be due to additional supplementation of vitamins along with mulberry leaves. The 

present finds was in conformity with the findings of Balasundaram et al. (2013b)  who have reported that 

the supplementation of ascorbic acid at 0.2 % found to be optimum in which gain in the larval weight of 

3.54g  was  noticed over other concentrations as well as control batch (2.71g ) in bivoltine silkworm 

hybrid  (CSR2 x CSR4). Similar results were also observed with supplementation of folic acid, para-

amino benzoic acid and combination of both in the silkworm larvae NB4D2 by Singaravelu et al. (2001).  
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3.3 Cocoon weight  

Significantly higher cocoon weight was registered by the silk worm reared on mulberry leaf 

supplemented with thiamine (1.664 g) followed by biotin (1.627g) and pantothenic acid (1.164g) at  

0.6% concentration as against control batch (1.587g).  It was lowest in pantothenic acid (1.603g), biotin 

(1.610g) and thiamine (1.639g) supplemented batches at 0.2% concentration (Table.3). The increase in 

cocoon weight in FC1 hybrid might be due to increase in absorption of vitamins in the midgut epithelial 

cells of the larva followed by absorption by different body cells and transformation to cellular structure. 

These results are in agreement with those of Karaksy and Idriss (1990) who noticed that silkworm hybrid 

(155 x 156) reared on mulberry leaf supplemented with folic acid at 2% recorded significantly higher 

cocoon weight over other concentrations and control batch. This type of results was also noticed on some 

other vitamins by (Babu et al., 1992; Prasad et al., 1994; Nirwani and Kaliwal 1995; Singaravelu et al., 

2001; Rai et al., 2002; Rahmathulla et al., 2007; Tantra and KanikaTrivedy 2011; Balasundaram et al., 

2013). 

3.4 Shell weight  

Silk worm nourished with mulberry leaf fortified with vitamins at varied concentration recorded 

significant notable variation with respect to shell weight. The maximum shell weight was expressed by 

larvae reared on mulberry leaf supplemented with thiamine followed by biotin and pantothenic acid 

(0.149, 0.376 and 0.356g) at 0.6% concentration, respectively over remaining concentrations and control 

batch (0.323g) (Table. 3). On the other hand, it was lowest at 0.2% concentration in all vitamin 

supplemented batches. The increase in shell weight might be due to additional supplementation of 

vitamins which enhances the rate of biosynthesis of silkworm protein. These results corroborate the 

earlier findings of Balasundaram et al. (2013a) who have opined that supplementation of mulberry 

leaves with ascorbic acid  at the rate 200ppm enhance shell weight of 0.80g over control batch (0.63g) in 

the silkworm hybrid  CSR2 x CSR4. Similar trend also noticed in some other vitamins by (Prasad et al., 

Nirwani and Kaliwal, 1998; Singaravelu et al., 2001; Rai et al., 2002; Rahmathulla et al., 2007; Tantra 

and Kanika Trivedy, 2011). 

3.5 Shell percentage 

The larvae reared on mulberry leaves extra foliated with vitamins at varied concentration exerted marked 

influence on shell ratio with maximum being in thiamine (24.68%) followed by biotin (23.10%) and 

pantothenic acid (22.01%) at 0.6% concentration. A minimum shell percentage of 20.39, 21.79 and 

23.90% was registered at 0.2% of pantothenic acid, biotin and thiamine supplemented batches as against 

control batch (20.34%) (Table.3). Increase in the shell ratio might be due to enhanced silk production in 

the larvae by additional supplementation of vitamins. These results are supported by the observations of 

Rahmathulla et al. (2007) who have observed that the bivoltine hybrid CSR2 x CSR4 administrated with 

folic acid at concentrations of 100 and 150 ppm exhibit significantly higher shell ratio of 24.08 and 

25.25% over control batch (22.85%). Similarly, administration of ascorbic acid at 0.2 % concentration 

increases shell ratio in bivoltine hybrid (CSR2 x CSR4) (Balasundaram et al., 2013). 
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3.6 Filament length  

Significant differences existed for this parameter when the silk worm fed on mulberry leaf enriched with 

vitamins. The longest filament length was observed by the silk worm fortified with thiamine followed by 

biotin and pantothenic acid (1099.34, 1038.23 and 1013.57 m) at 0.6% concentration, respectively over 

control batch (917.34m). It was shorter in the larval batches reared on pantothenic acid (950.00m), biotin 

(989.34m) and thiamine (1037.34m) when compared to larva reared on mulberry leaves supplemented 

with distilled water (Table.3). The increase in filament length might be due to higher rate of silk protein 

synthesis in the silk gland by additional supplementation of vitamins. These results are in conformity in 

the finding of Rai et al. (2012) who have reported that administration of folic acid through mulberry 

leaves facilitated nucleic acid synthesis in silk gland cells in turn improve the absolute silk content in the 

shell. This type of results are also reported in bivoltine hybrid (CSR2 x CSR4) supplemented with folic 

acid with 200ppm enhanced filament length 965m over control batch 919m (Balasundaram et al., 

2013a). 

3.7 Filament weight 

The silk worm larva reared on mulberry leaves enriched with vitamins at different concentrations 

revealed significant variation with maximum being in thiamine (0.322g) followed by biotin (0.315g) and 

pantothenic acid (0.311g) at 0.6% concentration, respectively. As against to this it was lowest in 

pantothenic acid (0.298g) followed by biotin (0.305g) and thiamine (0.313g) at 0.2% concentration. On 

the other hand, the larvae of control batch recorded filament weight of 0.249g (Table.3). The increase in 

filament weight in the larvae of F1 hybrid might be due to higher rate of bio synthesis of silk protein by 

additional supplementation of vitamins. These results are agreement in the findings of Singaravelu et al. 

(2001) who have observed that supplementation of mulberry leaves with combination of folic acid and 

para amino benzoic acid increase filament weight. 

3.8 Denier 

Marginal variation was noticed with respect to denier by the silk worm larvae reared on mulberry leaf 

extra foliated with vitamins at different concentrations. The lowest denier was expressed by the silk 

worm larvae fortified mulberry leaves with thiamine at 0.6 and 0.4% concentrations (2.64 and 2.68) 

followed by biotin (2.73 and 2.75), respectively. In contrast it was highest with pantothenic acid at 0.2 

and 0.4% (2.82 and 2.81), respectively. The control batch registered denier of 2.88 (Table.3). These 

results are in conformity in the findings of Balasundaramet al. (2013a) who have observed that lower 

denier of 2.30 was recorded at 0.8% supplemented ascorbic acid over 0.1% (2.64). Similarly mulberry 

leaves supplemented with folic acid at 1.5% concentration to the silkworm yields finer denier                    

Babu et al. (1992).  

3.9 Renditta 

A significant notable variation was noticed in respect of renditta among silk worm batches supplemented 

with vitamins at different concentrations. The lowest renditta was recorded by the silk worm reared on 

mulberry leaf enriched with thiamine supplementation at 0.6 and 0.4% concentrations (5.16 and 5.17kg). 
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As against to this, it was highest with pantothenic acid and biotin at 0.2% (5.39 and 5.28kg), 

respectively. The larvae reared on mulberry leaf sprayed with distilled water recorded renditta of 5.42kg 

(Table.3). The improvement for this trait in the silk worm larvae might be due to effective utilization of 

vitamins which enhances the activity of co-enzymes which inturn reflects on cocoon shell formation. 

These results are on par with the findings of Sridhar and Radha (1987) who have noticed that silkworm 

reared on mulberry leaf supplemented with glycine at 10 ppm concentration significantly reduces the 

renditta.   

 

 

 

 

 

PROTEUS JOURNAL

VOLUME 12 ISSUE 4 2021

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/81



 

 

Table 1: Effect of fortified mulberry leaf with vitamins on succinate dehydrogenase enzyme in the silk worm hybrid FC1 

 

 

 

 

 

 

 

1st Day 2nd Day 3rd Day 4th Day 5th Day 

Sample 

Tissue 

Treatments Thiamine Biotin Pantothenic 

Acid 

Thiamine Biotin Pantothenic 

Acid 

Thiamine Biotin Pantothenic 

Acid 

Thiamine Biotin Pantothenic 

Acid 

Thiamine Biotin Pantothenic 

Acid 

Silk 

Gland 

Control 11.62 11.62 11.62 11.99 11.99 11.99 12.18 12.18 12.18 12.48 12.48 12.48 13.04 13.04 13.04 

0.2 12.22 11.97 11.75 12.59 12.21 12.10 12.80 12.31 12.21 12.73 12.67 12.61 13.51 13.33 13.25 

0.4 12.57 12.28 12.06 12.94 12.45 12.23 13.49 12.54 12.32 13.22 12.83 12.76 13.67 13.54 13.49 

0.6 12.96 12.63 12.41 13.46 12.78 12.56 13.56 12.87 12.65 13.68 13.38 13.16 13.92 13.74 13.56 

F-Test * * * * * * * * * * * * * * * 

S.Em ± 0.037 0.043 0.075 0.076 0.088 0.152 0.047 0.054 0.093 0.055 0.064 0.110 0.066 0.076 0.132 

S.E d ± 0.053 0.061 0.106 0.108 0.124 0.215 0.066 0.076 0.132 0.078 0.09 0.156 0.094 0.108 0.187 

CD @5% 0.110 0.127 0.22 0.223 0.258 0.447 0.137 0.158 0.274 0.162 0.187 0.196 0.218 0.224 0.239 

Fat 

Body 

Control 12.11 12.11 12.11 12.56 12.56 12.56 12.64 12.64 12.64 12.65 12.65 12.65 13.34 13.34 13.34 

0.2 12.71 12.41 12.30 12.86 12.78 12.34 12.72 12.79 12.50 13.17 12.98 12.62 13.63 13.40 13.35 

0.4 13.05 12.59 12.44 13.71 12.89 12.54 13.78 13.00 12.86 13.86 13.02 12.93 14.25 13.76 13.65 

0.6 13.55 12.74 12.52 13.89  13.09 12.87 14.14 13.18 12.96 14.24 13.69 13.47 14.47 14.09 13.98 

F-Test * * * * * * * * * * * * * * * 

S.Em ± 0.069 0.08 0.138 0.065 0.075 0.130 0.062 0.071 0.123 0.042 0.049 0.084 0.038 0.044 0.076 

S.E d ± 0.098 0.113 0.195 0.092 0.106 0.184 0.087 0.101 0.174 0.060 0.069 0.119 0.054 0.062 0.108 

CD @5% 0.203 0.234 0.405 0.191 0.221 0.383 0.181 0.209 0.362 0.124 0.143 0.248 0.112 0.130 0.225 
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Table 2: Effect of fortified mulberry leaf with vitamins on carbohydrate content in the silk worm hybrid FC1 

 

 

 

 

 

1st Day 2nd Day 3rd Day 4th Day 5th Day 

Sample 

Tissue 
Treatment Thiamine Biotin 

Pantothenic 

Acid 
Thiamine Biotin 

Pantothenic 

Acid 
Thiamine Biotin 

Pantothenic 

Acid 
Thiamine Biotin 

Pantothenic 

Acid 
Thiamine Biotin 

Pantothenic 

Acid 

Silk 

Gland 

Control 9.43 9.43 9.43 10.15 10.15 10.15 10.38 10.38 10.38 10.96 10.96 10.96 11.46 11.46 11.46 

0.2 11.65 9.93 9.72 11.69 10.57 10.38 11.75 10.95 10.49 12.57 11.48 11.92 12.99 12.25 11.48 

0.4 12.05 10.85 10.69 12.65 11.29 10.94 12.85 11.58 11.21 13.29 12.02 12.16 13.87 12.37 11.52 

0.6 13.03 11.49 11.17 13.07 11.80 11.50 13.38 12.52 11.94 13.59 12.90 12.68 14.10 13.29 13.05 

F-Test * * * * * * * * * * * * * * * 

S.Em ± 0.15 0.17 0.30 0.095 0.11 0.19 0.092 0.106 0.183 0.083 0.095 0.165 0.101 0.117 0.202 

S.E d ± 0.212 0.245 0.425 0.134 0.155 0.269 0.130 0.150 0.259 0.117 0.135 0.234 0.143 0.165 0.286 

CD @5% 0.441 0.509 0.882 0.279 0.322 0.558 0.269 0.311 0.538 0.243 0.28 0.486 0.297 0.343 0.594 

Fat 

Body 

Control 9.96 9.96 9.96 10.41 10.41 10.41 10.57 10.57 10.57 11.36 11.36 11.36 11.77 11.77 11.77 

0.2 11.83 10.29 10.04 12.57 10.96 10.55 12.69 11.25 10.95 13.15 12.15 11.62 13.40 12.78 12.40 

0.4 12.61 11.19 10.90 13.32 11.62 11.20 13.82 11.95 11.62 14.12 12.75 12.40 14.74 13.00 12.95 

0.6 13.45 11.55 11.40 14.23 12.29 11.86 14.86 12.56 12.14 15.94 13.02 12.58 16.92 13.68 13.33 

F-Test * * * * * * * * * * * * * * * 

S.Em ± 0.078 0.09 0.155 0.087 0.101 0.174 0.081 0.093 0.162 0.088 0.102 0.176 0.100 0.116 0.201 

S.E d ± 0.11 0.13 0.22 0.123 0.142 0.246 0.114 0.132 0.229 0.125 0.144 0.249 0.142 0.164 0.284 

CD @5% 0.228 0.263 0.456 0.256 0.295 0.511 0.237 0.274 0.475 0.258 0.298 0.517 0.295 0.340 0.589 
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Table.3: Effect of fortified mulberry leaf with vitamins on commercial characters of silkworm hybrid FC1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            
                                                                             ( ): Angular transformed values   *: Significant at 5% level

Treatments 

(Vitamins) 

Concentration 

Larval 

weight 

(g) 

Cocoon 

weight 

(g) 

Shell 

weight 

(g) 

Shell 

Percentage 

(%) 

Filament 

Length (m) 

Filament 

weight (g) Denier Renditta 

Control 3.723 1.587 0.323 20.34 917.34 0.294 2.88 5.42 

Thiamine 

0.2 4.165 1.639 0.392 
23.90  

(29.26) 
1037.34 0.313 2.71 5.24 

0.4 4.248 1.651 0.406 
24.68 

 (29.70) 
1072.34 0.319 2.68 5.17 

0.6 4.573 1.664 0.419 
25.15 

(30.09) 
1099.34 0.322 2.64 5.16 

Biotin 

0.2 3.880 1.610 0.351 
21.79 

(27.81) 
989.34 0.305 2.77 5.28 

0.4 4.151 1.623 0.361 
22.23 

(28.12) 
1021.48 0.312 2.75 5.21 

0.6 4.466 1.627 0.376 
23.10 

(28.71) 
1038.23 0.315 2.73 5.17 

Pantothenic 

Acid 

0.2 3.863 1.603 0.327 
20.39 

 (26.83) 
950.00 0.298 2.82 5.39 

0.4 3.969 1.612 0.334 
20.70 

(27.05) 
990.27 0.309 2.81 5.23 

0.6 4.015 1.614 0.356 
22.01 

(27.94) 
1013.57 0.311 2.74 5.19 

F-Test * * * * * * * * 

S.Em± 0.117 0.020 0.011 0.390 15.85 0.007 0.037 0.117 

S.E d ± 0.165 0.028 0.015 0.552 22.42 0.010 0.052 0.165 

CD @5% 0.023 0.200 0.023 0.560 21.00 0.006 0.031 0.031 
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CONCLUSION 

The results of the present study inferred that, mulberry leaf fortification with thiamine at 0.6% 

enhances economic parameters along with biomolecules in the mulberry silkworms. It could be 

utilized for the formulation of artificial diet as well as foliar nutrients. 
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