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Abstract  

 To assess growth and dietary effectiveness, bivoltine silkworm race (CSR2 x CSR4) fifth instar 

larvae were raised under a variety of nutrient and environmental stress settings. Data were compared with 

a control group that received conventional food and was raised in ideal conditions of humidity and 

temperature. The control group had significantly higher levels of nutritional indices such ingesta, digesta, 

approximate digestibility %, and reference ratio as well as measurements of larval weight, silk gland 

weight, cocoon weight, shell weight, and other weights. The majority of these factors were much lower in 

larvae raised in high-temperature, low-humidity environments. However, treated batches had higher 

values for the majority of feed conversion efficiency measures as well as the ingesta and digesta needed 

to create one gramme of cocoon and shell. This may be the result of the larvae's physiological response to 

various stress circumstances. 
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Introduction 

 The primary source of silk manufacturing is the poikilothermic insect known as the silkworm, 

Bombyx mori. Environmental elements including temperature, humidity, light, air, feed quality, and 

quantity have a significant impact on the growth and development of an organism. Understanding how 

insects adapt to their surroundings is made easier by their consumption and use of food. The atmospheric 

temperature and humidity present at the time of crop rearing are the two most significant factors that 

affect food consumption and utilisation (Benchamin & Jolly 1986). Additionally important and directly 
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affecting the physiological processes of the silkworm is humidity. According to Ueda and Suzuki (1976) 

and Junliang Xiaoffeng (1992), the rate of leaf to silk conversion reduces as temperature rises (20° to 

30°). Studies (Sumioka et al. 1982, Ueda & Suzuki 1967, Singh & Ninagi 1995, Meenal & Ninagi 1995) 

on the relationship between food ingestion, digestion, and body weight gain in silkworms under restricted 

feeding conditions revealed that feed conversion efficiency measures were higher under restricted feeding 

levels. Ingestion, estimated digestibility, and the effectiveness of food conversion were all found to be 

directly correlated with the water content of the feed (Paul et al. 1992). In the current study, an effort was 

made to examine how different environmental and dietary parameters commonly encountered by Indian 

farmers affected the growth and dietary effectiveness of bivoltine mulberry silkworms. 

Resources and Procedures 

 In the current study, a new, productive bivoltine hybrid silkworm (CRS2 x CRS4) that can be 

raised under ideal conditions in India from August to February was used. Rearings were carried out using 

fresh leaves of the VI mulberry variety in accordance with the new standard packaging and suggestion 

(Rajan, 2001). The 5th instar larvae were the only ones included in the feed utilisation study because this 

instar consumes 80-85% of the whole leaf mass. When growing the 5th instar, 50 larvae were divided into 

three replicates and kept in a sericatron (an environment chamber with exact and automatic control 

facilities for consistent maintenance of temperature and humidity) under varying temperature, humidity, 

and feeding settings (treatments). Treatments included: T1 – high temperature (36°C), low humidity 

(40%) and standard recommended feed quantum; T2 – low temperature (20°C), high humidity (90%) and 

standard recommended feed quantum; T3 – optimal temperature (25°C), optimal humidity (70%), and 

30% less feed quantum; T4 – optimal temperature ((25°C), optimal humidity (70%) and standard 

recommended quantum of over-mature mulberry leaves. Optimal conditions were set for T5 (control) at 

25°C, 70% humidity, and the usual suggested feed quantum. Three times each day, known amounts of 

fresh mulberry leaves were given to the silkworms while taking great care to keep the leaves as moist as 

possible (Rajan et al., 2001). For the purpose of determining the dry weight of the ingested material, a 

sample of the mulberry leaves utilised for each feeding was placed in a separate tray. To determine the 

dry weight and subsequently the daily increment in larval weight, additional larval batches of each 

treatment were maintained in parallel (Maynard & Loosli 1962). Each replication's healthy larvae were 

tallied every day, and the unhealthy and dying larvae were taken out and replaced with new ones from 

different batches. On the following feeding days, the litter was carefully gathered. In the litter, the waste 

and remaining leaves were carefully sorted and baked to dry. For the purpose of calculating nutritional 

efficiency, dry weight of leftover leaf, excreta, larval weight gain, cocoon weight, and shell weight were 
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recorded for all the replications of each treatment. Observations on larval growth, larval duration, and silk 

gland weight were also noted. According to Waldbauer (1968), nutritional indices such as ingesta, 

digesta, approximate digestibility% (AD%), reference ration (RR), efficiency of conversion of ingesta and 

digesta to larval body, cocoon, and shell, and ingesta and digesta per gramme (l/g and D/g) of cocoon and 

shell were calculated from these data. Three times the experiment was run, and the data were statistically 

analysed to determine the significance. 

Conclusion and Discussion  

Tables 1 and 2 illustrate the variables related to larval growth, cocoon, nutritional indices, and feeding 

effectiveness. 

Growth and cocoon parameters for larvae  

 5th instar larvae were found to have considerably reduced larval duration in T1 (136 hours), and 

greater larval duration in T2 (170 hrs) and T4 (167 hrs). This is a result of the silkworm raising bed's 

greater humidity levels. The growth of the silkworm and the success of silkworm rearing are greatly 

influenced by humidity and temperature (Kenten, 1955). Similar to that, T1 observed a much lower larval 

weight (32.25g) for 10 fully grown larvae. Significant weight differences between the control (T5) and 

other treatments and the larvae were observed (Table 1). The control treatment (13.86 g) had much more 

silk gland weight than the other treatments, and T1 (11.40 g), where larvae were raised in high 

temperatures, had the least amount. Between the control and all of the treatments, with the exception of 

T2, there were significant variations in Single cocoon (Table 1). T1 had the smallest single cocoon weight 

(1.29g), whereas T2's (1.73g) was comparable to the control's (1.72g). A temperature that is higher or 

lower than 25°C acts as a stress factor and makes silkworms more vulnerable to viral infection and poor 

cocoon production (Steinhaus 1958). A substantial difference in just one shell weight was observed 

between the control and all treatments compared to the cocoon's real silk content (Table 1). Control 

(0.447g) had a much larger shell weight than T1, which had the lowest weight (0.31g). Similar to this, the 

shell ratio was significantly higher in the control group (25.98%) and much lower in the larvae raised in 

T2 (23.29%) under high humidity circumstances. The poikilothermic insect's metabolic reactions to 

temperature are directly correlated; the findings are consistent with earlier research by Venugopala & 

Krishnaswamy (1987). 
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Nutrition-related index parameters  

 According to Takeuchi (1964), there is a rise in mulberry leaf intake during the late stage with a 

reduction in rearing temperature. Significant  

 

 

With the exception of T2, changes in ingesta were seen between the control (4.41g) and all other 

treatments (Table 1). The amount of T2 consumed (4.45g) was comparable to the control, and the least 

amount (3.04 g) was seen when larvae were raised at a higher temperature. Hidashi et al. (1982) and 

Sumioka et al. (1982) claim that when the worms are fed with less feed during their fifth instar, the 

amount of intake and digestion reduces.However, a sizable difference in digesta was seen between the 
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control and all treatments. Significantly, T1 (0.850g) had the least digesta. Intakes in the T2 therapy were 

comparable to those in the control, but there was a noticeable difference between the two (Table 1). This 

might be caused by the accessibility of fresh leaves, constant feeding, or a lack of time to properly digest 

the food. Higher meal intake has the tendency to mobilise stomach contents more quickly and leave less 

time for food absorption and enzyme activity, resulting in low digestive efficiency (Walbauer 

1994).Similar to this, there were notable variations in approximate digestibility (AD%) between all of the 

treatments and the control. When larvae were grown under conditions where they were fed on over-

matured leaves (27.79%), the AD% was noticeably lowest (Table 1). Lack of nutrients, an unbalanced 

diet, a high crude fibre content, or a water shortage in the meal all affect how easily it can be digested 

(Waldbauer, 1964). Given that larger food consumption does not always translate into higher digestibility, 

the higher absorption efficiency or approximate digestibility is unquestionably a racial characteristic 

(Magdum et al. 1996). Reference ration was significantly higher in the control group (1.480) and 

significantly lower in the T2 group (1.370). Reference ration (RR) is a tacit measure of food assimilation 

and absorption. Additionally, it stated how much food must be consumed for every unit of excretion. 

Higher RR values indicate faster rates of food digestion and absorption.  

Dietary effectiveness metrics  

 Particularly in an economically relevant insect like Bombyx mori, nutritional efficiency during 

the larval stages considerably effects the subsequent pupa, adult, and production of silk (Takano & Aral 

1978; Aftab Ahamed et al. 1998). The hybrids showed significant differences in how effectively food 

substance is absorbed and transformed into larval body matter. According to reports, hybrid silkworms 

were more effective in turning food into larval body matter (Trivedi & Nair 19). When compared to other 

treatments, ECI to larval body matter was significantly greater in T2 (21.86%) and significantly lower in 

T3 (15.02%) (Table 2). Similar to ECD to larval body matter, ECD to T2 (72.61%) was recorded 

significantly higher. This might be caused by the treatment's heavier larval weight. However, nutritional 

efficiency variables related to the cocoon, such as ECI and ECD, recorded considerably higher values in 

T1 (18.27 and 65.26%). The results demonstrate that more efficient conversion of ingested food to cocoon 

shell occurs when larvae were reared under ideal temperature and humidity conditions (Table 2). The 

efficiency of conversion of ingested food to shell was recorded higher in control (9.17%) and least in T2 

(8.60%). The amount of feed consumed and the moisture content of mulberry leaves directly influence 

dietary water intake. The two efficiency parameters, ECI and ECAD to cocoon and shell, are of utmost 

significance in real-world sericulture (Trivedi & Nair 1999). Low moisture leaf fed to silkworms had poor 

ECI and ECD, according to Paul et al. (1992).ECD was greater in T1 (31.96%) and lower in control 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
 

Research paper                          © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 2,  2023 

 

117 | P a g e  
 

(28.28%; Table 2) for the conversion of digested meal into shell. According to Muthukrishnan and 

Pandian (1987), insects have developed a range of techniques to obtain and store energy from nutrients 

and water from food under specific environmental conditions. According to Singh and Ninagi (1995), 

less-fed silkworm batches exhibit higher ECI and ECD to cocoon and shell. This might be as a result of 

the physiological adaptations that occur when there is a limited selection of feed (Nath et al. 1990; 

Tzenov 1993).When larvae were under stress (T1 and T3), a much lower value of ingesta was measured 

to create one gramme of cocoon. This outcome demonstrated the silkworms' ability to adapt to 

challenging circumstances. However, the amount of food consumed (l/g shell) was higher in T2 (11.62g) 

than in T1, possibly as a result of the treatment's lower shell weight. The amount of digesta needed to 

make one gramme of cocoon was significantly larger in the control (1.92g) than it was in the 

unfavourable (T1 and T3) conditions in which the larvae were raised. Similar to this, D/g shell 

measurements were greater in the control (3.53g) and T2 (3.50g), while T1 (3.13g) and T3 (3.16 g) had 

considerably lower D/g shell measurements. 

Conclusion  

 The larvae should be raised under ideal temperature and humidity conditions and fed with 

appropriate quantity and quality mulberry leaf with adequate leaf wetness for a successful bivoltine 

silkworm production. In the current study, it was evident that when larvae were reared under the ideal 

temperature and humidity with an acceptable amount of feed, as per the prescription, larval growth, 

cocoon quality, and nutritional index parameters were recorded significantly higher. However, when 

worms were raised at a high temperature with 30% of the meal, the majority of feed conversion efficiency 

characteristics were reported to be greater. When larvae were raised under varied stress circumstances, the 

amount of ingesta and digesta needed to generate one gramme of a cocoon and shell was also seen to be 

higher. Therefore, during the final phases of silkworm larvae development, somewhat lower temperature 

and humidity are advised together with greater aeration and a sufficient quantity of high-quality leaves. 

Reference  

1. Aftab Ahamed CA, Chandrakala MV, Shivakumar C & Raghuraman R. 1998. 

2. Food and water utilization patterns under restricted feeding duration in Bombyx mori of 

pure Mysore race. J. Exp. Zool. 1:29-34. Rahmathulla et al. 

3. Benchamin KV. & Jolly MS. 1986 Studies on ingestion and conversion efficiency in 

polyvoltine and bivoltine silkworm breeds (Bombyx mori L.). Proc . lll Oriental 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
 

Research paper                          © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 2,  2023 

 

118 | P a g e  
 

4. Entomology Symposium Feb 21-24, Trivandrum, India, pp 195-206. 

5. Hidashi S, Shigeru K & Narmi T. 1982. Feed efficiency and expression of several 

characters of the silkworm, Bombyx mori L. under restricted feeding. J. Seric Sci. Jpn. 51, 

415-419. 

6. Junliang Xu. & Xiaoffeng Wu. 1992. Research on improvement of efficiency of 

transforming leaf ingested into silk of the silkworm Bombyx mori, International Congress 

of Entomology, Beijing, China, Ab. No. 169-003, 623 b 

7. Kenten J. 1955. The effect of photoperiod and temperature on reproduction in 

Acyrthosiphon pisum (Harris) and the forms produced. Bull. Entomol. Res.46; 599-624. 

8. Magdum SB, Ramadevi OK, Shiva Shankar & Datta RK 1996. Nutritional indices in 

some bivoltine breeds of silkworm, Bombyx mori L. India J. Seric., 35 : 95 – 98. 

9. Maynard AL & KJ. 1962. Animal nutrition. 5th Edn., Mac Graw . Hill. Newyork, p 533. 

10. Meenal A & Ninagi O. 1995. Comparative study of ingestion pattern in polyvoltine and 

bivoltine 

11. silkworm races at different feeding levels. Sericologia 35:747-752. 

12. Muthukrishnan J & Pandian TJ. 1987. Relation between feeding and egg production in 

some insects, Pro. Indian acad. Of Sci. (Anim. Sci.) 96:171-179. 

13. Muniraju E, Sekharappa BM & Raghuraman R. 1999. Effect of temperature on leaf silk 

conversion in silkworm Bombyx mori L. Sericologia 39:225- 2331. 

14. Nath T, Nath S, Shamsudin M & Rao G. 1990 Effect of food deprivation on dry matter 

utilization, shell and cocoon weight and fecundity of multivoltine silkworm, Bombyx 

mori Race Nistari. Indian J. Seric. 29:174 – 181. 

15. Paul DC, Subba Rao G & Deb DC. 1992. Impact of dietary moisture on nutritional 

indices and growth of Bombyx mori and concomitant larval duration. J. Insect. Physiol. 

38:229-235. 

16. Rajan RK, Singh GB, Himantharaj MT, Nataraju B & Subbaiah MB. 2001. Illustrated 

working process of new bivoltine rearing technology. JICA publication, CSR&TI, 

Mysore, pp 1-92. 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
 

Research paper                          © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 2,  2023 

 

119 | P a g e  
 

17. Reynolds SE & Nottingham SF. 1985. Effect of temperature on growth and efficiency of 

food utilization in fifth instar caterpillar of tobacco hornworm, Manduca sexta. J. Insect 

Physiol., 31:129-134. 

18. Singh GB & Ninagi O. 1995. Comparative studies on food utilization efficiency in some 

silkworm strains under different feeding levels. Sericologia, 354:667-675. 

19. Steinhaus EA. 1958. Stress as factor in insect diseases. Proc. Tenth. Int. Congr. Entomol. 

4:725-730. 

20. Sumoika H, Kuroda S & Yoshitake N. 1982. Relationships among food ingestion, food 

digestion and body weight gain in the silkworm larvae, Bombyx mori L. under restricted 

feeding by indices. J. Seric. Sci. Jpn. 51:52-57. 

21. Takano K & Arai N. 1978. Studies on the food value on the basis of feeding and cocoon 

productivity in the silkworm, Bombyx mori L., Treatment of food intake and cocoon 

productivity. J. Seric. Sci. Jpn. 47:134-142. 

22. Takeuchi Y, Kosaka T & Ueda S. 1964. The effect of rearing temperature upon the 

amount of food ingested and digested. Technical Bull. Sericult. Exp. Stn. 84:1-12. 

23. Trivedi K & Nair KS. 1999. Feed conversion efficiency of improved multibivoltine 

hybrids of silkworm, Bombyx mori L. Indian J. Seric. 38:30-34. 

24. Tzenov P. 1993. Study on the food utilization in generic sex limited breeds for egg and 

larval traits of the silkworm, Bombyx mori L., at moderate, reduced and excess feeding 

amounts. Sericologia 33:247-256. 

25. Ueda S & Suzuki K. 1967. Studies on the growth of the silkworm Bombyx mori L. 1. 

Chronological changes of the amount of food ingested and digested, body weight and 

water content of the body and their mutual relationships. Bull. Seric. Exp. Stn. 22:65-67. 

26. Venugopala Pillai S & Krishhnaswamy S. 1987. Adaptability of silkworm Bombyx mori 

(L) to tropical conditions III, Studies on the effect of high temperature during later 

development stages of silkworm, Ind. J. Seric., 26:63-71. 

27. Waldbauer GP. 1964. The consumption, digestion and utilization of solanaceous and non-

solanaceous plants by larvae of the tobacco horn-worm, Protoparea extra (Lepidoptera: 

Sphinigidae). Entomol. Exp. Appl., 7:252-259. 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
 

Research paper                          © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 2,  2023 

 

120 | P a g e  
 

28. Waldbauer GP. 1968. The consumption and utilization of food by insects. Adv. Insect 

Physiol. 5:229-288. 

 


