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ABSTRACT
High cost of feed in farming of African catfish Clarias gariepinus in Nigeria is caused by expensive fish meal, which makes up 60–70% of total feed cost. This review evaluated insect meals, blood meal, and plant proteins as alternatives. These sources generally contain adequate crude protein to meet the species’ requirements and can reduce feed costs. However, their use is limited by essential amino acid imbalances (especially methionine and lysine), anti-nutritional factors, chitin in insects, and high lipid levels in some species. Poor amino acid balance can reduce growth performance and increase nitrogen and phosphorus waste, contributing to water quality problems such as ammonia buildup and eutrophication. Blood meal may also affect water quality due to high BOD and COD. Overall, alternative proteins show strong potential, but precise amino acid balancing and environmental assessment are necessary for sustainable catfish production in Nigeria.
INTRODUCTION
Aquaculture has continued to expand steadily over the decades and, for the first time in history, surpassed capture fisheries as the largest producer of aquatic animals in 2022, reaching a record of 130.9 million tonnes of aquatic animal production compared with 92.3 million tonnes from capture fisheries (FAO, 2024). This achievement reveals growth in aquaculture production, which has risen from a much smaller base in the early decades of industrial aquaculture to become a dominant source of global aquatic foods. 
Nigeria has vast inland water bodies and coastline that covers about 850 km resources, However, overfishing and unregulated practices by fishers have threatened the nation’s fisheries sustainability that resulted to consequences such as declined in fisheries yield, change in species composition and reduction in fish stocks (Olopade et al.  2017). Therefore, Aquaculture sub-unit is regarded as an alternate to achieving the country’s self-reliant in fish production. The development of aquaculture in Nigeria is driven by both economic and social objectives, these include creation of employment, source of income generation, diversification of income activities and measure of improving rural nutrition (Ozigbo et al., 2014). The most common aquaculture fish species being cultured in the country are Clarias and Heterobranchus spp. (catfish), Tilapia spp. (Tilapia), Cyprinus carpio (Common carp) (Oluwatayo and Adedeji, 2019). Accordingly, catfish is commonly the most cultured fish species in the country, its farming accounts for more than half of the total volume of fish being produced by aquaculture in the country since the record of its aquaculture production started in the last 20 years (figure 1; FAO, 2024)	. Moreover, it has maintained a steady position in the country’s total aquaculture production. Hence, it is considered as the key in sustaining the country’s aquaculture industry due to its comparative advantages such as tolerance to different culture systems, fast growth, high fecundity, acceptability to locally formulated feeds and resistance to poor water condition (Oluwatayo and Adedeji, 2019). 
However, factors such as high cost of fish feed, use of low quality fish seeds, lack of adequate information, inadequate participation of government are reported to be the top constraints to the sector’s development in the country (Ugwumba & Nnabuife, 2018). High cost of fish feed is reportedly to be the major challenge since feed constitutes about 60 -70% of the total cost of production (Ali et al., 2009). Hence, efforts are being made to reduce the cost of fish feed by encouraging local production and replacing the conventional feed ingredients (especially fish meal) with less expensive non-conventional sources since fish meal is both unsustainable and expensive. Therefore, protein source of either plant or animal origin or both are currently being used to partially or fully replace fish meal in the diet of Clarias gariepinus in Nigeria. Thus, achieving sustainability in aquaculture demands careful evaluation of the environmental, social, and economic implications of feed formulation and other production practices. For this reason, this review focuses on the sources of selected alternative protein and their influence in fish performance, environmental outcomes, and socioeconomic aspects of the sector in Nigeria.

Figure.1: Quantity of total aquaculture and catfish production in the country in the last 23 years. 
Source: (FAO, 2024)
ISSSUES SORROUNDING THE USE OF FISHMEAL IN NIGERIA
The increasing demand of fishmeal by both land animals and fish has contributed to increase in fishing pressure or overexploitation that resulted to extinction of some wild fish, consequently lead to lower quantity of fish available for human consumption (Wijkstrom, 2009) furthermore affect the socio-economic status of people onshore, because when fish are converted to fishmeal, the supply chain of fish processing, preservation or storage is impeded, which would have employed many low-skilled labour.  As the production of fish through aquaculture is increasing rapidly in order to meet the demand of the increasing world population, more quantity of fish feed is required (Djissou et al., 2016) and fish feed depend greatly on fish meal (FM) due to it balanced Essential Amino Acid (EAA) and other nutrients such as Essential Fatty Acids (EFA), minerals, cholesterol, phospholipids and vitamins (Boyd, 2015; Tacon and Metian ,2008). 
Nigeria specific issues over the use of fishmeal are high cost and insufficient supply of quality fish meal (Ademola et al., 2017). It has been reported that both the commercial pelleted and supplementary fish feeds accounts for about 60 - 70% of total cost of fish farming operations in Nigeria (Ali et al., 2009). Although locally made fishmeal are available in the Nigerian markets, but most of the commercial fishmeal used in Nigeria for fish and livestock feeds are mostly imported from European countries, Denmark and America (Ojewola and Udom, 2015). Nigerian made fishmeal is reported to be adulterated with protein source of poor quality (poultry droppings, oilseed meals) non-nutritive materials such as sand and urea (Ravindran, 2013). As a result of this poor quality of fish meal and its high cost in the country negates economic viability of fish farming (Agbugui et al., 2021). Hence, in an effort of the Nigerian government to find a suitable solution to the high cost of fish and livestock feeds, it formed Presidential Task Force and the committee suggested the utilization of non-conventional protein sources from both plant and animal origins in the diets of fish (Sogbesan, 2014). This has resulted to researches in order to find alternative ingredients that are comparably cheaper and can be able to provide the needed nutrient required for the optimum growth of fish. 

PROTEIN REQUIREMENT OF AFRICAN CATFISH Clarias gariepinus
The protein requirement of fish is related to the overall energy requirement of the fish at a specific temperature of the water and the fish’s ability to gain weight based on the capacity inherited (Sogbesan, 2014). Even though catfish is considered to be euryphagic, the fish prey mostly on fish (Viveen and Gophen, 1985). Hence, the inclination of Clarias gariepinus towards carnivorous feeding habits demonstrates its requirement for high dietary protein of about 40 – 50% crude protein on dry matter. In the other hand, Clarias gariepinus is observed to feed on plant material which suggests it ability to digest protein of plant origin and utilize the carbohydrate content as a source of energy (Uys et al., 1987) Hence, its euryphagic characteristics gives it comparative advantage to utilize different varieties of feed ingredient of both plant and animal sources in the formulated diet which will adequately provide the dietary requirement of the fish.  
The African catfish, Clarias gariepinus at larval stage (about 1g) are reported to show high protein and carbohydrate dietary requirements of about 55% and 21% respectively and about 9% for dietary lipid (FAO, 2021). According to Eyo (1995) catfish at fingerling stage requires 42.5% dietary protein as the optimum protein requirement. Similarly, 40% dietary protein was observed as the optimum protein requirement for fingerling of Heterobranchus bidorsalis (Fagbenro et al. 1993). Likewise, Faturoti et al. (1986) reported 40% dietary protein as the optimum requirement for post-fingerling stage of Clarias gariepinus. However, lower dietary protein of 35% was reported for juvenile of hybrid mud catfish (Eyo and Falayi, 1999). While, Uys (1989) reported 40 – 42% as the dietary protein requirement of African catfish at stages of growth.
TABLE 1: FINDINGS ON THE USE OF SELECTED ALTERNATIVE PROTEIN SOURCES AS REPLACEMENT OF FISH MEAL IN THE DIET OF Clarias gariepinus
	Alternative protein source
	Inclusion (%)
	Key findings
	References

	Grasshopper meal
	10, 30
	Presence of chitin, Higher inclusion depressed growth
	Bake et al. (2017), Olaleye (2015) & Nnaji and Okoye (2005) 

	Earthworm meal
	25, 56
	Higher inclusion in the diet depressed growth rate
	Omeru, et al. (2016), Sogbesan et al., (2007) & Arnauld et al. (2016) 

	Termite meal
	40, 50
	Higher inclusion depressed growth rate
	Olaniyi et al. (2016), 
Sogbesan & Ugwumba (2008)

	Maggot meal
	50,75, 100
	-
	Olaniyi et al., (2016) & Aniebo et al. (2009)

	Blood meal
	100
	Poor Essential Amino Acid (EAA)
	Aliu and Dako (2018), Agbebi et al. (2009) & Duwal et al. (2019)

	Soybean meal
	35,50,75
	Presence of Anti-Nutrional Factors (ANF), Roasting gives better result.
	Oyedapo and Simon (2004), Fagbenro and Davies (2001) & Ugwoke (2013) 

	Groundnut cake meal
	35,87
	Deficient in Lysine and Methionine
	Davies and Ezenwa, 2010, Fapohunda, 2002 & Ovie and Ovie, (2007)

	Sesame meal
	25,30
	Low in Lysine, presence of Oxlate
	Jimoh and Aroyehun (2011), Olukunle and Falaye (1998) & Fagbenro et al. (2010)
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Sources; (Jimoh et al., 2014; Mamputu and Buhr, 1995; Kaneko et al., 2002; Fagbenro et al., 2010; Lee et al., 2005; Bamigboye et al., 2010; Davies and Ezenwa, 2010; Oko et al.,2010; Ukoha et al., 2019; Abonyi et al.,2016; Aduku, 1993; Fadiyimu et al., 2003; Olaniyi et al., 2016; Tiroesele and Moreki, 2012; Atteh and Ologbenla, 1993; Hwangbo et al.,2009; Aniebo et al.,2009; Ajayi, 1998; Olaleye, 2015; Bake et al., 2017; Staford and Tacon, 1985)

EAA – Essential Amino Acid
SBM – Soybean meal
MM – Maggot meal
GM – Grasshopper meal
EM – Earthworm meal
TM – Termite meal
BM – Blood meal
SM – Sesame meal 
GNM – Groundnut cake meal
FM – Fish meal

Data Sources; (Oibiokpa et al., 2018; Yakubu and Alfred, 2014; Ajah and Asuquo, 2018; Dedeke et al., 2010; Njieassam, 2016; Olaleye , 2015)

COMPARATIVE ANALYSIS OF ALTERNATIVE PROTEIN SOURCES 
The use of meal from insects (grasshopper, earthworm, termites and maggot) have shown positive development (Table.1) as replacement of fish meal in the diet of African catfish, Clarias gariepinus. Generally, insects are cheaper source of protein with high crude protein content ranging from 31.93 – 64.51% (figure 2) that can provide the minimum dietary protein required for optimum growth of catfish at fingerling stage that requires only 40 – 42.5% (Eyo, 1995; Fagbenro et al. 1992; Faturoti et al.1986), post juvenile to adult that requires about 40% (Madu and Olurebi, 1987) and 35% for brooders (Madu et al. 2003). 
However, the use of insect meals is being hindered because of some factors such as excess lipid, imbalance amino acid, endogenous production of toxin such as 1,4-benzoquinone, presence of anti-nutritional factor such as chitin (Maj et al.,2016; El-Kashlan et al.,1996). For instance, diet formulated with 2% inclusion level of chitin was found to reduce growth and feed conversion of Tilapia (Shiau and Yu 1999).  Although literatures in Nigeria have not published the quantity of chitin found in the commonly insects used in the diet of Clarias gariepinus but Shiau and Yu (1999) reported 11.6 and 137.2 mg kg-1 as the range of quantity of chitin found in many insect bodies.  Even though, total replacement of fish meal is not visible, the use of insect meal in the diet of Clarias gariepinus reduces production cost and quantity of fish meal which is both expensive and unavailable and accounts for about 60 – 70% of the total cost of fish farming operation in Nigeria (Ali et al., 2009; Olaniyi et al., 2016; Tiroesele and Moreki, 2012). 
Blood meal is another unconventional and cheap source of protein being used as replacement of fish meal in the diet of Clarias gariepinus in Nigeria. It has been reported to have high crude protein that ranges from 65 – 94% (figure .2) However, its utilization is being hindered because of its amino acid imbalance (Ukoha et al., 2019; Nwokoro, 1993; Nsa et al., 2009). 
Alternative protein sources of plant origin such as soybean meal, sesame meal and groundnut cake meal are also being used as replacement of fish meal in the diet of Clarias gariepinus with the mandate of reducing the high of cost production. The crude protein of plant origin ranges from 40 – 44%, 45 – 53% and 40 – 45% for soybean meal, sesame meal and groundnut cake meal respectively (Fagbenro et al., 2003; Dersjant-Li, 2002; Fagbenro et al. 2010 Jimoh et al., 2014; Mamputu and Buhr, 1995; Kaneko et al., 2002) which can provide the 40 – 42% of crude protein required by African catfish at all stages (Uys, 1989). Plant source of protein are generally low in Essential Amino Acid (EAA) especially methionine and lysine (figure 2) (Mamputu and Buhr, 1991; Eyo and Olatunde, 1998; Gatlin et al., 2007). The use of plant protein source to replace certain percentage of fish meal in the diet of Clarias gariepinus also reduces the cost of fish farming operation in Nigeria (Davies and Ezenwa, 2010; Ovie and Ovie, 2007). However, the presence of anti-nutritional factors in plant sources of protein pose challenge that hinders its utilization (Francis et al., 2001). Because anti-nutritional factors found in plant source of protein are mostly alkanoids that make the diet less palatable to the fish. The anti-nutritional factors (ANFs) such Protease inhibitors, saponin, oligosaccharides and phytate are found in plant source of protein (Rajeev and Bavitha, 2015). The ANFs have negative effect on the growth of the fish and can also cause changes to the pathomorphology of intestinal epithelium of the fish (Krogdahl et al., 2003). Ostaszewska et al. (2005) reported intestinal inflammation caused by the action of Anti-Nutritional Factors (ANFs) after rainbow trout was fed with soybean meal. Similar condition was reported in Atlantic by Krogdahl et al. (2003). 
Methionine and lysine are the first two essential amino acid (EAA) that are limiting in the diet of fish (Mai et al., 2006) especially those protein source from unconventional ingredients. Lysine is amongst the EAAs involve in the process of fish growth and act antagonistically to the function perform by arginine (Cabral et al.,2013) by enhancing the arginase activity that results to arginine requirement (Kestemont, 2007). Methionine on the other hand is known to play an important role in gene modification and endocrine pathways alteration responsible for regulation of appetite (Sourabie et al., 2018). Although supplementation with external methionine and lysine have been shown to greatly improve the growth performance of Clarias gariepinus in some of insects (Djissou et al., 2016). Overall the lysine content in all of the alternate protein sources are lower than that of fish meal (figure 3). Clarias gariepinus requires about 44.9g/kg of dietary feed for lysine (Pantazis, 1999). The quantity of lysine found in insect’s meal (figure 2) can provide the quantity of dietary lysine required for optimum growth and development of Clarias gariepinus. In the other hand, plant source of protein such as the meals from soybean, sesame and groundnut cake are rather low in lysine (figure 3). Hence, when they are used in the diet of Clarias gariepinus, external sources of lysine need to be provided.
Supplementation of external source of EAA to the diets with unbalanced EAA have been observed to give rise to many antagonistic effects. For instance, common carp was observed to be at suboptimal growth when isoleucine was included in excess quantity (2.86%) (Nose, 1979). Hughes et al., (1984) also reported antagonistic relationship between leucine and valine, as the supplementation of valine to a diet with excess leucine (5%) countervailed the effect of reduced growth rate and decreased feed utilization observed due to the excess leucine. 
SUSTAINABILITY EVALUATION
Unbalance EAAs in the diet can lead to low feed intake, inefficient utilization of feed consequently depressed growth (D’Mello, 2003; Zhou et al., 2011). Moreover, since fish feed is made up with high percentage of protein (with greater proportion of Nitrogen and Phosphorus), inefficient utilization of the feed will result to less retention of these two elements (N and P) in the body of the fish and as a result increased their discharge as wastes (Craig, 2017; Lazzari and Baldisserotoo, 2008). The unutilized nitrogen and phosphorus are excreted in the form of dissolved ammonia and particulate matter respectively (Bureau and Cho, 1999; Sugiura et al., 1999). When ammonia is left untreated in the culture water it accumulates and lead to lethargic and when persist it leads to death of the fish (Levit, 2010). Phosphorous on the other hand is not as toxic as ammonia to the fish and other wildlife. However, when it is discharged to the environment it enriches the receiving water bodies and consequently lead to eutrophication (Wong, 2001). 
Animal blood is known to contain high oxygen demand (Kahle and Gray, 1956). The biochemical oxygen demand (BOD) of blood from cattle has been reported to be about 156,500mg/l and 218,300mg/l the chemical oxygen demand (COD) (Beefland, 1971). This high concentration of BOD and COD from the blood will lead to depletion of Dissolved oxygen (DO) when the animal blood is discharge into water bodies or from runoff (Ezeohaa and Ugwuishiwu, 2011). Oxygen saturation have been reported to affect growth performance indicators such as FCR and SGR with best values obtained with increasing saturation level (Crampton et al. 2003; Forsberg and Bergheim 1996). Therefore, there is need to further research on the effect of the diet formulated with blood meal on the water quality parameters such as Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) in order to ensure sustainability of the practice. 


CONCLUSION
This review confirms that that insect, blood, and plant protein meals can partially replace fish meal in Clarias gariepinus diets, reducing feed costs while meeting protein needs. However, full replacement is limited by essential amino acid imbalances (especially methionine and lysine), anti-nutritional factors, and potential water quality issues such as increased nitrogen, phosphorus, and high Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). Future research should focus on precise amino acid balancing, improved processing, optimized inclusion levels, and environmental sustainability.
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Figure 3:  EAA  of fish meal and alternative source of proteins 
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Figure 2: The crude protein, ash and lipid content of fishmeal and alternative proteins being used in the diet of Clarias gariepinus in Nigeria 
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