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A B S T R A C T   

A 45-day experiment was designed to study the complementary effect of maggot (Musca domes
tica) meal (MG) in a fishmeal-free soybean meal (SBM)-based diet on the production performance 
of African catfish hybrids. Four isoproteic (398.78 g/kg ± 3.23) and iso-energetic (20.23 kJ/g ±
0.15) diets were formulated as positive control (FM-based diet), soybean-based diets (FM-free) 
and soybean-based diets supplemented with 14 % MG and 21 % MG as complementary in
gredients, denoted as FM, SBM, MG14 and MG21, respectively. A total of 180 healthy hybrid 
catfish (average initial body weight: 4.31 ± 0.04 g) were distinctly stocked into 12 trial tanks (60- 
L capacity) and fed to apparent satiation twice daily with their respective diets. At the end of the 
feeding trial, fish fed MG21 outperformed those fed other diets in final body weight (FBW), 
weight gain (WG), specific growth rate (SGR), and daily growth index (DGI) (p < 0.05). However, 
MG had no influence on feed intake (FI), feed conversion ratio (FCR), or nutrient utilization 
indices among the groups (p > 0.05). The MG21 supplementation improved the immuno- 
physiological indices such as white blood cell, lymphocyte count, total protein, and globulin 
values compared to other groups, while haemoglobin, haematocrit, and red blood cell counts 
were not affected. Supplementation with MG at 21 % enhanced the antioxidant capacity of hybrid 
catfish with no detrimental effect on the serum alanine aminotransferase and alkaline phospha
tase enzymes activities. However, the aspartate aminotransferase was found higher in MG14 and 
MG21 fed fish compared to other dietary groups. Based on the results obtained in this study, it can 
be concluded that maggot meal could be used as a complementary ingredient in place of fishmeal 
in soybean meal diets for the culture of hybrid African catfish. 
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1. Introduction 

Aquaculture production and demand for aquafeed ingredients have increased considerably in recent decades due to the growing 
population and an increase in the use of external feed inputs, respectively (Tacon and Metian, 2015; Fawole et al., 2020). Over the 
years, fishmeal (FM) has become the main protein source used in aquafeed manufacturing due to its high nutritional and palatability 
values. However, as global aquaculture consumptive demand is projected to double by 2050, the production of equivalent quantities of 
aquafeeds, as well as the replacement of FM in aquafeeds, is critical for the continued growth and sustainability of the aquaculture 
industry. Hence, it is important to identify feed ingredients and formulation techniques that are not reliant on fishmeal as the major 
protein source. In view of this, much technological advancement has been made to reduce the level of FM in aquafeed formulation, and 
this effort has greatly led to increased utilization of plant-derived protein ingredients in commercial fish feed manufacturing, especially 
for herbivorous and omnivorous fish species (Turchini et al., 2019; Chaklader et al., 2021a). Because of its favourable amino acid 
profile among all plant proteins, sustainable supply, and reasonable price, soybean meal (SBM) is presently the most widely used 
vegetable protein source in fish diets (Zhou et al., 2020). 

Interestingly, research has shown that soybean meal could be used as a replacement for fishmeal in different freshwater fish species 
such as African catfish (Balogun and Ologhobo, 1989; Abdel-Warith et al., 2019), common carp (Urán et al., 2008), gibel carp (Liu 
et al., 2017), Nile tilapia (Abdel-Warith, Younis, 2013), channel catfish (Kaushik et al., 1995), etc. However, studies have indicated 
that the inclusion of SBM above 50 % in aquafeed causes amino acid imbalances and antinutrient toxicity, thus causing suppression of 
feed intake and poor growth; intestinal inflammation, and a shortage of nucleotides as compared to fishmeal (Fagbenro and Davies, 
2001; Krogdahl et al., 2003; Deng et al., 2006; Venold et al., 2012; Zhou et al., 2020; Kumar et al., 2021). Recently, Abdel-Warith et al. 
(2019) reported that Clarias gariepinus fed 41 % full fat soybean meal grows favourably to those fed FM, but the higher inclusion level 
resulted in growth depression and negatively affected the proteolytic enzyme activity in the stomach. As the aquaculture industry 
continues to expand and FM production remains unsustainable, the inclusion of alternative ingredients would be the solution. Among 
the animal-based ingredients, insect meal has been reported as a good source of proteins that can be used as an alternative ingredient in 
place of fish meal or soybean meal in aquafeeds (Alfiko et al., 2021). Insects are the third generation of proteins in the world and have 
been promoted as a sustainable alternative to fishmeal with the potential to reduce farmer’s reliance on imported feed resources, 
particularly in Africa (Fawole et al., 2020; Boroojerdi and Rajabzadeh, 2021). Recently, Hossain et al. (2021) reported that the addition 
of black soldier fly (Hermetia illucens) larvae (BSFL) meal to the soybean-based diet enhanced rainbow trout (Oncorhynchus mykiss) 
growth performance. Similarly, dietary BSFL supplementation in a high-soybean-based diet was also reported to improve innate 
immunity and prevent SBM-induced intestinal enteritis in rainbow trout (Kumar et al., 2021). This indicates that a combination of 
different alternative dietary protein sources to complement the conventional ones may have a beneficial effect on fish performance. In 
particular, studies have shown that combining insect meals with other animal-based by-products (e.g., poultry by-products) can 
improve the performance of fish fed diets devoid of fishmeal (Randazzo et al., 2021; Chaklader et al., 2021a, b). On the contrary, 
dietary addition of full-fat black soldier fly pre-pupae meal to a soybean meal diet fed to largemouth bass resulted in growth 
depression, poor feed intake, and inflammation and necrosis of the liver compared to those fed fishmeal or a soybean meal-based diet 
(Fischer et al., 2022). A similar report was made by Kroeckel et al. (2012), in which increasing levels of pre-pupae meal of black soldier 
fly led to a significant reduction in growth, feed intake, and nutrient utilization of turbot. The authors opine that the negative effect 
observed could be related to the high content of chitin and the lack of chitinase enzyme in the gut of the test fish (Kroeckel et al., 2012; 
Fischer et al., 2022). 

Similarly, housefly maggot (Musca domestica) meal (HMM) has been reported to be a cost-effective and ecologically sustainable 
insect species with high nutritional value (crude protein range between 42 and 60 g/kg, Makkar et al., 2014) and has been shown to be 
a suitable alternative to conventional protein sources in freshwater aquaculture. Specifically, Kolawole and Ugwumba (2018) 
demonstrated that maggot meal could be used to partially substitute FM in the diet of African catfish. Maggot (Musca domestica) larvae 
supplementation improves the gut microbiota and promotes growth and immunity in swamp eels, Monopterus albus (Xiang et al., 
2020). Fasakin et al. (2003) also discovered that defatted HMM can completely replace FM in the diet of African catfish without 
impairing growth. Conversely, total replacement of FM with HMM in Nile tilapia resulted in growth depression and poor feed utili
zation (Wang et al., 2017). Although earlier studies have delineated the possibility of replacing FM with maggot meal in different fish 
species, the majority of the studies have focused mainly on the effect of HMM as a single alternative ingredient. However, little is 
known regarding their complementary effect in plant protein-based diets free of fishmeal, especially for hybrid African catfish. For 
instance, in Oncorhynchus mykiss, Randazzo et al. (2021), reported that black soldier fly larvae meal and poultry byproduct meal 
(PBM), singly or in combination, could be used to improve the growth performance of fish fed fishmeal-free diets. Therefore, this study 
hypothesized that a proper blend of SBM and maggot meal (MG) with other ingredients may represent a novel approach for the 
formulation of aquafeed free of FM for freshwater fish species. Based on this, the present study examined the complementary effects of 
MG meal in an SBM-based diet for the African catfish hybrid (Clarias gariepinus ♀ x Heterobranchus longifilis ♂) deprived of fishmeal. The 
study assessed growth and nutrient utilization indices, whole-body composition, immuno-physiological parameters, liver health, and 
antioxidant status of the African catfish hybrid. 

2. Materials and methods 

2.1. Production of maggot meal and chemical analysis 

An equiproportional mixture of brewery spent grain and piggery manure was used as the substrate for the maggot production, and 
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the collected cow blood was used as an attractant for houseflies to deposit their eggs for larvae production. The deposited eggs were 
cultured for a period of 6 – 8 days following the procedure described by Mafwila Kinkela et al. (2019). The collected maggots were then 
rinsed and immersed in lukewarm water (40 – 60 ◦C). Subsequently, it was dried in a hot air oven at 60 ◦C, ground into powder, and 
defatted with n-hexane using the Soxhlet extraction apparatus. Chemical composition and amino acid profile of defatted maggot meal 
were analyzed according to AOAC (2005) procedure (Table 1). The brewery spent grain was collected from Nigerian brewery in 
Ibadan, Oyo State, Nigeria, while the pig manure and cow blood were collected from the University of Ilorin Piggery Farm and the 
abattoir in Ilorin metropolis, respectively. 

2.2. Amino acid analysis of the major ingredient 

A BioChrom 30 + amino acid analyzer was used to analyse the amino acid content of three major ingredients (FM, SBM, and MG) at 
the ICAR-Central Institute of Fisheries Education, Mumbai, India, as described by Kader et al. (2010). In a nutshell, a sample containing 
about 100 mg of protein was placed in a hydrolysis tube, and 1 mL of hydrochloric acid was added. The atmosphere inside the hy
drolysis tube was then evacuated using a vacuum pump and N2 gas. After degassing the hydrolysis tubes, they were placed in a heating 
block preheated to 110 ◦C for 24 h. The hydrolyzed sample was then transferred into a test tube with 9 mL of BioChrom Loading Buffer 
using a 3 mL syringe and stainless-steel needle. Then, a 2 mL diluted sample was taken out, and using NaOH, the pH was adjusted to 
between 2.0 and 2.2. A total of 2 mL of the pH adjusted sample was filtered (25 mm syringe filter) into a labelled 1.5 mL sample vial. 
The pH adjusted samples were then prepared for analysis by using 100 μL of filtered sample, 800 μL of filtered Biochrom loading buffer, 
and 100 μL of filtered 2500 mol/L norleucine standard. Finally, the sample was vortexed and run on the BioChrom 30 + for amino acid 
analysis. 

2.3. Experimental diets formulation and preparation 

Four experimental diets were formulated with FM and SBM serving as the main protein sources in the positive and negative control, 
respectively. The other diets were formulated by supplementing two levels of maggot meal (14 % and 21 %) in the SBM diet without 
FM (Table 2). The remaining feed material was obtained from a feed mill in Ilorin metropolis, finely ground, and homogeneously 
blended. Water was added to the mixture until the proper consistency was obtained. The diets were cold pelleted using a hand 
pelletizer fitted with a 2 mm die at the University of Ilorin, Department of Aquaculture and Fisheries (AQF), Nigeria. Feeds were dried 
before being packed into a Ziploc bag and kept in a refrigerator at 4 ◦C (Hisense™ 100). Prior to the start of the feeding trial, feed 
samples were taken for chemical analysis to ensure that the expected values were met, as shown in Table 2. The chemical composition 
and amino acid profile of the FM and SBM used in this study are shown in Table 1. 

2.4. Experimental animal, design, and feeding protocol 

The African catfish hybrid (Clarias gariepinus ♀ x Heterobranchus longifilis ♂) was obtained from Kay Fish hatchery, Oke-andi phase 2, 
Sango, Ilorin, Kwara State, and transported to the AQF department, University of Ilorin, where they were acclimated to laboratory 

Table 1 
Proximate and amino acid composition of fishmeal, soybean meal and defatted housefly maggot meal (g/100 g).  

Parameters (g/100 g) Fishmeal Soybean meal Housefly maggot meal 

Crude protein 66.12 40.00 49.49 
Crude lipid 9.12 12.04 10.31 
Crude fibre 1.17 13.51 – 
Ash 16.19 5.85 11.03 
Essential amino acids composition (g/100 g) 
Arginine 5.10 3.99 4.12 
Histidine 1.30 1.01 2.36 
Leucine nd 1.89 8.15 
Isoleucine 5.69 3.59 4.16 
Phenylalanine 2.57 2.22 3.81 
Lysine 5.77 3.00 5.10 
Methionine 2.13 0.30 2.10 
Threonine 2.99 1.72 3.33 
Valine 3.52 2.38 4.02 
Non-essential amino acids composition (g/100 g) 
Alanine 2.31 1.29 4.36 
Aspartic acid 2.95 nd 9.73 
Glutamic acid 11.12 10.19 12.25 
Tyrosine 1.97 1.41 2.50 
Cysteine 0.33 0.33 1.57 
Serine 2.38 2.28 3.67 
Glycine 4.43 2.03 3.81 
Proline 3.48 3.47 3.60 

nd, not detected. 
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conditions for 14 days before the feeding trial began and fed control diet. Before starting the feeding trial, the fish were fasted for 24 h 
and weighed. The feeding experiment was conducted at the Aquaculture technical experimental facility (8.47123◦ N, 4.66283◦ E) by 
using one hundred and eighty healthy hybrid catfish fingerlings (average initial body weight: 4.31 ± 0.04 g) randomly divided into 
four groups, with 15 fish stocked in each tank (60-L capacity). The experiment was carried out in a flow-through system that ensured an 
optimal total water volume replacement/h. Diets were assigned to each tank following a completely randomized design to account for 
any tank position effects, and fish were hand-fed to apparent satiation twice daily at 9:00 h and 17:00 h GMT for 45-days. The trial tank 
was filled with water and connected to an air compressor to ensure proper aeration. The tanks were cleaned daily, and any dead fish 
were removed and recorded. For the duration of the study, fish were weighed and counted every 2 weeks. To avoid the inclusion of 
consumed feed in the weight measurement, feeding was stopped for 24 h preceding each measurement. 

2.5. Zootechnical parameters and body indices 

Based on the initial and final weight and number of fish, zootechnical parameters such as weight gain, specific growth rate (SGR), 
daily growth index (DGI), feed intake (FI) and feed conversion ratio (FCR) were calculated using the formulae described below. The 
chemical composition of the whole body was ascertained at the start of the trial using a pooled sample of 20 fish and at the completion 
using a pooled sample of 6 fish/tank. Then the protein efficiency ratio (PER), protein productive value (PPV), and lipid productive 
value (LPV) were calculated. The viscerosomatic index (VSI), hepatosomatic index (HSI), and condition factor (CF) were calculated 
from selected and sacrificed fish using the standard formula.  

Weight gain (WG, g) = final body weight (g) – initial body weight (g)                                                                                                     

Specific growth rate (SGR, %/day) = [(ln final body weight (g) – ln initial body weight (g)) /duration of feeding] × 100                                  

Daily growth index (DGI, %) = 100 x ((FBW)1/3 - (IBW)1/3) / duration of feeding                                                                                      

Feed intake (g /fish) = total dry feed given (g)/ number of surviving fish                                                                                                   

Feed conversion ratio (FCR) = [feed consumption (g)/ (final biomass (g) – initial biomass (g) + dead fish weight (g))]                                    

Protein efficiency ratio (PER) = [net weight gain (g)/protein fed (g)]                                                                                                       

Table 2 
Ingredients, proximate, and essential amino acid composition of the trial diets.  

Ingredients (g/kg) FM SBM SBM+MG14 SBM+MG21 

Fishmeal  150  0  0  0 
Soybean  0  300  300  300 
MG meal  0  0  140  210 
Poultry meal  200  210  200  165 
Groundnut cake  350  290  154  150 
Yellow maize  233  117  130  100 
Vegetable oil  17  33  26  25 
Vit-mineral premix  20  20  20  20 
Vitamin C  10  10  10  10 
Dicalcium phosphate  10  10  10  10 
Binder (cassava flour)  10  10  10  10 
Proximate composition (g/kg) 
Protein  390.4  397.1  404.8  402.8 
Lipid  96.0  91.6  77.6  71.4 
Ash  123.1  82.1  99.0  93.1 
*NFE+fibre  390.5  429.2  418.6  432.7 
**Gross energy (Kj/g)  20.02  20.69  20.13  20.08 
Essential amino acids composition (g/kg)# 

Arginine  30.36  32.69  33.43  34.31 
Histidine  8.23  8.56  10.48  11.61 
Isoleucine  18.98  20.25  23.93  25.87 
Leucine  21.11  24.23  31.28  35.12 
Lysine  25.44  24.25  27.44  29.63 
Methionine  8.37  5.60  7.56  8.51 
Phenylalanine  14.04  15.50  18.42  20.32 
Threonine  15.72  15.30  17.52  18.86 
Valine  24.12  24.81  26.80  28.46 

Vitamin-mineral premix supply the following to the diet: Vit A, 1500,000 i.u/kg; Vit B1, 800 mg/kg13.68; Vit B2,1600 mg/kg; Vit B6, 1500 mg/kg; 
Vit B12, 4 mg/kg; Vit D3, 3000000i.u/kg; Vit E, 200,000 mg/kg; Vit C, 240 g/kg; folic acid, 300 mg/kg; niacin 5970 mg/kg; biotin,40 mg/kg; 
pantothenic acid,4000 mg/kg; copper, 800 mg/kg; iodin, 191 mg/kg; iron, 1200 mg/kg; manganese20323 mg/kg; selenium, 60 mg/kg; zinc, 15,996 
mg/kg; choline, 87,000 mg/kg. MG; Housefly maggot. *Nitrogen-free extracts (NFE) = 100 − (crude lipid + crude ash + crude protein). * * Calculated 
gross energy was calculated as 23.9, 39.8, and 17.6 kJ/g for protein, lipid, and carbohydrates, respectively. #Essential amino acid compositions of the 
experimental diets were calculated from the amino acid profiles of major ingredients (Table 1) and the National Research Council (2011). 
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Protein productive value (PPV) =100 [(final body weight x final body protein content) - (initial body weight x initial body protein content)] 
/(protein content in diet x total feed intake)⋅                                                                                                                                          

Lipid productive value (LPV) =100 [(final body weight x final body lipid content) - (initial body weight x initial body lipid content)] /(lipid content 
in diet x total feed intake)                                                                                                                                                                  

Hepatosomatic index (HSI, %) = 100 x wet weight of liver (g)/whole body weight of fish (g)                                                                       

Viscerosomatic index (VSI, %) = 100 x wet weight of visceral (g)/whole body weight of fish (g)                                                                  

Condition factor (CF, g/cm3) = Body weight of fish (g) / (Body length of fish (cm))3 × 100                                                                         

2.6. Chemical analysis of feed and whole body composition 

The chemical composition of the feed and the whole body was determined using the procedure of AOAC (2005). To determine the 
moisture, the samples were oven dried in a hot air oven at 103 ◦C for 12 h. The moisture-free samples were finely ground, and the crude 
protein was determined using Kjeldahl’s method (total N × 6.25). The ether extract was determined by the Soxhlet extraction method, 
and the ash level was analyzed by incineration at 550 ◦C in a muffle furnace for 6 h. 

2.7. Sampling and analytical methods 

At the end of the 45-day experiment, nine (9) fish were chosen at random from each group, sedated with 100 mg of clove oil/L of 
ethanol to reduce handling stress, and blood was drawn from the fish’s caudal vein with a 2 mL syringe. Blood collected was placed in 
an EDTA-treated sample tube for basic haematological analysis and differential count. Standard methods were used to determine 
haemoglobin (Hb), red blood cell count (RBC), white blood cell count (WBC), and differential count (Klontz, 1994; Bain et al., 2017). 
Fresh blood was obtained without the use of an anticoagulant from another three (3) fish per tank, transferred to a plain tube, and 
stored at 4 ◦C for 24 h. The serum sample was centrifuged (Eppendorf Centrifuge 5804 R) at 3000 x g for 10 min at 4 ◦C and refrigerated 
at − 20 ◦C until use. A diagnostic kit (Fortress Diagnostics Limited, UK) was used to analyze serum biochemical parameters such as 
total protein, albumin, aminotransferases (ALT & AST), and alkaline phosphatase (ALP). Superoxide dismutase (SOD) and catalase 
(CAT) enzyme activities were analyzed using a kit developed by Elabscience®, USA, while the method described by Anderson and 
Siwicki (1995) was used to determine the total immunoglobulin concentration. 

2.8. Statistical analysis 

For statistical analysis, tank means were used as units of observation. Prior to single-factor ANOVA, all data were checked for 
normality and homogeneity of variance, and when significant distinctions were found, the Duncan Multiple Range Test (DMRT) was 
used to separate the means. At p < 0.05, differences were considered significant. SPSS for Windows was used for statistical analysis 
(SPSS Inc., 22.0, Chicago, IL, USA). The data is shown as mean ± standard error (mean ± SE). 

Table 3 
Growth, feed intake, and body indices of African catfish hybrid (Clarias gariepinus ♀ x Heterobranchus longifilis ♂) fed with various trial diets.  

Parameters Dietary group 

FM SBM SBM+MG14 SBM+MG21 p-values 

FBW1 (g/fish) 9.53 ± 0.24b 10.68 ± 0.25b 10.09 ± 0.33b 13.76 ± 1.14a  0.005 
WG2 (g/fish) 5.22 ± 0.27b 6.35 ± 0.32b 5.78 ± 0.34b 9.42 ± 1.20a  0.007 
SGR (%/day) 1.76 ± 0.07b 2.01 ± 0.09b 1.89 ± 0.08b 2.56 ± 0.22a  0.012 
DGI3 (%) 3.87 ± 0.20b 4.70 ± 0.23b 4.29 ± 0.25b 6.98 ± 0.89a  0.007 
FCR4 1.56 ± 0.22 1.33 ± 0.05 1.26 ± 0.10 1.17 ± 0.21  0.493 
PER5 1.71 ± 0.22 2.10 ± 0.20 1.98 ± 0.15 2.25 ± 0.36  0.492 
FI6 (g /fish) 8.13 ± 1.22 8.76 ± 0.39 7.27 ± 0.59 8.80 ± 0.92  0.565 
PPV7 33.56 ± 5.14 40.51 ± 2.65 44.80 ± 4.32 42.04 ± 3.49  0.305 
LPV8 48.03 ± 5.87 63.07 ± 8.46 66.00 ± 5.18 67.33 ± 8.42  0.274 
Survival (%) 93.33 ± 6.67 95.53 ± 2.23 91.10 ± 2.20 93.33 ± 3.84  0.900 
HSI9 1.16 ± 0.13 1.36 ± 0.29 0.81 ± 0.07 0.64 ± 0.15  0.074 
VSI10 6.89 ± 0.28 7.05 ± 0.52 6.24 ± 0.57 6.09 ± 0.55  0.474 
CF11 (g/cm3) 0.68 ± 0.04 0.66 ± 0.03 0.63 ± 0.04 0.62 ± 0.02  0.660 

Data expressed as mean ± standard error, (n = 3). Row values with different superscripts denote significant differences (p < 0.05) between diets. 
FBW1, Final body weight; WG2, weight gain; SGR3, Specific growth rate; DGI4, Daily growth index, FCR5, Feed conversion ratio; PER5, Protein 
efficiency ratio; FI6, feed intake; PPV7, protein productive value; LPV8, lipid productive value; HSI9, hepatosomatic index; VSI10, Viscerosomatic 
index; CF11, condition factor; FM; fish meal, SBM; soybean meal, MG; Housefly maggot meal. 

F.J. Fawole et al.                                                                                                                                                                                                       



Animal Feed Science and Technology 295 (2023) 115543

6

3. Results 

3.1. Fish performance and whole-body composition 

As presented in Table 3, the final body weight (FBW), weight gain (WG), specific growth (SGR) and daily growth index (DGI) of fish 
fed SBM diet complemented by 21 % MG outperformed those fed FM or SBM alone (p < 0.05), whereas the feed conversion ratio (FCR), 
feed intake (FI), protein productive value (PPV) and lipid productive value (LPV) between dietary groups were not influenced by 
supplementation with MG (p > 0.05). The survival rate and somatic indices (HSI and VSI) and condition factor (CF) among the 
different groups were not significantly different (p > 0.05). Feeding of MG did not influence the whole-body crude protein, lipid, and 
ash content (p > 0.05; Table 4). 

3.2. Haematology parameters 

Hematological parameters such as Hb, RBC, and Hct did not show any significant differences among dietary groups (p > 0.05;  
Table 5). However, MG supplementation in the SBM-based diet significantly (p < 0.05) enhanced the white blood cell and lymphocyte 
counts, with the highest value recorded in fish fed SBM+MG21. No significant variation was observed in neutrophil and monocyte 
counts (p > 0.05). The monocyte count was numerically higher in fish fed with SBM+MG compared to the lower value recorded in the 
negative control (SBM alone group). 

3.3. Immuno-physiological indicators and antioxidant response 

Table 6 shows the complementary effects of MG meal in SBM-based diets on the immuno-physiological and antioxidant status of 
hybrid catfish. Fish fed an SBM diet supplemented with MG14 and MG21 recorded the highest total protein compared to the lowest 
value observed in the SBM and FM groups (p < 0.05). A higher globulin value was recorded in MG21, which is similar to MG14 but 
differed significantly from the SBM fed fish (p < 0.05). The SBM-fed group had the lowest globulin values, but it was similar to the FM- 
fed fish. No significant difference (p > 0.05) in serum albumin and total immunoglobulin values was observed between the different 
groups. Dietary MG had no significant effect on ALT and ALP activities compared to other groups, but significantly higher AST activity 
was observed in fish fed MG14 and MG21 (p < 0.05). 

Higher SOD activity was recorded in MG14, which was not different from the MG21 and FM groups but significantly different from 
the SBM-only fed fish (p < 0.05; Table 6). Catalase activity showed a reverse trend, with the highest activity seen in MG21, which is 
similar to the SBM-only fed group (Table 6). The lowest CAT activity was observed in the FM and MG14 groups, but it was similar to the 
SBM-only group. However, SOD and CAT activities were found to be consistently higher in fish fed MG21. 

4. Discussion 

The quality of a protein source ingredient is a reflection of its amino acid composition, the content of limiting amino acids and the 
digestibility of the ingredients. In the present study, the content of essential amino acids (EAAs), especially lysine, methionine, leucine, 
histidine, threonine, and valine, was found to be higher in MG meal than in SBM but comparable to that of FM. Although several studies 
on the replacement of FM with MG meal in Nile tilapia and African catfish have been done (Fasakin et al., 2003; Aniebo et al., 2009; 
Ogunji et al., 2008, 2021; Jimoh et al., 2022), to the best of our knowledge, no attempt has been made to evaluate the possible 
supplemental effect of MG meal in an SBM-based diet devoid of FM for freshwater fish especially hybrid catfish. Based on the results 
obtained from the current study, supplementation with 210 g /kg (21 %) of MG meal in an SBM-based diet significantly improved WG, 
DGI, and SGR values compared to those fed positive (FM) and negative (SBM) control diets. Similarly, Hossain et al. (2021) reported 
that the supplementation of BSFL meal improves FBW, WG (%), SGR, and restoration of some fatty acids in rainbow trout. Also, 
Randazzo et al. (2021) demonstrated that dietary BSFL meal and PBM, singly or in combination, considerably enhanced the growth of 
rainbow trout fed a fish meal-free diet. In another study, dietary addition of full-fat black soldier fly pre-pupae meal to a soybean meal 
diet fed to largemouth bass resulted in growth depression, poor feed intake, and inflammation and necrosis of the liver compared to 
those fed fishmeal or a soybean meal-based diet (Fischer et al., 2022). The observed increase in WG in fish fed MG 21 % represents 
44.58 % and 32.59 % compared to fish fed positive and negative control diets, respectively, and this could be associated with the 
complementary effect of MG meal and the remarkable increase observed in the composition of EAA in the MG21 % diet and its 

Table 4 
Whole body (wet basis) composition of African catfish hybrid (Clarias gariepinus ♀ x Heterobranchus longifilis ♂) fed with various trial diets.   

Dietary group 

Parameters FM SBM SBM+MG14% SBM+MG21 % p-values 

CP1, % 16.83 ± 0.34 17.23 ± 0.92 18.74 ± 0.57 17.07 ± 0.86  0.293 
CF2, % 4.82 ± 0.32 5.15 ± 0.38 4.63 ± 0.32 4.24 ± 0.33  0.353 
Ash, % 4.41 ± 0.30 5.20 ± 0.26 5.09 ± 0.31 4.29 ± 0.25  0.111 

Data expressed as mean ± standard error, (n = 3). Row values with no superscripts are not significantly different (p > 0.05). 1CP, crude protein; 2CF, 
crude lipid; FM, fish meal; SBM, soybean meal; MG, housefly maggot meal. 

F.J. Fawole et al.                                                                                                                                                                                                       



Animal Feed Science and Technology 295 (2023) 115543

7

physiological utilization by fish for protein synthesis. This is premised on the fact that a proper balance of amino acids must be 
available at the sites of protein synthesis in the muscle for continuous growth and development. Lysine and methionine are two of the 
most deficient amino acids in plant-based diets, and they are often supplemented in diets to compensate for imbalances in amino acids 
(Sardar et al., 2009; Teodósio et al., 2022). Due to the fact that these limiting amino acids are important in collagen synthesis (Teodósio 
et al., 2022; Wu et al., 2022) and regulate the expression of muscle growth-related genes in fish (Alami-Durante et al., 2018), their 
higher level in the MG21-based diet could have contributed to the improved somatic growth recorded. The results obtained in the 
current study are consistent with those of Fasakin et al. (2003), who demonstrated that feeding defatted oven-dried maggot meal as a 
sole protein source in place of fishmeal in the diet of Clarias gariepinus did show statistically similar growth and fish well-being in both 
treatments and control. Aniebo et al. (2009) further reiterated that maggot meal could be used to completely replace FM in the diet of 
C. gariepinus. Also, incorporation of BSFL meal with poultry byproduct meal allowed the total replacement of FM in Lates calcarifer 
without impairing growth whilst enhancing the gut health of the fish (Chaklader et al., 2021a). The statistical indifferences recorded in 
the PER, FCR, PPV, and LPV values among the groups suggest that the utilization of nutrients by the fish was not affected due to the 
supplementation with MG meal. Furthermore, the use of MG meal did not have any adverse effects on the survival rate of the fish. 

The hepatosomatic index (HSI) is frequently used as a marker of adverse environmental or dietary impacts in fish (Pait and Nelson, 
2003). The insignificant variations in the HSI and VSI between groups suggest that supplementation with MG meal, when included in 
diets, would not result in excess fat accumulation within the liver and whole body of hybrid catfish. This assertion is further supported 
by the result of whole-body lipids content. Furthermore, it was observed for the first time that hybrid catfish fed an SBM diet free of 
fishmeal could perform comparably to those fed a fishmeal-based diet. This is contrary to earlier reports for African catfish (Fagbenro 
and Davies, 2001; Abdel-Warith et al., 2019) and Nile tilapia (Abdel-Warith, Younis, 2013), where fish fed SBM diet recorded retarded 
growth compared with those fed fishmeal. It is opined that the reason might be in the different proportion of ingredients used in 
formulation, the composition of alternate protein blends, or species of fish. Nevertheless, this study has shown that African catfish 
hybrids can effectively use a soybean-based diet free of fishmeal without any impairment in growth and welfare, but this depends on 
dietary ingredient combination. 

Haematological indices are one of the most commonly used tools to assess fish physiological status and health (Esmaeili, 2021; 

Table 5 
Haematology parameters and differential count of African catfish hybrid (Clarias gariepinus ♀ x Heterobranchus longifilis ♂) fed with various trial diets.   

Dietary group 

Parameters FM SBM SBM+MG14 SBM+MG21 P-value 

HB (g dL− 1) 5.71 ± 0.82 7.36 ± 0.63 6.77 ± 0.92 7.23 ± 1.11  0.568 
RBC (x1012 L− 1) 2.57 ± 0.51 3.34 ± 0.33 3.08 ± 0.45 3.27 ± 0.58  0.678 
Hct (%) 16.00 ± 3.00 20.00 ± 2.08 18.33 ± 2.19 20.00 ± 3.21  0.690 
WBC (x109 L− 1) 6.90 ± 0.16b 6.86 ± 0.21b 6.28 ± 0.14b 8.13 ± 0.37a  0.003 
MCV (FI) 62.43 ± 0.67 59.83 ± 0.64 60.07 ± 2.46 61.53 ± 1.33  0.577 
MCH (pg) 22.58 ± 1.17 22.13 ± 0.88 22.13 ± 1.27 22.33 ± 1.04  0.990 
MCHC (g dL− 1) 36.20 ± 1.40 37.00 ± 1.35 36.80 ± 1.12 36.30 ± 1.57  0.969 
Lymphocyte (%) 54.67 ± 0.88b 53.67 ± 0.33b 54.67 ± 1.76b 58.67 ± 0.33a  0.034 
Neutrophil (%) 41.67 ± 1.67 42.33 ± 2.19 40.33 ± 1.20 36.33 ± 0.33  0.085 
Monocyte (%) 3.00 ± 0.58 2.67 ± 0.67 4.00 ± 0.58 3.67 ± 0.67  0.460 

Data expressed as mean ± standard error, (n = 3). Row values with different superscripts denote significant differences (p < 0.05) between diets. HB, 
haemoglobin; Hct, haematocrit (%); WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular haemo
globin; MCHC, mean corpuscular haemoglobin concentration. FM, fish meal; SBM, soybean meal; MG, housefly maggot meal. 

Table 6 
Immuno-biochemical, aminotransferase and antioxidant enzyme activities of African catfish hybrid (Clarias gariepinus ♀ x Heterobranchus longifilis ♂) 
fed with various trial diets.   

Dietary group 

Parameters FM SBM SBM+MG14 SBM+MG21 p- value 

TP (g dL− 1) 6.26 ± 0.01b 5.72 ± 0.06b 6.99 ± 0.24a 7.00 ± 0.17a  0.002 
Albumin (g dL− 1) 2.15 ± 0.10 1.81 ± 0.07 2.10 ± 0.17 1.98 ± 0.08  0.284 
Globulin (g dL− 1) 4.11 ± 0.11bc 3.91 ± 0.02c 4.89 ± 0.40ab 5.03 ± 0.10a  0.025 
A/G ratio 0.52 ± 0.04 0.46 ± 0.02 0.44 ± 0.07 0.39 ± 0.01  0.289 
TIG (g dL− 1) 3.34 ± 0.45 2.86 ± 0.07 2.98 ± 0.30 2.82 ± 0.37  0.689 
ALT (U L− 1) 50.09 ± 4.55 35.34 ± 5.29 57.21 ± 1.36 61.76 ± 8.91  0.067 
AST (U L− 1) 18.87 ± 1.47b 18.64 ± 2.77b 37.04 ± 0.32a 38.00 ± 5.32a  0.017 
ALP (U L− 1) 58.06 ± 3.74 53.30 ± 1.29 56.34 ± 2.77 55.51 ± 1.51  0.626 
SOD (U mL− 1) 1.89 ± 0.21a 1.15 ± 0.14b 2.30 ± 0.07a 1.90 ± 0.15a  0.004 
CAT (KU L− 1) 27.13 ± 3.64b 56.75 ± 7.35ab 33.05 ± 7.14b 73.02 ± 12.96a  0.024 

Data expressed as mean ± standard error, (n = 3). Row values with different superscripts denote significant differences (p < 0.05) between diets. TP, 
total protein; TIG, total immunoglobulin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; CAT, catalase; 
SOD, superoxide dismutase; FM, fish meal; SBM, soybean meal; MG, housefly maggot meal. 
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Witeska et al., 2022). In the current study, no significant differences were observed in the blood profile, except for WBC, of fish 
regardless of the diet fed. Similarly, Ogunji et al. (2008) also found that magmeal fed to Nile tilapia in place of FM did not elicit any 
differences in the Hb and Hct of the fish. Replacement of FM with BSFL did not cause changes in the haematological indices in 
C. gariepinus (Fawole et al., 2020). On the contrary, Jimoh et al. (2022) reported that the replacement of FM with maggot larvae meal 
resulted in an improved Hb, RBC, and Hct in C. gariepinus. Increased WBC, lymphocytes, total protein, and globulin levels are thought 
to be associated with improved innate immunity in fish (Kaleeswaran et al., 2012; Kumar et al., 2007; Witeska et al., 2022). In the 
present study, high-level MG meal supplementation significantly improved the WBC, lymphocytes, total protein, and globulin levels, a 
paramount line of host defense in fish, and this is indicative of the immunomodulation effect of supplemental MG meal in an 
SBM-based diet. Further, the lower A/G ratio recorded in MG21, although not significant, signifies the abundance of globulin in this 
group. As the γ-globulin makes up the most abundant class of globulin and is required to maintain a healthy immune system in fish, it 
could be inferred that MG has the potential to stimulate nonspecific immunity in hybrid catfish. Pei et al. (2019) reported an immune 
enhancement in Asian swamp eel, Monopterus albus, fed maggot meal, and this could be due to the possible presence of peptides with 
antimicrobial properties in maggot meal, which could act as immune system stimulators. Hou et al. (2007) reported that extracts of 
housefly larvae showed higher antibacterial activity against Shigella dysenteriae in vitro, and this could be part of the reason for the 
growth and survival of housefly maggot larvae in the harsh environment where they thrive. In addition, Ido et al. (2015) stated that 
housefly pupae may possess unidentified bioactive components with an immune-stimulating function. However, studies in this area 
are scanty in fish, and this warrants further investigation in order to determine the extent to which maggot meal could improve 
immunity in fish and the bioactive molecule responsible. The inclusion of maggot meals was also reported to enhance serum total 
protein, lysozyme, alkaline and acid phosphatase activities, and reduce mortality in soft-shelled turtles, Trionyx sinensis (Cheng et al., 
2017). 

Superoxide dismutase and catalase play a crucial role in maintaining the body’s oxy-radical balance and are essential for efficient 
performance of the fish immune system (Fawole et al., 2020; Jeong et al., 2021). Several studies have shown that insect meal has a 
remarkable antioxidant potential when included in a diet for fish (Xiao et al., 2018; Fawole et al., 2020; Chaklader et al., 2021b; Li 
et al., 2022). Similarly, in the present study, supplementation with MG meal generally improved the antioxidant enzyme response in 
hybrid catfish. Consistent with our observation, Jeong et al. (2021) found that dietary cricket, Gryllus bimaculatus, meal significantly 
improved the SOD and GPx activity in olive flounder. Furthermore, to maintain cellular homeostasis, CAT has been said to play a 
significant role in the reduction of hydrogen peroxide produced by the action of SOD into water and oxygen in order to prevent 
oxidative insult/stress (Ighodaro and Akinloye, 2018). Interestingly, the group fed an MG21-based diet showed a consistent higher 
activity of both SOD and CAT, suggesting that MG could work as a functional complementary ingredient to improve antioxidant 
capacity and nonspecific immune status in hybrid catfish. This is consistent with previous findings in which the use of magmeal and 
cricket meal in place of FM improved the liver CAT enzyme response in C. gariepinus (Ogunji et al., 2011; Taufek et al., 2016). Similarly, 
maggot meal supplementation significantly influences the activities of SOD, CAT, and GPx enzymes in black carp and Asian swamp eels 
compared to the non-supplemented control (Yixiang et al., 2013; Pei et al., 2019). ALT and AST are transaminase enzymes responsible 
for amino acid metabolism in fish (Fawole et al., 2018), but they could be found in the blood resulting from liver damage (Romano 
et al., 2016), and elevated levels may be detrimental to the health of hepatic tissue. In the current study, MG had no effect on the 
activities of serum ALT and ALP, but a higher AST level was observed in MG14 and MG21 compared to other groups. Nevertheless, it is 
important to emphasize that despite the higher level of AST in the MG-added groups, the absence of any other notable differences in 
ALT, ALP, and albumin could not lead us to conclude that the feeding of MG meal would be detrimental to the health of the fish liver. 
Furthermore, because AST is found in a variety of organs throughout the body (Giannini et al., 2005; Al-Busafi and Hilzenrat, 2013), 
the higher level observed in MG groups could indicate an injury to tissues other than the liver. However, more studies are needed in this 
area to better understand the hepatoprotective effect of MG meal in hybrid catfish. 

5. Conclusion 

The results of the present study showed that high levels of maggot meal combined with soybean meal in a fishmeal-free diet 
improved growth performance, haemato-immunological indices, and antioxidant response without any deleterious effect on the liver 
function enzymes of hybrid African catfish. For the first time, it was observed that hybrid catfish fed an SBM diet free of fishmeal could 
perform comparably to those fed a fishmeal-based diet without any impairment in growth. Based on the results obtained in the present 
study, which support the complementarity of nutrients for fulfilling the growth and well-being of fish, maggot meal could be used as a 
complementary protein ingredient in soybean meal-based diets devoid of fishmeal for African catfish hybrids. 
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