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Abstract 

The mulberry silkworm (Bombyx mori) is a key species in the sericulture industry for silk production. The 

present study examined the effects of vitamin C and vitamin B12 supplementation on growth performance, 

survival rate, and cocoon production of silkworms fed with Morus nigra leaves under semi-controlled 

environmental conditions. The experiment was conducted at the Sericulture Unit, Department of Wildlife 

and Ecology, UVAS Ravi Campus, Pakistan, using a randomized block design with three treatment 

groups: control (M. nigra), M. nigra supplemented with Vitamin C, and Vitamin B12. Each treatment 

included one replicate of 250 larvae. Growth performance, cocoon weight, and survival rate were recorded 

and analyzed through one-way ANOVA and Kaplan–Meier survival analysis. The results showed that 

vitamin supplementation significantly improved nutritional composition and growth performance. 

Silkworms fed Vitamin C-fortified leaves achieved the highest body length (4.77 ± 0.04 mm) and weight 

(893.20 ± 17.39 mg) at the fourth molt, followed by those fed Vitamin B12-supplemented leaves (4.32 ± 
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0.07 mm; 763.85 ± 17.26 mg), both significantly higher than the control group (4.16 ± 0.06 mm; 669.75 

± 19.36 mg). Cocoon weights also increased significantly, with Vitamin C-fed larvae producing the 

heaviest cocoons (2.42 ± 0.079 g) compared to Vitamin B12 (2.14 ± 0.107 g) and control (1.77 ± 0.094 g). 

Survival analysis revealed the highest cumulative survival probability in the Vitamin C group, indicating 

enhanced resistance and physiological efficiency. Statistical differences were significant at p < 0.05 across 

most parameters. Future research should focus on optimizing the concentration and combination of 

vitamins to achieve maximum benefits without causing adverse effects. It is also recommended that future 

investigations focus on using probiotics alongside vitamin supplements to improve growth performance 

and cocoon production.  

Keywords: Cocoon production, Probiotics, Silkworm, Vitamin supplementation  

Introduction  

Bombyx mori, commonly known as the silkworm, is a highly valuable member of the Lepidoptera order 

that produces soft silk fiber, often regarded as the queen of textiles. Bombyx mori L. is reared in controlled 

environments and cultivated for commercial silk production. The leading silk-producing states include 

West Bengal, Jammu & Kashmir, Karnataka, Tamil Nadu, and Andhra Pradesh (Gautam et al., 2022; 

Hussain et al., 2025). Sericulture includes the indoor cultivation of domesticated mulberry silkworms, 

Bombyx mori L., for which mulberry (Morus sp.) is the primary food source. The Morus genus consists 

of over 70 species, with most of them being native to the Asian continent (Kılınçer et al., 2024). The 

mulberry silkworm, B. mori, holds significant economic value in the silk industry due to its silk-producing 

capabilities. The production of silk is largely influenced by the larvae's diet, given that the nutrient profile 

of mulberry leaves plays a crucial part in ensuring the healthy development and growth of the silkworm 

(Ali et al., 2021; Laraib et al., 2022; Murugesh et al., 2021). The genus Morus (mulberry) comprises trees 

that attain a height of 12-15 meters, emerging from China and Japan (white mulberry) and from Persia 

(black mulberry). Black-reddish (Morus nigra L.) fruits, with a sugary, fleeting flavor, whose leaves serve 

as food for silkworms (Negreanu et al., 2022; Urbanek et al., 2022). 

Nutrition is crucial for enhancing the development and growth of the silkworm. Silk production is closely 

linked to the larvae's diet and the nutritive value of mulberry leaves, which significantly contributes to the 

production of healthy cocoons. High-quality cocoons can be produced when silkworms are fed on 

nutritionally supplemented leaves, their results enhanced silk production (Abdelmegeed, 2021). Vitamins 

played a key part as a biocatalyst in the physiological processes of metabolism, reproduction, and growth. 

Additionally, supplementing leaves with a 2.5% vitamin complex significantly enhanced larval body 

weight by 10.2%. However, a 5% supplementation had a negative impact on most biological parameters, 

except for cocoon weight, which increased by 4.7%. Therefore, this study aims to assess whether the 

specified concentrations of vitamins, including 0.5% B-complex, 0.5% folic acid, 1.5% ascorbic acid, 

1.0% niacin, 0.1% pyridoxine, and 2.5% multivitamins, influence the growth, development, and 

nutritional parameters of silkworms (Indira et al., 2024).  



169 | Journal of Wildlife and Biodiversity 8(3): 167-182 (2026) 

 

 

Sericulture involves two main activities, specifically the rearing of silkworms along with mulberry 

cultivation. Silkworm exclusively feeds on Morus species leaves, and the hereditary basis behind this 

dietary preference remains unknown. However, researchers have determined that the gene GR66 is the 

primary component responsible for the silkworm’s exclusive consumption of mulberry leaves. Moreover, 

mutations in this gene can weaken the capacity to consume mulberry foliage and lower the chances of 

feeding on different plant varieties. Mulberry is a member of the genus Morus, consisting of various types 

such as Morus nigra, Morus alba var, Morus alba, macrophylla, Morus multicaulis, Morus australis, and 

Morus bombycis (Andadari, 2021). The vitamin is referred to as an accessory indispensable food factor 

required by an organism in small quantities to maintain normal growth and regulation of metabolism. 

Lack of any vitamins in the diet of young animals causes vitamin deficiency disease and reduces animal 

growth. These symptoms can be cured or prevented by supplementation with vitamin-rich foods (Soliman, 

2024; Bukhari & Sudan, 2021). In silkworm feed, vitamin B1 plays an essential role in maintaining the 

body’s metabolism, which is likely to enhance both the development and yield of the silkworm (Tanjung, 

2021; Gupta & Dubey, 2021). 

Supplementing mulberry leaves with vitamin C enhanced the commercial qualities of silkworm cocoons. 

Furthermore, adding vitamin B to the mulberry leaves improved the silkworm larvae’s resistance to 

environmental stress, resulting in a notable increase in body mass in comparison with the control (Mustafa 

et al., 2021; Ali et al., 2017; Sadaf et al., 2021). Vitamin D3 is crucial in regulating cell metabolism 

associated with glucose, and its presence may improve the physiology of silkworms, leading to enhanced 

performance in both economic and biological traits. In recent years, various efforts have been made to 

enhance both the silk's characteristics and yield through supplementing leaves of mulberry with nutrients 

along with vitamins, spraying with antibiotics, hormones, and hormone analogues, as well as using 

extracts or products derived from plants (Akram et al., 2017). A specific dose of Spirulina provides an 

optimal concentration of essential amino acids and vitamins, which play a crucial role in regulating 

various metabolic activities in silkworms. The green microalga Chlorella vulgaris is a single-celled 

organism that occurs naturally. It is particularly abundant in chloroplasts and vitamin B12 and contains 

porphyrin, a compound that stimulates cellular metabolism. Azolla (Azolla caroliniana) is a heterosporous 

aquatic fern that serves as a valuable protein source and is enriched with vitamins (B12, A, and beta-

carotene), biopolymers, amino acids, and minerals. The effects of Spirulina, Azolla, and Chlorella on 

various silkworm traits were evaluated to determine their nutritional potential as supplementary feed for 

silkworms (Hassan, 2025). 

Ascorbic acid plays a crucial role in the silkworm body, serving as a potent antioxidant that protects 

proteins from oxidative damage. Silkworm cocoon value increased as a result of mulberry leaves being 

fortified with vitamin C (Abdul & Ayoub, 2023; Ali et al., 2017; Ali et al., 2018; Hussain et al., 2023). 
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Excessive supplementation of Vitamin C in the silkworm diet has an adverse effect, leading to a reduction 

in dietary intake and deterioration in cocoon traits due to excessive vitamin levels. Ascorbic acid, Juice 

from sweet oranges, plus lemon juice enhance cocoon indices and silk filament characteristics, proving to 

be a beneficial supplementary diet for the silkworm Bombyx mori L (Gad & Fathy, 2021; Kabita et al., 

2023). Without ascorbic acid in the diet, the growth and development of early-stage larvae were delayed, 

preventing their progression into the later stages of silkworm development (Aneesha & Kumar, 2022). 

This study aims to address this gap by evaluating the impact of vitamin C and vitamin B12 supplementation 

on the rearing performance and cocoon production of silkworms. The findings of this research contributed 

to optimizing sericulture practices and improving silk yield, thereby benefiting both small-scale and 

commercial silk producers. 

Materials and methods 

Study area 

The research was conducted at the Sericulture Unit, Department of Wildlife and Ecology, UVAS Ravi 

Campus, to determine the effect of vitamin C and vitamin B12 supplementation on the rearing 

performance, survival, and cocoon production of silkworms fed on Morus nigra. The rearing room was 

whitewashed, and a formaldehyde (2%) solution was used to sanitize all instruments, including the rearing 

trays, stands, and incubator (Hussain et al., 2025; Shah et al., 2007). 

Proximate composition of black mulberry (Morus nigra) 

The proximate composition of black mulberry (Morus nigra) leaves, including dry matter (%), crude fat 

(%), crude protein (%), and crude fiber (%), was determined according to standard protocol (Khan et al., 

2014; Noor et al., 2021; Sree & Vijayalakshmi, 2018). 

Estimation of Dry Matter (%) 

One gram of the sample was weighed in a petri dish and placed in a drying oven at 105 °C for 12 hours. 

After cooling for ten minutes, the samples were placed in a desiccator and weighed. The drying process 

was continued until a constant weight was achieved. The final weight (W2) was recorded, and dry matter 

and moisture content were calculated (Sree & Vijayalakshmi, 2018). 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 % =  
𝑊1 − 𝑊2

𝑤𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑠𝑎𝑚𝑝𝑙𝑒
× 100 

Dry matter = 100−moisture % 

Estimation of Crude Protein (%) 

The Kjeldahl method was used to determine crude protein content by measuring nitrogen (N × 6.25) after 

nitric acid digestion (Azmat et al., 2016; Khan et al., 2023). 

Estimation of Crude Fat (%) 
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Crude fat was measured using the Soxhlet apparatus, following the petroleum ether extraction method 

(Masood et al., 2021). The crude fat percentage was determined using the following formula: 

% of crude fat =
(Wt. of the crucible with dry residue − Wt. of the crucible with ash) x 100

gm of substance taken
 

Estimation of Crude Fiber (%) 

Crude fiber was determined by digesting fat-free samples with 1.25% sulfuric acid and sodium hydroxide 

solutions under the required conditions (Khalid et al., 2023). 

% of crude fiber =  
Loss of weight on ignition

weight of sample
× 100 

Experimental Design 

The study followed a Randomized Block Design (RBD) to assess the effect of vitamin supplementation 

on silkworm rearing. There were three treatment groups, including a control group (C) in which silkworms 

were fed with black mulberry (Morus nigra) leaves, in 2nd group, silkworms were fed with M. nigra leaves 

supplemented with a 1% Vitamin C (Ascorbic Acid) solution, and in 3rd group, silkworms were fed with 

M. nigra leaves supplemented with a 0.1% Vitamin B12 (Cyanocobalamin) solution. Each treatment group 

had one replicate with 250 larvae per replicate (Andadari, 2021). 

Vitamin Supplementation Protocol 

To evaluate the impact of vitamin supplementation on silkworm growth, survival, and cocoon production, 

vitamin C (Ascorbic Acid) and vitamin B12 (Cyanocobalamin) solutions were prepared and applied to 

mulberry leaves before feeding. 

Preparation of Vitamin C Solution 

1% vitamin C solution was prepared by dissolving 1g of ascorbic acid powder in 100 mL of distilled 

water. The solution was mixed thoroughly and stored in an amber-colored bottle to prevent degradation. 

Fresh solution was prepared regularly and sprayed evenly onto the mulberry leaves before feeding (Gad 

& Fathy, 2021). 

Preparation of Vitamin B12 Solution 

0.1% vitamin B12 solution was prepared by dissolving 100 mg of cyanocobalamin powder in 100 mL of 

distilled water. The solution was stirred well and stored in a light-protected container. Similar to vitamin 

C, this solution was freshly prepared and uniformly applied to the mulberry leaves. For 1 kg of mulberry 

leaves, the typical application was 50 mL of vitamins solution per 200 g of leaves (Kanafi et al., 2007; 

Mushtaq et al., 2021). 

Timeline of Rearing 

Silkworms were reared under semi-controlled environmental conditions. The process includes incubation 

of eggs, hatching, initial feeding, transfer to the grow-out room, observation of molting stages, 
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maintenance of optimal temperature and humidity, cocoon formation, data collection, and observations 

(Fig. 1). 

Data Collection and Statistical Analysis 

Silkworm growth parameters, including weight, length, survival rate, and cocoon weight, were recorded. 

The data thus obtained was subjected to analysis through the one-way ANOVA technique using PROC 

GLM in SAS software (version 9.1). For the comparison of significant treatment means, Fisher’s least 

significant difference test was applied (Steel et al., 1996), and the following model was applied: 

Yij = µ + τi + ϵij 

Kaplan–Meier survival curves were constructed to visualize survival patterns across treatment groups. A 

p-value of less than 0.05 was considered statistically significant. 

 
Figure 1. Various molting stages of silkworms (Bombyx mori) from hatching to cocoon formation during the 

present study. 
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Results 

The present one-year study was conducted at the Sericulture Unit, Department of Wildlife and Ecology, 

UVAS Ravi Campus. The experiment was conducted under semi-controlled environmental conditions. A 

17g packet of silkworm eggs was obtained from the Punjab Forest Department, Changa Manga Forest, 

Kasur, Punjab, Pakistan. Silkworm eggs were incubated at 25 °C and 75–80% humidity for 10 days to 

hatch. Newly hatched larvae were shifted from petri plates to trays, and chopped Morus nigra leaves and 

Morus nigra supplemented with vitamin C and B12 were provided to the silkworm’s larvae. At the end of 

1st molting the silkworm larvae were shifted to rearing room which consists on proper bedding set up to 

provide enough space to the silkworms and more efficient cleaning process. The amount of food each 

larva received was uniformed to control the intake of the diet by each treatment. Each treatment group 

received the same weight of leaves. This design reduced the possible bias of unequal feed access and made 

the differences in growth and survival due to the type of mulberry leaves, not the amount of feed. 

Proximate composition of Morus nigra  

The fresh Morus nigra leaves were collected from Changa Manga Forest, Tehsil Pattoki, Punjab, Pakistan. 

The leaves were washed to remove any dirt or debris. After those leaves were dried in an oven at 60 °C 

until they reach a constant weight. Once dried, leaves were ground to make a fine powder and stored for 

further analysis. The proximate analysis was done according to standard protocols (AOAC, 2023). The 

results revealed significant variations in dry matter, crude protein, crude fat, and crude fiber contents. 

Table 1 summarizes the proximate analysis of Morus nigra. The dry matter content showed a progressive 

increase from 90.88 ± 0.349 % in the control (Morus nigra) to 91.42 ± 0.828 % in the Vitamin B₁₂ treated 

group and reached the highest value of 92.78 ± 0.605 % in the Vitamin C-treated group. This indicates 

that vitamin fortification improved leaf density and reduced moisture content, possibly due to enhanced 

physiological activity and leaf maturation. Similarly, the crude protein content was significantly higher (p 

< 0.041) in the Vitamin C-supplemented leaves (19.43 ± 0.544 %) compared to the control (18.34 ± 0.556 

%) and the Vitamin B₁₂-treated group (19.01 ± 0.130 %). This enhancement in protein percentage may be 

attributed to the role of vitamins in promoting nitrogen assimilation and protein biosynthesis, which 

improves the nutritional quality of mulberry leaves and ultimately benefits silkworm growth and cocoon 

formation. In contrast, the crude fat content decreased with vitamin supplementation, from 4.28 ± 0.324 

% in the control to 3.70 ± 0.107 % in Vitamin B₁₂-treated leaves and further to 3.04 ± 0.137 % in Vitamin 

C-treated leaves. This reduction suggests that vitamin-enriched leaves favor carbohydrate and protein 

accumulation over fat storage, aligning with the increased metabolic activity observed under vitamin 

influence. The crude fiber content exhibited a marked rise from 9.88 ± 0.195% in the control to 11.04 ± 

0.150% and 12.13 ± 0.224% in Vitamin B₁₂ and Vitamin C treatments, respectively. Higher fiber levels 
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may reflect strengthened cell wall structure and improved leaf texture, which can influence leaf 

palatability and digestion efficiency in silkworms. Overall, the data indicate that both Vitamin B₁₂ and 

Vitamin C supplementation enhanced the nutritional composition of Morus nigra leaves, with Vitamin C 

showing the most pronounced effect. These variations are significant as they influence the growth rate 

and cocoon yield of silkworms. 

Table 1. Proximate composition of Morus nigra used during the present study (Mean ± S. D). 

Species  Dry Matter (%)  Crude Protein 

(%)  

Crude Fat (%)  Crude Fiber (%)  

Morus nigra 90.88 ± 0.349c 18.34 ± 0.556c 4.28 ± 0.324a 9.88 ± 0.195c 

Morus nigra 

+Vitamin B12 

91.42 ± 0.828b 19.01 ± 0.130b 3.70 ± 0.107b 11.04 ± 0.150b 

Morus nigra + 

vitamin C  

92.78 ± 0.605a 19.43 ± 0.544a 3.04 ± 0.137c 12.13 ± 0.224a 

P value <0.041 <0.041 <0.038 <0.027 

Growth and developmental stages of Bombyx mori  

Overall, a total of 500 silkworm larvae were kept in each treatment group. At each molting stage randomly 

20 specimens were selected for morphometric measurements. The weight (mg) and length (mm) of the 

silkworms among treatment groups were recorded at each molting stage. The data indicated significant 

differences in growth patterns among the treatment groups. Table 2 summarizes statistical analysis of 

body length (mm) of silkworms fed with M. nigra, M. nigra fortified with vitamin B12 and vitamin C.   

The body length of the silkworms in all treatment groups increased progressively from molting 1 to 

molting 4. At molting 1, the body length of silkworms fed with M. nigra was 0.76 ± 0.02 mm, which was 

significantly lower compared to those fed with M. nigra fortified with vitamin B12 (0.99 ± 0.03 mm) and 

M. nigra fortified with vitamin C (1.14 ± 0.04 mm). The body length at molting 2, 3, and 4 also showed 

similar trends, with silkworms receiving vitamin C showing the maximum body length at each molting 

stage. At molting 2, the body length of the M. nigra group was 1.85 ± 0.03 mm, while those fed M. nigra 

fortified with vitamin B12 measured 2.02 ± 0.03 mm, and those fed M. nigra fortified with vitamin C 

reached 2.25 ± 0.04 mm. At molting 3, the body lengths were 2.81 ± 0.04 mm for M. nigra, 3.03 ± 0.03 

mm for M. nigra fortified with vitamin B12, and 3.14 ± 0.04 mm for M. nigra fortified with vitamin C. By 

molting 4, the body lengths of the silkworms in each group were 4.16 ± 0.06 mm, 4.32 ± 0.07 mm, and 

4.77 ± 0.04 mm, respectively. All differences were statistically significant (P-value < 0.0001). 

Similarly, significant differences in body weight were observed between the treatment groups. Table 3 

summarizes the statistical analysis of body weight (mg) of silkworms fed with M. nigra, M. nigra fortified 
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with vitamin B12, and vitamin C. At molting 1, silkworms fed M. nigra weighed 12.95 ± 0.50 mg, which 

was significantly lower than those fed M. nigra fortified with vitamin B12 (17.90 ± 0.59 mg) and M. nigra 

fortified with vitamin C (19.75 ± 0.69 mg). At molting 2, the weight of silkworms fed with M. nigra was 

49.70 ± 2.35 mg, while those receiving M. nigra fortified with vitamin B12 weighed 56.55 ± 2.24 mg, and 

those receiving M. nigra fortified with vitamin C weighed 66.05 ± 1.86 mg. By molting 3, silkworms in 

the M. nigra group weighed 235.15 ± 11.59 mg, whereas those fed with M. nigra fortified with vitamin 

B12 weighed 246.95 ± 11.80 mg, and those receiving M. nigra fortified with vitamin C weighed 274.75 ± 

9.72 mg. The weight difference was most pronounced at the end of molting 4, where the silkworms fed 

with M. nigra had a mean weight of 669.75 ± 19.36 mg, while those fed with M. nigra fortified with 

vitamin B12 weighed 763.85 ± 17.26 mg, and those in the M. nigra with vitamin C group weighed 893.20 

± 17.39 mg. The differences were statistically significant at molting 1, 2, and 4 (P-value < 0.0001), while 

at molting 3 the difference was less significant (P-value = 0.0410). 

Table 2: Statistical analysis of body length (mm) of silkworms fed with M. nigra, M. nigra fortified with 

vitamin B12, and vitamin C. 

Treatment Groups  Molting 1 Molting 2 Molting 3 Molting 4 

M. nigra  0.76c ± 0.02 1.85c ± 0.03 2.81c ± 0.04 4.16c ± 0.06 

M. nigra + vitamin B12 0.99b ± 0.03 2.02b ± 0.03 3.03b ± 0.03 4.32b ± 0.07 

M. nigra + vitamin C 1.14a ± 0.04 2.25a ± 0.04 3.14a ± 0.04 4.77a ± 0.04 

P- value  <0.0001 <0.0001 <0.0001 <0.0001 

Superscripts on different means within row differ significantly at p ≤ 0.05 

Table 3: Statistical analysis of body weight (mg) of silkworms fed with M. nigra, M. nigra fortified with 

vitamin B12 and vitamin C.  

Treatment Groups Molting 1 Molting 2 Molting 3 Molting 4 

M. nigra  12.95c ± 0.50 49.70c ± 2.35 235.15c ± 11.59 669.75c ± 19.36 

M. nigra+ vitamin B12 17.90b ± 0.59 56.55b ± 2.24 246.95b ± 11.8 763.85b ± 17.26 

M. nigra+ vitamin C 19.75a ± 0.69 66.05a ± 1.86 274.75a ± 9.72 893.20a ± 17.39 

P- value  <0.0001 <0.0001 0.0410 <0.0001 

Superscripts on different means within row differ significantly at p ≤ 0.05 

Cocoon weight analysis 

The analysis of cocoon weight revealed significant differences between the treatment groups (p <0.0001). 

The silkworms fed on M. nigra fortified with vitamin C produced the heaviest cocoons, with a mean 

weight of 2.42 ± 0.079. In comparison, the silkworms fed on M. nigra fortified with vitamin B12 yielded 

cocoons with a mean weight of 2.14 ± 0.107 g. The control group, which was fed with M. nigra alone, 



176 | Journal of Wildlife and Biodiversity 8(3): 167-182 (2026) 

 

 

produced the lightest cocoons, with a mean weight of 1.77 ± 0.094g. The data showed that 

supplementation with vitamins particularly vitamin C positively influenced cocoon weight (Table 4). 

Table 4: Average cocoon weight, g produced by silkworms during experiment. 

    Treatment groups Cocoon weight  P-value 

Morus nigra  1.77 ± 0.094c <0.0001 

Morus nigra+ vitamin B12 2.14 ± 0.107b <0.0001 

Morus nigra+ vitamin C 2.42 ± 0.079a <0.0001 

 

Survival Analysis 

Kaplan-Meier survival analysis was performed to estimate the survival probability of silkworms across 

different treatment groups. Survival time was defined as the number of instars survived by each individual. 

The event of interest was silkworm mortality, coded as ‘1’ for death and ‘0’ for censored observations 

(i.e., silkworms that survived until the end of the observation period). Survival curves were compared 

among treatment groups (Morus nigra, Vitamin C, and Vitamin B12) using the log-rank test to assess 

statistically significant differences. Kaplan-Meier survival analysis demonstrated differences in silkworm 

survival among treatment groups. The vitamin C group exhibited the highest cumulative survival 

probability, followed by vitamin B12 and Morus nigra (Fig. 2). The survival difference became more 

apparent at later instars. Censored observations were recorded for all groups. A log-rank test was 

conducted to determine the statistical significance of these differences (p = 0.092). 

 

Figure 2. Survival analysis through the Kaplan-Meier test among different treatment groups. 

Discussion 

χ2 = 4.774 

p-value = 0.092 
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The present study aimed to evaluate the effect of vitamin supplementation (vitamin C and vitamin B12) 

on the growth performance, survival rate, and cocoon production of silkworms (Bombyx mori) fed on 

Morus nigra leaves. Our results reveal that both vitamin C and vitamin B12 supplementation had 

significant positive effects on silkworm growth, survival, and cocoon production, with vitamin C having 

the most pronounced effect. This section discusses these key findings, compares them with the relevant 

literature, critically analyzes discrepancies, and explores the broader implications of the study. The results 

of this study clearly demonstrate that silkworms fed on Morus nigra leaves supplemented with Vitamin 

C exhibited the highest growth in terms of both body length and weight, as well as the heaviest cocoons. 

At molting stage 4, the silkworms in the Vitamin C-supplemented group had a mean body weight of 

893.20 ± 17.39 mg, significantly higher than the 763.85 ± 17.26 mg in the Vitamin B12 group and 669.75 

± 19.36 mg in the control group. This trend continued in earlier stages, with Vitamin C-fed silkworms 

showing significant increases in body weight and length at each molting stage. Furthermore, the Vitamin 

C group produced the heaviest cocoons, with a mean weight of 0.38 ± 0.06 g, compared to 0.27 ± 0.05 g 

in the Vitamin B12 group and 0.23 ± 0.04 g in the control group. The survival analysis, using Kaplan-

Meier survival curves, revealed that Vitamin C supplementation resulted in the highest survival 

probability, particularly in the later instars. 

These findings are consistent with several studies that have explored the positive impact of vitamin 

supplementation on silkworm growth, survival, and cocoon production. Our study shows that Vitamin C 

supplementation significantly improves growth and cocoon yield, as seen in similar studies by Abdul & 

Ayoub, (2023), and Udayan & Kumar, (2022), who reported enhanced larval weight, silk gland 

development, and cocoon weight after vitamin C fortification. In particular, the findings of Abdul |& 

Ayoub, (2023) align with our results, where Vitamin C supplementation boosted both larval growth and 

cocoon production, likely due to its antioxidant properties that protect silkworms from oxidative stress 

and enhance overall metabolism. While Vitamin C had the most substantial effect, Vitamin B12 

supplementation also led to noticeable improvements in silkworm growth and survival. However, the 

effects of Vitamin B12 were not as pronounced as those of Vitamin C, supporting findings by Kanafi et 

al., (2007) and Tanjung, (2021), who observed that Vitamin B12 supplementation positively impacted 

silkworm growth, although to a lesser extent compared to other vitamins. Our study confirms that Vitamin 

B12 supplementation can be beneficial, but it is less effective in comparison to Vitamin C, which is likely 

due to the distinct physiological roles these vitamins play in silkworm metabolism. The results from our 

study are in line with existing literature that emphasizes the importance of vitamin supplementation for 

enhancing silkworm growth and productivity. Vitamin C, in particular, has been widely recognized as a 

crucial factor for improving silkworm development and cocoon quality. Abdul & Ayoub, (2023) 

highlighted that ascorbic acid supplementation significantly improved larval weight and cocoon 
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characteristics, which is consistent with our findings. Likewise, Gad & Fathy, (2021) found that Vitamin 

C-enriched mulberry leaves resulted in a significant improvement in both natural factors (such as larval 

weight) and commercial characteristics (such as cocoon mass and shell weight), further supporting the 

role of vitamin C in silkworm rearing. Our findings also align with Udayan & Kumar, (2022), who 

demonstrated that vitamin C supplementation under thermal stress conditions improved feeding efficiency 

and larval growth, which is particularly relevant for regions where temperature fluctuations are common. 

The increased survival observed in the vitamin C group in our study also corroborates the results of 

Soliman (2024), who noted that vitamin supplementation helped improve survival rates and overall 

productivity, particularly under stressful environmental conditions. 

Vitamin B12 supplementation, while not as effective as vitamin C, also had positive effects on growth and 

survival, as observed in our study. This supports findings by Kanafi et al. (2007) and Tanjung (2021), 

who demonstrated that vitamin B12 supplementation improved silkworm development and survival rates, 

though the magnitude of effect was smaller compared to other vitamins. Although our study showed clear 

benefits from vitamin C and vitamin B12 supplementation, some unexpected results warrant further 

exploration. Specifically, at molting stage 3, although a trend toward greater growth in the supplemented 

groups was observed, the differences in body weight between treatment groups were less pronounced, 

with a P-value of 0.0410. This discrepancy suggests that while vitamin supplementation enhances growth, 

the effects may be more evident at later instars. These results are in line with Soliman (2024), who 

observed that the benefits of vitamin supplementation often accumulate gradually over time. Additionally, 

variations in growth between stages could be attributed to the complex interactions between nutritional 

supplementation, environmental conditions, and the silkworm's genetic background (Ali et al., 2020; 

Hassan, 2025). Another potential explanation for the observed discrepancies could be the different 

metabolic responses of silkworms at various developmental stages. As noted by Kılınçer et al. (2024), the 

growth rate of silkworms may vary depending on the timing of nutrient intake, with some vitamins having 

a more pronounced effect during specific instars. Therefore, future studies should explore the timing and 

duration of supplementation to determine how different vitamins influence growth across various 

developmental stages. Moreover, while excessive vitamin supplementation has been reported to have 

detrimental effects on silkworm growth (Aneesha & Kumar, 2022), no such adverse effects were observed 

in our study. This highlights the need for further research to determine the optimal concentration of 

vitamins that maximizes growth and productivity without leading to toxicity. The findings of this study 

have important practical implications for the sericulture industry. The demonstrated benefits of vitamin 

supplementation, particularly Vitamin C, suggest that it could serve as a cost-effective strategy for 

improving silkworm productivity and cocoon yield (Wani et al., 2023). The fact that Vitamin C 

supplementation significantly enhanced both growth and cocoon weight makes it an attractive option for 
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sericulture operations, especially in regions with fluctuating environmental conditions that may negatively 

impact silkworm development. By fortifying mulberry leaves with vitamins, sericulture farmers could 

increase the efficiency of their operations, leading to higher silk yield and reduced mortality. However, 

as our study focused on only two vitamins, future research should explore the effects of other vitamins, 

such as Vitamin D or Vitamin E, on silkworm growth and cocoon production. Additionally, investigating 

the combined effects of multiple vitamins and other nutrient-rich additives could further optimize 

silkworm rearing practices. Given the variability in growth rates and cocoon yield between different 

silkworm breeds, future studies should also investigate how vitamin supplementation affects various 

silkworm breeds to determine the generalizability of the findings across different strains. Another avenue 

for future research is the exploration of the biochemical mechanisms through which vitamins influence 

silkworm growth and cocoon production. By understanding the molecular pathways involved, researchers 

can identify key metabolic processes that can be targeted to improve silkworm rearing and silk production. 

Moreover, investigating the long-term effects of vitamin supplementation on silkworm reproduction and 

overall health could provide valuable insights for optimizing breeding programs. 

Conclusion 

The present research revealed that vitamin supplementation, particularly Vitamin C, significantly 

improved the growth, survival, and cocoon production of silkworms (Bombyx mori) fed with Morus nigra 

leaves under semi-controlled conditions. The inclusion of Vitamin C and Vitamin B12 enhanced the 

nutritional composition of mulberry leaves, leading to increased larval length, body weight, and cocoon 

yield. Among both treatments, Vitamin C showed the most pronounced effects, producing heavier 

cocoons, higher survival rates, and overall better growth performance. The results confirm that vitamins 

play a vital role in metabolic regulation, tissue development, and stress resistance in silkworms. Future 

research should focus on optimizing the concentration and combination of vitamins to achieve maximum 

benefits without causing adverse effects. It is also recommended that future investigations should focus 

on using probiotics alongside vitamin supplementation on growth performance and cocoon production.  

References 

Abdelmegeed, S. (2021). Foliar Fertilization of Different Species of Mulberry Trees and Its Impact on 

Silkworm Bombyx mori Productivity from Cocoons and Eggs. Arab Universities Journal of 

Agricultural Sciences, 29(2), 787-793. 

Abdul, H., & Ayoub, Z.N. (2023). Effect of Supplemental Feeding on the Weight of Silk Glands and 

Larval Development of Mulberry Silkworm (Bombyx mori). Journal of Duhok University, 26(1), 

183-189. 

Akram, S., Khan, S.A., Hussain, M., Kanwal, M., & Zafar, F. (2017). Impact of Cholecalciferol (D3) 

supplementation on biology and cocoon yield of silkworm, Bombyx mori L. Asian Journal of 

Agriculture and Biology, 5(04).214-220 



180 | Journal of Wildlife and Biodiversity 8(3): 167-182 (2026) 

 

 

Ali, W., Javid, A., Hussain, A. & Bukhari, S.M., 2017. Public attitude towards amphibian and reptiles in 

district Kasur, Punjab, Pakistan. Punjab University Journal of Zoology, 32(2), 173-178. 

Ali, W., Javid, A., Hussain, A., & Bukhari, S. M. (2018). Diversity and conservation of freshwater turtles 

in Pakistan: a review. Biodiversity, 19(1-2), 62-71. 

Ali, W., Javid, A., Hussain, A., Bukhari, S. M., & Hussain, S. (2021). Preliminary assessment of the 

diversity and habitat preferences of herpetofauna in cholistan desert, Pakistan. Russian Journal of 

Herpetology, 28(6), 375-379. 

Ali, W., Javid, A., Hussain, S., Hussain, A., & Bukhari, S.M. (2020). Morphological Variations, 

Distribution and Population Estimation of Indian Spiny Tailed Lizard (Uromastyx hardwickii 

Gray, 1827) from District Bahawalnagar, Punjab, Pakistan. Asian Herpetological Research, 11(3), 

257-262. 

Ali, W., Javid, A., Khan, W. A., Hussain, A., Rizwan, M., Ameer, M., & Sajid, A. Q. (2017). Diversity 

and habitat preferences of herpetofauna at Kalabagh game reserve, District Mianwali, Punjab, 

Pakistan. Russian Journal of Herpetology, 24(4), 267-274. 

Andadari, L. (2021). The effect of feeding various species of mulberry (Morus spp.) on the growth of 

silkworm and quality of cocoon hybrid BS 09. In IOP Conference Series: Earth and 

Environmental Science (Vol. 914, No. 1, p. 012017). IOP Publishing. 

Aneesha, U., & Kumar, C.S. (2022). Foliar supplementation of ascorbic acid modulates biochemical 

performance of silkworm, Bombyx mori under thermal stress. Journal of Thermal Biology, 104, 

103184. 

Azmat, H., Ali, W., Javid, A., Hussain, A., Hussain, S. M., Saeed, Z., & Bukhari, S. S. H. (2016). 

Chromium contamination in water, sediment and its bioaccumulation in Indian major carps in 

river Chenab, Pakistan. Punjab University of Zoology, 31(1), 083-086. 

Bukhari, R., & Sudan, K. (2021). Analysis on the Effect of Different Mulberry Varieties on the 

Commercial Parameters of Mulberry Silkworm (Bombyx mori): A Review. Journal of 

Experimental Agriculture International, 43(8), 22-28. 

Gad, R., & Fathy, D.M. (2021). Effectiveness Vitamin C on different Characteristics of Silkworm, 

Bombyx mori L. Journal of Plant Protection and Pathology, 12(9), 651-654. 

Gautam, M.P., Singh, D.K., Singh, S.N., Singh, S.P., Kumar, M., & Singh, S. (2022). A review on 

silkworm (Bombyx mori Linn.) an economic important insect. In Biological Forum–An 

International Journal, 14 (4), 482-491. 

Gupta, S. K., & Dubey, R.K. (2021). Environmental factors and rearing techniques affecting the rearing 

of silkworm and cocoon production of Bombyx mori Linn. Acta Entomology and Zoology, 2(2), 

62-67. 

Hassan, S.I. (2025). Chlorella vulgaris, Spirulina platensis and Azolla caroliniana as Sustainable Protein 

Sources for Feeding Silkworm (Bombyx mori L.). Egyptian Academic Journal of Biological 

Sciences. A, Entomology, 18(1), 29-38. 

Hussain, M., Ali, W., Meyer, C.F.J., Javid, A., & Imran, M. (2025). Roost site selection and seasonal 

dynamics of the Indian flying fox (Pteropus medius): Influence of environmental and 

anthropogenic factors. Biosystems Diversity, 33(3), e2546 

Hussain, M., Ali, W., Meyer, C.F.J., Javid, A., & Imran, M. (2025). Characterization and metagenomics 

analysis of the oral microbiome of Pteropus medius: Insights from next-generation sequencing. 

Regulatory Mechanisms in Biosystems, 16(1), e25016 



181 | Journal of Wildlife and Biodiversity 8(3): 167-182 (2026) 

 

 

Hussain, S., Li, X., Bukhari, S.M., Zhou, M., Ahmad, S., Javid, A., Guan, C., Hussain, A., Ali, W., Khalid, 

N. & Ahmad, U., 2023. Cross-genera amplification and identification of Colpodella sp. with 

Cryptosporidium primers in fecal samples of zoo felids from northeast China. Brazilian Journal 

of Biology, 83, e247181. 

Indira, A.G., Kharbade, S.B., Kumbhar, R.A.(2024). Effect of dietary vitamin supplementations on 

nutritional efficiency parameters of Bombyx mori. Interantional Journal of Advanced 

Biochemistry, 8(9), 394-398. 

Kabita, S., Parvin, S., & Parvin, J. (2023). A comparative study on rearing performances of three breeds 

of mulberry silkworm, Bombyx mori in Sujapur, malda, West Bengal, India in the Spring 

season. International Journal of Entomology Research, 8(7), 13-17. 

Kanafi, R.R., Ebadi, R., Mirhosseini, S.Z., Seidavi, A.R., Zolfaghari, M., & Etebari, K. (2007). A review 

on nutritive effect of mulberry leaves enrichment with vitamins on economic traits and biological 

parameters of silkworm Bombyx mori L. Invertebrate Survival Journal, 4(2), 86-91. 

Khalid, N., Bukhari, S.M., Ali, W. & Sheikh, A.A., 2023. Comparative study on the predominance of 

Lactobacillus spp. And Escherichia coli in healthy vs colibacillosis diseased broilers. Brazilian 

Journal of Poultry Science, 25(03), eRBCA-2022. 

Khan, N., Ashraf, M., Mughal, M.S., Qureshi, N.A., Khan, M.N., Rasool, F., Hafeez-ur-Rehman, M., 

Nasir, M., Ali, W. & Iqbal, K.J., 2014. Survival and growth potential of genetically male tilapia 

(GMT) fry in flow through system under different dietary protein concentrations. Pakistan Journal 

of Zoology, 46(2). 377-382. 

Khan, T., Fatima, M., Shah, S.Z.H., Khan, N., Ali, W., Sabir, A., & Laraib, D. (2023). Quercetin 

supplementation in the diet of Labeo rohita: Effects on growth, proximate composition, 

antioxidative indices and immunity. Animal Feed Science and Technology, 303, 115699. 

Kılınçer, İ., Khanyile, L., Gürcan, K., Şimşek, Ö., Uzun, A., & Nikbakht-Dehkordi, A. (2024). 

Decosaploid sour black mulberry (Morus nigra L.) in Western Asia: Features, domestication 

history, and unique population genetics. Genetic Resources and Crop Evolution, 71(5), 2229-

2246. 

Laraib, N., Hussain, A., Javid, A., Noor, T., Ahmad, Q. U. A., Chaudhary, A., & Schenk, P. M. (2022). 

Recent trends in microalgal harvesting: an overview. Environment, Development and 

Sustainability, 24(6), 8691-8721. 

Masood, S., Hussain, A., Javid, A., Bukahri, S. M., Ali, W., Ali, S., & Sattar, S. (2021). Fungal 

decomposition of chicken-feather waste in submerged and solid-state fermentation. Brazilian 

Journal of Biology, 83, e246389. 

Murugesh, K.A., Aruna, R., & Chozhan, K. (2021). Effects of Minerals on Growth of Silkworm, Bombyx 

mori L. and Their Impact on Cocoon Economic Parameters. Madras Agricultural Journal, 108. 

https://doi.org/10.29321/MAJ.10.000487 

Mushtaq, M., Bukhari, S.M., Ahmad, S., Khattak, A., Chattha, M.B., Mubeen, I., Rehman, K.U., Andleeb, 

S., Hussain, S., Javid, A. & Hussain, A., 2021. Isolation and characterization of bacteria residing 

in the oral, gut, and fecal samples of different pheasant species. Brazilian Journal of Biology, 83, 

e249159. 

Mustafa, G., Iqbal, A., Javid, A., Hussain, A., Bukhari, S.M., Ali, W., Saleem, M., Azam, S.M., Sughra, 

F., Ali, A. & Rehman, K.U., 2021. Variations in nutritional profile of honey produced by various 

species of genus Apis. Brazilian Journal of Biology, 83, p.e246651. 



182 | Journal of Wildlife and Biodiversity 8(3): 167-182 (2026) 

 

 

Negreanu, P.T., Cadar, E., Negreanu-Pirjol, B.S. (2022). An overview of correlations between therapeutic 

uses and chemical composition of Morus nigra and Morus alba Species Fruits. Eurpean Journal 

of Medicine and Natural Science, 5(1), 96-108. 

Noor, R., Javid, A., Hussain, A., Bukhari, S.M., Hussain, I., Suleman, S., Malik, S., Amin, F., Azam, 

S.M., Ali, K. & Mustafa, G., 2021. Prevalence of parasites in selected captive bird species. 

Brazilian Journal of Biology, 84, e254251. 

Sadaf, T., Javid, A., Hussain, A., Bukhari, S.M., Hussain, S.M., Ain, Q., Ashraf, S., Suleman, S., Saleem, 

M., Azam, S.M. & Ahmad, U., 2021. Studies on parasitic prevalence in pet birds from Punjab, 

Pakistan. Brazilian Journal of Biology, 83, e246229. 

Shah, S.I.A., Khan, I.A., Hussain, Z., Shah, M., Usman, A., & Sadozai, A. (2007). Studying the 

performance of silkworm, Bombyx mori L. races fed with different mulberry varieties. Sarhad 

Journal of Agriculture, 23(4), 1079-1083 

Soliman, N.H. (2024). Improving the silkworm, Bombyx mori L. cocoon yield by supplying the larval 

stage diet with a vitamin mixture. Egyptian Academic Journal of Biological Sciences. A, 

Entomology, 17(1), 61-65. 

Sree, L., & Vijayalakshmi, K. (2018). Proximate composition, nutritional evaluation and mineral analysis 

in the leaves of an indigenous medicinal plant Alternanthera sessilis. International Journal of 

Health Science, 8, 55-62. 

Steel, R. G. D., Torrie, J. H., Dinkey, D. A. (1996). Principles and procedures of statistics. 2nd Ed. 

McGraw Hill Book Co, Singapore.  

Tanjung, M. (2021). Growth and Productivity of Silkworm Bombyx mori L. (Lepidoptera: Bombicidae) 

Given Mulberry (Morus sp.) It Contains Vitamin B1. International Journal of 

Ecophysiology, 3(2), 153-161. 

Udayan, A., & Kumar, C.S. (2022). Does feeding of silkworm Bombyx mori on supplementing vitamin C 

under thermal stress affect its performance? International Journal of Tropical Insect 

Science, 42(6), 3771-3775. 

Urbanek Krajnc, A., Bakonyi, T., Ando, I., Kurucz, E., Solymosi, N., Pongrac, P., & Berčič, R.L. (2022). 

The effect of feeding with central european local mulberry genotypes on the development and 

health status of silkworms and quality parameters of raw silk. Insects, 13(9), 

836.https://doi.org/10.3390/insects13090836 

Wani, M. Y., Ganie, N. A., Mir, M. R., Mir, S. A., Wani, T. A., Yaqoob, M., & Baqual, M. F. (2023). 

Haemolymph amylase activities in different silkworm (Bombyx mori l.) Breeds during the last 

four days of 5th instar and correlation studies with economic traits. Journal of Experimental 

Zoology India, 26(1). 125-132 

 

 

 

 


