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Abstract 
 

Maggot (Black soldier fly larvae) as an alternative source 
of protein on feed can increase fish productivity. The research 
aims to study maggot flour as an alternative source of protein 
in feed on the growth, the structure of the intestine organs, 
and skeletal muscles of Mutiara catfish (Clarias gariepinus 
Burchell, 1822). The research used 144 Mutiara catfish that 
were kept for 21 days. The research used a completely 
randomized design consisting of 4 groups, namely 0% maggot 
in feed (Control), 25% maggot in feed (P1), 50% maggot in 
feed (P2), 75% maggot in feed (P3). The parameters consist 
of the growth, the structure of the intestine, and the skeletal 
muscle of Mutiara catfish. Growth observations consist of 
measurements of the absolute length and weight of the fish. 
Intestine observations consisted of length and weight, as well 
as tissue structure consisting of villi height, crypt depth, 
villi/crypt ratio, and villi area. Skeletal muscle observations 
consist of muscle weight and tissue structure consisting of the 
diameter and area of muscle fibers. Data analysis was 
performed with a one-way ANOVA, followed by the Duncan 
test. The results showed that 75% maggot feed gave significant 
results on absolute weight, the structure of the intestine, and 
muscle organs compared to other treatments (P <0.05). The 
absolute length did not provide a significant difference 
between treatments (P> 0.05). The conclusion shows that 
75% maggot feed can be used as an alternative source of feed 
protein because it can increase the growth, structure of the 
intestine organs and skeletal muscles of the Mutiara catfish. 

 
 

INTRODUCTION 
Catfish (Clarias gariepinus Burchell, 

1822) is one of the cultivated fish species 
in freshwater cultivated in tropical regions 
such as Indonesia, Malaysia, Thailand, and 

China. Catfish is a type of fish that is easy 
to maintain, has a very fast growth rate, 
but has a relatively affordable price in the 
market. One type of catfish strain 
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cultivated in Indonesia is Mutiara catfish. 
Mutiara catfish itself has several 
advantages, namely, it has a growth 
percentage of 10-40% higher than other 
catfish seeds, has a relatively short 
maintenance time, a relatively low feed 
conversion ratio, and a relatively high 
survival rate (Buwono et al., 2019). 

One of the factors that greatly affect 
the growth of catfish in cultivation is the 
management of feeding during 
cultivation. Protein is an important 
component in the composition of fish feed, 
this is because protein plays a role in the 
growth process of body tissues or organs 
and is actively involved in the body's 
metabolic processes. The fish feed 
manufacturing industry takes the protein 
from animal and vegetable sources. One of 
the obstacles in feed production is that 
there is always a fluctuating price increase 
and scarcity of materials such as fish meal 
which is used as a source of feed protein 
(Beski et al., 2015). The increase in the 
price of feed ingredients, the scarcity of 
various sources of feed, environmental 
pressures, and the increasing human 
population have also caused the demand 
for animal feed to increase, so that the 
price of animal protein, especially fish 
meal, is getting more expensive 
(Wardhana, 2016). As a result, fish 
cultivators get the fish meal of poor quality 
under standard with relatively expensive 
feed prices (Rambet et al., 2016). 

An alternative source of feed is 
needed to reduce constraints in animal 
feed production. Maggot (Black soldier fly 
larvae) is an insect that can be used as an 
alternative source of feed because it 
contains several nutrients that fish need, 
such as relatively high protein content. 
Maggot larvae have a protein content of 
around 40-50%. With a relatively high 
source of nutrients, maggots can stimulate 
growth and organ formation, such as 
increasing weight so that it can increase 
the productivity of fish farming 
(Wardhana, 2016). The nutritional 
content of maggots can improve the 
growth performance of salmon (Belghit et 
al., 2019). Maggot can also improve 

growth performance, body composition, 
tissue fatty acid composition, and lipid 
deposition in juvenile Jian carp (Li et al., 
2016). Other research has also shown that 
substituting fishmeal with maggot in the 
diets can affect growth, nutrient 
utilization, haemato-physiological 
response, and oxidative stress biomarkers 
of African catfish (Fawole et al., 2019). 

Fish growth is influenced by the 
quality and quantity of feed nutrients and 
the ability of fish to digest food through 
the digestive system (Yanuar, 2017). The 
intestine is one of the digestive organs that 
play a role in the absorption of nutrients in 
feed. The absorption of nutrients is carried 
out by the villi on the tunica mucosa which 
is on the surface of the intestines. Between 
the villi, there is a small estuary called 
kripte with the function of forming 
antibodies or the body's defense system 
and regenerating damaged villi (Ishan et 
al., 2018).  

Good absorption of feed nutrients 
can increase growth and muscle mass in 
fish. The increase in muscle mass can be 
observed through structural changes in the 
area of muscle fibers (myofibers). Broad 
and large muscle fibers can increase fish 
weight, so that fish growth and 
productivity are much better. There is not 
much information about the role of 
maggot which is used as an alternative 
source of feed in optimizing the growth 
and structure of the intestine organs and 
muscles of the Mutiara catfish. This study 
aims to determine the effect of providing a 
combination of maggot with commercial 
pellets on the growth, the structure of the 
intestine organs, and skeletal muscles of 
Mutiara catfish. 
 
METHODOLOGY 
Place and Time 

The research was conducted from 
October 20, 2019 to October 20, 2020 at 
the Laboratory of Animal Structure and 
Physiology, Universitas Ahmad Dahlan. 
Mutiara catfish taken from the Unit Kerja 
Budidaya Air Tawar (UKBAT) 
Cangkringan, Yogyakarta, Indonesia.  
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Research Materials 
The materials used in this study were 

maggot larvae, feed commercial HI 
PROVIT 781, Mutiara catfish (± 9.88 cm 
in length and ± 8.08 g in weight), graded 
alcohol, xylol, liquid paraffin, 
Hematoxylin-Eosin (HE) dye, ice water, 
0.9% NaCl, Neutral Buffer Formalin 10%. 
The tools used in this study are digital 
scales, rulers, containers, microscopes 
(Olympus CX23), dissection set, and 
Optilab. 
 
Research Design 

The study used a completely 
randomized design (CRD) consisting of 4 
group, namely 0% maggot + 100% 
commercial feed (Control), 25% maggot 
+ 75% commercial feed (P1), 50% 
maggot + 50% commercial feed (P2), 
75% maggot + 25% commercial feed 
(P3). Mutiara catfish seeds were stocked 
in each treatment with a stocking density 
of 6 fish/container with 6 replications (24 
container). 

 
Work Procedure 
Acclimatization, Maintenance, and 
Feeding 

Maggots are dried in sunlight until 
dry, then blended to get maggot flour. 
Maggot flour is used as a mixture with 
commercial feed from the HI PROVIT 781 
brand with a concentration of 0%, 25%, 
50%, and 75% maggot. The commercial 
feed is mixed with maggot flour until it is 
evenly distributed, then it is rounded out 
by adjusting the size of the fish. The four 
types of feed were then tested proximate 
to determine the nutritional content of the 
feed. Mutiara catfish were given into a 
rearing container with a diameter of 34 cm 
with a water level of 14.5 cm and 
acclimatized for 7 days. Feeding is carried 
out 3 times a day, starting at 09.00, 15.00, 
and 21.00 WIB for 21 days. The amount of 
feed mixture given to fish is 5% of the 
average fish weight. 
 
 

Absolute Weight Gain and Length 
Increment of Mutiara Catfish 

Every week, the weight and length of 
catfish were measured in each treatment. 
Then the absolute weight calculation is 
measured with the following formula 
(Apriliana et al., 2017): 
∆W = W! −W" 
Where:  
ΔW = absolute weight gain (g) 
Wt = final average fish weight (g) 
W0 = initial average fish weight (g) 

The calculation of the absolute 
length of the fish uses the following 
formula (Apriliana et al., 2017): 
∆L = L! − L" 
Where:  
ΔL = absolute length increment (cm) 
Lt = final average fish length (cm) 
L0 = initial average fish length (cm) 
 
Euthanasia and Organ Preparation 

On the 22nd day, Mutiara catfish 
were fasted for 12 hours, then dissected 
using a dissection set. Subsequently, five 
fish per group are to be sacrificed by 
anesthesia (using ice), then dissected and 
taken organs consisting of intestines and 
muscles. Measurements of organ weight 
and length were performed to calculate 
the organ/total weight ratio. 
 
Histological Preparation 

Intestine and skeletal muscles were 
cut to a length of 2 cm, then washed using 
NaCl 0.9%. Intestine and skeletal muscles 
were fixed using Buffer Neutral Formalin 
10% solution for 24 hours. Preparations 
were made using the paraffin method with 
hematoxylin-eosin staining (Bancroft et 
al., 2012). 
 
Histological Structure of Intestine 

The parameters of the histological 
structure of the intestine consist of 
measuring the height, width, and area of 
the villi area, villi height, basal width, and 
apical width calculated under a 
microscope at a 100x magnification with 
five fields of view for each preparation. 
According to Setiawan et al. (2018), the 
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surface area of the villi (µm2) is calculated 
using the formula: 

vili	area =
vili	basal	wide + vili	apical	wide
vili	apical	wide × vili	height  

The depth of the villi crypt is 
calculated at the base towards the villi 
surface. The depth of villi crypt was 
observed in five different fields of view for 
each preparation. After that, the 
comparison between the villi length and 
the villi cryptic depth is calculated using 
the ratio formula (Fard et al., 2014; 
Setiawan et al., 2018): 

vili/crypta =
average	vili	height	(µm)
average	vili	depth	(µm)  

 
Histological Structure of Skeletal 
Muscle 

Observation of skeletal muscle was 
carried out under a microscope at 100x 
with 5 fields of view for each preparation 
and images of the preparations were taken 
using optilab. The histological structure of 
the measured skeletal muscles includes 
the diameter and area of the myofiber. 

 

 

Data Analysis 
Data were analyzed quantitatively 

by testing homogeneity and normality. 
Followed by the one-way ANOVA test then 
followed by the post hoc Duncan test with 
a confidence level of 95%. 
 
RESULTS AND DISCUSSION 
Proximate Test 
 The proximate test results show that 
there are differences in the protein content 
of each maggot feed. Maggot feed content 
(Table 1) with the highest protein content 
was found in the 50% and 75% treatment, 
while the lowest protein content was 
found in the 0% treatment. All have a 
protein content above 30% which 
indicates that the protein content has met 
the standard needs of fish. The proximate 
test results (Table 1) also show that the 
highest fat content is in maggot 75% with 
a total fat content of 13.72%. Maggot has 
a high protein content with several 
variations of amino acids. The amino acid 
content found in maggot includes tyrosine 
(7.7g), arginine (5.5 g), histidine (3.1 g), 
threonine (3.8 g), valine (8.1 g), glycine ( 
0.3 g), alanine (25.68 g), and lysine (6.5 
g) on 100 g protein (Khan et al., 2016). 

 
Table 1.  Proximate test result on combined maggot with commercial feed. 

Treatment Water 
(%) 

Ash 
(%) 

Protein 
(%) 

Fat 
(%) 

Crude 
fiber (%) 

Carbohydrate 
(%) 

Energy 
(kal/100g) 

0% 9.17 8.70 31.31 4.19 4.22 51.55 370.15 
25% 8.92 9.37 34.51 6.74 6.94 42.38 371.72 
50% 33.21 12.34 38.91 9.40 13.75 25.55 349.74 
75% 11.96 11.01 38.80 13.72 14.23 22.19 375.46 

 
Fish Growth 

The results of observing the growth 
of Mutiara catfish show that maggot feed 
has no significant effect on body length 
(Table 2). The growth of catfish body 
length from day 0 to day 21 and absolute 
length did not show any significant 
difference in all treatments (P> 0.05). It is 

suspected that feeding maggots to Mutiara 
catfish for 21 days has not shown not show 
the optimum length growth. On the other 
hand, maggot feed had a significant effect 
on daily weight on day 21 and the absolute 
weight of catfish (P <0.05) (Table 2). It is 
suspected that the nutrition in maggots 
affects growth by adding weight to the 
Mutiara Catfish. 
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Table 2.  Growth data of Mutiara catfish after feeding the maggot combination 
commercial feed for 21 days. 

Variable Treatment 
Days 0% 25% 50% 75% 

Body Length (cm) 0 9.88 ± 0.31a 9.87 ± 0.22a 9.84 ± 0.35a 9.93 ± 0.15a 

7 11.69 ± 0.55a 11.36 ± 0.50a 11.90 ± 0.80a 12.13 ± 0.96a 

14 13.41 ± 0.81a 13.16 ± 0.69a 13.50 ± 0.96a 14.26 ± 1.53a 

21 14.99 ± 1.21a 15.02 ± 1.11a 15.43 ± 1.07a 15.35 ± 1.65a 

Absolute Length (cm) - 5.10 ± 1.06a 5.18 ± 1.07a 5.58 ± 0.97a 5.47 ± 1.63a 
Body Weight (g) 0 8 ± 0.10a 8.06 ± 0.17a 8.12 ± 0.14a 8.07 ± 0.11a 

7 13.12 ± 2.06a 12.14 ± 1.08a 12.60 ± 2.21a 15.78 ± 5.60a 
14 18.27 ± 4.39a 18.46 ± 2.53a 19.38 ± 4.62a 24.28 ± 8.48a 
21 25.68 ± 7.26a 27.31 ± 5.40a 30.36 ± 6.18ab 36.33 ± 6.17b 

Absolute Weight (g) - 17.67 ± 7.16a 19.22 ± 5.27a 22.25 ± 6.23ab 28.25 ± 6.16b 
Notes: a-b Different notations of numbers followed by different letters on the same line indicate a 
significant difference. Mean ± SD. 

 
The amino acids glycine and proline 

in maggots play an important role in the 
formation and growth of collagen 
connective tissue and the growth of fish 
(Gam et al., 2005). Research shows that 
maggot feed is thought to contain protein 
which plays a role in helping the process 
of adding weight to Mutiara catfish. 
Leucine is an essential amino acid that 
plays an important role in the growth of 
fish muscles. leucine plays a role in 
maintaining a balance in protein synthesis 
with protein overhaul through activation 
of the Mechanistic Target of Rapamycin 
(mTOR) pathway. The mTOR pathway 
plays a role in activating protein synthesis 
in muscles which leads to an increase in 
fish body weight. in addition, leucine also 
acts as an attractant for fish thereby 
increasing fish appetite (Walrand, 2019). 
It is suspected that maggot contains 
leucine which plays a role in increasing the 
weight of the Mutiara Catfish. The maggot 
feed (75%) has the highest protein 
content, so it is thought to have a relatively 

good growth effect compared to other 
treatments. 
 
Structure of Intestine 

Observation of intestine organs 
showed that 75% concentration of maggot 
feed had significant differences in 
intestine length and weight, as well as 
total weight/weight ratio compared to 
other treatments (P <0.05) (Table 3). In 
the intestine histology observation (Figure 
1), it can be seen that 75% of maggot feed 
has the highest villi compared to other 
treatments. The depth of kripte in maggot 
feed is 75% higher than the concentration 
of 50%, 25%, and control. The villi / kripte 
ratio and the area of villi also showed that 
75% maggot feed had the highest yield 
compared to other treatments (Table 3). 
The results of statistical analysis showed 
that a concentration of 75% maggot feed 
had a significant difference in villi height, 
crypt depth, villi/crypto ratio, and villi 
area compared to other treatments (P 
<0.05). 
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Table 3. The structure of Mutiara catfish intestine after feeding the maggot combination 
commercial feed for 21 days. 

Variable Treatment 
0% 25% 50% 75% 

Intestine length (cm) 7.38 ± 0.25a 8.14 ± 0.23b 8.48 ± 0.62b 9.88 ± 0.58c 

Intestine weight (g) 0.36 ± 0.03a 0.37 ± 0.02a 0.41 ± 0.03a 0.72 ± 0.46b 
intestine weight/body 
weight ratio 0.014 ± 0.0011a 0.013 ± 0.001a 0.013 ± 0.0008a 0.019 ± 0.0015b 

Villi length (µm) 288.84±19.55a 347.28±20.70b 357.75±45.07b 500±23.96c 
Crypt depth (µm) 51.11±2.22a 55.58±4.16b 56.75±3.95b 65.95±2,13c 
Villi/crypt ratio (µm) 5.70±0.45a 6.32±0.49a 6.36±0.57a 7.62±0.56b 
Villi area (µm2) 713.72±85.64a 819.18±116.09a 867.55±221.67a 1227±190.24b 

Notes: a-c Different notations of numbers followed by different letters on the same line indicate a 
significant difference. Mean ± SD. 
 
 The intestine length in 75% maggot 
feed had a significant result (P <0.05) 
compared to other treatments (Table 3). 
The longer the intestine makes the 
absorption of nutrients in the feed more 
optimal because the area of villi also 
increases the optimization of nutrient 
absorption. The results of intestine 
observations in histological preparation 
(Figure 1) show the initial site of the 
digestion process and nutrient absorption 
in feed. The proximal part of the intestine 
has more villi and plays a role in helping 
the absorption of nutrients (Hernández et 
al., 2009).  

 The protein content in maggot feed 
is thought to also increase the activity of 
the protease enzyme in the Mutiara catfish 
intestine, with the function of breaking 
down protein compounds in feed into 
amino acids. Amino acids are then 
absorbed by the villi and enter the blood 
vessels, then and are used for components 
making up organs and fish growth. It is 
suspected that 75% maggot feed affects 
the increase in the length of the proximal 
intestine tract (Table 3) compared to other 
treatments.

 

 
Figure 1. The structure of Mutiara catfish intestine after feeding the maggot combination 

commercial feed for 21 days. Notes: A. 0 % maggot feed, B. 25% maggot feed C. 
50% maggot feed, D. 75% maggot feed, Height: shows vili length, Depth: shows 
crypte depth. Villi at the maggot feed treatment are 75% higher than other 
treatments. Hematoxylin-eosin staining. Scale Bar 200µm. 
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 The amino acids in maggots can 
maintain the structure of the intestines if 
there is tissue damage, thus maintaining 
the length of the villi and protecting the 
crypts to keep them intact. When the 
morphological structure of the intestines is 
maintained, the absorption of nutrients 
can also take place optimally (Beski et al., 
2015). Nutrients in maggot feed such as 
histidine can maintain the intestine 
structure so that the intestine weight does 
not decrease because the intestine lining 
remains intact and is not damaged, and 
the process of absorption of nutrients runs 
optimally. 
 The long villi structure in the 
intestines can increase the surface area for 
absorption of nutrients and reduce the 
speed of the flow of food so that ideal 
absorption can occur (Ikpegbu et al., 
2014). Kripte repaired the mucosal layer 
when the villi were damaged due to toxins 
produced by pathogens (Rajput et al., 
2013). The depth of crypt in 75% maggot 
feed had significant results (P <0.05) 
compared to other treatments (Table 3). 
According to Jia et al. (2006), the content 
of glycine, cysteine, and serine functions 

to protect cells from damage and improve 
the structure of the intestine tissue. It is 
suspected that the amino acid content can 
help speed the repair of villi tissue and 
protect the intestine structure of Mutiara 
catfish. 
 
Skeletal Muscle 
 Increased performance of skeletal 
muscles such as increased muscle mass 
and diameter and area of muscle fibers 
(myofibers) have a particular role in the 
process of growing fish weight. There is an 
increase in muscle weight, diameter, and 
area of myofibers in maggot feeding. The 
results (Table 4) show that there is a 
significant difference (P <0.05) in muscle 
weight in the 75% maggot feed treatment 
compared to other treatments. In the 
diameter and area of myofiber, it shows 
that in 25% maggot feed there is a 
significant difference with a 0% 
concentration, and it increases at a dose of 
75%. Changes in diameter and area occur 
as a result of the hypertrophy process, 
namely the increase in cell size 
(Johnstone, 2001; Saragih et al., 2017). 

 
Table 4.  The Structure of Mutiara catfish skeletal muscle after feeding the maggot 

combination commercial feed for 21 days. 

Variable Treatment 
0% 25% 50% 75% 

Muscle Weight (g) 11.57 ± 0.73a 12.26 ± 0.89a 13.01 ± 0.87a 21.65 ± 1.84b 
Myofiber Diameter (µm) 16.27 ± 0.36a 21.30 ± 0.26b 26.56 ± 0.26c 29.77 ± 0.22d 

Myofiber (µm2) 209.93±10.59a 325.24±13.73b 531.23±8.35c 617.36±4.72d 
Notes: a-c Different notations of numbers followed by different letters on the same line indicate a 

significant difference. Mean ± SD. 
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Figure 2.  The structure of Mutiara catfish skeletal muscle after feeding the maggot 
combination commercial feed for 21 days. Notes: A. 0% maggot feed, B. 25% 
maggot feed, C. 50% maggot feed, D. 75% maggot feed, F: myofiber, D: Myofiber 
diameter. Myofiber at 75% maggot feed bigger than 0% maggot feed. 
Hematoxylin-eosin staining. Scale bar 50µm. 

 
Some of the nutritional content in 

maggot feed can increase the body mass of 
Mutiara Catfish, including increasing fish 
muscle mass. According to Warisan et al. 
(2018) that the lysine contained in the 
feed is an essential amino acid that 
functions to activate protein synthesis in 
muscles, thereby increasing the 
bodyweight of Mutiara catfish. The 
maggot contains taurine compounds 
which play a role in increasing fish muscle 
weight. Wiriduge et al. (2020) proved that 
taurine compounds can increase the 
hydroxyproline and collagen content in 
fish muscles. Research results by Wei et al. 
(2016) and Cheng et al. (2014) also 
showed that hydroxyproline and collagen 
played a role in improving the quality of 
fish muscles and triggering an increase in 
fish muscle weight. It is thought that 
feeding a combination of maggot and 
commercial pellets containing essential 
amino acids plays a role in protein 
synthesis in muscles which leads to muscle 
hypertrophy (Walrand, 2019). 
 Fish muscle hypertrophy occurs 
when the addition of size of the muscle 
fiber in the fish. The administration of 
commercial maggots and pellets with a 
concentration of 25% to 75% has a larger 
diameter and fiber area than the 

administration of maggots and 
commercial pellets with a concentration of 
0% (Figure 2). Fish food that contains 
protein provides several amino acids such 
as leucine which can play a role in the 
protein synthesis process in fish muscles 
(Walrand, 2019). Zhao et al. (2020) 
proved that the addition of the amino acid 
leucine significantly increased the 
expression of the Insulin Growth Factor 
(IGF-I) and Insulin Growth Factor 
Receptors (IGF-IR). IGF-I and IGF-IR play 
a role in stimulating the process of 
proliferation and differentiation of 
myoblast cells to initiate growth in fish 
muscles (Azizi et al., 2016). IGF-I acts as 
the main promoter in fish muscle growth. 
IGF-I will attach to a receptor, namely IGF-
IR which will activate the signaling 
pathway Target of Rapamycin (TOR).  
 The TOR signaling pathway will also 
phosphorylate, namely eukaryotic 
translation initiation factor 4E - binding 
protein 1 (4E-BP1) resulting in eukaryotic 
translation initiation factor 4E (eIF4E). 
eIF4E plays a role in starting the 
translation and elongation process, 
causing protein synthesis in the muscles 
which lead to fish muscle hypertrophy 
(Fuentes et al., 2013). It is suspected that 
maggot feed contains leucine which plays 
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a role in increasing the production of IGF-
I and IGF-IR which play a role in activating 
the TOR signaling line. The signaling can 
trigger and increase muscle protein 
synthesis, increasing the diameter and 
area of myofiber Mutiara catfish. The 
increase in myofiber triggers an increase in 
skeletal muscle weight of Mutiara catfish. 
 
CONCLUSION 

The conclusion shows that maggot 
can be used as an alternative source of 
protein in the feed because the 
combination maggot 75% with 
commercial feed can increase the absolute 
weight, the structure of intestine and 
skeletal muscles Mutiara catfish for 21 
days. 
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