SYNERGISTIC EFFECT OF Hermetia illucens LARVAL MEAL AND Moringa oleifera LEAF MEAL ON THE GROWTH PERFORMANCE OF Clarias gariepinus
Abstract
Scarcity and high cost of fishmeal (FM) which is the main source of animal protein in fish feed have continued to challenge the aquaculture industry. This study therefore assessed the potentials of black soldier fly (Hermetia illucens) larvae meal and moringa leaf (Moringa oleifera) meal as cheaper and sustainable fishmeal alternatives in the diet of African catfish (Clarias gariepinus), a species widely farmed in Nigeria for its high fecundity and adaptational traits. The fish rearing experiment was carried out in Completely Randomised Design (CRD). Three diet formulations: a control diet (T1 100% fishmeal) and combination diets T2 (25% each BSFLM & MLM), T3 (50% each BSFLM & MLM) were each twice replicated and compared. Each replicate had fifteen fingerlings amounting to thirty fingerlings per treatment and a total of ninety fingerlings used in the experiment. The fingerlings were of the same age and average body weight (5.20g) and length (10.28cm). The fish were fed twice a day for a duration of 24 weeks. The mean values of water parameters throughout the period of fish feeding- pH 8.08, temperature 28.960C and dissolved oxygen 9.04 were within acceptable limits for the growth of African catfish. Parameters assessed included proximate of experimental diets, growth performance indices which included mean weight gain, mean length increase, and specific growth rate. Fish mortalities were recorded from each of the seven treatments within the experimental duration. The result for proximate of experimental diets showed that T1 had the highest crude protein (29.05%), carbohydrate (37.64 %), lipid (4.26%), fibre (3.49%); while the highest moisture was recorded by diet T3 (17.42%). There was a significant difference between the fibre and lipid extract of the experimental diets (p=0.00). The result showed that the mean weight gain of African catfish (Clarias gariepinus) varied among the combination treatments of black soldier fly larvae meal and moringa leaf meal at inclusion levels of 25% and 50% (T2 & T3) respectively. There was a marginally significant difference between the treatments (p = 0.055), the mean weight gain for T2 (25% each BSFL & MLM) group was 42.45±2.927 grams, while T3 (50% each BSFLM & MLM) group had a mean weight gain of 35.23±2.355 grams. The mean increase in length of African catfish (Clarias gariepinus) varied among the different treatments of combination diets of black soldier fly larvae meal and moringa leaf meal (BSFLM & MLM) T2 & T3 at inclusion levels of 25% and 50% respectively. Although there was no significant difference between the treatments (p = 0.208), the mean increase in length for T2 (25% each BSFLM & MLM) group was 20.57±0.536 cm, while T3 (50% each BSFLM & MLM) group had a mean increase of 19.53±0.627 cm. Generally, when compared to the control diet T1 (100% FM) with mean length and weight of 29.87±0.753cm and 139.89±7.647g respectively, diet T2 had a higher weight gain and mean length of (42.45±2.927g and 20.57±0.536cm) respectively than diet T3 (35.23±2.355g and 19.53±0.627cm), respectively. Result showed that the mean length and weight gains of African catfish (Clarias gariepinus) varied significantly among the treatments (p=0.000). Fish fed the control diet (T1) had the highest SGR value (17.59 ± 0.0000%) while the least SGR value was recorded for fish fed diet T3 (50% each BSFLM & MLM) (13.52 ± 0.0000, with significant differences among the means with P<0.05. It was concluded that that the combination of animal and plant proteins as a diet at inclusion levels of 25% and 50% to substitute fishmeal does not have the capacity to support growth in the African catfish due to poor synergy.
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Introduction 
        The persistent reliance on fishmeal poses significant economic and environmental challenges, exacerbating concerns about the sustainability of aquaculture practices (Macusi et al., 2023; Jannathulla et al., 2019). Fishmeal prices have surged due to increasing global demand and limited supply, undermining the economic viability of aquaculture operations and inflating feed costs (Macusi et al., 2023; Jannathulla et al., 2019). Additionally, the use of fishmeal contributes to overfishing and the depletion of marine resources, further intensifying sustainability issues within the industry (Savonitto et al., 2021; Malcorps et al., 2019). As demand for sustainable aquaculture feeds grows, the need for alternative protein sources to replace conventional fishmeal becomes more pressing. 
          Alternative protein sources, including plant-based proteins, insect meals, and waste biomass, offer promising solutions by reducing reliance on marine resources, lowering feed costs, and minimizing the environmental footprint of aquaculture (Akwuaka et al.,2025; Savonitto et al., 2021; Malcorps et al., 2019; Maiolo et al., 2020). For instance, replacing fishmeal with periphyton or insect meals has been shown to improve feed conversion ratios while maintaining or enhancing growth rates (Macusi et al., 2023; Savonitto et al., 2021; Maiolo et al., 2020). Studies have indicated that incorporating alternative proteins such as soybean, seaweed, and insect meals can either match or enhance fish growth performance while improving the protein content of the final product (Macusi et al., 2023; Melenchón et al., 2022; Yohana et al., 2023). Among these alternatives, Black Soldier Fly larvae (Hermetia illucens) and Moringa leaf meal (Moringa oleifera) emerge as promising contenders, offering significant potential in both cost-effectiveness and sustainability (Okpoko et al., 2023; Akwuaka et al.,2025). 
Black Soldier Fly larvae meal (BSFLM) has emerged as a promising alternative to the traditional fishmeal, which is often expensive and environmentally unsustainable (Belghit et al., 2019; Madibana et al., 2020) in aquaculture diets due to its ability to replace a substantial portion of fishmeal without compromising fish performance. Protein content in BSF larvae varies widely based on the diet and rearing conditions, ranging from 32% to 53% of dry mass, with some studies reporting levels as high as 78.8% when larvae are reared on substrates such as fish waste (Liu et al., 2017; Hopkins et al., 2021; Salahuddin et al., 2024).The replacement percentage varies depending on fish species and specific dietary requirements (Tippayadara et al., 2021; Carral & Sáez-Royuela, 2022; Kuo et al., 2022). For instance, BSFLM can fully replace fishmeal in Nile Tilapia diets (up to 100%) without adverse effects on growth, feed utilization, or survival rates, while enhancing mucosal immune responses (Tippayadara et al., 2021). Similarly, replacement levels of 47% in Juvenile Tench, 30% in Japanese Eel, and 14% in Juvenile Turbot have shown optimal results, with higher levels feasible without significant growth impacts (Carral & Sáez-Royuela, 2022; Kuo et al., 2022; Zhao et al., 2023). In Atlantic Salmon, complete replacement (100%) of fishmeal with BSFLM maintains growth, nutrient digestibility, and sensory qualities of the fillet (Belghit et al., 2019), whereas a 25% replacement is economically optimal for Asian Seabass (Liu et al., 2024). Additional studies report that Dusky Kob and Zebrafish can tolerate up to 20% and 100% BSFLM replacement, respectively, without adverse effects on growth or feed utilization (Madibana et al., 2020; Lanes et al., 2021). In African catfish, a 25% BSFLM replacement optimizes growth and profitability, enhancing profit indices and reducing incidence costs compared to diets without BSFLM (Mundida et al., 2023).
          In the context of aquaculture, the incorporation of Moringa leaf meal into fish diets offers multiple cost-saving benefits, primarily by providing a sustainable and affordable alternative to traditional fish meal (Abdel‐Latif et al., 2021; Faisal et al., 2024). This substitution not only reduces feed costs but also maintains or even enhances fish growth and health (Tabassum et al., 2021). Specifically, substituting up to 10% of fish meal with Moringa leaf meal has been shown to preserve growth performance while improving nutrient utilization, thus generating cost savings in feed production (Abdel‐Latif et al., 2021; Faisal et al., 2024; Tabassum et al., 2021). In Nile tilapia, MLM inclusion at 10% is considered optimal, as higher levels (e.g., 20% and 30%) have been associated with reduced growth due to the presence of anti-nutritional factors such as phenolics and saponins (Richter et al., 2003; Afuang et al., 2003). The inclusion of Moringa leaf meal, particularly when supplemented with enzymes like phytase, improves nutrient digestibility and absorption, leading to better growth performance and further reducing feed costs (Shahzad et al., 2020; Faisal et al., 2024). Replacing fishmeal with MLM in the diets of African catfish (Clarias gariepinus) offers promising potential, provided that inclusion levels are carefully managed to avoid compromising growth and health (Adekilekun et al., 2022; David-Oku et al., 2018). Research demonstrates that MLM can replace up to 30% of fishmeal without detrimental effects on growth performance, with optimal results often achieved at lower inclusion levels of around 10% (Adekilekun et al., 2022; David-Oku et al., 2018; Oscar & Akpang, 2017). Moreover, Moringa leaf meal has been found to improve growth indices, immune responses, and stress resistance in various fish species, which can contribute to healthier fish and lower mortality rates, ultimately reducing costs related to fish health management (Zhang et al., 2020; Elabd et al., 2019; El‐Kassas et al., 2022). Additionally, the utilization of Moringa leaf meal in aquaculture can enhance environmental sustainability by reducing nutrient leaching and water pollution, thus lowering costs associated with environmental management in aquaculture systems (Shahzad et al., 2020).
          Achieving optimal growth in Clarias gariepinus requires a diet that meets its precise macronutrient and micronutrient requirements. Studies have shown that a high protein content of 40-45% in the diet is essential for promoting growth, with significant growth improvements observed at protein levels of 40% (Hassan, 2023) and 45% (Oparah et al., 2011). However, optimal protein levels of 30-35% crude protein are widely regarded as ideal for growth and feed efficiency (Ahmad, 2008; Ali & Jauncey, 2005). Similarly, a crude fat content of approximately 12% has been identified as beneficial for enhancing growth performance (Oparah et al., 2011). Minimal fiber content, at 1.5%, and an ash content of 9.5% are also recommended to support optimal growth rates (Oparah et al., 2011). Carbohydrates are another key component, with research indicating that up to 50% of maize in the diet can be replaced with sweet orange peel without negatively affecting growth performance (Yusuf et al., 2022). Protein and lipid sources play primary roles in the diet of Clarias gariepinus, directly impacting growth. Furthermore, animal-based lipids such as pork lard have been shown to be more effective for growth and feed utilization compared to plant-based lipids like soybean oil, although the latter offers improved cholesterol profiles in fish (Nwakaji et al., 2021). 
       The potential synergies between MLM and other alternative protein sources have further expanded its applicability across various domains. When combined with other leaf meals such as Leucaena and Gliricidia, MLM exhibits comparable crude protein levels, essential minerals, and low anti-nutritional factors, making it suitable for livestock diets (Aye & Adegun, 2013). In aquaculture, the combination of MLM with shrimp meal has been found to enhance the protein content of fish feed, although it may not fully meet the optimum protein requirements of fish on its own (David-Oku et al., 2018), but not much information exists about this synergy of MLM (plant-based protein alternative) and BSFLM (animal-based protein alternative) in Nigeria, hence this research.
 
2. MATERIALS AND METHODS

2.1 Experimental Location
The study was carried out at the Animal House of Zoology Department, Nnamdi Azikiwe University, Awka, Anambra State. It falls within the geographical co-ordinates of 06015l 0ll N and 70 5l 0ll E and humid area, average rainfall of 2169.8mm, and average ambient temperature of 290C and 340C. The vegetation is of the Guinea Savannah (Weather and Climate, 2024).

2.2 Procurement of Experimental Fish and Other Materials
[bookmark: _GoBack]
The fish were acclimatized in 160 litres volume plastic pond for one week where they were fed starter vital feed. At the end of the acclimatization period, the fish were distributed into six (6) plastic aquaria of 120 litres each for the feeding trial.
Feed components including fish meal, soya meal, groundnut cake, corn meal, bone meal, cassava flour, wheat offal, lysine, methionine, fish premix, fish biotics, vegetable oil, kivestovite and salt were purchased from Palmac Business Ventures “Afor – Nnobi” market, while the plastic aquaria and water storage containers were bought from “Ogbo efere” market in Onitsha, all in Anambra State. 

2.3 Preparation of Larval Meal and Moringa Leaf Meal and Fish Feed formulation
	The M. oleifera leaves used were freshly harvested from the Science Village Garden in Nnamdi Azikiwe University, Awka. Boiled water was poured into a large container containing the BSFL to kill the procured BSF larvae and to also clean and purge them of their gut contents (Dortmans et al., 2017). The dead larvae floated on the water while the substrates settled below. The dead larvae were scooped with a plastic sieve of mesh size 3mm and thereafter the harvested larvae were placed in a larger plastic sieve and allowed to stand for about thirty (30) minutes for water to drain out before being transferred to an electric oven (Thermostat oven DHG-9023A Helmreasinn) for drying. The oven was set to dry the larvae at 650C for 24 hours. At the end of the drying period, the dried BSF larvae were milled to powder using an electric blender (Silver crest, Model: Sc-2030D). 
Other feed ingredients were blended to fine particles separately, carefully measured and mixed homogeneously with the BSFLM and MlM separately using warm water. The final dough was made into floating pellets by AC OKIGBO FARMS AND AGRO ALLIED LTD., ONITSHA, ANAMBRA STATE. The pelletized feeds were oven-dried to remove moisture, packed in waterproof cellophanes, labeled appropriately and kept dry until usage time. 

The diets were formulated to meet optimum feeding standards for Catfish (NRC, 2011), (Munguti et al., 2014) as shown in Table 1. The diets were formulated to partially and wholly replace fishmeal with BSF larvae meal and MLM meal. The control diet (T1) contained fishmeal as the protein source without BSF larvae meal and MLM meal. For diets T2 and T3, BSF larvae meal and MLM meal were included to replace fishmeal each at substitution rates of 25% and 50% respectively.








Table 1: Formulated Combination Diets with Varying Rates of Fishmeal (FM) Substitution with Black Soldier Fly Larva Meal (BSFLM) and Moringa Leaf Meal (MLM)
	Ingredients
	Diet T1
(control)
	Diet T2     (25% BSFLM& MLM)
	Diet T3 (50% BSFLM & MLM 

	BSF larvae 
	0.00
	35.00
	70.00

	MLM
	0.00
	35.00
	70.00

	Fishmeal
	140.00
	70.00
	0.00

	Maize flour 
	164.26
	164.26
	164.26

	Soybean full fat meal
	345.00
	345.00
	345.00

	Cassava flour
	20.00
	20.00
	20.00

	Vitamin mineral premix 
	5.00
	5.00
	5.00

	Lysine
	0.50
	0.50
	0.50

	Methionine
	1.00
	1.00
	1.00

	Salt
	0.29
	0.29
	0.29

	Bone meal
	1.00
	1.00
	1.00

	Groundnut cake
	273.00
	273.00
	273.00

	Palm oil
	50.00
	50.00
	50.00



2.4.1 Feeding
The fish were fed the experimental diets twice daily at 9.00am and 6.00pm for 24 weeks.  
2.5 Data Collection
The following data were collected for the twenty-four (24) weeks period of study:
2.5.1 Total weight (g) of fish fed on the different experimental diets
Weight gain was measured on a bi-weekly basis using Ming Heng Digital Scale- 777 with accuracy nearest to 0.01g. 
2.5.2	Total length (cm) of fish fed on the different experimental diets
This involved measuring the entire length of the fish from the tip of the snout to the end of the caudal tail. The total length of fish was measured on a bi-weekly basis by placing fish on a plain plastic board with standardized measurement ruler and readings taken in centimetres (Maina, 2020).


2.5.3 Water quality parameters
Water quality parameters (pH, temperature and dissolved oxygen) were monitored with each routine water-change (twice weekly) and mean values calculated and recorded. The water temperature and dissolved oxygen were measured using hand-held digital dissolved oxygen and temperature meter (TDS-39) (Plate 2). The pH level was taken using HELMREASINN pH meter with model number PHS-3C.

2.5.4 Record of mortality of fish fed different experimental diets
[bookmark: _Hlk162462772]The fish were observed throughout the growing period and records of mortality and survival were taken for each treatment.
2.6 Assessment of Survivability of Fish Fed Different Rations of BSFLM and MLM Experimental Diets
The record of mortality and number of fish surviving at the end of experiment was used to calculate the survivability of the fish used in the experiment. 

2.6	Determination of Proximate Composi-tion of Diets
The proximate composition (moisture, crude protein, crude lipid, crude fibre, ash and carbohydrate) of the experimental diets were determined using the methods of the Association of Analytic Chemists (A.O.A.C., 1995). All chemical analyses were replicated twice.

2.8 Growth Performance  
The data obtained on the growth performance of C. gariepinus fed with the formulated diets were analysed as follows:

2.8.1 Weight gain 

The weight gain was expressed as the weight gain of individual in the organism’s life time           (T2 – T1) and was expressed as weekly final mean weight minus initial weight divided by duration of the study.

Weight gain 

Where: 

 = final mean weight (g)
 = initial mean weight (g) 
 = final time (weeks or days)
 = initial time

2.8.2 Percentage weight gain (PWG)

This was determined using the formula below:




2.8.3 Specific Growth Rate (SGR)

This determines the actual weight gain for the time interval of the study and expressed as: 



Where: 

W2 = Final weight of fish at time T2
W1 = Initial weight of fish at time T1
e = Base of natural logarithm 

2.8.4 Length increase

Length increase (cm) is calculated as the difference between the initial and final mean lengths values of the fish in the aquarium.

Length increase = L2 –L1 

Where L1 = Initial Length
             L2 = Final Length 
Percentage Length Increase (%LI): This is expressed by the equation:



Where: L1 = Initial length and Lt = Length at time t.

2.8.5 Nutrient utilization

The index of feed utilization calculated was protein efficiency ratio which assesses an individual protein ability to sustain growth. It is also used to evaluate the quality of protein in the diet. It is expressed as:





2.9 Statistical Analysis 
Data collected from the growth parameters were statistically analyzed with ANOVA using SPSS Computer Software Package (version 20) at 0.05 significant levels. The sample means were separated using Duncan’s Multiple Range Test of significance.

3. RESULTS
3.1 Water Quality Parameters
The water quality parameters were presented in Table 2. Temperature was maintained within the range of 25 – 290C, pH 5.40 – 6.10, dissolved oxygen 8.59 – 8.63ppm. The result shows that pH and dissolved oxygen values were within the acceptable range for fish culture in the tropics as reported by Boyd (1979).     


Table 2. Water quality parameters monitored during the experimental period

	Parameter
	Treatments
	Mean ± SE

	Ph
	T1
	8.0733 ± 0.04a

	
	T2
T3
	8.1007 ± 0.04 a
8.0112 ± 0.03 a

	
	
	

	Temperature
	T1
	27.0267 ± 0.13a

	
	T2
T3
	27.0667 ± 0.03a
27.1779 ± 0.01a

	
	
	

	
	
	

	Dissolved oxygen
	T1
	9.0033 ± 0.01a

	
	T2
	9.0068 ± 0.13a

	
	T3
	9.0000 ± 0.13a


a: Means with similar superscripts on the same column do not differ significantly (P>0.05)

3.2 Proximate Composition of Experimental Diets
The result of proximate analysis of experimental is presented in Table 3. The result showed that for moisture content, diet T3 (50% BSFLM & MLM) had the highest value (17.42%), whereas diet T2 (50% BSFLM & MLM) had the least value (15.67%). Then for crude protein content, diet T1 (control) recorded the highest value (33.95%) while the least value (28.35%) was recorded by diet T3 (50% BSFLM & MLM). For carbohydrate, diet T1 (control) recorded the highest (37.64%), whereas diet T2 (50% BSFLM & MLM) recorded the least value (36.08%). Diet T2 (25% BSFLM & MLM) recorded the highest value for ash (10.10%) and diet T3 (50% BSFLM & MLM) had the least ash content value (8.58%). Meanwhile for fat content, the highest value (4.26%) and lowest value (2.77%) were recorded by diets T1 and T3 respectively. And lastly for crude fibre, the highest value (6.26%) was recorded for T3, whereas Control diet (T1) recorded the least value (3.49%). There was a significant difference between crude protein, crude fiber, crude fat, moisture and ash of the experimental diets (p=0.00)

Table 3: Proximate Composition of Experimental Diets
	Parameters
	T1
	T2
	T3

	Moisture
	16.17
	15.67
	17.42

	Crude protein
	33.95
	28.70
	28.35

	Crude fat
	4.26
	3.72
	2.77

	Ash
	9.37
	10.10
	8.58

	Crude fibre
	3.49
	5.70
	6.26

	Carbohydrate 
	37.64
	36.08
	36.59




 

3.3 Growth Performance Indices:
3.3.1 Mean weight gain of C. gariepinus fed combination diets of BSFLM & MLM at inclusion levels of 25% and 50% (T6 & T7)
The results as presented in Table 4 showed that the mean weight gain of Clarias gariepinus varied among the combination diets of black soldier fly larvae meal and moringa leaf meal at inclusion levels of 25% and 50% (T2 & T3) respectively. There was a marginally significant difference between the treatments (p = 0.055). The mean weight gain for T2 (BSFL & MLM 25%) group was 42.45±2.927 grams, while T3 (BSFLM & MLM 50%) group had a mean weight gain of 35.23±2.355 grams.

Table 4: Mean weight gain of C. gariepinus fed combination diet of BSFLM & MLM at inclusion levels of 25% and 50% (T6 & T7)
	Treatments
	Mean Weight gain ±SE

	
	

	T2 (BSFLM & MLM 25%)
	42.45±2.927

	T3 (BSFLM & MLM 50%)
	35.23±2.355



3.3.2 Mean increase in length of C. gariepinus fed combination diet of BSFLM & MLM at inclusion levels of 25% and 50% (T6 & T7)
The results as presented in Table 5 showed that the mean increase in length of Clarias gariepinus varied among the different treatments of combination diets of black soldier fly larvae meal and moringa leaf meal (BSFLM &MLM) T2 & T3 at inclusion levels of 25% and 50% respectively. Although there was no significant difference between the treatments (p = 0.208), the mean increase in length for T2 (BSFLM & MLM 25%) group was 20.57±0.536 cm, while T3 (BSFLM &MLM 50%) group had a mean increase of 19.53±0.627 cm.

Table 5: Mean increase in length of C. gariepinus fed BSFLM & MLM at inclusion levels of 25% and 50% (T6 & T7) respectively
	Treatments
	Mean increase in length±SE

	
	

	T2 (BSFLM&MLM 25%)
	20.57±0.536

	T3 (BSFLM&MLM 50%)
	19.53±0.627




3.3.3 Mean Specific Growth Rate (SGR) of Fish Fed Different Diets
The result of mean specific growth rates of fish fed different diets presented in Table 6 below showed that fish fed the control treatment T1(control) had the highest SGR value (17.59 ± 0.0000%). However, the least SGR value was recorded for fish fed with treatment T3 (50% BSFLM & MLM) (13.52 ± 0.0000). The result of statistical analysis of the means showed significant differences among the means with P<0.05.

Table 6: Mean Specific Growth Rate (SGR) of Fish Fed Different Diets
	Treatments
	Initial
	Final
	Weight gain
	SGR

	T1
	5.22
	355.3
	350.08
	17.58527

	T2
	4.4
	138.1
	133.7
	14.35989

	T3
	4.7
	120.5
	115.8
	13.51703

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



3.4 Comparative Effect of C. gariepinus Fed with Fishmeal Substitutes (BSFLM & MLM) as Combination Diet at Different Inclusion Levels on Weight Gain.
The result in Table 7 showed that the mean weight gain of African catfish (Clarias gariepinus) varied significantly among the different treatments (p=0.000). T1 had the highest mean weight gain of 139.89±7.647 grams, followed by the T2 group with a mean of 42.45±2.92 grams. The T3 group had the lowest mean weight gain of 35.23±2.355 grams

Table 7: Comparative Effect of Fishmeal Substitutes (BSFLM & MLM) as Combination Diets at Different Inclusion Levels on Weight Gain C. gariepinus.
at Different Inclusion Levels on Weight Gain.
	Treatments
	Mean Weight gain ±SE

	
	

	T1 
T2 
T3
	139.89±7.647
42.45±2.927
35.23±2.355




3.5 Comparative Effect of Fishmeal Substitutes (BSFLM & MLM) as Combination Diets at Different Inclusion Levels on Increase in Length of C. gariepinus
The result in Table 8 showed that the mean increase in length of African catfish (Clarias gariepinus) varied significantly among the different treatments (p=0.000). The control group (T1) had the highest mean increase in length of 29.87±0.753 cm, followed by T2 (20.57±0.536 cm) and was least in T3 (19.53±0.627 cm).

Table 8: Comparative Effect of the Fishmeal Substitutes (BSFLM & MLM) at Different Inclusion Levels on Increase in Length of C. gariepinus
	Treatments
	Mean increase in length ±SE

	
	

	T1 
T2 
T3
	29.87±0.753 
20. 57±0.536
19.53±0.627




3.6 Indices of Feed Utilisation
After feeding the fish with different inclusion levels of BSFLM and MLM as a combination diet for twenty-four (24) weeks, the results of the feed utilisation were obtained, recorded and analysed as follows:

3.6.1 Mean Feed Intake of African Catfish Fed Different Diets of BSFLM and MLM as Combination Diets

The result of the mean feed intake of fish fed different levels of experimental diets for twenty-four (24) weeks is shown in Table 9 below. It was observed that the fish fed the control treatment (T1) had the highest feed intake value (1676.08 ± 0.00g). However, the least value for feed intake (377.19 ± 0.00g) was recorded for the treatment T3. The result showed that there were significant differences (P<0.05) among the means.

Table 9: Mean Feed Intake of Fish Fed Different Inclusion Levels of BSFLM and MLM
	Treatments
	Feed Intake 
(a)
	Weight gain
(b)

	T1
	1676.08
	350.08

	T2
	469.99
	133.70

	T3
	377.19
	115.80



3.6.2 Mean Feed Conversion Ratio (FCR) of Fish Fed Different Levels of BSFLM and MLM as Combination Diets
The result of Feed Conversion Ratio is shown in table 10 below. The result of statistical analysis revealed significant differences among the means with P<0.05. The fish fed the control diet (T1) recorded the highest value (4.79 ± 0.00) followed by those fed diets T2 (3.5 ± 0.00.). Treatment T3 had the lowest value of (3.26 ± 0.00) for FCR. 

Table 10: Mean Feed Conversion Ratio (FCR) of Fish Fed Different Levels of FishMeal 
	Treatments
	Feed Intake 
(a)
	Weight gain
(b)
	Feed Conversion Ratio (a/b)

	T1
	1676.08
	350.08
	4.787706

	T2
	469.99
	133.70
	3.515258

	T3
	377.19
	115.80
	3.257254

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




3.6.3 Mean feed efficiency ratio (FER) of fish fed different levels of BSFLM and MLM as Combination Diets
The result of mean Feed Efficiency Ratio of fish fed different inclusion levels of BSFLM and MLM are presented in Table 11 below showed that fish fed treatment T3 had the highest FER value (0.307 ± 0.0000%) followed by those of treatment T2 with value of (0.284 ± 0.0000%). However, the least FER value was recorded for fish fed with control treatment T1 (0.209 ± 0.0000%). Result of statistical analysis of the means showed significant differences among the means with P<0.05.

Table 11: Mean feed efficiency ratio (FER) of fish fed different levels of black soldier fly larva meal (BSFLM) and moringa leaf (MLM)
	Treatments
	Feed Intake (a)
	Weight gain (b)
	Food efficiency Ratio

	T1
	1676.08
	350.08
	0.208868

	T2
	469.99
	133.70
	0.284474

	T3
	377.19
	115.80
	0.307007

	
	
	
	




3.7 Assessment of Survivability of Fish Fed Different Rates of Experimental Diet
The result of survivability as shown in Table 12 showed seventy percent (70%) survival and thirty percent (30%) mortality for fish fed the three dietary treatments.
Table 12: Assessment of Survivability of Fish Fed Different rates of Black Soldier Fly Larval Meal and Moringa Leaf Meal
	Treatment 
	Initial number
	Final number
	Percentage survival (%)  
	% Mortality

	T1
	15
	11
	73.3
	26.7

	T2
	15
	11
	73.3
	26.7

	T3
	15
	10
	66.7
	33.3

	
	
	
	




4. DISCUSSION
[bookmark: _Hlk164420978]The values of the water parameters assessed in this experiment (Table 2) were similar as the water in all the rearing containers was supplied from the same borehole.  In general, low levels of pH, dissolved oxygen and temperature tend to negatively affect the growth performance of fish (Maina, 2020); this is also the case for high levels of such water parameters. However, the range of the parameters observed were within the recommended levels as reported by Maina (2020). In view of the fact that all the physico-chemical parameters of the culture water were within acceptable ranges, the fish growth and feed utilization may be affected by other intrinsic and extrinsic factors.
The analysis of the experimental diets is critical to understanding their nutritional adequacy as fishmeal substitutes. Previous studies have reported that Black Soldier Fly Larvae Meal (BSFLM) is rich in protein (37-50%) and lipids (15-49%), making it a viable fishmeal alternative. Moringa Leaf Meal (MLM), on the other hand, contains moderate protein levels (27-33%) but is rich in bioactive compounds and antioxidants. The proximate composition of the experimental diets as presented in Table 3 showed that the diet T1 has the highest crude protein content (33.95%) with treatment T2 and T3 having the least value (28.35%.). However, diet T1 attained the minimum nutritional requirements of 32-40% for catfish (Munguti et al., 2014; National Research Council, 2011; Wilson and Moreau, 1996). The moisture, ash, fibre, and carbohydrate values for all treatment diets were within the range of a typical catfish feed (Oparah et al., 2011; Robinson, 2006), whereas the crude fat percentage value across all the treatments were below the required range of 12% (Oparah et al., 2011).
The result from the mean weight gain of this study showed that fish fed the combination diets T2 and T3 (BSFLM & MLM each at 25% and 50% respectively) had mean weight gains (42.45g at 25% and 35.23g at 50%) respectively with diet T3 performing least. This suggests that while both alternatives individually support growth, their combination might not be synergistic. Previous studies have shown similar trends, where mixed plant and insect protein sources do not always yield additive benefits due to nutrient competition or digestibility issues (Aye & Adegun, 2013). In aquaculture, the combination of MLM with shrimp meal has been found to enhance the protein content of fish feed, although it may not fully meet the optimum protein requirements of fish on its own (David-Oku et al., 2018). 


For mean weight and length gain, results from this study showed that the mean increase in length and weight of African catfish (Clarias gariepinus) varied among the different treatments of combination diets of black soldier fly larvae meal and moringa leaf meal (BSFLM & MLM) T2 & T3 at inclusion levels of 25% and 50% respectively. The mean increase in length for T2 group was 20.57±0.536 cm, while T3 group had a mean length increase of 19.53±0.627 cm; the mean weight gain for T2 group was 42.45±2.927 grams, while T3 group has a mean weight gain of 35.23±2.355 grams. Although there were no significant differences between the treatments (p = 0.208) for the mean length increase, there was a marginally significant difference between the treatments (p = 0.055) for the mean weight increase. The result went further to show that fish fed the combination diets T2 and T3 did not yield improved growth when compared to the control diet (T1), suggesting limited synergistic effects. Beyond incorporation rate of 25% and 50% of BSFLM and MLM, a decrease in weight gain was recorded. This could be due to the combination of anti-nutritional factors such as tannins, oxalates, and saponins contained in Moringa (Richter et al., 2003), and
the high fat content (22 to 28%) and chitin content (5.7to 6.7%) of black soldier fly larvae which inhibit animal growth. The quality of protein, particularly the balance and availability of essential amino acids, directly influences growth and nutrient utilization in African catfish fingerlings (Hamid et al., 2017). High levels of protein-bound methionine and lysine have been associated with optimal weight gain and specific growth rates, emphasizing their indispensable role in diet formulation (Hamid et al., 2017). Furthermore, the choice of protein source and substitution levels significantly impact growth performance. For instance, while black soldier fly larvae and African yam bean meal can partially or wholly replace fishmeal, imbalanced amino acid profiles in alternative sources may reduce growth and nutrient utilization (Fawole et al., 2020; Okeke et al., 2017). Nonetheless, achieving balanced amino acid profiles remains crucial, even in locally formulated feeds, to optimize growth and nutrient retention (Magouz et al., 2019; Torsabo et al., 2019). Suboptimal protein level in diets can hinder growth and survival rates in African catfish fingerlings, demonstrating the necessity of precise protein formulations. Dietary protein levels of 35% to 45% have been identified as optimal for growth, with 35% crude protein supporting the best growth performance, while 45% protein diets maximize weight gain and specific growth rates (Ronald et al., 2021; Keremah & Beregha, 2014). In contrast, diets containing lower protein levels, such as 25% or 30%, yield poorer growth outcomes and higher feed conversion ratios, reflecting inefficient nutrient utilization (Magouz et al., 2019; Keremah & Beregha, 2014). Plant-based proteins, including soybean and sunflower meal, effectively replace up to 50% of fishmeal, maintaining immune responses and antioxidant status. However, higher inclusion levels may negatively impact globulin levels and increase mortality rates, necessitating careful formulation (Reda et al., 2021).
The result of Specific Growth Rate (SGR) of the catfish fed with diet T1 had significantly higher specific growth rate (17.58527) than those fed with diets T2 (14.355989) and T3 (13.51703). This indicates that the diets T2 and T3 do not compare favourably with fishmeal in terms of specific growth rate. This could be as a result of the exoskeleton of the insect larva which contains chitin (an unbranched polymer of N-acetylglucosamine) that is not easily digestible by most species (Kroeckel et al., 2012; Henry et al., 2015; Magalhaes et al., 2017; Renna et al., 2017) due to the lack of enzyme chitinase and appropriate gastro-intestinal tract microbiota, especially bacteria (Maina, 2020), as well as due to the combination of anti-nutritional factors such as tannins, oxalates, and saponins contained in Moringa (Richter et al., 2003).
For feed intake, the observed decline in feed intake T2 and T3 could be as a result of difficulty in the digestion of chitin contained in the insect larva and the anti-nutritional factors contained in MLM (Akwuaka et al., 2025). These wide variations could be as a result of the presence of chitin in BSFL at varying degrees (Yu, et al., 2023). 
The FCRs observed in this study (Table 12) shows that the control diet (T1) which is purely fishmeal-based showed the highest mean weight gain (139.89g), confirming that fishmeal remains the gold standard for growth performance. 
Also, the present study showed significantly that high food conversion ratio (FCR) and low feed efficiency ratio (FER) in diets containing plant-based ingredients is attributed to poor intake of feed resulting from poor palatability of diet. This is in line with the findings of Ekanem et al.,(2012).Protein efficiency ratios and feed conversion ratios are likewise optimized with higher protein diets, confirming the importance of adequate dietary protein for effective feed utilization and growth (Ronald et al., 2021; Keremah & Beregha, 2014).Higher protein diets also improve survival rates, with the best outcomes observed at 45% protein levels, while lower protein diets compromise survival and overall health (Ronald et al., 2021; Magouz et al., 2019). 

5. CONCLUSION
This experiment has demonstrated that the combination of animal and plant proteins as a diet at inclusion levels of 25% and 50% to substitute fishmeal does not have the capacity to support growth in the African catfish due to poor synergy.

6. RECOMMENDATIONS
From the findings of this research, it could be recommended that:
1. Fishmeal be substituted singly by either animal protein or plant protein.
2. There is need for continued research and innovation in Clarias gariepinus aquaculture and exploring synergies between various feed components to maximize efficacy and cost-effectiveness. 
3. There is need for investigating the long-term impacts of alternative diets on growth performance and overall well-being of the African catfish. Socio-economic studies are also needed to assess the impacts of adopting alternative feeds, particularly in resource-constrained communities.
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