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ARTICLE INFO ABSTRACT

Article History: The fast growing of the aquaculture sector increases the need for natural feed
Received: Jan. 25, 2024  substances such as insects. The present study was carried out to address the effects
Accepted: Sept 7, 2024 of replacing fish meal with black soldier fly larvae meal (BSF) supplemented with
Online: Oct. 7, 2024 ginger powder (GP) in feed on the survival, growth performance, and muscle
composition of the African catfish pre-adults. A total of 945 fish were randomly

divided into 7 groups of 60 Clarias gariepinus (156x15g/fish) with 3 replications,
and placed in 21 plastic tanks with a capacity of 0.6m?3. Seven isonitrogenous diets
were formulated. Three treatments represented the group of individuals fed with
diets substituted at 70%, 85%, 100% BSF, respectively, while the other three
treatments followed the same levels of substitutions but with the addition of 1% GP,
and the last treatment represented the control experiment with 100% fish meal. At
the end of the trial, three individuals (850+50g/fish) were randomly selected per
treatment and were used for the bromatological analysis. The results show that the
survival rate was comparable in all treatments (P>0.05), and the fish fed with
100%BSF + 1%GP exhibited the best survival rate. The growth and nutrient
utilization characteristics were not significantly influenced whatever the treatment,
with the exception of the consumption index, which was higher in fish fed with
100%BSF+ 1%GP during the growth stage. The evolution of weight gain was
generally comparable during the experiment (P>0.05). The condition factor K was
close to 1, implying the good health of the fish during breeding. The bromatological
characteristics of the flesh indicate that the fish fed with 100%BSF+ 1%GP were
comparable with the control and possessed a good nutritional value without
negatively affecting the nutritional profile of the fish. Consequently, the replacement
of 100% Hermetia illucens supplemented with 1% Zingiber officinale is
recommended for the growth of Clarias gariepinus pre-adults

INTRODUCTION

In Africa and Cameroon in particular, aquaculture is based on three main species (FAO,
2020) including Clarias gariepinus which is a widely used species due to its hardiness, its
appreciated flesh, and its high economic value. Increased production in the aquaculture
industry demands a sustainable supply of fishmeal as the latter accounts for 40-60% of total
protein in traditional Silurid feed, yet it is under enormous pressure due to increased demand,
despite its limited supply (Fawole et al., 2020). There is therefore a problem of high
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production costs linked to automotive power, the latter representing 50 to 70% of the total
production costs in an intensive system (Ofosu et al., 2015). The growth of the aquaculture
industry therefore depends on the reduction of fish utilization in the manufacture of fish feed
since this commodity contradicts with human food and the needs of the food industries
(Trintignac & Meétivier, 2019). This situation has directed research toward alternative
protein sources, in particular toward those that are not directly usable for human consumption
(FAO, 2013).

Currently, few edible insect species have been proposed as feed for farmed fish (van
Huis et al., 2013; Lock et al., 2016; Wang et al., 2017; Rukisah et al., 2024). Among these,
black soldier fly (BSF) larvae were chosen as ideal candidates for alternative protein sources
in animal feed due to their ability to convert organic waste into a high-value protein (37-63%
DM) containing acid motifs, essential amino acids relatively similar to fish meal, their high
fat content (7-39% DM) with an excellent lipid profile, their very high multiplication
capacity, their ability to control certain harmful bacteria, and their non-harmful action on
human health, as well as their relatively lower cost than conventional protein sources (Henry
et al., 2015; Fonseca et al., 2017; Ssepuuya et al., 2017; Wang & Shelomi, 2017; Nana et
al., 2018). The potential benefits of Hermetia illucens meals have been demonstrated in many
aquaculture species as a fish meal replacer (Li et al., 2017; Liu et al., 2018). Belghit et al.
(2019) reported that H. illucens larvae meals can completely replace fish meal in the diet of
the Atlantic salmon without any negative impact on fish performance and digestibility.
However, Kroeckel et al. (2012) reported a reduction in feed consumption and a decline in
growth yield and feed conversion ratio in the Greenland halibut (Psetta maxima) juveniles
upon increasing the level of inclusion of BSF meal. The same effect occurred in Fawole et al.
(2020) from 75% replacement of fish meal with the black soldier fly larvae meal in the the
African catfish (Clarias gariepinus). This would be due to its strong odour linked to the
processing method which can affect the palatability of the fish. The supplementation of
certain phytoadditives in Hermetia illucens meals may show promise for a total replacement
of fish meal in feed with high protein levels. These additives can strengthen the immune
system, stimulate growth thanks to their antioxidant properties, enhance taste, and are also
known as excellent immunomodulatory agents in humans and animals including fish (Talpur
etal., 2013.).

It was suggested that an inclusion rate of 1% of Zingiber officinale in fish feed would
give better growth and feed utilisation values and would contribute to improving immuno-
haematological parameters as well as disease resistance (Jahanjoo et al., 2018; Ude et al.,
2018; Adegbesan et al., 2019). However, according to the literature consulted, information
on the combined effect of BSF larvae meal added to ginger is not yet available. Whereas, they
could have made it possible to completely replace fish meal, and thus considerably reduce the
production cost linked to food. In this context, the use of phyto-additives such as ginger is
important thanks to its properties and the flavor it would give to the food (Jahanjoo et al.,
2018; Ude et al., 2018). The following study was conducted to evaluate the effects of
different inclusion rates of BSF larvae meal supplemented with ginger on the survival, growth
parameters, and muscle composition of the pre-adult of African catfish.
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MATERIALS AND METHODS

1. Study area

The study was carried out from July 25 to December 10, 2022, within a production unit
in Foto, located in Dschang sub-division, Menoua Division, and the West Region of
Cameroon (Fig. 1).

Dschang is a mountainous town located between latitude 5° 10’ and 5° 38 North, and
between longitude 9°50° and 10°26° East, with an altitude fluctuating between 1400 and
2100m.
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Fig. 1. Geographical location of the study area (INC (2023).

2. Biological material

Nine hundred and forty-five (945) pre-adults of Clarias gariepinus with an average weight of
156 £15 g from the pre-growings were in situ addressed during 70 days of rearing. They were
then randomly distributed into 7 groups in 21 plastic tanks of 0.6m? each.

3. Experimental diets and feed manufacturing
3. a. Hermetia illucens larvae

Hermetia illicens larvae used during the experiment were produced under the same
substrate within the production unit. The transformation process consisted first of harvesting
the larvae obtained between 14 and 18 days after getting the eggs. These larvae were then
cleaned and killed by bleaching according to the method of Bazinet and Castaigne (2011),
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then dried using a locally made electric dryer at 60°C, defatted with an oil press at 70°C, and
finely ground using a mill (DESTA brand) before being incorporated into the fish diet.

3.b. Zingiber officinale powder

Zingiber officinale rhizomes purchased at the local market were washed, sliced, dried
at room temperature for 5 days, then ground in a mill (DESTA brand) to obtain a fine powder
before use in feed manufacture.

3.c. Formulation of experimental diets

Apart from the BSF larvae meal and ginger powder (GP) obtained in situ, the other
raw materials were purchased from a feed mill in the local market. During feed
manufacturing, each ingredient was ground using a mill, and then weighed. The experimental
diets were formulated to be isonitrogenous containing 40% crude protein (Table 1) according
to the nutritional needs of the fish, and analyzed according to the protocol of AOAC (1990)
(Table 2). After weighing, the smallest ingredients in terms of quantity were gradually
introduced and mixed in a container to obtain a substantial mixture before being placed in the
mixer. Using a blinder, the ingredients were blended for 10 minutes for better
homogenisation. Then, the mixture was evenly divided into seven groups, and the individual
ingredients were gradually weighed and added to the mixture according to the different
treatments. Finally, each food was individually introduced into an extruder and then dried and
coated.

Table 1. Composition of the experimental diets

Variables FM BSF LM without GP BSF LM with GP
Experimental diets 0% 70% 85%  100% 70% 85%  100%
Quantity (Kg) 100 100 100 100 101 101 101
Basic formulation
Variable ingredients 40 40 40 40 41 41 41
Fish meal 40 12 6 0 12 6 0
Larvae meal 0 28 34 40 28 34 40
Ginger 0 0 0 0 1 1 1
Ingredients standards 60 60 60 60 60 60 60
Soya bean meal 22 22 22 22 22 22 22
Groundnut meal 12 12 12 12 12 12 12
Corn flour 15 15 15 15 15 15 15
Cassava flour 3 3 3 3 3 3 3
Additives
Palm oil 5 5 5 5 5 5 5
Kitchen salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Complete Vita (ADEK) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Methionine 0.75 0.75 0.75 0.75 0.75 075 0.75
Lysin 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Dicalcium phosphate 0.75 0.75 0.75 0.75 0.75 075 0.75

FM: Fish meal; BSF: Black soldier fly; LM: Larvae meal; GP: Ginger powder.
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Table 2. Bromatological composition of the experimental diets

Constituents (%6MS)

Sample DM CL Ash CP CL CF
Protein constituents

FM 92.78 88.11 11.88 60.85 9.24 2.02
LM 92.52 94.96 5.04 54.88 14.01 7.14
TO 92.46 88.72 8.27 38.45 5.92 /

T1 91.68 87.61 6.47 37.39 1.77 /
T'1 92.07 88.56 7.15 37.76 9.75 /

T2 92.32 88.57 7.93 36.77 7.21 /
T2 91.71 88.70 7.44 37.24 8.98 /
T3 92.20 88.76 7.54 36.53 8.94 /
T'3 92.35 87.20 7.37 36.88 9.15 /

TO: diet containing fish meal; T1-T2-T3: diets containing 70%, 85% and 100% BSF LM respectively; T'1-T'2-T'3: diets
containing respectively 70%, 85% and 100% BSF LM with ginger; DM: Dry matter; CL: Crude lipid; CP: Crude protein; CF:
Crude fiber; LM: Larvae meal; BSF: Black soldier fly; GP: Ginger powder.

4. Experimental setup and data collection
4. a. Survival and growth characteristics

During the trial, the water in the tanks was completely renewed every two days and
the fish were fed twice a day. Parameters control was made every 28 days and all the fish
were caught using a dip net, then manually counted per treatment. The total weight of the fish
in each tank was weighed using a professional mechanical stainless steel scale with a capacity
of 20kg (accuracy 100g). Then, 10 individuals from each treatment were randomly sampled
for individual weight measurement (using a 5kg capacity scale balance —accuracy 0.1g—
‘Digital scale’ brand), total and standard lengths using a locally- made ichthyometer.
Proceeding this, each tank was immediately cleaned before fish were reintroduced. Dead fish
were daily removed, counted, and their weights were recorded.

4.b. Physical and chemical parameters

The physico-chemical parameters of the water were recorded in situ at the beginning
of the experiment and every three days before and after each control: a pH meter, ‘Voltcraft’
brand was used for pH measurement and a multi-parameter, ‘EZ-9905A’ brand for
temperature, alkalinity and conductivity measurements.

4.c. Bromatological characteristics of the flesh

At the end of the test, fish from each tank (MW: 850 + 50 g) were chosen randomly
for muscles analysis in the laboratory. They were immersed in an anaesthetic bath based on
clove oil (100 mg/L), and the flesh was collected from each sample according to the different
treatments, then weighed and dried at 60°C until a constant weight using an oven. Then, it
was ground in a blender machine and packaged in an aluminum foil for analysis. The
nutritional properties of the flesh were analyzed using the methods proposed by AOAC
(1990).
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5. Calculations

5.a. Survival rate (SR)

_  Total number of fish harvested .
SR (%) = TR —rr——nE S L (Olurin et al., 2012)

5.b. Growth characteristics

e Weight gain (WG)

WG (g) = final body weight —initial body weight (Olurin et al., 2012)

e Average weight gain (AWG)
__ final bdy zeight— initial body weight
e AWG (g/day) = (Zango et al., 2016)

number of feeding days=

o Consumption index (CI); C| = 1ot auantity offeed given (A gagphesan et al., 2019)

Average weight gain

e Specific growth rate (SGR)

e SGR (%) — In final body weight —In initial body weight

x100

number of feeding day=s
Where, In = neperian logarithm (Brown, 1977)

e Condition factor (K)
e K= (TW/TL3) X 100 (Ricker, 1975)

e Weight - length relationship (TW)

e TW=aTL"(Le Cren, 1951)
Where, TW = Average total weight of the fish (g), TL = Average total length of the fish (cm),
a = Ordinate at the origin; b = Allometric coefficient.

e Feed efficiency (FE): FE = —2verae weight gain

Feed quantity consumed

o Protein efficiency ratio (PER): PER = 2¥erage weightgain (aqaghesan et al., 2019)

Protein diet fed

Final quantity of feed consumed X protein content in diet

Where, protein diet fed = .
100

6. Statistical analyses

Data were analyzed using the SPSS (20.0) statistical program, with significance
predetermined at P< 0.05. Individual and total tank metrics were analyzed using the one-way
analysis of variance. If treatments were determined to be significantly different; a post hoc
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means separation test was performed using the Tukey HSD test. The graphs were drawn using
MicroSoft Office Excel, 2020 version.

RESULTS

1. Effects of black soldier fly larvae meal supplemented with ginger on the survival
performance of the pre-adults of Clarias gariepinus

Figure 2 shows the survival rate of pre-adults of Clarias gariepinus fed on black
soldier fly larvae meal supplemented with ginger after 20 weeks of rearing. It appears that the
survival rate of preadults was not significantly (P>0.05) influenced by the effect of the
treatments. However, the smallest value was recorded in individuals fed with the control diet
TO (76.30+3.39), and the largest value was recorded in individuals fed 100% BSF larvae meal
supplemented with T'3 ginger powder (87.41+2.57).
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Fig. 2. Survival rate of C. gariepinus pre-adults fed at different substitution levels of BSF

larvae meal
TO: diet containing fish meal; T1-T2-T3: diets containing respectively 70%, 85% and 100% of BSF LM; T'1-T'2-T'3: diets
containing, respectively, 70%, 85% and 100% BSF LM with ginger

2. Evolution of the average weight of the pre-adults of C. gariepinus fed on H. illucens
supplemented with ginger depending on the different treatments

Fig. (3) represents the evolution of the average weight of the pre-adults of C.
gariepinus subjected to BSF larvae meal within 140 days of study. From this, it appears that
in general, the evolution of the average weight presented no significant difference between the
treatments and was increasing throughout the trial regardless of the treatment (P>0.05).
However, some significant differences were observed between the periods of 28, 112 and 140
days (P<0.05) respectively. At the end of the experiment, the smallest value was obtained in
TO (884.9+ 13.3), and the largest in the treatment T'3 (1022.8+ 15.1).
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Fig. 3. Evolution of the average weight of pre-adults of C. gariepinus fed on fly larvae meal,

supplemented with ginger according to the different treatments
TO: diet containing fish meal; T1-T2-T3: diets containing respectively 70%, 85% and 100% of BSF LM; T'1-T'2-T'3: diets
containing respectively 70%, 85% and 100% BSF LM with ginger

3. Growth performance of pre-adults of Clarias gariepinus fed with black soldier fly
larvae meal supplemented with ginger

Table (3) presents the effect of BSF larvae meal supplemented with ginger on the
growth performance of pre-adults of Clarias gariepinus after 140 days. It appears that
whatever the treatment, no significant difference (P>0.05) was observed between the
characteristics studied, with the exception of the consumption index (P<0.05). The best
characteristic values were obtained for the most part in pre-adults who fed on the 100% diet
of BSF larvae meal added to ginger powder, while the opposite effect was observed in the
pre-adults who fed on 100% fish meal. This concerns the weight gain (T'3 = 866.2 £16.2; TO
= 728.3 £12.1), the average daily gain (T'3 = 6.2 £0.1; T0O =5.2 £0.1), the consumption index
(T'3=1.0£0.1; TO =1.2 +0.0) and the protein efficiency coefficient (T'3 = 2.6 0. 3). For the
other characteristics, they were more or less comparable between the treatments.
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Table 3. Growth characteristics of pre-adults of C. gariepinus fed larvae meal supplemented with ginger
Growth Treatments P-

characteristics TO T1 T'1 T2 T2 T3 T'3 value
BWi (g) 156.7 £1.3 155.7 £0.3 156.7 £0.7 156.9 0.3 157.3 0.8 156.6 +1.1 156.6 +£1.3 /
BWT (g) 884.9 +£13.3 925.8 £32.6 959.3 +£18.6 951.4 £20.0 1001.5 +18.2 972.1 £23.0 1022.8 +15.1 /
SLi (mm) 253.0 £3.9 253.8 £3.6 249.9 £0.7 248.6 £5.3 248.0 +4.4 248.7 £3.8 2495+ 4.4 /
SLf (mm) 4425 +£1.7 446.7 £12.0 4645 £9.1 464.0 £6.1 484.3 £12.0 478.5 £13.9 488.5 £2.2 /
TLi (mm) 281.8 +4.7 284.8 £1.0 278.0+£1.0 278.2 +6.6 277.8 +6.1 278.4 +2.7 280.7 +4.0 /
TLf (mm) 496.3 £2.3 504.3 £12.9 5149 +11.8 520.3 £15.1 541.9+ 12.0 535.8 +17.3 547.2 £3.1 /
WG (9) 728.3 £12.1 770.1 £32.7 802.6+ 17.9 7945+ 20.1 844.2 +18.7 815.5 +23.9 866.2 +16.2 0.819
AWG (g/)) 5.2+0.1 5.5+0.2 5.7+0.1 5.7+0.1 6.0 £0.1 5.8+0.2 6.2 £0.1 0.824
SGR (%) 1.2 £0.0 1.3+0.0 1.3+0.0 1.3+0.0 1.3+0.0 1.3+0.0 1.3+0.0 0.998
Cl 1.2+0.0? 1.2 #0.2° 1.1+0.1%° 1.1+0.1% 1.1+0.0* 1.2+0.1% 1.0 £0.1°

FE 0.9+0.0 0.9+0.1 0.9+0.1 0.9+0.0 1.0 +0.1 0.9+0.0 1.0+0.1 0.947
K 1.0+£0.0 1.0 £0.1 1.0 £0.0 1.0 £0.0 09+0.1 0.9+0.1 0.9+0.0 0.771
PER 2.2+40.1 2.2+0.3 2.4 0.1 2.3+0.1 2.4 +0.1 2.2+0.1 2.6 +03 0.865

TO: diet containing fish meal; T1-T2-T3: diets containing 70%, 85% and 100% BSF LM respectively; T'1-T'2-T'3: diets containing 70%, 85% and 100% BSF LM respectively with ginger;
BWi:initial body weight; bwf: final body weight; TLi: initial total length; TLf: final total length; WG: weight gain; AWG: average weight gain; SGR: specific growth rate, K: condition factor;

Cl:  consumption

index; FE: feed

efficiency;

PER: protein

efficiency

ratio; a, b,

bc,

significant  difference

between

values (p <0,05).
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4. Weight-length relationship in pre-adults of C. gariepinus fed with larvae meal
supplemented with ginger depending on the treatments

From Table (4), showing the weight-length relationship in pre-adults of Clarias
gariepinus fed on BSF larvae meal supplemented with ginger after 140 days of rearing, it
appears that the coefficient of determination R? varied from 0.9570 (T3) to 0.9778 (TO0).
The allometry coefficient b varied from 2.6828 (T3) to 3.001 (T1) and growth was
negative allometric in all treatments, except for TO and T1 where it was isometric. Growth
was negative allometric in the total population.

Table 4. Weight-length relationship in pre-adults of C. gariepinus fed with fly meal
supplemented with ginger

Treatment Length-weight relationship parameters Type of
N Equation R? A b growth

TO 135 PT =7E-06LT2%¢" 09778 7E-06 2.9967 I

T1 135  PT =7E-06LT> 0.9634 7E-06 3.0010 I

T1 135  PT =2E-056LT2%9% 0.9690 2E-05 2.8392 A-

T2 135 PT=3E-05LT>"®  0.9616 3E-05 2.7784 A-

T2 135  PT =4E-05LT27% 09641 4E-05 2.7096 A-

T3 135  PT =5E-05L.T26828 0.9570 5E-05 2.6828 A-

T'3 135 PT =4E-05LT>7%%  0.9640 4E-05 2.7039 A-

Total 945  PT=2E-05LT2%% 09627 2E-05 2.7995 A-

TO: diet containing fish meal; T1-T2-T3: diets containing 70%, 85% and 100% BSF LM respectively; T'1-T'2-T'3: diets
containing 70%, 85% and 100% BSF LM respectively with ginger, R2= etrmination coefficient, a= constant, b=
allometric oefficient, A- = negative allometric, | = isometric

5. Bromatological characteristics of the flesh of pre-adults of C. gariepinus fed with
H. illucens larvae meal supplemented with ginger

Table (5) presents the bromatological characteristics of the flesh of pre-adults of C.
gariepinus fed on BSF larvae meal supplemented with ginger. It appears that significant
differences (P>0.05) were observed with the values of the crude protein and dry matter
(dry constituent).
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Table 5. Bromatological characteristics of pre-adults of C. gariepinus fed on H. illucens larvae meal supplemented with ginger

according to the different treatments
Treatment Components (%dry weight) Components (%fresh weight)

FW DW | DM Ash oM CP Lipids | H20 DM Ash oM CP Lipids

TO 53.74 | 1153 | 9259 512 9488 76.22°¢ 8.58 78.54 19.86 1.18  20.27 17.66 1.99
T1 51.97 | 12.00 |92.17°¢ 493  95.07 69.99° 10.30 76.91 21.28 123 2185 17.53 2.58
T1 58.74 |13.63 |9359% 571  94.28 71.26¢ 10.74 76.80 21.72 1.41 2178 17.67 2.66
T2 43.02 |10.25 |93.09° 422 9577 71.58¢ 10.56 76.17 22.18 1.08 2274 18.32 2.70
T2 5220 |12.76 |92.98° 413 9586 70.90¢ 13.87 75.56 22.73 1.08 2335 18.64 3.65
T3 61.44 | 14.63 |93.87% 4.08  95.92 68.69% 16.25 76.19 22.35 1.04  22.78 17.42 4.12
T3 89.69 |20.18 |93.34° 436  95.63 72.079 10.39 77.50 21.01 1.05 21.44 17.37 2.50

TO: diet containing fish meal; T1-T2-T3: diets containing 70%, 85% and 100% BSF LM respectively; T'1-T'2-T'3: diets containing 70%, 85% and 100% BSF LM
respectively with ginger powder, FW= fresh weight, DW= dry weight, DM= dry matter, OM= organic matter, H20O: water
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DISCUSSION

The values of the survival rate of the pre-adults obtained after 20 weeks of rearing,
which were generally greater than 76% whatever the treatment applied, show that BSF
larvae meal supplemented with ginger or not, did not affect survival of pre-adults of C.
gariepinus. The mortalities observed overall would be due to handling during controlled
fishing, because the more the fish grows, the more it is exposed during handling. The
greater value of the survival rate obtained in the T'3 treatment would be due to the
combined properties of BSF larvae meal and ginger powder which would give the catfish
more hardiness. The values obtained are lower than those obtained by Hu et al. (2017)
upon evaluating the effect of BSF larvae meal in the diet of the yellow catfish fry after 8
weeks of rearing. However, they were comparable to those held by Azri et al. (2022) in C.
gariepinus fry fed 0, 33 and 50% BSF larvae meals for 6 weeks.

The majority of growth characteristics studied in the pre-adults of C. gariepinus
were comparable to each other; this would show that BSF larvae meal added to ginger or
not can effectively replace fish meal in fish feed. However, the better values that were
observed in individuals fed 100% BSF larvae meal supplemented with ginger would
confirm the positive effect of the addition of ginger powder as an additive to BSF larvae
meals in the palatability and digestibility of the pre-adult of African catfish. This
phenomenon was most observed at the level of the consumption index; the best value of
which was obtained with the T'3 treatment. The consumption index values (1.0 to 1.2) are
higher than those of Raphael (2016), who obtained values between 1.49 and 1.63 when
evaluating the effect of BSF larvae meal on body composition, growth and food utilization
characteristics of the African catfish fry.

The values of the average daily gain obtained during the study (5.2+0.1g/D -
6.2+0.1g/D) are higher than those of Raphael (2016) and Belghit et al. (2019), who
recorded values between 3.13 and 3.19 & 3.7 and 3.8g/D, respectively. The best values
obtained in pre-adults fed on foods containing ginger powder would prove the capacity of
ginger to increase the palatability of the fish thanks to the taste that it would bring to the
food from its properties.

The specific growth rate (1.2 to 1.3%) is lower compared to the values obtained by
Rawski et al. (2021) who registered values between 1.91% and 2.20% in Siberian
sturgeon fed with a food containing BSF larvae meal at different substitution levels.
Additionally, the current values are lower than those of Adeoye et al. (2020) who
determined values between 2.39 and 5.48%. However, the SGR values are higher than
those observed by Stenberg et al. (2019) in the Atlantic salmon (Salmo salar) fed a diet
with an increasing replacement of fish meal with insect meals for 8 weeks (1.08 + 0.01%
to 1.11 + 0.06%).

The condition factor K varying from 0.9 +0.0 to 1.0 £0.1 at the end of the test
reflects the good condition of the fish throughout the breeding process. These results are
lower than those of Renna et al. (2017) (1.18 to 1.23) and Belghit et al. (2019) (1.4
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0.1); however, they are superior to those obtained by Adeoye et al. (2020) (0.80 + 0.07 to
0.90 + 0.09),

The protein efficiency coefficient values recorded at the end of the grow-out stage
were between 2.2 +0.1 and 2.6 +0.3, which would prove a better quality of the nutrients
contained in the experimental diets according to the estimation of the crude protein rate
during formulation. These values are comparable to those obtained by Renna et al. (2017)
(2.46 to 2.52) in the rainbow trout fed food substituted with 0, 25 and 50% BSF larvae
meal. However, the values are higher than those of Xiao et al. (2018) (1.39 = 0.13 - 2.59
+0.09)and Adeoye et al. (2020) (0.41 + 0.08 - 1.55 + 0.20) though lower than those of
Rawski et al. (2021) (2.34 £ 2.92).

The values of the bromatological characteristics of the pre-adults flesh obtained at
the end of rearing, made it possible to generally affirm that whatever the characteristics
studied, the values are close to those of the control treatment, although some differences
were observed. However, the values are all within the range of normative values for
fishmeal. The greater value of crude protein (dry constituent) obtained in the TO treatment
would be due to the fish meal containing fewer lipids than the BSF larvae meal since the
opposite effect occurred at the level of the lipids contained in the flesh of the different
samples. The protein values are higher compared to those obtained by Fawole et al.
(2020) and Njoroge (2020) but lower than those obtained by Azri et al. (2022). Regarding
lipids and ash, the values obtained are lower than those of Hu et al. (2017), Muin et al.
(2017), Xiao et al. (2018), Fawole et al. (2020), Hu et al. (2020) and Azri et al. (2022).

CONCLUSION

At the end of this study, with the aim of evaluating the effect of the black soldier fly
larvae meals (Hermetia illucens) supplemented with ginger powder (Zingiber officinale)
on the survival, growth performance and nutritional quality of the flesh of the African
Catfish Clarias gariepinus (Burcell, 1822), it was mainly deduced that the larvae meal of
H. illucens supplemented with Z. officinale powder can effectively replace fish meal in the
diet of C. gariepinus pre-adults.
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