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Abstract | To reduce the use of fishmeal in the feed of Clarias gariepinus fingerlings, a study was carried out for 56
days using four experimental isoproteic, isolipidic, and isoenergetic diets (T, T,, T,, and T,) which were formulated
and manufactured based on local ingredients. Increasing levels of black soldier fly larvae meal (Hermetia illucens) were
incorporated into these diets as a substitute for fish meal. Each experimental feed was tested in triplicate. Fish with an
average initial weight of 9.7+0.02 g were used during the experiment. The results obtained at the end of the experiment
revealed that the best growth and feed utilization performances (p>0.05) were obtained with feeds containing high
levels of black soldier fly larvae (BSFL) meal. Likewise, the best production and economic income were obtained with
teeds containing BSFL meal. Furthermore, the total substitution of fish meal with BSFL meal did not adversely aftect
the zootechnical and economic performance of C. gariepinus fingerlings.
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INTRODUCTION mains a major issue (FAO, 2016). In other words, the high
cost of fishmeal and fish oil, which remain the main sourc-

he major constraint to the emergence of fish farming es of essential amino acid and fatty acid in fish feed, limits

in developing countries is the feed cost (Siddhuraju their use by fish farmers. The lack of fish feed is often seen

and Becker, 2003), and the availability of aquaculture feed as a barrier to production growth in developing countries
that meets the nutritional requirements of farmed fish re-  (Odjo ¢z 4/, 2019). To solve this issue, Hasan and New
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(2013) highlight the need for aquaculture to optimize feed
production as well as feed management on-site. In terms of
charge, feed represents around 50-70% of the production
cost of farmed fish (Gouréne e a/., 2002) due to the use
of fishmeal as the main protein source (Hardy, 2010; Bu-
rel and Médale, 2014). This has a negative impact on the
sector’s profitability. So, aquaculture production can only
be profitable if fish farmers have access to balanced feed
at competitive prices (Djissou ez a/., 2017). Given fishmeal
is becoming scarce and expensive, it is necessary to find
substitutes to limit aquaculture’s dependence on this in-
gredient (Burel and Médale, 2014) and lower the cost of

producing aquaculture species.

Research has been conducted to explore the utilization of
new local and unconventional protein sources in fish feed.
Recent studies have identified insects as a raw material that
meets the requirements of animal and fish. Insect meals
have high protein levels and interesting fatty acid profiles
(Kenis ez al.,2014; Caparros ez al.,2015; Henry ez al.,2015).
Studies by Gasco ez al. (2020) suggest that insect-based
meals can sustainably replace conventional fish or plant
protein meals used in fish feeds, as insects have the abil-
ity to valorise low quality organic matter, have undergone
fewer resources and have a lower selected carbon footprint,
resulting in reduced greenhouse gas emissions (Van Huis
et al., 2013). Shifting to insect-based aquafeeds offers op-
portunities for a biocircular economy that improves en-
vironmental health by recycling bio-waste (Ermolaev ez
al., 2019; Mertenat ez al., 2019). Among the insect spe-
cies identified, the black soldier fly (Hermetia illucens) is a
prime candidate due to its nutritional quality (Oonincx ez
al., 2015; Parolini ez al., 2020). The black soldier fly (BSF),
Hermetia illucens, is a valuable insect species whose larvae
have enormous potential for converting organic waste into
compost (Ewusie ez a/., 2019). According to the same au-
thors, large quantities of larvae will need to be produced
to meet the demand for using them as a protein source to
formulate feeds for animals, including fish (Ewusie ez a/.,
2019). The maggots and larvae of black soldier fly (H. i//u-
cens) are favoured because of the easiness of their produc-
tion and the size of their biomass (Pomalégni ez a/., 2016;
Odjo e al.,2019; Herawati ez al., 2023). Elsewhere, in an-
imal feed, there are two types of BSFL: defatted and full
fat. The primary difference being in fat and saturated fatty
acid content. The average crude protein content of BSFL
are 414.7 g/kg, ranging from 216 g/kg (Yildirim-Aksoy ez
al., 2020) to 655 g/kg (Schiavone ez al., 2017), which are
lower than a conventional soybean meal (CSBM) (494.4
g/kg) and fish meal (675.3 g/kg) (Council, 2012). The pro-
tein content of full-fat BSFL is relatively similar, but the
protein content after defatting is very different (from 216
g/kg to 655 g/kg) (Lu ez al., 2022). however, as protein raw
materials, insects such as BSFL, mealworm larvae (7¢n-

ebrio molitor L.), and crickets (Orthoptera: Gryllidae) are

the focus of emerging research fronts and are already used
as alternative nutrient sources for poultry and swine feed
because they contain nearly 100 percent of the edible por-
tion of protein (Schiavone ez al., 2017; Gasco et al., 2019;
Oonincx and De Boer, 2012). The feed conversion rate of
BSFL is better than that of mealworms and crickets, and
its survival rate and nitrogen and phosphorus composition
do not change greatly with a change in diet (Oonincx ez a/.,
2015). BSFL are characterized by a high food conversion
rate, short reproductive cycle, and high content of fat, pro-
tein, minerals, and vitamins (El-Hack ez 4/., 2020; Sprang-
hers ez al., 2017). Insect based meals have a high nutrition
al content and are environmentally friendly, with low wa-
ter and carbon footprints and land requirements (Tschir-
ner and Kloas, 2017; Makkar, 2017). The black soldier fly
larvae, in particular, contains high quality amino acids and
lipids with fatty acids when grown in substrates of good
quality (Rumpold and Schluter 2013; Gasco ez al., 2018).
'The BSF larvae are cheap, easy to rear using domestic or-
ganic waste and can provide high value protein with a bet-
ter amino acid content that can enhance fish growth (Tran
et al., 2015). Trials to replace fish and soya meal with black
soldier fly larvae in the diet of Ictalurus punctatus and Ore-
ochromis aureus have given satisfactory results (Bondari and
Sheppard, 1987). But, few studies have investigated the use
of BSFL meal produced from substrates not enriched with
long-chain polyunsaturated fatty acids in aquaculture feed.
Therefore, the present study was initiated to address this

gap-
MATERIALS AND METHODS

ExPERIMENTAL SET-UP AND DIETS FORMULATION
All experimental protocols were setup in line with the
international ethical standard. The trial was conducted in
circular plastic tanks, each with a volume of 40 litres. A
total of 240 C. gariepinus fingerlings with a mean initial
weight of 9.7+0.02 g was used. These fingerlings were dis-
tributed in 12 concrete ponds. The stocking density was
0.5 fingerlings/1 of water. The trial lasted 56 days. Four (04)
experimental diets (TO, T1, T2 and T3) formulated and
manufactured with locally available raw materials (Table
1) were tested during the experiment. These diets were iso-
proteic, isolipidic, and isoenergetic and contained, among
other ingredients, BSFL. meal at increasing levels of in-
corporation (0%, 33%, 66% and 100%). Each experimental
diet was tested in triplicate. The price per kg of each exper-
imental diet was calculated taking into account the cost of
the quantity of each ingredient used.

MANUFACTURING AND ProxiMAL COMPOSITION OF
THE INGREDIENTS AND EXPERIMENTAL DIETS

Apart from the BSFL meal, all ingredients used in the
manufacturing of the experimental diets were purchased

September 2025 | Volume 13 | Issue 3 | Page 633

Bt Links
*@Researchers



OPENaACCESS

Journal of Animal Health and Production

from the local market. The BSFL was produced using a
substrate (Table 2) recommended by Atchamou e al.
(2024).

Table 1: Formulations, cost, and proximate chemical
compositions of the experimental diets.

Ingredients (%) Treatments

TO0 (0%) T1 T2 T3
(33%) (66%) (100%)

Maize meal 10.00 10.00 10.00 10.00
Fish meal® 46.00 30.66 15.33 0.000
Cottonseed meal 20.00 20.00 20.00 20.00
Soybean meal 20.00 20.00 20.00 20.00
BSFL meal 0.00 15.30 30.66 46
Soya oil 2.00 2.00 2 2
Mineral-vitamin premix® 1.50 1.50 1.5 1.5
Lysine ® 0.25 0.25 0.25 0.25
Methionine® 0.25 0.25 0.25 0.25
Total 100 100 100 100
Diet cost ($US/kg) 0.98 1.14 1.13 0.71
Nutritional values

Protein 40.71 40.05 40.74 40.10
Lipid 7.71 7.77 7.83 7.81
Gross Energy (KJ/g)? 1416 1422 1435 14.48
Protein/ Energy ratio¢  21.38  21.63 21.10 21.16

PIASA feed (Productora Industrial Acuasistemas, La
Paz, B.C.S. MX); *Drugstore, premix (vitamin — mineral)
contains (%0): Vitamin A 4 000 000 U.I; Vitamin D
800 000 U.L; Vitamin E 40 000U.I; Vitamin K, 1600 mg;
Vitamin B, 4 000 mg Vitamin B, 3 000 mg; Vitamin B
3 800 mg; Vitamin B, 3 mg; Vitamin C 60 000 mg; Biotin
100 mg; Inositol 10 000 mg Pantothenic acid 8 000 mg;
Nicotinic acid 18 000 mg; Folic acid 800 mg; Cholin
chloride 120 000 mg; Colbat carbonate 150 mg; Ferrous
sulphate 8 000 mg; Potassium iodide 400 mg; Manganese
oxide 6 000 mg; Cuivre 800 mg; Sodium selenite 40 mcg;
Lysine 10 000 mg; Methionin 10 000 mg; Zinc sulphate
8 000 mg. < Diet cost ($US/Kg) = ¥ (Kg cost of each
ingredient x Incorporation rate); ‘calculated from nutrient
content: 23.01 Kj/g protein; 38.07 Kj/g lipid and 17.15
Kj/g carbohydrates.

Table 2: Composition of substrates used for black soldier
fly larvae production.

Ingredients Composition (%)
Soybean Okara 30

Palm kernel cake 25

Brewing grains 25

Marine fish viscera 20

Total 100

Source: Atchamou ez al. (2024).

Fourteen days after BSF egg incubation in the substrate,
the BSFL larvae were harvested, steam-killed, and dried
using a dehydrator set at 30°C for 24 hours. The dried lar-
vae were then ground into meal before being incorporated
into the experimental diets. Tables 3 and 4 present the es-
sential amino acids (EAA) profiles of the ingredients and
the experimental diets, respectively. While the amino acid

composition of BSFL is presented in Table 5.

Table 3: Composition of essential amino acids (EAA) of
the main ingredients (g 100g™ dry matter) of diet.

Composition Fish  Soybean Cotton- BSFL Maize
meal meal seed meal meal
Threonine 231  0.76 0.45 443 2.00
Valine 2.77  0.56 0.50 6.79 3.00
Methionine 1.94 0.24 0.20 2.12  0.90
Isoleucine 2.45  0.52 2.50 4.73 253
Leucine 3.79 1.72 0.95 7.83 8.82
Phenylalanine 3.74  1.36 1.10 7.76  3.50
Histidine 1.75 0.64 0.70 325 2.00
Tryptophan 0.57 0.32 0.40 341 1.50
Lysine 422  1.20 0.50 6.82 1.80
Arginine 343  2.04 2.15 5.47 3.82
Table 4: Proximate essential amino acids (EAA)

composition (g 100g of diet) of experimental diets after
analysis®.

Parameters TO Ti1 T2 T3 C. gariepinus
(0%) (33%) (66%) (100%) requirements*
Threonine 1.30 1.60 2.00 230 1.05-1.10
Valine 1.50 2.10 2.70 3.40 0.78-1.50
Methionine 1.00 1.00 1.00 1.10 0.75-1.00
Isoleucine 1.70 2.10 240 2.80 0.87-1.00
Leucine 2.30 3.00 3.60 4.20 0.95 - 1.90
Phenylalanine 2.30 2.90 3.50 4.10 1.05-1.60
Histidine 1.10 130 1.60 1.80 0.48-1.00
Tryptophan 0.40 030 030 0.20 0.28-0.30
Lysine 230 270 3.10 3.50 1.43-1.60
Arginine 250 2.80 3.10 3.40 1.18-1.20

* EAA requirements of according to NRC (1993,2011).

During the manufacturing of the tested feeds, the raw
ingredients were finely ground, weighed, and mixed until
a homogeneous blend was obtained. Subsequently, puri-
fied amino acids (lysine and methionine), vitamins, min-
erals, and palm oil were added. Water was then added at
50% of the dry matter content to form a malleable dough.
'This dough was shaped into spaghetti-like strands using a
hand-operated mincer. The strands were passed through a
1 mm sieve of the mincer and, after drying in a dehydra-
tor at 30°C for 36 hours, were manually broken into small
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pellets. The resulting pellets were stored in small containers
and kept refrigerated at 4°C until distribution.

Table 5: Amino acid composition of BSFL (g kg dry

matter basis)*.

BSFL CSBM FM
Essential amino acids

Type R R s FFg

Argi-  19.9 20.7 21.1 54.7 62.0 21.9 18.7 35.7  41.0
nine

Histi- 13.8 16.3 13.5 32.5 48.0 9.8 13.7 14.2 15.4
dine

Isoleu- 19.1 24.0 17.7 47.3 48.0 19.1 20.6 22.1 27.3
cine

Leucine 30.6 36.7 27.8 78.3 77.0 32.1 29.4 38.6 47.7
Lysine 23.025.228.1 68.2 74.0 27.2 25.9 31.1 48.7
Methio- 7.1 8.568.0 212 6.0 60 7.1 6.8 18.5
nine

Pheny- 16.4 21.8 16.4 77.6 62.0 18.3 18.7 25.5 26.4
lalanine

Threo- 16.2 21.8 16.3 44.3 45.0 26.5 16.7 19.8 27.5
nine

Trypto- 5.4 56 63 6.6 6.7

phan

Valine 28.2 34.5 25.0 67.9 67.0 28.7 28.8 21.7 32.7
Non-essential amino acids

Alanine 27.8 43.7 25.6 82.1 62.0 26.6 21.6 41.9
Aspartic 36.9 48.8 38.7 73.0 103.0 35.6 55.0 57.7

acid

Cysteine 2.2 02 3.5 76 50 42 32 77 6.5
Glycine 25.2 30.3 24.6 61.5 54.0 26.8 24.8 21.3  50.3
Glutam- 45.8 63.7 46.1 131.0 102.0 38.4 88.6  84.1
ic acid

Proline 25.1 32.7 23.6 66.8 62.0 23.1 274 308
Serine 15.9 26.8 17.6 48.8 41.0 19.2 152 241 259
Tyrosine 34.1 67.1 60.0 26.526.9 155  20.1

CSBM = conventional soybean meal, DF = defatted fat,
FM = fish meal, FF = full fat.

In Lu ez al. (2022) : Spranghers ez al. (2017) ; ,Shiavone
et al. (2017) ; Onsongo et al. (2018) ; Rawsi ez al. (2020)
; Miller ez al. (2017) ; Shal ez al. (2022) ; gRomano et al.
(2022)

FEEDING AND EXPERIMENTAL MONITORING

'The C. gariepinus fingerlings were fed at a daily ration of
5% of their biomass. This ration was distributed 3 times
a day at 8 am, 1 pm and 6 pm. Before feeding, the pellets
were crushed in order to adapt their size to the mouth of
the fingerlings. A control sampling was carried out every 7
days. At each control sampling, the fingerlings were count-
ed and the biomass per experimental pond was assessed in
order to adjust the feed ration.

To monitor water quality, physicochemical parameters
such as temperature, dissolved oxygen, and pH were meas-
ured using a portable multimeter (Calypso ORCHIDIS
SN-ODEOA 2138) every morning before the first feed-

ing.

B10CHEMICAL ANALYSIS

Biochemical analysis (proteins, amino acids, lipids, ash,
and dry matter) were carried out in triplicate using the
standard methods of the AOAC (1999) and involved the
ingredients, the experimental feed, and the homogenized
carcasses of whole fish taken randomly from each pond at
the beginning and at the end of the experiment. For fish
carcass analysis purpose, 12 fingerlings were sampled per
diet.

Crude protein was determined by the Kjeldahl method
(%N x 6.25) and lipids by the hot Soxhlet method. For li-
pid extraction, a mixture of chloroform and methanol (2:1
v/v) was used (Folch ez al., 1957). Dry matter was deter-
mined by measuring weight loss after drying for 24 hours
in an oven at 105°C, and ash by incinerating the samples in
an oven at 550°C for 16 hours. The gross energy of the ex-
perimental diets was calculated according to Shiemann e#
al. (1971), Azaza et al. (2006). The amino acids content of
the ingredients and diets was determined by high-perfor-
mance liquid chromatography using the method of Bosh
et al. (2006).

'These analyses were carried out at Central Laboratory for
Food Safety and Health (Benin) and the Animal Nutrition
Laboratory of Kagoshima University (Japan).

GROWTH PERFORMANCE, FEED EFFICIENCY AND
EcoNomic PARAMETERS

Growth performances, diet nutrient utilization, and the
productivity were appreciated using specific growth rate
(SGR), biomass gain (BG), feed efficacity (FE), protein
efficiency ratio (PER), lipid efficiency rate (LER), survival
rate (SR), production (P), Annual Production (AP). The
economic profitability was assessed using economic con-
version ratio (ECR), annual gross production cost (AGPC),
total cost of feed distributed (TCFD)), total selling price of
fish (TSPF), gross profit margin (GPM). These parameters

were calculated using the following formula:

BG(g)=FB(g)-1B (g

Where; IB and FB are initial biomass and final biomass,
respectively.

__ Biomass Gain (g)
" feed intake (g)

SGR (%/day) = — 20 XUnlFBW]-In[IBW]

" Duration of experimentation

FE
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Where; IBW and FBW are initial body weight and final
body weight, respectively.

— . .
FE = feed intake (g)

__ Wet body weight gain

PER —
protein intake
LER = Wet bo-d:}' vfz'ei‘ght gain
Lipid intake
100 x Final number of fish
04 =
SR(%) Initial number of fish
10000 Bf — Bi
P (kg/ha) = et i}

Surface area of each tank

Where; Bi and Bf are initial biomass and final biomass of

fish, respectively.

P % 365
duration of experimentation (in days)

AP (kg/ha/year) =

ECR ($US)= Feed cost x FE!

AGPC ($US)= AP x ECR

TCFD ($US)= AGPC x total quantity of feed distributed
TSPF ($US)= AP x 2.5 $US

GPM ($ US)="TSPF - (TCFD + Purchase Price of Fish).

STATISTICAL ANALYSIS

'The data from the experimentation were subjected to one-
way analysis of variance after checking the normality and
variance homogeneity of the data with the Statviews soft-
ware (version 5.01). Fisher’s LSD (Least-Significant-Dif-
ference) test was used to make a pairwise comparison of
the means. The significance threshold considered was 5%.

RESULTS AND DISCUSSION

PrysicocHEMICAL  CONDITIONS Fisn
REARING

Table 6 shows the average values of the physicochemical
parameters in the ponds according to the treatments dur-
ing the trial. The assessed water quality parameters did not

present no significant difference among the treatment.

OF THE

GROWTH, SurRvivAL AND FEED UTILIZATION
PARAMETERS

The growth and survival parameters of C. gariepinus fin-
gerlings are presented in Table 7. The mean final body
weight varied significantly among treatments (p < 0.05).
Globally, the mean final body weights obtained with the
BSFL meal-based diets (T, T,, and T,) were significantly

higher than that from control diet T based on fishmeal.

'The survival rate was 100% for all treatments (Table 7)
throughout the experimentation. Biomass gain and specif-
ic growth rate increased significantly as the incorporation

rate of BSFL meal increased. Therefore, the highest values
for these parameters were obtained for fish fed diet T, (p

< 0.05).

Table 6: Average values of the physicochemical parameters
of water used in each treatment.

Parameters T, T, T2 T,

pH 727+ 725+ 725+ 730+
0.04* 0.08* 0.08* 0.01*

Temperature °C) 29.68+ 29.65+ 29.63+ 29.64+
0.05* 0.10? 0.03* 0.05*

Dissolved oxygen  7.46 = 7.47 + 7.46 + 7.46 £

(mg/l) 0.042 0.59* 0.92* 0.50*

Mean + SD values in the same line followed by the same
superscript are not significantly different (p < 0.05).

Table 7: Zootechnical performance parameters of C.
gariepinus fingerlings during the trial.

Treatment TO T, T, T,

IBW (g) 9.70+0.02 9.74x0.02 9.70+0.02 9.76x0.02

FBW (g) 22.61:0.47* 25.15+0.49> 26.99+0.36° 27.89+1.40¢

BG (g) 645.67 + 77033+  864.67+  906.67 =
24.13¢ 24.13P 18.93¢ 9.454

SGR (%/;) 1.51£0.75* 1.69+0.38" 1.83+0.45¢ 1.88+0.23¢

SR (%) 100 100 100 100

IBW: Initial body weight; FBW: Final body weight; BG:
Biomass gain; SGR: Specific growth rate; SR: Survival
rate. Mean + SD values in the same line followed by the
same superscript are not significantly different (p < 0.05).

2.0+
d
i =
B
=] C
-g ———
£ 1.0- b
= P
E a
ﬁ *
0.5+
0.0 T ] ] |
D 2N ¥ <
Treatments

Figure 1: Variation in feed efficiency across treatments.

Feed utilization parameters evaluated during the experi-
ment not varied significantly according to the treatments
(p < 0.05) except feed efficiency. Therefore, feed efficiency
(FE) increased as the rate of incorporation of BSFL meal
increased showing that the diets containing BSFL meal
(T,, T2 and T,) perform better (p < 0.05) than the control
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therefore noticed with T3. On the contrary, the highest Li-
pid Efficiency Ratio (LER) were observed in treatment T,
(Figure 2) without significantly difference compared to the
other treatments (p > 0.05).In Figure 3, the same observation
has made with protein efficiency ratio (PER). No significant
difference was noticed among the treatments (p > 0.05).

0.6+

l!D

0.4+

0.2+

Lipid Efficiency Ratio

0.0

Treatments

Figure 2: Variation in lipid efficiency rate according to the
treatments.

0.08+

0.064

0.04+

——

i o,

e
| o,

0.024

Protein Efficiency Ratio

0.00 T T T T

Treatments

Figure 3: Variation in protein efficiency rate according to
the treatment.

Table 8: Carcass composition of C. gariepinus fingerlings
during the trial.

Composition Initial TO T1 T2 T3

(% dry weight)

Dry matter ~ 21.20+ 23.90+ 2350+ 26.30+ 24.10
0.30 0.15 0.15 0.12 0.16

Protein 12.60 + 14.60 + 1420+ 14.09 + 14.63
0.10 0.03* 0.12°  0.04° 0.07

Lipid 460+ 784+ 810+ 831+ 850z
0.13 0.22* 0.01*  0.10° 0.31°

Ash 380+ 397+ 450+ 410x 447+«
0.13  0.05 0.09 0.19 0.11

Mean + SD values in the same line followed by the same
superscript are not significantly different (p < 0.05).

'The Table 8 shows that the carcass protein and lipid com-
position of the reared C. gariepinus fingerlings varied sig-
nificantly among treatments (p<0.05) while their dry mat-
ters and ash are statistically similar (p>0.05).

ProbucTiviTY AND ECONOMIC PROFITABILITY
Productivity and economic profitability parameters are
present in Table 9. It indicates that the Economic Conver-
sion Ratio (ECR), production, and economic profitability
varied among treatments. The ECR, representing the pro-
duction cost per kilogram of fish, decreased as the incor-
poration rate of Black Soldier Fly Larvae (BSFL) meal in-
creased in the experimental diets. It ranged from $0.77 for
treatment T, to $1.51 for treatment T . Accordingly, the
lowest ECR values were achieved with diets formulated
using BSFL meal. Similarly, the highest production levels
and economic profitability were obtained with diets con-
taining the highest BSFL meal incorporation rates (T3).

Table 9: Productivity and economic profitability of

experimental diets.

Treatments T T T T

0 1 2 3
ECR 1.51 1.46 1.31 0.77
P(kg/ha)  3951.468 471438 529174  5548.78
AP(kg/ha/  8535.17258 10183.0649 11430.1542 11985.3562

year)

AGPC($US) 13131.0347 13055.2114 13290.877 13027.5611
TCFD($US) 9179.56595 8824.35584 8060.67078 4644.08427
TSPF($US) 21337.9315 25457.6622 28575.3856 29963.3905

GPM($US) 2612.9155 7087.85634 10969.2648 15773.8562
ECR: Economic conversion ratio; P: Production; AP:
Annual Production; AGPC: Annual gross production
cost; TCFD: Total cost of feed distributed; TCPF: Total
selling price of fish; GPM: Gross profit margin.

Clarias gariepinus requires a good water quality for its sur-
vival and growth (Anusuya, 2017). The physicochemical
parameters (pH, temperature, dissolved oxygen) of water,
assessed during the present study were around 7,29°C and
7 mg/l, respectively. The water pH was therefore close to
its optimal value (7) and within its tolerance range (6 to
9) for C. gariepinus (Viveen et al., 1985; Edéa ez al., 2019).
Likewise, temperature values comprised between 28 and
30°C, was also optimal for the reared species (Teugels,
1986). As for dissolved oxygen, its values were higher than
3 mg/l representing the lowest requisite level for C. garie-
pinus (Viveen er al., 1985). Overall, all the water quality
parameters surveyed, revealed that the fish were reared in
good abiotic conditions.

All the experimental diets were accepted by the C. gariepi-
nus fingerlings during the experiment. The results revealed
clearly that feeds without fishmeal had no negative effect
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on the zootechnical performance (growth, survival, feed
utilization) and production profitability of C. gariepinus
fingerlings. The growth performances (biomass gain, final
average weight, and specific growth rate) of fish fed T,
T,, and T, were significantly higher than those obtained
with the control diet (T, ). These results are in accordance
with those of some previous study that reported that BSFL
meal meal can be used to validly substitute fishmeal at a
rate even up to 50% (Adeoye, 2020) and 75% (Fawole ez al.,
2020) in the diet of C. gariepinus fingerlings without com-
promising their zootechnical performance, feed utilization,
and health status of C. gariepinus. Similar results have been
reported in Oreochromis niloticus (Gougbedji ez al., 2021)
and other aquaculture species fed diets containing black
soldier fly larvae meal (Li ez a/, 2017; Magalhies ez al.,
2017; Bruni ef al., 2018; Zhou ez al., 2018).

Fish, like other animals, synthesize body proteins from
amino acids provided in their diet. Essential amino acids
must therefore be supplied through the diet, as organisms
are unable to synthesize them independently. A deficiency
in any essential amino acid in the diet can impair growth
and induce metabolic disorders (Furuya ez a/., 2023). Con-
sequently, when formulating feed based on local dietary
resources, ensuring the supply of essential amino acids is
critical to address various challenges, including optimizing
the utilisation of sustainable raw materials, reducing feed
costs, and minimizing nitrogen discharge into the envi-
ronment (Médale ez a/., 2013). In this study, the essential
amino acid requirements of the C. gariepinus are almost
met by all experimental diets (Table 2). The tryptophan
deficiency observed in the T, treatment, which included
100% BSFL meal as a replacement for fish meal, did not
adversely affect the growth performance or feed utilization
of reared C. gariepinus fingerlings. This finding indicates
that tryptophan does not appear to be a limiting factor in
the utilization of BSFL meal in the diet of C. gariepinus.

On the other hand, a high inclusion of insect meal in
fish feed can result in elevated chitin levels, which may
interfere with digestive processes, thereby reducing feed
efficiency and intake and subsequently impairing growth
(Barroso ez al.,2014). In our experimentation, it noticed an
improvement in zootechnical parameters such as growth,
survival and feed utilization as the incorporation rate of
black soldier fly larvae (BSFL) meal increased. This en-
hancement may be attributed to the essential amino acid
profile of BSFL, which was closely similar to that of fish-
meal considered as the benchmark protein source since it
has the best essential amino acids profile for fish (Tacon
and Metian, 2013; Henry ez al., 2015).

Additionally, the developmental stage at which BSFL are

harvested significantly influences their nutritional value
and chitin content (Wohlfahrt and Sandrock, 2023). In

this study, the BSFL used was harvested the 14™ day of
the culture according to Wohlfahrt and Sandrock (2023)
who recommend to harvest BSFL between the 12th and
16th days of their production cycle. This, combined with
the nutrient composition of the production substrate and
the BSFL meal processing technique, likely underpins
the obtained performance. Previous studies reported that
substrate composition affects the nutritional quality of
BSFL. For instance, substrates with a favourable profile in
essential amino acids and polyunsaturated fatty acids can
yield BSFL of high nutritional value (Djissou ez a/., 2016;
Kpogue ez al., 2022; Segnon ez al., 2024). This underscores
the potential of tailored substrates to enhance the nutri-
tional properties of BSFL meal.

The economic feasibility of aquaculture heavily depends
on feed costs. To evaluate the economic performance of
C. gariepinus fry production, we calculated key parameters
related to production costs. Diets with the highest fish-
meal substitution rates using BSFL meal exhibited the
most favourable relative cost trends (ECR) and profit mar-
gins. Similar findings were reported by Djissou ez a/. (2016)
using earthworm and maggot meals as total fishmeal re-
placements in the diet of C. gariepinus fingerlings. Mas-
toraki ez al. (2020) also noticed comparable results with
various insect meals in the diet of Dicentrarchus labrax fry.
Additionally, Djossou ez a/. (2021) demonstrated that in-
corporating Spirodela polyrhiza into the diet of Oreochromis
niloticus fry enhanced both zootechnical performance and
economic profitability. These outcomes can be attributed
to the lower cost per kilogram of feeds based on alternative
protein sources.

CONCLUSIONS AND
RECOMMENDATIONS

This study highlights the advantage of the valorization of
BSFL meal in the diet of Clarias gariepinus fingerlings.
'The highest zootechnical and economic performance was
observed in fingerlings fed with diets containing BSFL
meal. A 100% incorporation rate of BSFL meal, entire-
ly replacing fishmeal, demonstrated no adverse effects on
survival rates, growth performance or feed utilization ef-
ficiency. Furthermore, the most favourable economic out-
comes were achieved with BSFL-based diets, particularly
that formulated without fishmeal. This alternative protein
source in aquafeeds represents a promising step towards
the sustainable development of aquaculture by reducing
reliance on conventional feed ingredients and enhancing
resource efficiency.
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