


Effects of Black Soldier Fly (Hermetia illucens) Larvae Meal on Performance and Profitability of Chrysichthys nigrodigitatus (Lacépède, 1803) 

ABSTRACT 

	Black soldier fly larvae (BSFL) have interesting nutritional values that help meet the nutritional needs of aquaculture species. Their value in the diet of Oreochromis niloticus and Clarias gariepinus has been proven by several authors. In order to contribute to the development of C. nigrodigitatus breeding in a controlled environment, it is important to formulate high-performance feed using local protein-rich food resources, such as black soldier fly (Hermetia illucens) larvae meal. This study evaluated the potential of black soldier fly (Hermetia illucens) larvae meal as a sustainable alternative to fish meal in the diet of Chrysichthys nigrodigitatus. The experiment was conducted over 56 days at the Laboratory of Hydrobiology and Wetland Research (FAST/UAC) with fry having an initial average weight of 8.5 ± 0.01 g. Three iso-protein (40%) and iso-lipid (10%) diets, incorporating increasing proportions of H. illucens meal as a partial substitute for fish meal, were tested in triplicate. The data on the physical and chemical parameters of the water, fish growth, and feed utilisation obtained during this experiment are recorded in a Microsoft Excel spreadsheet. Statistical analyses were performed using STATVIEW version 5.01 software using the one-way analysis of variance (ANOVA 1) method. The Turkey test was used to determine significant differences at the 5% threshold. Zootechnical performance (final weight, weight gain, feed conversion ratio: 1.98–2.03, survival > 98%, and protein efficiency ratio) showed no significant differences between treatments (p > 0.05). In economic terms, the cost of production per kilogram of fish decreased significantly (p < 0.05) with insect meal-based diets, leading to an improvement in net profit. The growth performance recorded (final average weight, weight gain, specific growth rate) is statistically similar between diets containing fish meal and those in which fish meal has been partially replaced by H. illucens larvae meal. These results indicate that insect larvae meal, although different in terms of amino acid profile, is capable of meeting the nutritional requirements of C. nigrodigitatus in the proportions tested. Thus, H. illucens larvae meal can effectively replace fish meal while promoting sustainable, economically viable aquaculture adapted to the Beninese context.
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1. INTRODUCTION 

Rapid population growth in southern countries, exacerbated by urbanisation, has led to a considerable increase in demand for animal protein in both urban and rural areas (Adewolu et al. 2009). In sub-Saharan Africa, fish accounts for an average of 22% of animal protein intake (FAO, 2010; Aglago et al., 2021), constituting a source of high biological value protein and essential amino acids (Belco et al. 2020). Fish is the main or only source of animal protein for more than 30% of Africa’s human population of more than 200 million people. Fish muscle constitutes about 16–21% protein, particularly the essential amino acids methionine and lysine. In addition to protein, fish is a good source of almost all bioavailable minerals, including calcium, iodine, iron, zinc, phosphorus, and selenium (Muringai et al., 2022; Macusi et al., 2023). The current boom in aquaculture is largely driven by the decline in natural stocks due to overfishing and uncontrolled exploitation (Akinwole et al. 2016). In Benin, domestic demand for fish products is estimated at around 180,000 tons, while the available supply covers only 74,300 tons, or 41.3% of total needs (Direction de la Statistique Agricole, 2022). In this context, aquaculture is a strategic solution to fill the gap in fish for food, although its contribution to national demand remains low, representing only 5.5% of needs and 3% of combined national production from inland fisheries, marine fisheries, and aquaculture (Direction de la Statistique Agricole, 2022). The development of fish farming in Benin requires the promotion of native species adapted to local conditions (Toko et al. 2007; Anwa-Udondiah, 2012), in order to limit the importation of frozen fish and reduce pressure on natural stocks (Kpoguè et al. 2013). The farming of Chrysichthys nigrodigitatus, a species with high growth potential, remains limited due to the partial mastery of farming protocols (Tossou et al. 2023). One of the major obstacles is feed, particularly the high cost of fishmeal, a key ingredient and source of high-quality protein (FAO, 2020). This is prompting producers to seek alternative sources of animal and plant protein (Ayisi et al. 2021) for use in feed for aquaculture species. As a result, edible insects, such as black soldier fly larvae (Hermetia illucens), are increasingly being used. Black soldier fly larvae (BSFL) have interesting nutritional values that help meet the nutritional needs of aquaculture species (Babalola et al., 2018). It is packed with proteins (60–80%), essential amino acids, vitamins, and minerals, plus significant lipids (31–43%), which can vary based on how they are raised (Mahato et al., 2024). Their value in the diet of Oreochromis niloticus and Clarias gariepinus has been proven by several authors, including Djvs et al. (2019), Ekanem (1996), and Fashina-Bombata et al. (2022). In order to contribute to the development of C. nigrodigitatus breeding in a controlled environment, it is important to formulate high-performance feed using local protein-rich food resources, such as black soldier fly (Hermetia illucens) larvae meal. It is within this context that this work was initiated. This study evaluated the potential of black soldier fly (Hermetia illucens) larvae meal as a sustainable alternative to fish meal in the diet of Chrysichthys nigrodigitatus. 

2. material and methods 

2.1 Study environment
This work was carried out at the experimental site of the Laboratory of Hydrobiology and Wetland Research (LHyReZH) of the Faculty of Science and Technology (FAST) at the University of Abomey-Calavi (UAC).

2.2 Experimental fish and experimental setup
The C. nigrodigitatus fry used in this experiment, with an initial average weight of approximately 8.5g ± 0.01, were caught in traps set on the Ouémé River near the village of Azowlissè in the commune of Adjohoun (southeastern Benin). These fish were acclimated (accustomed) to the rearing conditions for one week. Thus, the day after their arrival on site, they were fed with zooplankton harvested from the ponds. From the third day onwards, the zooplankton was gradually replaced by an equal mixture of each experimental feed. They were fed three times a day. After the acclimatisation phase, the fry were distributed among nine traditional breeding baskets made from oil palm branches. These baskets were placed in a pond on the experimental site. A stocking density of 300 fry per cubic meter was applied, in accordance with the recommendations of Tossou et al. (2025b), equivalent to 40 fry per basket containing 0.133 m3 of water (133 litres of water). The study lasted 56 days.

2.3 Food formulation and manufacturing
The C. nigrodigitatus fry were fed three experimental diets that were isoproteic (40%) and isolipidic (10%) during this study (Table 1). The control diet A0 is formulated with fish meal as the main source of animal protein, without the inclusion of black soldier fly larvae meal. The experimental diets A1 and A2 contain black soldier fly larvae meal as a partial replacement for fish meal. Each experimental diet was tested in triplicate.

Table 1. Composition of experimental diets
	Ingredients
	A0 (g)
	A1 (g)
	A2 (g)

	Fish meal
	32
	18
	15

	Black soldier fly larvae meal
	0
	18
	18

	Brewer’s yeast
	10
	18
	16

	Cottonseed cake
	17
	13
	17

	Soybean meal
	25
	15
	18

	Palm oil
	4
	2
	2

	Cassava starch
	10
	14
	12

	Mineral-vitamin premix
	1
	1
	1

	Ferrous sulfate
	1
	1
	1

	Total
	100
	100
	100

	Crude Protein Supplied (% DM)
	40,50
	40,79
	40,29

	Crude Carbohydrates Supplied (% DM)
	38,61
	28,73
	28,60

	Crude Lipids Supplied (% DM)
	10,08
	10,84
	11,00

	Gross Energy Supplied (kcal/g)
	405,30
	381,60
	382,25

	Protein/Energy Ratio (mg/Kcal)
	99,94
	106,88
	105,38



After weighing, the floury ingredients are carefully mixed until a homogeneous mixture is obtained. Palm oil, followed by an appropriate amount of water, was then added to form a malleable dough. This dough was then granulated into spaghetti-like strands using an electric meat grinder (Moulinex HV8, 1600 W). The granules obtained were dried using a dehydrator at 30°C for 48 hours. After drying, they were stored in plastic bottles until the end of the experiment.

[bookmark: _Toc203551472]2.4 Feeding and control fishing
The rationing rate applied was 4% of the live weight of the apparent fry, as recommended by Tossou et al. (2025c). The fry were fed three (03) times a day between 8 a.m. and 4 p.m. Control catches were carried out weekly throughout the experiment to adjust the ration to the biomass of the fry. During these catches, the biomass and number of fish were recorded. An SF-400 LB0060 electronic scale with a capacity of 10 kg was used to weigh the fish.

[bookmark: _Toc203551473]2.5 Water quality control
Measurements of physical and chemical parameters such as pH, dissolved oxygen (ppm), conductivity (µs/cm), total dissolved solids (ppm), salinity (psu), and temperature (°C) were taken daily (morning and evening) using an EZ 9908 multi-parameter meter (Figure 1) and a DO 9100 oximeter.

[bookmark: _Toc203551474]2.6 Zootechnical and economic parameters.

The mathematical formulas used to determine these parameters are as follows:
· Initial average weight (IAW) 
IAW = Initial biomass (g) / Initial number of fish.

· Final average weight (FAW) 
FAW = Final biomass (g) / Final number of fish.

· Weight gain percentage (WGP) 
WGP = 100 x (Final weight (g) - Initial weight (g)) / Initial weight

· Feed Conversion Ratio (FCR) 
FCR = Amount of feed ingested (g) / Weight gain (g)

· Protein Ingested (PI) 
PI = Ration distributed x Crude protein / Final number of fish.

· Protein Efficiency Ratio (PER) 
PER = Weight gain (g) / Amount of protein ingested (g)

· Specific Growth Rate (SGR) 
SGR = [Ln(Pmf) – Ln(Pmi)/Duration of experiment] x 100
 
· Survival Rate (SR)  
SR = (Number of individuals at end of experiment/Initial number of individuals) x 100

· Yield (Y) 
Y = (Bf –Bi) / Volume of water

· Production (P) 
P = (Y× 365) / Duration of the experiment

· Cost per kilogram of feed from common by-products (CKFC)
CKFC = ∑ (unit prices of raw materials x proportions used)

· Costs associated with manufacturing a kilogram of feed (CAMK)
CAMK = ∑ (cost of ingredients + grinding price + pellet manufacturing cost) x 100 / Rd 

· Total cost per kilogram of feed (TC) 
TC = cost per kilogram of feed from common by-products + costs associated with manufacturing a kilogram of feed.

· Economic conversion index (ECI) 
ECI = total cost of production per kilogram of feed x IC

· Labor per kg (LPK) 
LPK = Total labor cost for the batch / Total weight of fish produced

· Infrastructure depreciation per kg of fish produced (IDFP) 
IDFP = Initial value of infrastructure / Depreciation period x Total production in kg

· Cost of producing one kg of fish (CPKF) 
CPKF = Economic conversion index + Labour + Infrastructure depreciation 

· Profit 
Profit = Selling price per kilogram of fish – Cost of producing one kilogram of fish

2.7 Determination of the nutritional quality of experimental foods

Samples of fry and experimental feed are collected and sent to the laboratory for various analyses. The nutritional quality of the fry and experimental feed is assessed by determining the crude protein, crude fat, dry matter, and ash content at the animal nutrition laboratory of the Faculty of Agricultural Sciences at the University of Abomey-Calavi. The analyses are carried out using the following methodology:
[bookmark: _Toc184246491][bookmark: _Toc184532092][bookmark: _Toc184246537][bookmark: _Toc184246487][bookmark: _Toc184246533][bookmark: _Toc184532096]Dry matter: dried in an oven at 105°C for 24 hours (AOAC, 1990); Crude protein content: using the Kjeldahl method (N×6.25). This method is based on the mineralisation of organic nitrogen into ammonia using concentrated sulfuric acid (H₂SO₄). At mineralisation temperature (± 440°C), the hydrogen peroxide (H2O2) used to decompose the sample reacts with sulfuric acid to form peroxymonosulfuric acid (H2SO5). After making the solution alkaline, the ammonia can be carried away with the steam and the distillate obtained is titrated with a standard mineral acid solution. Crude lipid content: using the hot method (Soxhlet type), a mixture of chloroform:methanol (2:1 v/v) is used to extract the lipids (Folch et al. 1957); Crude ash content: after incineration in an oven at 550°C for 24 hours according to the MO-21 method. P

2.8 Statistical analyses

The data on the physical and chemical parameters of the water, fish growth, and feed utilisation obtained during this experiment are recorded in a Microsoft Excel spreadsheet. For each parameter, a homogeneity test is performed to determine the distribution of the samples. Statistical analyses were performed using STATVIEW version 5.01 software using the one-way analysis of variance (ANOVA 1) method. The means obtained for each parameter are presented ± standard deviation. The Turkey test was used to determine significant differences at the 5% threshold.

3. results and discussion

3.1 Results 

[bookmark: _Toc203551477]3.1.1 Physicochemical parameters

The physicochemical parameters of the water in the different treatments were recorded throughout the experiment to ensure optimal fish farming conditions. There was no significant difference in the values of the various physicochemical parameters recorded (p>0.05) between treatments. Table 2 shows the average values of the physicochemical parameters of the water in the different regimes.




Table 2. Average values of the physicochemical parameters of the water during the experiment


	Parameters 
	     CO 
	     A0 
	   A1 

	pH 
	6,69 ± 0,25a 
	6,65 ± 0,30a 
	6,66 ± 0,33a 

	Temperature (°C) 
	29,88 ± 0,68a 
	30,08 ± 0,72a 
	29,88 ± 0,78a 

	Dissolved Oxygen (mg/l) 
	3,54 ± 0,59a 
	3,58 ± 0,71a 
	3,56 ± 0,81a 

	Conductivity (μs/cm) 
	180,77 ± 83,58a 
	185,65 ± 86,56a 
	183,03 ± 87,20a 

	Total Dissolved Solids (ppm) 
	93,69 ± 45,15a 
	94,69 ± 45,19a 
	94,02 ± 45,27a 

	Salinity (psu) 
	0,08 ± 0,04a 
	0,08 ± 0,04 a
	0,08 ± 0,04a 


The letters a and b appearing on the same line indicate that there is a significant difference (P< 0.05) between the two food groups. Values are expressed as mean ± standard deviation. Values on the same line with the letter a are not significantly different (p>0.05).

Analysis of the physicochemical parameters of the water reveals that conditions remained relatively stable throughout the experimental period. The water temperature remained high, dissolved oxygen was maintained at a moderate level, while the pH remained slightly acidic but generally constant. Salinity showed no variation, and conductivity and total dissolved solids values remained within similar ranges from one treatment to another. 

3.1.2 Zootechnical performance
After 56 days of feeding, the growth and production performance parameters of C. nigrodigitatus fry fed the experimental diets were calculated and are presented in Table 3.

Table 3. Growth, survival, and production performance of C. nigrodigitatus fry fed experimental diets.

	[bookmark: _Hlk211180361]Parametres
	T0
	T1
	T2

	LAW (g)
	8,51 ± 0,01ᵃ
	8,50 ± 0,02ᵃ
	8,51 ± 0,01ᵃ

	FAW (g)
	33,70 ± 0,37ᵃ
	33,21 ± 0,39ᵃ
	32,82 ± 0,36ᵃ

	WGP (%)
	293,25 ± 3,74ᵃ
	290,59 ± 3,65ᵃ
	285,67 ± 3,52ᵃ

	PI (g)
	19,90 ± 0,23ᵃ
	19,80 ± 0,24ᵃ
	19,60 ± 0,22ᵃ

	PER
	1,26 ± 0,01ᵃ
	1,25 ± 0,01ᵃ
	1,23 ± 0,01ᵃ

	SR (%)
	99,17 ± 1,44ᵃ
	98,95 ± 1,62ᵃ
	98,80 ± 1,60ᵃ

	Rendement (kg/m³)
	7,49 ± 0,10ᵃ
	7,42 ± 0,09ᵃ
	7,35 ± 0,08ᵃ


Letters a and b on the same line indicate a significant difference (P<0.05) between the two feed groups. Values are expressed as mean ± standard deviation. Values on the same line with the letter a are not significantly different (p>0.05).
Analysis of the results presented in the table shows that, overall, none of the zootechnical parameters measured show any significant difference between the diets (p > 0.05). The average final weight (FAW) of the fish shows a slight downward trend depending on the treatment, but without showing any significant difference. This reflects broadly similar growth between the groups. The percentage weight gain (WGP) follows the same pattern, confirming that the partial substitution of fish meal with black soldier fly (Hermetia illucens) larvae meal did not affect the growth performance of C. nigrodigitatus fry. The amount of protein ingested (PI) remained stable between diets, demonstrating a good protein balance in the experimental feeds. Consistently, the protein efficiency ratio (PER) remains high and comparable between treatments.  The survival rate (SR) is uniform and high in all batches, indicating optimal fish viability regardless of the feed consumed. In addition, biomass yield per unit volume remains similar between treatments, showing that the productivity of the farming system has not been influenced by the change in protein source.
After analysing the parameters presented above, it is also interesting to examine the evolution of the consumption index, illustrated in Figure 1.
                                  a
a
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Figure 1. Variation in the consumption index according to treatment

The consumption index shows a slight upward trend from the control (T0) to treatments T1 and T2. Thus, fish subjected to experimental diets consumed slightly more feed to produce equivalent weight gain. However, the differences observed remain very small and do not represent a significant variation (p > 0.05). These results lead us to focus on the specific growth rate, the variation of which is shown in Figure 2.




















Figure 2: Variation in specific growth rate according to treatment
Figure 2 shows a downward trend in SGR from the control (T0) to the experimental treatments (T1 and T2). In other words, fish fed diets partially substituting fish meal with black soldier fly larvae meal show slightly lower daily growth than those in the control group. However, the differences observed are not statistically significant (p > 0.05). The analysis of growth performance paves the way for the analysis of production, represented in Figure 3.


















Figure 3: Variation in production according to treatments
Figure 3 shows a downward trend in production from the control (T0) to the experimental diets (T1 and T2). This shows that as fish meal is replaced by black soldier fly larvae meal, the productivity of the system decreases slightly. However, none of these differences are statistically significant (p>0.05). Beyond production performance, it is essential to assess the economic implications of the different diets, which are presented below.
Table 4: Economic parameters
	Parametres
	T0
	T1
	T2

	Total cost per kilogram of feed (F CFA/kg)
	800,00 ± 2,50ᵃ
	760,00 ± 2,00ᵇ
	755,00 ± 1,80ᵇ

	Consumption index (CI)
	1,98 ± 0,02ᵃ
	2,00 ± 0,01ᵃ
	2,03 ± 0,02ᵃ

	Economic conversion index (F CFA/kg)
	1584,00±16,75
	1520,00±8,59
	1532,65±15,54

	Labor per kg (F CFA/kg)
	200
	200
	200

	Infrastructure depreciation per kg of fish produced (F CFA/kg)
	100
	100
	100

	Cost of producing one Kg of fish (F CFA/kg)
	1884,00±16,75ᵃ
	1820,00±8,59ᵇ
	1832,65±15,54ᵇ

	Selling price (F CFA/kg)
	2 500,00
	2 500,00
	2500,00

	Profit (F CFA/kg)
	616,00±16,75ᵇ
	680,00±8,59ᵃ
	667,35±15,54ᵃ



Analysis of the table reveals that, overall, the economic parameters studied show significant differences between the experimental diets (p < 0.05). The cost of producing one kilogram of fish is significantly reduced with diets incorporating black soldier fly (Hermetia illucens) larvae meal compared to the control diet based on fish meal. This reduction in overall cost is mainly due to lower feed costs. Consistently, gross margin and net profit show a significant improvement in fish fed diets containing LMSN meal, reflecting better economic profitability. 

[bookmark: _Toc203551478]3.2 Discussion

The results of this study clearly showed that the use of local feed formulated with black soldier fly (Hermetia illucens) larvae meal as a partial substitute for fish meal does not adversely affect the zootechnical performance of C. nigrodigitatus. This nutritional alternative maintains satisfactory growth, survival, and feed efficiency in fry of this species, confirming the potential of insect meal as a sustainable protein source in aquaculture.
The growth performance recorded (final average weight, weight gain, specific growth rate) is statistically similar between diets containing fish meal and those in which fish meal has been partially replaced by H. illucens larvae meal. These results indicate that insect larvae meal, although different in terms of amino acid profile, is capable of meeting the nutritional requirements of C. nigrodigitatus in the proportions tested. This is consistent with previous work by Renna et al. (2017), Zhou et al. (2018), and Adeoye et al. (2020), who demonstrated that insect larvae can be used effectively as protein sources for various aquaculture species. The feed conversion ratio (FCR) values, ranging from 1.98 to 2.03, indicate efficient feed utilisation. This yield is comparable to that obtained with conventional fishmeal-based diets and remains within the acceptable range for this species (Zhou et al. 2018). Similarly, the stable protein efficiency ratio (PER) shows that the proteins from fly larvae meal were well assimilated, reinforcing the idea that their nutritional value is equivalent to that of fish meal (Caimi et al. 2020). The high survival rate (≥ 98.8%) observed in all treatments also highlights the safety of using H. illucens larvae in fish feed, confirming the observations of Bruni et al. (2018) that this meal does not cause any negative effects on animal health.
From an environmental and economic standpoint, the results obtained in this study clearly demonstrate the benefits of using H. illucens larvae meal in C. nigrodigitatus feed. Diets T1 and T2, in which fish meal was partially substituted, resulted in a significant reduction in the total production cost per kilogram of fish compared to the control diet T0, which contained fish meal made from conventional raw materials. These results can be explained mainly by the partial substitution of fish meal, an expensive and often imported raw material, with local protein sources from insects reared on locally available agro-industrial by-products. This confirms the findings of Gboko et al. (2023), Fashina-Bombata et al. (2022), and Nwadukwe (2013), who showed that LMSN meal can replace fish meal in fish feed without affecting their zootechnical performance. According to Rouaba (2017), feed accounts for up to 60% of the total cost of production in aquaculture, hence the strategic importance of optimising feed to improve profitability. Net profits per kilogram of fish were also significantly higher in diets containing LMSN meal. These values reflect the greater economic efficiency of diets based on local feed containing black soldier fly larvae meal. Similar results were reported by Hua (2021) and Weththasinghe et al. (2022), who showed that introducing insect larvae meal into fish diets not only reduced feed costs but also maintained or even improved growth and feed efficiency. Adeoye et al. (2020) and Padi (2009) also demonstrated that diets based on H. illucens larvae promote greater profitability in freshwater fish farming. In addition, the approach tested in this study makes it possible to valorise agro-industrial by-products for fish farming, which is in line with the circular economy. This not only helps reduce organic waste but also promotes sustainable and economically accessible aquaculture for small-scale producers (Diener et al. 2011; Caruso et al. 2014). The stability of zootechnical performance, even when fishmeal is partially replaced, is a considerable advantage for small producers. The latter, often faced with high costs and fluctuating availability of imported raw materials, can now produce C. nigrodigitatus using locally formulated feed containing LMSN meal. This promotes more resilient, autonomous, and economically accessible aquaculture. In this sense, this study offers a concrete solution to the challenges of food security and profitability in the aquaculture sectors of developing countries. Furthermore, the physicochemical conditions of the water remained consistent and favourable in all treatments, making it possible to isolate the real effect of diets on fish performance. The values recorded for the parameters studied fall within the range of conditions described by Okyere et al. (2020), Ama-Abasi et al. (2019), Albaret (1994), and Hem et al. (1994) in the natural environment, thus confirming the normality of the experimental setting. These results reinforce the validity of the conclusions and show that the observed performances are directly related to diets based on local foods.


4. Conclusion

This study evaluated the effects of using local feed containing black soldier fly (Hermetia illucens) larvae meal on the zootechnical performance and profitability of C. nigrodigitatus production. The results show that partially replacing fish meal with this alternative protein source did not negatively affect the growth, feed conversion ratio, survival rate, or protein efficiency of the fish. From an economic standpoint, diets based on H. illucens larvae reduced the production cost per kilogram of fish and increased net profits compared to the control diet, confirming their real economic value for aquaculture producers. This study demonstrates that incorporating H. illucens larvae meal into locally formulated feed is a credible, economical, and sustainable alternative to fish meal for feeding C. nigrodigitatus. This approach addresses current challenges in aquaculture sustainability, production cost reduction, and local resource utilisation, while maintaining fish biological performance.
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