Use of Insects in Fish Feed in West Africa: Current Status and Potentials
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ABSTRACT

	Aquaculture in many parts of the world, particularly in West Africa, is increasingly challenged by the rising cost of fish feed, especially protein ingredients. Fishmeal remains the main protein source in aquafeeds due to its superior nutritional quality. However, its limited availability and sustainability challenges underscore the urgent need for alternative sources. Insects have emerged as promising candidates, offering high-quality protein and essential nutrients suitable for fish diets. This review summarizes the current state of insect use in aquafeed production and outlines key research perspectives. Among the most promising species, the housefly (Musca domestica, Diptera: Muscidae) and the black soldier fly (Hermetia illucens, Diptera: Stratiomyidae) are focused, which can be mass-reared from household level production to large scale industrial production. Other species such as mealworms, orthopterans (locusts, grasshoppers, and crickets), and silkworm pupae have also demonstrated potential based on their nutritional profiles and rearing efficiency. It is certain that, with insects' nutritional profiles, aquaculture would have a promising and sustainable future. Further research is required to optimize the nutritional evaluation and inclusion rates of insect meals in fish feed formulations.
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1. INTRODUCTION

“Aquaculture of fish is constantly growing around the world and represents an important source of high-quality proteins for humans” (Stankus, 2021). “Due to rapid growth of the human population in a context of climate change and increasing standard of living, there is a rising demand for seafood” (Alfiko et al., 2022). 
“Global food demand is expected to increase from 70 to 100% by 2050 (World Bank, 2019), following the exponential growth rate of the population, estimated at 11.2 billion in 2100” (UN, 2017), increasing competition for natural resources (FAO, 2016). “With the declining availability of fish, the only way to satisfy the increasing demands for animal protein is aquaculture” (Daniel, 2018; Stankus, 2021). “The main ingredient used in fish farming is fishmeal, which is a major component of commercial fish feed” (Cashion et al., 2017). “However, fishmeal is becoming increasingly expensive (current prices on the market, 300 to 700F.CFA/kg) and fish feed represents more than 50% of the cost of production on farms” (Coyle et al., 2004; FAO, 2014a). “The intense pressure exerted by fishing of many species of fish”, (Amar, 2010) will lead to a rapid decline in stocks of these wild fish species (Stankus, 2021). 
“Legumes and oilseed by-products such as soybeans and cereal gluten are increasingly used in animal feed and already make a valuable contribution to food self-sufficiency” (Daniel, 2018; Bracher, 2019). “However, due to the limited possibilities for expanding cultivation (reasons: crop rotation, oil sales, modest protein yield per hectare, limited arable land, competition with cereal areas), it is not possible to substantially close the protein gap. From this perspective, only protein sources produced independently of arable land offer additional benefits. A more suitable alternative would be insect meal, whose nutritional components are closer to those of vegetable fats. In recent years, considerable research has highlighted the effectiveness of insect larvae (maggot) meal and earthworm meal in the diet of several aquaculture species, including tilapia, Oreochromis niloticus, Lates calcarifer and Litopenaeus vannamei” (Ogunji et al., 2008; Katya et al., 2017; Cummins et al., 2017). The crude protein content of maggots is approximately 40 to 64% (John, 2015) and similar to that of fishmeal. The most promising insects as a source of complementary feed are fly larvae, mealworms or tenebrio, silkworms, termites and grasshoppers and can be used for industrial production (Van Huis et al., 2013). 
Many studies have shown that fly larvae, particularly those of the housefly (Musca domestica) and the black soldier fly (Hermetia illucens), provide a source of protein that can advantageously replace fishmeal (Bouafou et al., 2011; Makkar et al., 2014) and can be easily produced in rural areas (Koné et al., 2017; Pomalégni et al., 2017; Kenis et al., 2018; Sanou et al., 2018; Ganda et al., 2019). In addition, a fish meal substitution of up to 75% with black soldier fly larvae meal did not affect commercially relevant physical characteristics (Pulido et al., 2022), the textures and colours of the fish skin (Moutinho et al., 2024), and did not negative impact on the taste and quality of the fish (Busti et al., 2023).These studies highlight insects’ ability not only to serve as high-quality protein replacements but also to contribute to circular bioeconomy strategies through the bioconversion of organic waste streams (Arru et al., 2019). 
“In Africa, aquaculture is a rapidly growing sector with significant development potential, yet it continues to face numerous challenges. Despite notable progress, the continent’s share of global aquaculture production remains modest, accounting for only about 2%” (FAO, 2023). “Nevertheless, substantial advances have been recorded in countries such as Egypt, Nigeria, Uganda, and Ghana, driven by large scale investments and targeted development strategies” (Cai et al., 2017). Between 1995 and 2021, aquaculture production in Africa increased nearly twentyfold, from 110,200 to 2,418,844 tons, corresponding to an average annual growth rate of 15.55% (FAO, 2023). “In Ivory Coast, aquaculture contributed for 8% and 10% of the national fish supply from 2019 to 2023, with production rising from 4,500 to 8,467 tons during that period” (FAO, 2023). “In Benin, aquaculture output increased from 150 tons in 2008 to 213 tons in 2010” (Rurangwa et al., 2014). “Similarly, Burkina Faso has experienced remarkable growth, with production expanding from approximately 5 tons in 2000 to nearly 900 tons in 2022, reflecting the combined efforts of government initiatives and private sector engagement” (FAO, 2023). “Despite these advances, national fish production including both capture fisheries and aquaculture meets only about 11% of domestic consumption needs, with the shortfall compensated by imports” (FAO, 2023). “Feed remains the major cost component in aquaculture operations, accounting for 60-70% of total production expenses, primarily due to heavy reliance on imported ingredients” (Ndebele-Murisa et al., 2024). In this landscape, insect-based aquafeeds present a strategic opportunity for Burkina Faso. Locally produced insect meals could reduce reliance on imported feed ingredients, promote cost-effective protein sources, generate rural employment, and enhance food-system resilience. However, realizing this potential requires overcoming challenges related to production scale, cost-competitiveness, feed formulation, regulatory frameworks and farmer acceptance.
Although many published papers detailed the use of insects as protein sources in fish feeds in West Africa, the knowledge gathered from these various studies is largely fragmented. This review aimed to comprehensively identify and compile (i) the insects used in the production of insect meal in West Africa; (ii) their advantages; and (iii) futures directions for research on the use of insects in aquaculture feed.    

2. INSECT SPECIES USED IN FISH FEED

[bookmark: _Hlk214472530]“Insects constitute the most diverse group of animals, representing approximately 80% of terrestrial biodiversity (Stork, 2018). In recent years, they have gained significant attention as a sustainable and alternative source of protein for both human and animal nutrition” (Tran et al. 2015). “They grow and reproduce easily, have excellent feed conversion efficiency, and can be reared on biowaste” (van Huis et al., 2013; Makkar et al., 2014). 
“Moreover, insects naturally form part of the diet of many fish species, particularly carnivorous and omnivorous ones, which require relatively high levels of protein to sustain optimal growth” (Tran et al., 2015; van Huis, 2020; Alfiko et al., 2022). In practical terms, approximately 2 kg of feed biomass can produce 1 kg of insect biomass, demonstrating their high conversion efficiency (Collavo et al., 2005). Consequently, their high protein content, balanced amino acid composition, and efficient feed conversion make them excellent candidates to replace fish meal, either partially or entirely, in aquaculture feed formulations (Daniel, 2018).
“Furthermore, the global production of insect-based meal has expanded considerably in recent years, particularly in China, Europe, North America, Australia, Southeast Asia, and Africa” (Aniebo et al., 2008; Alfiko et al., 2022).
Numerous insect species have already been evaluated and successfully incorporated into fish diets, showing promising results in terms of growth performance, feed utilization, and fish health. These include the larvae or pupae of the housefly [M. domestica (Muscidae)] and the black soldier fly H. illucens (Stratiomyidae); the larvae of the mealworm beetle Tenebrio molitor (Tenebrionidae). The chrysalides of the silkworm Bombyx mori as well as adult orthoptera such as Acheta domesticus, Gryllus bimaculatus, and Locusta migratoria, and termites like Macrotermes bellicosus (Termitidae) can also be mentionned (Table 1).





Table 1: Insect species used in producing meals

	Order
	Family
	Species
	Common name
	Stage used
	Crude protein (%)
	Lipids (%)
	Calcium/
Phosphorus
Ratio (%)
	Main fish species tested
	Performance
	References

	Diptera
	[bookmark: _Hlk212754064]Muscidae
	M. domestica
	Housefly

	maggot meal
	50.4 (62.1)
	18.9
	0.29
	Oreochromis niloticus
Clarias gariepinus
Cyprinus carpio,
Heterobranchus longifilis
	Good growth and feed conversion ratio at 50-75% fishmeal replacement
	Anvo et al., 2025, Pieterse & Pretorius 2014, Aniebo et al., 2009, Adewolu et al., 2010, Ossey et al., 2012

	
	[bookmark: _Hlk212754088]Stratiomyidae
	H. illucens
	Black soldier fly 
	larvae
	42.1 (56.9)
	26.0
	8.4
	[bookmark: _Hlk212823111]Oreochromis niloticus
[bookmark: _Hlk212823131]Clarias gariepinus
[bookmark: _Hlk212823077]Oncorhynchus mykiss
Ictalurus punctatus,
Pelteobagrus fulvidraco
Oreochromis aureus
Salmo salar
Psetta maxima
	High digestibility, supports full or partial replacement of fishmeal; promotes gut health
	[bookmark: _Hlk212823612]Henry et al., 2015,
Newton et al., 2005, Bondari & Sheppard,1987, Lock et al., 2014

	Coleoptera
	[bookmark: _Hlk212754101]Tenebrionidae
	T. molitor
	Yellow mealworm
	Larvae
	52.8(82.6)
	36.1
	0.35
	Salmo salar
O. niloticus
C. gariepinus
	High palatability, improved gut microbiota and lipid profile
	Belforti et al., 2015, Gasco et al., 2019, Marco et al., 2015

	Lepidoptera
	Bombycidae
	B. mori
	Silkworm 
	pupae
	60.7 (81.7)
	25.7
	0.63
	Labeo rohita
O. niloticus
	High protein digestibility and good growth performance
	Nandeesha et al.,1990

	Orthoptera
	Gryllidae
	[bookmark: _Hlk212756050]A. domesticus
	House cricket
	Adult
	63.3 (76.5)
	17.3
	1.28
	 O. niloticus
C. gariepinus
	Up to 50% fishmeal replacement without growth loss
	Kroeckel et al., 2012

	
	
	[bookmark: _Hlk212756067]G. bimaculatus
	Field cricket
	Adult
	55.5
	11.8
	-
	O. niloticus, 
C. gariepinus
	Rich in micronutrients ; supports immune responses
	Gasco et al., 2014

	
	Acridoidea
	[bookmark: _Hlk212756085]L. migratoria
	Grasshoppers
	Adult
	40-60
	10-20
	-
	Tilapia zillii
C. gariepinus
Oreochromis niloticus
	Enhanced feed conversion and muscle quality
	Sogbesan et al., 2006

	Isoptera
	[bookmark: _Hlk212756227]Termitidae
	[bookmark: _Hlk212756206]M. bellicosus
	Termites
	Adult
	35-45
	25
	-
	C. gariepinus
Heterobranchus longifilis
	Improves palatability and protein efficiency ratio
	Sogbesan & Ugwumba 2008


Values between parentheses are calculated values of the defatted meals





3. NUTRITIONAL VALUE AND EFFECTS ON FISH

Insects provide a rich and balanced nutrient profile suitable for aquafeeds, making them one of the most promising sustainable alternatives to conventional protein sources such as fishmeal and soybean meal (Van Huis, 2003; Kelemu et al., 2015; XiaoMing et al., 2010; De Marco et al., 2015).  According to Table 1, the nutritional composition varies among species, developmental stages, and substrates used for rearing, but most insect meals exhibit high crude protein contents 35-70 %, moderate lipid levels 10-35%, and a balanced amino acid profile, often comparable to or superior to traditional protein ingredients (Amisi et al., 2013; Henry et al., 2015; Caparros Megido et al., 2017).
The black soldier fly, H. illucens, one of the most studied insect species, contains approximately 40-45% protein and 25-30% fat, rich in lauric acid and essential amino acids such as lysine, methionine, and threonine (Makkar et al., 2014). Its amino acid composition closely resembles that of fishmeal, which makes it highly suitable for partial or full replacement in aquafeeds (Kroeckel et al., 2012; Kenis et al., 2014; Nakamura et al., 2016; Devic et al., 2018). In addition to being suitable for fish feed, H. illucens larvae have the ability to break down feaces and household organic waste (Diener et al., 2009). These larvae can reduce household organic waste by 65% to 75% while producing protein-rich larvae, suggesting that black soldier flies can be used for household waste treatment (Table 2) (Newton et al., 2005; Nakamura et al., 2016; Devic et al., 2018). Black soldier fly larvae have been tested as feed supplements in the diets of several fish species: Oncorhynchus mykiss, Oreochromis niloticus, Clarias gariepinus, Ictalurus punctatus, Pelteobagrus fulvidraco, Oreochromis aureus, Psetta maxima, and Salmo salar. These studies have showed that these larvae can be successfully incorporated into their diet as a total or partial replacement for fish meal (St-Hilaire et al., 2007; Kroeckel et al., 2012; Lock et al., 2014). However, in yellow catfish (Pelteobagrus fulvidraco), replacing 25% of fish meal with black soldier fly larvae meal did not result in any significant difference in growth performance (Tran et al., 2015). Similarly, Bondari and Sheppard (1987) reported that feeding tilapia in ponds with dried black soldier fly larvae as the sole dietary component did not provide sufficient dry matter (DM) or crude protein (CP) to support optimal growth.   
[bookmark: _Hlk213874601][bookmark: _Hlk214455213]The housefly larvae, M. domestica also offer a valuable nutrient profile, with protein levels around 50-65%, significant lipid content, and a high digestibility rate for many freshwater fish species (Pieterse & Pretorius, 2014). Housefly larvae have a high potential for converting organic matter into body biomass, offering a credible alternative to conventional sources of macro- and micronutrients for fish (Table 2) (Zuidhof et al., 2003; Aniebo et al., 2009). Numerous experiments have been conducted on the use of housefly larvae in the diet of African catfish, mainly C. gariepinus, H. longifilis, and O. niloticus (Nile tilapia), with generally significant results (Aniebo et al., 2009; Adewolu et al., 2010; Ossey et al., 2012). 
Similarly, the mealworm (Tenebrio molitor) is characterized by 50-60% protein and up to 30% lipid, providing a balanced source of essential fatty acids and minerals (Barroso et al., 2014). Housefly larvae have a high potential for converting organic matter into body biomass, offering a credible alternative to conventional sources of macro- and micronutrients for fish (Zuidhof et al., 2003; Aniebo et al., 2008). Food trials conducted on African catfish (C. gariepinus), Gilthead sea bream (Sparus aurata), Rainbow trout (Oncorhynchus mykiss), and European sea bass (Dicentrarchus labrax) have shown that fresh and dried mealworms are a viable alternative protein source for these fishes (Ng et al., 2001; Piccolo et al., 2014; Gasco et al., 2014).
Silkworm (B. mori) pupae meal is used as a source of protein in human and animal nutrition. Feeding trials have been conducted on several fish species. In common carp (Cyprinus carpio), it was possible to replace 100% of the fish meal protein with silkworm pupae meal (Rahman et al., 1996; Nandeesha et al., 1990). In rohu (Labeo rohita), silkworm pupae showed significantly higher protein digestibility values than those obtained with fish meal (Hossain et al., 1997). Silkworm pupae meal is rich in protein (60.7%) and lipids (25.7%) and could partially replace fish meal (Nandeesha et al., 1990).
[bookmark: _Hlk214472637]House cricket meal (A. domesticus) is rich in protein (55-70%), essential amino acids, and micronutrients such as iron and zinc (Kroeckel et al., 2012). Feeding trials have been conducted on African catfish (C. gariepinus), walking catfish (C. batrachus), and Nile tilapia (O. niloticus) (Lee et al., 2017; Heriansah et al., 2024; Ndione et al., 2025). Acheta domesticus meal was used as a partial substitute for fish meal in the feed of these fish. The results showed that it is possible to replace up to 50% of the fish meal without compromising fish growth (Kroeckel et al., 2012; Lee et al., 2017)
[bookmark: _Hlk213331441][bookmark: _Hlk214472674]Locusta migratoria is used in fish feed, particularly in Africa (Adeyemo et al., 2019; Sogbesan et al., 2020). They are naturally abundant and contain 40-60% protein with beneficial fatty acids and minerals. Their inclusion in diets of C. gariepinus and Coptodon zillii has resulted in improved growth and feed conversion efficiency (Sogbesan et al., 2008). Meal from migratory locusts (L. migratoria) could replace up to 25 % of fish meal in Nile tilapia fry (Yousif et al., 2022).
Other species currently being evaluated experimentally include termites (M. bellicosus) and field crickets (G. bimaculatus). These insects are locally available in many tropical regions and have potential for small-scale, decentralized animal feed production systems. Feeding trials in red tilapia (Oreochromis spp.) have shown that cricket meal has a higher lipid content and a protein content comparable to that of fish meal (Hanan et al., 2020). Cricket meal is a very promising candidate as an alternative protein source that can replace up to 50% of fish meal (Hanan et al., 2020). Numerous studies have shown that cricket meal could partially or completely replace fish meal in aquaculture feed due to its high nutritional quality (Jeong et al., 2021; Permatahati et al., 2019). It has a high crude protein and lipid content, reaching approximately 64.9% and 17.4% respectively (Jeong et al., 2021). In addition, it contains significant amounts of essential amino acids, including 2.20% to 3.68% arginine, 0.66% to 1.94% histidine, 1.71% to 4.79% lysine, 1.85% to 5.52% leucine, 0.49% to 3.09% isoleucine, 0.44% to 1.93% methionine, 1.01% cystine, 1.19% phenylalanine, 1.03% threonine, and 1.44% valine (Jeong et al., 2021; Wang et al., 2007).
Termites are recognized for their nutritional qualities, both for humans and animals (Sogbesan & Ugwumba, 2008). They are rich in protein, lipids, minerals, vitamins, and have a balanced amino acid profile. Feeding trials based on the soldier termite (M. bellicosus) conducted in Nigeria on C. gariepinus clearly showed reliable growth performance, survival, feed conversion ratio, weight gain, and specific growth rate. C. Gariepinus (Thomas et al., 2024). The study therefore suggests the total replacement of fish meal with termite meal in fish feed production. However, Serrano & Poku (2014) suggested that 35% of fish meal could be replaced by termite powder in the diet of juvenile freshwater shrimp (Macrobrachium rosenbergii).

Table 2. Most promising insects (larvae, nymphs) for fish food (Bracher, 2019; Makkar et al., 2014; Gold et al., 2020).

	Insect species
	Production
	Nutrient substrates

	Black soldier fly 
(H. illucens)
	Harvest stages:
Larvae and prepupae: 30-300 mg
Larval cycle: 15-55 days
Ideal temperature: 25-31°C.
	Omnivorous; organic waste of all kinds, excrement; Examples: animal and human excrement, household waste, sewage sludge, slaughterhouse waste, fruit and vegetable waste, milling by products, marc, fish waste, sugar beet pulp, seaweed, molasses, linseed oil, alfalfa meal, okara

	Housefly 
(M. domestica)
	Harvest stage: larvae
Larval cycle: 5 days
Ideal temperature: 25-30 °C.
	Omnivorous; organic waste of all kinds, excrement; Examples: chicken manure, pig manure, and cow manure, rotten fruit, fish offal, blood

	Mealworm beetle or mealworm
(T. molitor)
	Harvest stage: larvae, 130-160 mg
Larval cycle: 3-5 months
Ideal temperature: 18-25 °C
	Omnivorous; plant and animal organic matter; Examples: bran, flour, bread and biscuit crumbs, brewers' grains, potato peelings, fruit and vegetables, fruit peelings, brewers' yeast, soybean meal, distillers' grains, molasses, flaxseed.

	Small mealworm beetle (A. diaperinus)
	Harvest stage: larvae
Larval cycle: 1-3 months
	Omnivorous; Examples: flour, bread and cookie crumbs, brewery grains, potato peels, fresh fruits and vegetables, yeast, distillery grains, poultry feed, linseed oil
Parasitizes food stocks, capable of flying

	House cricket (A. domesticus)
	Harvest stage: nymphs and adults, 190-390 mg
From hatching to adult stage: 32-49 days
Ideal temperature: 26-32 °C
Susceptible to densoviruses
Traditional foodstuffs
	Omnivorous; plant and animal organic matter
Examples: poultry feed, grain by-products, potato peelings, distillers’ grains, molasses, cookie crumbs, brewer's yeast, food waste, corn silage, straw, fruit, vegetable scraps, rice, grass, linseed oil. 




4.LOCAL PRODUCTION PRACTICES AND INNOVATIONS 
Burkina Faso's aquaculture industry produces only a few species of fish in relatively small quantities. Its contribution is still low (894 tons in 2022), representing 2.9% of total fish production, but it is growing rapidly at a rate of 22.6% per year between 2000 and 2022 (INSD, 2023; FAO, 2024). In 2022, the country ranked 10th among aquaculture-producing countries in West Africa and 21st among landlocked developing countries (FAO, 2024). The species commonly farmed are tilapia (O. niloticus) (Cichlidae), catfish [C. gariepinus, C. anguillaris (Clariidae)] and Heterotis niloticus (Osteoglossidae) (Ouedraogo et al., 2015; Kabre et al., 2023). These species are valued for their hardiness, rapid growth, and adaptation to local climatic conditions. They are farmed in traditional ponds, floating cages, or tanks (FAO, 2024). 
The use of insects as an alternative source of protein in aquaculture is attracting growing interest in Burkina Faso, driven by the need to reduce feed costs and dependence on imported fishmeal. Local initiatives have been launched to promote the breeding, processing, and incorporation of insect meal into fish feed formulations, using local resources (Compaoré et al., 2023; 2024). 
Numerous experiments have been conducted on the use of black soldier fly larvae (H. illucens), housefly larvae (M. domestica), and mealworm larvae (T. molitor) in the feeding of Nile tilapia fry (O. niloticus), African catfish (C. gariepinus) and in poultry farming (Sankara et al., 2021, 2022, 2023; Sanou et al., 2019; Compaoré et al., 2024).
In tilapia (O. niloticus), feeding trials with M. domestica larvae demonstrated growth performance, haematological parameters and feed efficiency comparable to, or even superior to, those obtained with conventional diets (Compaoré et al., 2023, 2024). These results showed that it is possible to replace 100% of fishmeal without compromising fish growth by using maggot larvae. Locally produced insect meal could be a viable and nutrient rich source of protein for fish farming in West Africa. 
Black soldier fly larvae have also been the subject of particular attention due to their ability to efficiently bioconvert organic waste into protein-rich biomass. These species are raised on agro-industrial by-products such as brewery residues, poultry litter, and fruit and vegetable waste. Tests to optimise larval production were carried out on various substrates, and the best yields were obtained with a mixture of local beer waste and poultry manure, and a mixture of local beer waste and cottonseed meal (Sankara et al., 2023).
Insect production in Burkina Faso is mainly carried out on a small scale or pilot scale by agricultural cooperatives. Production facilities are generally inexpensive and rely on simple technologies, such as plastic or wooden breeding trays and natural substrates. Locally produced larvae are generally processed by drying and grinding to obtain insect meal, which is incorporated into fish feed at varying substitution rates. Despite limited mechanization, these small-scale systems demonstrate strong potential for scalability and integration into circular agricultural systems, using organic waste management as a substrate source for insect farming. Overall, the nutritional profile and physiological effects of insect meals demonstrate that insects can effectively support growth, health, and feed efficiency in aquaculture species. Their local production and bioconversion potential make them especially suitable for promoting cost-effective, resilient, and environmentally sustainable aquaculture in Burkina Faso and similar tropical regions.

5.CONSTRAINTS AND CHALLENGES 

Despite promising prospects, large-scale adoption of insect meal production in Burkina Faso remains limited by several interrelated constraints. Key challenges include inadequate technical expertise, inconsistent production volumes and limited access to equipment.
The main technical bottlenecks involve the lack of standardized rearing and processing methods adapted to local climatic and infrastructural conditions. Insect farming often relies on rudimentary systems using recycled containers without control of temperature, humidity, or lighting, which negatively affects larval growth and yield (Sankara et al., 2023; Compaoré et al., 2024). In addition, fluctuations in substrate quality from organic waste sources such as market residues, brewery by-products, and poultry litter lead to variations in nutrient composition and potential microbial contamination. The absence of adequate drying and defatting equipment further compromises product stability and nutrient retention.
Limited access to laboratory facilities for nutrient profiling and quality control also restricts accurate feed formulation, as small-scale producers cannot regularly analyze protein, lipid, or amino acid content. Furthermore, high initial investment costs for insect-rearing units and processing equipment, coupled with limited access to credit, constrain the sector’s development. Feed formulation still relies on imported premixes and synthetic amino acids, which increase production costs and reduce competitiveness compared to conventional feed sources (Anvo et al., 2025). At the institutional level, the absence of specific national regulations for insect-based feed ingredients hampers the establishment of quality standards, safety monitoring, and market authorization. The lack of biosecurity protocols for handling organic substrates also raises concerns about pathogen transmission. Capacity-building remains another priority. Most training programs on insect farming and processing are limited to pilot projects led by Universities or NGOs, highlighting the need for structured technical training and extension services. Additionally, consumer perception remains mixed, as some fish farmers remain skeptical about the safety and efficacy of insect-based feeds. Awareness campaigns and demonstration trials are therefore essential to enhance acceptance. Finally, seasonal variability in substrate availability and poor transport and storage infrastructure restrict continuous production and efficient distribution. During the dry season, organic residues decrease, limiting feedstock for larvae, while the absence of cold chains and sealed packaging increases the risk of microbial contamination and nutrient degradation (Sankara et al., 2023).

6.INSIGHTS AND OPPORTUNITIES

[bookmark: _Hlk213220735][bookmark: _GoBack]“The integration of insects into aquafeed systems in Burkina Faso represents a transformative opportunity for sustainable food production, circular economy development, and rural livelihood improvement. Although current production is still in its infancy, accumulated research and field experiences offer valuable insights into the potential pathways for scaling up insect meal use in aquaculture” (World Bank, 2021). “One of the most promising insights is the ability of insects particularly H. illucens (black soldier fly) to bioconvert organic waste into valuable feed ingredients. Burkina Faso generates substantial volumes of agro-industrial by-products and household organic waste that can be repurposed for insect rearing” (FAO, 2014b). “This approach not only reduces environmental pollution but also contributes to circular bioeconomy models, where waste streams are reintegrated into productive agricultural cycles” (FAO, 2014b). “Utilizing local substrates can lower feed costs and support sustainable waste management, particularly in urban and peri-urban areas. Insects provide a renewable, locally available protein source that can reduce dependence on imported fishmeal and soybean meal major cost drivers in aquaculture” (Anvo et al., 2020). Local insect meal production therefore strengthens feed autonomy and resilience against global market fluctuations. Insect-based feeds also align with national priorities for sustainable aquaculture and food security as outlined in the National Agricultural Investment and Food and Nutrition Security Plan. The emerging insect value chain offers significant opportunities for youth and women’s entrepreneurship through rearing, substrate collection, processing, and feed distribution. Initiatives such as Faso-Pro and the Insectarium de Bobo-Dioulasso illustrate how local innovation can foster decentralized, small-scale production hubs that promote green employment.

7. Conclusion

The insect species reviewed in this study have been evaluated as potential replacements for fishmeal in aquaculture feeds. These insects represent valuable ingredients, being rich in protein, lipids, and energy, which makes them excellent components for fish diets. Numerous feeding trials conducted on a wide range of aquaculture species have demonstrated that insect meals can be successfully incorporated into fish feed as partial or total substitutes for fishmeal. Most studies recommend inclusion levels below 25-30%, although higher substitution rates, or even complete replacement, have been shown to be technically or economically feasible for certain species. However, from a nutritional standpoint, the use of insects as a substitute for fishmeal presents several challenges. First, the nutritional composition of insects varies considerably depending on the species, developmental stage, and the substrate on which they are reared. Large-scale industrial production therefore requires the use of standardized and consistent substrates to ensure reliable feed quality. Second, protein digestibility differs among insect species, often resulting in lower levels of sulfur-containing amino acids compared to fishmeal. Further research is needed to optimize processing methods, standardize nutritional profiles, and ensure food safety and consumer acceptance for large-scale aquaculture applications. Despite progress in research and pilot-scale production, the integration of insect meal into aquaculture systems in Africa continues to face numerous technical, economic, and regulatory barriers. The creation of coherent policy frameworks, continued investment in research and development, and stronger collaboration among stakeholders will be essential for overcoming these challenges and promoting the growth of sustainable, insect-based feed systems. Ultimately, the future of aquaculture depends on embracing ecological innovation and socio-economic inclusion, where insects serve not only as a promising feed resource but also as a catalyst for green transformation and resilience.
[bookmark: _Hlk192511329][bookmark: _Hlk187485061][bookmark: _Hlk194655630][bookmark: _Hlk209008097][bookmark: _Hlk213163655]	
[bookmark: _Hlk204003461][bookmark: _Hlk213070710]DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Authors hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT) and text-to-image generators have been used during the writing or editing of this manuscript. 
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