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Abstract. Mesjid Lama Village is one of the villages with fishing potential in the Batu Bara Regency.
This village is also one of the locations where mud grouper (Epinephelus lanceolatus) ponds are
cultivated. Farmers used to provide fresh trash fish that has been cut into pieces proportional to the
grouper's mouth size. The trash fish has a three-day shelf life; after 3 days, it decomposes,
preventing the grouper from consuming it. As a result, trash fish is processed into pellets for use as
artificial feed. The method used in this study is an experimental method involving 60 days of artificial
feeding. The treatment given consisted of 5 types, namely a mixture of trash fish flour and soybean
flour with ratio of 0%:100%; 25%:75%; 50%:50%; 75%:25%; and 100%:0% respectively. The
information gathered was used to determine the effect of treatment on the parameters evaluated
using the completely randomized design (CRD) model. The results show that feeding artificial trash
fish pellets containing 100% trash fish flour and 0% soybean flour resulted in the highest growth rate
(3.3%) and feed efficiency (30.63%) compared to other treatments. The highest grouper survival
rate during 60 days of rearing was approximately 89%, indicating that 100% trash fish flour can
effectively support grouper survival.
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Introduction. Grouper is a carnivorous fish and one of the fishery products with high
economic value, opportunities on both domestic and international markets, and a
relatively high selling price of approximately Rp75,000/kg (5 USD/kg) (Allal et al 2022).
Farmers cultivate various grouper species, including mud grouper, beautiful grouper,
tiger grouper, batik grouper, sunu grouper, duck grouper, and others. Among these
species, mud grouper (Epinephelus lanceolatus) is one of the most popular species
(Langkosono 2007; Triana 2010; Sutina et al 2017).

In Indonesia, grouper is still cultivated using explosives or poisons (potassium
cyanide) that contribute to extinction and damage the environment. The Ministry of
Marine Affairs and Fisheries of the Republic of Indonesia recognizes grouper as one of the
country's superior commodities (Subyakto 2017). Therefore, development is required to
maximize production by maintaining healthy ponds, providing high-quality feed, and
controlling pests and diseases (Sim et al 2005; Sudrajat et al 2011). It is difficult for
farmers to increase production due to fish slow growth. Slow grouper growth will
necessitate more food, resulting in high production costs. Poor seed quality, unfavorable
environmental conditions, and insufficient feeding are among the factors slowing grouper
growth (Nugroho 2010; Rhodes et al 2016). Farmers typically provide groupers with
natural food in the form of trash fish. Trash fish is sold for a relatively low price (Fatimah
2015). The selling price of trash fish in the market is Rp2,500-Rp4,000/kg (0.16-0.26
USD/kg) (Hidayatullah et al 2015) The availability of trash fish, however, varies by
season. Therefore, fish should be fed artificial food, so they do not rely on trash fish as
natural food (Azra & Ikhwanuddin 2016).
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Grouper cultivators in Mesjid Lama Village, Batu Bara Regency, use fresh trash
fish as grouper feed. Trash fish is abundant in Batu Bara Regency, but fresh trash fish
does not last long. When the trash fish is not fresh, groupers do not eat it, so it spoils
and is wasted (Sim et al 2005). This is a problem faced by farmers, and research must
be conducted on the pelletization of fresh trash fish into feed for mud grouper. However,
mud grouper is obtained from nature, so the food given to themis also natural.
Therefore, in addition to making feed with the main ingredients of trash fish, this study
also carried out special treatment so that groupers eat artificial feed.

Material and Method

Description of the study sites. The study was conducted in Mesjid Lama Village
(Figure 1), Talawi (Jalan Mangga Il), Batu Bara Regency, North Sumatra, from February
to March 2022. The manufacture of trash fish pellets was carried out at the Aquaculture
Laboratory, Universitas Asahan. Furthermore, the proximate test (chemical analysis to
identify nutrient in feed ingredients) was conducted at Universitas Riau.
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Figure 1. The location of Mesjid Lama, Batu Bara Regecy.

Research execution

Materials and tools preparation. The tools used in this research were analytical balance
(Ohaus Adventurer), filter, net, basin, spoon, pellet grinder, mortar, winnowing,
thermometer, pH meter (HANNA HI9125), DO meter (Dixson Tech, DO9100), stationery,
and camera (Sony A6000). The materials used in this study were test fish in the form of
mud grouper fry with an average size of 4.21 cm with an average weight of 1 g each, as
many as 225 fish for 15 containers. Meanwhile, trash fish were consisted of ogak fish,
goatfish, cucut fish (milk shark), bloated fish, ray fish, and tamban fish (silver-stripe
round herring). The trash fish was collected in a 16 L container as many as 15 containers.

Research method. The method used in this study is experimental to determine the
variables in a group under controlled conditions (Sugiyono 2011). The experimental
design used was a completely randomized design (CRD) (Hanafiah 2005). The treatments
given are as follows (n = 3):
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A = 0% trash fish flour, 100% soy flour;
B = 25% trash fish meal, 75% soy flour;
C = 509% trash fish flour, 50% soy flour;
D = 75% trash fish meal, 25% soy flour;
E = 100% trash fish flour, 0% soy flour.

Research procedure

Making of fish trash flour. The initial process of making a trash fish meal was with fresh
trash fish washed clean, then steamed for 25 minutes; after that, it was drained, and the
cold fish was mashed with a mortar. The fish that have been refined were dried in the
sun, then the dried fish were sifted into more refined flour (Assadad et al 2015).

Making of pellet. Before making pellets, feed formulation was done to determine the
ingredient composition with a protein requirement of 45% and ratio variations of A, B, C,
D, and E as presented in the previous section. The ingredients used were weighed as
needed. The process of mixing was carried out gradually, starting from the lowest to the
highest portion of ingredients until the mixture was homogeneous. The method for
producing pellets involved mixing trash fish flour, soybean flour, fine bran, wheat flour,
vitamin mix, and mineral mix until the ingredients were thoroughly mixed, followed by
the addition of water while stirring evenly so that lumps can be formed. Each composition
of the ingredients was different for each variation (A, B, C, D, and E). Therefore, the
composition was determined based on calculation in the following section. After the
mixing process, the material was molded by grinding pellets suiting to the mouth size of
the grouper fish, followed by drying under the sunlight.

Feed formulation. The amount of feed to be produced was *10 kg for each treatment. To
determine the composition of each treatment's ingredients, it is necessary to consider the
percentage of final protein content. In this study, each treatment contained 45%
of protein, which was supplied from supplements (protein > 20%) and basals (protein <
20%). The protein content of each treatment is summarized in Table 1, while the
composition's determination can be seen in the following calculation results.

Table 1
Protein content of each ingredient

Material Protein content
Trash fish flour 37.70%
Soy flour 32.45%
Fine bran 12.35%
Wheat flour 10.50%

Each treatment contains six ingredients: trash fish flour, soybean flour, fine bran,
wheat flour, vitamin mix and mineral mix. Vitamin and mineral were determined as 2%
(200 g) of the total composition, respectively. Since every treatment generated 10 kg
pellet product, so the remaining ingredients needed is 9.6 kg, obtained from 10 kg - (200
g + 200 g).

Protein requirement = 45%;
Protein requirement after the addition of vitamin and mineral mix =

protein requirement X100 = —=2 100 = x 100 = 46.88%
remaining ingredients 100 - 4 96

As a result of the addition of the vitamin and mineral mix (4% of the total weight),

the protein requirement used to determine the composition of other ingredients is

46.88%. The Pearson Square was then used to determine the ingredient composition

based on the protein requirement. Pearson Square is a method for determining the
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portion of two feeds needed to meet protein or energy requirements of an
animal (Gusrina 2008).

Table 1 presents data about protein content of each ingredient which was obtained
from laboratory analysis. The materials with protein content more than 20% were
classified as supplementary protein, which are trash fish and soybean flour. Meanwhile,
with protein content below 20%, fine bran and wheat flour were classified as basal
protein.

Supplementary protein =

(o) 1 (o) 0, (0) (0)
Yotrash fish flour + %soy flour _ _37.70% + 32.45% _ 70.15% _ 35.075%
2 2 2
Basal protein =
o4 Fi (o) (o) [0) (0)
Yofine bran +2A)wheat flour _ 12.35% -; 10.50% _ 22.§5A) —  11.425%

Using those supplementary and basal protein data, the following calculation based
on Pearson Square can be used to determine the composition of fish feed ration for
protein requirement of 46.88%. In a Pearson Square, the composition of a component is
calculated depending on the composition of other components; therefore, in this
calculation, the supplementary is calculated by considering %basal, and vice versa.

Supplementary = %protein requirement - %basal protein = 46.88% - 11.425% =
35.455%
Basal = %protein requirement - %supplementary protein = 46.88% - 35.075%
11.805%
Total = supplementary + basal = 35.455% + 11.805% = 47.260%

Furthermore, the mass of each ingredient can be calculated as follows:

Mass of supplementary =

%esupplementary X mass of remaining ingredients = _35.455%
%total 91ng 47.269%

x 9.6 kg =7.2kg

Mass of basal =

%supplementary X mass of remaining ingredients = _11.805%
%total 91hg = T47.269%

X 9.6 kg = 2.4 kg

The allocation of the 7.2 kg of supplementary protein for trash fish flour and soy
flour is determined by their ratios in treatments A, B, C, D, and E. Meanwhile, the 2.4 kg
of basal protein is split in half for fine bran and wheat flour, with each 1.2 kg. Table 2
provides details on the composition of each ingredient in all treatments.

Table 2
Composition of each ingredient in each treatment
Ingredients
Treatment . Fine Wheat Vitamin Mineral
Trash fish flour Soy flour bran flour mix (2%6) mix (2%6)
A 0 kg (0%) 7.2 kg (100%) 1.2kg 1.2kg 200 g 200 g
B 1.8 kg (25%) 5.4 kg (75%) 1.2kg 1.2Kkg 200 g 200 g
C 3.6 kg (50%) 3.6 kg (50%) 1.2kg 1.2Kkg 200 g 200 g
D 5.4 kg (75%) 1.8 kg (25%) 1.2kg 1.2Kkg 200 g 200 g
E 7.2 kg (100%) 0 kg (0%) 1.2kg 1.2 kg 200 g 200 g
AACL Bioflux, 2023, Volume 16, Issue 1. 262

http://www.bioflux.com.ro/aacl



Feeding and observing the fish. This study used fry of the mud grouper with a total of
225 fish, which were divided into 5 treatments so that each treatment had 45 fish. Each
treatment had 3 containers (n = 3) so that each container contained 15 fish. To calculate
the initial weight and length of a fish, it was first weighed and then its total length was
measured. Before the test fish were used in the treatment, the fish were adapted for two
weeks. The procedure for adapting fish included fasting it for 3 days. After that, the fish
were fed using prawns mixed with artificial feed (pellets). Finally, the fish were fed using
petrogenol attractant to stimulate the fish appetite for the prepared feed.

Fish rearing was carried out in a 16 L-transparent jar filled with 10 L of salted
water with a total of 15 jars (5 treatments x 3). The treatment containers were aerated.
The water medium in the jar had a salinity of 28-30 ppt. Fish were fed at satiation with
the frequency of feeding three times a day, namely at 08.00, 13.00, and 17.00. The total
length and weight of the fish were measured at the beginning (first 20 days), middle
(second 20 days), and end (third 20 days) of the study, from February to April 2022.
Length and weight, daily growth rate, feed efficiency, and survival rate were the
measured parameters. In addition, temperature, pH, dissolved oxygen, and salinity were
used to measure water quality. Throughout the 60-day study, measurements were
obtained once every week. Water was replaced every three days or when it became
muddy. The condition of water quality during the study is shown in Table 3.

Table 3
Water quality
Treatment Temperature (°C) pH DO (mg L™) Salinity (ppt)
A 30-31 2.84 5.20-10.50 28-30
B 30-31 2.84 5.20-10.50 28-30
C 30-31 2.84 5.20-10.50 28-30
D 30-31 2.84 5.20-10.50 28-30
E 30-31 2.84 5.20-10.50 28-30

Test parameters

Fish weight and length. Weight (g) and length (cm) measurements were carried out
based on formulas developed by Effendie (2002):

Absolute weight gain = Wt-Wo (1)
Absolute length gain = Lt-Lo (2)

where: Wt is the fish final weight, Wo is the fish initial weight, Lt is the fish final length
and Lo is the fish initial length.

Daily growth rate. According to Huisman (1976), the growth rate can be measured using

the following formula:
— (¢ [*E_1) x100 (3)
Wo

where: & is weight growth rate (%), t is the length of the study (weeks), Wt is the

average weight of fish at the end of the study (g), and Wo s the average weight of fish at
the beginning of the study (g).

Feed efficiency. The amount of feed given throughout the study and the weight of the fish
at the beginning and end of the study will provide information regarding feed efficiency.
Watanabe (1988) proposed the following formula for determining feed efficiency:
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(Bt + Bd) - Bo

FE = =

x 100 (4)

where: FE is feed efficiency (%), Bt is fish weight at the end of the study (g), Bd is
weight of dead fish during the study (g), Bo is fish weight at the beginning of the study
(9), and F is the amount of feed consumed by fish during the study.

Survival rate. The number of live fish at the beginning and end of the study provides
information regarding the survival rate of fish. According to Effendie (2002), the survival
rate can be calculated using the following formula:

Nt
No

SR = x 100 (5)

where: SR is survival rate (%), Nt is the total of live fish at the end of the study, and No
is the total of live fish at the beginning of the study.

In addition, proximate analyses, including fat, crude fiber, protein, water, ash, and
carbohydrates, were performed on trash fish flour and the produced pellets (Tables 4 and
5).

Table 4
Results of the proximate analysis of trash fish flour
Test parameter Results (%)

Fat 10.58
Crude fiber 4.68
Protein 32.46
Water 18.43
Ash 32.82
Carbohydrate 0.47
Total 99.44

Table 5

Results of the proximate analysis of fish feed pellets from each treatment

Treatment
Test parameter A (%) B (%) C (%) D (%) E (%)
Fat 15.60 9.08 6.71 6.16 6.80
Crude fiber 8.55 4.82 6.36 6.81 5.65
Protein 33.02 37.87 30.15 34.69 31.59
Water 7.92 8.89 8.94 10.43 9.95
Ash 6.71 10.11 14.27 18.31 24.16
Carbohydrate 11.28 9.08 12.38 15.86 5.35
Total 83.08 79.85 78.81 92.26 83.50

Data analysis. The study's data were presented in tabular format, and the growth rate,
feed efficiency, and survival rate were calculated according to the provided formulae.
Analysis of variance (ANOVA) was conducted to examine the effect of treatment on the
tested parameters. Before performing the analysis, the collected data must be normally
distributed and homogeneous. If the probability value (p) is less than 0.05, then the
administration of pellets affects grouper growth. The Newman-Keuls test was conducted
to determine the difference between each treatment.
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Results. During 60 days of feeding and observation, the highest absolute length growth
was observed in treatment E (100% trash fish flour) with a value of 1.065 cm, while the
lowest absolute length growth was observed in treatment A (100% soybean flour) (Figure
2). In addition, the highest absolute weight of grouper was observed in treatment E with
a value of 1.997 grams, while the lowest was observed in treatment A (Figure 3). The
highest daily growth rate of grouper was found in treatment E with a value of 3.33%,
while the lowest was found in treatment A with a value of 0.57% (Figure 4). Meanwhile,
the treatment with the highest feed efficiency was E, with a value of 30.63% and the
treatment with the lowest feed efficiency was A, with a value of 5.32% (Figure 5). In
addition, the highest survival rate was E with a value of 89%, while the lowest survival
rate was found in treatment A with a value of 42% (Figure 6).
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Figure 3. Absolute weight growth of mud grouper.
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Discussion. During the study, the average growth rate of grouper ranged from 0.57 to
3.33% (Figure 4). The highest average rate is found in treatment E at 3.33%, and the
lowest is found in treatment A at 0.57%. According to Agustin et al (2022), feeding
snakehead fish (Channa striata) using 15% trash fish meal and 15% shrimp resulted in a
growth rate of 11.07%. Meanwhile, Utomo et al (2015) found that using trash fish
feed as a protein led to a growth rate of 5.56%. In addition, Yolanda et al (2013)
explained in their study that using 100% trash fish feed for Nile tilapia fish (Oreochromis
niloticus) resulted in a growth of 15.83 g. The result of the current study (3.33%) is
lower than other studies mentioned. This is because mud grouper comes from the sea
and is accustomed to eating natural food such as small fish (Selfati et al 2018),
crustaceans, and plankton, as well as the lack of ingredients in artificial feed in the form
of animal protein which makes the grouper disinterested in eating pellets. The
average feed efficiency during the study ranged from 5.32 to 30.63% (Figure 5).
Treatment E produced the highest feed efficiency with a value of 30.63%, while
treatment A had the lowest with a value of 5.32%. This is because 100% trash fish flour
is more appealing to groupers than other feeds. The ingredients have a distinct flavor and
aroma to stimulate the fish's appetite (Yin et al 2021). Besides, it is also one of the
animal proteins contents because the grouper prefers the content of feed ingredients that
contain animal protein over other ingredients (Nankervis et al 2022). Meanwhile, Utomo
et al (2015) used trash fish meal as catfish (Clarias sp.) feed, which resulted in a high
feed efficiency of 63.15%. Pinandoyo et al (2021) used trash fish meal and fermented
chicken manure in Sangkuriang catfish (Clarias sp.) feed, which produced the highest
feed efficiency in treatment of 70% trash fish meal and 30% fermented chicken manure.
In addition, Akbar & Soemarno (2012) found that using pellets and trash fish in tiger
grouper (Ephinephelus fuscoguttatus) feed resulted in the highest feed efficiency ranging
from 29 to 40%.

The highest survival rates were obtained during the study ranging from 42 to 89%
(Figure 6). The high survival rate of fish indicates that the use of trash fish meal in
artificial feeds is acceptable for groupers. Among the biotic factors that influence survival
rate are competitors, population density, age, and the capacity of organisms to adapt to
their environment (Nankervis et al 2022). Mortality determines the success of
maintenance efforts in agriculture. High mortality can occur if the seeds do not receive
the proper type and quantity of food immediately (Armiah 2010). Several factors also
contribute to the high mortality rate, including cannibalism. The presence of cannibalism
can be determined from the dead fish, whose bodies have been damaged by cannibalism
(Duk et al 2017). Mortality is caused not only by the nature of cannibalism but also by
the stress caused by environmental changes in fish (Schreck & Tort 2016). When sudden
environmental changes occur at a specific time, the fish immune system will weaken and
cause death (Solihin et al 2015). Finally, the mortality rate occurs when fish are not
stimulated to consume artificial feed due to ingredients that do not meet their nutritional
requirements.

Water quality factors include temperature, pH, DO, and salinity (Retnani &
Abdulgani 2013). Water is an essential living medium for fish existence. Based on water
quality measurement data collected during the maintenance period, it is known that the
temperature range for each treatment is between 30 and 31°C (Table 3). The
temperature range in grouper that is good for growth is 25-32°C (Sim et al 2005).
According to Langkosono (2007) research, cantang grouper (Serranidae) can grow at
temperatures between 25 and 32°C. According to the data, the temperature content is
suitable for grouper survival.

The measurement results for pH during the study were in the range of 2.84, while
the DO measurement ranged from 5.20 to 10.50 mg L™, and salinity measurements
ranged from 28 to 30 ppt. According to Decree No. 51 (2004) of the State Minister of the
Environment regarding standard quality of seawater, the dissolved oxygen content of > 5
mg L is optimal for the development of biota. The analysis on water quality parameters
revealed that the water quality during the study was still quite good and did not vary
between treatment containers.
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Conclusions. Based on the research conducted, it can be concluded that trash fish meal
can be used to stimulate the growth of mud grouper fry when added to the artificial feed.
Good treatment in artificial feeding on mud grouper fry is with a percentage of 100%
trash fish flour which produces a growth rate of 3.3% and a feed efficiency of 30.63%
(the highest compared to other treatments). In addition, the highest grouper survival
rate during 60 days of rearing was approximately 89%, indicating that 100% trash fish
flour can effectively support grouper survival.
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