


IMPACT OF LEAF FORTIFICATION AND SEMI-SYNTHETIC DIET ON PUPAL PARAMETERS OF FC1 × FC2 SILKWORM, Bombyx mori L.
ABSTRACT
In sericulture industry, silkworm pupae are often regarded as waste, but this waste material is the treasure of nutrition and has a high demand in food, pharmaceutical and cosmetic industries. Nutrition affects the larval growth which affects the pupal parameters so, an attempt was made to evaluate the effect of leaf fortification and semi-synthetic diet on pupal parameters of FC1 × FC2 silkworm, Bombyx mori Linnaeus. Chawki (I and II instars) rearing was done on only mulberry leaves while late age rearing (III, IV and V instars) on fortified leaves and semi-synthetic diet. Fortified leaves contained spirulina (2.5 % w/v), corn flour (4 % w/v), soya flour (5 % w/v), cowpea seed powder (10 % w/v), pumpkin seed powder (50, 100 and 150 mg) dusted per leaf for late age instars larvae (III, IV and V instars) and semi-synthetic diet as per the feeding requirement were fed to third instars onwards. All the fortified leaf treatments as well as semi-synthetic diet treatment enhanced the pupal parameters over control. Ten per cent cowpea seed powder solution fortification significantly recorded superior pupal parameters with pupal length (2.94 cm), pupal breadth (12.32 mm) and pupal weight (1.76 g) followed by pumpkin seed powder fortification with pupal length (2.87 cm), pupal breadth (12.07 mm) and pupal weight (1.74 g). Lower performance in semi-synthetic diet may be attributed to diet transition while lowest performance was observed in the control. 
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INTRODUCTION 
Sericulture is the science of the rearing silkworm for the production of silk (Kumar et al., 2018 ; Rahmathulla, 2012), but besides this silkworm pupae are also generated as the by- product in sericulture industry. Silkworm pupae can be used in human nutrition as the global population is increasing day by day and to meet the need of such a vast growing population, insects are the best alternative to crop production. Among the insects, silkworm pupae are highly nutritious food with a positive impact on human health (Mahanta et al., 2023). In the list of novel food resources published by Ministry of Health of China, silkworm pupae are mentioned as a source of protein for humans (Wu et al., 2021). 
Silkworm undergoes complete metamorphosis passing through four distinct life stages: egg, larva, pupa and adult. After fertilization, male moth dies while female moth lay eggs. These eggs hatch into larvae which feed on mulberry leaves for about 20-30 days. The approximate leaf requirement for first three, fourth and fifth instar silkworm larvae is 3 per cent, 10 per cent and 87 per cent, respectively. After fourth moult, larvae of fifth instars spin a protective cocoon around themselves and undergoes pupation (Bhojne, 2013; Chavan et al., 2023). 
The economic status of silkworm is increased by fortification of mulberry leaves. Nutritional status of larvae enhances the progress of forthcoming stages like pupa, adult and fibre. For silkworm larvae, mulberry leaves are the complete food but additional nutrient fortification can enhance the healthiness of silkworm larvae along with the economic benefits from them (Rahmathulla et al., 2007). Thus, the leaf fortification and semi-synthetic diet enhances the larval parameters which ultimately enhances the pupal parameters. 
Feeding supplements chosen for fortification are rich in proteins, fats, vitamins and minerals. Spirulina contains dietary protein (more than 60 %), lipids, 18 amino acids, 50 different minerals, vitamins and long chain polyunsaturated fatty acids especially ω-3 and ω-6 fatty acids (Otles & Pire, 2001; Kumar et al., 2009; Grosshagauer et al., 2020; Maqbool et al., 2023). Feeding with spirulina treated leaves results in improvement of growth parameters (Kumar et al., 2009; Moustafa, 2024). 
Corn contains carbohydrates, proteins, vitamins, minerals, essential fatty acids and nutrients especially potassium (Rouf Shah et al., 2016). Corn flour improves the larval parameters of silkworm, Bombyx mori L. (Bhat et al., 2022). Soybean is rich in proteins, lipids, minerals, vitamins and high amount of essential amino acids and polyunsaturated fatty acids (Dukariya et al., 2020). Soya flour enhances the larval growth as well as quantity and quality of cocoons (Hassan, 2020). 
Cowpea seeds are rich in proteins, carbohydrates and lower amount of fats. Cowpea seeds contains (0.3 to 3.9 %) lipid with triglycerides, phospholipids and free fatty acids. Polyunsaturated fatty acid is the major content of total fatty acid (Abebe and Alemayehu, 2022). Leaf fortification with cowpea seed powder enhances the economic parameters of silkworm, Bombyx mori L. (Khyade and Gosavi, 2016). Pumpkin seeds contain unsaturated fatty acids, proteins, minerals, phosphorus, calcium, magnesium, potassium and manganese (Kulczyński and Gramza-Michałowska, 2019; Dotto and Chacha, 2020; Aziz et al., 2023). Semi - synthetic diet contains required nutrients in proportionate amount that enhances the growth parameters of silkworm larvae (Thamidela et al., 2021).  
Considering all the aspects and to provide nutritious diet to silkworm larvae in order improve the pupal parameters an attempt was made to study the effect of leaf fortification and semi-synthetic diet on the pupal parameters of silkworm, Bombyx mori L.
MATERIALS AND METHODS
Materials 
The experimental studies required Disease Free Laying (DFLs) of mulberry silkworm race FC1 x FC2 Bivoltine Double Hybrid, which were procured from the Silkworm Seed Production Center, Gadhinglaj, Kolhapur District, Maharashtra State, India. Fresh mulberry leaves of variety V1, rearing equipments and disinfectants were obtained from Entomology Section, R. C. S. M. College of Agriculture, Kolhapur (Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra). Spirulina (100% natural blue green algae powder) was purchased from Neuherbs store. Corn seeds (3845 S), Soybean seeds (Phule Durva), Cowpea seeds (Phule Sonali) and Pumpkin seeds (Arka Suryamukhi) were collected from farmer’s field and ground to form a powder. All the ingredients required for formulating semi-synthetic diet as well as required chemicals and reagents were purchased from local market and Unique Biologicals and Chemicals store from Kolhapur city. 
Method
The experiment was carried out at laboratory of Entomology Section, R. C. S. M. College of Agriculture, Kolhapur (Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra). The experiment was performed in a completely randomized design with seven treatments and three replications. For each replication in a treatment 100 silkworm larvae were used (300 per treatment). Prior to commencement, the rearing room and equipments were disinfected using a solution of 2 per cent formalin combined with 0.05 per cent detergent and dried them before using. DFLs were incubated at 25 ± 1 °C and 80 ± 2% RH until head pigmentation stage. When the eggs reached at blue egg stage, then the egg sheets were placed in black box for 24 hours for uniform hatching and then exposed to bright light (6 am, 1–2 h). Newly hatched silkworm larvae were brushed and immediately fed with tender, fresh and chopped (0.5 - 1 sq. cm) mulberry leaves of V1 variety. After hatching of the eggs, larvae were reared in laboratory at 25 ± 1°C with RH levels were adjusted as follows: (85 ± 5%) for the first instar, (80 ± 5%) for the second instar, (75 ± 5%) for the third instar, (70 ± 5%) for the fourth instar and (65 ± 5%) for the fifth instar. During the moulting period, RH was further reduced to (60 ± 5%) (Thamidela et al., 2021). 
Table 1. Treatment Details
	Treatment No.
	Details
	Dose

	T1
	Spirulina
	2.5 % (w/v) (leaf dip)

	T2
	Corn flour
	4 % (w/v) (leaf dip)

	T3
	Soya flour
	5 % (w/v) (leaf dip)

	T4
	Cowpea seed powder
	10 % (w/v) (leaf dip)

	T5
	Pumpkin seed powder
	3rd instar: 50 mg; 4th instar: 100 mg; 5th instar: 150 mg per leaf (dusting on leaves)

	T6
	Semi-synthetic diet
	As required

	T7
	Control (Untreated)
	-



The data pertaining to treatments and their respective dose is represented in Table 1. Four different solutions were prepared by dissolving spirulina (2.5 % w/v) as per Hassan (2020), corn flour (4 % w/v) as per Bhat et al. (2022), soya flour (5 % w/v) as per Tilsath et al. (2016) and cowpea seed powder (10 % w/v) as per Khyade and Gosavi, (2016) in a distilled water. Fresh mulberry leaves were dipped in each solution, allowed to stand for 15 min and air dried before feeding. For preparing semi-synthetic diet, required quantities of feed ingredients were measured. The list of ingredients along with required quantities is depicted in Table 2. The volume of distilled water added was determined by multiplying the weight of the dry ingredients by a factor of 2.8. Distilled water was heated to 80°C and agar-agar was added to form a gel. All the ingredients were mixed thoroughly and steamed in an autoclave at 110°C for 30 minutes. Immediately after the process before its temperature dropped below 80°C, the steamed mixture was poured into pre-sterilized plastic trays and later covered with aluminium foil. These diet trays were placed in a deep freezer for about an hour. After freezing, trays were stored at normal refrigeration temperatures until it’s use (Thamidela et al., 2021).
Spirulina fortified leaves were fed to first experimental treatment, second experimental treatment were fed with leaves supplemented with corn flour, soya flour fortified leaves were fed to third experimental treatment while fourth experimental treatment was fed with leaves fortified with cowpea seed powder. Fifth experimental treatment was fed with pumpkin seed powder. For III instar larvae, 50 mg powder was dusted per leaf. For IV instar larvae, 100 mg powder was dusted per leaf while for V instar larvae 150 mg powder was dusted on per leaf (Poonguzali et al., 2021). Sixth experimental treatment was fed with semi-synthetic diet as the diet was removed from refrigerator one hour before feeding (Thamidela et al., 2021). Seventh experimental treatment served as control and fed with mulberry leaves. 
            Table 2. Composition of silkworm semi-synthetic diet
	Sr. No.
	Ingredients
	Quantity

	1
	Mulberry leaf powder (g)
	30.00

	2
	Soybean powder (g)
	28.00

	3
	Cellulose powder (g)
	15.00

	4
	Corn starch (g)
	06.00

	5
	Citrate (g)
	03.50

	6
	Salt mixture (g)
	04.00

	7
	Sucrose (g)
	04.00

	8
	Agar agar (g)
	07.00

	9
	Ascorbic acid (g)
	00.50

	10
	Vitamin B mixture (g)
	00.40

	11
	Soybean oil
	01.30

	12
	Chloramphenicol (μg)
	01.00

	13
	Water (ml)
	302.0











The pupal parameters were measured in terms of length, breadth and weight. Length of the pupae was measured with the help of the ruler scale (cm) while pupal breadth was measured with the help of the digital vernier caliper (mm).  Pupal weight was recorded by using digital electronic balance and pupal weight was calculated by formula given below: 


                                         Weight of 10 pupae (g)
Weight of single pupae (g) =    -----------------------------
                                                                       Total no. of pupae taken
Statistical Analysis: 
The data collected during the entire course of experiment in respect of pupal parameters among the treatments were analysed by using spreadsheet-based analysis tool (Bavadekar and Barve, 2025) for completely randomized design (CRD) as suggested by Cochran and Cox (2000). Pupal parameters were expressed in mean ± SD where both values are rounded to two decimal places across all tables and the means were interpreted at p≤0.05.
RESULTS AND DISCUSSION
Pupal length (cm): The data of pupal length represented in Table 3 and Fig. 1. Cowpea seed powder solution fortification recorded the maximum mean pupal length of (T4 ; 2.94 ± 0.08 cm) and proved significantly superior to all remaining treatments. The second best performance was observed in pumpkin seed powder fortification (T5 ; 2.87 ± 0.09 cm) followed by semi-synthetic diet (T6 ; 2.78 ± 0.10 cm). Both the treatments T5 and T6 were statistically at par and followed by soybean flour solution fortification (T3 ; 2.65 ± 0.13 cm), corn flour solution fortification (T2 ; 2.56 ± 0.10 cm) and spirulina solution fortification (T1 ; 2.44 ± 0.13 cm). The minimum pupal length was observed in control treatment (T7 ; 2.20 ± 0.09 cm).
Pupal breadth (mm): The data of pupal breadth represented in Table 3 and Fig. 2. Cowpea seed powder solution fortification produced the greatest mean pupal breadth ( T4 ; 12.32 ± 0.20 mm) followed by pumpkin seed powder fortification (T₅ ; 12.07 ± 0.21 mm) and semi - synthetic diet (T₆ ; 11.36 ± 0.19 mm).  Both T₅ and T₆ did not differ statistically. Then next best results found in soybean flour solution fortification (T3 ; 10.96 ± 0.19 mm),  corn flour solution fortification (T2 ; 10.55 ± 0.23 mm) and spirulina solution fortification (T1 ; 10.32 ± 0.20 mm) while lowest in control treatment (T7 ; 9.03 ± 0.18 mm).
Pupal weight (g): The data of pupal weight depicted in Table 3 and Fig. 3. Significantly superior pupal weight was observed in cowpea seed powder solution fortification (T₄ ; 1.76 ± 0.01 g) was followed by pumpkin seed powder fortification (T₅ ; 1.74 ± 0.01 g) and semi-synthetic diet (T₆ ; 1.55 ± 0.02 g) and both were statistically at par with each other. Soybean flour solution fortification recorded (T3 ; 1.45 ± 0.02 g), corn flour solution fortification (T2 ; 1.38 ± 0.02 g) and spirulina solution fortification (T1 ; 1.32 ± 0.02 g). The control treatment showed the least pupal weight (T7 ; 1.08 ± 0.01 g). 


[bookmark: _GoBack]Table 3. Comparative effect of leaf fortifications and semi-synthetic diet on pupal parameters of FC1 × FC2 silkworm
	
Sr. No.
	Treatments 
	Pupal length (cm)
	Pupal breadth (mm)
	Pupal weight (g)

	
	
	Mean ± SD
	Mean ± SD
	Mean ± SD

	T1
	Spirulina fortification
	2.44 ± 0.13
	10.32 ± 0.20
	1.32 ± 0.02

	T2
	Corn flour  fortification
	2.56 ± 0.10
	10.55 ± 0.23
	1.38 ± 0.02

	T3
	Soybean flour fortification
	2.65 ± 0.13
	10.96 ± 0.19
	1.45 ± 0.02

	T4
	Cowpea seed powder fortification
	2.94 ± 0.08
	12.32 ± 0.20
	1.76 ± 0.01

	T5
	Pumpkin seed powder fortification
	2.87 ± 0.09
	12.07 ± 0.21
	1.74 ± 0.01

	T6
	Semi-synthetic diet
	2.78 ± 0.10
	11.36 ± 0.19
	1.55 ± 0.02

	T7
	Control
	2.20 ± 0.09
	9.03 ± 0.18
	1.08 ± 0.01

	S. E. (±)
	0.059
	0.115
	0.009

	C.D at 5%
	0.18
	0.35
	0.03

	C.V. (%)
	3.86
	1.82
	1.08




Fig.1. Effect of leaf fortification and semi-synthetic diet on mean pupal length (cm)


Fig. 2. Effect of leaf fortification and semi-synthetic diet on mean pupal breadth (mm)


Fig. 3.  Effect of leaf fortification and semi-synthetic diet on mean pupal weight (g)


Significantly superior performance of 10 per cent cowpea seed powder fortification (T4) is attributed to its rich amino acid content and enhanced digestive enzyme activity. These results are in line with the findings of Saravanan et al. (2011); Manjula et al. (2011); Khyade, 2016; Nalwade et al. (2018). Pumpkin seed powder fortification ranked second in enhancing pupal traits due to its rich lipid profile which provides concentrated energy and promoted metabolic functions (Nation, 2001). 
The semi-synthetic diet yielded moderate improvement; however, its benefits were limited by problems of partial nutrient digestibility and starvation conditions during feeding (Wang et al., 2023). Soybean flour treatment produced an average outcomes may be due to the presence of trypsin inhibitors that restrict proper protein assimilation (Sultana et al., 2023). 
Corn flour rich in carbohydrates supply energy and may contribute less to structural growth. Spirulina solution fortification was comparatively less effective which may be linked to reduced feeding efficiency (Kumar et al., 2019). Larvae maintained exclusively on mulberry leaves (control) recorded significantly lowest pupal weight which highlights the importance of additional dietary supplements for improving developmental performance (Aruna and Murugesh, 2021).
CONCLUSION 
	The experimental study concluded that ten per cent cowpea seed powder solution fortification treatment gave significantly superior performance amongst the leaf fortification and semi-synthetic diet in terms of pupal parameters. The results demonstrated the positive impact of all the given fortified leaves and semi-synthetic diet on pupal parameters of silkworm, Bombyx mori L. as compared to untreated control. Increased pupal weight through dietary supplementation increases the cocoon as well as silk yield by indicating improved nutrient utilization. In addition, it gives higher net returns to farmers from by-product recovery. All the provided fortified leaves and semi-synthetic diet increased the pupal mass indicating their richness to be used as raw material in food, cosmetics and pharmaceutical industries.  As all the dietary supplements are natural and full of nourishment, so they can be suggested to farmers for use in sericulture industry for doubling their income from by-products, also. 
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