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ABSTRACT 

The present study was conducted to optimize the protein content in silkworm pupae-based diet for Hetropneustes 

fossilis. For this, the study developed six distinct experimental diets at different concentrations of dietary crude 

protein levels 32.5% (T1), 35% (T2), 37.5% (T3), 40% (T4), 42.5% (T5), and 45% (T6) and each diet incorporating 

a 50% substitution of fish meal with silkworm pupae meal. In the control diet, fishmeal has been kept without 

replacement with crude protein level of 40%. The experimental study carried out using 600 litres FRP tanks, each 

stocked with 40 stinging catfish fingerlings of size 0.466±0.01 g and 5.5±0.02 cm in triplicate and fed with 5% 

body weight with experimental diets. The significantly higher weight gain (7.13±0.12 g) and specific growth rate 

(4.66±0.02 %/day) was recorded in T4 -40% dietary protein fed group fish. FCR was observed to be significantly 

lower in T4 -40% (1.34 ± 0.03) and T5-42.5% (1.40 ± 0.05) compared to other groups. Fish fed with T4 -40% diet 

shown significantly higher FER (0.76±0.03) and PER (1.94±0.03). Intestinal protease activity was significantly 

lower in T1 -32.5% (0.95±0.01) fed group, whereas lipase was significantly higher in T6 -45% (2.68±0.20) and T1 

-32.5% (0.68±0.03) fed group shown higher amylase activity and significant difference was observed. T4 -40% 

fed group shown significantly higher malate dehydrogenase (0.138±0.003) and lactate dehydrogenase 

(0.142±0.005) activity, whereas aspartate amino transferase (AST) and alanine amino transferase (ALT) doesn’t 

show any significant differences. Hematological parameters such as RBC, WBC, Hct, Hb was found to be 

significantly differ among all the treatments and higher values were recorded in T4 -40%, whereas mean 

corpuscular value (MCV) was significantly higher in T1 -32.5% fed group. Whole body carcass composition of T4 
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-40% fed diet shown significantly higher crude protein content, whereas crude lipid was found to be significantly 

higher in T6 -45% fed group. On the basis of second-degree polynomial regression analysis, the study found a 

range of 40.45% - 41.20% is ideal crude protein for optimal growth of stinging catfish fingerlings. Overall, the 

present study recommends silkworm pupae at 50% replacement to fish meal in the diet of stinging catfish at a 

dietary protein level of 40% as ideal for better production performances. 

Key words: Stinging catfish, Silkworm pupae meal, growth, enzyme activity 

INTRODUCTION 

Aquaculture provides much of the world's fish supply and is important in global food security. The global 

population growth is at a rate of 1.6 percent per year. In contrast, the aquaculture sector is expanding at 2.1 percent 

per year, outperforming other forms of animal production, such as livestock (Stankus 2021). Fish production must 

be increased to meet the world's rising protein needs. Aquaculture provides an important source of animal protein 

for human consumption. Fish develop rapidly and have a good calorie-to-protein ratio for human intake 

(Melenchón et al. 2022). Fish have also become a protein source that has proven to be twofold greater than poultry 

and threefold more than cattle (FAO 2010). The spectacular growth of the aquaculture industry is driven by 

fishmeal, a traditional protein source (Gasco et al. 2018). Fishmeal is considered an important protein source in 

feed due to its high digestibility, rich amino acid, and lipid composition (D’Agaro et al. 2022). This aquaculture 

industry growth has caused excessive fish meal demand (Alfiko et al. 2022) in already over-exploited capture 

fisheries. The overexploitation of oceans places unsustainable pressure on wild fish stocks, leading to their rapid 

decline. As a result, capture fisheries are projected to become unsustainable and economically unviable in the near 

future (Gasco et al. 2018). The rising cost and decreasing availability of fish meal 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, a by-product of the silk reeling process, possess an impressive nutritional profile and have 

emerged as an alternative protein ingredient to fishmeal. 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 also provide major 

essential nutrients such as protein, ether extract, crude fibre, nitrogen-free extract, ash, lysine, methionine, calcium 

and phosphorus (Habib and Hasan 1995). Utilizing affordable silkworm pupae as a substitute for fishmeal could 
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significantly lower the production costs of balanced fish diets, ultimately enhancing the profitability of fish 

farming. Its inclusion as a partial replacement to fish meal has performed well in many freshwater species, such 

as Rainbow Sharks (Raja et al. 2020), Rainbow Trout (Shakoori et al. 2016), Jian carp (Ji et al. 2015), Trout 

(Dheke and Gubhaju 2013), Deccan Mahseer (Shyama 1990), Chum Salmon (Akiyama et al. 1984). Silkworm 

pupae have also been observed to improve the growth and feed 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). 

Therefore, the present study investigated the effects of replacing FM protein with SWP meal with varying dietary 

protein levels on levels on growth, feed efficiency, and health condition of stinging catfish under captive 

conditions. 

 

2. MATERIALS AND METHOD 

2.1 Ethical statement  

The study examined the optimization of dietary protein requirement of H.fossilis juveniles by partially replacing 

the silkworm pupae meal as an alternative protein source to the traditional fishmeal protein source.The present 

study adopted all the rules and regulations for experimental animal care and procedures stipulated by Tamil Nadu 

Dr J. Jayalalithaa Fisheries University (TNJFU), Nagapattinam, Tamil Nadu, India. 

2.2 Experimental Setup 

The experimental study was carried out at Erode Bhavanisagar Centre for Sustainable Aquaculture (EBCeSA), 

Bhavanisagar, Erode District, Tamil Nadu, India. The study was carried out in triplicates, in FRP tanks of 4.5 X 

2.5 X 2.5 feet, each 600 liters capacity. Six Iso-nitrogenous diets with different crude protein levels 32.5%, 35%, 

37.5%, 40%, 42.5%, and 45% designated as T1, T2, T3, T4, T5, and T6 each diet incorporating a 50% substitution 

of fish meal with silkworm pupae meal and the diet with only fishmeal has been kept as a reference diet (control) 

which has crude protein level of 40% (Table 1). Juvenile Asian stinging catfish (H. fossilis) fry, weighing 

approximately 0.466±0.01 g and 5.5±0.02 cm was stocked @ 40 in the experimental tanks. Feeding was done @ 

5%/BW (Alam et al. 2009) twice daily at 9.00 am and 6.00 pm. Once in three days, 30% of the water was siphoned 

off and replaced with fresh water to maintain optimal conditions (Hossain et al. 2023). 

2.3 Growth performance and feed utilization 

At the end of the 80-day experimental study, all the fish were weighed individually by digital electric balance to 

analyse their weight gain. Growth performance and feed utilization were calculated using standard formulae 

(Zahan et al. 2024). 

a) Mean weight gain (MWG) = Mean final weight (g) – Mean initial weight (g) 

b) Specific growth rate (SGR) (%) = In final weight (g) – In initial weight (g) / Number of days X 100 

c) Food conversion ratio (FCR) = Dry feed intake (g) / Weight gain (g)  

d) Protein efficiency ratio (PER) = Weight gain (g) / Protein intake (g) 

e) Survival rate (SR) (%) = (No. of fish survived/No. of fish stocked) × 100 
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After each sampling, the fish underwent a dip treatment with 0.1% potassium permanganate (KMnO4) and a mild 

salt solution to alleviate physical stress and returned to their designated tanks. 

2.4 Digestive enzyme assay 

Five fish from each tank were euthanized at the end of the experiment, using anesthetic MS222 (2 g/l), and 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 in an ice bath to prepare 5% tissue homogenate (tissue: 

homogenization buffer containing 0.02 M Tris /0.01 M phosphate, pH 7.0 in v/v glycerol), with a Teflon pestle of 

a motor-driven tissue-cell disrupter. The homogenates were centrifuged (Remi CPR 30 Plus) at 14000×g for 5 

min, and the supernatants (crude homogenate) were used as the enzyme resource. The protein concentration in 

fish tissues was performed utilizing the method described by  (Bradford 1976), 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 expressed as (U/mg/protein). 

 

2.5 Metabolic enzyme assay 

Lactate dehydrogenase LDH activity was assayed following method of (Wroblewski and Ladue 1955). To start 

the reaction, sodium pyruvate is added to the reaction mixture at the pH of 7.5, NADH solution, 100 µl of tissue 

homogenate, and OD measured at 340 nm at 37 °C. The malate dehydrogenase MDH activity was assayed 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. 

 

2.6 Hematological parameters 

At the end of the experimental trial, all the fish were fasted for 24 h and blood samples were collected from the 

caudal vein of three fish from each tank using a 1-ml syringe. The needle was dipped in 2% heparin solution as 

an anticoagulant during blood collection. Blood was then transferred into the tube containing EDTA and preserved 

at 4°C for hematological analyses (Neepa et al. 2022).  The collected blood samples were poured into heparinized 

and non-heparinized tubes and stored immediately on ice. Red blood cell (RBC) and white blood cell (WBC) 

counts were determined using Neubauer hemocytometer. Haemoglobin (Hb) concentration was determined using 

cyanmethemoglobin method (Drabkin 1946) and haematocrit (Ht) was determined using microhematocrit method 

(Nelson et al. 1984). Erythrocyte indices such as Mean corpuscular volume (MCV), Mean corpuscular 

haemoglobin (MCH) and Mean corpuscular haemoglobin concentration (MCHC) were also calculated using the 

formula (Mrong et al. 2021; Kole et al. 2022) given below., 

MCV(fL)=Hct/RBC×10  

MCH (pg)=Hb/RBC ×10 

MCHC (%)=Hb/Hct×100 
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2.7 Statistical analysis 

The data collected were processed and analysed by one-way ANOVA using SPSS version 27.0. In addition, 

multiple comparison analysis was carried out using Tukey's post-hoc with statistical significance for the test was 

set at P<0.05 between different groups. To predict more accurate responses to the dietary protein intake, the 

optimum level was estimated using second-degree polynomial regression analysis (Y=aX2+bX+c) as described 

by (Zeitoun et al. 1976). 

2.8 Proximate composition analysis 

The proximate composition of experimental diets and fish, such as crude protein, lipid, moisture, and ash, were 

analysed in the laboratory of EBCeSA, TNJFU, Tamil Nadu, following protocols of(AOAC 2016). Crude protein 

was estimated using the Kjeldahl method; crude lipid was using the Soxhlet method with ether extraction; 

Moisture was determined by drying samples at 105°C to constant weight; Ash was performed by using a muffle 

furnace by incineration at 550 °C for 16 hrs. Dietary energy was analysed using the bomb calorimetry method. 

2.9 Sensory evaluation of fish carcass 

The sensory attributes assessed included appearance, taste, juiciness, and overall appearance of the flesh. These 

characteristics were evaluated using sensory techniques by a carefully chosen group of 10 panelists, Tastings took 

place in one session in a room. Tasters were familiarized with technical terms (odour, taste, acceptability) and then 

tasted cooked fish from various rations. A nine-point scale, was utilised for evaluation of the appearance. 

Moreover, a six-point scoring scale, was used for the assessment of the off-odour and off-flavour, respectively. 

An eight-point hedonic scoring scale was employed for juiciness and overall preferences.  

2.9 Physicochemical parameters of water 

Every two weeks, a comprehensive analysis of ten water quality parameters was conducted, including 

water temperature, pH, dissolved oxygen (DO), ammonia (NH3), nitrite (NO2), nitrate (NO3), inorganic 

phosphate (PO4-), potassium (K), hardness, alkalinity, total suspended solids (TSS) and total dissolved solids 

(TDS) (APHA 2012).  

3. RESULTS 

3.1 Growth performance and protein utilization 

Heteropneustes fossilis readily consumed all the diets prepared for the experimental study. The experiment 

standardized the best dietary protein level of Silkworm pupae meal replaced with 50% of fishmeal for H.fossilis. 

The impacts of replacement of fishmeal on growth performance and protein utilization of stinging catfish juveniles 

are given in Table 2. The fish fed with a crude protein level of T4-40% obtained significantly higher (P<0.05) 

final body weight compared to other diets followed by T5-42.5% and T6-45% diet while the lowest was recorded 

in 32.5%. Specific growth rate (SGR), was significantly higher (P<0.05) in SWP followed by 42.5% and 45% 

crude protein diets. The best food conversion ratio (FCR) value of H.fossilis was obtained in T4 by feeding the 

fish 40% crude protein in diet, as it remained the significantly (P<0.05) lowest while the highest was recorded in 

T1 in which the fish supplied with 32.5% dietary protein level. Highest (P<0.05) value of protein efficiency ratio 

(PER) was recorded at the T4 in which the diet containing 40% protein level while the lowest was obtained at T1-
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32.5%. Survival rate observed to be lower at T6 and higher at T4 where fish fed with 40% crude and a significant 

difference was occurred. 

3.2 Digestive enzyme performance 

The digestive enzyme activity, viz., protease, amylase, and lipase, varied significantly by including different diets 

in the experimental study and are shown in Table 3. The protease activity was higher in the treatment group T4 

and significant difference (P<0.05) was observed. The T1 group where the fish fed with 32.5% dietary protein 

level obtained significantly higher amylase activity and decreased activity was observed beyond 40% dietary 

protein level in the diet. The activity of lipase was found to be significantly higher in T6 where the fish fed with 

45% dietary protein level and lower in T1 where fish fed with 32.5% dietary protein. 

3.3 Activities of Metabolic enzymes 

The activity of metabolic enzymes malate dehydrogenase (MDH) and lactate dehydrogenase (LDH) shown a 

significant difference (P<0.05) and their activity was higher in 40% dietary protein fed fish and declined beyond 

that level whereas lower level of activity was obtained at the treatment T1 where fish fed with 32.5% crude protein 

level in the diet. The AST activity of muscle tissue was highest in treatment T6, but did not differ significantly 

(p>0.05) from other treatments. Treatment T1 were fish fed with 32.5% crude protein shows higher activity of 

muscle tissue, in contrast it did not differ significantly (p>0.05) from other treatments and are table represented 

in Table 4. 

3.4 Hematological indices 

Hematological parameters of H. fossilis fed with different crude protein diet are presented in the Table 5. The fish 

fed with different diets shows a significant difference ((p>0.05). The highest RBC concentration was exhibited by 

the diet T4 (40% CP), while lowest was in the treatment T1 (32.5%). WBC counts were highest in the fish fed 

with T4 diet and lower in T1. The fish fed wit treatment T4 exhibited highest HB and HCT concentration. The 

parameters such as MCV, MCHC obtained by treatment T4 were recorded higher but did not differ significantly 

from the treatment T5 and T6. MCH indices doesn’t show any significant (p>0.05) between different treatments. 

3.5 Statistical analysis 

To generate statistically more precise information about the appropriate protein requirement, the growth 

data were subjected to second-degree polynomial regression analysis (Fig. 1). On subjecting a specific growth 

rate (SGR) data on (y-axis) and dietary protein levels on (X-axis), a break point was evident at 41.2 CP%. The 

relationship can be described by the following equation: 

y= -0.0178x2 + 1.14648x- 25.532 (R² = 0.8825) 

On subjecting a Food Conversion Ratio (FCR) data on (y-axis) and dietary protein levels on (X-axis), a break 

point was evident at 40.45 CP%. The relationship can be described by the following equation: 

y= 0.0035x2 - 0.2973x + 7.7311 (R² = 0.8538) 
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3.6 Carcass composition  

Table shows 6 significant variations (P<0.05) in fish body composition, including crude protein, crude lipid, ash, 

and moisture content. H. fossilis fingerlings fed 40% crude protein in the diet has highest crude protein content in 

the body. The crude lipid was highest in the treatment T6 followed by T5 and T4. All the treatment had substantial 

variations in moisture content, with the treatment T1 having the highest while T4 having the lowest. Ash was 

found to significantly higher in T1 fed diet while lower was observed at treatment T6.(Hervé et al. 2025)  

3.7 Sensory attributes of fish 

Most consumers found the appearance of the fish to be good across all diets (Table 7). The fish flesh was generally 

rated good for odour and taste except for the T6 diet where the fish fed with 45% crude protein level in the diet. 

The significant difference (P<0.05) was obtained at the sensory attributes for odour and taste of the fish. Overall, 

acceptability was high across all diets, with the highest percentage in treatment T4, where all panelists accepted 

the fish. The fish fed the T4 diet received unanimous appreciation from all panelists for its overall quality. 

3.8 Water quality parameters 

Different physio-chemical water quality parameters were analyzed and recorded fortnightly. Duplicate water 

samples were taken from each treatment, and the mean values recorded during the experimental period are given 

in Table 8. No significance (P>0.05) was observed in the water quality parameters during the experimental period. 

4. DISCUSSION 

Aquaculture sector faces a threat due to shortage of fish meal as it’s the major component of a nutritionally good 

feed, which can support the growth and also fulfils the nutritional requirement of the fish (Rana et al. 2009). 

Hence, to bring about sustainability and to reduce the usage of fish meal in aquafeed, the current study aims to 

evaluate the partial replacement of fish meal by insect meal in Asian stinging catfish, Heteropneustes fossilis. 

Throughout the experimental study, fish that received diets with different levels of fishmeal protein substitution 

showed no apparent signs of nutritional deficiency. Water quality parameters were within the optimum range 

during the experimental period of 80 Days (Rahman et al. 2017).  

The suboptimal growth rate observed at reduced protein intake levels may be attributed to the fish inability to 

effectively utilize dietary protein once it has attained the ideal protein threshold (Phillips 1972). The growth was 

found to be decreased beyond 40% in the treatment T5-42.5% and T6-45% as the dietary protein level increased in 

the diet. In both black catfish Rhamdia quelen (Salhi et al. 2004) and hybrid clarias, (Clarias batrachus × Clarias 

gariepinus,  (Giri et al. 2003) dietary protein exceeding 40% led to lower growth performance indices. This can 

occur because the energy required for breaking down the excess protein is diverted away from the essential process 

of building muscle and tissue. The excessive amount of protein in the diet could diminish the performance of fish 

due to the process of catabolism where there will be a high demand for energy required than for protein deposition. 

The reduction in weight gain at high level of protein in the diet may also be due to inadequate non protein energy 

necessary to deaminate the high protein in the diet (Jauncey 1982). The decrease in growth rate and decline in 

protein utilization outside requirement of dietary protein level is well recognized by various workers (Jobling and 

Wandsvik 1983; (Tibbetts et al. 2005); Sa et al. 2006; (Kim and Lee 2005). Ahmed and Ahmad (2020) observed 

similar results in onchorhyncus mykiss where growth performance was reduced once optimal protein was achieved. 
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The FCR, FER, PER was also significantly higher in T4-40% fed group and tends to be decreased and the results 

were similar to the findings of (Siddiqui and Khan 2009). However, a significant fall in growth and conversion 

efficiencies was noted at 42.5% and 45% protein of the diet indicating that 40% protein diet (T4) satisfied the 

requirement and is considered optimum for achieving maximum growth and excellent conversion efficiency at 

50% replacement of fishmeal by silkworm pupae meal. This outcome was in line with findings of (Kurbanov et al. 

2015b), reported that Clarias gariepinus fingerlings performed better at 50% replacement of fishmeal by silkworm 

pupae meal at a dietary protein level at 40% CP. Alongside these findings, many studies have shown that higher 

protein in the diet not only resulted in poor or stunted growth but also led to significant feed wastage, making it 

as an unwise economic choice (Ye et al. 2017).  From the second-degree polynomial regression analysis of the 

growth and body composition data, the optimum dietary protein level for growth of young H. fossilis is found to 

be in the range of 40.45%- 41.2% CP. 

The whole-body carcass composition of Asian Stinging catfish fingerlings was significantly (P<0.05) affected by 

varying level of dietary protein in the diet. The crude protein content in the body was increased with dietary protein 

level, and the higher percentage of crude protein was observed in the 40% diet, which is in line with the outcome 

of (Khan et al. 1993; Ahmed and Ahmad 2020; Hossain et al. 2023).In contrast, no variation was reported by some 

studies as increase in dietary protein levels in the diet (Winfree and Stickney 1981). The fat content in the body 

gradually increased as the dietary protein level increased in the diet with maximum lipid content was observed at 

highest protein containing diet 45%CP. This may be attributed to the factor that excess protein in the diet leads to 

deamination, which results in the deposition of excess protein as body fat (Deng et al. 2011) or it may be utilized 

for the metabolism as energy fuel (Wu and Gatlin III 2014). The moisture decreased with increase in dietary protein 

level in the body upto 40% dietary protein in the diet and tends to be increased beyond that level. Similar results 

were reported by various works (Jayant et al. 2018; Ahmed and Ahmad 2020). The elevated ash content observed 

at marginal protein levels could be attributed to the reduction in fish weight at lower protein concentrations, which 

ultimately impacts muscle development. Additionally, diets with lower protein content have also been linked to 

muscle hypertrophy (Yamashiro et al. 2016). 

Blood parameters analysis is recognized as an essential method for assessing how different ingredient replacement 

in the diet of fish impacts its health status (Fagbenro et al. 2013; Shamna et al. 2017). In this RBC count showed 

an elevation with dietary protein levels up to 40%CP, and again a decrease trend was observed. The elevation may 

be due to the early release from the storage pool in the spleen (Vijayan and Leatherland 1989) and a decline have 

occurred in low diet may be due to the less oxygen supply to the cells of a lower protein fed group, which leads to 

reduction in growth (Silva et al. 2012). Similarly, Hct and Hb value increased with dietary protein level upto 40%, 

which indicates the well transport of oxygen in the body, leading to improved growth and fish health (Ahmed and 

Ahmad 2020). On the other hand, WBC count remains to be unchanged among different dietary protein fed groups 

in the study which is similar to the findings of (Debroy et al. 2024). The Hb content increased as dietary protein 

increased up to 40% and a decline was observed at 42.5% and 50%. While the poorest Hb content was at lowest 

level of protein diet 32.5%, these findings similar to the study in (Ahmed and Maqbool 2017). Hct value 

significantly higher at 45% and tends to decline beyond 40%, the findings were agreed with the results of (Ahmed 

and Ahmad 2020). 
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Intestinal protease activity was found to be higher in T4 fed group. The protease activity increased with increasing 

dietary protein level up to 40% and it starts to decline thereafter. Similar results were observed and reported by 

many researchers in silver barb, Puntius gonionotus (Mohanta et al. 2008), Pangasianodon hypophthalmus (Jayant 

et al. 2018), red tilapia juveniles Oreochromis sp. (Santos et al. 2020) and Striped Catfish Pangasius 

hypophthalmus (Bano et al. 2023). Amylase activity in the study was found to be in a decreasing trend as increase 

in dietary protein level. This result may be attributed to the factor that decline in dietary free extract by increasing 

crude protein level in the diet as a means to balance the feed formulation (Mohapatra et al. 2012). O. niloticus 

exhibits decreased amylase activity with increased dietary protein levels (Yang et al. 2018). The intestinal lipase 

activity of the fish tends to be increased as the protein level increased in the present study. In comparison to 

number of past studies, lipase activity decreased with an increase in the dietary protein level in the body. But this 

result positively agrees with the outcomes of (Ma et al. 2020), who reported the same trend of Lipase activity in 

the intestine increased significantly as dietary lipid level increased (P<0.05) in juvenile Small yellow croaker 

(Larimichthys polyactis). This study recorded the highest MDH and LDH activities at 40% protein. The elevated 

activity of MDH with increase in transaminase enzyme activitiy, coupled with higher protein in the diet indicates 

the availability for gluconeogenesis which can be further used for physiological activities of the fish. Similar 

increase in gluconeogenic activity was observed in black catfish Rhamdia quelen (Melo et al. 2006). Conversely 

the lower activity of MDH when fed with lower protein diet 20% was observed in Pangasianodon hypophthalmus 

(Jayant et al. 2023). Lower activity of MDH at low dietary protein fed group may be a sign of dimnished metabolic 

activity which may lead to a less availability of oxaloacetate as a substrate due to lower transaminase enzyme 

activities (Yengkokpam et al. 2013). The lower activity of LDH in lower protein fed diet may be due to the higher 

carbohydrate content which leads to metabolic stress(Kumar et al. 2009). The activity of ALT and AST of muscle 

were higher in 45% crude protein fed diet relatively higher compared to other diets. However, it does not 

significantly differ from 40% & 42.5% fed diet. Similar results were reported in Pangasianodon hypophthalmus 

(Tok et al. 2017). The elevation of ALT and AST while feeding higher dietary protein in the feed is may be 

attributed to the rise in transamination of the dietary protein (Pieper and Pfeffer 1980). 

The diet fed with 45% dietary protein level showed a significant difference compared to other treatments, while a 

significant difference observed in odour, flavour, taste and in overall acceptance by the consumer. The difference 

would have been aroused due to higher deposition of lipid in the body of 45% dietary protein fed fishes. Diet is 

known to influence the organoleptic quality of fish (Spinelli et al. 1979). Earlier studies with Indian major carps 

have also shown no adverse effect of silkworm pupae on organoleptic quality (Jayaram and Shetty 1980; 

Nandeesha et al. 1990). Fat content of raw pupa is known to induce off-flavour (Hora 1962) and unpleasant 

taste(Rath 2018)when incorporated in the feed and the inclusion level rises, while in the present study as the 

dietary protein rises the inclusion level of silkworm pupae in the diet also increases, this can be attributed to the 

factor of off odour, flavour, taste and acceptance by consumers. 

On the basis of second-degree polynomial regression analysis of growth parameters and body composition data 

revealed that, the optimum dietary protein level for best growth of stinging catfish fingerlings is recommended 

within the range from 40.8%-41.2%. The dietary protein requirement of stinging catfish fingerlings estimated 

during the present study is similar and the level fall in the range of previously reported dietary protein requirements 
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of some other fishes and catfish species such as young H. fossilsi 40-43% (Siddiqui and Khan 2009), H.fossilis 

40.8-41.8% (Fatma and Ahmed 2020), walking catfish, Cyprinus carpio 41.25% (Ahmed and Maqbool 2017).  

From the above experimental trial, results obtained fishes fed with T4- 40% dietary protein level have better 

performance concerning growth performance, general acceptability of meat quality, and improved digestive 

activity.  Improved performance could be due to the better feed utilization and nutrient absorption. Beyond 40% 

dietary protein the growth tends to be declined According to (Council and Nutrition 1994), the protein 

requirements of various fish species are different. The protein requirements thus differ from one species to another. 

Some of the reasons why the protein requirements of fish vary have been attributed to include such factors such as 

different dietary formulas, size, and other research methods and analyses (Tibbetts et al. 2005).  In addition, it 

might come in because of differences in laboratory settings, experimental design for example, feeding rate and 

frequency, water quality and flux, stocking density, and origin of protein used for each diet (Kim et al. 2001).                

5. CONCLUSION 

In conclusion, the silkworm pupae at 50% replacement of fish meal and at a dietary protein level of 40.45%- 

41.2% is ideal in the diet of stinging catfish for better performance with regard to growth, digestive enzyme 

activity, whole body carcass composition and meat quality.  
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Table-3 shows Digestive enzyme activity 

Table 1. Ingredients (%) and proximate composition of experimental diets 

Ingredients Control  T1-32.5% T2-35% T3-37.5% T4-40% T5-42.5% T6-45% 

Fish meal 60 17 20.5 24 27.5 31 34.5 

Silkworm pupae meal 0 17 20.5 24 27.5 31 34.5 

Soybean meal 18 30 26 24 22 20 19 

Rice bran 13 18 19 16 13 10 6 

Cassava starch 5 16 12 10 8 6 4 

Fish oil 3 1 1 1 1 1 1 

Vitamin & mineral 

premix 

1 1 1 1 1 1 1 

Proximate composition  

Crude protein %  39.95 32.55 35.24 37.54 40.16 42.58 45.12 

Crude lipid % 6.57 7.63 7.86 7.98 8.12 8.35 8.54 

Fibre %  8.18 7.63 7.89 8.05 8.24 8.44 8.58 

Moisture % 12.3 11.35 11.18 11.1 10.96 10.84 10.78 

Ash % 12.3 8.26 8.21 8.16 8.12 8.09 8.06 

Calorific value (MJ/Kg) 17.96 18.05 18.04 17.9 17.96 17.97 17.95 
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Enzymes T1-32.5% T2-35% T3-37.5% T4-40% T5-42.5% T6-45% 
Protease 
(Unit/mg 
protein/min) 

0.95±0.007e 1.42±0.02d 1.57±0.007d 2.40±0.04a 2.03±0.02b 1.85±0.04c 

Amylase 
(Unit/mg 
protein/min) 

0.68 ± 0.03a 0.62 ± 0.2b 0.58±0.01b 0.50±0.001c 0.44±0.01d 0.41±0.01d 

Lipase 
(Unit/mg 
protein/min) 

1.35 ± 0.03f 1.78±0.01e 1.92±0.05d 2.42 ± 0.3c 2.57±0.04b 2.68±0.20a 

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

 

 

 

 

 

 

 

Table 2- Growth performance of H. fossilis fed with different experimental feed 

Parameters control T1-32.5% T2-35% T3-37.5% T4-40% T5-42.5% T6-45% 

Mean initial weight (g) 0.652 ± 0.01 0.46 ± 0.01 0.463 ± 0.02 0.464 ± 0.01 0.462 ± 0.01 0.461 ± 0.01 0.467 ± 0.01 

Mean final weight (g) 4.33 ± 0.16d 0.37 ± 0.12e 4.69 ± 0.18d 5.68 ± 0.17c 7.61 ± 0.14a 6.90 ± 0.15b 6.65 ± 0.12b 

Mean weight gain (g) 3.68 ± 0.17d 2.90± 0.11e 4.22 ± 0.20d 5.23 ± 0.16c 7.135 ± 0.12a 6.445 ± 0.14b 6.18 ± 0.011b 

Specific growth rate 
(%/day) 

3.15 ± 0.36d 3.30 ± 0.02d 3.86 ± 0.14c 4.17 ± 0.01b 4.66 ± 0.02a 4.51 ± 0.01a 4.42 ± 0.07ab 

Food conversion ratio 1.72 ± 0.05a 1.72 ± 0.05d 1.62 ± 0.04bc 1.56 ± 0.04b 1.32 ± 0.03a 1.40 ± 0.05a 1.43 ± 0.04ab 

Protein efficiency ratio 1.46 ± 0.05b 1.57 ± 0.01d 1.67 ± 0.04c 1.78 ± 0.03b 1.94 ± 0.03a 1.87 ± 0.01b 1.83 ± 0.01b 

Survival 96.25 ± 1.76a 97.5 ± 3.5a 96.25 ± 1.76a 99.00 ± 1.42a 100.00 ± 0.00a 98.75 ± 1.78a 98.5 ± 1.4a 

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

Table-4 shows Metabolic enzyme activity 
Enzymes T1-32.5% T2-35% T3-37.5% T4-40% T5-42.5% T6-45% 
MDH 
(Unit/mg 
protein/min) 

0.05 ±0.001d 0.08±0.002d 0.112±0.005c 0.138±0.003a 0.125±0.006b 0.121±0.004b 

LDH 
(Unit/mg 
protein/min) 

0.074±0.002d 0.095±0.003d 0.116±0.001c 0.142±0.005a 0.134±0.002b 0.128±0.002 

AST 
(nm/mg/min) 

12.48 ± 0.21 12.51 ±0.13 12.58 ± 0.11 12.71 ± 0.12 12.76 ± 0.04 12.79 ± 0.12 

ALT 
(nm/mg/min) 

15.35 ± 0.05 15.38 ±0.04 15.40 ± 0.02 15.41 ± 0.05 15.43 ± 0.06 15.46 ± 0.03 

Values are in mean ± S.D. Values in the same row with different superscripts differ significantly (p<0.05) between the 
groups. 
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Table 7- Sensory attributes of the H. fossilis at the end of the experimental study 

Parameters T1-32.5% T2-35% T3-37.5% T4-40% T5-42.5% T6-45% 

Appearance 8.9 ± 0.2 9.0 ± 0.1 9.0 ± 0.2 9.0 ± 0.3 8.9 ± 0.1 9.0 ± 0.2 

Odour 6.0 ± 0.31a 6.0 ± 0.1a 6.0 ± 0.3a 6.0 ± 0.1a 5.8 ± 0.2a 5.5 ± 0.1b 

Flavour and taste 5.8 ± 0.3a 5.8 ± 0.2a 6.0 ± 0.3a 6.0 ± 0.3a 5.8 ± 0.4a 5.5 ± 0.3b 

Juiciness 6.8 ± 0.2 6.8 ± 0.3 6.9 ± 0.0 7.0 ± 0.1 7.0 ± 0.1 7.0 ± 0.1 

Overall acceptability 7.8 ± 1.5a 7.9 ± 0.8a 7.8 ± 0.9a 7.9 ± 1.2a 7.8 ± 0.8a 7.0 ± 1.2b 

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

 

 

 

 

 

 

 

 

 

 

 

 

Table 5- Hematological parameters of the H. fossilis at the end of the experimental study 

Parameters control T1-32.5% T2-35% T3-37.5% T4-40% T5-42.5% T6-45% 
RBC 
(cells/µl) 

2.8±0.20 2.30±0.03c 2.4±0.04c 2.71±0.23c 3.58±0.03a 3.53±0.01b 3.50±0.02b 

WBC 
(cells/µl) 

26.1±1.52 25.9±1.52d 26.8±1.60c 27.2±0.34c 29.8±0.62a 28.2±0.4b 28.6±0.61b 

HB (g/ dl) 8.55±0.45 8.41±0.50e 8.75±0.25d 9.53±0.02c 10.16±0.13a 10.74±0.32b 10.71±0.30b 
HCT (%) 15.5±0.25 14.5±0.41d 15.2±0.14cd 15.63±0.15c 16.4±0.03a 16.14±0.06b 16.03±0.06b 
MCV (fl) 89.9±2.51 91.53±1.41a 90.7±0.45b 90.12±0.36c 88.61±0.11d 90.32±0.20c 90.26±0.20c 

MCH (pg) 48.0±2.08 49.36±0.50 49.5±0.01 48.8±0.62 46.9±0.2 46.4±0.02 46.2±0.50 

MCHC (g/dl) 58.9±0.03 58.26±0.37 57.6±0.66 60.9±0.32 68.04±1.3 66.13±0.52 65.24±0.16 

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

Table 6- Whole body carcass composition of the H. fossilis at the end of the experimental study 

Parameters control T1-32.5% T2-35% T3-37.5% T4-40% T5-42.5% T6-45% 

Crude 
protein % 

15.75±0.03d 15.68±0.01e 15.75±0.02e 16.35±0.03d 16.79±0.03c 17.89±0.02a 17.77±0.01b 

Crude lipid 
% 

2.85±0.04d 2.96 ±0.03 2.83 ±0.02d 2.76 ±0.02c 2.89 ±0.01c 3.32 ±0.02b 3.48±0.008ab 

Moisture % 
74.33±0.15a 75.85±0.14 74.8± 0.11a 73.81±0.02b 73.13±0.04c 72.86±0.03d 73.12 ±0.03c 

Ash % 
1.51±0.03 1.48 ±0.01 1.56 ±0.02 1.52 ±0.02 1.54 ±0.03 1.48 ±0.01 1.55 ±0.04 

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

Table 8- 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 
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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 

Drying of SWP meal                                                 Different ingredients 

Drying of feed                                Fina recorded weight                    Collec�on of intes�nes for enzyme analysis 

LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 13 ISSUE 12 2025

PAGE NO: 351


