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ABSTRACT 

This study investigated the effect of replacing soybean meal (SBM) with black soldier fly larvae meal 
(BSFLM) on the growth performance, feed utilization, carcass body composition, and amino ac-
ids profile of Nile tilapia (Oreochromis niloticus). Three isonitrogenous (30% crude protein) diets 
containing BSFLM in varying proportions of 0% (BSFLM0), 50% (BSFLM50), and 100% 
(BSFLM100), were formulated to replace SBM. A commercial diet (COMM0) sourced from the local 
market was used as a positive control. Male sex-reversed O. niloticus juveniles of a mean weight 
20.88 ±0.16 g were stocked in 12 cages each at a density of 12.5 fish m-3. Fish were hand-fed at 
5% (28 days), 3% (54 days), and 2.5% (84 days) of the body weight twice a day (1000 hrs and 1600 
hrs). Significant differences (P < 0.05) were found in the final body weight, body weight gain 
(BWG), specific growth rate (SGR), feed conversion ratio (FCR), survival rate, and condition factor 
(K). The best growth performance and feed utilization was recorded in fish fed on 
BSFLM100.  The different diets had significant effects on the body composition and amino acid pro-
files of the experimental fish (P<0.05). Fish fed on BSFLM100 exhibited highest values for phenylal-
anine, threonine, Isoleucine, lysine, proline, and glutamic acid amino acids. The partial enterprise 
budget analysis indicated that replacing SBM with BSFLM at 50% and 100% reduced the cost of 
production compared to the control diet (BSFLM0) and commercial diet (COMM0). The study 
demonstrated that BSFLM is a cost-effective alternative to SBM in the diets of Oreochromis nilot-
icus hence can replace soybean meal up to 100% without negative effect on growth and carcass body 
composition. 
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Introduction 
Aquaculture plays a crucial role in global food security and 
has further demonstrated potential to meet future food de-
mand, particularly the need for protein (FAO, 2020). How-
ever, aquaculture production has been constrained by the over 
dependence on fish meal and fish oil as the main ingredients 
in fish feeds (Chang et al., 2016). Fish meal has been the ma-
jor protein source in fish feeds due to its high-quality protein, 
well-balanced amino acid profile, high essential fatty acids, 
and phospholipids near to requirement levels of most culti-
vated aquatic organisms (Bruni et al., 2021; Luthada-
Raswiswi et al., 2021). A steady decline in capture fisheries 
and the competition with humans and animal feed industry 
have resulted to rapid decrease in the global supplies of fish 
meal and fish oil, leading to high costs (Dee Roos et al., 
2017). This in turn has prompted the search for cheaper alter-
native protein sources for fish feed formulation.   

Soybean meal has become the key ingredient used in tilapia 
feeds following technological innovation in feed production 
and high incentives for seeking high quality and affordable 
alternatives for fish meal and fish oil (Chang et al., 
2016). The extensive utilization of soybean meal (SBM) is 
attributed to its well-balanced amino acid profile and rela-
tively high crude protein contents (Arriaga-Hernández et al., 
2021) with the latter being identified as a key and most ex-
pensive dietary component in the production of fish feeds. 
Despite soybean’s pivotal role in animal production, its use 
in fish feeds is constrained by the competition from the live-
stock feed industry, human food consumption, and industrial 
production of ethanol and bio-diesel (Lu et al., 2020). This 
has contributed to the increasing scarcity of soya beans cou-
pled with the effects of climate change and high land-use 
competition. 

Moreover, soybean meal is characterized by nutritional defi-
ciencies with lysine, methionine and threonine being limited 
in soy-based fish diets (Malcorps et al., 2019). Great amounts 
of anti-nutritional components in soya have been associated 
with reduced efficiencies in protein and lipid utilization and 
digestion, mineral utilization, and anti-vitamins conse-
quently, leading to depressed growth of fish (He et al., 
2020). Locally, limited soybean processing has rendered 
SBM susceptible to contamination, and growth of mycotoxin 
producing molds mainly aflatoxins that compromises fish 
health and growth when used in feeds (Niyibituronsa et al., 
2016). 

Nonetheless, studies have demonstrated that insects represent 
a valid substitute for the global problems associated with the 
expensive, unsustainable protein sources for fish feed 
(Huis et al., 2013). Among insect species, black soldier fly 

(Hermetia illucens) is considered as one of the most promis-
ing protein source substitute due to its wide distribution in 
both tropical and subtropical climate zones (Zurbrügg et al., 
2018).  It is also easy to culture due to the capability to con-
vert various forms of organic wastes into biomass of high 
quality proteins, essential amino acids (EAA), fat, vitamins, 
and minerals (Gasco et al., 2019). The Black soldier 
fly (BSF) also reproduces easily, has a high growth rate, can 
control bacteria favoring low risk of zoonotic disease trans-
mission and in addition has a prebiotic effect on the fish 
(Gariglio et al., 2019).  

The nutritive value of H. illucens larvae in aquafeeds has 
been tested with success on several fish species includ-
ing Nile tilapia (Devic et al., 2018; Agbohessou et al., 2021; 
Taufek, et al., 2021; Tippayadara et al., 2021), Pacific white 
shrimp (Litopenaeus vannamei), Cummins et al., 2017), 
Jian carp (Cyprinus carpio) (Zhou et al., 2018), Atlantic 
salmon (Salmo salar) (Li et al.,2020) and Juvenile grass carp 
(Ctenopharyngodon idella) (Lu et al., 2020). However, most 
of the studies have focused on fish meal protein replacement 
with black soldier fly larvae meal (BSFLM). Thus scarcity of 
information on the effects of replacing SBM with BSFLM in 
the diets of Nile tilapia. In addition, most of the studies are 
focused on a specific life stage of the fish in different culture 
systems, especially at the larval rearing and juvenile stage 
hence discrepancies on the best BSFLM inclusion levels for 
grow out fish. This study, therefore, evaluated the utilization 
of defatted black soldier fly larvae (H. illucens) meal as SBM 
replacement in the diet of grow-out Nile tilapia in terms of 
growth performance and economic aspects during the entire 
production cycle. 

Material and Methods 

Study Area and Diet Preparation 

The experiment was conducted at Kenya Marine and Fisher-
ies Research Institute, (KMFRI) Sagana Aquaculture Cen-
tre (0o19´S and 37o12´E), Kirinyaga County, Kenya. The cul-
tured BSFL was processed by Biobuu Limited, Kilifi, Kenya. 
Other feed ingredients (Table 1) were purchased from the lo-
cal agrovet shop and ground separately into finer particles us-
ing hammer mill (Thomas-Wiley intermediate mill, 3348-
L10 series, USA). Proximate analysis of test ingredients was 
conducted to guide formulation of three isonitrogenous (30 % 
crude protein) experimental diets. The diets were prepared by 
replacing SBM with BSFLM at 0% (BSFLM0) (Control), 
50% (BSFLM50) and 100% (BSFLM100). A commercial di-
et (COMM0), sourced from local feed manufacturer in Nai-
robi was used as a positive control. In the production of di-
ets: BSFLM0, BSFLM50 and BSFLM100, the ingredients 
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were mixed thoroughly with water to make homogenous 
dough and pelletized using 2-4 mm diet commercial pelletiz-
ing machine into floating pellets. The pellets were sundried, 
packed and stored in clean, dry and cool environment. 

Proximate Analysis of the Experimental Diets and Fish 
Body Composition 

The analysis of experimental diets, the initial and final fish 
body composition was carried out in triplicates following 
standard methods by the Association of Official Analytical 
Chemists (AOAC, 1995). Dry matter (DM) was determined 
gravimetrically by reweighing 2 grams of the sample that had 
been oven-dried for six hours to constant weight at 105°C. 
Crude protein (CP) was analyzed by Copper Catalyst 
Kjeldahl Method. Analysis was done by taking 1g of each 
sample and 2 tablets of catalyst (Kjeltabs) which were di-
gested in 15 ml concentrated sulfuric acid at 420°C. The sam-
ples were cooled and automatically distilled in Kjeldahl 
equipment with 40% NaOH and ammonia gas trapped in 4% 
Boric acid was reverse titrated using 0.2N HCl. The nitrogen 
content was determined and converted to crude protein con-
tent using a nitrogen factor for the crude protein calculation 
of 6.25. Ash was determined by expressing the weight of 2 g 
of the ground sample burnt at 600°C for 3 hours in a muffle 
furnace as a percentage of the un-burnt sample weight. Crude 
fat was extracted by heating 3g of the sample in diethyl ether 
under reflux at 105°C for 30 min in a VELP Solvent Extrac-
tion unit. Ether extract was calculated as the difference be-
tween the original sample and the ether extract resi-
due. Crude fibre (CF) was determined gravimetrically by 

chemical digestion and solubilization, and quantified by: CF 
(%) = dried sample (g) – ashed sample (g)/initial sample 
weight × 100). Nitrogen free extract (NFE) was determined 
by the difference between the original weight of the sample 
and sum of the weights of its moisture, crude protein (CP), 
crude fat (CF), ash and crude fibre as: 100 – (crude protein + 
crude fat + crude fibre + moisture + ash). Amino acids were 
analyzed using ion exchange liquid chromatography via con-
tinuous flow chromatography. The compounds were identi-
fied and quantified using an authentic sample mixture (amino 
acid standard solution (AAS 18) from Sigma-Aldrich 
(Chemie GmbH, Munich, Germany). 

Experimental Design 

A total of six hundred sex reversed male Nile tilapia (O. ni-
loticus) juveniles of 20.88 ±0.16 g mean weight were sourced 
from Kenya Marine and Fisheries Research Institute and ac-
climatized for seven days prior to the experiment. The exper-
imental fish were randomly stocked in 12 cages each at a den-
sity of 12.5 fish/m3 with four cages suspended in 150 m2 

earthen pond. The fish were randomly assigned to the 
four experimental diets containing BSFLM in varying         
proportions of 0% (BSFLM0), 50% (BSFLM50), 100 
% BSFLM100) and a commercial diet (COMM0) in tripli-
cates. The experimental fish were hand fed twice a day (1000 
hrs and 1600 hrs) at 5 % of body weight for 28 days, 3 % of 
body weight for 54 days and 2.5 % of body weight for 84 
days. 

 

Table 1. Ingredients and proximate composition of the experimental diets 
Ingredient inclusion (g kg-1) BSFLM0 BSFLM50 BSFLM100  
Wheat bran 28 28 28  
Soybean meal 30 15 0  
Black soldier fly larvae meal 0 15 30  
Maize germ 18 18 18  
Freshwater shrimp 12 12 12  
Sunflower seed cake 9 9 9  
Mono-calcium phosphate 1 1 1  
Vitamin premix 1 1 1  
Soybean oil 1 1 1  
Proximate composition (%)  BSFLM0 BSFLM50 BSFLM100 COMM0 
Crude protein 30.2 ±0.32 30.28 ±0.61 30.34 ±0.15 30.5 ±0.22 
Crude fat 6.35 ±0.03 6.31 ±0.02 6.46 ±0.00 6.8 ±0.00 
Ash (dry) 7.75 ±0.26 7.99 ±0.12 8.23 ±0.42 7.3 ±0.16 
Nitrogen free extract (NFE) 42.00 45.40 45.90 48.10 

*Black soldier fly treatments - BSFLM0 (0%); BSFLM50 (50%); BSFLM100 (100%); COMM0 (Commercial feed) 
*Soybean treament- BSFLM0 (100%); BSFLM50 (50%); BSFLM100 (0%); COMM0 (Commercial feed) 
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Sampling  

Fish sampling was done every 28 days. The individual 
length (cm) and weight (g) of the fish were determined us-
ing a measuring board and an electronic weighing 
scale (model EHB-3000, China) respectively. To evaluate 
the growth and feed efficiency the following standard for-
mulas were used (Hopkins, 1992): 
Specific growth rate (SGR, %) = 100 × [(Ln BW final (g) – Ln BW initial (g)) / days of experi-
ment] … (1) 

Body weight gain (BWG, g) = Final weight (g) - Initial weight (g)…………………...………..(2) 

Feed conversion ratio (FCR) = feed provided/live weight gain (g) … (3) 

Fulton’s condition factor (K) = 100(W/L3)………….…(4) 

Length- weight relationship was determined by the formula=W = aLb, where W = weight (g) and 
L = total length (cm), a is the regression slope and b is the y intercept……….(5) 

Percentage Survival (%) = 100 × (final number of fish)/ (initial number of fish)…….…........ (6) 

Water quality parameters were measured weekly at 
1000 hrs using a multi-parameter water quality meter (YSI 
industries, Yellow Springs, OH, USA). Water samples were 
collected using 250 ml plastic bottles after every two weeks 
for ammonia, nitrites, nitrates and phosphorus analysis fol-
lowing the procedures by APHA (1995).  The mean values of 
water quality parameters of the pond water were stable with 
minimal variations during the experiment period. The mean 
values were as follows: Temperature (25.31 ±0.22°C), dis-
solved oxygen (DO) (5.47 ±0.08 mg L-1), conductivity 
(104.60 ±1.68 µS cm-1), total dissolved solids (67.05 ±1.08 
mg L-1), and pH (8.35 ±0.04). Relatively low values for nu-
trients were recorded as follows: Phosphates (0.003 ±0.0001 
mg L-1), nitrites (0.001 ±0.0001 mg L-1), Nitrates (0.004 
±0.0003 mg L-1) and Ammonium (0.002 ±0.0001 mg   L-1). 
All the parameters were within the recommended levels for 
Nile tilapia.  

Enterprise Budget Analysis 
Partial enterprise budget analysis was used to evaluate the 
economic implications of substituting SBM with BSFLM in 
the diets of Nile tilapia. Variable costs included the cost of 
labor, feeds, and fingerlings (Table 2). The cost of formulated 
diets (BSFLM0, BSFLM50, and BSFLM100) was calculated 
based on the cost of the ingredients in each diet and the cost 
of feed production while the price of the commercial diet was 
based on feed company retail prices. Labor costs were based 
on the prevailing market prices within the experiment site. 
The US dollar exchange rate against Kenya shillings was 
pegged at KES 107.15. The study assumed that all other costs 
of production were constant for all dietary treatments and 
thus not considered. Fish harvested per treatment was sold at 
USD 3.73 kg-1, which is the market price of Nile tilapia. Fur-
ther, to gauge the profitability of the alternative the break-
even price was calculated by dividing total costs per unit pri-
ce of fish (Musa et al.,2021). 

Data Analysis 

The data was cleaned and subjected to the Shapiro–Wilk test 
of normality. Statistical analyses were performed using MS 
excel and Statistical Package for the Social Sciences (SPSS 
version 23). Mean comparisons were done by the analysis of 
variance (one-way ANOVA) followed by Tukey HSD post 
hoc test to determine the pairwise differences among the di-
ets. Significant differences were considered at P < 0.05. Per-
centage data were arcsine transformed prior to analysis to 
normalize data. 

Table 2. Partial enterprise budget input expenditures 
Item Units Quantity Unit cost (USD) Total(USD) 
Nile tilapia fingerlings Pcs/cage 50 0.09 4.5 
BSFLM0 Kg/cage 12.57 1.06 13.32 
BSFLM50 Kg/cage 12.68 0.95 12.05 
BSFLM100 Kg/cage 13.74 0.86 11.82 
COMM0 Kg/cage 13.31 0.94 12.51 
Labor costs USD/cage/Month  6 0.4 2.4 
Cost of packaging fish USD/Kg - 0.009 - 
Cost of transporting fish USD/Kg - 0.027 - 
Tax on sale of fish USd/Diet - 0.47 - 
Total yield BSFLM0 Kg 17.77     
Total yield BSFLM50 Kg 16.08     
Total yield BSFLM100 Kg 20.54     
Total yield COMM0 Kg 20.81     
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Results and Discussion 

Growth Performance and Nutrient Utilization 

The BSFLM replacement level had a significant effect on the 
growth of the fish (P < 0.05). BSFLM100 recorded the highest 
weight gain followed by COMM0, BSFLM50 and finally 
BSFLM0 (Table 3). Fish body weight increased by 89 % in 
fish fed on BSFLM100 and COMM0, while an increase of 
87% was observed in fish fed on BSFLM0 and BSFLM50. 
Fish fed on BSFLM100   had significantly higher BWG and 
SGR (P<0.05) and the lowest FCR compared to those fed 
on BSFLM0 and BSFLM50.   Fish fed on BSFLM0   presented 
significantly lower BWG, SGR and the highest FCR.  All the 
diets recorded a positive correlation co-efficient (R2) that was 
not significantly different among the diets (P > 0.05). The 
values of condition factor recorded for all the fish ranged be-
tween 1.86 and 1.89. There were significant differences          
(P<0.05) in Fulton’s condition factor (K) between 
the BSFLM0, BSFLM50, BSFLM100, and COMM0 with con-
trol diet (COMM0) having the highest condition factor. Sur-
vival rates were relatively higher in all the treatments with 

significant variations (P<0.05) among the diets. The highest 
survival rates were recorded in diet BSFLM0 (95.33%) while 
the lowest in BSFLM100 (92.67 %). 

Body Composition Analysis 

Significant difference (P<0.05) was recorded for crude pro-
tein, crude fat, and Nitrogen free extracts (NFE) in the body 
composition of the fish (Table 4). However, no significant 
differences (P>0.05) was recorded in ash content in fish in all 
the treatments. Fish fed on BSFLM100 exhibited significantly 
(P<0.05) higher values for phenylalanine, threonine, isoleu-
cine, lysine, histidine and leucine, while for non-essential 
amino acids: glutamic acid, cysteine, proline were higher in 
fish fed in BSFLM100 as compared to control diets 
(COMM0 and BSFLM0) (Table 5). Fish fed on COMM0 reg-
istered highest mean values for arginine, glycine, methionine, 
tyrosine, tryptophan and tyrosine although, they were statis-
tically similar to fish fed on BSFLM100. The lowest values for 
glycine, alanine, lysine, cysteine, glutamic acid, methionine, 
and isoleucine were registered in fish fed on BSFLM50 while 
arginine, histidine, tryptophan, leucine threonine, proline 
were lowest in fish fed on BSFLM0 (control). 

 

Table 3.  Growth performance parameters of O. niloticus fed on diets with different levels of 
defatted black soldier fly larvae meal and commercial diet  

Parameter BSFLM0 BSFLM50 BSFLM100 COMM0 

Initial length (cm) 10.57 ±0.07 10.54 ±0.06 10.57 ± 0.06 10.56 ± 0.05 
Initial weight (g) 20.83 ±0.33 20.86 ±0.33 20.85 ±0.33 20.88 ±0.30 
Final length (cm) 21.04 ±0.13a 21.35 ±0.13a 21.67 ±0.12b 21.53 ±0.17b 
Final weight (g) 166.19 ±3.18a 169.03 ±2.91a 193.35 ±3.69b 188.56 ±5.46b 
SGR (% day -1) 1.23 ±0.02a 1.24 ±0.01a 1.32 ±0.013b 1.29 ±0.02b 
BWG (g) 145.36 ±3.22a 148.17 ±2.94a 172.40 ±3.66b 167.68 ±5.46b 
FCR 1.87 ±0.04a 1.86 ±0.046b 1.79 ±0.03a 1.82 ±0.05a 
Condition factor (K) 1.86 ±0.01a 1.86 ±0.01a 1.88 ±0.01ab 1.89 ±0.01b 
R2 0.98a 0.98a 0.98b 0.98b 
Survival (%) 95.33 ±0.10a 94.67 ±0.10b 92.67 ±0.20c 93.33 ±0.26d 

* Means within the same row with different superscript letters are significantly different at P < 0.05, n=30 
  

Table 4.  Body carcass composition of Nile tilapia fed on diets with different levels of defatted black 
soldier fly larvae meal and commercial diet 

Parameter (%) BSFLM0 BSFLM50 BSFLM100 COMM0 
Ash 7.0 ±0.59 7.2 ±0.39 6.8 ±0.15 6.9 ±0.49 
Crude protein 72.4 ±0.81a 73.8 ±0.46a 75.3 ±0.96b 75.7 ±1.03b 
Crude fat 3.3 ±0.01a 2.9 ±0.29b 5.0 ±0.31c 8.3 ±0.26d 
NFE 5.5a 6.5b 2.3c 1.13d 

** Means within the same row with different superscript letters are significantly different at P < 0.05; n=3; NFE - Nitrogen free extract  
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Table 5. Amino acids profile of O. niloticus fed on diets with different levels of defatted black soldier fly 

larvae meal and commercial diet 
Amino acids (%) BSFLM0 BSFLM50 BSFLM100 COMM0 
Essential amino acids 
Phenylalanine 18.17 ±2.30a 17.70 ±2.90b 19.79 ±5.40c 19.44 ±4.00d 
Threonine 3.87 ±0.10a 5.37±0.70b 5.78 ±1.60c 5.25 ±1.10d 
Arginine 0.31 ±0.10a 0.45 ±0.30a 0.43 ±0.50b 0.51 ±0.60b 
Valine 6.13 ±0.60a 4.33 ±1.10b 4.64 ±1.00c 4.2 ±1.00d 
Isoleucine 2.72 ±0.40a 2.43 ±0.50b 2.94 ±0.80c 2.82 ±0.60d 
Methionine 2.25 ±0.20a 1.29 ±0.10b 1.46 ±0.70c 1.98 ±1.10d 
Tryptophan 12.98 ±0.40a 20.71 ±1.90b 13.02 ±2.70c 15.06 ±5.40d 
Lysine 11.88 ±1.20a 14.52 ±1.30b 15.73 ±3.60c 15.3 ±3.70d 
Histidine 1.36 ±0.10a 1.24 ±0.50a 1.43 ±0.30b 1.47 ±0.30b 
Leucine 0.93 ±0.10a 0.91 ±0.40a 0.99 ±0.40b 0.75 ±0.30b 
Non-essential amino acids 
Alanine 2.87 ±0.20a 2.73 ±1.10a 2.59 ±0.70b 2.58 ±0.80b 
Tyrosine 1.16 ±0.10a 1.21 ±0.60a 0.84 ±0.20a 0.93 ±0.20a 
Glycine 23.60 ±.60a 17.47 ±1.00b 20.32 ±8.70c 21.9 ±4.10d 
Glutamic acid 3.41 ±0.30a 2.88 ±1.10b 3.65 ±0.60c 2.25 ±0.70d 
Cysteine 2.72 ±0.30a 2.12 ±0.70a 2.33 ±0.90b 1.92 ±0.40c 
Proline 5.59 ±0.60a 3.57 ±0.60b 4.29 ±0.90c 3.72 ±1.20d 

* Means within the same row with different superscript letters are significantly different at P < 0.05; n=3 
 
 

Partial Enterprise Budget Analysis 

The mean yield was higher in the fish fed on 
COMM0 and BSFL100 followed BSFLM0 and BSFLM50 (Ta-
ble 6). All the experimental diets registered significantly pos-
itive net return above total costs (P<0.05). The total cost and 
variable cost decreased gradually as SBM was replaced with 
BSFLM with lowest values exhibited by BSFLM100. Break-
even price were significantly different with lowest values 
(USD 2.36 ±0.01) being recorded in BSFLM100 (P<0.05). 

The present study was conducted to evaluate the effect of re-
placing soybean meal (SBM) with black soldier fly larvae 
meal (BSFLM) on the growth performance, feed utilization, 
carcass body composition and amino acid profile of Nile ti-
lapia (Oreochromis niloticus). All the diets registered gradual 
increase in the mean weight. This can be attributed to the sim-
ilarity in the initial crude protein and fat content of the ex-
truded experimental diets coupled with the well-balanced and 
formulated diets. Fish fed on BSFLM100 registered statisti-

cally similar final weight to control diet COMM0 though sig-
nificantly higher than diets BSFLM0 and BSFLM50. Similar 
findings have been reported in juvenile grass carp (Cyprinus 
carpio) by Lu et al., (2020) but contrary to (Dietz & Liebert, 
2018). in Nile tilapia that registered lowest weight with high-
est soybean concentrate replacement with BSFLM. 

Fish body weight increased by 89% in fish fed on 
BSFLM100 and COMM0 while 87% in fish fed on 
BSFLM0 and BSFLM50. Previous studies on Nile tilapia, 
have reported contrasting results to this study, for instance, a 
lower body weight increase of 30% (Tippayadara et al., 
2021), 64% (Devic et al., 2018), 73% (Muin et al., 2017) and 
higher body weight gain of 96% (Rana, 2009) have been re-
ported in diets containing 100% BSFLM. The differences in 
the increase of the body weight between the present and pre-
vious trials may have been mainly associated with varying 
fish development stages and study periods of between 32 and 
96 days compared to the present study that lasted for a period 
of 168 days. 
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Table 6.  Partial enterprise budget for the dietary treatments with different levels of defatted black soldier fly 
larvae meal and commercial diet 

Parameters  Units Treatments 
  BSFLM0 BSFLM50 BSFLM100 COMM0 
Total yield Kg 17.77 ±0.01a 16.08 ±0.01b 20.54 ±0.01c 20.81 ±0.02d 
Gross revenue USD 66.28 ±0.01a 59.98 ±0.01b 76.61±0.01c 77.6 ±0.35d 
Variable costs USD 59.5 ±0.12a 57.42 ±0.01b 47.93 ±0.00c 58.97 ±0.02d 
Fixed costs USD 0.47 ± 0.02 0.47 ±0.00 0.47 ±0.00 0.47 ±0.00 
Total costs USD 59.97 ±0.01a 57.88 ±0.01b 48.4 ±0.23c 59.44 ±0.01d 
Net return above total costs USD 6.32 ±0.01a 2.09 ±0.00b 28.21 ±0.01c 18.16 ±0.02d 
Unit selling price USD 3.73 ±0.01 3.73 ±0.02 3.73 ±0.00  3.73 ±0.01 
Breakeven price (total costs) USD 3.37 ±0.01a 3.6 ±0.01b 2.36 ±0.01c 2.86 ±0.01d 
Breakeven yield (total costs) Kg 16.08 ±0.02a 15.52 ±0.01b 12.98 ±0.01c 15.96 ±0.01b 

* Values are means ± S.E. Values with the same superscripts in a row are not significantly different 
 

The lowest BWG and SGR were recorded in fish fed on 
BSFLM0 and BSFLM50 with 100 and 50% soybean inclusion 
levels respectively. Similar results were reported by Lu et al. 
(2020) in juvenile grass carp but contrary to Dietz & Liebert 
(2018) in Nile tilapia fed on BSFL meal based diets. Previous 
studies have also reported reduced feeding and growth as a 
result of higher levels of dietary soybean proteins and recom-
mended different optimal inclusion levels of 25% (Sharda et 
al., 2017 & Abdel-Warith et al., 2020), 4% (Amesa et al., 
2018), 4.5% (Godoy et al., 2019) in Nile tilapia. Soybean 
meal has been reported to have growth-inhibitory effect 
which has been linked to anti-nutritional factors (Lu et al., 
2020) that lower nutrient digestibility, nutrient bio-availabil-
ity and palatability due to excessive degrees of non-soluble 
fibre and starch (Daniel, 2018). Similarly, the depressed gro-
wth in fish fed on diets with high inclusions (50 and 100 %) 
of SBM could be attributed to lack of phytase enzyme in ti-
lapia to hydrolyze phytates in soybean that causes unavaila-
bility of amino acids. 

Better BWG and FCR exhibited in fish fed on BSFLM100 
could be due to better amino acid profile with higher levels of 
glycine, alanine, isoleucine, leucine and phenylalanine com-
pared to control BSFLM0 (El-Hack et al., 2020).  Contrary to 
the findings of this study, lower SGR and BWG in diets con-
taining high inclusion levels of BSFLM have been reported 
by Devic et al., (2018) in Nile tilapia (Oreochromis niloticus) 
and Lu et al., (2020) in grass carp (Ctenopharyngodon idel-
lus). The diminishing performance was linked to imbalances 
in amino acids and inadequate chitinase activity in diets with 
higher BSFLM. Similar growth patterns of the fish fed on di-
ets with 100% BSFLM and the commercial diet indicated that 

the diets had similar nutritional values to support the growth 
of fish. 

Fish fed on BSFLM100 registered lowest FCR compared with 
other diets. The FCR values in the present study were lower 
than those reported by Muin et al., (2017) and Tippayadara et 
al., (2021) when BSFLM was included in the diets of ti-
lapia.  A lower FCR serves as an indicator of better feed uti-
lization (Devic et al., 2018).  The low FCR in fish fed on 
BSFLM100 is in line with Xiao et al., (2018) findings in yel-
low catfish (Pelteobagrus fulvidraco) when conventional 
protein sources were replaced at 100% with BSFLM.  Low 
FCR in fish fed BSFLM100   may have been a factor of utiliza-
tion of defatted BSFLM. Observations by Basto et al., (2020) 
indicated that defatting insect meals improved digestibility 
and utilization of nutrients though the chitin content remained 
similar between defatted and non-defatted insect meals.  

The high values of FCR recorded in fish fed on BSFLM0 and 
BSFLM50 indicates that high content of SBM negatively in-
fluenced feed utilization. This could be due to the unavaila-
bility of macro and micronutrients in SBM that compromises 
feed utilization. High levels of soybean in fish diets could 
have resulted to anti-nutritional factors specifically, tannin 
which is ascribed to inhibition of digestive en-
zymes, phytic acid chelation which diminishes bioavailabil-
ity of calcium, phosphorus, magnesium, manganese, zinc and 
iron (He et al., 2020). Gossypol in soya bean meal have also 
been reported to diminish digestibility and feed consumption 
by lowering the bioavailability of lysine. Soybean processing 
by thermal heating is a contributing factor in loss of some 
amino acids that influence protein, carbohydrate and moisture 
on milliard reactions (Ghosh & Ray, 2017).  Length - weight 
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relationship (r≥0.98, b=3) of the fish of the current study in-
dicated isometric growths in all the fish fed on the experi-
mental diets that entailed an increase in weight in every unit 
increase in length (Daliri, 2012). This suggests good physio-
logical conditions of fish in relation to its welfare associated 
with optimal physico-chemical and biological qualities of 
water in fish ponds. 

The survival rates from the present study were above 92% in 
all the dietary treatments. The survival rates agree with results 
in Nile tilapia (Tippayadara et al., 2021), yellow catfish 
(Pelteobagrus fulvidraco) (Xiao et al., 2018) and juve-
nile grass carp (Ctenopharyngodon idellus) (Lu et al., 2020) 
fed on black soldier fly larvae meal. As reflected in the con-
dition factor, acclimatization of fish prior to stocking, con-
sistent and appropriate feeding regimes in an optimal envi-
ronment in favor of fish physiological processes played a ma-
jor role in high survival rates. 

The body carcass composition of fish was significantly influ-
enced by different dietary treatments. There were significant 
differences in crude protein, crude fibre and total lipids con-
tent of the carcass. This may have been associated with the 
changes in the synthesis, deposition rate in muscle and/or dif-
ferent growth rate (Abdel-Warith et al., 2020). Fish fed on 
different diets differed significantly in crude protein content 
(Dietz & Liebert, 2018). Fish fed on control diet and BSFLM0 

had lower crude protein levels compared to BSFLM100 and 
COMM0.  This could be due to difference in absorption kinet-
ics of free and protein-bound amino acids that create asyn-
chrony in post absorptive availability of individual amino ac-
ids.  Cummins et al., (2017) found reduced protein and lipid 
levels in Pacific white shrimp (Litopenaeus vannamei) asso-
ciated with deficiencies in essential amino acid (EAA) as well 
as increasing imbalances of essential and non-essential amino 
acids. This is contrary to the findings by Devic et al., (2018) 
in Nile tilapia where there were no significant differences in 
protein levels with increasing BSFLM supplementation. Low 
lipid content in fish fed on BSFLM0 and BSFLM50 is similar 
to the findings in rainbow trout (Sealey et al., 2011).   

Protein quality is linked to amino acids content. High quality 
proteins are readily digestible and contain the dietary essen-
tial amino acids (EAA) in quantities that correspond to hu-
man requirements.  In the current study amino acids concen-
tration in the fish fillet increased with increasing dietary 
BSFLM. Fish fed on BSFLM100 and COMM0 had enhanced 
and satisfactory amino acid profile compared to fish fed on 
BSFLM0 and BSFLM50. Fish fed on BSFLM100 had signifi-
cantly higher values for six out of the ten identified essen-
tial amino acids associated with amino acid balance in the 
feed coupled with better physiological utilization after diges-
tion, absorption and oxidation (Wu et al., 2014). This is also 

reflected in low FCR. The amino acids profile of the fish fed 
on BSFLM100 and the fish fed on COMM0 were comparable 
which means the quality of the feed with 100% BSFM led to 
the same effect on the amino acid profile of the fish fed on 
commercial diet (COMM0). 

Feed constitutes a major expense in aquaculture species 
hence profitability is a factor of cost minimization. In the cur-
rent study feed costs were 46.33% (BSFLM100), 48.37% 
(BSFLM50,) 50.79% (BSFLM0) and 53.04% (COMM0) of the 
total variable costs. Replacing SBM with BSFLM at 50% and 
100 % reduced the cost by 8.8% and 12 % respectively com-
pared to control diet COMM0. This was contributed by lower 
BSFLM price of 0.80 USD/kg against SBM of 0.90 USD/kg 
at the time of the experiment. Although COMM0 had the 
highest total yield and gross revenue attributed to good 
growth performance, the diet registered lower net return 
above total costs in comparison to BSFLM100. Similar results 
of cost of feed reduction and increased net returns have been 
reported by Abdel-Tawwab et al., (2020) in European sea 
bass (Dicentrarchus labrax), Wachira et al., (2021) in Nile 
tilapia and Rawski et al., (2021) in Siberian sturgeon, when 
conventional sources of proteins were replaced with BSFLM. 
In addition, non-utilization of basal ingredients, mainly SBM 
and oil reduced the costs of formulating BSFLM100 hence 
contributing to its cost effectiveness. Lower net return above 
total costs values were recorded in fish fed diet BSFLM0 and 
BSFLM50 mainly contributed by high amounts of soybean 
and fish meal included in these diets to supplement on limit-
ing macro and micro elements. This is also compounded by 
low utilization of the feeds that contributed to low yields. As 
evidenced by low values for break-even price (total costs) 
and break even yield, replacing SBM with 100% BSFLM is 
economically viable. 

Conclusion 
This study demonstrated that fish fed on BSFLM100 exhibited 
better growth performance in terms of body weight gain, spe-
cific growth rate and feed conversion ratio compared to the 
commercial diet. Similarly, amino acids deposition in fish fed 
on BSFLM100 was significantly higher than COMM0 con-
firming enhanced and comparative nutritive effect of 
BSFLM100 and COMM0. The study also confirms BSFLM as 
a cost effective alternative source of protein to the SBM in 
the diets of Nile tilapia. 
 

  

https://doi.org/10.3153/AR22023


Aquat Res 5(3), 238-249 (2022)  •  https://doi.org/10.3153/AR22023  Research Article 

246 

Compliance with Ethical Standard 

Conflict of interests: The authors declare that for this article they 
have no actual, potential, or perceived conflict of interests. 

Ethics committee approval: The experiment was conducted fol-
lowing the standard operating procedures (SOPs) of the Kenya Ma-
rine and Fisheries Research Institute (KMFRI) guidelines for han-
dling animals registered with the National Commission for Science, 
Technology and Innovation (NACOSTI) registration number NA-
COSTI/2016/05/001. The SOPs comply with the Prevention of cru-
elty to animals Act 1962, CAP 360 (Revised 2012) of the laws of 
Kenya and the EU regulation (EC Directive 86/609/EEC).  

Funding disclosure: This work was carried out with the financial 
support from ICIPE through the Bioinnovate Africa program 
funded by Swedish International Development Cooperation 
Agency (SIDA) grant contribution number 51050076 under the 
project “Using Black Soldier Fly Larvae as an environmentally sus-
tainable source of affordable protein for Chicken and Fish Feed”. 

Acknowledgments: We acknowledge Biobuu Kenya Ltd in 
Kilifi through Mr. Kigen Compton for provision of the defat-
ted black soldier fly larvae used in this study. The Special thanks to 
Kenya Marine and Fisheries Research Institute (KMFRI) Sagana 
technicians; Elijah Gichana and Joel Gatagwu for technical support 
during sampling and sample analysis. The Mercantiles: Mr. John-
son Makori and Mr. Kiragu Mutegi are also appreciated for their 
assistance in daily feeding and monthly sampling of the fish. The 
International Centre of Insect Physiology and Ecology (ICIPE) is 
acknowledged for their technical assistance in proximate analysis 
and amino acid profiling.  Last but not least, KMFRI and Tanzania 
Fisheries Research Institute (TAFIRI) are acknowledged for 
providing permission to authors to participate in this study. 

Disclosure: - 

References 
Abdel-Warith, A.A., Younis, E.M., Al-Asgah, N.A., 
Mahboob, S. (2019). Effect of replacing fish meal by full fat 
soybean meal on growth performance, feed utilization and 
gastrointestinal enzymes in diets for African catfish (Clarias 
gariepinus). Brazilian Journal of Biology, 80, 535-543. 
https://doi.org/10.1590/1519-6984.214763 

Abdel-Tawwab, M., Khalil, R.H., Metwally, A.A., Shak-
weer, M.S., Khallaf, M.A., Abdel-Latif, H.M. (2020). Ef-
fects of black soldier fly (Hermetia illucens L.) larvae meal 
on growth performance, organs-somatic indices, body com-
position, and hemato-biochemical variables of European sea 
bass, Dicentrarchus labrax. Aquaculture, 522, 735136. 
https://doi.org/10.1016/j.aquaculture.2020.735136 

Agbohessou, P.S., Mandiki, S.N., Gougbédji, A., Megido, 
R.C., Hossain, M.S., De Jaeger, P., Larondelle, Y., Fran-
cis, F., Lalèyè, P.A., Kestemont, P. (2021). Total replace-
ment of fish meal by enriched‐fatty acid Hermetia illu-
cens meal did not substantially affect growth parameters or
innate immune status and improved whole body biochemical
quality of Nile tilapia juveniles. Aquaculture Nutri-
tion, 27(3), 880-896.
https://doi.org/10.1111/anu.13232

Amesa, S., Negesse, T., Teklegiorgis, Y. (2018).  Replacing 
soya bean meal with fish offal meal and poultry litter in the 
diets of Nile Tilapia (Oreochromis niloticus) reared in pond 
culture on their growth performance and carcass composition. 
Agricultural Research & Technology, 14(2) 
https://doi.org/10.19080/ARTOAJ.2018.14.555920 

AOAC (Association of Official Analytical Chemists) 
(1995). Official Methods of Analysis. 16th Edition. AOAC, 
Arlington, VA. USA, 71–72. 

APHA (American Public Health Association) (1995). 
Standard methods for the examination of water and 
wastewater. 19th Edition. APHA, Washington D.C. USA, 4-
106 - 4-112 

Arriaga-Hernández, D., Hernández, C., Martínez-Mon-
taño, E., Ibarra-Castro, L., Lizárraga-Velázquez, E., 
Leyva-López, N., Chávez-Sánchez, M.C. (2021). Fish 
meal replacement by soybean products in aquaculture feeds 
for white snook, Centropomus viridis: Effect on growth, diet 
digestibility, and digestive capacity. Aquaculture, 530, 
735823.  
https://doi.org/10.1016/j.aquaculture.2020.735823 

Basto, A., Matos, E., Valente, L.M. (2020). Nutritional 
value of different insect larvae meals as protein sources for 
European sea bass (Dicentrarchus labrax) juveniles. Aqua-
culture, 521. 
https://doi.org/10.1016/j.aquaculture.2020.735085 

Bruni, L., Secci, G., Husein, Y., Faccenda, F., de Medei-
ros, A.C.L., Parisi, G. (2021). Is it possible to cut down fish 
meal and soybean meal use in aqua feed limiting the negative 
effects on rainbow trout (Oncorhynchus mykiss) fillet quality 
and consumer acceptance? Aquaculture, 736996. 
https://doi.org/10.1016/j.aquaculture.2021.736996 

Chang, C.Y., Zimmermann, A., Heckelei, T. 
(2016).  The expansion of aquaculture and its effects on 
global land use and sustainability, 873, 60962. 

https://doi.org/10.3153/AR22023
https://doi.org/10.1590/1519-6984.214763
https://doi.org/10.1016/j.aquaculture.2020.735136
https://doi.org/10.1111/anu.13232
https://doi.org/10.19080/ARTOAJ.2018.14.555920
https://doi.org/10.1016/j.aquaculture.2020.735823
https://doi.org/10.1016/j.aquaculture.2020.735085
https://doi.org/10.1016/j.aquaculture.2021.736996


 
 

 

247 

 

  Aquat Res 5(3), 238-249 (2022)  • https://doi.org/10.3153/AR22023                                                                Research Article 

 
http://doi.org/10.22004/ag.econ.244765 
 
Cummins Jr, V.C., Rawles, S.D., Thompson, K.R., Ve-
lasquez, A., Kobayashi, Y., Hager, J., Webster, C.D. 
(2017). Evaluation of black soldier fly (Hermetia illucens) 
larvae meal as partial or total replacement of marine fish meal 
in practical diets for Pacific white shrimp (Litopenaeus van-
namei). Aquaculture, 473, 337-344.  
https://doi.org/10.1016/j.aquaculture.2017.02.022 
 
Daliri, M. (2012). Length-weight and length-length relation-
ships, relative condition factor and Fulton’s condition factor 
of five Cyprinid species in Anzali wetland, southwest of the 
Caspian Sea. Caspian Journal of Environmental Sci-
ences, 10(1), 25-31. 
 
Daniel, N. (2018). A review on replacing fish meal in aqua 
feeds using plant protein sources. International Journal of 
Fisheries and Aquatic Studies, 6(2), 164-179. 
 
Dee Roos, B., Sneddon, A.A., Sprague, M., Horgan, 
G.W., Brouwer, I.A. (2017). The potential impact of com-
positional changes in farmed fish on its health-giving proper-
ties: is it time to reconsider current dietary recommenda-
tions? Public Health Nutrition, 20(11), 2042-2049.  
https://doi.org/10.1017/S1368980017000696 
 
Devic, E., Leschen, W., Murray, F., Little, D.C., 2018. 
Growth performance, feed utilization and body composition 
of advanced nursing Nile tilapia (Oreochromis niloticus) fed 
diets containing Black Soldier Fly (Hermetia illucens) larvae 
meal. Aquaculture nutrition, 24(1), 416-423.  
https://doi.org/10.1111/anu.12573 
 
Dietz, C., Liebert, F. (2018). Does graded substitution of soy 
protein concentrate by an insect meal respond on growth and 
N-utilization in Nile tilapia (Oreochromis niloticus)? Aqua-
culture Reports, 12, 43-48.  
https://doi.org/10.1016/j.aqrep.2018.09.001 
  
El-Hack, A., Mohamed, E., Shafi, M.E., Alghamdi, 
W.Y., Abdelnour, S.A., Shehata, A.M., Noreldin, 
A.E., Ashour, E.A., Swelum, A.A., Al-Sagan, 
A.A., Alkhateeb, M.  (2020). Black soldier fly (Hermetia il-
lucens) meal as a promising feed ingredient for poultry: A 
comprehensive review. Agriculture, 10(8), 339.  
https://doi.org/10.3390/agriculture10080339 
 

FAO (2020). The State of World Fisheries and Aquaculture 
2020. Sustainability in action. Rome, Italy: Food and Agri-
culture Organization of the United Nations. 206. 
https://doi.org/10.4060/ca9229en 
 
Gariglio, M., Dabbou, S., Biasato, I., Capucchio, 
M.T., Colombino, E., Hernández, F., Madrid, J., Mar-
tínez, S., Gai, F., Caimi, C., Oddon, S.B. (2019). Nutri-
tional effects of the dietary inclusion of partially defat-
ted Hermetia illucens larva meal in Muscovy duck. Journal 
of Animal Science and Biotechnology, 10(1), 37.  
https://doi.org/10.1186/s40104-019-0344-7 
 
Gasco, L., Biasato, I., Dabbou, S., Schiavone, A., Gai, F. 
(2019). Animals fed insect-based diets: State-of-the-art on di-
gestibility, performance and product quality. Animals, 9(4), 
170.  
https://doi.org/10.3390/ani9040170 
 
Ghosh, K., Ray, A.K. (2017). Aquafeed formulation using 
plant feedstuffs: Prospective application of fish-gut microor-
ganisms and microbial biotechnology. Academic Press, 109-
144.  
https://doi.org/10.1016/B978-0-12-811412-4.00005-9 
 
Godoy, A.C., Santos, O.O., Oxford, J.H., de Amo-
rim Melo, I.W., Rodrigues, R.B., Neu, D., Nunes, 
R.V., Boscolo, W.R. (2019). Soybean oil for Nile tilapia 
(Oreochromis niloticus) in finishing diets: Economic, zoo-
technical and nutritional meat improvements. Aquacul-
ture, 512,734324.  
https://doi.org/10.1016/j.aquaculture.2019.734324 
 
He, M., Li, X., Poolsawat, L., Guo, Z., Yao, W., Zhang, 
C., Leng, X. (2020). Effects of fish meal replaced by fer-
mented soybean meal on growth performance, intestinal his-
tology and microbiota of largemouth bass (Microp-
terus salmoides). Aquaculture Nutrition, 26(4), 1058-1071.  
https://doi.org/10.1111/anu.13064 
 
Hopkins, K.D. (1992). Reporting fish growth: A review of 
the basics 1. Journal of the World Aquaculture Society, 23(3), 
173-179.  
https://doi.org/10.1111/j.1749-7345.1992.tb00766.x 
 
Huis, A.V., Itterbeeck, J.V., Klunder, H., Mertens, E., 
Halloran, A., Muir, G., Vantomme, P. (2013). Edible In-
sects: Future prospects for food and feed security. FAO-For-
estry paper, 171. 
 

https://doi.org/10.3153/AR22023
http://doi.org/10.22004/ag.econ.244765
https://doi.org/10.1016/j.aquaculture.2017.02.022
https://doi.org/10.1017/S1368980017000696
https://doi.org/10.1111/anu.12573
https://doi.org/10.1016/j.aqrep.2018.09.001
https://doi.org/10.3390/agriculture10080339
https://doi.org/10.4060/ca9229en
https://doi.org/10.1186/s40104-019-0344-7
https://doi.org/10.3390/ani9040170
https://doi.org/10.1016/B978-0-12-811412-4.00005-9
https://doi.org/10.1016/j.aquaculture.2019.734324
https://doi.org/10.1111/anu.13064
https://doi.org/10.1111/j.1749-7345.1992.tb00766.x


 
 

 

 

Aquat Res 5(3), 238-249 (2022)  •  https://doi.org/10.3153/AR22023                                                        Research Article 

248 

Li, Y., Kortner, T.M., Chikwati, E.M., Belghit, I., Lock, 
E.J., Krogdahl, Å. (2020). Total replacement of fish meal 
with black soldier fly (Hermetia illucens) larvae meal does 
not compromise the gut health of Atlantic salmon (Salmo 
salar). Aquaculture, 520, 734967.  
https://doi.org/10.1016/j.aquaculture.2020.734967 
 
Lu, R., Chen, Y., Yu, W., Lin, M., Yang, G., Qin, 
C., Meng, X., Zhang, Y., Ji, H., Nie, G. (2020). Defatted 
black soldier fly (Hermetia illucens) larvae meal can replace 
soybean meal in juvenile grass carp (Ctenopharyngodon idel-
lus) diets. Aquaculture Reports, 18, 100520.  
https://doi.org/10.1016/j.aqrep.2020.100520 
 
Luthada-Raswiswi, R., Mukaratirwa, S., O’Brien, G. 
(2021). Animal protein sources as a substitute for fish meal in 
aquaculture diets: A systematic review and meta-analy-
sis. Applied Sciences, 11(9), 3854.  
https://doi.org/10.3390/app11093854 
 
Malcorps, W., Kok, B., van‘t Land, M., Fritz, M., 
van Doren, D., Servin, K., van der Heijden, P., Palmer, 
R., Auchterlonie, N.A., Rietkerk, M., Santos, M.J. (2019). 
The sustainability conundrum of fish meal substitution by 
plant ingredients in shrimp feeds. Sustainability, 11(4), 
1212.  
https://doi.org/10.3390/su11041212 
 
Muin, H., Taufek, N.M., Kamarudin, M.S., Razak, S.A. 
(2017). Growth performance, feed utilization and body com-
position of Nile tilapia, Oreochromis niloticus (Linnaeus, 
1758) fed with different levels of black soldier fly, Hermetia 
illucens (Linnaeus, 1758) maggot meal diet. Iranian Journal 
of Fisheries Sciences, 16(2), 567-577.  
 
Musa, S., Aura, C.M., Okechi, J.K. (2021). Economic anal-
ysis of tilapia cage culture in Lake Victoria using different 
cage volumes. Journal of Applied Aquaculture, 1-19.  
https://doi.org/10.1080/10454438.2021.1884632 
 
Niyibituronsa, M., Onyango, A.N., Gaidashova, 
S., Imathiu, S., Uwizerwa, M., Wanjuki, I., Munga, 
F., Mutiga, S., Harvey, J. (2016). Evaluation of aflatoxin 
contamination of soybean in Rwanda. Proceedings of the Nu-
trition Society, 75(OCE3).  
https://doi.org/10.1017/S002966511600269X 
 
Rana, K.J., Siriwardena, S., Hasan, M.R. (2009). Impact 
of rising feed ingredient prices on aquafeeds and aquaculture 
production (No. 541). Food and Agriculture Organization of 
the United Nations (FAO). http://www.fao.org/i1143e00.htm 

Rawski, M., Mazurkiewicz, J., Kierończyk, B., Józefiak, 
D. (2021). Black soldier fly full-fat larvae meal is more prof-
itable than fish meal and fish oil in Siberian sturgeon farm-
ing: The effects on aquaculture sustainability, economy and 
fish GIT development. Animals, 11(3), 604.  
https://doi.org/10.3390/ani11092599 
 
Sealey, W.M., Gaylord, T.G., Barrows, F.T., Tomberlin, 
J.K., McGuire, M.A., Ross, C., St‐Hilaire, S. (2011). Sen-
sory analysis of rainbow trout, Oncorhynchus mykiss, fed en-
riched black soldier fly prepupae, Hermetia illucens. Journal 
of the World Aquaculture Society, 42(1), 34-45.  
https://doi.org/10.1111/j.1749-7345.2010.00441.x 
 
Sharda, P., Sharma, O.P., Saini, V.P. (2017). Replacement 
of fish meal with soybean meal in Nile tilapia (Oreochromis 
niloticus) diet. Journal of Entomology and Zoology Studies, 
5(4), 845-849. 
 
Taufek, N.M., Lim, J.Z.Y., Bakar, N.H. (2021). Compara-
tive evaluation of Hermetia illucens larvae reared on differ-
ent substrates for red tilapia diet: effect on growth and 
body composition. Journal of Insects as Food and 
Feed, 7(1), 79-88.  
https://doi.org/10.3920/JIFF2019.0058 
 
Tippayadara, N., Dawood, M.A., Krutmuang, P., Ho-
seinifar, S.H., Doan, H.V., Paolucci, M. (2021). Replace-
ment of fish meal by black soldier fly (Hermetia illucens) lar-
vae meal: effects on growth, haematology, and skin mucus 
immunity of Nile Tilapia, Oreochromis niloticus. Ani-
mals, 11(1), 193.  
https://doi.org/10.3390/ani11010193 
 
Wachira, M.N., Osuga, I.M., Munguti, J.M., Ambula, 
M.K., Subramanian, S., Tanga, C.M. (2021). Efficiency 
and improved profitability of insect-based aquafeeds for 
farming Nile tilapia fish (Oreochromis niloticus L.).  Ani-
mals, 11(9), 2599.  
https://doi.org/10.3390/ani11092599 
 
Wu, G., Bazer, F.W., Dai, Z., Li, D., Wang, J., Wu, Z. 
(2014). Amino acid nutrition in animals: Protein synthesis 
and beyond. Annual Review of Animal Biosciences, 2(1), 387-
417.  
https://doi.org/10.1146/annurev-animal-022513-114113  
 
Xiao, X., Jin, P., Zheng, L., Cai, M., Yu, Z., Yu, J., Zhang, 
J. (2018). Effects of black soldier fly (Hermetia illucens) lar-
vae meal protein as a fish meal replacement on the growth 

https://doi.org/10.3153/AR22023
https://doi.org/10.1016/j.aquaculture.2020.734967
https://doi.org/10.1016/j.aqrep.2020.100520
https://doi.org/10.3390/app11093854
https://doi.org/10.3390/su11041212
https://doi.org/10.1080/10454438.2021.1884632
https://doi.org/10.1017/S002966511600269X
http://www.fao.org/i1143e00.htm
https://doi.org/10.3390/ani11092599
https://doi.org/10.1111/j.1749-7345.2010.00441.x
https://doi.org/10.3920/JIFF2019.0058
https://doi.org/10.3390/ani11010193
https://doi.org/10.3390/ani11092599
https://doi.org/10.1146/annurev-animal-022513-114113


 
 

 

249 

 

  Aquat Res 5(3), 238-249 (2022)  • https://doi.org/10.3153/AR22023                                                                Research Article 

 
and immune index of yellow catfish (Pelteobagrus ful-
vidraco). Aquaculture Research, 49(4), 1569-1577.  
https://doi.org/10.1111/are.13611 
 
Zhou, Z., Ringø, E., Olsen, R.E., Song, S.K. (2018). Die-
tary effects of soybean products on gut microbiota and im-
munity of aquatic animals: a review. Aquaculture Nutri-
tion, 24(1), 644-665.  

https://doi.org/10.1111/anu.12532 
 
Zurbrügg, C., Dortmans, B., Fadhila, A., Verstappen,  
B., Diener, S. (2018). From pilot to full scale operation of a 
waste-to-protein treatment facility. Detritus, 1(1), 18-22.  
https://doi.org/10.26403/detritus/2018.22 
  

https://doi.org/10.3153/AR22023
https://doi.org/10.1111/are.13611
https://doi.org/10.1111/anu.12532
https://doi.org/10.26403/detritus/2018.22

	Black soldier fly (Hermetia illucens) larvae meal improves growth performance, feed utilization, amino acids profile, and economic benefits of Nile tilapia (Oreochromis niloticus, L.)
	Introduction
	Material and Methods
	Study Area and Diet Preparation
	Proximate Analysis of the Experimental Diets and Fish Body Composition
	Experimental Design
	Sampling
	Enterprise Budget Analysis
	Data Analysis

	Results and Discussion
	Growth Performance and Nutrient Utilization
	Body Composition Analysis
	Partial Enterprise Budget Analysis

	Conclusion
	References


