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Evaluation of Catfish Raised with Wholesome Black Soldier Fly Larvae in Port Harcourt, Nigeria

	
ABSTRACT 
Recent studies assert that Black Soldier Fly larvae (BSFL) are a sustainable alternative food for catfish production. This study evaluated the growth, haematological profiles, and cost analysis of catfish fed with wholesome BSFL and conventional feed (CF). Forty-five catfish (approx.17.10 ± 0.49g) were divided into three groups (A, B, & C) of fifteen and replicated thrice into a 32L tank. The physical properties of the water used for the study were ascertained with a multi-parameter water quality checker. The catfish in groups A and B were fed wholesome BSFL at 4% and 8%, while group C was fed CF at 4% of their body weights. Feeding was done twice daily, irrespective of the group; their body length and weight were measured weekly. Haematological profile of the catfish in each group was evaluated at the end of the study, and their cost of production was calculated. The results showed that catfish raised with 4% CF (33.81g) weighed significantly (p < 0.05) higher than as 8% (30.67g) and 4% (23.23g) BSFL. The length increase was the same, but percentage weight gain and feed conversion efficiency were better in 8% BSFL. The haematological results of the catfish were generally low, but the 8% BSFF group was comparatively better. The 8% BSFL raised catfish gave a net profit better than 4% BSFL and 4% CF, an indication that wholesome BSFL at 8% body weight is a viable feed alternative to raising catfish.	Comment by Windows User: They were fed for how many weeks or months?
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INTRODUCTION
Achieving zero hunger and reducing malnutrition by 2030 through dietary changes that rely on increased consumption of nutrient-rich foods are among the core objectives of the United Nations sustainable development goals (UN-SDGs). Animal sources of food are cherished globally for possessing highly bioavailable nutrients, but are not within the reach or often found in the diets of poorer populations in the developing world. Interestingly, catfish is one of the dominant animal sources of food in many low- and middle-income countries in the global south and is available from both fisheries and aquaculture (Kwasek et al., 2020). Aquaculture is an agricultural enterprise that involves the raising of aquatic animals (Alfilko et al., 2022) particularly catfish in a secluded aquatic ecosystem. It is rapidly growing and improving the global economy, and plays a crucial role in improving nutrition and food security globally. Aquaculture has the potential to meet future food demands, particularly in enriching diets with protein (Mundida et al., 2023). Perhaps, catfishes serve not only as sources of food but also as a means of revenue generation for many individuals and firms globally (Hammed et al., 2023). Catfishes, irrespective of sources, are very important means of meeting high-quality proteins and long-chain polyunsaturated fatty acids. (Alfiko et al., 2022). 
In Africa, catfishes are one of the major sources of animal protein, with a glaring success through the aquaculture system. In Nigeria, the production of African catfish (Clarias gariepinus, Siluriformes: Clariidae) through aquaculture has become a lucrative enterprise (Oboh, 2022). The production of catfish in Nigeria accounts for more than half of the total national aquaculture production (Olagunju et al., 2022). Commercial catfish production accounts for over 46 % of the value of the aquaculture production in the United States (Engle, 2003). Also, in Asia, many catfish species are important food catfish (Ouma and Barasa, 2022). Clarias gariepinus, among other catfishes, are omnivorous freshwater catfish that have the ability to adapt to a wide variety of environments and are very tolerant to extreme water conditions (Klimuk et al., 2024) hence, the most preferred catfish in Nigerian aquaculture. 
Like other systems of animal production, feeding is a key aspect of catfish farming that enhances proper growth and development, which is largely dependent on the nutritional composition of the feed, amongst other conditions. In animal production for food, feeding alone constitutes at least 40-75 % of the total cost of production (Ansari et al., 2021). This outcome requires that measures be taken to mitigate the high cost of animal production to keep the enterprise alive for food sustainability. The notion that insects are viable animal feed as one of the mitigative approaches to the reduction of the cost of animal production is receiving increasing global attention due to their high energy and protein contents. Since 2017, the European Union (EU) legislation has granted permission for aquaculture to be fed with processed animal protein (PAP) from insects (Ebertz, 2019). Sustainability and high protein content are not the only benefits insects can bring to an aquaculture system; they also improve catfish health, reduce mortality, food conversion ratio, and have less environmental impact (Fletcher, 2021). As the largest group of faunal species, insects are among the most abundant animals in the world. In Southeast Asian countries, insects are a staple food source because of their high protein content. Specific insects can be bred commercially because of their rapid growth rates, short life cycles, ability to consume various foods, and low costs (Chu and Huang, 2024). Amongst the insect species, the black soldier fly (Hermetia illucens, Diptera: Stratiomyidae) has shown a very promising result, due to its wide distribution in both tropical and subtropical climate zones (Mundida et al., 2023). As a food source, it is rich in amino acids (e.g., isoleucine, leucine, lysine, and valine) and fatty acids (e.g., dodecanoic acid, palmitic acid, and tetradecanoic acid) (Chu and Huang, 2024). It is also easy to culture due to its capability to convert various forms of organic wastes into biomass of high-quality proteins, essential amino acids, fat, vitamins, and minerals (Gasco et al., 2019; Abajue and Gbarakoro, 2023; Abajue and Ogwu, 2024). The black soldier fly (BSF) also reproduces easily, has a high growth rate, can control bacteria, favouring a low risk of zoonotic disease transmission, and, in addition, has a prebiotic effect on the catfish (Gariglio et al., 2019; Abajue and Gbarakoro, 2023).
Despite the contribution of aquaculture to food security globally, its success story is being hampered by the high cost of production in developing countries due to the high cost of procuring expensive conventional feed (Fawole et al., 2020). This study will therefore evaluate the growth performance, haematological status, and net profit of catfish fed with wholesome Black Soldier Fly Larvae (BSFL) and compared with the one raised with conventional catfish feed.	Comment by Windows User: There is a need to find an alternative way to bring the down the cost of production of catfish by looking a cheaper and richer means of food production for catfish. This study will therefore……
Materials and Methods 
2.1 Study Area
The study was carried out at the Animal House of the Department of Animal and Environmental Biology, University of Port Harcourt, Nigeria. The Animal House (4o.8697764” 6o.9085454”) is within the Choba campus of the University of Port Harcourt.
A total of forty-five Clarias gariepinus fingerlings were obtained from the Catfishery Unit, University of Port Harcourt, and were acclimatized for 4 weeks to obtain an average weight of 17.10 ± 0.49g.
2.2 Water Quality, Experimental Design, and Growth Evaluation of Catfish
The quality of the water used for raising the catfish was examined for its pH, temperature, dissolved oxygen, total dissolved solids, electrical conductivity, and salinity. This was carried out at the Centre for Marine Pollution Monitoring and Seafood Safety (CEMPOS), University of Port Harcourt, with a Multiparameter Water Quality Meter (YSI).
[bookmark: _GoBack]The experiment was a randomized block design of three groups (A, B, C) of 15 catfish in each, which were replicated thrice respectively after acclimatization phase. Thus, there are 5 catfish placed in each tank (32-liter rectangular plastic tanks - 23 x 39.5 x 27.5 cm3). Group A and B were respectively fed 4% and 8% of their body weight with wholesome BSFL, and group C was fed 4% of its body weight of conventional feed after the acclimatization phase. At weekly interval during the experimental feeding trial, the weight and length of the catfish in all the groups were taken for 4 weeks. The individual weight of the catfish in each group was measured with an electronic weighing balance (Sensor Disc), and the mean was taken. Similar procedure was used to determine the length of the individual catfish in each group with a metre rule. Feeding of the catfish all the groups was done morning and night daily at 07: 00 AM and 04: 00 PM.	Comment by Windows User: daily at 07: 00 AM and 04: 00 PM. Respectively.
N. B. 	Comment by Windows User: what was the duration of the experiment?
The weights obtained were used to calculate mean weight gain (MWG), percentage weight gain (PWG), feed conversion ratio (FCR). Percentage survivability was calculated following the method of Hammed et al. (2023), while the mean length increase of the catfish was calculated using the method of Maranga et al. (2022).
2.3 Haematological Evaluation of the Catfish and Statistical Analysis
 Blood samples were collected into EDTA bottles from the catfish in each of the experimental groups (A, B, and C) to prevent clotting. They were analysed with an automatic haematological analyser (Mindray-BC 30s) machine. The machine was allowed to boot, and maintenance checks were carried out to ensure proper calibration based on the manufacturer’s instructions. The samples in the EDTA bottles were placed beneath the aspirator, and the switch button was turned on to aspirate the sample. The blood parameters analysed include white blood cells (WBC), red blood cells (RBC), haemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), red cell distribution width-coefficient of variation (RDW-CV), platelets (PLT), and packed cell volume (PCV). 
The data collected were statistically analysed with one-way analysis of variance (ANOVA) using Microsoft Excel and IBM SPSS v. 25.
RESULTS
The selected physicochemical profile of the water used in raising the catfish (Table 1) showed that the pH is slightly alkaline (8.46), total dissolved solid is 9.11 ppm, dissolved oxygen is 5.83 mg/L, electrical conductivity is 20.4 µs, salinity is 0.01 ppt, and temperature is 28.0 ºC.
The growth performance of the catfish (Clarias gariepinus) fed with wholesome BSFL in comparison with conventional feed (table 2), showed significant differences (p < 0.05) across treatments. The catfish fed with 4% and 8% body weight of wholesome BSFL with initial weight of 17.77±3.34 and 16.13±3.05g respectively increased to 23.23±2.88 and 30.67±1.98 with corresponding weight gain of 5.46±3.22 and 14.54±4.64 indicating that the 8% fed wholesome BSFL grew better. However, the catfish fed with 4% CF significantly increased in weight better than the groups fed with wholesome BSFL, with an initial weight of 17.41±3.12, which increased to 33.81±0.58 with a weight gain of 16.40±3.43. Increment in length followed a similar trend, but on the contrary, 8% BSFL gave a significantly better FCR (34.38±9.09), followed by 4% BSFL (40.69±24.07), and the least was 4% CF (53.90±0.92). The 8% BSFL also recorded 100% survivability, followed by 4% BSFL (93.33%), and the least was 4% CF with 6.67%.
Table 1. Physicochemical parameters of the water used for the catfish study
	Physicochemical parameters
	Values obtained

	pH
	8.46

	Total dissolved solids (TDS)
	9.11 ppm

	Dissolved oxygen (DO)
	5.83 mg/L

	Electrical conductivity (EC)
	20.4 µs

	Salinity 
	0.01 ppt

	Temperature 
	28.0 ºC







Table 2. Growth performance of Clarias gariepinus fed with wholesome BSFL and conventional feed (CF)
	[bookmark: _ba3iycq96s00]Variables
	4% BSFL
	8% BSFL
	4% CF

	Initial Weight (g)
	17.77±3.34a
	16.13±3.05b
	17.41±3.12a

	Final Weight (g)
	23.23±2.88a
	30.67±1.98b
	33.81±0.58c

	Weight Gain (g)
	5.46±3.22a
	14.54±4.64b
	16.40±3.43c

	% Weight Gain
	30.72±24.99c
	90.14±44.84a
	94.20±8.11b

	Initial Length (cm)
	13.01±0.92a
	13.19±0.73b
	13.21±0.51b

	Final Length (cm)
	14.56±0.6a
	15.83±0.32b
	17.83±0.12c

	Length Increase (cm)
% Length Gain
	1.55±0.96a
11.91±0.48a
	2.64±0.89b
20.01±0.44a
	4.62±0.6c
34.97±0.18c

	Feed Intake (g)
	222.15±0.03c
	499.95±0.01b
	883.95±0.02a

	FCR
	40.69±24.07b
	34.38±9.09a
	53.90±0.92c

	Mortality
	1.00
	0.00
	14.00

	% Survivability (%)
	93.33
	100
	6.67

	
	
	
	


Note: abcd: Means with different superscripts across rows are significantly different (p < 0.05), BSFL = Black Soldier Fly Larvae, 4% BSFL = catfish fed with BSFL at 4% of catfish body, 8% BSFL = catfish fed with BSFL at 8% of catfish body, 4% CF = catfish fed with conventional catfish feed at 4% of catfish body
The results from the haematological analysis (Table 3) showed that the catfish, irrespective of their feeding ration, were generally low, but the group fed 8% wholesome BSFL was better for all the selected parameters. For instance, the 8% BSFL had the least WBC (0.27), followed by 4% BSFL (0.41), and the highest was 4% CF with 0.69. Similar results include HGB which was better in 8% BSFL (12.16) followed by 4% BSFL (11.90), and the least was 4% CF with 11.10. The PCV followed similar trends with 8% and 4% BSFL having 36.00 and 33.00, respectively, while 4% CF had the least with 31.00. Other parameters, such as MCV, MCH, and RDW-CV also followed similar trends, while in RBC and PLT, 8% BSFL was still better (0.33), but on the contrary, it was followed by 4% CF (0.21), instead of 4% BSFL with 0.18 and in PLT, 8% BSFL was 4.80, 4% CF was 4.00, and 4% BSFL was 3.40.








 Table 3. Haematological profiles of Catfish fed with wholesome BSFL and CF
	Blood Parameters
	4% BSFL
	8% BSFL
	4% CF

	WBC (x109/L)
	0.41
	0.27
	0.69

	RBC (x109/L)
	0.18
	0.33
	0.21

	HGB g/dL
	11.90
	12.16
	11.10

	MCV fL
	129.10
	96.80
	146.00

	MCH g/Dl
	33.90
	32.20
	35.70

	RDW-CV %
	11.70
	11.20
	12.40

	PLT (x109/L)
	3.40
	4.80
	4.00

	PCV %
	33.00
	36.00
	31.00


Note: WBC = White Blood Cells, RBC = Red Blood Cells, HGB = Haemoglobin, MCV = Mean Corpuscular Volume, MCH = Mean Corpuscular Haemoglobin, RDW-CV = Red Cell Distribution Width-Coefficient of Variation, PLT = Platelets, PCV = Packed Cell Volume

The economic analysis of raising the catfish (Clarias gariepinus) using different rations of wholesome black soldier fly larvae (BSFL) and conventional feed is shown in (table 4). The purchase price per catfish was uniform across the groups at ₦250. However, the feed cost/kg varied, with the CF being higher at ₦4000, while the 4% and 8% BSFL wholesome feeds had lower feed costs, at ₦2700 respectively. The feed consumed per catfish was highest for the 4% CF (58.933g), followed by 8% BSFL (33.33g), and the least was consumed in the 4% BSFL group (14.81g). Consequently, the cost of feed consumed per catfish followed a similar trend with 4% CF at ₦471.464, while the 8% BSFL incurred ₦89.991, and the 4% BSFL had the lowest feed cost at ₦39.987. As a result of the higher feed costs in the 4% CF group, the cost of production per catfish was ₦721.464, compared to ₦339.991 and ₦289.987 for 8% BSFL and 4% BSFL, respectively. Due to the difference in final weights, the selling price per catfish differed across the groups, with the group fed with 4% BSFL and 8% BSFL sold at ₦600 and ₦700, respectively, while the group fed with 4% CF was sold higher at ₦1000. However, in terms of profit per catfish, the catfish in the 4% CF group generated the lowest net profit of ₦278.536. In contrast, the BSFL groups showed considerably better profits with 8% BSFL and 4% BSFL yielding net profits of ₦360.009 and ₦310.013, respectively.	Comment by Windows User: the 4% and 8% BSFL wholesome feeds had lower feed costs, at ₦2700 respectively. What was the cost for  the second BSFL feed?






Table 4. Economic analysis of feeding the Catfish (Clarias gariepinus) wholesome black soldier fly larvae (BSFL) and conventional feed (CF) 
	Variables
	4% BSFL
	8% BSFL
	4% CF

	Purchase price/catfish (₦)
	250
	250
	250

	Feed cost/kg (₦)
	2700/kg
	2700/kg
	4000/kg

	Feed consumed/catfish (g)
	14.81
	33.33
	58.933

	Feed cost/catfish (₦)
	39.987
	89.991
	471.464

	Cost of production/catfish (₦)
	289.987
	339.991
	721.464

	Selling price/catfish (₦)
	600
	700
	1000

	Profit/catfish (₦)
	310.013
	360.009
	278.536




DISCUSSION 
Inherent characteristics in the general production of catfish range from good water quality, feed ration, and general management routine. The selected physicochemical parameters (pH, TDS, DO, EC, salinity, and temperature) of the water used for raising the catfish were optimally acceptable in accordance with the reports of Ezeanya et al. (2015). The performance of the catfish in their various groups was therefore independent of the water quality, an indication that the performance was dependent on the feed ration and water management routine. The growth variations recorded in the study are interesting as wholesome BSFL gave a competitive growth performance and survival of the catfish, similar to that of CF. However, the CF showed superior performance in terms of final weight and length, but the wholesome BSFL exhibited promising results as regards survival rates and economic turnover. This finding aligns with Mundida et al. (2023), who reported improved growth performance when replacing up to 25% of catfish meal with BSFL meal. The better performance at 8% BSFL body weight compared to 4% BSFL suggests that higher quantities of BSFL may be more beneficial, which is supported by Maranga et al. (2022) report. The FCR of the catfish was significantly better in 8% BSFL groups at 34.38±9.09, against 4% CF group, with 53.90±0.92. The use of wholesome BSFL in catfish growth performance in this study is similar to the report of Fawole et al. (2020), who found that increasing BSFL meal inclusion levels improved feed utilization efficiency. 
As regards weight gain and feed conversion ratio, this study agrees with that of Ordonez et al. (2022), where Tambaqui catfish fed with CF had the highest final body weight. The feed intake in this study was lower in the catfish fed with wholesome BSFL, suggesting slower digestion but with long-lasting nutritional rich contents, as earlier reported by NRC (2011). The survival rate was also significantly higher in BSFL-fed catfish against the CF, which also conforms to the findings of Hammed et al. (2023), who reported no adverse effects on survival when using BSFL meal in the diet of catfish fingerlings. The higher survivability may be attributed to potential immunostimulatory properties of BSFL, as suggested by Ruben et al. (2023), who evaluated BSFL-based diets supplemented with amino acids. More importantly, the water quality in the BSFL groups continually remained clean over a period of time against that of CF, hence contributing to the higher survivability of the BSFL groups.  
 
The WBC count of the catfish fed 4% CF was lower compared to the ones fed 4% and 8% BSFL, but all were generally lower than that of Khan et al. (2018), who reported 5.76 (x109/L) for Pangasus hypothalamus, and Erhumwunse and Ainera (2013), who reported 41.1 (x109/L) for Clarias gariepinus. The lower WBC count in this study may be attributed to the lower weight of the catfish, which was 29.23g on the average compared to that of Pangasius hypothalamus (350g) in Khan et al. (2018) and 135.44g for Clarias gariepinus in Erhumwunse and Ainera (2013). Other haematological parameters (RBC, HGB, MCV, MCH, RDW-CV, PLT, and PCV) followed similar trends to those of WBC as compared to earlier reports of Khan et al. (2018) and Erhumwunse and Ainera (2013). Apparently, the BSFL-fed catfish showed better haematological results than the CF-fed ones, which is probably due to the balanced nutrition composition in them, as affirmed by Zulkifli et al. (2022), Lu et al. (2022), and Liu et al. (2017). 
The cost of production was significantly lower for BSFL-fed catfish, which resulted in higher profit per catfish for 4% and 8% BSFL groups at ₦310.013 and 360.009, respectively, compared to 4% CF at ₦278.536. This financial profit for BSFL-fed catfish aligns with the report of Ouko et al. (2024), who demonstrated that replacing 50-75% of catfish meal with BSFL meal is economically efficient in aquaculture production. Similarly, Limbu et al. (2022) reported improved economic returns when using BSFL meal as a protein source in raising Nile tilapia. The reduced feed cost at ₦2,700/kg in BSFL groups compared to ₦4,000/kg represents a significant advantage for small-scale catfish farmers. This economic benefit is particularly relevant in the context of CF costs, as noted by Onsongo et al. (2018) in their economic analysis of BSFL meal usage in animal feed. 
The comparable profits across groups with lower production costs for BSFL, suggest that wholesome BSFL could significantly improve profit margins without compromising marketability. This finding is consistent with the observation of Chia et al. (2019) on the cost-effectiveness of BSFL meal as a protein source in animal feeds, albeit in different livestock. It is noteworthy that the higher profits in BSFL groups, despite lower growth performance compared to CF, indicate that the economic benefits of wholesome BSFL might outweigh slight reductions in growth rate. This trade-off between growth performance and economic efficiency is similar to what Nunes et al. (2023) reported in their cost-benefit analysis of BSFL meal in aquaculture diets.

Conclusion
This study investigated the effectiveness of wholesome BSFL as a feed source against CF in Clarias gariepinus diets and its economic implications. The CF obviously demonstrated superior growth performance, but the wholesome BSFL showed promising results in terms of FCR, survivability, haematological parameters, and net profit, better than that of the CF. The results therefore infer that wholesome BSFL can serve as a viable feed alternative, particularly for small-scale aquaculture owners who seek to produce healthy catfish and reduce the economic cost. 
Further research should explore other ratios of wholesome BSFL, investigate their health conditions before use, and potential supplementation strategies to optimize both growth performance and economic benefits. Develop standardized BSFL production strategy, processing and preservation methods, along with supportive policy frameworks that would aid to scale up BSFL production to facilitate its use as a sustainable feed alternative in aquaculture and livestock productions. 
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