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produced have nutritional quality that meets the target,
good physical stability, and cost efficiency of up to 40%
compared to commercial feed. This research makes a
significant contribution in supporting the sustainability of
the fish farming industry and reducing dependence on
imported raw materials.

INTRODUCTION

According to Desta Sari & Khoirudin (2023), aquaculture is a strategic sector in the
national food production system which has a fundamental role in meeting society's animal
protein needs. As an archipelagic country with the longest coastline in the world, Indonesia
has extraordinary potential in developing fisheries cultivation. However, this potential has not
been fully exploited optimally, especially in the aspect of producing quality fish feed.

Significant population growth and increased awareness of animal protein consumption
drive the need for sustainable innovation in fisheries food production. According to data from
the Ministry of Maritime Affairs and Fisheries, per capita fish consumption in Indonesia has
reached 54.45 kg per year in 2021, an increase compared to previous years. However, the
main challenge remains the productivity and sustainability aspects of aquaculture.

Feed is a critical component in the success of aquaculture, with a cost contribution
reaching 60-70% of total production costs (Salamah & Zulpikar, 2020). Protein is the main
nutrient that determines the growth, metabolism and health of fish (Rahma et al., 2024). Each
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fish species has different specific protein requirements, depending on growth phase,
environmental conditions and physiological characteristics.

The standard protein requirements for cultivated fish generally range between 25-35%,
with complex variations. Carnivorous fish such as salmon and trout require higher protein than
herbivorous fish such as tilapia (Usman et al., 2020). However, it is not just quantity, but
protein quality and amino acid balance that are key factors in the success of feed formulation.
Indonesia faces structural challenges in fulfilling fish feed raw materials. High dependence on
fishmeal imports creates vulnerabilities in the supply chain and significant price fluctuations.
Imported fishmeal is not only expensive, but also causes sustainability problems due to
overfishing practices.

The potential of local feed ingredients has not been fully exploited optimally. Some
potential materials that are available in abundance are often considered waste or by-products
of the agricultural and agro-industry industries. Rice bran with 11.35% protein, corn bran with
7.63%, fish meal with 62.65%, and tofu dregs with 23.55% protein are examples of local
resources that have significant nutritional potential.

Thus, research on optimizing the composition of local feed ingredients does not just
answer technical challenges, but rather contributes to the sustainable transformation of the
Indonesian aquaculture industry, supports national food security, and opens up opportunities
for sustainable innovation in the food production system.

METHODS

Research on fish feed formulation and testing was carried out at the Biology Laboratory,
Nias University, over a period of one month. Starting on July 6, 2024, research activities are
focused on fast and efficient processes starting from ingredient preparation, formulation,
manufacturing, to testing fish feed.
The tools and materials used are as follows:
1. Tools : Feed Printing Machine
2. Ingredients : Rice Bran 380 g
CornBran380¢g
Fish Meal 600 g
Tofu Dregs 600 g
Starch and enough water

Figure 1. Ingéaients for making Feed
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Feed Formulation:

Rice Bran 11.35%

Corn Bran 7.63%

Fish Meal 62.65 %

Tofu Dregs 23.55%

- The standard protein requirement in farmed fish feed ranges from 25-35%, depending on
the species and growth phase of the fish (Word & Adipu, 2024). This formulation aims to
achieve a protein content of 30%, which is within the optimal range for fish growth.

- Fish Meal (62.65%) was chosen as the main protein source because it has high protein
content and essential amino acids that fish need (Safitri et al., 2023).

- Tofu dregs (23.55%) are used as an alternative vegetable protein that complements animal
protein and provides good fiber content for the fish digestive system (Putri et al., 2022).

- Rice bran (11.35%) and corn bran (7.63%) act as additional sources of carbohydrates and

protein and contain micronutrients that support fish metabolism (Kojo et al., 2015).
Rice Bran _ 11.35+ 7.63 _ 9.49

Corn Bran 2

Basalt:

Fish Meal _ 62.65+23.55

Tofu Dregs 2 =43.1

Supplement:

= 30% protein levels
=43.1-30=13.1x100% = 19.49 %
=30-9.49 = 20.51x 100% = 30.51 %
20.51+13.1=33.61

Rice Bran: 19.49x11.35=2.21%
Corn Bran: 19.49x7.63=1.48%
Fish Meal: 30.51x62.65=19.11%
Tofu Dregs: 30.51x23.55=7.18%

—1(')—0x2kg=0.61kg=600g
=2 x2kg = 0.38kg =380 g

Total formulation: 30 %
RESULTS

Procurement of Raw Materials for Making Fish Feed

This research was conducted to optimize the composition of local feed ingredients to
achieve 30% protein content in farmed fish feed. The initial stage involves procuring raw
materials, namely fish meal, tofu dregs, rice bran and corn bran. All these ingredients are
obtained from local sources with strict quality control.
Analysis of Protein Content of Raw Materials

The results of laboratory analysis of the protein content of raw materials are shown in
Table 1.
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Table 1. Raw Material Protein Content

Raw Material Protein Content (%)
Fish Meal 62.65
Tofu Dregs 23.55
Rice Bran 11.35
Corn Bran 7.63

Fish Food Making Process

The process of making feed includes mixing the ingredients homogeneously, printing
using a printing machine, and drying in the sun for 6-8 hours until the moisture content
reaches 12%.
Evaluation of Fish Feed

The effectiveness of the feed was tested by giving it to the fish three times a day.
Monitoring of fish response shows an average weight increase of 12-15% every two weeks
with a feed conversion rate (FCR) of 1.6-1.8. Fig 1 shows the development of fish weight during
the study.
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Figure 1. Absolute Growth Rate of Catfish (Clarias sp.)
DISCUSSION

Procurement of Raw Materials for Making Fish Feed

Research on optimizing the composition of local feed ingredients to achieve 30% protein
content in cultivated fish feed production has been carried out in a series of systematic and
measurable stages. The initial stage begins with the procurement of raw materials with an
emphasis on quality and sustainability of supply. Fishmeal, which is the main source of protein,
is obtained through collaboration with local fish processors who apply strict processing
standards. The fish meal processing process is carried out using controlled drying and grinding
methods to maintain protein quality. This is important considering that fish meal contributes
significantly to the final protein content in feed formulations.

Tofu dregs as a component of vegetable protein are obtained through strategic
partnerships with the tofu processing industry around the research location. The collaboration
system that has been built ensures a sustainable supply of fresh and quality tofu dregs. Initial
processing of tofu dregs includes pressing to reduce water content and controlled drying to
prevent spoilage. According to Urland & Sudarma, (2023) rice and corn bran which function
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as additional sources of carbohydrates and protein are taken directly from local mills with an
adequate quality control system. All raw materials are stored in a special warehouse with
controlled temperature and humidity settings to prevent mold growth and microorganism
contamination (Karlida & Musfiroh, 2020).

Analysis of Protein Content of Raw Materials

Laboratory analysis of the protein content of the raw materials showed promising
results. Local fishmeal has a protein content of up to 62.65% with a complete amino acid
profile, making it an ideal raw material for achieving feed protein targets (Amin et al., 2020).
This high protein content is supported by proper processing and the selection of quality fish
raw materials. Tofu dregs with a protein content of 23.55% provide a significant contribution
of vegetable protein, complemented by fiber which is beneficial for fish digestion (Putri et al.,
2022). Vegetable protein from tofu dregs has good digestibility and an amino acid profile that
complements animal protein from fish meal (Putri et al., 2022).

Rice bran and corn bran, with protein contents of 11.35% and 7.63% respectively, not
only contribute to total protein but also provide other important nutrients. Rice bran is rich in
B complex vitamins which are essential for fish metabolism, while corn bran contributes
carotene and xanthophyll which play a role in pigmentation and the fish immune system
(Nuraeni, 2022). The combination of these four raw ingredients produces a balanced and
complementary nutritional profile.

Fish Food Making Process

The process of optimizing the composition of local feed ingredients to achieve 30%
protein content in fish feed production was carried out through a series of research and tests.
The initial stage begins with the preparation of raw materials which include fish meal (600 g)
with a protein content of 62.65%, tofu dregs (600 g) with 23.55% protein, rice bran (380 g)
containing 11.35% protein, and corn bran (380 g) with a protein content of 7.63%. The choice
of this composition was based on the need to achieve the 30% protein target while considering
the availability and sustainability of local raw materials.

The process of making feed begins with grinding all the ingredients until they reach a
uniform level of fineness. Proper grinding is the main key to ensuring the homogeneity of the
mixture and the stability of the feed in water. Fish meal as the main source of protein is
specially ground to maximize digestibility, while tofu dregs are dried first to prevent clumping
in the dough (Anggraeni et al., 2019).

The method of mixing ingredients is carried out in stages to ensure even distribution of
nutrients (Mulya, 2024). Rice bran and corn are mixed first, followed by adding tofu dregs, and
finally fish meal. The adhesive solution is made separately by dissolving starch in warm water
(60-70 °C) in a ratio of 1:10. The adhesive is added slowly while continuing to stir until it
reaches the ideal consistency, characterized by a dough that can be formed but is not too wet.

Feed printing uses a printing machine with a diameter adjusted to the needs of the
target fish (2-3 mm). The molding process requires precise speed settings to produce feed
with optimal density. The feed that comes out of the machine is immediately cut into 3-4 mm
lengths to make it easier for fish to consume. Fresh feed is then drained before entering the
drying stage.

Drying is done by drying in the sun for 6-8 hours or until the water content reaches a
maximum of 12% (Soekarno et al., 2023). Turning the feed is carried out periodically to ensure
even drying. The final result shows good physical characteristics, including a hard and compact
texture, a buoyancy of 15-20 minutes in water, and adequate stability when in water media.
Evaluation of feed effectiveness is carried out by giving it to farmed fish three times a day
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(08.00, 12.00 and 16.00) with a dose of 3-5% of the biomass weight. Monitoring the fish's
response showed positive results in terms of appetite, growth rate and feed conversion rate.
Production cost analysis indicates savings of 30-40% compared to commercial feed, while
maintaining equivalent nutritional quality.

Optimization of this manufacturing process produces feed with a high level of
homogeneity, ensuring uniform nutritional content in each grain of feed (Dilaga et al., 2022).
The production method developed not only produces quality feed but also supports efficient
use of raw materials and minimizes production waste. This research provides a strong
foundation for the development of a fish feed industry based on sustainable local raw
materials.

Product Packaging and Feeding to Fish

According to Afiqah et al., (2024) packaging fish feed is an important stage to maintain
quality and extend the shelf life of the product. Before packaging, completely dry feed is
cooled at room temperature for 30-45 minutes to prevent condensation in the packaging
(Maryani et al., 2018). The packaging process uses double-layer plastic with a minimum
thickness of 0.8 mm to provide optimal protection against moisture and physical damage.

Each package is labeled with important information including production date, raw
material composition, protein content (30%), and storage instructions. According to (Mustajib
et al., 2018) the packaging method is carried out using a double sealing system using a plastic
pressing machine to prevent leaks and contamination of outside air. Feed sacks are arranged
on wooden pallets with a maximum height of 5 stacks to facilitate air circulation and prevent
feed compaction due to excessive pressure.

The feeding protocol is implemented by considering aspects of efficiency and
effectiveness of fish growth. The frequency of feeding is three times a day at regular times:

- Morning (08.00): 40% of total daily feed
- Afternoon (12.00): 30% of total daily feed
- Afternoon (16.00): 30% of total daily feed
The feeding dose is adjusted to the fish biomass, ranging from 3-5% of the total weight
of the fish in the pond. Dose adjustments are made every two weeks through fish weight
sampling to ensure feeding efficiency. Food is spread evenly at several points in the pond to
avoid competition and ensure that all fish have access to the same food (Mustajib et al., 2018).
Monitoring the fish's response to feeding is carried out through observation:
1. Appetite: observed through the fish's response when feeding and the remaining feed after
15-20 minutes
2. Growth speed: sampling measurements of fish weight and length every two weeks
3. Feed conversion rate (FCR): calculation of the ratio of the amount of feed given to the
weight gain of the fish

Observation results show optimal feed consumption levels with an average FCR of 1.6-
1.8. Fish growth shows a positive trend with an average weight increase of 12-15% every two
weeks. The quality of the pond water is maintained well because the stability of the food in
the water prevents pollution due to uneaten food (Pradana et al., 2024).

In extreme weather conditions or less than optimal water quality, the feeding dose is
reduced by 25-30% to prevent decreased appetite and wastage of feed (Scabra et al., 2022).
Feeding adjustments are also made when fish show symptoms of stress or disease, with a
focus on restoring the fish's condition before returning to normal doses (Sari et al. 2022).
According to Kurniawan et al., (2020) a detailed daily recording system is implemented to
monitor feeding, including the amount of feed given, fish response, and water quality
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parameters. These data are important for evaluating the effectiveness of feeding programs
and adapting cultivation strategies on an ongoing basis. This systematic approach to feeding
has proven effective in optimizing fish growth and efficient use of feed.

CONCLUSION

This research succeeded in optimizing local ingredients for the production of fish feed
with a protein content of 30%. This formulation offers cost efficiency, high nutritional quality,
and supports the sustainability of the fish farming sector. The results of this research have the
potential to be a practical solution for aquaculture industry players in reducing dependence
on imported materials.
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