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Effect of Silkworm Pupal Oil Fortification of Mulberry Leaves on Growth Performance of Bivoltine Silkworm (Bombyx mori L. Hybrid NB4D2 × SH6)
ABSTRACT
The present study evaluated the effect of silkworm pupal oil fortification on the growth performance of bivoltine silkworm larvae (Bombyx mori L.; NB4D2 × SH6) under subtropical conditions of Meerut, Uttar Pradesh. Fresh Morus alba leaves were fortified with silkworm pupal oil at 3000, 6000, and 9000 ppm, while untreated leaves served as the control. Growth parameters, including larval body length, body weight, larval perimeter, Overall Growth Rate (OGR), Compound Periodical Growth Rate (CPGR), and Gland-Body Ratio (GBR), were evaluated during the fourth and fifth instars. Silkworm pupal oil fortification significantly (P < 0.05) enhanced larval growth compared with the control. During the fourth instar, larvae fed 3000 ppm fortified leaves exhibited the highest final body length (1.34 ± 0.0003 cm), body weight (0.54 ± 0.0004 g), and larval perimeter (2.25 ± 0.0005 cm), with corresponding OGR values of 26.42%, 145.45%, and 39.75%, respectively. In the fifth instar, the 9000 ppm treatment recorded the highest final body length (3.47 ± 0.0003 cm), body weight (3.06 ± 0.0004 g), larval perimeter (3.33 ± 0.0001 cm), and GBR (36.75 ± 0.006), with OGR values of 104.12%, 215.46%, and 24.25%, respectively. Compared with the control, the 9000 ppm treatment increased final larval body weight by approximately 26% (3.06 vs. 2.43 g). The study highlights the potential application of silkworm pupal oil as a sustainable dietary supplement for enhancing silkworm performance and sericultural productivity.
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INTRODUCTION
Sericulture is an important agro-based industry that provides livelihood opportunities to millions of rural households in India and contributes significantly to rural employment and income generation (Ekka & Bais, 2023). The success of silkworm rearing largely depends upon the quality and nutritional composition of mulberry leaves, which constitute the sole food source of Bombyx mori L. (Nath et al., 2025; Ito, 1978). Enhancement of leaf nutritional quality through supplementation and fortification has been widely investigated as a strategy to improve silkworm growth, cocoon productivity, and silk yield (Hamano et al., 1986; Etebari & Matindoost, 2004). Recent mulberry genotype feeding research also showed differences in silk-gland biochemical constituents, reinforcing the need to consider leaf-source and diet quality when evaluating larval growth responses (Islam & Qadir, 2025). Recent reviews further emphasise that fortification practices should be assessed by supplement type, concentration, and larval stage because responses in larval growth and cocoon traits can vary with additive category (Yashaswini et al., 2025; Hăbeanu et al., 2026).
Nutritional supplements such as proteins, amino acids, vitamins, minerals, probiotics, and plant extracts have been reported to improve silkworm performance (Rajabi Kanafi et al., 2007; Ramesha et al., 2010). In recent years, attention has shifted toward lipid-based nutritional supplements because of their involvement in energy metabolism, membrane synthesis, hormone regulation, and physiological development (Stanley-Samuelson et al., 1988). Silkworm pupal oil is a valuable nutritional supplement due to its high content of essential fatty acids (omega-3, omega-6, and omega-9) and natural antioxidants such as vitamin E (Longvah et al., 2011; Tomotake et al., 2010). Previous studies have shown that linoleic and linolenic acids are essential for normal growth and development of Bombyx mori (Ito & Arai, 1965; Hamamura, 1972). These fatty acids help support energy metabolism, nutrient utilisation, and physiological functions, which may explain the improved larval growth observed in the present study, particularly during the fifth instar. Recent compositional profiling of silkworm pupae reported nutrient- and lipid-rich fractions, including alpha-linolenic acid and fat-soluble vitamins, supporting the nutritional rationale for evaluating pupal-derived oil in feed applications (Yeruva et al., 2023). As the domestic silkworm is highly specialised to mulberry as its host plant, fortification should be considered a targeted dietary enhancement of the existing leaf-based feeding system rather than a replacement of mulberry feeding (Liang et al., 2025).
To minimise lipid oxidation and rancidity, fresh silkworm pupal oil solutions were prepared immediately before application, and fortified mulberry leaves were fed to larvae shortly after preparation without prolonged storage. No additional antioxidant stabilisers were used, as the commercial silkworm pupal oil formulation contained vitamin E. 
Although silkworm pupal oil is recognised as a valuable by-product of the sericulture industry, information regarding its application as a fortificant for mulberry leaves remains limited (Wu et al., 2021). The utilisation of silkworm pupal oil as a nutritional supplement could provide an economical and sustainable approach for improving silkworm performance while simultaneously promoting value addition of sericultural waste products and supporting circular bioeconomy principles (Altman & Farrell, 2022). However, the concentration-specific use of silkworm pupal oil as a direct mulberry-leaf fortificant for bivoltine hybrid larvae under subtropical rearing conditions remains insufficiently documented.
Therefore, the present study was undertaken to evaluate the influence of different concentrations of silkworm pupal oil on the growth performance of fourth- and fifth-instar larvae of bivoltine silkworm (NB4D2 × SH6) under the subtropical environmental conditions of Meerut district, Uttar Pradesh.
Research Objectives
Despite the nutritional potential of silkworm pupal oil as a protein- and lipid-rich by-product of the sericulture industry, limited information is available regarding its application as a dietary fortificant for silkworm larvae. Furthermore, the concentration-dependent effects of silkworm pupal oil on larval growth and development under subtropical rearing conditions remain largely unexplored. Therefore, the present study was undertaken to investigate the influence of silkworm pupal oil-fortified Morus alba leaves on the growth performance of the bivoltine hybrid silkworm (Bombyx mori L.; NB4D2 × SH6).
The specific objectives of the study were to:
1. Evaluate the effect of silkworm pupal oil fortification at 3000, 6000, and 9000 ppm on the growth performance of fourth- and fifth-instar silkworm larvae.
2. Assess changes in larval body length, body weight, larval perimeter, Overall Growth Rate (OGR), Compound Periodical Growth Rate (CPGR), and Gland-Body Ratio (GBR) following dietary supplementation.
3. Identify the optimum concentration of silkworm pupal oil for enhancing larval growth and development under the subtropical environmental conditions of Meerut, Uttar Pradesh.
4. Explore the potential of silkworm pupal oil as a sustainable and value-added nutritional supplement for improving silkworm productivity and promoting the utilisation of sericultural by-products.
MATERIALS AND METHODS
Experimental Site and Study Period
The experiment was conducted during September 2024 at the Sericulture Development Farm, Meerut, Uttar Pradesh, India, under subtropical climatic conditions.
Experimental Silkworm and Mulberry Variety
The bivoltine hybrid silkworm (Bombyx mori L.; NB4D2 × SH6) was used as the experimental material. Fresh, healthy, and disease-free leaves of Morus alba were used as the sole food source throughout the experimental period (Krishnaswami, 1978; Dandin & Giridhar, 2014).
Rearing Conditions
Silkworm larvae were reared under controlled environmental conditions maintained at 28 ± 1°C and 75 ± 5% relative humidity. Standard rearing practices recommended for bivoltine silkworms were followed throughout the experimental period (Krishnaswami, 1978; Dandin et al., 2003).
Source and Preparation of Silkworm Pupal Oil
Silkworm pupal oil used in the study was obtained from commercially available INLIFE Silk Oil Omega 500 mg Liquid Filled Veg Capsules (Inlife Pharma Pvt. Ltd., India). The capsules were carefully opened, and the required quantity of silkworm pupal oil was collected for preparing the treatment solutions. Fresh solutions of 3000, 6000, and 9000 ppm were prepared immediately before feeding by diluting the required quantity of silkworm pupal oil with distilled water. Fresh treatment solutions were prepared before each application to minimise oxidation and ensure maximum stability of the oil.
Preparation of Fortified Mulberry Leaves
Freshly prepared silkworm pupal oil solutions (3000, 6000, and 9000 ppm) were uniformly applied to fresh Morus alba leaves immediately before feeding. No solvent or emulsifier was used in the preparation of the treatment solutions. The fortified leaves were shade-dried for approximately 15 minutes to remove excess surface moisture and ensure proper adherence of the oil to the leaf surface. The treated leaves were then fed to the larvae immediately without prolonged storage to minimise the possibility of oxidative degradation of fatty acids. Freshly fortified leaves were prepared and supplied three times daily throughout the experimental period, while control larvae received untreated fresh mulberry leaves following the same feeding schedule (Tomotake et al., 2010).
Experimental Design
The experiment was conducted in a Completely Randomised Design (CRD) consisting of four treatments with three replications each. Sixty larvae were maintained in each replication, resulting in 180 larvae per treatment.
Treatments
T₁: Silkworm pupal oil (3000 ppm)
T₂: Silkworm pupal oil (6000 ppm)
T₃: Silkworm pupal oil (9000 ppm)
T₄: Control
All treatments were maintained under identical environmental and management conditions throughout the fourth and fifth larval instars.
Growth Parameters
The following parameters were recorded:
· Larval body weight (grams): Mean body weight was determined by measuring the weight of 20 randomly selected larvae using a digital electronic balance on the first and last day of the instar. The recorded values were considered as initial and final larval body weight, respectively (Krishnaswami, 1978).
· Larval body length (centimetres): Mean body length was determined by measuring the length of 20 randomly selected larvae using a Vernier calliper on the first and last day of the instar and was recorded as initial and final body length (Sivaprasad, 2012).
· Larval body perimeter (centimetres): Mean body perimeter was determined by measuring the external circumference of 20 randomly selected larvae using a Vernier calliper on the first and last day of the instar (Sivaprasad, 2012).
· Gland-Body Ratio (%): The growth of the silk gland relative to body growth was assessed through the gland-body ratio. On the fifth day of the fifth instar, ten larvae were randomly selected from each replication, weighed, and dissected for isolation of silk glands. The gland-body ratio was calculated by dividing silk gland weight by larval body weight and expressing the value as a percentage (Benchamin & Jolly, 1986; Sivaprasad, 2012).
· Overall Growth Rate (%): Overall Growth Rate (OGR) was used to determine instar-specific growth performance and was calculated according to the formula described by Sivaprasad (2012): 
OGR = Final value−Initial value × 100
Initial value
· Compound Periodical Growth Rate (%): Compound Periodical Growth Rate (CPGR) was used to determine day-wise growth performance and was calculated according to the method of Thulasi and Sivaprasad (2015):
CPGR = (End value/Start value) 1/n-1 – 1
where n represents the number of days (n=5 days) between observations. The value obtained was multiplied by 100 and expressed as a percentage.
Statistical Analysis
The experiment followed a Completely Randomised Design (CRD). Data were analysed using SPSS version 16.0. One-way analysis of variance (ANOVA) was performed to evaluate the effect of silkworm pupal oil treatments on the measured growth parameters. Significant differences among treatment means were separated using Tukey's Honestly Significant Difference (HSD) test at P < 0.05. The ANOVA indicated significant treatment effects for all measured parameters (P < 0.001). One-way ANOVA revealed highly significant differences among treatments for all growth parameters evaluated. Treatment effects were significant for fourth-instar larval length (F₍3,236₎ = 1585.76, P < 0.001), larval weight (F₍3,236₎ = 4876.19, P < 0.001), and larval perimeter (F₍3,236₎ = 81.31, P < 0.001). Similarly, significant differences were observed during the fifth instar for larval length (F₍3,236₎ = 2289.58, P < 0.001), larval weight (F₍3,236₎ = 8891.75, P < 0.001), and larval perimeter (F₍3,236₎ = 777.99, P < 0.001). Statistical analysis was intentionally performed using individual larvae as observational units (n = 60 per treatment) under controlled laboratory conditions. Consequently, the relatively large sample size resulted in small SE values, which reflect the high precision of the estimated treatment means.
RESULTS
Effect of Silkworm Pupal Oil on Fourth Instar Larval Growth
The effect of silkworm pupal oil fortification on fourth-instar larval growth is presented in Table 1 and Figure 1. All fortified treatments significantly (P < 0.05) improved larval body length, body weight, and larval perimeter compared with the control. Among the treatments, 3000 ppm (T₁) recorded the highest growth response, with a final larval length of 1.34 ± 0.0003 cm, body weight of 0.54 ± 0.0004 g, and larval perimeter of 2.25 ± 0.0005 cm, representing increases of 11.67%, 20.00%, and 2.74%, respectively, over the control. Although the 6000 and 9000 ppm treatments also significantly enhanced larval growth, their responses were slightly lower than those of the 3000 ppm treatment, indicating that 3000 ppm was the optimum concentration during the fourth instar.
Effect of Silkworm Pupal Oil on Fifth Instar Larval Growth
As shown in Table 2 and Figure 2, the growth-promoting effect of silkworm pupal oil was more pronounced during the fifth instar. The 9000 ppm (T₃) treatment produced the highest final larval length (3.47 ± 0.0003 cm), body weight (3.06 ± 0.0004 g), and larval perimeter (3.33 ± 0.0001 cm), corresponding to increases of 13.77%, 25.93%, and 7.42%, respectively, compared with the control. The 3000 and 6000 ppm treatments also significantly improved growth, but to a lesser extent than the 9000 ppm treatment.
Overall Growth Rate (OGR) and Compound Periodical Growth Rate (CPGR)
Silkworm pupal oil supplementation significantly enhanced both OGR and CPGR in comparison with the control (Tables 1 and 2). During the fourth instar, the highest OGR values for larval length (26.42%), body weight (145.45%), and larval perimeter (39.75%) were recorded in the 3000 ppm treatment, while during the fifth instar the highest values (104.12%, 215.46%, and 24.25%, respectively) were observed in the 9000 ppm treatment. Similarly, the highest CPGR values were recorded in the 3000 ppm treatment during the fourth instar (2.37%, 9.39%, and 3.40%) and in the 9000 ppm treatment during the fifth instar (12.09%, 20.18%, and 3.54%).
Gland-Body Ratio (GBR)
Silkworm pupal oil significantly increased the Gland-Body Ratio during the fifth instar. The highest GBR was recorded in the 9000 ppm treatment (36.75 ± 0.006%), followed by the 6000 ppm (36.00 ± 0.007%) and 3000 ppm (35.25 ± 0.007%) treatments, whereas the control recorded the lowest value (24.30 ± 0.004%). The 9000 ppm treatment increased the GBR by approximately 51.23% over the control.
Comparative Evaluation of Treatments
Overall, silkworm pupal oil fortification significantly enhanced all measured growth parameters compared with the control. The 3000 ppm treatment was most effective during the fourth instar, whereas the 9000 ppm treatment consistently produced the highest values for larval growth, OGR, CPGR, and GBR during the fifth instar, supporting these concentrations as the optimum levels for the respective developmental stages under the present experimental conditions.
DISCUSSION
The present study demonstrated that fortification of Morus alba leaves with silkworm pupal oil significantly enhanced the growth performance of Bombyx mori larvae during both the fourth and fifth instars. Larvae receiving fortified leaves exhibited greater body length, body weight, body perimeter, Overall Growth Rate (OGR), Compound Periodical Growth Rate (CPGR), and Gland-Body Ratio (GBR) than the control, indicating that silkworm pupal oil supplementation improved larval growth and nutrient utilisation. The results further showed that the optimum concentration differed between larval stages, with 3000 ppm producing the greatest response during the fourth instar, whereas 9000 ppm was more effective during the fifth instar.
The enhanced growth observed in the fortified treatments is likely attributable to the nutritional composition of silkworm pupal oil, which contains essential fatty acids such as linoleic, α-linolenic, and oleic acids, together with vitamin E and other bioactive compounds (Tomotake et al., 2010; Longvah et al., 2011). Essential fatty acids are known to play critical roles in membrane synthesis, cellular metabolism, energy utilisation, and physiological regulation in insects (Stanley-Samuelson et al., 1988). In Bombyx mori, linoleic and linolenic acids have been reported to be indispensable for normal growth and development, as they support tissue formation and metabolic activity (Ito & Arai, 1965; Hamamura, 1972). Consequently, dietary supplementation with silkworm pupal oil may have enhanced nutrient assimilation and metabolic efficiency, leading to improved larval growth.
The present findings are consistent with earlier studies demonstrating that nutritional enrichment of mulberry leaves enhances silkworm growth and productivity. Supplementation with protein- and nutrient-rich additives has been shown to increase larval weight, growth rate, and cocoon-related traits by improving nutrient availability and feed utilisation efficiency (Etebari et al., 2005; Etebari & Matindoost, 2005; Rajabi Kanafi et al., 2007; Ramesha et al., 2010). The higher OGR and CPGR values recorded in the fortified treatments further support the positive influence of silkworm pupal oil on growth performance, indicating more efficient biomass accumulation than in larvae fed untreated mulberry leaves.
A notable outcome of the present study was the stage-specific response to silkworm pupal oil supplementation. The superior performance of the 3000 ppm treatment during the fourth instar suggests that a moderate level of supplementation is sufficient to support growth at this developmental stage. In contrast, the 9000 ppm treatment produced the highest growth during the fifth instar, which coincides with the period of maximum feeding, rapid tissue development, and intensive silk gland growth in B. mori (Krishnaswami, 1978). These observations indicate that the nutritional requirements of silkworm larvae increase with development and that higher concentrations of silkworm pupal oil are more beneficial during the metabolically demanding fifth instar.
Beyond its biological benefits, the use of silkworm pupal oil has practical significance for sustainable sericulture. Silkworm pupae are an abundant by-product of the silk industry and represent a valuable source of nutrients that is often underutilised. Their use as a dietary fortificant not only enhances larval performance but also promotes value addition to sericultural by-products and supports sustainable resource utilisation (Wu et al., 2021; Altman & Farrell, 2022). Therefore, silkworm pupal oil has considerable potential as an economical and environmentally sustainable feed supplement for improving silkworm rearing under subtropical conditions.
CONCLUSION:
The present study demonstrated that fortification of Morus alba leaves with silkworm pupal oil significantly (P < 0.05) improved the growth performance of bivoltine silkworm (Bombyx mori L.; NB4D2 × SH6) larvae under the subtropical conditions of Meerut, Uttar Pradesh. During the fourth instar, the 3000 ppm treatment produced the highest final larval length (1.34 cm), body weight (0.54 g), and larval perimeter (2.25 cm), representing increases of 11.67%, 20.00%, and 2.74%, respectively, over the control. In contrast, during the fifth instar, the 9000 ppm treatment recorded the highest final larval length (3.47 cm), body weight (3.06 g), larval perimeter (3.33 cm), and Gland-Body Ratio (36.75%), corresponding to improvements of 13.77%, 25.93%, 7.42%, and 51.23%, respectively, compared with the control. The fortified treatments also exhibited higher Overall Growth Rate (OGR) and Compound Periodical Growth Rate (CPGR), indicating enhanced growth efficiency and biomass accumulation.



These findings demonstrate that silkworm pupal oil is an effective nutritional fortificant for mulberry leaves, with 3000 ppm being the optimum concentration during the fourth instar and 9000 ppm during the fifth instar.



	Fortification of mulberry leaves with
	Growth Parameters 4th instar

	
	Larval Length (cm)
	OGR (%)
	CPGR (%)
	Larval Weight (gm)
	OGR (%)
	CPGR (%)
	Larval Perimeter (cm)
	OGR (%)
	CPGR (%)

	
	Initial
	Final
	
	
	Initial
	Final
	
	
	Initial
	Final
	
	

	T 1 (Silkworm pupal oil  3000 ppm)
	1.06 ± 0.0003
	1.34 ± 0.0003a
	26.42
	2.37
	0.22 ± 0.0004
	0.54 ± 0.0004a
	145.45
	9.39
	1.61 ± 0.0012
	2.25 ± 0.0005a
	39.75
	3.40

	T 2 (Silkworm pupal oil  6000 ppm)
	1.06 ± 0.0004
	1.32 ± 0.0004b
	24.53
	2.22
	0.22 ± 0.0004
	0.52 ± 0.0004b
	136.36
	8.98
	1.60 ± 0.0013
	2.23 ± 0.0006b
	39.38
	3.38

	T 3 (Silkworm pupal oil  9000 ppm)
	1.06 ± 0.0003
	1.32 ± 0.0003b
	24.53
	2.22
	0.22 ± 0.0004
	0.52 ± 0.0004b
	136.36
	8.98
	1.61 ± 0.0011
	2.22 ± 0.0005b
	37.89
	3.26

	T 4 (Control)
	1.01 ± 0.0003
	1.20 ± 0.0003c
	18.82
	1.74
	0.20 ± 0.0004
	0.45 ± 0.0004c
	125.00
	8.45
	1.62 ± 0.0012
	2.19 ± 0.0005c
	35.19
	3.06


TABLE 1: Effect of Silkworm pupal oil fortification of mulberry leaves on larval growth parameters, overall growth rate (OGR), compound periodical growth rate (CPGR), of 4th instar of silkworm larvae (Bivoltine hybrid variety NB4D2 X SH6) under different concentration. 
	Fortification of mulberry leaves with
	Growth Parameters 5th instar
	Gland-Body Ratio
(GBR)

	
	Larval Length (cm)
	OGR (%)
	CPGR (%)
	Larval Weight (gm)
	OGR (%)
	CPGR (%)
	Larval Perimeter (cm)
	OGR (%)
	CPGR (%)
	

	
	Initial
	Final
	
	
	Initial
	Final
	
	
	Initial
	Final
	
	
	

	T 1 (Silkworm pupal oil  3000 ppm)
	1.67 ± 0.0003
	3.37 ± 0.0003c
	101.80
	11.89
	0.94 ± 0.0004
	2.94 ± 0.0004c
	212.77
	20.01
	2.65 ± 0.0003
	3.31 ± 0.0001c
	24.91
	3.62
	35.25 ± 0.007c

	T 2 (Silkworm pupal oil  6000 ppm)
	1.72 ± 0.0003
	3.42 ± 0.0004b
	98.84
	11.62
	1.00 ± 0.0004
	3.00 ± 0.0004b
	200.00
	19.22
	2.70 ± 0.0003
	3.32 ± 0.0001b
	22.96
	3.36
	36 ± 0.007b

	T 3 (Silkworm pupal oil  9000 ppm)
	1.70 ± 0.0003
	3.47 ± 0.0003a
	104.12
	12.09
	0.97 ± 0.0004
	3.06 ± 0.0004a
	215.46
	20.18
	2.68 ± 0.0003
	3.33 ± 0.0001a
	24.25
	3.54
	36.75 ± 0.006a

	T 4 (Control)
	1.68 ± 0.0003
	3.05 ± 0.0003d
	81.55
	10.01
	0.91 ± 0.0004
	2.43 ± 0.0004d
	167.03
	17.02
	2.65 ± 0.0003
	3.10 ± 0.0001d
	16.98
	2.54
	24.3 ± 0.004d


TABLE 2: Effect of Silkworm pupal oil fortification of mulberry leaves on larval growth parameters, overall growth rate (OGR), compound periodical growth rate (CPGR), and Gland Body Ratio of 5th instar of silkworm larvae (Bivoltine hybrid variety NB4D2 X SH6) under different concentrations.

  
Figure 1: Effect of Silkworm pupal oil -fortified mulberry leaves on the growth parameters of silkworm larvae (Bivoltine hybrid variety NB4D2 X SH6) during the 4th and 5th instar for larval length, larval weight, larval perimeter and Gland-Body Ratio (GBR).
   
  
Figure 2: Effect of Silkworm pupal oil -fortified mulberry leaves on overall growth rate (OGR) and compound periodical growth rate (CPGR) of Bivoltine Silkworm hybrid variety NB4D2 X SH6 during the 4th and 5th instar for larval length, larval weight, and larval perimeter under different treatments.
The utilisation of silkworm pupal oil, a nutrient-rich sericultural by-product, also offers a sustainable approach for improving silkworm growth and adding value to sericulture waste. However, further investigations on cocoon yield, shell ratio, silk quality, larval survivability, economic feasibility, and multi-season field validation are required before recommending its large-scale adoption in commercial sericulture.
LIMITATIONS:
The present study was limited to evaluating the effects of silkworm pupal oil fortification on the larval growth performance of the bivoltine silkworm hybrid NB4D2 × SH6 during the fourth and fifth instars under the subtropical conditions of Meerut, Uttar Pradesh, during September 2024. The findings are therefore limited to the experimental conditions of this study and may not be directly applicable to other seasons, regions, or silkworm breeds. In addition, only larval growth parameters were assessed, while economically important traits such as cocoon yield, shell ratio, silk quality, and larval survivability were not evaluated.
Future studies should validate the optimum concentrations identified in this study under different rearing seasons and environmental conditions and investigate their effects on cocoon and post-cocoon traits, silk quality, and economic feasibility. Comparative studies involving different silkworm breeds and feeding strategies would further support the practical application of silkworm pupal oil as a sustainable nutritional fortificant in sericulture.
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Final Larval Length (cm) by Treatment

4th instar	Larval Length (cm)	Final 	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	1.34	1.32	1.32	1.2	5 instar	Larval Length (cm)	Final 	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	3.37	3.42	3.47	3.05	



Final Larval Perimeter (cm) by Treatment

4th instar	Larval Perimeter (cm)	Final 	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	2.25	2.23	2.2200000000000002	2.19	5 instar	Larval Perimeter (cm)	Final 	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	3.31	3.32	3.33	3.1	



Final Larval Weight (gm) by Treatment

T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	0.54	0.52	0.52	0.45	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	2.94	3	3.06	2.4300000000000002	



Gland Body Ratio in 5th Instar

Fortification of mulberry leaves with	Gland Body Ratio	
T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	35.25	36	36.75	24.3	


Larval Length OGR

Larval Length	4 instar 	OGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	26.415094339622641	24.528301886792452	24.528301886792452	18.82	Larval Length	5 instar	OGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	101.79640718562877	98.837209302325576	104.11764705882354	81.55	



Larval Weight OGR

Larval Weight	4 instar 	OGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	145.45454545454547	136.36363636363637	136.36363636363637	125	Larval Weight	5 instar	OGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	212.7659574468085	200	215.46391752577318	167.03	



Larval Perimeter OGR

Larval Perimeter	4 instar 	OGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	39.751552795031046	39.374999999999993	37.88819875776398	35.19	Larval Perimeter	5 instar	OGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	24.905660377358497	22.962962962962948	24.253731343283576	16.98	




Larval Length CPGR

Larval Length	4 instar 	CPGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	2.3716948149264727	2.2178652082307071	2.2178652082307071	1.74	Larval Length	5 instar	CPGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	11.888679598170594	11.624525419651889	12.09361841535288	10.01	





Larval Weight CPGR

Larval Weight	4 instar 	CPGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	9.3949081305968463	8.9828262537239301	8.9828262537239301	8.4499999999999993	Larval Weight	5 instar	CPGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	20.014885821249685	19.217332647245389	20.179931116947781	17.02	



Larval Perimeter CPGR

Larval Perimeter	4 instar 	CPGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	3.4036012402483884	3.3757058744971369	3.2648954893940152	3.06	Larval Perimeter	5 instar	CPGR (%)	T 1 (Silk Oil 3000 ppm)	T 2 (Silk Oil 6000 ppm)	T 3 (Silk Oil 9000 ppm)	T 4 (Control)	3.622278888321917	3.3627109141566747	3.5355536767633922	2.54	



