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ABSTRACT
Keywords: The optimization of nursery rearing techniques plays a crucial role in
aquauclture improving the survival rate and growth performance of cantang grouper
efficiency; Cantang (Epinephelinae). This study evaluates the effectiveness of a two-stage nursery
grouper; economic rearing system at CV. Bali Akkua Marine, Bali, in enhancing production
analysis; nursery efficiency and economic feasibility. The results showed a consistently high
rearing survival rate of 95% across both phases. The reduction in stocking density in

the second phase minimized stress and improved fish growth, while optimized
water quality management, including filtration and flow-through systems,
maintained stable environmental conditions. In addition, tailored feeding
strategies incorporating vitamin C, probiotics, and Enrofloxacin 2S improved
feed efficiency (FCR 1.3) and fish health. Economic analysis indicated that the
system is highly feasible, with an R/C ratio of 3.48 and a break-even point far
below actual production levels, demonstrating a high margin of safety. These
findings highlight that the integration of optimized technical practices and
efficient resource utilization can significantly enhance both production
performance and economic sustainability in grouper nursery operations.

INTRODUCTION

The aquaculture industry has witnessed significant growth in recent decades, driven by
increasing global demand for seafood (Aquaculture, 2021). Among the various species
cultivated, the grouper (family: Serranidae), particularly the Cantang grouper (Epinephelinae),
has gained attention due to its high market value, fast growth rates, and excellent meat quality
(Henriksson et al., 2019). However, the cultivation of Cantang grouper faces several challenges,
particularly in the early stages of life, where the successful seedling (or larvae) development is
crucial to ensuring a steady supply of healthy juveniles for grow-out operations (Dwifajri,
Tapilatu, Pranata, & Kusuma, 2022; Hidayani et al., 2022).

The ability to culture groupers effectively in controlled systems has become
increasingly significant as consumer preferences shift toward seafood as a primary protein
source (FAOQ, 2020). At CV. Bali Akkua Marine, an established aquaculture company in Bali, the
optimization of grouper seedling techniques is essential to enhance production efficiency and
ensure the sustainability of operations. This process involves refining various aspects of the
hatchery and nursery systems, including water quality management, feeding strategies, and
environmental conditions, to maximize survival rates and growth performance. In addition to
biological performance, production efficiency in aquaculture is closely linked to economic
viability, where improved survival rates and feed utilization can significantly reduce production
costs and increase profitability.

Despite advancements in aquaculture technologies, significant challenges remain in the
hatchery and early-life stages of grouper cultivation, particularly concerning seedling mortality,
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slow growth rates, and inconsistencies in product quality (Gogalo & Lopes, 2024; Vasbinder &
Ainsworth, 2020). Moreover, many studies tend to focus primarily on technical performance,
while limited attention is given to how these improvements translate into economic benefits at
the farm level. Therefore, integrating technical optimization with economic evaluation is
essential to ensure that aquaculture practices are not only biologically effective but also
financially feasible.

This study aims to evaluate and optimize the existing techniques for grouper seedling
production, focusing on best practices to improve survival rates, growth efficiency, and overall
production outcomes at CV. Bali Akkua Marine. In addition, this study incorporates an economic
analysis to assess the feasibility and profitability of the optimized nursery rearing system. By
examining the technical and environmental factors that impact seedling development, this
research seeks to provide practical recommendations for aquaculture practitioners,
contributing to enhanced productivity in the Indonesian grouper farming sector. Moreover, the
findings aim to support the broader goal of sustainable and efficient aquaculture practices that
can meet the growing global demand for high-quality fish products.

METHOD
Location and Time

The research was conducted at CV. Bali Akkua Marine, Gerogak, Buleleng, Bali,
Indonesia. The climate conditions are tropical, with an average temperature of 29°C, Type C
rainfall (5 to 6 consecutive months of wet season), and humidity levels ranging from 75% to
95%. Data collection for this activity was carried out over a period of 5 months (August to
December 2024).

Experimental design

The process of nursery rearing for the cantang grouper begins with tank preparation,
selection and stocking of seeds, grading, feed management, water quality management, growth
measurement, pest and disease control, harvesting, and packaging. There are four types of
grouper maintenance tanks made of concrete, including: 3.3 x 3 x 1 m an indoor tank for
grouper nursery; 2.7 x 1.3 x 1 m an outdoor tank for maintenance and nursery of grouper; 1.2
x 1.5 x 1 m a quarantine/isolation tank; and 10 x 3 x 1 m a natural feed (plankton and rotifer)
tank. All tanks are equipped with inlet, outlet, and aeration channels. The inlet channel uses 1-
inch diameter PVC pipes. The outlet channel uses 4-inch and 2-inch diameter PVC pipes.

The seawater source used in this research activity comes from the northern coast of
Bali, approximately 240 meters from the research location. Seawater is collected using an 8-
inch diameter PVC pipe that is buried in the sand, angled towards the sea. The end of the pipe
is equipped with a suction filter and is directly connected to a 24 HP (Paard Kaard) electric
pump with a power of 7.5 HP (Horse Power). The seawater is then stored in a PVC reservoir
and allowed to settle for 24 hours. Water from the reservoir will then pass through two stages
of filtration. The first filter uses a physical filter (sand filter) measuring 4 x 1.7 x 3.5 m,
consisting of layers from bottom to top of river stones, gravel, charcoal packing, coir, mesh, and
sand. The second filter is a biological filter measuring 2 x 1.7 x 3.5 m, equipped with bacteria
and probiotics to improve water quality. The result from the second filtration will be directly
distributed to each maintenance tank.

Concrete tank preparation

The preparation of tanks for cantang grouper seeds is carried out through several
stages. Each concrete tank is cleaned using 100 ppm of chorine, followed by rinsing with
freshwater. After a drying process of 72 hours under sunlight, the aeration system were
installed. The aeration system used in the nursery rearing of cantang grouper comes from a 2
KVA supercharged blower, which distributes air through 1-inch PVC pipes to each aeration hose
located in the maintenance tanks. In the tank measuring 3.3 x 3 x 1 m, 9 aeration points are
used; in the tank measuring 2.7 x 1.3 x 1 m, 5 aeration points are used; in the tank measuring
1.2 x 1.5 x 1 m, 3 aeration points are used; and in the tank measuring 10 x 3 x 1 m, 18 aeration
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points are used. Each aeration point is installed at a height of 9 cm from the bottom of the tank,
with a spacing of 30 to 40 cm between each aeration point. The filling of water in the
maintenance tanks is done by adding filtered water stored in the reservoir, up to 34 of the tank's
volume.

Cantang grouper seed and feeding management

The cantang grouper seeds used are from the Brackish Water Aquaculture Seed Center
(BPBAP) in Situbondo, with a size of 2.7 - 3 cm and a weight of approximately 1.5 - 2.5 grams.
Visual observations and seed resilience tests are conducted. Visual observations include active
movement of the seeds, uniformity in seed size, bright scale color, good response to feed, and
the absence of physical defects were analyzez (Ybanez Jr. & Gonzales, 2023). The seeds were
stocks in concrete tanks with 1 - 2 seed/liter of water and added with 3 ppm of Mb and
antibiotics.

This study conducted in two phases of nursery rearing. The first phase was stock with
2 -3 cmfryin 3.3 x 3 x 1 m of indoor tank with the stocking density of 20.000. In addition, the
second phase was stock with 5 - 6 cm of fry in 2.7 x 1.3 x 1 m an outdoor tank with stocking
density of 19.000. Feeding is conducted using the ad satiation method, providing 3 - 5% of the
fish's body weight in four feedings time, specifically at 07:00, 11:00, 15:00, and 18:00 WIB.
Cantang grouper seeds measuring 2.7 - 3 cm are fed with KAIO pellets of size 0, which are
further ground using a blender. KAIO feed contains 51% protein, 8% fat, 3% fiber, 16% ash,
1.5% amino acids, 2.4% lysine, 1.5 - 4% calcium, and 0.5 - 2% phosphorus. For seeds
measuring 4 - 6 cm, MEGAMI GR1 pellets are used, and for seeds larger than 7 cm, MEGAM GR2
pellets are used. MEGAMI GR1/2 pellets contain 48% protein, 2% fat, 2% fiber, 10% ash, 2.5%
amino acids, 2.4% lysine, 3% calcium, and 1% phosphorus. A total of 1 gram of Vitamin C
(Ascorbic acid), 1 gram of Inrofloxacin 2S, and 5 grams of Progol booster are dissolved in 100
mL of freshwater and mixed evenly into 4 kg of feed.

Water quality management

Water quality management during the nursery rearing process is carried out through
daily siphoning of the tank's bottom. Siphoning is done carefully to avoid disturbing the settled
waste. Waste and the layer of oil covering the surface of the maintenance tank, especially
leftover uneaten feed, are removed using a scoop. Additionally, 30 - 50% of the tank's water
volume is replaced weekly. Water quality parameters such as temperature, pH, and salinity are
measured daily using DO meter TOX-901, Measurements of nitrite and ammonia were carried
out before stocking and every 10 days.

Growth parameter

After the experiment, the individual weight and total weight of the cantang grouper
were measured to calculate the growth paramters of the cantang grouper, including the
equaction;

. No — Na
Suvivale rate = Tx 100%

mt —mo
Weight gain rate (WGR) = X 100%

Feed convertion rate (FCR) — ————
mt —mo

Where: No represent the initial number of fish; Na is the number of fish deaths; mr and mo

denote the final and intial fish body masses; t denotes the duration of the experiment, and G

represents the total feed amount.

Economic Analysis

An economic analysis was conducted to evaluate the financial feasibility of the nursery
rearing system. The analysis was performed using a cost-revenue approach based on
production data obtained during the study period. The total production cost consisted of seed
cost, feed cost, and operational costs, including labor, electricity, and supporting materials.
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Total revenue was calculated based on the number of harvested fish multiplied by the
prevailing market price per unit. The following economic indicators were calculated:

Total Revenue (TR) = Number of harvested fish X selling price per fish
Total Cost (TC) = Seed cost + Feed Cost + Operational Cost
Profit (1) =TR —TC
RC Ratio = E
TC
To further assess economic feasibility, the break-even point (BEP) was calculated as follows:
TC
Selling price per fish
TC

Total Production

BEP (Production) =

BEP (Price) =

Economic values were estimated based on field data and prevailing market prices in
Indonesia.

RESULT AND DISCUSSION

The grouper seedling process involves two stages to ensure optimal growth and
enhance the survival rate of the fish Observations indicate that the two-stage seedling method
implemented significantly enhances the growth rate of the grouper fish and their survival rate
(Table 1). The survival rate (SR) for the grouper fish during both stages of the seedling process
is 95%. A high SR is an indicator of success in fish farming and can be achieved through good
management practices and optimal environmental conditions (Astari et al., 2024). Table 1 also
shows that although the stocking density slightly decreased from Phase I to Phase II, the harvest
quantity remained high with a consistent survival rate. The weight and length of the fish
significantly increased in Phase II.

Table 1. Comparison Between Two Phases of Grouper Nursery Rearing

Description 1 Nursery rearing phases .
Stocking Density 20.000 19.000
Harvest Quantity 19.000 18.050

SR (%) 95 95

Final weight (gr) 5 35
Final height (cm) 5-6 10-13

Culture periode (days) 45 40

FCR 1.3 1.3

The decrease in stocking density from Phase [ to Phase II can help reduce stress on the
fish, contributing to better growth and overall fish health. According to research by (Astari,
Budiardi, Ismi, Effendi, & Hadiroseyani, 2023), lower densities can enhance the quality of life
for fish and reduce competition for resources. The harvest quantities in Seedling 1 and Seedling
2 indicate an increase in the weight and length of the fish.

The significant increase in final weight from Phase | to Phase II indicates that the
applied seedling techniques successfully enhanced fish growth. The addition of boosters such
as vitamin C, progol, and Enrofloxacin 2S in this study has proven effective in improving the
growth and survival rate (SR) of grouper fish (Table 1). The production of dusky grouper in
Brazil, with an average size of 2 to 3 cm, takes approximately 60 to 180 days to grow to sizes of
5 to 10 cm (Ehlers et al., 2025). Vitamin C helps prevent stress in fish, leading to longer
survival(Cai et al., 2022). It influences growth, antioxidant status, and serum immune
parameters in grouper fish (Ebi et al.,, 2025).
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Progol is an all-purpose, organic, thermo-reactive binder that is stable at room
temperatures and therefore will mix well with other feed ingredients. Once the feed mix is
exposed to moisture and heat in the conditioner, this feed binder binds other feed ingredients.
It enhances pelleting capacity and reduces energy consumption at the feed mills. Morover,
Enrofloxacin is an antibiotic used to control bacterial infections in fish. In grouper farming, the
use of Enrofloxacin 2S can help reduce the incidence of diseases caused by pathogenic bacteria,
thereby improving fish health. By controlling infections, Enrofloxacin can enhance the survival
rate of grouper fish. This is particularly important during the seedling phase, where fish are
vulnerable to various diseases (Milijasevic, Veskovic-Moracanin, Babic Milijasevic, Petrovic, &
Nastasijevic, 2024).

The seedling activities for grouper fish utilize rectangular concrete tanks. Concrete
tanks help maintain a more stable water temperature compared to earthen ponds or floating
net cages (KJA), which can be affected by weather conditions. According to the (Haini &
Sumsanto, 2024), the smooth surfaces of concrete tanks reduce the likelihood of algae and
pathogen growth.

Water is a crucial factor in aquaculture activities; therefore, the water used must be
suitable for the natural habitat of the fish being cultivated. To maintain water quality during the
practice, two methods are employed: the use of a flow-through system, which ensures that the
water is continuously renewed and that waste settling at the bottom of the tank is naturally
flushed out. The second method is flushing, which is performed to prevent the accumulation of
bacteria from leftover feed and fish metabolic waste that settles at the bottom of the tank.
Additionally, each concrete tank in this studied was marked with horizontal and diagonal
yellow lines on the walls (Figure 1). This facilitates water quality management and reduces the
risk of contamination.

Figure 1. The concrete tank for cantang grouper seedling process in CV. Bali Akkua Marine

Table 2 shows the water quality parameters measured during the seedling rearing
period of the cantang grouper. The analyzed parameters include temperature, pH, salinity,
nitrite, and ammonia, with average values taken from several sampling periods. The average
water temperature recorded during the observation period ranged from 29°C to 30°C. This
value falls within the standard range set by the Indonesian National Standard (SNI), which is
between 28°C and 32°C. Optimal temperature is crucial for the growth and health of fish, as it
can affect their metabolism and physiological activities. A stable and appropriate temperature
can enhance the growth rate and survival of grouper fish (Das et al,, 2021).

Table 2. Water Quality
Paramter Sampling periode average Standard (SNI)
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I I1 111 IV

Temperature (°C) 30 29 29 29 28-32
pH 8.14 8 7,96 8 7.5-8.5
Salinity (ppt) 32 32 32 32 30-32
Nitrit (mg/L) 0.01 0.001 0.001 0.001 <1
Amonia (mg/) 0 0 0 0 <0.01

Stable pH and salinity in grouper aquaculture can significantly enhance feed efficiency
and fish growth (Wijayanto, Nugroho, Kurohman, & Nursanto, 2023). Fish living in optimal
conditions tend to grow faster. Rapid growth is directly related to feed efficiency, where fish
can convert feed into body mass more effectively. (Haini & Sumsanto, 2024). In addition to
biological performance, an economic analysis was conducted to evaluate the feasibility of the
nursery rearing system (Table 3). The total production cost was estimated at IDR 41,425,600,
consisting of seed cost, feed cost, and operational expenses. Meanwhile, total revenue reached
IDR 144,400,000, resulting in a net profit of IDR 102,974,400 per production cycle.

Table 3. Economic Analysis of Cantang Grouper Nursery Rearing

Parameter Unit Value
Initial stocking fish 20,000
Harvest quantity fish 18,050
Survival rate % 95
Final biomass kg 631.75
Feed conversion ratio (FCR) - 1.3
Total feed used kg 821.28
Feed cost IDR 16,425,600
Seed cost IDR 20,000,000
Operational cost IDR 5,000,000
Total cost IDR 41,425,600
Selling price IDR/fish 8,000
Total revenue IDR 144,400,000
Net profit IDR 102,974,400
R/C ratio - 3.48
Cost per fish IDR/fish 2,295
BEP (production) fish 5,178
BEP (price) IDR/fish 2,295

Furthermore, the economic performance observed in this study is consistent with
previous findings in grouper aquaculture, which emphasize the strong relationship between
technical efficiency and financial outcomes. Astari et al. (2024) reported that hatchery-scale
grouper production systems can achieve profitable operations when survival rates are
maintained above 80% and feed efficiency is optimized. The higher survival rate obtained in
this study (95%) indicates a more efficient production system, contributing to increased
revenue and reduced financial risk.

The R/C ratio was calculated at 3.48, indicating that the nursery operation is highly
profitable, where every IDR 1 invested generates IDR 3.48 in return. The cost per fish was
estimated at IDR 2,295, which is significantly lower than the selling price of IDR 8,000 per fish,
demonstrating a high profit margin.

The break-even point (BEP) analysis further supports the economic feasibility of the
system. The BEP production was calculated at 5,178 fish, which is considerably lower than the
actual production of 18,050 fish. Similarly, the BEP price was estimated at IDR 2,295 per fish,
far below the market price. This indicates a strong margin of safety and resilience against
potential market fluctuations. The high economic performance is closely linked to the technical
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Figure 2. Break Even Point

efficiency achieved in this study. The high survival rate (95%) increases the number of
marketable fish, while the low feed conversion ratio (FCR = 1.3) reduces feed costs, which are
the largest component of operational expenses in aquaculture. Therefore, the optimization of
nursery rearing techniques not only improves biological performance but also significantly
enhances economic profitability.

In terms of feed efficiency, the FCR value of 1.3 obtained in this study is relatively low
compared to several reported nursery systems, where FCR values typically range from 1.5 to
2.0 depending on feeding strategies and management practices. Lower FCR values directly
reduce feed costs, which represent the largest proportion of operational expenses in
aquaculture systems. This supports findings by Wijayanto et al. (2023), who highlighted that
improved feed utilization significantly enhances profitability in grouper farming.

The R/C ratio of 3.48 obtained in this study is higher than those reported in several
small- to medium-scale aquaculture operations, where R/C values generally range between 1.5
and 2.5. This indicates that the optimized two-stage nursery system applied in this study
provides a higher economic return and greater operational efficiency. Additionally, the
relatively low break-even point further confirms the financial resilience of the system, making
it more adaptable to market fluctuations.

These results demonstrate that integrating optimized technical practices with efficient
resource utilization not only improves biological performance but also significantly
strengthens the economic sustainability of grouper nursery operations. Therefore, the
implementation of such optimized systems can be recommended as a viable strategy for
enhancing both productivity and profitability in aquaculture enterprises.

CONCLUSION

The optimized two-stage nursery rearing system significantly improved the growth
performance and survival rate of cantang grouper, achieving a consistent survival rate of 95%.
Efficient feeding strategies and proper water quality management contributed to enhanced fish
growth and health. Economically, the system proved highly feasible, with an R/C ratio of 3.48
and a break-even point far below actual production levels. The high survival rate and low FCR
(1.3) played a key role in reducing costs and increasing profitability. Overall, the integration of
technical optimization and efficient resource use enhances both production performance and
economic sustainability in grouper nursery operations.
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