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ABSTRACT
Article history: This study aims to analyze the effect of the combination of pellets
Received May 28th, 2024 and natural feed on catfish protein levels in the minapadi system.
Revised September 12th, 2025 The method used was an experimental design with two feeding
Accepted October 8th, 2025 treatments, which were treatment A (a combination of pellets and

natural feed) and treatment B (pellets only). The natural feed
consisted of insects available within the minapadi system, while the
pellets used were commercial pellets. The study was conducted for
76 days in the rice field area of Donotirto Village, Kapanewon
Kretek, Bantul Regency, Special Region of Yogyakarta. Catfish
protein content was tested using the Kjeldahl method. The data
obtained was statistically analysed using an independent t-test.
The average protein content of catfish in treatment A was 16.17%,
whereas that in treatment B was 16.89%. The statistical analysis
indicated that the combination of pellets and natural feed had no
significant effect on the protein content of catfish. These results are
presumably influenced by the limited availability of insects during
the study, which limited their contribution as natural feed to
significantly enhance the protein content of catfish. Theese finding
indicates that the utilization of insects within the minapadi system
requires improved management and adjustments in cultivation
practices to increase their availability. Further studies are
therefore necessary to explore alternative natural feed sources as
well as modifications to the minapadi system that could enhance
insect availability as an additional nutritional resource for catfish.
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Introduction

Catfish (Clarias sp.) is one of the leading aquaculture commodities in Indonesia. In fish farming
activities, feed is one of the main factors that affect the quality and nutrition of fish (Yunaidiet al, 2019).
The use of feed can reach 60-70% of the total production cost, making it the largest cost component
(Ariefetal, 2014). The feed commonly used by farmers is commercial pellets whose raw materials are
still largely dependent on fishmeal imports, which makes the price of feed relatively expensive (Anam
& Indarto, 2018). This condition makes it difficult for cultivators to reduce production costs and obtain
optimal profits.

Feed quality is an important factor in fish farming activities because it directly affects the growth
and nutritional content of farmed fish. The mismatch between the nutritional needs of fish and the
nutritional content of feed can reduce feed efficiency and have an impact on the growth and nutritional
quality of fish (Amen et al, 2020). Protein is the main nutritional component that affects the protein
retention of the fish's body and has direct implications for its growth (Masitoh & Pinandoyo, 2015).
Therefore, feeding with the appropriate protein content is an important factor in improving the quality
of cultivated catfish.

The use of natural feed can be one of the alternatives to support the fulfillment of protein in fish
feed. Natural feed sources that have the potential to be used in fish farming are insects. Insects are one
of the largest groups of animals in the world and account for more than 70% of all animal species
(Scaraffia & Miesfeld, 2013). Several studies have proven that insects have a high content of nutrients,
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especially protein. Research results Tiencheu & Womeni (2017) Various types of insects of various
orders have been identified to have a high protein content, ranging from 13-77%. The high protein
content makes insects one of the natural feed sources to be used in catfish cultivation.

The use of natural feed is generally carried out in combination with artificial feed, with the aim of
reducing dependence on commercial pellets while improving the nutritional quality of fish. Several
previous studies have evaluated the use of a combination of natural feed and artificial feed in catfish
cultivation, including using a combination of natural feed BSF (Berampu et al, 2022; Fauzi, 2022;
Jovantheo et al, 2022), silkworm (Mullah et al, 2020), and earthworms (Trisnawari et al, 2014).
However, most of the research was conducted on conventional cultivation systems with natural feed
provided in a controlled manner.

In contrast to conventional cultivation systems, integrated cultivation systems such as minapadi
provide natural feed directly from the cultivation environment. Minapadi is one of the integrated
agricultural concepts that combines rice cultivation and fish farming in an integrated manner
(Khoirunisa et al. (2024). This cultivation technique combines rice cultivation and fish farming on the
same land. In minapadi cultivation, fish play a role as a natural pest control by consuming various types
of rice insects, which are also a source of food for the fish. Thus, the minapadi system allows a
combination of artificial feed and natural feed to occur, thus potentially reducing the need for artificial
feed in fish farming activities.

However, until now there is still limited information about the effect of the use of natural insects
in the minapadi cultivation system as a complementary feed for pellets on the protein content of catfish.
In fact, the availability of insects in this system has the potential to contribute additional nutrients
differently than artificial feeding alone. Based on this description, this study was conducted to examine
the effect of the combination of pellet feed and natural feed on the protein content of catfish in the
minapadi cultivation system.

Methods
Tools and Materials

The tools used include: fishing nets, plastic containers, buckets, Klaper-X insect light traps, plastic
trays, analytical scales, DO meters, pH meters, and smartphones. Meanwhile, the materials used
include: STP MIT SP SP 30 floating fish pellets, water and soap.

Working Procedure
Minapadi Land Preparation

The preparation of minapadi land in this study includes the construction of a fish pond in the
middle of the rice field area. There are two pond plots and two rice fields designed with the design of
pond land and rice fields side by side. The area of each pool is 5 x 10 m2 with a depth of 1.5 m. The area
of rice fields A and rice fields Bis 6 x 12 mz.
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Figure 1. Minapadi Layout
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Installation of Insect Traps Over Pond A

A Light Trap is installed on top of pool A, as shown in Figure 2. There are 6 Light Traps installed,
with a distance between them of +4 meters. Installation Light Trap aims to trap insects that are
attracted to light at night (Watts, 2018). Insects trapped in the Light Trap It is not given as catfish feed
because it has been contaminated by soapy water. Therefore, the number of trapped insects does not
reflect the exact number of insects given as feed, but only represents the availability of natural feed for
catfish in the minapadi cultivation system at the research site. In addition to installing Light Trap, in the
middle of pond A, an ordinary lamp is also installed to attract insects who are attracted by the light of
the lamp, so that the insect falls into the pond and can become a natural feed for fish.

LT1 LT2 LT3
LT6 LTS LT4

Figure 2. Layout of light trap insect installation in pool A (LT: light trap, LB: ordinary light)
Identification of Insects That Become Natural Feed

Insects trapped in the Light Trap were identified using Google Images and compared to the
guidance in the determination keybook Draft et al. (2005). The identification data was then grouped by
family, order, and genus. After that, the samples were counted to analyze the number of trapped insects,
to understand the availability of natural feed in the cultivation environment.

Measurement of the Weight of Insects That Become Natural Feed

Measurement of the weight of insects that are the natural feed of catfish is carried out every
observation week. The tools used are light traps installed in Pool A to trap insects, as well as analytical
scales to measure the weight of the insects. Trapped insects are weighed as a whole without being
grouped first, so that the total weight of the trapped insects can be known.

Seed sowing

The distribution of catfish seeds is carried out 44 days after planting rice in the rice field. Catfish
seeds in this study were obtained from catfish seeders in the Magelang area. The criteria for selecting
seeds include uniform size, as well as being free from diseases and physical defects. A total of 1000
catfish seeds were stocked in each treatment pond (Pond A and Pond B).

Catfish Biomass Measurement

Catfish biomass measurement was carried out once a week, by taking 20 random catfish samples
from the total population in each treatment. Catfish samples were weighed by mass using analytical
scales, then total biomass calculations were carried out.

Catfish Feeding

Catfish feeding is carried out by two treatments, namely a combination of pellets and natural feed
(pond A) and pellets only (pond B). The natural feed on pond A is obtained from insects that are
attracted to the light of the lamp above the pond. Meanwhile, the artificial feed used is pellets with the
MIT SP 30 brand produced by PT Suri Tani Pemuka. Pellet administration is carried out using the
Relative feeding rate, which is based on the percentage of fish biomass weight in a pond and adjusted
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for a certain period of time (Subandiyono & Hastuti, 2021). The amount of feed is 5% of fish biomass
(BSN, 2006).

Measurement of Abiotic Factors

Measurements of pool abiotic factors include dissolved oxygen (DO), temperature, and water pH.
Pond abiotic factor measurements are carried out once every two weeks for 24 hours with
measurement intervals every 2 hours.

Catfish Protein Content Test

The catfish protein content test used 10 samples from each pond. The samples taken have uniform
characteristics. The entire sample is cleaned using running water, then all internal organs are removed.
Furthermore, the fish meat is separated from the bones by the filleting technique (Primawestri et al.,
2023). Catfish protein content testing using the Kjeldahl which was carried out at the Center for Food
and Nutrition Studies of Gadjah Mada University. The data on catfish protein content obtained were
statistically analyzed using the SPSS T-Independent Data from insect identification, the number of
pellets and natural feed, and the water quality of the maintenance pond were analyzed descriptively
and based on the literature.

Results and Discussion
Characteristics of Natural Pellets and Feeds Used

Pellet administration is carried out using the Relative feeding rate, which is based on the
percentage of fish biomass weight in a pond, measured in any given time period (Subandiyono &
Hastuti, 2021). The amount of feed given is calculated as 5% of the fish biomass (SNI, 2006). The results
of fish biomass measurements, which can be seen in Figure 3. showed an increase in catfish biomass in
each observation week. As the fish biomass increased, the amount of pellets given was also adjusted to
the results of the biomass measurements in each observation week (Figure 3.). This adjustment of the
number of pellets is made because the nutritional needs of catfish vary, depending on their size and
growth stage (Nogales-Mérida et al, 2019).
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Figure 3. (a) Catfish Biomass; (b) Total Number of Pellets Administered Each Observation Week
Remarks

Meanwhile, the natural feed used in this study is insects that are in the minapadi system at the
research site. In contrast to pellet feed that is given in a measured manner, natural feeding to catfish is
done naturally by utilizing lights installed above the pond to attract insects directly from the rice fields.
Therefore, the percentage of natural feed protein content of catfish in this study cannot be known for
sure. However, to determine the influence of insects as natural feed, identification of the type and
number of insects was carried out every week during the observation period.
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Based on the identification results, the most common insects found come from the orders
Coleoptera, Hemiptera, Diptera, Lepidoptera, and Hymenoptera. These findings are in line with
research conducted by Chatha et al. (2024), which states that orders such as Coleoptera, Lepidoptera,
Orthoptera, Hemiptera, Hymenoptera, and Isoptera are groups of insects that are often consumed as
natural food by fish.

Different types of insects trapped in Light Trap In each observation, the calculation of insect protein
content as natural feed for catfish becomes difficult. This is due to the variation in protein content in
each type of insect, both at the order and species levels. Xiaoming et al. (2010) mentioning that the
protein content in insects varies, ranging from 13% to 77%. This variation suggests that different types
of insects have non-uniform protein content.

In addition, differences in developmental stages and environmental factors that affect insect
habitats also affect insect protein content. Tavares et al. (2022) states that the protein content of insects
is also influenced by factors such as the life stage of the insect and the condition of its habitat. Thus, the
high variability of protein content in each type of insect and environmental factors that affect the
availability and composition of insects, make it difficult to estimate the protein content of natural feed
in this study.
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Figure 4. Types of Insects Trapped in Light Traps
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Figure 5. (a) Number and (b) Weight of Insects Trapped in Light Traps at Each Observation

In this study, the amount of natural feed of catfish was assumed based on the number of insects
trapped in the light trap. Thus, the number of insects trapped in the light trap represents the availability
of insects as natural feed for catfish, but does not reflect the exact number of insects that become
natural feed for catfish. Based on the results of the calculation of the number of insects (Figure 5.), the
number of insects trapped in light traps each week shows fluctuations and tends to decrease over time
during observation.
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In addition to counting the number of insects, insect weight measurements are also carried out to
represent the availability of insects as natural feed for catfish in more measurable quantities. Figure 5
shows the results of the measurement of insect weight in accordance with the results of the calculation
of the number of insects that fluctuate and tend to decrease. The weight of insects trapped in light traps
every week ranges from 0.92 - 4.87 grams, which is very low when compared to the weight of the
pellets given. The results of the calculation of the number of insects and the measurement of the weight
of the insects (Figure 5.) indicate that the availability of insects as natural feed is very limited.

Protein Content of Catfish (Clarias sp.)

The protein content in catfish samples in this study was analyzed quantitatively using the Kjeldahl.
Method Kjeldahl is a simple method to determine the total protein content by counting the element
nitrogen (N%) in the sample (Pakerti & Purnama, 2022). Determination of protein content by method
Kjeldahl provides results for measuring the crude protein content in a sample, because non-protein
nitrogen compounds are also counted. Principle of the method Kjeldahl is the destruction of proteins
and organic components in the sample using sulfuric acid and catalysts. The results of the destruction
are then neutralized with alkali through the distillation process, and the results are contained in a
solution of borate ions. The borate ions formed are then titrated using an HCI solution (Afkar et al,
2020).

In this study, the part of the catfish's body used for testing protein content is the meat part. One of
the main components of meat is muscle, which is the main organ where protein accumulates. The
protein in the muscle accounts for about 50% of the total protein present in fish (Zhang et al, 2020).
Therefore, the meat part is used as the main source for the analysis of the protein content in the body
of catfish. The meat of the fish is separated from the rest of the body by the technique Filleting, then
analyzed with the Kjeldahl.

Table 1. Catfish Protein Content in Both Feeding Treatments
Catfish Protein Content (%)

Xy A (Pellets + Insects) B (Pellets)
1 15.34 17.25
2 16.54 15.34
3 16.12 16.39
4 14.27 16.72
5 16.29 17.12
6 16.07 17.31
7 16.80 18.26
8 16.66 16.36
9 16.84 15.53
10 16.75 18.58
Average 16.17 £ 0.81 16.89 + 1.05

The results of the analysis of the protein content of catfish in both feeding treatments (Table 1.),
showed that catfish samples in treatment A (combination of pellets and insects) had an average protein
content of 16.17 * 0.81%, while treatment B (pellets only) was 16.89 + 1.05%. These results indicate
that the protein content of catfish in both treatments is relatively high. In accordance with the
statement Stansby (1963), that fish is categorized as low protein if it has a protein content below 15%,
high protein if it has a protein content of 15-20%, and very high protein if it has a protein content of
more than 20%.

The results of the measurement of protein content in this study are in accordance with those
reported in previous studies of the same genus, which range from 13.09% - 16.79% (Naeem et al.,
2024) on Clarias batrachus, and 13.53% - 15.20% (Fauzi, 2022), 16,03 - 17,74% (Ali & Jauncey, 2005),
14,00 - 14,03% (Ng, 2001) on Clarias gariepinus. Cross et al. (2012) stated that catfish meat generally
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contains protein of 12-22%, fat 0.4-5.7%, ash content of 0.8-2%, and water content of 74-85%. Based
on these data, the results of the protein content test in this study are still in the normal range.
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Figure 6. Comparison of Catfish Protein Content Before and After the Maintenance Period

The results of this study also show that the protein content of catfish after maintenance is higher
than the protein content of catfish seeds before rearing. Fauzi (2022) reported in his research that
catfish seeds (Clarias sp.) that are proximate-tested have The protein content is 13.20%. The results of
the protein test were obtained through analysis Kjeldahl, just like the one used in this study, thus
allowing for a valid comparison between the two research results. Comparison of the protein content
of catfish before and after maintenance shown Figure 6.

Based on Figure 6. It can be seen that after the maintenance period, the protein content of catfish
in treatment A and B is higher than the protein content of catfish seeds. This is influenced by changes
in the body composition of catfish. Shearer (1994) states that the body composition of fish undergoes
temporal changes during the process of development, growth, and maturation. After the maintenance
period, catfish in treatment A and B experienced an increase in protein content, one of which was
caused by changes in body composition, namely an increase in muscle mass. Along with the growth of
catfish, there is an accumulation of protein in the body tissues, especially in the muscles. Muscles are
the main organs where protein accumulates, and about 50% of the total protein in fish is found in the
muscles (Zhang et al.,, 2020). This leads to an increase in the overall protein content in catfish.

However, the protein test results in both treatments did not match the initial hypothesis. Initially,
this study was expected to see a higher increase in protein content in the combination feeding
treatment (A) compared to the pellet feeding treatment alone (B). This is because treatment A uses
combination feed with the addition of natural feed in the form of insects which is expected to increase
the protein content in catfish. In accordance with the statement Toar & Rumokoy (2020) that various
types of insects were identified as having a high protein content that could be relied upon as a source
of animal feed protein. Thus, treatment A should have a higher protein content due to the addition of
natural feed in the form of these insects.

However, the results obtained showed an anomaly, with the average protein content in treatment
A using a combination of pellets and natural feed being lower compared to treatment B using only
pellets. Based on Table 1. The average protein content in treatment A was 0.72% lower than treatment
B. This is thought to be due to the huge variation in protein content in each sample. As can be seen in
Table 1, the results of the protein content test between samples in each treatment show considerable
differences. This variation can be influenced by competition between catfish in obtaining food to meet
their nutritional needs.

Feed competition occurs because the nutrients from the feed provided cannot optimally meet the
nutritional needs of catfish. In this study, catfish were raised from seed to juvenile phase. In this phase,
catfish require more nutrients than adult fish, because they are still in the process of growth and
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development that requires optimal nutrient intake to support their survival and growth (Mufidah et al,
2009). The high nutritional needs in this phase cause competition between fish to get feed.

According to Haryasakti & Wahyudi (2024) If the feed is insufficient for the needs of the fish, it can
cause competition between fish in getting feed. As a result, not all catfish get enough feed to meet their
nutritional needs. This causes a large variation in the protein content of catfish. Thus, although the
average protein content in treatment A was lower than in treatment B, the large variation in each
treatment resulted in an indeterminacy of which treatment was better.

Table 2. Statistical Test Results of Average Difference in Protein Content between the Two

Treatments
Treatment Protein Content (%) Sig. (T Test)
A (Pellets + Insects) 16.17 £ 0.81 0.104
B (Pellets) 16.89 + 1.05 '

Based on the results of the statistical test, the average difference between treatment Aand B (Table
2.), showed that there was no significant difference (p>0.05) between the average protein content of
catfish fed a combination of pellets and natural feed (A) and those fed only pellet feed (B). This indicates
that the combination of pellet feed and natural feed in the form of insects does not have a significant
effect on increasing the protein content of catfish.

The main factor that causes the combination treatment of pellets and natural feed to have no
significant effect on the protein content of catfish is the limited number of insects available in the
minapadi cultivation system in this study. This assumption was obtained from the results of
measurements of the weight of the insects at each observation (Figure 5.), which showed very small
amounts ranging from 0.92 to 4.87 grams. Therefore, insects as natural feed cannot make a significant
contribution to increasing the protein content of catfish, because their number is limited so that they
are not optimal enough for catfish nutritional needs.

The insufficient availability of insects to meet the nutritional needs of catfish can affect the eating
behavior patterns of the fish. Brutov (1979) stated that the predation behavior of catfish is influenced
by the availability of prey, which includes prey density and its level of accessibility. In line with the
research, Tesfahun (2018) states that catfish's eating habits depend on the accessibility of resources in
the environment, which determines catfish's eating preferences and preferences. In this study, the
results of measuring the weight of insects trapped in Light Trap (Figure 5.) shows very small numbers,
which indicates that the insects that fall into the water and become catfish feed are also very limited.
This condition causes the level of predation of catfish to insects to be low, and insects are not the main
source of feed chosen by catfish.

The results that have no real effect can also be influenced by the physiological factors of the fish
which have a homeostasis mechanism that keeps the protein content in the body stable. This
mechanism of homeostasis regulates the balance between protein synthesis and oxidation of free
amino acids in the fish's body tissues Houlihan et al. (1995). According to Buttle et al, (1995), when the
amino acids absorbed from food exceed the fish's body's needs for growth and maintenance, those
amino acids cannot be stored and will degrade resulting in nitrogen waste products, most of which are
ammonia.

Water Quality

Water quality has a significant influence on the quality of life of the fish, because water not only
functions as a medium for swimming, but also plays an important role in supporting various activities
and biochemical reactions that occur in the fish's body (Kurniawan, 2012). Water quality
measurements are carried out once every two weeks, with observed parameters including
temperature, dissolved oxygen (DO), and pH. The results of water quality measurement (Table 3.) show
that the value of water quality parameters in treatment A and B does not show significant differences
and is still within the limits set by SNI (2006). Each of the water quality parameters, such as pH,
temperature, and dissolved oxygen content, interacts with each other and affects each other. This
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condition is important because optimal water quality can affect fish metabolism, thus having an impact
on the growth and composition of the fish's body, including its protein content.

Table 3. Pond Water Quality During Research

Parameters Treatment Threshold (SNI,
A (Pellets+Insects) B (Insect) 2006)
Temperature 289-30,1 29.1 - 30.2°C 25-30
DO (mg/L) 6,73 -10,95 6,73 -11,23 >4
pH 75-84 6,5-85 6,5-8,5

Temperature is the water quality parameter that has the most influence on all other parameters
and catfish cultivation results. As a poikilothermal organism, the body temperature of fish depends on
the temperature around it, so that body temperature can fluctuate according to the temperature of its
environment (Kamler, 1989). As a result, temperature changes can affect enzymatic reactions, cellular
respiration, and oxygen consumption, all of which contribute to changes in the metabolic rate of fish
(Volkoff & Rgnnestad, 2020). Dissolved oxygen in a body of water is obtained through diffusion from
air into water or through the photosynthesis of aquatic plants (Ali et al., 2022). Meanwhile, dissolved
oxygen in water can be reduced due to respiration and organic decay in the waters (Mubarak et al,
2010). The pH value describes the acidity or alkalinity of the water, which affects the ion balance and
acid-base regulation in the fish's body. Fish have mechanisms to maintain this balance, but changes in
pH in the environment can disrupt that mechanism, leading to acid-base imbalances that impact the
metabolism, respiration, and overall health of the fish (Marium et al, 2023). At an acidic pH below 4
and a base pH of more than 11, which is a pH that causes metabolic disorders to death in fish (Yonarta
etal.,2023).

Conclusion

The combination of pellets and natural feed did not have a significant effect on the protein content
of catfish. This result is suspected to be influenced by the limited availability of insects as natural feed
in the minapadi system, so that its contribution as a source of additional nutrients is not enough to
significantly increase the protein content of catfish. These findings show that the success of the use of
natural feed in the minapadi system depends not only on the type of feed, but also on the level of its
availability in the cultivation environment.

Practically, the results of this study indicate that the application of the minapadi system is not
reliable as an additional natural feed source without management efforts aimed at increasing the
availability of insects in cultivated land. Therefore, farmers still need to rely on artificial feed as the
main source of protein for catfish. Further research is suggested to explore alternative types of natural
feed that are more abundant or easier to develop in the minapadi system, as well as to make
adjustments to the design of the cultivation system, such as vegetation management, rice planting time,
or modification of microhabitats, in order to increase the availability of insects as natural feed for
catfish.
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