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Effects of Silkworm Pupae Meal and Black Soldier Fly Meal as Fishmeal Replacements on Growth Performance and Digestive Enzyme Activity in Heteropneustes fossilis

Abstract 
Aims: To assess the performance of silkworm pupae and black soldier fly larvae based diets on the growth, digestive performance, and carcass composition of Heteropneustus fossilis juveniles fed with BSF & SWP meal based diets. By assessing the nutritional and functional potential of these insect based ingredients, the study contributes valuable insights into developing more sustainable feed with partial replacement to fishmeal. The findings can support the reduction of dependence on conventional fish meal, promote bioresource utilization, and guide research on alternative protein sources for aquaculture.
Study design: The ingredients used for replacement with fish meal for this study were silkworm pupae meal (SWP) and black soldier fly meal (BSF).Diets containing silkworm pupae meal and black soldier fly meal were designed, each with two levels of replacement of fish meal viz., 25% and 50%, and a crude protein level of 40% were prepared using four combinations of diets named as (25% SWP, 50% SWP, 25% BSF, and 50% BSF). A diet with only fishmeal with 40% crude protein was used as the control diet (C).
Place and duration of study: Erode Bhavani Sagar Centre for Sustainable Aquaculture, between 2024 and 2025.
Result: After the 60th day of the experiment, it is observed that T2-50% SWP showed better performance in terms of weight gain (6.98±0.14 g), specific growth rate SGR (4.07±0.41), better feed efficiency ratio FER (0.75±0.03), and protein efficiency ratio PER (1.86±0.08). The FCR was also significantly lower (P < 0.05) in T2-50% (1.32 ± 0.05) SWP, followed by other treatment groups and control diet-fed fishes. The higher activity of protease (2.37 ± 0.03 U/mg/protein) and higher activity of enzymes of metabolism MDH (0.135 ± 0.004 unit/mg/protein/min) and LDH (0.146 ± 0.003 unit/mg/protein/min) resulted in the increase in protein level (17.84 ± 0.15) in the body of T2-50% diet-fed stinging catfish, and the higher weight gain in T2-50% indicates the better utilization of protein in the diet.
Conclusion: Hence, the T2-50% group of fishmeal replaced with silkworm pupae meal significantly enhanced overall growth performance, improved digestive efficiency, provided better nutrient utilization, and optimized carcass composition.
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Introduction 
The stinging catfish (Heteropneustes fossils) is locally known as singi, and it is indigenous to Southeast Asia and holds considerable commercial value across many Asian countries (Kohinoor et al. 2012). It is one of the essential target species for both small- and large-scale fisheries due to its high market price and high protein, iron, and calcium (Zafar et al., 2022). The adult catfish is omnivorous, while juveniles feed on crustaceans, insects, and miscellaneous matters (Hossain et al., 2020). It is a potential and promising species for aquaculture as it withstands wide fluctuations in water quality, tolerance to high stocking densities, hardiness, and can survive in low-oxygenated waters (Ali et al. 2018). This fish has recently emerged as a commercially significant fish among aquaculture producers. However, the growth and nutritional content predominantly depend on commercial feed, which is a major hurdle faced during culture (Nushy et al., 2020).
Aquaculture is essential for maintaining global food security by supplying a significant share of the world’s fish supply. At the same time, the world’s population is growing at an average yearly rate of 1.6 percent. Aquaculture sector is growing at an even faster rate, around 2.1% annually, which surpasses other livestock-based food sectors (Stankus 2021). With the rising demand for dietary protein, increasing the fish production must essential. Aquaculture contributes substantially to this necessity because fish not only grow faster but also provides a good calorie-to-protein ratio, which makes them a valuable animal protein source for human nutrition (Melenchón et al. 2022). Fish have emerged as a highly efficient protein source that has proven to be two times greater than poultry and three times more efficient than cattle (FAO 2010). The rapid expansion of the sector has been largely dependent on the fishmeal which is a conventional source of protein in the formulated feeds (Gasco et al. 2018). Excellent digestibility as well as a balanced amino acid profile and lipid composition make fishmeal is the key ingredient for protein source in aquaculture nutrition (D’Agaro et al. 2022). However, this growing reliance on fishmeal in the aquaculture industry has caused excessive demand, which creates additional pressure on the already overexploited capture fisheries (Alfiko et al. 2022). The excessive exploitation of marine resources has created severe pressure on wild fish populations, leading to their numbers declining at an alarming rate. Consequently, capture fisheries are projected to become unsustainable and economically unviable in the near future (Gasco et al. 2018). The increasing expense and diminishing availability of fishmeal further underscore the urgent need to minimize its use in feeds and explore more sustainable, cost-effective alternatives that maintain fish quality and nutritional value (Daniel 2018).
The scarcity and high cost of fishmeal have rendered fishmeal-based feeds a limiting factor in the aquaculture industry, driving the exploration of alternative protein sources with comparable nutritional value and high protein content. (Irm et al. 2022). Therefore, much research has been conducted to find an optimal ingredient for fishmeal by full or partial replacement  (Singh et al., 2023). When choosing alternative feed components, the needs of the desired fish species need to be taken into account. Before deeming a new feed component adequate, factors like survival rates, growth potential, and feed conversion efficiency need to be assessed (Brown et al. 1996). The presence of anti-nutritional factors has limited the usage of plant-based ingredients in aqua feed formulation. To overcome these drawbacks, many strategies were deployed, such as the fermentation process and the usage of enzymes such as cellulase and phytase. Still, they lack the presence of critical amino acids such as lysine and methionine (Raghuvaran et al. 2024).
Silkworm pupae, derived as a by-product from the silk-reeling industry, have gained increasing attention as a suitable alternate protein source because of their remarkable nutritional profile. While multiple species are utilized, Bombyx mori is the most prevalent. These pupae are byproducts of the silk industry and can be transformed into a high-quality, unconventional animal protein and energy-rich feed when processed appropriately. They are also rich in major essential nutrients, including crude fiber, protein, ether extract, lysine, ash, methionine, calcium, nitrogen-free extract, and phosphorus (Habib and Hasan 1995). The use of low-cost silkworm pupae as a substitute for fishmeal could significantly reduce the feed formulation costs of balanced fish diets, ultimately enhancing the profitability of aquaculture operations. Previous studies have successfully demonstrated the inclusion of SWP meal as a partial replacement to fish meal in the diet of various freshwater fish species, including rainbow sharks (Raja et al. 2020), rainbow trout (Shakoori et al. 2016), chum salmon (Akiyama et al. 1984), trout (Dheke and Gubhaju 2013), Jian carp (Ji et al. 2015), and Deccan mahseer (Shyama 1990). Furthermore, SWP has also enhanced the growth and feed conversion efficiency in many catfish species, such as Clarias batrachus (Habib et al. 2001), Clarias gariepinus (Kurbanov et al. 2015a; Oso and Iwalaye 2014; Olaniyi and Babasanmi 2013). In addition to SWP, another important insect meal is the black soldier fly (BSF) meal, which has recently emerged as a promising insect-based protein for aquaculture. The BSF larvae are highly efficient in converting wastes into nutrient-rich biomass, which makes them a suitable and cost-effective alternate protein source for replacing fish meal (Mohan et al., 2022). Numerous studies have examined the use of BSF meal in the diet of various fish species and observed positive outcomes in Jian carp (Li et al., 2016, 2017; Zhou et al., 2018), rainbow trout (Oncorhynchus mykiss) (Sealey et al., 2011), African catfish (Talamuk, 2016; Adeoye et al., 2020), and Nile tilapia (Tippayadara et al., 2021; Limbu et al., 2022). However, despite the extensive research on other freshwater fish species, to the best of our knowledge, no study has yet explored the potential of SWP and BSF meal as a dietary replacement for fishmeal in the stinging catfish (Heteropneustes fossilis). Hence, the present study was carried out to identify the effects of substituting fishmeal with SWP meal and BSF meal at varying inclusion levels on growth performance, feed utilization, and overall health condition of H. fossilis under captive conditions.
2. MATERIALS AND METHODS
2.1 Ethical statement
All applicable international, national, and/or institutional guidelines for the care and use of animals were followed. All procedures performed in studies involving animals were in accordance with the ethical standards of the institution or practice at which the studies were conducted.
2.2 Diet and experimental design
The experimental study was conducted at Erode Bhavanisagar Centre for Sustainable Aquaculture (EBCeSA), Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Bhavanisagar, Erode District, Tamil Nadu, India. The study was carried out in FRP tanks, each with a capacity of 600 liters and a size of 4.5 X 2.5 X 2.5 feet. Five iso-nitrogenous diets with 40% crude protein and an iso-caloric energy value of 18.00 MJ/kg were formulated at two different levels of replacement of fish meal, with 25% SWP, 50% SWP, 25% BSF, and 50% BSF, with the control diet (C) containing only fish meal (Table 1). Juvenile Asian stinging catfish (H. fossilis) fry, weighing approximately 0.66±0.10 g and measuring 5.5±0.01 cm, were stocked at 40 in the experimental tanks. Feeding was done at 5%/BW (Alam et al. 2009) twice daily at 9.00 am and 6.00 pm. Once every three days, 30% of the water was siphoned off and replaced with fresh water to maintain optimal conditions (Hossain et al. 2023).
	Table 1. Ingredients (%) and proximate composition of experimental diets

	Ingredients
	C
	SWP 25%
	SWP 50%
	BSF 25%
	BSF 50%

	aFish meal
	60
	45
	30
	45
	30

	bSoybean meal
	18
	18
	18
	18
	18

	bRice bran
	13
	13
	10
	13
	10

	bCassava starch
	5
	5
	5
	5
	5

	cFish oil
	3
	3
	6
	3
	6

	dSWP meal (non- de oiled
	-
	15
	30
	-
	-

	dBSF meal
	-
	-
	-
	15
	30

	eVit-min mix
	1
	1
	1
	1
	1

	Proximate composition

	Crude protein %
	39.95
	40.15
	40.45
	39.73
	40.20

	Crude lipid %
	6.57
	7.56
	8.10
	7.28
	7.86

	Moisture %
	11.08
	10.84
	10.78
	10.80
	10.76

	Ash %
	12.3
	8.41
	8.12
	8.45
	8.17

	Calorific Value (MJ/Kg)
	17.96
	17.98
	18.00
	18.01
	18.06

	aDry fish market, Thoothukudi, Tamil Nadu, India

	bIndian supermarket Pvt, Ltd., Bhavanisagar, Tamil Nadu, India

	cMahindra feeds Pvt. Ltd., Namakkal, Tamil Nadu, India

	dSilvermine Pvt. Ltd., Udumalaipet, Tamil Nadu, India

	eKovai BSF Pvt, Ltd., Coimbatore, Tamil Nadu, India

	fAnicare Pvt. Ltd., Chennai, Tamil Nadu, India. 



2.3 Physicochemical parameters of water
Fortnight sampling was done to analyse the water quality. The parameters such as water temperature, pH, dissolved oxygen (DO), nitrite (NO2), ammonia (NH3), nitrate (NO3), inorganic phosphate (PO4-), potassium (K), hardness, alkalinity, and total dissolved solids (TDS) (APHA 2012) were analysed from the water samples collected from each experimental tank. 
2.4 Proximate composition analysis
The proximate composition of experimental diets and fish, such as crude protein, lipid, moisture, and ash, was analysed in the laboratory of EBCeSA, TNJFU, Tamil Nadu, following the protocols of (AOAC 2016). 
2.5 Growth performance and feed utilization
All the fish were weighed individually after the 60th day of experiment by a digital electronic balance to analyse their weight gain. Growth performance and feed utilization were calculated using standard formulae (Zahan et al. 2024).
  -------- (1)
SGR = [(ln(W2) - ln(W1)) / N] x 100-------- (2)
     ----------------- (3)
    -------------- (4)
 ------------ (5)
Where, MWG - Mean weight gain; W1 - Mean initial weight (g); W2 - Mean final weight (g); FCR - Food conversion ratio; SGR - Specific growth rate; Fi - Dry feed intake (g); N- Number of days; Wt - Weight gain (g); Pi - Protein intake (g); NFs - No. of fish stocked; and Ns - No. of fish survived.
2.6 Digestive enzyme assay
Five fish from each tank were euthanized immediately at the end of the experiment, using anaesthetic MS222 (2 g/L), and their length and weight were measured. Fore gut samples were collected from the selected fish. The samples were individually homogenized using the Remi RQT 127 AQ homogenizer with a Teflon pestle of a motor-driven tissue-cell disrupter in an ice bath to prepare 5% tissue homogenate. The homogenates further centrifuged (Remi CPR 30 Plus) at 14000×g for 5 min, and the supernatants (crude homogenate) were carefully collected. The collected supernatants were used as the enzyme resource. The protein concentration in fish tissues was determined using  Bradford (1976) standardized method, with bovine serum albumin serving as a standard. The casein digestion method was adopted to assess the total proteolytic activity (Drapeau 1976). Amylase was determined by the Di-Nitro-Salicyclic acid (DNS) method (Rick and Stegbauer 1974). Lipase activity in the samples was determined using the titrimetric method by measuring the fatty acid release caused by enzyme hydrolysis of olive oil (Cherry and Crandall 1932), and the results were expressed as (U/mg/protein).
2.7 Metabolic enzyme assay
The activity of Lactate dehydrogenase (LDH) was estimated using the method described by Wroblewski and Ladue (1995). Initially, sodium pyruvate was added to the reaction mixture (NADH solution, 100 µl of tissue homogenate, and pH of 7.5), and OD was measured at 340 nm. The malate dehydrogenase (MDH) activity estimated in tissues by the method of Ochoa (1955). The MDH and LDH were expressed as (U/mg/protein). AST and ALT activity assays were carried out in the muscle tissue homogenates as described by Wooten (1964), wherein α-ketoglutarate and dl-alanine were used as substrate for ALT and α-ketoglutarate and dl-aspartic acid were used as substrate for AST, OD measured at 540 nm, and the results were expressed as nm/mg/min.
2.8 Statistical analysis
A statistical analysis was carried out on the data obtained from the present study using SPSS version 27.0. The normality and homogeneity of the variance data were tested before ANOVA. aanalysis. One-way analysis of variance was employed to identify the significant variations (p < 0.05) among diets and the Tukey post hoc test to detect variations between diets.
3. RESULTS AND DISCUSSION
3.1 Water quality parameters
Triplicate water samples were collected from each treatment fortnightly, and physicochemical parameters were analyzed. The mean values of the analyzed parameters are given in Table 2. The results indicated that there was no significance (p > 0.05) observed in the water quality parameters during the experimental period. Water quality parameters were within the optimum range during the experimental period of 60 Days (Rahman et al. 2017). 
	Table 2. Water quality parameters

	
SI. No
	
Parameters
	Experimental
study

	
	
	Mean ± SD

	1. 
	Temperature ℃
	27.15 ± 0.5

	2. 
	PH
	7.15 ± 0.08

	3. 
	DO (ppm)
	5.45 ± 0.69

	4. 
	Alkalinity (ppm)
	58.3 ± 8.4

	5. 
	Hardness (ppm)
	97.0 ± 5.82

	6. 
	TDS (ppm)
	146 ± 0.05

	7. 
	Ammonia (ppm)
	0.06 ± 0.03

	8. 
	Nitrite (ppm)
	0.02 ± 0.07

	9. 
	Nitrate (ppm)
	3.71 ± 023

	10. 
	Inorganic phosphate
	0.02 ± 0.008

	Values are in mean ± S. D






3.2 Growth performance and protein utilization
Heteropneustes fossilis readily consumed all the diets prepared for the experimental study. The impacts of partial replacement of fishmeal with different ingredients on growth performance and protein utilization of H. fossilis juveniles are given in Table 3.  Asian stinging catfish (H. fossilis) fry, weighing approximately 0.66±0.10 g and measuring 5.5±0.01 cm, were stocked @ 40 in the experimental tanks. After 60th day of trial it showed that the fish fed with a 50% SWP fed diet showed significantly higher growth (p<0.05) in terms of weight gain compared to 25% SWP, BSF diets and control diet. Fish fed with 50% SWP and 50% BSF diet exhibited a considerably higher specific growth rate (SGR) (P < 0.05), while the control obtained the lowest. In contrast, FCR was higher in the control, while the lowest was in 50% SWP and 50% BSF, and a significant difference was observed. FER and PER were significantly higher (p<0.05) in the 50% SWP fed fish than other groups. Furthermore, no significant variations (p > 0.05) in survival rate were observed between the groups. 
The results revealed that replacement of 50% fishmeal by silkworm pupae in the diet of Asian stinging catfish improved the overall growth performance of the species compared to other treatment diets. Similar results were reported in common carp Clarias gariepinus (Kurbanov et al. 2015b) and Jian carp. The specific growth rate was recorded as the highest in a 50% SWP-fed fish. The findings aligned with the performance of Clarius gariepinus when 50% SWP was replaced with fishmeal by Kurbanov et al. (2015). FCR shows a decreasing trend as there is an increasing trend in the inclusion level of two different types of protein sources in the diet than the control diet-fed group, and it lies with results reported by (Mapanao et al. 2023) in Anabas testudineus when 50% BSF used as fishmeal replacement in the diet. Surprisingly, few other experimental conclusions are contrary to the above results, while a 25% replacement of fishmeal with black soldier fly meal in the diet of Clarius gariepinus obtained the best FCR (Adeoye et al., 2020). The protein efficiency ratio was significantly higher in T2-50% SWP-fed fish, followed by T4-50% BSF. Similarly, Das et al. (2023) observed the highest PER at 50% inclusion of silkworm pupae in Pangasianodon hypophthalmus fed with different ratios of silkworm pupae. Stamer et al. (2014) reported a similar protein efficiency ratio in rainbow trout fed a diet of 50% BSF. 
	[bookmark: _Hlk184902927]Table 3. Growth performance of H. fossilis fed with different experimental feed

	Parameters
	Control
	SWP-25%
	SWP-50%
	BSF-25%
	BSF-50%

	Initial weight (g)
	0.652 ± 0.01
	0.654 ± 0.01
	0.66 ± 0.02
	0.666 ± 0.01
	0.663 ± 0.02

	Final weight (g)
	4.33 ± 0.16d
	5.36 ± 0.14c
	7.5 ± 0.11a
	5.23 ± 0.26c
	6.90 ± 0.14b

	Weight gain (g)
	3.68 ± 0.17d
	4.71 ± 0.49c
	6.98 ± 0.14a
	4.56 ± 0.28c
	6.24 ± 0.16b

	Specific growth rate (%/day)
	3.15 ± 0.36d
	3.50 ± 0.28bc
	4.07 ± 0.41a
	3.43 ± 0.24cd
	3.89 ± 0.35ab

	Food conversion ratio
	1.72 ± 0.05a
	1.55 ± 0.02ab
	1.32 ± 0.05c
	1.58 ± 0.02ab
	1.46 ± 0.06bc

	Protein efficiency ratio
	1.46 ± 0.05b
	1.55 ± 0.02b
	1.86 ± 0.08a
	1.50 ± 0.01b
	1.74 ± 0.07ab

	Survival (%)
	100 ± 0.00
	100 ± 0.00
	100 ± 0.00
	100 ± 0.00
	100 ± 0.00

	Values are in mean ± S.D. Values in the same row with different superscript differ significantly (p<0.05) between the treatments.



3.3 Digestive enzyme performance
The digestive enzyme activity, viz., protease, amylase, and lipase, varied significantly by including different diets in the experimental study. The protease activity in 50% SWP-fed fish was significantly higher (P<0.05) than in the other treatments (Fig.1). Amylase activity was found to be significantly lower in (P<0.05) in 50% SWP-fed fish (Fig.2), and the activity was found to be higher in 25% BSF fed fish. The 50% BSF-fed fish exhibited a significantly higher (P<0.05) lipase activity (Fig. 3). Activity of malate dehydrogenase (MDH) and lactate dehydrogenase (LDH) activity was found to be significantly higher in (P<0.05) in control fed fish (Fig.4). The activity of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activity (nm/mg/min) in the muscle of stinging catfish was found to have no significant difference (P>0.05) with lowest activity in 50% SWP-fed fish (Fig.5).
The digestive enzyme activity of fish fed with 50% SWP exhibited higher protease activity, followed by fish fed with 50% BSF. Das et al. (2023) reported relatively higher protease enzyme activity in the diet fed by non-defatted silkworm pupae at 50% inclusion compared to the rest of the treatment groups. Protease activity was higher, and results were similar to the findings in Heteropneustes fossilis (Zafar et al., 2023), reared under biofloc conditions. The amylase activity (U/mg/protein) was significantly lower in 50% SWP and higher in 25% BSF fed fish. (Khanom et al. 2022) observed higher amylase activity in formulated feed where they used meat and bone meal in Heteropneustes fossilis diet. Amylase activity increases with the amount of carbohydrates in the diet (German et al. 2004), which could be the reason for an inverse relationship, wherein higher inclusion levels recorded lowered amylase activity in the present study. Lipase activity (U/mg/protein) was significantly higher in the 50% BSF-fed diet. The replacement of fish meal by black soldier fly in Channa striatus at 50 % replacement increased lipase activity (4.09 U/. mg) compared to other treatments (Siddaiah et al. 2023). Similarly, Sudha et al. (2022) reported increased lipase activity in juvenile striped catfish Pangasianodon hypophthalmus with higher black soldier fly meal replacement levels. Also, they observed the lower crude protein content in bodies of 80% and 100% replacement-fed juvenile striped catfish. This could be due to negative synergism between protease and lipase enzymes in the digestion of black soldier fly meal at higher concentrations. MDH and LDH activity of muscle showed a decreasing trend when inclusion was increased, and it was relevant to the study in male rainbow trout when cotton seed meal was used as a fishmeal replacement (Prabu et al. 2022). In this experiment, ALT and AST were significantly lower in groups by adding SWP and BSF to replace FM than in the control group (P<0.05). It indicated that SWP and BSF replacement of FM would not hamper the health of the species. 
	[image: ]Fig.1 Intestinal protease activity of H.fosslis fed with different protein sources. C- control, T1- SWP25%, T2- SWP50%, T3- BSF25%, T4- BSF50%


	[image: ]Fig.2 Intestinal Amylase activity of H.fosslis fed with different protein sources. C- control, T1- SWP25%, T2-SWP50%, T3-BSF25%, T4- BSF50%




	[image: ]Fig.3 Intestinal Lipase activity of H.fosslis fed with different protein sources. C- control, T1- SWP25%, T2- SWP50%, T3- BSF25%, T4- BSF50%


	[image: ]Fig.4 Activity of MDH&LDH H.fosslis fed with different protein sources. C- control, T1- SWP25%, T2- SWP50%, T3- BSF25%, T4- BSF50%



	[image: ]Fig.5 Activity of AST&ALT in the muscle of H.fosslis fed with different protein sources. C- control, T1- SWP25%, T2- SWP50%, T3- BSF25%, T4- BSF50%




3.4 Whole body carcass composition analysis
The carcass composition of Heteropneustes fossilis from all treatments and the control is presented in Table 4. It was observed that fish fed 50% SWP in the body contained significantly (p<0.05) higher crude protein when compared to BSF fed fish, and crude lipid was higher (P<0.05) in 50% BSF-fed fish. In contrast to other compositions, the moisture content was higher (p <0.05) in the control group when compared to other experimental diet fed fish and lowest in 50% SWP-fed fish. The ash content was nearly similar (p> 0.05) in all the experimental diet groups. 
[bookmark: _Hlk178426382][bookmark: _GoBack]The carcass composition showed a higher level of protein in 50% SWP-fed fish compared to other treatments and the control groups, which could be due to the increased protease activity. A similar study conducted on the Pacific white leg shrimp, Litopenaeus vannamei, fed a diet with FM replaced by 50% Soybean meal + Silkworm Pupae Meal showed significantly higher crude protein (Hodar and Sushila 2022). The crude lipid level was significantly higher in the 50% BSF-fed fish, probably due to the higher lipid content in the diet. The level of moisture in the experimental fed fish showed a decreasing trend from control as the inclusion level increased, which is similar to the results seen in GIFT tilapia where fishmeal was substituted with SWP under different ratios (Sathishkumar et al. 2021). The ash content in the diets did not show any significant difference. Kuo et al. (2022) observed similar findings when black soldier larvae meal fed to the Japanese eel (Anguilla japonica).
	Table 4. Whole body carcass composition of the H. fossilis at the end of the experimental study

	Proximate composition
	Control
	SWP 25%
	SWP 50%
	BSF 25%
	BSF 50%

	Crude protein%
	15.93±0.03d
	16.95±0.03c
	17.84±0.15a
	16.37±0.02d
	17.42±0.02b

	Crude Lipid %
	2.65±0.04d
	3.01±0.17c
	3.25±0.01ab
	3.18 ±0.02b
	3.45±0.02a

	Moisture %
	75.33±0.15a
	73.98±0.16b
	72.89±0.94d
	74.12±0.65b
	73.60±0.65c

	Ash %
	1.35±0.03
	1.16±0.02
	1.26±0.01
	1.13±0.01
	1.18±0.01

	Values are in mean ± S.D. Values in the same row with different superscripts differ significantly (p<0.05) between the groups.



4. CONCLUSION
The present study concluded that incorporating 50% silkworm pupae into the diet of Heteropneustes fossilis significantly enhanced overall growth performance, improved digestive efficiency, better nutrient utilization, and optimized carcass composition without compromising hematological parameters. This dietary inclusion offers multiple advantages, including producing high-quality protein with minimal input, reduced dependence on traditional fishmeal, and lower overall feed costs for aquaculture production. Therefore, 50% inclusion of silkworm pupae in a diet with 40% crude protein is optimal for juveniles of stinging catfish.
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Fig 6 : Measurement and weight analysis in the laboratory
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