



“Assessment of Black Soldier Fly larval meal based diet on the growth, digestive performance and meat quality of Anabas testudineus (Bloch, 1792)”

ABSTRACT
Aims: To standardize the protein requirement for climbing perch using a Black Soldier Fly larval meal-based diet for the improved growth, digestive performance, and meat quality of Anabas testudineus (Bloch, 1792). 
Study design: The experimental group replaced the fish meal with 40% black soldier fly larvae meal at different protein concentrations, viz. T4-20%, T5-25%, T6-30%, and T7-35% CP.
Place and duration of study: Erode Bhavani Sagar Centre for sustainable aquaculture, between 2023 and 2024
Result: After the 60th day of experiment, T6-30% and T7-35% CP diet-fed fishes performed better than T4-20% and T5-25% fed fishes. The mean length gain (MLG) and percentage length gain (PLG) were higher in T6-30% and T7-35% (5.64±0.07cm, 148.47±4.01) and (5.37±0.15cm, 135.65±6.52). The mean weight gain (MWG) was significantly higher (p<0.05) in T7-35% (17.66±1.64g) and T6-30% (17.42±1.54g). Specific Growth Rate (SGR) was significantly higher (p<0.05) in T6-30% (4.31±0.13), T7-35% (4.21±0.13), and T5-25% (4.08±0.12) than T4-20% (3.76±0.23). Haematological parameters and meat quality of experimental fish significantly (p>0.05) varied with different diet protein concentrations. The estimated cost-benefit analysis based on the FCR of each diet revealed that T6-30% (1:1.105) was better. 
Conclusion: Hence, a 30% crude protein diet in which 40% of Fish meal replaced with Black soldier fly larvae meal would be economically feasible for the culture of A testudineus.
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1. INTRODUCTION
In India, aquaculture is a rapidly growing sector, wherein the production trend of aquaculture increased steadily from 8.87 lakh tonnes in 1981 to 104.3 lakh tonnes in 2020. The aquaculture sector's average annual growth rate is over 10 %. (DADF 2020). Aquaculture has significantly contributed to the global food and nutritional security. Aquaculture production depends on feed, which accounts for about 40 to 60 % of the operational cost. Thus, the production cost depends on the feed and has often led to the search for cost-effective fish meal replacements. Nutritionally balanced commercial diets can influence aquatic organisms’ growth performance and survival. Plant and animal-derived feed ingredients provide the energy and nutrients essential for an animal’s growth, reproduction, and health. Any deficiencies or excesses of nutrients can impact growth or lead to disease. Determining fish dietary requirements such as energy, protein, amino acids, lipids, minerals, and vitamins is necessary (Prabu et al. 2017) before considering any feed ingredient as a replacement for fish meal. Among the various dietary requirements, protein is an essential nutrient in fish feed. The primary source of protein for commercial fish feed preparation is fish meal, which is rich in protein content, properly balanced EAA profile, and excellent nutrient digestibility. However, the ever-increasing price of fish meals drives the search for alternate protein sources. Plant-based protein ingredients can be non-compatible with aqua feed due to their anti-nutritional factors and low palatability issues. Several alternative protein sources for fish meal (FM) that provide similar nutritional benefits have been identified (Daniel 2018). Among these, insects are a natural fish diet and are known as a sustainable protein source for fish feed production. Insects are considered the alternatives to fully or partially replace fish meal, mainly due to their ability to reduce environmental contamination by transforming organic waste into high-protein feed rich in amino and fatty acid composition comparable to fish meal (Muros et al. 2014). 
The freshwater Climbing perch Anabas testudineus (Bloch 1792) is a member of the family Anabantidae, widely in different parts of Asia: Bangladesh, China, India, Malaysia, Myanmar, Pakistan, Philippines, Thailand, and Sri Lanka Talwar and Jhingran (1991). In Northeast India and Bangladesh, Anabas is a popular and commercially important fish contributing to capture and culture fisheries. It is a good source of protein, fat, vitamins, amino acids, and fatty acids (Paul et al., 2017).  Climbing perch is hardy and can survive in low dissolved oxygen levels, aided by an accessory respiratory organ called a labyrinth (Pethiyagoda 1991). Anabas are omnivorous and insectivores, inclined to be carnivorous based on the trophic level (Mustakim et al. 2020). Hence, black soldier fly larval meal can be effectively used for its culture. The present study standardised the protein requirement of A. testudineus with a diet formulation, in which 40% fish meal is replaced with black soldier fly meal.
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
30-day-old climbing perch fry 1.5cm in length and 0.4g weight acclimatised for two weeks were used in the experiment. Until the beginning of the trials, Anabas fry were fed with a control diet. The experimental diets were prepared using Fish meal, Soybean meal, Rice bran, and Cassava starch. To standardise the protein requirement of Anabas testudineus, based on the result obtained from previous experimental study by replacing fish meal with black soldier fly meal at 30%, 40% and 50%. From the best performing 40% replacement, Four different crude protein concentrations (T4-20%, T5-25%, T6-30%, and T7-35%) were formulated by replacing fish meal with Black soldier fly larvae meal (BSFL). The feed formulation and the proximate analysis of experimental diets were performed using the method outlined in AOAC (Horwitz and Latimer, 2005) (Table 1). 
Table. 1. Feed Composition of the experimental trial
	S.No.
	Ingredient
	Protein level

	
	
	   20%
T4
	25%
T5
	30%
T6
	35%
T7   

	1. 
	Fish meal
	15
	21
	27
	33

	2. 
	Black soldier fly larval meal
	10
	14
	18
	22

	3. 
	Soybean meal
	12
	12
	12
	12

	4. 
	Rice bran
	25
	25
	25
	25

	5. 
	Cassava starch
	35
	25
	15
	5

	6. 
	Rapeseed oil
	2
	2
	2
	2

	7. 
	Vitamin & mineral premix
	1
	1
	1
	1

	Proximate composition
	Crude protein % 
	20.34
	24.78
	30.42
	35.16

	
	Crude lipid %
	2.64
	3.414
	3.41
	3.44

	
	Fibre % 
	5.31
	5.41
	5.58
	6.02

	
	Moisture %
	11.86
	12.01
	11.99
	15.024

	
	Ash %
	13.44
	12.56
	11.71
	10.99

	
	Calorific value (MJ/Kg)
	17.09
	17.16
	17.17
	17.26

	Cost economics
	Feed cost in Rs
	52.7
	58.5
	71.5
	80.9

	
	FCR
	1:1.19
	1:1.21
	1:1.105
	1:1.2


The feeding trial were conducted in triplicates (R1, R2, and R3) in 3m dia x 1m high circular tanks. The experimental animals were stocked @ 25/m3. The tanks were covered with bird fencing nets for protection and provided with an air supply through an aeroxy tube. The initial size of climbing perch fry was 3.6 ± 0.23 cm and 1.45 ± 0.16 g. Fishes were fed @ 5% of body weight (BW) for the first 15 days, followed by 3% BW for the rest of the trial.
2.3 Water quality measurements
Water quality parameters were analysed and recorded every fortnight, starting from the day of the stocking to the end of the experimental trial, following standard methods (APHA 2005). The water quality parameters viz., water temperature, pH, dissolved oxygen (D.O), ammonia (NH3), nitrite (NO2), nitrate (NO3), inorganic phosphate (PO4), free CO2, total hardness, total alkalinity, total suspended solids (TSS), total dissolved solids (TDS), Sodium (Na), Potassium (K) were analysed.
2.4 Bio-growth analysis
Growth parameters such as weight gain, weight gain percentage (WG%), specific growth rate (SGR), feed conversion ratio (FCR), feed efficient ratio (FER), protein efficient ratio (PER), and survival rate were determined using the following standard formula.
	Weight Gain (WG) = Final fish weight (g) - Initial fish weight (g)

	Weight Gain Percentage (WG %) = Final weight (g) – Initial weight (g) × 100 / Initial weight (g)

	[bookmark: _Hlk137380522]Specific Growth Rate (SGR) = ln final weight (g) – ln Initial weight (g) × 100 / Number of days

	Feed Conversion Ratio (FCR) = Total feed consumed by fish / Total weight gain by fish

	Feed Efficient Ratio (FER) = Total weight gain by fish / Total feed consumed by fish

	Protein Efficient Ratio (PER) = Net weight gain / Protein fed

	Survival rate (%) = Final number of fish × 100 / The initial number of fishes

	Feed intake (FI) = Total amount of feed given (g) / No. of. Fishes at the end of the trial x duration (days)

	Average daily weight gain (ADG) =   weight gain (g) / Time (Days of culture)


2.5 Determination of digestive enzyme activity
At the end of the experiment, ten fishes were collected from each replicate, and a 5% tissue homogenate was prepared using a normal homogeniser. The whole procedure was carried out in ice-cold conditions. Homogenised samples were centrifuged at 5000 rpm for 10 min at 4°C. The supernatant was collected in a 5 ml tube and stored at -20°C for enzyme assay. Suitable dilution of the samples was done depending on the requirement. The Lowry method was used to estimate the total protein content of each tissue sample in enzyme assays (Lowry et al. 1951). Amylase activity was calculated as the reducing sugars produced due to the action of gluco-amylase, and amylase on carbohydrates was determined using the di-nitro salicylic acid (DNS) method Rick and Stegbauer (1974). Protease activity was estimated using the casein digestion method (Drapeau 1976). The titrimetric method determined lipase activity according to the procedure described by Cherry and Crandell (1932). Lactate dehydrogenase (LDH) and malate dehydrogenase (MDH) activity were assayed with muscle tissue homogenates as described by (Wooten 1964).
2.6 Meat Quality of Anabas
 The analysis of meat quality indices such as freshness, odour, flavor, taste, juiciness, tenderness were done by cooking/frying and the appearance of flesh, off-odour were analyzed by observing the raw fish samples. An eight-point hedonic scoring scale, with 8 = extremely intense/juicy/tender, 7 = very intense/juicy/tender, 6 = moderately intense/juicy/tender, 5 = slightly intense/juicy/tender, 4 = slightly bland/dry/tough, 3 = moderately bland/dry/tough, 2 = very bland/dry/tough, 1 = extremely bland/dry/tough, was employed for odour and flavour intensity, juiciness, and tenderness, respectively, while a nine-point hedonic scale, ranging from extremely acceptable (9) to extremely unacceptable (1) was utilised for evaluation of the appearance. Moreover, a six-point scoring scale, with 6 = no-detected off-odour/off-flavour, 5 = barely detected off-odour/off-flavour, 4 = slight off-odour/off-flavour, 3 = moderate off-odour/off-flavour, 2 = strong off-odour/off-flavour, 1 = extreme off-odour/off-flavour was used for the assessment of the off-odour and off-flavour, respectively. Anabas samples receiving overall scores of more than 4 were considered acceptable, while a score between 3 and 4 considered as the borderline of acceptability (Sallam 2007).
2.7 Haematalogical assay
At the end of the feeding trial, all the fish were starved for 24 h, and the blood samples were collected from the caudal vein of three individual fish from each replicate aquaria using a 1-ml syringe. The collected blood samples were expelled into heparinised and non-heparinized tubes and stored immediately on ice. The red blood cell (RBC) and white blood cell (WBC) counts were determined using a Neubauer hemocytometer. Haemoglobin (Hb) concentrations were determined using the cyanmethemoglobin method (Drabkin 1946), and haematocrit (Ht) was determined using the microhematocrit method Nelson & Morris (1979). According to (Wintrobe 1934), the erythrocyte indices such as MCV, MCH, and MCHC were also calculated as follows:
MCV (per µl) = (Ht × 10) / Erythrocytes
MCH (%) = (Hb × 10) / Erythrocytes
MCHC (g/dl) = (Hb × 100) / Ht
3. RESULTS AND DISCUSSION
During the experimental period, the mean values of water quality parameters were within the optimal level in all the treatments throughout the experimental period. The mean values of these water quality parameters are Temperature 26.5 ± 0.08 ℃, pH 8.27 ± 0.05, Dissolved oxygen 4.98 ± 0.01 ppm, Free Co2 5 ± 0.69 ppm, Alkalinity 57.7 ± 5.5 ppm, Hardness 102.4 ± 6.40 ppm, TDS 0.05 ± 0.04 ppm, TSS 0.04 ± 0.001 ppm, Ammonia 0.1 ± 0.02 ppm, Nitrite 0.08 ± 0.04 ppm, Nitrate 3.34 ± 0.05 ppm, Sodium 9.05 ± 0.13 ppm, Potassium 4.42 ± 0.27 ppm and Inorganic phosphate 0.18 ± 0.001 ppm.
3.1 Growth performance of fish
Growth performance and nutrient utilisation of Anabas fry fed after 60 days are presented in  Fig 1 and Table 2. An apparent increase in weight gain and improved feed utilisation during the experimental period were observed. The nutritional utilisation of BSF from the feed was determined in terms of body weight gain (WG%), specific growth rate (SGR), feed conversion ratio (FCR), and protein efficiency ratio (PER). The mean weight gain was significantly higher (P<0.05) in T7-35% (17.66±1.64g) and T6-30% (17.42±1.54g) among the various treatment groups (Table 3). The results showed that the final weight and mean weight gain were significantly higher (P<0.05) in T6-30% and T7-35% than other treatments, T4-20% and T5-25%.  However, no significant difference (P>0.05) was observed in weight gain and percentage weight gain of T6-30% and T7-35% diet-fed fishes. Vongvichith et al. (2020) observed a similar weight gain at 30% crude protein. The mean weight gain of fish fed with diets T6-30% and T7-35% CP showed better individual growth than the average weight of Thai climbing perch 27 ± 0.3 g in 120 days’ culture fed with 35% protein (Mondal et al. 2010). 
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Fig.1 Growth performance of climbing perch fed with 40% replacement of fish meal with bsf meal at different protein concentration


















Table. 2.  Bio growth Parameters of Fish Recorded in this Trial
	Growth parameters
	Crude Protein in Diets

	
	Treatment 4 - 20%
	Treatment 5 - 25%
	Treatment 6 – 30%
	Treatment 7 – 35%

	Mean initial length (cm)
	3.92 ± 0.18
	3.8 ± 0.08
	3.8 ± 0.08
	3.96 ± 0.09

	Mean final length (cm)
	8.48 ± 0.28
	9.01 ± 0.19
	9.44 ± 0.11
	9.34 ± 0.11

	Mean length gain (cm)
	4.56±0.18c
	5.21±0.18b
	5.64±0.07a
	5.37±0.15ab

	Percentage length gain (%)
	116.61±6.63c
	137.22±5.07b
	148.47±4.01a
	135.65±6.52b

	Mean initial weight (g)
	1.45 ± 0.15
	1.45 ± 0.02
	1.41 ± 0.01
	1.52 ± 0.14

	Mean final weight (g)
	13.94 ± 1.32
	16.83 ± 0.67
	18.83 ± 1.26
	19.18 ± 1.44

	Mean weight gain (g)
	12.49±1.58b
	14.64±2.13ab
	17.42±1.54a
	17.66±1.64a

	Percentage weight gain (%)
	865.64±135.33b
	1010.4±167.53ab
	1232.6±105.3a
	1161.04±99.3a

	Specific growth rate (%/day)
	3.76±0.23b
	4.08±0.12a
	4.31±0.13a
	4.21±0.13a

	Food conversion ratio
	1.19±0.05a
	1.21±0.13a
	1.105±0.11a
	1.25±0.12a

	Feed efficiency ratio
	0.83±0.04a
	0.83±0.1a
	0.91±0.09a
	0.804±0.07a

	Protein efficiency ratio
	0.73±0.1a
	0.78±0.01a
	0.77±0.04a
	0.67±0.02a

	Average daily weight gain
	0.2±0.03b
	0.24±0.03ab
	0.29±0.02a
	0.29±0.01a

	Feed intake
	0.25±0.03b
	0.29±0.04ab
	0.31±0.01ab
	0.36±0.05a

	Survival %
	93.33±7.63a
	94.16±10.1a
	99.16±1.44a
	85.83±8.49a


Values are in Mean ± Standard error. Values in the same row with different superscripts differ significantly (P<0.05) for each parameter
The FCR, FER, PER, and survival rates of the experimental animals did not significantly differ between treatments, which was similar to the observations of Salem et al. (2008) in Nile tilapia, which were fed with a diet (30% CP) in which fish meal was partially replaced with silkworm pupae. The survival rate of fish was higher in T6-30% (99.16±1.44) diet-fed fishes; however, no significant difference (P>0.05) among the treatment groups T5-25% (94.16±10.1), T4-20% (93.3±7.63) and T7-35% (85.83±8.49) was recorded. Similarly, (Mondal et al. 2010) observed the highest survival rate of 96% in Anabas fed with BSF.
3.2 Enzymes of Digestive assay and Protein metabolism
Enzymes of Digestive assay and Protein metabolism of anabas fed with experimental diets are given in Table 3. Lipase activity (U/mg/protein) was significantly higher in T6 - 30% (10.5 ± 0.6) and significantly (p<0.05) higher protease activity (5.4 ± 0.7) was in T7-40% (0.66), which was higher than the observations of (Siddaiah et al. 2023) in Channa striatus at 42% crude protein. This study found maximum protease activity in a 30% protein diet, followed by 35%, 25% and 20%. Dietary protein levels significantly affected (P<0.05) protease, amylase, lipase, MDH, and LDH activities in the intestine. Protease and lipase activities increased with increased dietary protein and lipid levels in this trial. This result positively agrees with the outcomes of (Ma et al. 2020), who reported a similar trend of lipase activity in the intestine of juvenile Small yellow croaker (Larimichthys polyactis).
The amylase activity (U/mg/protein) decreased significantly (P<0.05) with increased dietary protein levels in this study. The highest amylase activity was noted in 20% CP, similar to the values of Puntius gonionotus fed with different protein levels. The 25% CP diet values were significantly higher than other protein levels (Mohanta et al. 2008). Similarly, Nile Tilapia O. niloticus exhibited decreased amylase activity with increased dietary protein levels (Yang et al. 2018). Protease and amylase activities were inversely related to the dietary protein level of the diet, which was a pattern recorded in grey mullet fingerlings fed with different protein concentrations (Talukdar et al. 2020). The high carbohydrate content may impact enzyme activities, decreasing the digestibility of carbohydrates and protein, resulting in retarded growth in fish (Mohanta et al. 2009). The poor growth performance of Anabas testudineus fed with T4-20% and T5-25% could be due to the high level of carbohydrates in their diets, which agrees with the remarks of Jantrarotai et al. (1994) in hybrid catfish. This study recorded the highest MDH and LDH activities at 25% and 35% protein, which agreed with the results of (Talukdar et al. 2020) in Mughil cephalus fed with 30 and 34% CP. 
Table 3. Digestive enzyme activity of anabas fed at different protein levels at 40 % replacement of fish meal with bsf meal
	Enzymes
	Diets (%CP)

	
	Initial
	T4 – 20%
	T5 – 25%
	T6 - 30%
	T7 - 35%

	Protease (U/mg/protein)
	3.2 ± 0.6c
	4.2 ± 0.4b
	4.3 ± 0.1b
	5.4 ± 0.7a
	5.2 ± 0.3a

	Amylase (U/mg/protein)
	2.5 ± 0.3e
	7.8 ± 0.1a
	5.8 ± 0.1b
	4.5 ± 0.2c
	3.5 ± 0.8d

	Lipase (U/mg/protein)
	1.6 ± 0.01d
	5.5 ± 0.04c
	5.7 ± 0.09c
	10.5 ± 0.06a
	8 ± 0.04b

	MDH (unit/mg/protein/min)
	0.025 ± 0.002e
	0.077 ± 0.001d
	0.101 ± 0.005c
	0.115 ± 0.01b
	0.124 ± 0.006a

	LDH (unit/mg/protein/min)
	0.071 ± 0.001e
	0.088 ± 0.003c
	0.104 ± 0.002a
	0.101 ± 0.006b
	0.084 ± 0.002d


Values are in Mean ± Standard error. Values in the same row with different superscripts differ significantly (P<0.05) for each parameter.
3.3 Carcass composition
The carcass composition of Anabas fed with different protein levels of 40% BSF diets did not differ much from the proximate composition of the control (Table 4).
Table 4. Whole body composition of anabas fed at different protein levels at 40 % replacement of fish meal with bsf meal
	Proximate
composition
	Diets (CP %)

	
	Initial
	T4-20%
	T5-25%
	T6-30%
	T7-35%

	Crude protein %
	10.35±0.8d
	13.71±0.01c
	14.48±0.02b
	15.63±0.16a
	15.77±0.01a

	Crude Lipid %
	1.07±0.1e
	1.33±0.04d
	1.6±0.01c
	2.31±0.03b
	2.4±0.008a

	Moisture %
	81.26±1.14e
	74.08±2.15a
	74.63±0.6a
	73.7±6.11a
	75.57±1.44a

	Crude fibre %
	1.03±0.63e
	1.21±0.01c
	1.51±0.02b
	2.43±0.02a
	2.46±0.01a

	Ash %
	1.36±0.1e
	2.45±0.009b
	2.41±0.01b
	2.44±0.01b
	2.5±0.02a

	NFE %
	5.93±0.7
	7.21±0.04
	5.06±0.1
	3.94±0.2
	1.33±0.06


T - Treatment, CP - Crude Protein.
Data are expressed as mean ± standard error (M ± SE). (n=15, r=3); Mean values in the same row having different superscripts differ significantly (P<0.05).
3.4 Hematological assay 
Hematological indices of fish were regarded as essential measurements for evaluating the general health status and physiological stress responses of fish-fed formulated rations (Dawood et al. 2020). The blood parameters viz., red blood cell, white blood cells, haemoglobin, hematocrit, mean corpuscular volume and haemoglobin, mean corpuscular haemoglobin concentration, and hematocrit value were not significantly different (P>0.05) in the treatments, which were similar to the observation of (Tippayadara et al. 2021) in Nile tilapia Oreochrombis niloticus. (Table 5).
Table 5.  Hemato biochemical parameters of anabas fed at different protein levels at 40 % replacement of fish meal with bsf meal
	Parameters
	Experimental groups

	
	T4-20%
	T5-25%
	T6-30%
	T7-35%

	RBC
(cells/µl)
	2.93 ± 0.5a
	2.98 ± 0.1a
	3.1± 0.16a
	3.03 ± 0.01a

	WBC
(cells/µl)
	4.65 ± 0.4a
	4.66 ± 0.7a
	4.73 ± 0.2a
	4.71 ± 0.14a

	HGB (g/ dl)
	 5.31± 0.6a
	5.38± 0.32a
	5.5 ± 0.07a
	5.45 ± 0.2a

	HCT (%)
	17.7 ± 0.5b
	17.8 ± 0.9b
	18.4 ± 0.01a
	18.7 ± 0.03b

	MCV (µl)
	57 ± 1.01
	57.1 ± 1.19
	57.9 ± 2.2
	57.4 ± 0.41

	MCH (%)
	19.3 ± 2.1
	19.8 ± 0.6
	20.34 ± 0.05
	19.6 ± 0.2

	MCHC (g/dl)
	31. 4 ± 0.06
	31.5 ± 0.41
	32 ± 1.32
	32.6 ± 1.5


Values are in Mean ± Standard Error. Values in the same row with different superscripts differ significantly (P<0.05) for each parameter.
3.5 Meat quality 
The meat quality of anabas fed with different protein levels was similar. It showed no significant difference (P>0.05) in sensory attributes (Table 6), which were identical to the flesh quality parameters earlier observed in Atlantic salmon (Bjerkeng et al. 1997) fed with varying levels of fish meal and soybean meal and Japanese seabass (Liang et al. 2017) fed with a diet in which fish meal was partially replaced with fermented soybean meal.
Table 6. Meat quality of anabas fed at different protein levels at 40 % replacement of fish meal with bsf meal
	Sensory attributes
	Diets

	
	T4-20%
	T5-25%
	T6-30%
	T7-35%

	Appearancea
	9.14±0.1x
	9.25±0.3x
	9.12±0.1x
	9.14±0.2x

	Odourc
	6.34±0.4x
	6.18±0.2x
	6.45±0.1x
	6.31±0.1x

	Flavour and tastec
	6.21±0.2x
	6.1±0.1x
	6.29±0.4x
	6.13±0.1x

	Juicinessb
	7.46±0.1x
	7.17±1x
	7.0x
	7.21±0.3x

	Overall acceptability
	7.19±1.5x
	7.36±2x
	7.78±1.5x
	7.12±2x


aNine-point scale; from 9 (extremely acceptable) to 1 (extremely unacceptable)
bEight-point hedonic scale, from 8= extremely intense/juicy/lender to 1 = extremely bland/dry/tough for odour and flavour intensity, juiciness, and tenderness, respectively.
cSix-point scoring scale; from 6 (non-detected) to 1 (extreme all-odour/off-flavour)
x-yScores in the same row, followed by different superscripts, are significantly different (P<0.05).

Cost of the experimental diets: T4, T5, T6, and T7 were Rs.52.7, Rs.58.5, Rs.71.5, and Rs.80.9 per kg, respectively (Table 7). In the present study, the growth performance of T6-30% and T7-35% were not significantly different; However, the cost of the T7 35% CP diet was higher (Rs.80.9) when compared to T6 30% CP diet (Rs.71.5). Considering FCR of different treatments and weight gain into account T6 diet ensured the cost-effectiveness with maximum growth of animal in the present study. 
Table 7. Cost economics of anabas fed at different protein levels at 40 % replacement of fish meal with bsf meal
	Fish feed

	Quantity
(g)
	Cost 
(Rs)
	FCR

	Treatment 4-20%
	
	
	

	Fish meal 
	@Rs 110 per kg
	150
	16.5
	

	Black soldier fly larvae meal
	@Rs 120 per kg
	100
	12
	

	Rice bran
	@Rs 20 per kg
	250
	5
	

	Soybean meal
	@Rs 60 per kg
	    120
	7.2
	

	Cassava starch
	@Rs 20 per kg
	350
	7
	

	Rape seed oil
	@Rs 250 per litre
	20
	5
	

	Total
	
	52.7
	1:1.19

	Treatment 5-25%
	
	
	

	Fish meal 
	@Rs 110 per kg
	210
	23.1
	

	Black soldier fly larvae meal
	@Rs 120 per kg
	140
	13.2
	

	Rice bran
	@Rs 20 per kg
	250
	5
	

	Soybean meal
	@Rs 60 per kg
	120
	7.2
	

	Cassava starch
	@Rs 20 per kg
	250
	5
	

	Rape seed oil
	@Rs 250 per litre
	20
	5
	

	Total
	
	58.5
	1:1.21

	Treatment 6-30%
	
	
	

	Fish meal 
	@Rs 110 per kg
	270
	29.7
	

	Black soldier fly larvae meal
	@Rs 120 per kg
	180
	21.6
	

	Rice bran
	@Rs 20 per kg
	250
	5
	

	Soybean meal
	@Rs 60 per kg
	120
	7.2
	

	Cassava starch
	@Rs 20 per kg
	150
	3
	

	Rape seed oil
	@Rs 250 per litre
	20
	5
	

	Total
	
	71.5
	1:1.105

	Treatment 7-35%
	
	
	

	Fish meal 
	@Rs 110 per kg
	330
	36.3
	

	Black soldier fly larvae meal
	@Rs 120 per kg
	220
	26.4
	

	Rice bran
	@Rs 20 per kg
	250
	5
	

	Soybean meal
	@Rs 60 per kg
	120
	7.2
	

	Cassava starch
	@Rs 20 per kg
	50
	1
	

	Rape seed oil
	@Rs 250 per litre
	20
	5
	

	Total
	
	80.9
	1:1.2



4. CONCLUSION
The present study showed that a 40% replacement of fish meal by Black soldier fly meal formulated at a 30% CP level was effective for the better growth of Anabas tesudineus.  The lower FCR of 30% CP at 40% replacement of Fish Meal with BSF, as arrived by the cost-benefit ratio (1:1.105), makes it a suitable replacement level for Anabas feed production.  Hence, it can be concluded that 40% supplementation of BSF meal in the diet of Anabas testudineus could be effective at 30% CP for maximising nutrient utilisation, increased nutritional profile, and improved cost benefits.
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