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Abstract. Catfish (Clarias gariepinus) cultivation is one of the potential fisheries sectors, but economic
efficiency is often influenced by various factors such as feeding frequency, feed quality, and pond
environmental conditions. This research aimed to analyze the effect of feeding frequency on economic
efficiency in catfish cultivation in Padang City, by considering feed quality and pond conditions as control
variables. The research method used was multiple linear regression analysis with data from 85
respondents obtained through interviews and observations. The independent variable of this research
was the frequency of feeding, while the control variables included feed quality and pond conditions, with
economic efficiency as the dependent variable. The results showed that feeding frequency and feed
quality had a significant effect on economic efficiency, while pond conditions had a smaller but still
significant effect. These findings emphasize the importance of appropriate feeding strategies, investment
in high-quality feed, and good pond condition management to improve economic efficiency in catfish
cultivation.
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Introduction. Catfish (Clarias gariepinus) cultivation in Indonesia, particularly in Padang
City, West Sumatra, has experienced rapid growth in recent years. According to the
Padang City Fisheries Service (2022), the total production of catfish in Padang increased
by 35% between 2018 and 2022, reaching 2,450 tons year!. Padang City, the capital of
West Sumatra Province, holds significant potential for the development of aquaculture,
including catfish, which is a leading commodity due to its adaptability to various
environmental conditions and high market demand. However, this rapid growth has also
led to several challenges related to economic efficiency, particularly because feed costs
account for up to 60-70% of total production expenses (Dauda et al 2018). However,
catfish farmers in Padang City face several challenges that impact their economic
efficiency, with suboptimal feed management being one of the most critical issues.
Feeding management plays a pivotal role in catfish cultivation. Inappropriate or excessive
feeding frequencies can lead to significantly higher feed costs. Inefficient feeding
practices result in waste, ultimately reducing farmers' profit margins. Conversely,
inadequate feeding can negatively affect fish growth, leading to suboptimal production
outcomes (Uzochukwu et al 2023; Mugo-Bundi et al 2024). In Padang City, most catfish
farmers operate on a small to medium scale with pond sizes ranging from 200 to 500 m?,
average stocking densities of 80-100 fish per m?, and feeding costs representing 60-70%
of total operational expenses (Padang City Fisheries Service 2022). Previous studies have
highlighted that feed quality and feeding frequency are crucial factors in improving the
economic efficiency of catfish farming (Giri et al 2003; Dauda et al 2018). Therefore, to
sustain the industrial growth of catfish farming in Padang City, it is essential to
investigate how feeding frequency affects economic efficiency and identify feeding
strategies that balance growth and cost-effectiveness.
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In addition to feeding frequency, other factors that influence the efficiency of
catfish farming include feed quality and pond environmental conditions. Low feed quality,
for instance, can increase the feed conversion ratio (FCR), meaning that farmers require
more feed to achieve the desired fish growth (Shi et al 2024). Pond environmental
conditions, such as temperature, pH, and oxygen levels, also significantly impact fish
health, which, in turn, affects productivity and economic efficiency (Allam et al 2020;
Padang City Fisheries Service 2022).

This research aimed to analyze the effect of feeding frequency on economic
efficiency in catfish farming in Padang City, while considering control variables such as
feed quality and pond environmental conditions. The study adopts a quantitative
approach with an explanatory design, which is commonly used in socio-economic
research to examine relationships between specific variables (Gujarati 2004; Walpole et
al 2012). Multiple linear regression analysis was employed to provide insights into how
proper management of feeding frequency, high-quality feed, and well-maintained
environmental conditions can enhance economic efficiency in catfish cultivation in Padang
City.

Material and Method. This study adopted a quantitative approach with an explanatory
design. The main objective was to determine the effect of feeding frequency on economic
efficiency in catfish farming, while considering control variables such as feed quality and
pond environmental conditions. The quantitative approach and explanatory design are
widely utilized in studies that aim to examine relationships between variables in a socio-
economic context (Gujarati 2004). Data were collected between March and July 2024
through a structured survey using both questionnaires and direct interviews with catfish
farmers to ensure clarity and completeness of responses. To control the accuracy of the
data, cross-verification was conducted by comparing farmer-reported information with
records from the Padang City Fisheries Service and field observations. To achieve this
objective, multiple linear regression analysis was employed to assess the impact of
feeding frequency on economic efficiency, as well as the influence of control variables like
feed quality and pond environmental conditions. Multiple linear regression is a widely
recognized technique for analyzing relationships between several independent and
dependent variables in socio-economic research (Walpole et al 2012). The model used in
this study is as follows:
Y = B0 + B1X + B2Z1 + B3Z2 + ¢ (1)

where: Y = economic efficiency (income per kg of fish, feed cost per kg of fish;

X = feeding frequency (total of feeds per day);

Z1 = feed quality (nutrient content in the feed);

Z2> = pond environmental conditions (water temperature, pH, and dissolved
oxygen content);

Bo = constant;

B1, B2, B3z = coefficients that show the effect of each variable on economic
efficiency;

€ = error term representing unobserved factors not included in the model,
assumed to have a mean value of zero and constant variance 02, with its significance
tested through the classical assumption tests (normality, homoscedasticity, and
independence).

The population for this research consisted of catfish farmers in Padang City,
totaling 108 individuals. Using the Slovin formula (Ghozali 2011; Huberty & Petoskey
2020), n = N/ (1 + N(e)2), where n = sample size, N = population size (108 farmers),
and e = margin of error (0.05 or 5%), the required sample size was calculated to be
approximately 85 catfish farmers. A simple random sampling technique was employed to
ensure that the sample adequately represented the population. This technique was
chosen because the population of catfish farmers in Padang City is relatively
homogeneous in terms of farming practices, pond sizes, and feed management patterns.
Therefore, each farmer had an equal probability of selection, minimizing sampling bias
and providing a representative sample of the entire population. Stratified or purposive
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sampling methods were deemed unnecessary as there were no distinct subgroups or
criteria requiring separate analysis. The definition of each variable used in the regression
model, along with their respective indicators, is presented in Table 1 to provide clarity
regarding variable measurement and operationalization.

Table 1
Research variables
No. Variables variable Indicators
types
1 Economic efficiency Dependent e Income per kg of catfish (USD)
e Feed cost per kg of fish (USD)
e Feed conversion ratio (FCR)
2 Feeding frequency Independent ¢ Amount of feeding per day used by
farmers (frequency and total of
feed in kg)
3 Feed quality Control e Nutritional content of feed (protein,
fat, and carbohydrates in feed)
e Type of feed used: pellets or
natural feed (type/concentration)
4 Pool environmental Control e Water temperature in pond (°C)
conditions e pH of pond water

e Dissolved oxygen content in pond
water (mg L)

Feed quality and pond environmental conditions were selected as control variables
because previous studies have consistently shown them to be the most significant
external factors influencing fish growth and production costs besides feeding frequency
(Dauda et al 2018; Uzochukwu et al 2023). These variables directly affect feed
conversion efficiency and fish health, which in turn determine economic outcomes. Other
potential factors, such as market price fluctuations, farmer experience, and access to
credit, were not included because they introduce high variability beyond the scope of this
study’s focus on biological and technical determinants of economic efficiency. By
controlling feed quality and pond conditions, we ensured that the effect of feeding
frequency on economic efficiency was not confounded by major environmental and
nutritional factors.

Data analysis technique. Before performing the regression analysis, a classical
assumption test was conducted to ensure that the data met the requirements for multiple
linear regression. This test included a normality test to verify that the residuals followed
a normal distribution, a multicollinearity test to check for high correlations between
independent variables, and a heteroscedasticity test to ensure that the variance of
residuals was consistent across different values of the independent variables. Once the
data satisfied these assumptions, a multiple linear regression analysis was conducted to
examine the relationship between feeding frequency and economic efficiency, with feed
quality and pond environmental conditions serving as control variables.

The data analysis process involved several steps. First, a multicollinearity test was
conducted to ensure the absence of strong correlations among the independent variables
(Gujarati 2004). This was followed by a multiple linear regression analysis to examine the
effect of feeding frequency on economic efficiency, with feed quality and pond
environmental conditions included as control variables. Subsequently, a t-test was
employed to assess the statistical significance of each independent variable, while an F-
test was utilized to evaluate the overall significance of the regression model. The
significance testing procedure encompasses three key stages: the t-test determines the
individual significance of each variable on economic efficiency, the F-test assesses the
collective significance of the regression model, and the coefficient of determination (R2)
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quantifies the proportion of variation in the dependent variable explained by the
independent variables in the model. All statistical analyses were performed using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA), which is widely used for econometric and
socio-economic research.

Results. Following the assessment of 85 catfish farmers in Padang City, the results are
summarized in Table 2.

Table 2
Indicator assessment results
. . Assessment results
Variables Indicator Minimum Maximum Mode Mean
Economic Income per kg of catfish (USD) 0.95 1.52 1.52 1.35
efficiency Feed cost per kg of fish (USD) 0.44 0.57 0.51 0.49
Feed conversion ratio (FCR) 1 2 2 2
Feeding Feeding frequency (times/day) 2 5 2 3
frequency Total of feed per day (kg) 2 3 2 2
Feed quality Protein (%) 28 36 30 32
Fat (%) 6 10 8 8
Carbohydrate (%) 12 18 16 15
Type of feed used Artificial Natural  Artificial Artificial
feed feed feed feed
Environmental Pond water temperature (°C) 27 31 30 29
conditions Pond water pH 7 8 7 7
Dissolved oxygen content (mg L) 5 7 6 6

The average income per kilogram of catfish was 1.35 USD, with a range of 0.95 USD to
1.52 USD, indicating stable profit potential. The most frequently observed income (mode)
was 1.52 USD, suggesting a profitable sales level under optimal conditions. The average
feed cost per kilogram of fish was 0.49 USD, with a range of 0.44 to 0.57 USD. The mode
for feed cost was 0.51 USD, reflecting a relatively controlled level of operational cost
efficiency. The average FCR was recorded at 2, indicating efficient feed utilization for fish
weight gain. While this FCR value is already considered satisfactory, there is still potential
for further improvements to optimize productivity and reduce production costs.

The average feeding frequency was three times per day, with a range of two to
five times per day, reflecting flexibility in feeding practices based on the needs of the
fish. The average amount of feed given per day was 2 kg, with the most frequently
observed amount (mode) being 2 kg. This feeding amount can be adjusted further to
align with the requirements of fish growth and environmental conditions, ensuring
efficient feed utilization while maintaining optimal fish growth.

The feed used in catfish farm contains adequate nutritional content to support fish
growth, with an average composition of 32% protein, 8% fat, and 15% carbohydrates.
High protein content is particularly beneficial for accelerating catfish growth, while fat
and carbohydrates provide essential energy. The most commonly used type of feed is
artificial feed, reflecting farmers' preference for easily accessible feed with consistent
nutritional quality to enhance farm productivity (Obirikorang et al 2015; Eriza et al 2022;
Stone et al 2024). Previous studies have shown that feed with protein content above
30% can significantly increase growth rates and feed efficiency in catfish farming, while
maintaining optimal feed conversion ratios (Giri et al 2003; Dauda et al 2018). Moreover,
the use of artificial feed with balanced nutrients has been linked to improved fish health
and reduced mortality rates, which directly contributes to higher economic efficiency
(Uzochukwu et al 2023; Hildebrand et al 2024).

The average pond water temperature was recorded at 29°C, with a range of 27 to
31°C. This temperature falls within the optimal range for supporting catfish growth,
indicating stable environmental conditions in the ponds (Setyawan et al 2019; Hlordzi et
al 2020). Additionally, the average water pH was measured at 7, representing a neutral
condition that is ideal for fish health (Sinha et al 2022). The average dissolved oxygen
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content was 6 mg L!, which is sufficient to meet the needs of catfish (Wambua et al
2021; Araujo et al 2025). However, the DO content occasionally reaching a minimum
value of 5 mg L highlights the importance of maintaining water quality, particularly in
ponds with high fish densities, to prevent fish stress and ensure consistent growth (Toko
et al 2007; Yildiz et al 2017).

The results of the statistical tests confirm that all assumptions required for linear
regression analysis are satisfied. The normality test (Shapiro-Wilk) yielded a p-value >
0.05, indicating that the data is normally distributed and the assumption of normality is
met. The multicollinearity test, assessed using variance inflation factor (VIF), revealed no
indication of multicollinearity among the independent variables, thus satisfying the
assumption of independent predictors. Furthermore, the heteroskedasticity test (Breusch-
Pagan) showed no evidence of heteroskedasticity in the model, with a p-value > 0.05,
thereby fulfilling the assumption of homoscedasticity. As the assumptions of normality,
absence of multicollinearity, and homoscedasticity are met, the regression results are
considered valid and can be reliably interpreted for subsequent analysis.

The classical assumption tests presented in Table 3 indicate that the data met all
necessary requirements for multiple linear regression analysis. The Shapiro-Wilk test
confirmed normality (p = 0.623 > 0.05), the VIF values below 10 showed no
multicollinearity (VIF = 1.053-1.034), and the Breusch-Pagan test confirmed the absence
of heteroskedasticity (p = 0.778 > 0.05).

Table 3
Classic assumption test results
Test Statistic Conclusion
Normality Statistic: 0.988 Data is normally
(Shapiro-Wilk) p-value: 0.623 distributed
Multicollinearity (VIF) const: 41463.060 No multicollinearity
Feed frequency (X): 1.053 detected
Feed quality (Z1): 1.026
Pond condition (Z;): 1.034
Heteroskedasticity LM statistic: 1.095 No heteroskedasticity
(Breusch-Pagan) p-value: 0.778 detected
f-stat: 0.352

f p-value: 0.788

The results of the regression analysis presented in Table 4 show that feeding frequency
(X) had the highest positive and significant effect on economic efficiency (B = 18.460, p
< 0.001), followed by feed quality (Z1) (B = 8.471, p < 0.001) and pond environmental
conditions (Z2) (B = 1.483, p = 0.048).

Table 4
Results of regression analysis
Variable Coefficient Standard error t-Statistic  p-value Significance
Const -792.825 146.538 -5.41 0.000 Yes
Feed frequency (X) 18.460 4.873 3.788 0.000 Yes
Feed quality (Z1) 8.471 1.481 5.718 0.000 Yes
Pond condition (Z2) 1.483 0.74 2.004 0.048 Yes

Relationship between independent and dependent variables. The regression
analysis identified the following relationships between the independent variables and the
dependent variable, economic efficiency:

e Feeding frequency (X): the coefficient of 18.460 indicates a strong positive
relationship. Each additional unit increase in feeding frequency results in an
18.460-unit increase in economic efficiency. This effect is highly significant (p <
0.001).
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e Feed quality (Z1): a coefficient of 8.471 shows a substantial positive impact.
Improving feed quality by one unit increases economic efficiency by 8.471 units.
This relationship is statistically significant (p < 0.001).

e Pond conditions (Z2): The coefficient of 1.483 implies a slight positive effect.
Improved pond conditions enhance economic efficiency by 1.483 units, with a
marginally significant relationship (p = 0.048).

Model performance. The performance of the regression model is as follows:

- R-squared: 0.745, indicating that 74.5% of the variability in economic efficiency
is explained by the independent variables;

- adjusted R-squared: 0.321, accounting for the number of predictors in the
model;

- F-statistic: 14.23 (p < 0.001), demonstrating that the model is statistically
significant;

- Durbin-Watson statistic: 1.716, suggesting no significant autocorrelation in the
residuals.

All values, including R-squared, adjusted R-squared, F-statistic, and the Durbin-
Watson statistic, were automatically generated by the regression output in SPSS version
26.0 (IBM Corp., Armonk, NY, USA). The Durbin-Watson statistic specifically was used to
test for the presence of autocorrelation in the residuals, with values between 1.5 and 2.5
generally indicating no serious autocorrelation (Gujarati 2004).

Regression equation. The regression equation derived from the analysis is:
Y = —792.826 + (18.460 - X) + (8.471 - Z1) + (1.483 - Z2) (2)
where: Y = economic efficiency;
X = feeding frequency;
Z: = feed quality;
Z2 = pond conditions.

The regression model indicated that feeding frequency and feed quality exerted
the most significant and substantial positive effects on economic efficiency, while pond
environmental conditions contributed a smaller yet positive impact. The model is
statistically robust, with all assumptions normality, absence of multicollinearity, and
homoskedasticity satisfactorily met. These findings suggest actionable strategies to
enhance economic efficiency, emphasizing the optimization of feeding practices and
improvements in feed quality as key priorities.

Discussion

Economic efficiency. The results of the analysis indicate that catfish farming has a
relatively high profit potential. The average income per kilogram of catfish is 1.35 USD,
while the average feed cost is 0.49 USD per kilogram of fish, suggesting a relatively large
profit margin. The most frequent income (mode), at 1.52 USD, indicates that under
optimal conditions, this farm method can generate higher income. However, the average
FCR of 2, although considered quite efficient, still leaves room for improvement.
Optimizing feed management to reduce the FCR value could significantly enhance overall
profitability.

Research by Koagne et al (2025) indicated that technical efficiency in catfish
farming has not yet reached its maximum potential, with an average technical efficiency
of 0.935. This suggests that there is room for improvement in the management of
production factors. Similar findings were reported by Shalih & Hayati (2021), who
employed the Cobb-Douglas production function model. Their study recorded the
technical efficiency of catfish farming in Nigeria District at 0.91, further indicating the
potential for efficiency improvements. Meanwhile, the technical efficiency of catfish
farming in Nigeria averaged 0.85, with economic efficiency at only 0.66, highlighting that
catfish farming in the region is not yet economically efficient (Olagunju et al 2024). To
enhance efficiency, several technologies can be applied. For example, the use of a biofloc
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system with a higher carbon-to-nitrogen (C/N) ratio has been shown to improve fish
growth and reduce the FCR, achieving a minimum FCR value of 1.06 (Limbu 2020).
Additionally, Shahariar et al (2024) demonstrated that using black soldier fly maggots as
an alternative to commercial pellets can lower FCR and enhance catfish growth. The
application of biofloc technology in dumbo catfish farm has also been proven to reduce
FCR to as low as 0.64 while significantly decreasing feed costs (Huang et al 2025).
Overall, these studies highlight that economic efficiency in catfish farming can be
significantly improved through better management practices, the adoption of innovative
technologies, and the use of alternative feed sources. Implementing these strategies not
only reduces production costs and increases profitability but also promotes the long-term
sustainability of catfish farming.

Feeding frequency. The average feeding frequency was three times per day, with a
range of two to five times. This practice aligns with the nutritional needs of the fish, as
an ideal feeding frequency supports optimal growth while minimizing waste. The average
amount of feed provided daily was 2 kg, with a mode of 2 kg, indicating that the majority
of farmers adopt an efficient approach to feed management. Nevertheless, further
adjustments based on fish growth rates and activity levels could enhance feed efficiency.

The results of the analysis reveal a strong positive relationship between feeding
frequency and economic efficiency, with a coefficient of 18.460. This coefficient
represents the change in economic efficiency measured as net income (in USD) per
kilogram of catfish produced. Specifically, each additional feeding session per day
increases the net income by 18.460 USD per metric ton of production, holding feed
quality and pond conditions constant. This indicates that each additional feeding session
per day increases economic efficiency by 18,460 units. The significance of this variable (p
< 0.001) underscores the critical role of feeding frequency in enhancing catfish farm
outcomes. However, excessive feeding should be avoided, as it can lead to resource
wastage and deterioration of water quality. Therefore, a well-planned feeding schedule is
essential to optimize efficiency while preserving environmental quality.

Research by Hildebrand et al (2024) showed that a feeding frequency of 6 times
per day provided the best length growth in catfish compared to frequencies of 2 and 4
times per day. Okomoda et al (2019) and Wu et al (2021) emphasized the importance of
the right feeding frequency in catfish farm. They found that feeding 5 times a day
provided the best growth in dumbo catfish kept in bucket media. Efficient feeding
management can reduce production costs and increase sales results in catfish farming
(Almazan-Rueda et al 2004; Abdel-Aziz et al 2021; Elesho et al 2021).

Higher feeding frequency can increase the daily growth rate and absolute growth
of Sangkuriang catfish (Clarias sp.) seeds (Salhi et al 2004). Rodjaroen et al (2024)
stated that good feeding management, including the right frequency, can increase feed
efficiency and growth of pearl catfish. Thus, optimal feeding frequency management is
very important in catfish farm to achieve maximum growth and feed efficiency, while
maintaining water quality and the farm environment.

Feed quality. The nutritional content of the feed used, with an average protein of 32%,
fat of 8%, and carbohydrate of 15%, indicates a fairly high feed quality. Significant
protein content contributes to faster fish growth, while fat and carbohydrates provide
adequate energy. The selection of artificial feeds most often used by farmers shows a
preference for consistent and easily accessible feed sources. However, testing alternative
feeds, such as natural feeds, can be an option to improve cost efficiency and nutritional
quality.

Feed quality also has a major influence, with a coefficient of 8.471. High-quality
feed provides the nutrients needed for fish growth, which ultimately increases economic
efficiency. The significance of this variable (p < 0.001) indicates that investment in high-
quality feed is essential to increase productivity and economic output. These results are
in line with previous studies that emphasize the importance of feed in supporting farm
productivity. Therefore, catfish farm managers must prioritize access to high-quality feed
as part of an efficiency-increasing strategy.
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Research by Eriza et al (2022) and Stone et al (2024) confirmed that high-quality
feed, which has complete nutritional content and economical price, can increase catfish
productivity. Obirikorang et al (2015) and Arisa et al (2018) showed that the use of local
raw materials as catfish feed can increase farm productivity, with absolute weight and
length growth of 9.94 g and 3.83 cm, respectively, and feed efficiency of 103.24%.
Utomo et al (2013) found that fish meal from various raw materials plays a role in the
growth of Sangkuriang catfish, showing the importance of feed quality in supporting farm
productivity.

High cost and low quality of feed are obstacles in the farm process, so that
additional ingredients (feed additives) are needed to be added to the feed to obtain
better fish growth and feed efficiency (Hasan & Shipton 2021; Kaleem & Sabi 2021; Amri
et al 2023; Kumar et al 2023; Roslan et al 2024). Natural and artificial feed affects the
growth and survival of African catfish seeds, emphasizing the importance of feed quality
in catfish cultivation (Ferosekhan et al 2020; Limbu 2020; Rahman et al 2020; IImi et al
2023; Hildebrand et al 2024).

Thus, catfish farming managers must prioritize access to high-quality feed as an
integral part of the efficiency improvement strategy. This effort can be done by choosing
a trusted feed brand, evaluating the nutritional content of the feed, and ensuring
consistent feed availability. Investment in high-quality feed can be considered a strategic
step to increase the profitability and sustainability of catfish farming businesses.

Pond condition. Stable pond environmental conditions also support the success of
catfish cultivation. The average temperature of 29°C with a range of 27 to 31°C is within
the optimal range for fish growth. The average water pH of 7 indicates neutral water
conditions and supports fish health. The average dissolved oxygen content of 6 mg Lt is
also sufficient for fish respiration needs. However, the minimum dissolved oxygen value
of 5 mg L! needs to be watched out for, especially in ponds with high fish density.
Routine water quality monitoring and the use of aerators can be a solution to maintain
dissolved oxygen stability.

Although the influence of pond condition is smaller (coefficient = 1.483), this
variable is still statistically significant (p = 0.048). Well-maintained pond conditions,
including water quality and physical infrastructure, create a healthy environment for
catfish growth. This suggests that efforts to improve pond conditions, although not the
main factor, can still provide significant benefits. For example, practices such as regular
pond cleaning, aeration, and water quality monitoring can help optimize economic
outcomes.

Water quality parameters such as dissolved oxygen, pH, temperature, and
ammonia concentration must be managed effectively to ensure maximum catfish growth
(Hlordzi et al 2020; Saha et al 2022; Sinha et al 2022). Polluted water can cause stress
to fish, reduce feed efficiency, and increase mortality rates (Wambua et al 2021;
Uzochukwu et al 2023; Araujo et al 2025). In addition, practices such as regular pond
cleaning, aeration, and periodic water quality monitoring are also important elements in
pond management. Adequate aeration can increase dissolved oxygen levels in ponds,
which have a positive impact on catfish growth rates and feed efficiency (Toko et al
2007; Yildiz et al 2017; Calone et al 2019). Cleaning the bottom of the pond from
leftover feed and organic waste prevents the accumulation of organic matter that can
reduce water quality. Periodic water quality monitoring, such as measuring pH,
temperature, and ammonia levels, helps maintain stable pond conditions. In this study,
ammonia concentration was not included as a control variable because most sampled
farms reported relatively homogeneous ammonia levels resulting from similar water
management practices. Additionally, field measurements of ammonia were not
consistently available across all farms during the study period. As a result, dissolved
oxygen, pH, and temperature were prioritized as control variables due to their more
direct and consistent influence on fish health and economic efficiency. Future studies
should integrate ammonia data to provide a more comprehensive analysis of water
quality impacts.
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Ponds with good management can increase fish growth rates by up to 20%
compared to poorly maintained ponds (Setyawan et al 2019). These results indicate that
although pond conditions are not the main factor such as feed quality or feeding
frequency, well-maintained ponds still provide real benefits both biologically and
economically. Therefore, catfish farming managers must integrate best practices into
pond management to support sustainable productivity. Investing in pond maintenance
that includes aeration, regular cleaning, and water quality monitoring is a strategic step
to ensure optimal results and cost efficiency in catfish farming.

Practical implications. The results of this research provide several practical
recommendations for fish farmers to improve the economic efficiency and productivity of
catfish farming businesses.

Feeding strategy. Adjusting the frequency of feeding has been shown to have a
significant impact on economic efficiency. By increasing or adjusting the amount of feed
given according to the needs of the fish, farmers can maximize growth and yields.
However, excessive feeding should be avoided because it can waste resources, increase
production costs, and reduce pond water quality. A feeding frequency of five times a day
gives the best results in African catfish farming (Okomoda et al 2019; Komariyah et al
2024).

Investment in feed quality. Allocating resources to purchase high-quality feed provides
substantial economic benefits. High-quality feed increases feed efficiency, accelerates fish
growth rates, and reduces unused feed waste. The use of quality feed with additional
feed additives can increase feed efficiency and catfish growth (Chris et al 2018; Essa et al
2011; Roslan et al 2024).

Pond maintenance. Although its impact on economic efficiency is not as great as the
frequency or quality of feed, maintaining optimal pond conditions is an important part of
an integrated approach to cultivation. Practices such as regular pond cleaning, aeration,
and water quality monitoring help maintain fish health, prevent the accumulation of
organic waste, and increase feed efficiency. Good pond management can increase fish
growth and reduce the risk of disease (Kautsky et al 2000; Bosma & Verdegem 2011;
Opiyo et al 2018; Elesho et al 2021).

Conclusions. Based on the results of the analysis, the frequency of feeding has a
significant positive relationship with economic efficiency. Every increase in the frequency
of feeding tends to increase economic efficiency, as long as the quality of the feed is
maintained and the pond conditions are supportive. Feed quality as a control variable
also shows a significant effect, where feed with high nutritional content contributes to
optimal fish growth and feed use efficiency. In addition, pond environmental conditions,
although their impact is smaller, still provide real benefits in supporting economic
efficiency, especially through maintaining stable water quality and implementing good
pond management practices. The results of this research indicate that the right feeding
strategy, coupled with management of feed quality and pond conditions, are the keys to
increasing economic efficiency in catfish farming.
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