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ABSTRACT 

Fish feed protein ingredients are the most expensive and often unavailable in sub-

Saharan Africa especially in commercial aquaculture systems. The major fish feed 

protein ingredient in fish farming in Kenya is fishmeal (FM) that is often times 

expensive and adulterated leading to low productivity of fish farming. This 

problem has necessitated a need for exploring alternative less expensive and easily 

available protein sources such as black soldier fly larvae (BSFL). This study aimed 

at evaluating the growth rate, feed utilization, survivability and carcass 

characteristics of the African catfish (Clarias gariepinus) reared on diets 

containing BSFL meal as a replacement for FM. Treatment diets were formulated 

for BSFL meal to replace FM at the rate of 0% (C), 25% (D1), 50% (D2), 75% 

(D3), 100% (D4) and D5 (49% BSFLM, 49% FM and 2% Baker’s yeast). All diets 

were formulated to meet the nutritional requirements of catfish. The catfish were 

housed in harper nets each measuring 2 by 2 by 2 meters and the net had one 

millimeter perforations to allow proper circulation of water and also prevent 

escape of the catfish. Each harper net held 20 pieces of catfish. The experiment 

was laid out in a completely randomized design with each treatment being 

replicated three times. The performance of the catfish was determined by 

recording the weights, lengths and mortality biweekly for six months. Analysis of 

variance was carried to determine the effects of the treatment diets on the weight 

gain, length gain and carcasses charateristics. Water quality parameters including 

dissolved oxygen, temperature, salinity and conductivity measured were within the 

optimum levels recommended for rearing the African catfish. Catfish consuming 

diets with 50% and 75% BSF larvae meal had the highest growth rates of 

1.01g/day and 0.98g/day respectively. However, the growth rates of the catfish 

consuming the diets with 0% and 100 % BSFL meal as well as the diet containing 

2 % baker’s yeast were not significantly different (P>0.05). Mortality of 1.10% 

was noted in the catfish consuming the control diet and diet containing 25 % BSFL 

but there was no mortality for the other treatment groups. Carcasses of African 

catfish fed treatment diets with BSFL meal had significantly (P<0.05) higher 

amounts of crude protein (CP) especially for D2 and D3. Ether extracts from the 

carcasses showed that an increase in BSFL meal led to an increase in the lipid 

content of the carcasses. The inclusion of BSFL meal did not negatively affect the 

nutritive composition and carcass quality (especially essential amino acids) of the 

African catfish. The study noted that the concentration of essential amino acids 

increased as the amount of BSFL meal in the diets increased. Substitution of BSFL 

meal for FM in the treatment diets didn’t negatively affect the survival rates of the 

catfish. The study recommends the use of BSFL meal at substitution rates of 50% 

and 75% for better survival and enhanced growth performance of African catfish 

as well enhanced quality of its carcass. 
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CHAPTER 1: INTRODUCTION 

1.1 Background of the Study 

There has been a marked increase in consumption of animal products, including 

aquaculture products across the globe due to increased urbanization and improved 

per capital incomes (Delgado et al., 2003; Steinfeld et al., 2006; Alexandratos and 

Bruinsma, 2012; United Nations, 2013; Tran et al., 2015). Fish farming is 

currently the exponentially growing food producing frontier and it has been 

growing at 8.6% per annum especially in the last few decades (Ahmed and Diana, 

2016). Fish feed ingredients have mainly been constituted by use of fishmeal and 

other aquaculture by-products as the main protein sources (Médale et al., 2013; 

Soliman et al., 2017).  

Fishmeal is considered as a viable source for amino acids and protein while fishery 

products such as fats provide polyunsaturated fatty acids such omega-3 fatty acids 

are desirable for their excellent antioxidant properties in human and animal 

nutrition (Olsen and Hasan, 2012). Availability of fish and fish by-products used 

for livestock feed must grow by approximately 70% by 2050 in order to meet the 

increasing demand, with other livestock by products expected to increase by two-

fold (IFIF, 2014; FAO, 2014).   

Fishmeal has become not only expensive, but its production has been decreasing 

rapidly due to tighter controls on marine fishing that are meant to control 
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unregulated fishing and over exploitation of pelagic species (FAO, 2012; Shitote et 

al., 2012). There is therefore an urgent need to explore alternative protein feed 

sources. Insect meals and whole insect diets have been utilized in fish rearing and 

livestock nutrition (FAO, 2012; Van Huis., 2013; Van Huis et al., 2013; Cohen, 

2015) and there is a need to upscale their use in livestock nutrition (Veldkamp et 

al., 2012; Henry et al., 2015; Kelemu et al., 2015; Tomberlin et al., 2015; 

Zieli´nska et al., 2015; Lock et al., 2018; Cappellozza et al., 2019). 

Several studies have successfully utilized insect meals in rearing and feeding 

different livestock and fish species (Smetana et al., 2016). For example Nile 

Tilapia (Oreochromis niloticus) was successfully reared on black soldier fly larvae 

(BSFL) meal and house fly maggot meal (HFMM) (Bondari and Sheppard, 1981; 

Ogunji et al., 2008), while African Sharptooth catfish (Clarias gariepinus) was 

reared on HFMM (Aniebo et al., 2009; Idowu and Afolayan, 2013). Similarly 

turkey birds were reared on HFMM (Zuidhof et al., 2003) and commercial broiler 

and layer birds reared on BSFL meal (Leiber et al., 2015; Schiavone et al., 2017; 

Mwaniki et al., 2018; Onsongo et al., 2018) and HFMM (Agunbiade et al., 2007). 

The European Union as well as the North American countries have already 

approved use of BSF larvae as animal protein (Commission Regulation (EU), 

2017; Sogari et al., 2019). Therefore, the objective of the present study was to 

evaluate BSF larvae meal as a potential replacement protein ingredient in place of 

fishmeal in the rearing of the African catfish.  
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1.2 Statement of the Problem 

Protein especially from fishmeal is key component in fish feed diets yet it is the 

most expensive of all ingredients (Helfrich and Steven, 2002; Muzinic et al., 2006; 

Soliman et al., 2017). The retailing price of fishmeal in Kenya has been US$ 

1.4/kg in 2015 (Fiaboe and Nakimbugwe, 2017). Fishmeal has been the most 

commonly used ingredient due to its good amino acid content profile and good 

digestibility. Unfortunately, fishmeal is relatively expensive and indications are 

that it will be even more expensive in the future (Delgado et al., 2003; 

Kristofersson and Anderson, 2006; Tacon and Metian, 2008; Rana et al., 2009; 

Tacon and Metian, 2009). Black soldier fly larvae meal production in houses 

measuring 5m x10m can produce 2 tonnes of fresh larvae, with a production cost 

of US$ 0.20/kg DM and being sold to farmers and feed processing companies at 

US$ 0.90/kg DM (Fiaboe and Nakimbugwe, 2017). Thus, the present study 

evaluated the potential of BSFL meal as an alternative protein source for the 

aquaculture systems with a particular reference to the African catfish. 

1.3 Justification 

There is an urgent need for a high quality feed for aquaculture system in the 

tropics; in particular to cater for the nutritional requirements for increased 

production of farmed African Catfish. The nutritional quality of locally produced 

BSFL is favorable and various studies have found that it can be used to formulate 

commercial fish feeds while replacing conventional fish feed ingredients such as 
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fishmeal (Ramachandran and Ray, 2007; Rumpold and Schlüter, 2013). Thus, BSF 

larvae meal is an excellent protein source for different livestock species as shown 

in previous studies such as Channel catfish (Ictalurus punctatus), rainbow trout 

(Oncorhynchus mykiss) and in Turbot (Scophthalmus maximus) (St-Hilaire et al., 

2007a; Kroeckel et al., 2012), broiler chicken (Schiavone et al., 2017; Onsongo et 

al., 2018), layer chicken (Mwaniki et al., 2018), white shrimps (Cummins et al., 

2017) and Channel cat with tilapia (Bondari and Sheppard, 1987). The African 

catfish is a common species in the tropical water bodies of Africa and is a key fish 

species in Kenya commercial aquaculture systems and is especially favored for its 

dressing and filleting percentage during processing and marketing (FAO, 2006).  

1.4 Objective of the Study 

1.4.1 Broad Objective 

The purpose of the study was to increase African Catfish growth performance and 

carcass quality characteristics through the utilization of Black Soldier Fly larvae 

meals.  

1.4.2 Specific Objectives 

i. To evaluate the growth performance and survival rates of African 

Catfish fed on Black Soldier Fly larvae-based diets, 

ii. To determine the carcass characteristics of African Catfish fed on 

Black Soldier Fly Larvae. 
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1.5 Research Questions 

i. What is the growth performance of African Catfish raised on BSF larvae 

meals as dietary replacement for fish meal? 

ii.  What is the effect of use of BSF larvae meal in African Catfish diet affect 

the quality of the carcass? 

1.6 Conceptual Framework 

Production and procurement of quality yet cheap African catfish feeds in this case 

BSF larvae meals will enhance growth rates, weight gain and quality of catfish 

reared. Therefore more output and subsequent sales of the produce will lead to an 

overall increased wellbeing of the population, poverty reduction and improved 

nutrition. 

 

  

Independent variables 

i. Feeding management (protein 

sources: fishmeal and BSF 

larvae meals; crude fat sources: 

fishmeal and BSF larvae meal; 

metabolisable energy; vitamin 

mineral premix and feeding 

rates at 8% of the body weight 

for rearing grower catfish) 

ii. Water quality characteristics 

such as pH, dissolved oxygen, 

temperature and salinity. 

iii. Fish genetic characteristics: 

African catfish 

Dependent variables 

 

i. Growth rates (Weight 

gain, length gain, feed 

conversion efficiency 

and specific growth 

rates per day) 

 

ii. Improved fish quality 

(fish carcass quality: 

crude protein, ash, ether 

extracts and protein 

quality: essential amino 

acid) 

 
Figure 1.1: Conceptual framework 
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CHAPTER 2: LITERATURE REVIEW 

2.1 The African Catfish 

The African catfish (Clarias gariepinus) is distributed throughout Africa and it’s a 

very important species of fish especially in capture fisheries and for rearing by fish 

farmers (FAO year book, 2008; Ponzoni and Nguyen, 2008). This species of fish is 

found in almost all water bodies including swamps, seasonal pools, seasonal rivers 

and lakes (Akinsanya and Otubanjo, 2006; Froese and Pauly, 2016; Weyl et al., 

2016). Its wide distribution is due to its ability to use atmospheric air and tolerance 

to low dissolved oxygen (DO) (Nelson, 2006). Burrowing in the mud enables 

catfish to survive for long periods without water (Skelton, 2001). The African 

Catfish is also able to feed on a diverse diet (Keyombe et al., 2015); and usually 

breeds depending on the rainfall patterns. These characteristics of the African 

catfish have made it resilient in comparison to other species of fish when in 

prohibitive environs that are affected low dissolved oxygen.  
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Figure 2.1: Post fingerling African catfish 

Various studies have found that the African catfish mature between 30-50cm total 

lengths (Keyombe et al., 2015). This species of fish is primarily omnivorous 

(Keyombe et al., 2015) and usually feeds on insects, smaller fish species and 

young fishes, mollusks and soft plants that thrive in the water bodies (Dadebo et 

al., 2014). African catfish fingerlings and growers feed on insect larvae, aquatic 

insects and seed shrimps (Dadebo et al., 2014).  
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Figure 2.2: Mature African catfish harvested for sale 

The African Catfish production in sub-Saharan African is mostly a small scale 

semi intensive venture among rural farmers (FAO, 2007b; Ngugi et al., 2007) and 

is usually carried out as a polyculture with the Nile tilapia. Monoculture of this 

species is carried out but its productivity is highly dependent on quality of the feed 

(Ogello and Opiyo, 2011). The fish species is well distributed across the world for 

aquaculture purposes (Na-Nakorn and Brummett, 2009).  According to FAO 

(2020), approximately 230,000 tons of the African catfish were reared and 

harvested worldwide with Nigeria, Netherlands, Hungary and Kenya been the top 

producers. 
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2.2 The black solder fly  

Black soldier fly (Hermetia illucens) insects belong to the Order Diptera and 

Family Stratiomyidae (Liu et al., 2017; Nguyen et al., 2015). They are native 

species in Kenya and regularly occur around the fecal waste piles of poultry, swine 

and other livestock such as cattle, sheep and goats (Chia et al., 2018) and can be 

reared on diverse organic wastes (Liland et al., 2017). The black soldier fly’s 

development is primarily a four stage cycle: egg, larvae, pupae and adult fly 

(Tomberlin and Sheppard, 2002; Li et al., 2011a). The egg of a black soldier fly 

develops to larvae, which is the 6th stage, prior to pupation and finally develops to 

a mature insect (Diclaro and Kaufman, 2009; Alvarez, 2012).  

The BSF larvae have an innate adaptation to self-harvest because they migrate to a 

particular pupation zone (Sheppard et al., 1994). The adult BSF does not get 

attracted to human populations and environments and they do contaminate 

people’s foods and water and therefore are not disease vectors as it does not feed 

and it lays its eggs near the food source (Paulk, 2006; Banks, 2014). Black soldier 

fly larvae have a dull whitish to brownish blackish in color and readily consume 

refuse and they can be harvested manually using sieves.  
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Figure 2.3: Adult black soldier fly 

Black Solder Fly flies larvae are sometimes called loo maggots due to their 

association with fecal waste (Myers et al., 2008). The maggots may also be found 

in factory zones such as beer manufacturing plants waste pits and processing 

plants refuse pits such as of coffee, beans, vegetables and fish processing plant 

waste zones (Li et al., 2011a; Banks, 2014). The larvae can be processed as feeds 

for cows, swine, and various poultry species and also for aquaculture species 

(Newton et al., 2005a; Barroso et al., 2014; Ur Rehman et al 2017; Wang and 

Shelomi, 2017). Some crude fats of BSF larvae can be changed to biofuels 
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(Manzano-Agugliaro et al., 2012; Zheng et al., 2012; Leong et al., 2016), and one 

thousand larvae can produce 36g to 91g of biofuel, depending on the type of 

material in which they are raised (Li et al., 2011a; Li et al., 2011b). Currently 

black soldier fly larvae oils are been tested for use as skin care products in the 

multibillion beauty industry (Sangduan, 2018).  According to Bava et al. (2019) as 

well as Chia et al. (2018) it is easy to mass produce BSF larvae for use as animal 

feed, thereby enhancing bioconversion as a commercial venture. 

The larvae have been used to degrade the various organic wastes (Cickova et al., 

2015; Gold et al., 2018; Jucker et al., 2020). In waste management while using 

BSF larvae, there has been shown marked difference of weight reduction of over 

fifty percent in weight of the fecal wastes from layer birds (Sheppard et al., 1994) 

and pig waste (Newton et al., 2005a; Newton et al., 2005b). Additionally, Diener 

et al. (2009) revealed that 66-70 % of the total weight domestic wastes were 

diminished by BSF larvae.  

A study by Banks et al. (2014) achieved a reduction in weight of between 25-55 % 

of total fecal wastes when BSF larvae were used to control fresh human feces. 

Furthermore, maggots have been used to effectively destroy pathogenic microbes 

found in human or animal fecal wastes. For example, Lalander et al. (2015) 

concluded that Salmonella species in human refuse were destroyed by BSF larvae. 

It has also been reported that there was a significant reduction of E. coli bacteria 

0157:H7 by BSF larvae in poultry fecal waste (Erickson et al., 2004; Liu et al., 

2008). 
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Figure 2.4: Black soldier fly larvae 

2.3 Nutritive composition of black soldier fly larvae meal 

Black soldier fly larvae used as ingredients in livestock and fish diets have a good 

amino acid balance and high crude protein content (Table 2.1)., Spranghers et al. 

(2016), Tinder et al. (2017) and Jucker et al. (2020) found that BSF larvae meal 

protein content was high irrespective of the type of substrates on which the BSF 

larvae was reared. Liu et al. (2017) found that biomass quality: crude protein, 

crude fat and ash of the larvae varied but stabilized at mature larvae and pupae 

stages.  
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Table 2.1: The nutrition composition (% dry matter) of black soldier fly 

larvae meals reared on cattle and pig refuse 

Analysis  BSF larvae reared on 

cattle refuse in 

percentages 

BSF larvae reared on 

swine refuse in 

percentages 

Crude Protein  42.1 43.6 

Crude Fat  34.8 33.1 

Crude fiber  7.0 Not defined 

Ash  14.6 15.5 

Source: Haasbroek, (2016) 

There are insufficient studies on the total amino acid requirements of African 

catfish (Clarias gariepinus) and their requirements standards have been based on 

those of the channel catfish (Ictalurus punctatus) which have been studied 

comprehensively (Robinson et al. 2001; Wu et al., 2004; Robinson and Li, 2010; 

NRC, 2011). Table 2.2 gives the amino acid compositions of BSF larvae against 

the amino acid nutrient needs of the Channel catfish. However a major 

shortcoming of the BSF larvae meals is that it is deficient in methionine, threonine 

and tryptophan which are essential amino acids in the diet of the catfish (Pantazis, 

2005). Nevertheless, the shortfall can be overcome by supplementation with 

suitable ingredients.  Several studies have espoused on the high nutritive values of 

BSF larvae meal (Finke, 2013; Surendra et al., 2016; Barragan-Fonseca et al., 
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2017; Jucker et al., 2017; Nogales-Mérida et al., 2018) and as such studies have 

advocated for its use as an alternative feed ingredient in rearing different food 

animals (Marono et al., 2015; Meneguz et al., 2018). Makkar et al. (2014) found 

that BSF larvae meal had a favorable crude protein (CP) and crude fiber (CF) 

content, and as such could be utilized in place of the common protein ingredients. 
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Table 2.2: The relative composition (mg/g dry matter) of amino acids in black 

soldier fly larvae reared on various substrates against the African catfish 

requirements 

 

No. 

 

Amino Acid 

BSF Larvae 

reared on 

cattle waste 

BSF larvae 

reared on 

pig waste 

African catfish 

amino acid 

requirements 

1. Valine  101 101 46 

2. Phenylalanine  65 67  102 

3. Tryptophan  6 27 58 

4 Methionine  26 38 71 

5 Threonine  16 64 45 

6 Isoleucine  58 68 35 

7 Leucine  104 118 108 

8 Arginine  67 81 Not defined 

9 Histidine  58 42 32 

10 Lysine  100 100 100 

Source: Haasbroek., 2016. 

According to Fasakin et al. (2003) the mineral constitution of black soldier fly 

maggots meals depended on the processing methods and the substrates in which 

the maggots were reared (Newton et al., 2005a; Newton et al., 2005b). It has been 

reported that phosphorus content was higher in BSF larvae reared on chicken fecal 
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waste as compared to those grown on pig fecal waste (Newton et al., 2005a) 

whereas calcium levels was higher in BSF larvae grown on pig fecal waste. 

Calcium and phosphorus levels in BSF larvae meals were adequate for the dietary 

needs of the African catfish.  

2.4 Black soldier fly larvae and pupae as livestock feed 

The characteristics of black soldier fly as a waste management tool and as a highly 

nutritious feed compound should be viable reasons for its adoption by farmers and 

institutions dealing with waste management and livestock rearing (Sheppard et al., 

1994). Cured BSF larvae contain forty two percent crude proteins and thirty five 

percent crude fats on dry matter basis (Newton et al., 1977). Black soldier fly 

larvae can be easily preserved for long durations of time. Tran et al. (2015) 

indicated that BSF larvae can be utilized as an animal feed ingredient of most 

livestock species especially mono-gastric and fishes with almost all species 

responding positively to its inclusion in their diets.  

2.4.1 Black soldier fly larvae as pig feed 

Black soldier fly larvae meal diets have been shown to be viable alternatives for 

weaner piglets diets as they have sufficient amounts of amino acids, fatty acids and 

minerals such as calcium. The deficiencies of methionine, cysteine and threonine 

in BSFL meals can be countered by supplementing with beef offal or soya bean 

meals. Newton et al. (1977) reported that BSF larvae meals palatability was 

comparable to that of soya bean meal. Cured BSF larvae meals used to wean off 
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piglets led to a positive outcome of over 4 % higher weight gain and over 9 % 

higher nutrient conversion and utilization efficiency compared to diet containing 

Soya Bean Meal (SBM). Nevertheless, the one hundred percent substitution with 

BSF did not give a favorable outcome as compared to the control where total 

performance reduced by close to thirteen percent.  

Newton et al. (2005a) proposed further refinement of BSF larvae by removing 

cuticle in order to improve utilization by weaning pigs. Chia et al. (2019) reported 

that pigs fed BSF larvae meal compared favorably with the fishmeal fed pigs. The 

study also found it was economically sound to use BSF larvae meal as alternative 

protein ingredient in the rearing of pigs. Biasato at al. (2019) reported that piglets 

gained weight favorably when reared using BSF larvae meals when compared with 

piglets reared on the control diet (soybean meal). 

2.4.2 Black soldier fly larvae in poultry diets 

Black soldier fly larvae meals have been shown to enhance growth performance 

and hence early maturity of poultry birds especially chicken (De Marco et al., 

2015; Onsongo et al., 2018). Chickens reared on feeds containing BSF larvae meal 

as replacement ingredient for soya bean meal (SBM) increased weight gain rates 

by 96% whereas the control diets having soy bean meal led to increase rate in 

weight gain of 93% as reported by Hale (1973) thereby showing that BSF larvae 

meal could be used to replace SBM in the rearing of chickens. Onsongo et al, 

(2018) reported that inclusion of BSF larvae meal in broiler diets enhanced feed 
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conversion rates and nutrient utilization. Widjastuti et al, (2014) reported a 

significant effect on feed consumption and conversion efficiency and egg weight 

but there was no significant effect on egg production when fishmeal was 

substituted with BSF larvae in diets of  quail birds (Coturnix coturnix japonica). 

When quail birds were reared with BSF larvae meal at 20 and 15% substitution 

rates against soybean meal diets, there was comparable growth performance and 

carcass characteristics as reported by Cullere et al. (2016). 

In a study using broiler chicken, De Marco et al., (2015) found that BSF larvae 

meal was more digestible than the Tenebrio molitor meal. In a similar study by Al-

Qazzaz et al., (2016) it was observed that egg production improved with inclusion 

of BSF larvae meal in the chicken diets. It was further observed that inclusion of 

50 g/kg BSF larvae meal improved feed conversion efficiency (FCE), egg weight, 

shell thickness, shell weight, egg yolk color and fertility.  The study concluded that 

black soldier fly can be utilized as a feed supplement for laying chicken. Maurer et 

al. (2015) reported that layer birds reared on BSF larvae meal performed favorably 

compared to the layer birds reared on soybean meal as the control. 

Economically, Osongo et al. (2018) found that there was a marked increase in the 

Benefit Cost Ratio (BCR) by 16% and an overall increase on Return on 

Investment of 25% when broiler birds were fed on certain levels of Hermetia 

illucens compared to the usual diet which was 19% percent more expensive. 

Rearing layer birds with diets having BSF larvae meal replacing soy bean meal 

(SBM) led to eggs having higher yolk proportions and the yolks were deeper in 
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color and had 11% less cholesterol compared to the eggs from chicken reared on 

SBM (Secci et al., 2018) 

2.4.3 Black soldier fly larvae in Ruminant Diets 

There is limited information on utilization of BSF larvae meal for feeding 

ruminants. In a laboratory study, Haasbroek (2016) observed that in-vivo and in-

vitro degradability of combinations of Hermetia illucens and Chrysomya 

chloropyga larvae showed higher effective degradability (with low rumen un-

degradable proteins) compared to full fat larvae diets of both species. It was 

further observed that degradability was affected by fat levels in the maggots. The 

study concluded that both larvae species are viable sources of proteins, 

polyunsaturated fats and minerals such as phosphorus and calcium that are vital for 

ruminant nutrition.  

2.4.4 Studies on black soldier fly larvae in fish diets 

Black soldier fly diets have been tested on fish species including channel catfish 

(Ictalurus punctatus), blue St Peter’s fish (Oreochromis aureus), red band trout 

(Oncorhynchus mykiss), turbot (Psetta maxima) and Atlantic salmon (Salmo salar) 

(Bondari and Sheppard, 1987; St-Hilaire et al., 2007a; Sealey et al., 2011; 

Kroeckel et al., 2012; Lock et al., 2015; Borgogno et al., 2017). These studies 

reported that BSF larvae meals can replace fishmeal-based diets.  

Stamer et al. (2014) observed that performance of rainbow trout on BSF larvae 

meal was comparable to those fed on fishmeal and concluded that BSF larvae meal 
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could be used to replace up to fifty percent fish meal in diets of the rainbow trout. 

In another study, Antonio, (2015) concluded that larvae meal is a viable option 

when rearing European Sea Bass (Dicentrarchus labrax) and could replace 

fishmeal which was more expensive and less readily available to the common 

farmer.  

Zhou et al. (2018) found that inclusion of BSF larvae meal did not adversely affect 

the growth, biological and carcass quality parameters of Jian carp (Cyprinus 

carpio var. Jian). The study also found that the inclusion of BSF larvae meal diets 

of Jian Carp at 100% BSF larvae meal to replace fishmeal led to a decrease in n-3 

highly unsaturated fatty acids in Jian carp carcasses thereby suggesting that 

inclusion of the larvae meal can improve on fish carcass quality. 

Xiao et al. (2018) evaluated the use of BSF larvae meal in the rearing of Yellow 

Catfish and observed that inclusion of larvae meal (25%) increased growth 

performance by 29.1% (weight gain) compared to the control (with no BSFLM). 

Furthermore, immunity indexes improved significantly (31.9%) and all treatments 

did not significantly affect mortality. The study concluded that BSF larvae meal 

can be used to partially replace fishmeal in yellow catfish diets thereby improving 

on growth parameters and immuno-competence of the catfish. It is therefore 

reasonable to evaluate the use of BSF larvae meal in the African Cat fish.  Rimoldi 

et al. (2019) reported that rearing rainbow trout using BSF larvae meal at different 

inclusion rates increased gut efficiency and as well as gut health but enabling the 

proliferation of beneficial microbes. 
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Currently there is very limited information on the use of BSF larvae meals in the 

rearing of the African catfish and its effects on growth performance and carcass 

quality parameters of the fish species. Therefore, this study aimed at addressing 

this gap. 

2.4.5 Baker’s Yeast Supplementation in Catfish Rearing. 

Baker’s yeast (Saccharomyces cerevisiae) have been investigated and found to be 

viable partial feed ingredient substitutes and additives especially in replacing 

fishmeal in fish diets. Several studies have tested the efficacy of utilizing 

Saccharomyces cerevisiae in the rearing of Salvelinus namaycush (Rumsey et al., 

1990), Oncorhynchus mykiss (Rumsey et al., 1991) and in African catfish (Aderolu 

et al., 2011) while testing for growth performance and feed conversion efficiency. 

These studies found that baker’s yeast could replace fishmeal by up to 50% 

without negating the growth performance or feed utilization of the species under 

study.  

Other studies found that daily weight gain, feed utilization efficiency and general 

growth improved when Baker’s yeast was fed to chicken (Angel et al., 2001; 

Zhang et al., 2005). Saccharomyces cerevisiae has also been utilized in improving 

feed quality characteristics such as fermentation, binding when pelleting mash 

meals, floatation improvement and stability of the feeds in the water especially for 

corn and cassava derivative feeds (Solomon et al., 2011).  
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Abdel-Tawwab et al. (2008) found that baker’s yeast optimized growth 

performance, feed conversion efficiency and improved protein turn over and 

inclusion of 1.0 – 5.0 g yeast/kg in the diets improved the immunity of Fry Nile 

tilapia, Oreochromis niloticus. Other studies have found that use of 

Saccharomyces cerevisiae improved the growth and feed utilization efficiency as 

well as survivability of the African catfish (Mona et al., 2015). 
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Study Site 

The study was carried out at Kenya Marine and Fisheries Research Institute 

(KMFRI), Sagana Aquaculture Centre. The Centre is located about 2 km within 

Sagana Township in Kirinyaga County, approximately 104 Km Northeast of 

Nairobi City. It lies at latitudes 0019’S and 37012’E and at an altitude of 1231 

meters above mean sea level. There were excellent research facilities within the 

station for fish research. 
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Figure 3.1: Location of Sagana Fisheries- KMFRI 

 



25 

 

3.2 Feed Ingredients 

Black soldier fly larvae was sourced from International Center for Insect 

Physiology and Ecology (ICIPE), Nairobi, and stored in bags at room temperature 

until it was used in the experiment. The other feed ingredients were sourced from 

local suppliers, compounded, mixed and formulated to make a mash as complete 

fish diets. The diets were formulated to meet optimum feeding standards for 

Catfish as shown in Table 3.1 (NRC. 2011; Munguti et al., 2014) 

Table 3.1: Dietary composition of catfish feeds and feeding rate used in the 

study during the six month study period 

 

The diets were formulated to partially or wholly replace fishmeal with BSF larvae 

meal. The control diet (C) contained fishmeal as the protein source and with no 

BSF larvae meal. For diets D1, D2, D3 and D4 BSF larvae meal was included to 

replace fishmeal at inclusion rates of 25%, 50%, 75% and 100%. Diet D5 

Parameter Fingerlings  

Feeding rate  6 – 8 % 

Crude Protein 35 – 40 % 

Energy MJ/Kg 10.5 – 11.0  

Crude fiber ≥ 4% 

Lipids  ≥ 12% 

Premix  200g/20kg 
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contained both fishmeal and BSF larvae meal at 49 % each but also included 

baker’s yeast at 2%. 

Table 3.2: Formulated treatment diet (kg) compositions used in the study. 

Ingredients           C D1 D2 D3 D4          D5 

Pollard  38.90 32.10 25.30 18.50 7.50 25.10 

Fishmeal  60.90 47.70 34.60 21.40 0.00 34.80 

BSFL  0.00 20.00 39.90 59.90 92.30 39.70 

Premix  0.20 0.20 0.20 0.20 0.20 0.20 

Baker’s Yeast  0.00 0.00 0.00 0.00 0.00 0.20 

Total  100.00 100.00 100.00 100.00 100.00 100.00 

CP (%) 40.03 40.03 40.03 40.04 40.03 40.03 

Me (Kcal/Kg) 2779.90 2804.50 2828.90 2853.60 2893.30 2822.80 

Crude Fat 

(%) 

10.77 15.50 20.21 24.90 32.60 20.17 

C, Control diet (0% BSF larvae meal and 100% fishmeal); D1, Diet 1 (25% BSF 

larvae meal and 75% fishmeal); D2, diet 2 (50% BSF larvae meal and 50% 

fishmeal); D3, diet 3 (75% BSF larvae meal and 25% fishmeal); D4, diet 4 (100% 

BSF larvae meal and 0% fishmeal); D5, diet 5 (49 % BSF larvae meal, 49% 

fishmeal and baker’s yeast at 2%) 
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3.3 Experimental fish 

Five hundred two-month old male African cat fish of uniform sizes were sourced 

from KMFRI Sagana center. Three hundred and sixty pieces were used in the 

experiment in eighteen harper nets. The rest were stored and used for replacement 

when mortality occurred. The sample catfish fingerlings were acclimatized in the 

study pond for one week prior to the start of the feeding study to minimize 

mortality in the course of the study. The catfish were fed twice a day at 8:00 am 

and at 3:00 pm. Feed intake was 8% of the total body weight.  

3.4 Experimental Design and Procedures 

The study design was a completely randomized design (CRD) with a total of 

eighteen (18) harper nets with each harper net holding twenty (20) catfish. Each 

treatment was replicated three (3) times. The harper nets were made of net made 

into 2 by 2 by 2 m cuboid. The harper nets were then installed in one large earthen 

fish pond prior to the start of the experiment. The data collection was carried out 

for 6 months. 

3.4.1 Data collection 

During data collection, the sample catfish were removed from the net cages and 

transported in a bucket filled with some water so as to minimize stress and 

possible deaths. Each of the 20 catfish from each cage as per the treatment diet 

were weighed and their lengths taken. All measurements on body weight, feed 

intake, and carcass weight were carried using a digital weighing balance (KERN 
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EWISOO- 2M). Lengths of the experimental catfish were measured with a board 

trough standardized meter ruler as shown in figure 3.2. 

 

 

Figure 3.2: Ruler board used to measure the lengths of the sampled catfish 

3.4.2 Feed and carcass sample analysis 

All treatment diets, diet ingredients as well as the African catfish carcasses were 

analyzed using the Association of Analytical Chemists (AOAC, 1995) guidelines. 
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The ash amounts were realized through heating at 550°C for 12 hours. Ether 

extracts were extracted with Velp solvent extractor (SER 148/6) and ethyl ether 

was used as the extracting solvent. Kjeldahl method was used to determine the 

crude protein levels by multiplying N (%) derived from each sample with the 6.25 

factor (Mariotti et al., 2008).  

3.4.3 Calculations on parameters measured 

i. Growth parameters; length (cm), weight (g), daily weight gain (DWG, g 

day-1), weight gain (%), SGR% and FCR were calculated as follows: 

a) WG (weight gain) = final weight of fish – initial weight of fish 

b) ADGW (weight gain) = {final weight of fish – initial weight of 

fish} ÷ total experimental days 

c) Specific growth rate (SGR % per day) = {(final body weight – 

initial body weight) ÷ days} × 100 

d) FCR = Feed given  ÷  animal weight gain 

ii. Survival (%)  

SR (survival rate %) = (number of initial fish ÷ number of final fish) ×100 

iii. Carcass quality parameters; proximate composition including crude protein 

(CP), crude fiber (CF), ether extract (EE), ash and amino acids composition 

(Methionine; Lysine; Leucine; Isoleucine; Valine; Phenylalanine, tyrosine; 

Arginine). 

iv. Water quality test including pH, salinity, dissolved oxygen. 
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3.4.4 Amino acids derivatization  

The methods of crude protein extraction were adopted from Hamilton et al., (2012) 

and detailed in Musundire et al., (2016). Briefly, approximately 25mg of defatted 

African catfish finely ground sample was weighed into Pyrex tubes. Five ml 6 N 

hydrochloric acid (HCl) was added and mixed carefully and purged with nitrogen 

for 30 seconds. The Pyrex tubes were caped immediately and soaked in boiling 

water for 10 minutes. The Pyrex tubes were placed in 110oC oven for 24 hours to 

dry. The samples removed from oven and allow to cool and vortexed for 10 

seconds. The hydrolysates were quantitatively transferred through Whatmann No 1 

filter paper into 10 ml falcon tube. The Pyrex tubes were rinsed with distilled 

water and each of the washings from each Pyrex tube was used to fill to mark.  

A volume of 0.3µL of the filtrate was injected into a Liquid chromatography–mass 

spectrometry (LC-MS) for chromatographic separation, identification and 

quantification of amino acids. The results were analyzed using Enhanced 

ChemStation (MSD ChemStation F.01.00.1903) to realize to concentrations of the 

essential amino acids and further analyzed for statistical significance. 

3.5 Statistical Analysis 

Collected weights and lengths were recorded in workbooks and the raw data was 

transferred into excel spreadsheets for organization and cleaning.  Analysis of 

variance was performed using Statistical Analyses Software (GenStat 15th Ed. 
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Version 15.1.0.8035) and significantly different means were separated by using 

Tukey’s Test at P< 0.05 (Tukey, 1991). 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Chemical Composition of Diets and Ingredients 

Results of proximate analysis of BSF larvae meal and all the feed ingredients used 

during the study are shown in Table 4.1 below.  The crude protein of fishmeal was 

72.4% DM while that of BSF larvae meal was 47.4% DM. The ether extracts was 

41.5% DM and 15.59% DM for BSF larvae meal and fishmeal respectively. 

Table 4.1: Mean (±SE) Chemical composition (% dry matter) of oven dried 

black soldier fly larvae meal, fishmeal, pollard and baker’s yeast  

Parameter   BSFL Meal Fishmeal  Pollard  Baker’s Yeast  

Dry Matter  85.17±0.167 88.33±0.441 89.83±0.441 91.85±0.153 

Crude Protein  47.40±0.516 72.40±0.187 12.90±0.122 40.81±1.189 

Ether Extracts  41.53±3.341 15.59±0.273 10.92±0.286 0.47±0.003 

Ash  9.98±0.340 14.50±0.370 10.80±0.323 5.40±0.322 

 

The CP levels of the formulated fingerling diets attained the minimum nutritional 

requirements of 35-40% of catfish (Adebayo and Alasoadura, 2001; Ali, 2001; 

Adewolu and Aro, 2009). The diets in all the treatments had a crude protein of 

between 41.1% and 48.2% as shown in table 4.2. The results of proximate and 

chemical analysis showed that the six treatment diets were similar in nutrient 

composition although they had slight non-significant variations.  
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Table 4.2: Mean (± SE) chemical compositions (% dry matter) of treatment 

diets used in the study  

Diets DM (%) CP   Ash  EE 

C 87.19±0.426 41.12±0.599 16.05±0.440 21.95±0.305 

D1 88.33±0.441 41.44±1.524 14.53±0.370 20.50±0.567 

D2 85.17±0.167 48.19±0.295 14.81±0.681 21.19±0.526 

D3 85.67±0.333 46.88±1.059 16.73±0.367 22.64±0.779 

D4 86.00±0.577 45.82±0.657 18.31±0.203 21.59±0.581 

D5 86.67±0.667 45.22±0.358 17.94±0.534 21.37±0.617 

DM, Dry matter; CP, crude protein; EE, Ether extract; C, Control diet (0% BSF larvae 

meal and 100% fishmeal); D1, Diet 1 (25% BSF larvae meal and 75% fishmeal); 

D2, diet 2 (50% BSF larvae meal and 50% fishmeal); D3, diet 3 (75% BSF larvae 

meal and 25% fishmeal); D4, diet 4 (100% BSF larvae meal and 0% fishmeal); 

D5, diet 5 (49 % BSF larvae meal, 49% fishmeal and baker’s yeast at 2%) 

4.2 Water Quality Analysis 

The water essential parameters: temperature and dissolved oxygen varied 

throughout the study period, with daytime temperature and dissolved oxygen 

ranging from 24.5 to 31.5°C and 6.2 to 12.1 g/L respectively as shown in Table 

4.3. The temperature and dissolved oxygen levels were within the acceptable 

limits for rearing African catfish (Ogunji and Awoke, 2017).  



34 

 

The pond water characteristics assessed in this experiment were similar in all the 

treatments as the catfish were reared in one pond that had an inlet supply from one 

of the tributaries of Sagana River and an outlet that emptied into a canal emptying 

into other ponds. In general low levels of dissolved oxygen, temperature and water 

pH tend to retrogressively affect the growth performances of fish (Summerfelt, 

2000). In this study the mean water characteristics values of dissolved oxygen, 

temperature and pH were within the recommended levels as shown in Table 4.3 

for rearing the African catfish. 

Table 4.3: The water quality parameters taken in the course of the study 

Parameter Mean  Min  Max  Optimum range 

pH 8.45 8.10 9.18 6.50 – 10.501 

Conductivity 107.12 80.00 124.00 65.00- 130.00 

Temperature (°C) 27.02 24.08 30.43 23.00 – 35.00 

Total Dissolved Solids 

(mg/l) 

53.34 41.00 62.00 35.00 – 174.70  

Dissolved oxygen (mg/l) 9.75 7.50 13.57 3.00 – 14.00 

Salinity g/l 0.05 0.04 0.06 <2.50  

 

4.3 Survival and Mortality  

The survival rates at the end of six month study period were 98.90% in all the 

treatment groups. Survival was constant throughout the course of the study other 

than three catfish fingerlings that were unaccounted for from cages for treatment 
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diets C and D1 as shown in Table 4.4. The fingerlings were thought to have 

escaped into the larger fish pond or died.  

Table 4.4: The survival and mortality (averages) of the African catfish during 

the six month study period as per treatment diet. 

Treatment diet  Initial stocking Final stock Mortality 

C 20 19 1 

D1  20 19 1 

D2 20 20 0 

D3 20 20 0 

D4 20 20 0 

D5 20 20 0 

C, Control diet (0% BSF larvae meal and 100% fishmeal); D1, Diet 1 (25% BSF 

larvae meal and 75% fishmeal); D2, diet 2 (50% BSF larvae meal and 50% 

fishmeal); D3, diet 3 (75% BSF larvae meal and 25% fishmeal); D4, diet 4 (100% 

BSF larvae meal and 0% fishmeal); D5, diet 5 (49 % BSF larvae meal, 49% 

fishmeal and baker’s yeast at 2%) 

This findings on mortality tally with previous experiments using BSF larvae meal 

either as partial or full replacement diets in place of fishmeal in the diets of white 

shrimps (Cummins et al., 2017) and in poultry broiler feeds (De Marco, et al, 

2015; Schiavone et al., 2017; Onsongo et al., 2018), Nile tilapia (Devic et al., 

2018), Jian carp (Zhou et al., 2018), rainbow trout (Cardinaletti et al., 2019), 
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zebrafish (Vargas et al., 2018) and the clownfish (Vargas et al., 2019). Moreover 

the utilization of house fly maggot meal at different inclusion levels in the rearing 

of yellow catfish showed that its utilization had no significance on survivability 

but group replacement survival rates were lower (98.8% - 99.4%) than for the diets 

treatments without maggot meal (Wen et al., 2013). Devic et al. (2018) reported 

higher concentration of BSF larvae meal (80%) resulted to increased mortality of 

up to 10% in the rearing of the Nile tilapia.  The current study also realized better 

survival rates than those reported by Fasakin et al. (2003) which had 70% to 

72.5% when African catfish fingerlings were fed diets containing house fly 

maggots. 

Renna et al. (2017) reported that the survival rates of rainbow trout reared on BSF 

larvae meals at inclusion rates of 25% and 50% were not negatively affected as 

compared to the treatment diets without BSF larvae meal. These findings 

correspond with the current study with the same inclusion rates. Further study by 

Józefiak et al. (2019) while utilizing BSF larvae meal in the rearing of the Siberian 

sturgeon reported that survival rates of the test fish were not negatively affected 

thus giving credence to the current study. 

4.4 Growth Performance 

The changes in weight are shown in Table 4.5. Length gain is shown in Table 4.6 

and the specific growth rate and feed conversion ratio are shown in Table 4.7.  The 

graph (Figure 4.2) is showing length gain over the study period. Treatment diet D2 
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was the best performing in terms of length gain followed by D3. The least 

performing diet in terms of length gain was diet D4. 

Table 4.5: Mean (± SE) weights gain in grams of catfish fed on various BSF 

larvae meal and fishmeal diets over the six month study period 

DIET Initial weight  Final weight  Weight gain  ADGW  

C 3.44±0.322 84.79±2.595b 81.35±2.352b 0.55±0.016b 

D1 3.58±0.121 90.87±2.511b 87.29±2.612b 0.59±0.018b 

D2 4.18±0.083 154.60±4.175a 150.40±4.218a 1.01±0.028a 

D3 4.01±0.194 149.39±2.170a 145.39±2.243a 0.98±0.015a 

D4 3.50±0.202 92.02±1.947b 88.52±1.839b 0.59±0.012b 

D5 3.62±0.227 72.98±14.32b 69.36±14.100b 0.47±0.095b 

P value 0.131 < 0.001 < 0.001 < 0.001 

Within columns, means followed by same lowercase letters are not significantly 

different at P < 0.05; ADGW, Average daily gain in weight; C, Control diet (0% 

BSF larvae meal and 100% fishmeal); D1, Diet 1 (25% BSF larvae meal and 75% 

fishmeal); D2, diet 2 (50% BSF larvae meal and 50% fishmeal); D3, diet 3 (75% 

BSF larvae meal and 25% fishmeal); D4, diet 4 (100% BSF larvae meal and 0% 

fishmeal); D5, diet 5 (49 % BSF larvae meal, 49% fishmeal and baker’s yeast at 

2%) 

Initial weights of the catfish fingerling were not significant (P<0.05) whereas final 

weights were significantly higher (P<0.05) for treatment diets D2 and D3 as 
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shown in Table 4.5. Average daily gains in weight for treatment diets C and D5 

were lower as compared to treatment diets D2 and D3. Treatment diets D1 and D4 

had similar average daily gains in weight. 

Table 4.6: Mean (±SE) length gain in centimeters of catfish fed on various 

BSF larvae meal and fishmeal diets over the study period of six months  

Diet initial length  final length length gain  ADGL 

C 8.36±0.241 24.42±1.661ab 16.06±1.645ab 0.11±0.011ab 

D1 8.35±0.143 25.08±0.689ab 16.73±0.821ab 0.11±0.006ab 

D2 8.75±0.022 29.10±0.577a 20.38±0.598a 0.14±0.004a 

D3 8.62±0.167 27.57±0.530ab 18.95±0.614ab 0.13±0.004ab 

D4 8.25±0.026 22.76±0.676b 14.51±0.685b 0.10±0.005b 

D5 8.36±0.151 23.11±1.697b 14.75±1.582b 0.10±0.011b 

P value 0.201 0.008 0.014 0.014 

Within columns, means followed by different lowercase letters are significantly 

different at P < 0.05; ADGL, Average daily gain in length; C, Control diet (0% 

BSF larvae meal and 100% fishmeal); D1, Diet 1 (25% BSF larvae meal and 75% 

fishmeal); D2, diet 2 (50% BSF larvae meal and 50% fishmeal); D3, diet 3 (75% 

BSF larvae meal and 25% fishmeal); D4, diet 4 (100% BSF larvae meal and 0% 

fishmeal); D5, diet 5 (49 % BSF larvae meal, 49% fishmeal and baker’s yeast at 

2%). 
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The lengths of the catfish fingerlings were uniform during the stocking stages for 

all treatment diets as shown in Table 4.6 whereas the final lengths during the 

termination of the study were varied with the longest lengths recorded for 

treatment diets D2 and D3. The daily gains of length for the catfishes were also 

very varied though there was significance for treatment diets D2 and D3. 

Table 4.7: Mean (±SE) feed conversion ratio and specific growth rate of 

catfish fed on various BSF larvae meal and fishmeal diets over the six month 

study period 

Diet SGR % per day FCR 

C 48.42±1.400b 4.74±0.138ab 

D1 51.96±1.555b 4.42±0.132ab 

D2 89.53±2.511a 2.56±0.070b 

D3 86.54±1.335a 2.65±0.041b 

D4 52.69±1.095b 4.35±0.091ab 

D5 41.29±8.393b 6.19±1.577a 

P value < 0.001 0.016 

Within columns, means followed by same lowercase letters are significantly 

different at P < 0.05; SGR, Specific growth rate; FCR, feed conversion ratio; C, 

Control diet (0% BSF larvae meal and 100% fishmeal); D1, Diet 1 (25% BSF 

larvae meal and 75% fishmeal); D2, diet 2 (50% BSF larvae meal and 50% 

fishmeal); D3, diet 3 (75% BSF larvae meal and 25% fishmeal); D4, diet 4 (100% 

BSF larvae meal and 0% fishmeal); D5, diet 5 (49 % BSF larvae meal, 49% 

fishmeal and baker’s yeast at 2%) 
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Feed conversion was significantly higher in treatment diets D2 and D3 and lowest 

in treatment diet D5 as shown in table 4.7. Specific growth rate was significantly 

higher in treatment diets D2 and D3 and significantly lower in all the other 

treatment diets. Growth responses observed from the experiment were 

significantly influenced by the content of black soldier fly meal in the diet. Across 

all feeding regimes, weight gain and length gain increased gradually from the start 

of the study as shown in Figure 4.1. Weight gain gradually increased for all 

treatment diets and the increase was more noticeable after week 10 for D2 and D3 

each having 50% and 75 % BSF larvae meal respectively. This was followed by 

the fish consuming D1 and D4 while the control diet (C) was the third in terms of 

performance. The least performing treatment diet was D5 which had 2% Baker’s 

yeast as an additive. Weight gain was significant (P< 0.05) at BSF larvae meal 

inclusion level of 50% and 75%.   
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Figure 4.1: Weight gain of the catfish fed different rations of black soldier fly 

larvae meals during the study period 
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Figure 4.2: Changes in the length over time of catfish in the six diet groups. 
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Growth performance from the present study was comparable to those from other 

previous experiments (Wen et al., 2013; Cummins et al., 2017; Zarantoniello et al., 

2018) with very little differences. The differences were attributed to the fact that 

ages of fish and species used in the studies were different. Differences in 

composition and formulation of treatment diets and rearing conditions of the fish 

may also have contributed to the varied results (Wen et al., 2013; Yu et al., 2013). 

In the current experiment, treatment D2 (50% BSF larvae meal) and D3 (75% BSF 

larvae meal) performed the best and 100% replacement fishmeal with BSF larvae 

meal which performed poorly just like the control having 100% fishmeal.  

The results are in agreement with those reported by Bondari and Sheppard (1987) 

who found that 100% replacement of fishmeal with BSF larvae meal in the diets of 

channel catfish or blue tilapia greatly suppressed the growth rates. Partial 

replacement of fishmeal with the use of BSF larvae meal as in this study showed 

that there was a better performance up to 75% BSF larvae meal inclusion and this 

was contrary to other studies (St-Hilaire et al., 2007a; Sealey et al., 2011). 

Weight gain rates in this study of the African catfish fed on fishmeal was similar 

to Lock et al. (2015). High levels of BSF larvae meal (120- 300 g/kg) negatively 

affected growth rates and feed conversion rates of Psetta maxima and in 

Oncorhynchus mykiss (St-Hilaire., 2007a; Kroeckel et al., 2012; Borgogno et al., 

2017) whereas above 330 g/kg rates of inclusion suppressed palatability of the 

treatment diet, intake of feeds, and growth rates of Psetta maxima (Kroeckel et al., 

2012). Higher levels of inclusion of BSF larvae meal has been thought to suppress 



44 

 

digestibility of feeds and growth rates of fish reared. Karapanagiotidis et al. (2014) 

reported that the gilthead seabream reared on BSF larvae meal at 30% in 

replacement of fishmeal increased the growth rate and this correlates with the 

current study where treatments D1, D2 and D3 had noticeable growth rate 

changes. Weight gain in the rearing of the rainbow trout while using BSF larvae 

meal at inclusion rates of 25% and 50% did not significantly differ (P<0.05) from 

the control diet unlike in current study which found that inclusion rates 50% led to 

improved weight gain of the African catfish. The weights of the larval zebrafish 

wasn’t negatively affected by the inclusion of BSF larvae meal (Zarantoniello et 

al., 2019) contrary to the current study which found that total substitution of 

fishmeal with BSF larvae meal was significantly (P<0.05) lower.  

At 50% and 75% BSF larvae meal inclusion rates, weight gain was similar to that 

observed in previous studies. Belghit et al., 2018 and Belghit et al., 2019 reported 

that the Atlantic salmon had improved growth when it was reared using BSF 

larvae meal at inclusion rates of 50 – 60% and that the growth was threefold 49g to 

137g in 56 days. Magalhães et al. (2017) reported that inclusion rates of BSF 

larvae meal at 50% improved growth rates of the European seabass thereby giving 

credence to the current study where 50% BSF larvae meal inclusion resulted to 

higher growth performance. The juvenile Barramundi, Lates calcarifer gained 

weight significantly (P<0.05) and performed better when fed diets containing BSF 

larvae meal thereby demonstrating that it can be utilized as a partial replacement to 

fishmeal without negatively affecting the growth performance of the fish (Katya et 
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al., 2017). The study also found that with fishmeal substitution, weight gain and 

specific growth rate decreased though not significantly when compared to the fish 

fed fishmeal or those fed BSF larvae meal as the sole protein source. Dumas et al, 

(2018) reported that use of BSF larvae meal in the rearing of the rainbow trout 

enhanced growth as the thermal growth coefficient increased with each increase in 

unit of BSF larvae meal (above 26.4%) and this correlates with the current study 

where more than 25% inclusion rates of BSF larvae meal improve the growth rates 

of the African catfish when compared to the control diet fishmeal.  

Vargas et al. (2019) reported that clownfish fed BSF larvae meals did not perform 

any different from the control treatment diet without BSF larvae meal contrary to 

the current study which found that inclusion of BSF larvae meal at 50% and 75% 

rates improved growth performance. The growth rates rainbow trout reared on 

BSF larvae meal at inclusion rates of 50% were not affected negatively as reported 

by Renna et al. (2017) and this corresponds with the current study where D2 (50% 

BSF larvae meal) had significantly higher (P<0.05) weights as compared the 

control diet C (0% BSF larvae meal). While using BSF larvae meal as a test 

ingredient at 15% inclusion rates in the rearing of the Siberian sturgeon, Józefiak 

et al. (2019) reported that growth rates were not negatively affected   thereby 

supporting the results of the current study where inclusion of the test ingredient 

did not affect negatively the growth in treatment diets D2 and D3.  

Previous studies have shown that different protein source combinations improved 

growth performances of the fishes than when one source of protein was utilized. 
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This observation was attributed to the synergisms from the different protein 

sources (Sogbesan and Ugwumba 2008; Alegbeleye et al., 2012; Collins et al., 

2013; Djissou et al., 2016). The control diet had only one protein source as 

compared to all the other treatment diets and hence the growth performance was 

better in all the treatments other than the control diet. When BSF larvae meal was 

used to rear O. aureus (Bondari and Sheppard, 1981) either when used as the sole 

feed or on combinations with other feed ingredients, growth performance in terms 

of weight gain and lengths were similar to the control diets unlike in this study 

where body weights (BW) and body length (BL) were different. In another study 

by Bondari and Sheppard (1987) growth performance of the blue tilapia fed on 

BSFL as the sole feed ingredient had lower weight gain just like in the current 

study though in the previous study the BSF larvae meal utilized had lower 

amounts of crude protein as compared to the larvae used in this study.  

The results of this study agreed with those of previous studies which suggested 

that addition of insect in fish feeds increased growth or performed equally to the 

diets containing fishmeal especially at 50% insect meal inclusion rates (Wing-

Keong et al., 2001; Alegbeleye et al., 2002; St-Hilaire et al., 2007b; Cummins et 

al., 2017) in diverse rearing systems and fish species. Like in the present study, 

higher amounts (above 75% inclusion rate) of insect meals negatively affected the 

growth rates of different fish species and this can be attributed to the high levels of 

chitin (Sanchez-Muros et al., 2014; Sanchez-Muros et al., 2015) and the limited 

amounts of essential amino acids (Cummins et al., 2017). While using BSF larvae 
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meals (Stadtlander et al., 2017) in the rearing of the rainbow trout in an on farm 

experiment, it was found that growth indexes such as weight gain and body length 

were significantly (P<0.05) higher, which agree with  the results of the current 

study.  

The feed conversion ratios (FCR) in the current study were lower compared to 

other studies and this may be attributed to the high amount of chitin in the BSF 

larvae meal. The exoskeletons of insects contain chitin and being an unbranched 

polymer of N-acetylglucosamine, chitin is not easily digestible by most species of 

fish (Smith et al., 1989; Esteban et al., 2001; Kroeckel et al., 2012; Henry et al., 

2015; Magalhaes et al., 2017; Renna et al., 2017) due to the lack of enzyme 

chitinase (Rust, 2002; Cummins et al., 2017) and appropriate gastro-intestinal tract 

microbiota especially bacteria. Other studies have shown that 10 g/kg of chitin did 

not negatively affect the growth rate of common carp (Gopalakannan and Arul, 

2006). It has been found that the proximate chitin levels of most insect meals 

ranges between 11.6 to 137.2 mg/kg in DM (Finke, 2007) and therefore treatment 

D3 containing high levels of BSF larvae meal may negatively affect the growth 

rates of the African catfish although Jian carp performed better under the same 

feeding regimes (Zhou et al., 2018). The study by Ng et al. (2001) found that use 

of Mealworm larvae (Tenebrio molitor) as an alternative to fishmeal in the rearing 

of the African catfish resulted in better growth and enhanced feed conversion 

efficiency as well as improved total carcass nutritive characteristics and this results 

of the previous study agree with the current study with the African catfish. 
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Some fish species such as the red tilapia (O. niloticus X O. hornorum) and the Nile 

tilapia utilized significantly high amounts of shrimp meals which have high levels 

of chitin without negatively affecting the growth performance of the fish (El-

Sayed, 1998). In other studies, rearing of O. niloticus x O. aureus, chitin in the 

feeds negatively affected the performance of the fish (Shiau and Yu, 1999). The 

observations from this study suggest that the African catfish (Clarius gariepinus) 

may have little or no efficiency in utilizing chitin which is high in BSF larvae 

meals.  

There was a notable slower growth rate for treatment D5 as compared to the 

treatment D2 and this can be attributed to the fact that herbivorous fishes tend to 

be better in utilization of Baker’s yeast compared to omnivorous and carnivorous 

fishes. These findings are contrary to Aderolu et al. (2011) and Manoppo and 

Magdalena, (2016) who found that Baker’s yeast enhanced growth and feed 

conversion efficiency while rearing the African catfish and common carp 

(Cyprinus carpio) respectively. Angel et al. (2001) and Zhang et al. (2005) found 

that use of Baker’s yeast enhanced growth, feed conversion efficiency and daily 

weight gain in the rearing of chickens. The findings of the above studies do not 

tarry with the present study in that in the current study growth and feed conversion 

efficiency were lowest in treatment D5 that had Baker’s Yeast.  

Mona et al. (2015) found that use of baker’s yeast (BY) as an additive in catfish 

feeds at a rate of 2% improved growth performance and enhanced feed conversion 

rates unlike in this study that shows otherwise. Other studies found that use 
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baker’s yeast (BY) as a feed additive at a low inclusion rate enhanced growth and 

carcass quality parameters (Kobeiusy and Hussein, 1995; Abdel-Tawwab et al., 

2008) and though in this study growth performance was negatively affected, 

carcass characteristics were not significantly (P<0.05) different from all the other 

treatment carcasses. 

However, the results for Treatment D5 that had baker’s yeast (BY) conformed 

with those of other studies such as Salnur et al. (2009) and Solomon et al. (2017) 

who found that the different fish species did not achieve enhanced growth 

performance and in fact the use of baker’s yeast (BY) negatively affected growth 

rates and feed conversion rates. Rumsey et al. (1991) found that the rainbow trout 

did not tolerate high amounts of baker’s yeast (BY) and in fact any increase in 

concentration of baker’s yeast (BY) in the feeds significantly (P< 0.05) reduced 

growth and feed conversion rates. 

4.5 Carcass Characteristics 

The proximate analysis on carcasses indicate that fish fed on D2 (BSFL meal was 

50%) had the highest crude protein at 75.0% while D4 had the lowest at 65.2%. 

Treatment diets D2 and D4 had significantly (P<0.05) higher crude protein levels 

whereas diet D4 had significantly lower levels of crude protein as shown in Table 

4.8. Ether extracts were significantly lower (P< 0.05) in carcasses harvested from 

control diet C. There was a numerical increase in the amounts of ether extracts of 

the diet carcasses harvested from treatment diets D1 to D4 though the increases 

were not significantly different at P<0.05. 
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Table 4.8: Means (±SE) of proximate composition (% dry matter) of the 

analyzed carcasses harvested at the termination of the study 

Diet Dry matter Ash  Crude protein Ether extracts 

C 90.35±0.348 16.42±0.304a 67.28±0.566bc 15.62±0.071b 

D1 90.20±0.425 16.45±0.258a 67.32±0.689bc 22.44±0.143a 

D2 92.50±0.500 13.70±0.970a 75.04±0.830a 25.04±2.365a 

D3 92.36±1.334 13.73±0.551a 72.21±1.389ab 26.57±0.728a 

D4 91.33±0.601 15.51±0.399a 65.21±0.915c 28.85±2.330a 

D5 90.70±0.174 15.07±0.689a 68.61±2.915abc 23.06±0.318a 

P value 0.121 0.016 0.004 < 0.001 

Within columns, means followed by same lowercase letters are not significantly 

different at P ≥ 0.05; C, Control diet (0% BSF larvae meal and 100% fishmeal); 

D1, Diet 1 (25% BSF larvae meal and 75% fishmeal); D2, diet 2 (50% BSF larvae 

meal and 50% fishmeal); D3, diet 3 (75% BSF larvae meal and 25% fishmeal); 

D4, diet 4 (100% BSF larvae meal and 0% fishmeal); D5, diet 5 (49 % BSF larvae 

meal, 49% fishmeal and baker’s yeast at 2%) 

Results from the proximate chemical analysis of the carcasses of the six treatment 

diets showed that the treatment diets did not influence significantly (P<0.05) the 

chemical composition of the African catfish except for the CP levels that varied 

significantly (P<0.05) for treatment diets D2 (50% BSF larvae meal) and D3 (75% 
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BSF larvae meal). The crude protein of the carcasses fed on the two diets were 

above 70% thereby showing that medium inclusion rates of BSF larvae meal in 

catfish diets led to increased carcass protein levels. A 100% inclusion rate of BSF 

larvae meal in catfish diets led to an increased level of carcass fat percentage 

(28.85%) and such high body fat levels render the catfish to be of poor quality and 

spoils faster (Hasan et al., 2016). In addition, excessively fatty catfish is 

undesirable because it is not easy to fillet.  

The current study also found that whole-carcass chemical analysis of the catfish 

was not significantly affected by the inclusion of BSF larvae meal in the different 

experiment diets. The percent CP of the carcasses was significantly higher (P< 

0.05) in treatment diets D2 and D3 compared to all the other treatment diet 

carcasses. Previous studies such as Katya et al. (2017) found that carcass 

compositions were not affected by the inclusion of BSFL in the rearing of juvenile 

Barramundi, Lates calcarifer. Others studies have also shown that there were no 

significant differences in whole carcass chemical composition especially with 

regard to percentage CP of trout fed different amounts of BSF larvae meal (St-

Hilaire et al., 2007a; Zarantoniello et al., 2018). Cummins et al. (2017) found that 

the nutrient proximate composition of shrimp carcasses wasn’t significantly 

influenced with the different feeding levels with dietary BSF larvae whereas 

Zarantoniello et al. (2019) reported that rearing of the zebrafish using BSF larvae 

meal did not negatively affect the proximate composition of the harvested 

carcasses just like in the current study. 
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Whole carcass lipid amounts increased with increasing amounts of BSF larvae 

meal in the treatments and similar observations have been made elsewhere (Lim et 

al., 2000; Ng et al., 2001; Nyina-wamwiza et al., 2007). In a study in an on farm 

experiment Stadtlander et al. (2017) found that the end product quality of feeding 

rainbow trout was not negatively affected by increasing BSF larvae meal in the 

feed.   

Treatment diet D5 had comparable carcass proximate characteristics with the other 

treatment diets in this study and this findings correlate with other studies 

(Kobeiusy and Hussein, 1995; Abdel-Tawwab et al., 2008; Solomon et al., 2017), 

that found that use of baker’s yeast as an additive resulted in improved carcass 

merits of different fishes. In other studies (Murthy and Gatlin, 2006; Zehra and 

Khan, 2016), it was found that there was no effect on the carcass characteristics 

when baker’s yeast (BY) was used as a feed additive. It is worth noting that 

Lunger et al. (2006) and Oz´orio et al. (2012) found that the body proximate 

composition was affected by use of baker’s yeast (BY) while feeding the Nile 

tilapia and the African catfish in that total protein reduced as baker’s yeast 

concentration increased. At an inclusion rate of 4% BY as in Aderolu et al. (2011), 

African catfish responded well in terms of growth performance and total protein 

was higher whereas in the same study, 2% baker’s yeast inclusion rate did not 

improve carcass merit just like in the current study. 

The results of the current study show that use of BSF larvae meal in the rearing of 

the African catfish does not affect the carcass proximate and quality characteristics 
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and this is in line with other studies (Zarantoniello et al., 2018; Cardinaletti et al., 

2019; Józefiak et al., 2019; Zarantoniello et al., 2019). 

4.5.1 Amino acid profile 

The carcasses from all the six treatment diets were analyzed for the essential 

amino acids including arginine, methionine, lysine and histidine, lysine. All the 

essential amino acids analyzed in this study were found to be higher in catfish fed 

BSF larvae meal up to 100% inclusion rates compared to African catfish reared on 

fishmeal which was the control diet. Statistical differences were noted among the 

different treatment diet carcasses as shown in Table 4.9.  

Treatment diet D3 (75% BSFLM) and D4 (100% BSFLM) had almost similar 

amounts of essential amino acids whereas treatment diets D2 (50% BSFLM) and 

D5 (49% BSFLM, 49% FM and 2% BY) had almost similar amounts of essential 

amino acids. Arginine was highest in treatment diet D5, methionine was highest in 

treatment diet D4 (33.03 mg/g CP) and there was no significance (P<0.05) for 

phenylalanine in diet carcasses from D1 and D2. 

There is very scarce information concerning studies involving insect diets and 

their effect on the amino acid content in fishes. Amino acids especially essential 

ones are always higher in amounts in whole carcasses of fish fed non fishmeal 

diets (Katya et al., 2017). In this study, overall analysis on carcasses of African 

catfish fed BSF larvae meal showed variability on the amino acid content within 

treatments. Carcasses from treatment D5 had comparable essential amino acids 
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(EAA) with all the other treatment diets meaning that inclusion of baker’s yeast in 

BSF larvae meal diets did not compromise on the quality of amino acid in the end 

product. Indeed all the treatment diets resulted in favorable essential amino acids.  
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Table 4.9: Means (±SE) of essential amino acid profiles of the African catfish carcasses in mg/g CP DM  

Amino acid C  D1 D2 D3 D4 D5 P value 

Arginine  10.07±0.260d 20.03±1.281c 26.48±0.953b 34.07±0.146a 35.08±0.366a 33.96±0.463a <0.001 

Histidine  9.67±0.196c 19.75±1.248b 22.93±1.490b 31.92±0.203a 32.34±0.245a 20.84±0.214b <0.001 

Isoleucine  6.79±0.123d 14.72±0.197c 15.84±0.144b 18.76±0.185a 19.54±0.342a 16.78±0.314b <0.001 

Leucine  11.74±0.157c 17.34±1.119b 18.09±0.252b 21.45±0.095a 22.74±0.237a 18.49±0.731b <0.001 

Lysine  14.21±0.179d 24.24±1.291c 25.33±0.603bc 28.86±0.850ab 29.92±0.917a 25.83±0.192bc <0.001 

Methionine  4.80±0.239c 17.98±1.575b 30.95±0.812a 31.11±0.424a 33.03±0.459a 29.75±0.331a <0.001 

Threonine  6.07±0.121c 12.07±1.042c 18.99±0.233b 25.34±0.737a 26.29±0.303a 19.46±0.222b <0.001 

Phenylalanine  6.32±0.296c 20.38±0.698b 20.81±0.763b 28.09±0.264a 28.63±0.210a 21.42±0.286b <0.001 

Valine  9.91±0.184e 14.22±0.580d 16.13±0.328c 18.87±0.192ab 19.64±0.063a 17.30±0.385bc <0.001 

Within rows, means followed by same lowercase letters are not significantly different at P < 0.05; C, Control diet (0% BSF larvae 

meal and 100% fishmeal); D1, Diet 1 (25% BSF larvae meal and 75% fishmeal); D2, diet 2 (50% BSF larvae meal and 50% 

fishmeal); D3, diet 3 (75% BSF larvae meal and 25% fishmeal); D4, diet 4 (100% BSF larvae meal and 0% fishmeal); D5, diet 5 (49 

% BSF larvae meal, 49% fishmeal and baker’s yeast at 2%) 
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In the current study, increasing inclusion rates of BSF larvae meals in the diets of 

the African catfish led to an increase in essential amino acids as shown in table 

4.9. These results tally with a previous study which found that rearing Juvenile 

Barramundi using BSF larvae led to an increase in the amounts of essential amino 

acids with the increasing rates of BSF larave inclusion (Katya et al., 2017). The 

amino acid amounts realized in this study were higher than those recorded by 

Oellermann and Hecht. (2000) while comparing hybrid C. gariepinus and non-

hybrid C. gariepinus. Peng et al. (2013) found that total amounts of essential 

amino acids in two types of natural farmed tuna ranged between 0.00% and 

10.00% of the body weight in dry matter basis which is equivalent to what was 

realized from this study meaning that African catfish reared on BSF larvae meal 

results to a nutritious product for human consumption. 

Essential amino acids are the most important group of amino acids as they are vital 

for body tissue regeneration (Mat et al., 1994; Institute of Medicine, 2002; 

Mariotti, 2016) and they can be dietary acquired through fish consumption. The 

findings of this study suggest that feeding African catfish with BSF larvae meal 

increases the concentration of essential amino acids and therefore the fish can be a 

very important source of the same. The present study indicated that the two species 

had all the essential amino acids. Leucine is credited with bone, muscle and skin 

regeneration while isoleucine has been shown to play vital roles in blood 

formation and energy metabolism (Heimann, 1982; Joint FAO/WHO/UNU, 2007; 

Witte et al., 2002). 
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Table 4.10: Recommended dietary requirements (mg/kg per day) of EAA as 

compared to the EAA in African catfish reared on different treatment diets 

EAA Children, (10–

12 years)1  

Adults2 

 

EAA in  Catfish carcass  

D2 D3 D4 

Histidine not defined 8.00–12.00 22.93 31.92 32.34 

Isoleucine 28.00 10.00 15.84 18.76 19.54 

Leucine 42.00 14.00 18.09 21.45 22.74 

Lysine 44.00 12.00 25.33 28.86 29.92 

Methionine 22.00 13.00 30.95 31.11 33.03 

Phenylalanine 22.00 14.00 20.81 28.09 28.63 

Threonine 28.00 7.00 18.99 25.34 26.29 

Valine 25.00 10.00 16.13 18.87 19.64 

EAA, essential amino acids; D2, diet 2 (50% BSF larvae meal and 50% fishmeal); 

D3, diet 3 (75% BSF larvae meal and 25% fishmeal); D4, diet 4 (100% BSF 

larvae meal and 0% fishmeal);1 Nakagawa et al., (1964); 2 FAO/WHO, 1973 

Various studies have reported on the recommended dietary requirements of 

essential amino acids in mg/kg per day for children and adults are as is shown in 

the Table 4.10 (Institute of Medicine, 2002). The use of BSF larvae meal as a feed 

ingredient in African catfish will produce fish that meets most of the minimum 

requirements of dietary essential amino acids in human children and adults 

especially with 100% BSF larvae meal inclusion.   
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CHAPTER 5: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Summary 

The BSFL meal utilized in this study had favorable nutritional composition with 

its CP of 47.40% DM whereas the fishmeal had a CP of 72.40% DM. The CP 

levels of the formulated fingerling diets attained the recommended nutritional 

requirements of 35-40% of catfish. The water quality parameters varied although 

they remained within the optimal ranges for rearing the African catfish.  

The mortality was of the African catfish utilized in this study was below 2% which 

was negligible. Treatment diets D2 and D3 having 50% and 75 % BSF larvae meal 

respectively, had the best performances in terms of weight gain, length gain, feed 

conversion efficiency and standard growth rates. The proximate analysis on 

carcasses indicate that fish fed on D2 (50% BSFL meal) had the highest CP at 

75.0% while D4 had the lowest at 65.2%. Treatment diets D2 and D4 had 

significantly (P<0.05) higher CP levels whereas diet D4 had significantly lower 

levels of CP. 

Use of BSF larvae meal in this study gradually increased the carcass ether extract 

content with treatment D4 having the highest amount and the control diet C having 

the least. All the essential amino acids analyzed in this study were found to be 

higher in catfish fed BSF larvae meal up to 100% inclusion rates compared to 

African catfish reared on fishmeal which was the control diet. The results of this 

study indicate that BSF larvae meal is a viable African catfish fish feed protein 

source and it can be successfully used to replace fishmeal especially at 50% and 
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75% replacement rates without negatively affecting growth performance and 

carcass nutritional characteristics. The use of BSF larvae meal as a fish feed 

ingredient will enhance the essential amino acid levels of the African catfish 

thereby improving on human nutrition. 

5.2 Conclusions 

The study established that: 

i. Black soldier fly larvae meal substitution rates of 50% and 75% were 

significant as compared to all the other treatment diets and increasing BSF 

larvae meal beyond this level didn’t result to increased growth 

performance. 

ii. The substitution of BSFL in the treatment diets didn’t negatively affect the 

survival rates of the African catfish as the survival rates were above 98%. 

iii. The carcass of African catfish reared on BSFL meal had higher quality in 

terms of: 

a) Essential amino acid content which increased with increase in BSF larvae 

meal substitution. 

b) Ash content 

c) Crude protein content which was highest at 50% and 75% substitution rates 

and 

d) Lipid content which increased with increased substitution of BSF larvae 

meal in the treatment diets. 
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5.3 Recommendations  

i. The utilization of BSFL meal in African catfish grower diets is 

recommended.  

ii. The utilization of BSFL meal at substitution rates 50% and 75% is 

recommended for better survival and enhanced growth performance 

especially for daily length and weight gains. 

iii. Use of BSFL meal is also recommended for better quality fish in terms of 

the quality of protein: amino acids and crude protein levels. 

 

5.4 Areas for further research 

i. There is a need to evaluate the defatting of BSF larvae so as to enhance the 

nutritive composition and also reduce problems with larvae meal 

processing. 

ii. Further study is required in order to evaluate/determine the utilization of 

BSFL meal at the finishing phase of the African catfish.  

iii. Investigation of consumer acceptance of the African catfish reared on 

BSFL meal. 
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APPENDICES 

Appendix 1: Pond preparation and harper cage installation 
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Appendix 2: Completed and stocked cages in the experimental pond at the 

start of the study. 
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Appendix 3: Sample catfish during data collection 
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Appendix 4: Sample of a post-fingering catfish during the study. 

 

 


