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Abstract | The development of fisheries in Indonesia has been increased for several decades. However, the public in-
terest in utilizing fisheries products still low compared to the livestock. It because they think that the protein from fish
is lower than the livestock. This study aimed to analyze the potency of feed formulation using larvae of black soldier
fly (BSF/Hermetia illucens) on total crude protein and fat in the meat of African catfish (Clarias gariepinus). This study
used 120 African catfish seeds as animal models. They were separated into four groups as follows: PO = control, P1 =
5% dried larvae of BSF, P2 = 7% dried larvae of BSF, and P3 = 9% dried larvae of BSF. The feed was given four times
a day for 30 days. The meat of African catfish was collected on day 8 and its total crude protein, fat, and ratio of crude
protein/fat were tested. The data was analyzed using SPSS version 16 with a probability value (p<0.05). The result
showed that utilization of BSF larvae in African catfish decreased the total crude fat compared to the control (p<0.05),
however not regarding the total crude protein (p>0.05). Another result showed that there is a significant increase in
the ratio of crude protein/fat in the treated group compared to the control (p<0.05). There is no significant difference
regarding total crude fat and ratio of crude protein/fat between the treated group with 5%, 7%, and 9% of BSF larvae
in this study. It indicated that feed formulation using larvae of BSF maintained the protein content and depressed fat
formation inside the muscle tissue. In conclusion, the feed formulation using 5% of BSF larvae could be used as the
alternative fish feed with a better result in the depressing fat formation and increase of the ratio of crude protein/fat
compared to the commercial feed.
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to guarantee that the protein sources from fisheries have a
similar quality compared to the livestock. One of the fish
that have been widely consumed is African catfish (Clarias
gariepinus) (Muchlisin and Siti-Azizah, 2010).

INTRODUCTION

he development of aquaculture in Indonesia has been
increased for several decades. It because of the poten-
cies of aquaculture on the fulfillment of the protein for In-

donesian citizens. However, the Indonesian public interest African catfish is the most common farming fish in In-

in utilizing aquaculture products still very low compared
to the livestock products. Advanced strategies are needed

donesia. It is due to the high performance of production,
high tolerance, and hardy in nature (Ibrahim et al., 2016).
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Because of its ability, the African catfish can be cultivated
either in conventional and modern aquaculture, (Dunham
and Elaswad, 2018). African catfish can consume varieties
of feed types including commercial feed and natural feed.
The natural feed for fish is commonly sourced from in-
sect larvae such as black soldier fly (BSF/Hermetia illucens)
(Schmitt et al., 2019).

Larvae of BSF serve a high amount of protein (49%) and
fat (29%) that higher compared to the other insect (Wang
and Shelomi, 2017). A previous study describe that there is
no significant differences on fish growth and vision regard-
ing the utilization of BSF as feed additive in rainbow trout
(Sealey et al., 2011). Another study reported that larva of
BSF improves the health status in marron via up-regulat-
ing the cytokine gene in the intestinal tissue (Foysal et al.,
2019).

It proves that BSF larvae potentially increase the perfor-
mance of fish and marron with a similar result as good as a
commercial fish food. However, the utilization of BSF lar-
vae for a feed formulation in African catfish has not been
conducted before. This study aimed to analyze the potency
of feed formulation using larvae of BSF on total crude pro-
tein and fat in the meet of African catfish (Clarias garie-

pinus).
METHODS

ETHICS APPROVAL

This study has been approved by the local ethical clear-
ance committee from the Faculty of Veterinary Medicine,
University of Wijaya Kusuma Surabaya, East Java, Indo-
nesia with registration number: 18/E.C/FKH-UWKS/
June/2020. The committee has been monitored all the ex-
perimental procedures during the study.

TIME AND PLACE OF STUDY

The study was carried out from July 2020 until February
2021. The maintenance of experimental animals was con-
ducted in a local farmer pond in Surabaya. The laboratory
tests were conducted in the Unit of Veterinary Testing and
Feed Analysis, Faculty of Veterinary Medicine, University
of Airlangga, East Java, Indonesia.

LARVAE OF BLACK SOLDIER FLY (BSF) PREPARATION

The egg of BSF was obtained from the Laboratory of Par-
asitology, Faculty of Veterinary Medicine, University of
Wijaya Kusuma Surabaya, East Java, Indonesia. The egg
was stored in a jar and incubated inside the chamber at
29°C of temperature, 60% of humidity, and 16/8 light/
dark (daily) for three days (Miranda et al., 2020). The new-
ly-hatched larvae was placed in an acrylic container with a
lid. Further, they were fed with mixed vegetables including

cabbage, carrots, and tomatoes (1:1:1) as much as 0.5 kg/
day for 15 days.

FEED FORMULATION

This study used two types of feeds, such as commercial fish
feed (Performa 3, Superindo, Indonesia) and natural fish
teed using larvae of BSF. Before the formulation, the larvae
of BSF was dried using a combination of solar-drying and
oven-drying (Nyangena et al., 2020). After the drying, the
dried larvae was cooled at room temperature for 30 min-
utes and was mashed using an electric blender. The powder
of dried larvae was stored inside the zip-lock plastic bag.
Further, the commercial feed was mixed with the powder
of dried larvae of BSF in 5%, 7%, and 9% from the total
body weight of catfish seeds (Putra et al., 2017).

ANIMAL MODELS AND DESIGN

A total of 120 African catfish seeds (Clarias gariepinus),
60-days-old, weighed 20 grams, length 15 c¢m, were used
as animal models in this study. The catfish seeds were ob-
tained from Modern Fish Market, Gunungsari, Surabaya,
East Java, Indonesia. The catfish seeds were transported
to the local farmer pond in Surabaya. Further, they were
adapted for a day in the pond to decrease the stress after
transportation.

In advances, they were separated into four groups as, PO
(control) = treated with commercial fish feed; P1 = were
treated with a combination of commercial feed + 5% of a
dried larvae of BSF; P2 = were treated with a combination
of commercial feed + 7% of a dried larvae of BSF; P3 =
were treated with a combination of commercial feed + 9%
of the dried larvae of BSF. The treatment was given four
times a day for 30 days.

SAMPLE COLLECTION

On day 8, the African catfish were euthanized using rapid
cooling (Wallace et al., 2018), and the catfish meat samples
were collected. The catfish meat samples were collected us-
ing an aseptic procedure. The collected samples were stored
inside the zip-lock plastic bag. The sample was kept inside

the cooler box and were transported into the laboratory.

CRUDE PROTEIN ANALYSIS

'The crude protein of the catfish meat was measured by the
Dumas method using LECO FP 528 (LECO FP 528,
USA). This method is used to determine the value of ni-
trogen content of the sample as the conversion factor for
measure the protein content (Thompson et al., 2002). Fi-
nally, the crude protein was measured using the following
formula:

Protein (%) = nitrogen (%) x 6.25 (1).
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CRUDE FAT ANALYSIS

Prior to fat analysis, the catfish meat was weighed as much
as 2 grams. The meat was inserted into the test tube and
mixed with 2 ml of ethanol and 10 ml of HCI. The mixture
was boiled for 30 minutes. The tube was cooled at room
temperature. The 25 ml of diethyl ether and 25 ml of petro-
leum ether were added into the tube and it was shaken for
a minute, and these procedures were repeated twice. The
upper portion of the mixture was poured on the fat-cup
and was placed on the sand bath at 30°C for 45 minutes
until the solvent is evaporated. The crude fat was measured
using the following equation:

Fat (%) = (mass of cup+fat)/mass of sample x 100 (2).

RATIO OF PROTEIN/FAT

'The ratio of crude protein/fat was measured after the value
of crude protein and fat has been analyzed. A higher ra-
tio of protein/fat indicated a better diet. The ratio of crude
protein/fat was measured using the simple equation below:

Ratio protein/fat = crude protein (%)/ crude fat (%) (3).

ANALYSIS DATA

'The collected data were crude protein, fat, and the ratio of
protein/fat from the catfish meat. The types of data were
numerical data and it is appropriate to be analyzed using
a parametric test. Further, the data were analyzed using
analysis of variance (ANOVA) and post hoc test. All the
statistical analysis was conducted using SPSS version 16

with a probability value in (p < 0.05).

RESULT'S AND DISCUSSION

'The result showed that there are no significant differences
between the utilization of dried larvae of BSF on the crude
protein of African catfish compared to the control (p20.05)
(Table 1).In contrast, the utilization of dried larvae of BSF
decreased fat total on African catfish meat compared to
the control (p<0.05) (Table 2). However, there are no dif-
ferences between the low concentration of dried larvae of
BSF with the higher concentration (p20.05) (Table 2). This
result indicated that a low concentration of feed formula-
tion using dried larvae of BSF (5%) decreased the total of
fat as similar as higher concentration (7% and 9%). An-
other result showed that utilization of dried larvae of BSF
as feed formula in African catfish increased the ratio of
protein/fat (p<0.05) (Figure 1). The increasing ratio of pro-
tein/fat showed higher and higher along with the increased

concentration of BSF in the feed.

'The development of fish muscle is involving various factors
including aquaculture models, genetics, condition, temper-

ature, and feed (Gisbert et al., 2016). Feed formula is the

Table 1: Total of crude protein in meat of African catfish
fed a diet containing dried larvae of BSF

Group Mean (%) + standard
deviation

PO (control) 18.68 + 1.99*

P1 (5% of dried BSF larvae) 17.92 + 0.82*

P2 (7% of dried BSF larvae)  18.91 £ 0.50*

P3 (9% of dried BSF larvae) 18.95 + 1.24*

*b different superscript indicated significant differences (p<0.05).

Table 2: Total of crude fat in meat of African catfish fed a
diet containing dried larvae of BSF

Group Mean (%) + standard
deviation

PO (control) 2.67 + 0.86°

P1 (5% of dried BSF larvae) 0.61 +0.17°

P2 (7% of dried BSF larvae) 0.63 + 0.34°

P3 (9% of dried BSF larvae) 0.62 + 0.15°

*b different superscript indicated significant differences (p<0.05).
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Figure 1: Ratio of crude protein/fat in meat of African
catfish fed a diet containing dried larvae of BSF.

main factor that potential to influence muscle formation
in fish. A previous study described that utilization of dif-
ferently sourced feed changed the characteristics of muscle
fiber (protein content, fat content, and rapamycin complex
1), size of the fiber, and the content of the muscle either
in mammals (Li et al., 2016) and fish (Cruz-Garcia et al.,
2011). The utilization of modified feed in the fish poten-
tial to promote tissue synthesis rather than for energy use
(Kim et al., 2012). It is supported by the result of this study
that demonstrated the changing of crude fat content with-
in the muscle tissue rather than the protein through the
utilization of dried larvae of BSF.

A previous study described that utilization of BSF larvae
as a feed ingredient in fish feed decreases the fat forma-
tion rather than protein due to the balancing of amino acid
content inside the BSF (Rawski et al., 2020). The amino
acids within the BSF larvae increase the absorption rate of
feed that promotes the increase of energy within the mus-
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cle. However, the energy is not depositing as fat because of
an increase of thermal and mechanical energy within the
muscle tissue. Further, the digestibility of dried BSF larvae
as a feed is higher and well-tolerated by the recipient (Freel
et al., 2021). Well-tolerated means that the utilization of
BSF larvae as fish meal increases the normalization of the
liver activity via the up-regulation and minimalize of fatty
deposition inside the hepatocytes (Belghit et al., 2019). So
that, the improvement of liver tissue increase the perfor-
mance of the muscle tissue.

High digestibility of feed promotes the protein content in-
creasing within the tissue that depresses the fat formation.
It was proved by the result of this study that demonstrated
a higher ratio of crude protein/fat compared to the control.
Another factor that affects the decrease of crude fat within
the muscle is the ability of African catfish to convert the
shorter-chain precursor into highly unsaturated fatty acids.
That mechanism occurs through the activation of specific
elongase and desaturase (Tocher, 2010). The utilization of
BSF larvae as feed formulation for African catfish pro-
motes sustainable energy for green technology in this era.
In advances, this study provides something needed by the
societies, through the development of alternative feed for
fisheries that potential in promoting the formation of high
ratio of crude protein/fat in catfish meat product and may-
be the other aquaculture products.

CONCLUSIONS

'The feed formulation using BSF larvae could be used as the
alternative fish feed with a better result in the depressing
fat formation and increase of the ratio of crude protein/
fat compared to the commercial feed. Further, the result of
this study can be applied in producing fish meat products
with a high ratio of protein/fat. Advances study is needed
with larger parameters that include the molecular analysis
of the utilization of BSF larvae as feed formulation in fish.
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