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Addition of Methionine to Commercial Feed for Growth Induction of Sangkuriang Catfish Fingerlings (Clarias gariepinus) 

	



ABSTRACT	Comment by CRESENCIO CABUGA: Rewrite the abstract by these components:
Purpose/objectives-methods-results & implications-generalizations

	This research was conducted at Hatchery Building 4, Faculty of Fisheries and Marine Sciences, Padjadjaran University. The implementation began in December 2024 until February 2025. The purpose of this experiment was to obtain the best dose of methionine mixture with commercial feed Hi Pro Vite 781-1 to support growth induction, feed efficiency ratio, feed protein efficiency ratio, and protein retention in sangkuriang catfish. The treatment design used the RAL method with 4 treatments: A (0 g/kg feed), B (4 g/kg feed), C (6 g/kg feed), and D (8 g/kg feed) with four replications. Significant differences between treatments were tested using the Duncan Multiple Range Test (DMRT) with a confidence level of 95%. Data on absolute weight growth (Wg), feed conversion ratio (FCR), protein efficiency ratio (PER), protein retention, and carbohydrate retention were analyzed using Sigmaplot 16.0. The results showed that treatment C, using 6 g methionine/1 kg feed, showed the highest body weight gain (157.90 g), lowest FCR (1.580), protein efficiency ratio (16.91%), and lowest protein retention (53.01%) compared to other treatments. The best results in treatment C were due to methionine can induce growth more significantly compared to commercial feed without methionine addition. The best dose of methionine addition to commercial feed suitable for supporting optimal fish growth induction was found to be 6 g/kg feed.
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1. INTRODUCTION	Comment by CRESENCIO CABUGA: For the introduction why it happen that you start your in text citation to number 25? How about the number 1?
Sangkuriang catfish (Clarias gariepinus) is a commercially important freshwater species with substantial economic value and considerable potential for expansion in the aquaculture industry. One of the primary challenges in its cultivation is the low efficiency of feed utilization, which contributes significantly to elevated production costs [20]. 
This inefficiency arises from the fact that only about 40–60% of the commercial feed is effectively utilized for growth [15]. Catfish require dietary protein levels ranging from 30% to 36% for growth. Protein levels below 30% are known to significantly inhibit growth performance [12].
To support optimal growth, fish feed must contain ten essential amino acids: leucine, lysine, isoleucine, tryptophan, valine, arginine, histidine, phenylalanine, threonine, and methionine. Methionine plays an essential role in protein biosynthesis, acts as a methyl group donor in various metabolic pathways, and contributes to the synthesis of key biomolecules, including enzymes, hormones, and antioxidants such as glutathione, which are vital for maintaining cellular integrity [23]. Supplementation of methionine at optimal levels has been shown to significantly enhance weight and length gain in Sangkuriang catfish by improving feed efficiency, digestive enzyme activity, protein retention, energy metabolism, and immune function [17]. Methionine is recognized as the first-limiting amino acid, meaning that its deficiency can hinder growth even when other amino acids are present in adequate amounts [18]. The methionine requirement for optimal growth in catfish has been estimated to be approximately 2.3% of the total dietary protein [5]. Improper dosing can lead to adverse effects, as excessive methionine may cause amino acid antagonism and toxicity, ultimately impairing growth performance [16]. Therefore, determining the optimal level of methionine supplementation in commercial feed formulations is essential to promote efficient and sustainable growth in Sangkuriang catfish aquaculture.

2. MATERIAL AND METHODS
This research was carried out from December 2024 to February 2025, at the Hatchery Building 4, Faculty of Fisheries and Marine Sciences, Padjadjaran University. Proximate analysis could be conducted for the test feed at the Laboratory Sentral Padjadjaran University at the beginning and end of the study. Materials used in the study: juvenile sangkuriang catfish measuring 7-9 cm, Hi Pro Vite 781-1 commercial feed with a protein content of 33%, Methionine powder, and Progol.

2.1 Research Design
The study was carried out experimentally with four treatments and four replicates, the treatment given was the ratio of commercial feed addition: methionine powder, namely A (0 g/kg feed), B (4 g/kg feed), C (6 g/kg feed) and D (8g/kg feed). Feed is given as much as 5% of the total biomass weight and is given twice a day. The research design used was a completely randomised design (CRD).

2.1.1 Preparation for implementation
Each aquarium is filled with ± 15 L of water, followed by the installation of aeration and heating installations. Then, 5 fish with a length of 7-9 cm are put into the aquarium and acclimatized first for 7 days in a fiber tub to adjust to the new environment, maintenance media, use of aeration and heater installations are set at a temperature of 28°C. During the acclimatization process and the fish are feed commercial feed (without treatment) at a frequency of twice a day. Then the fish are weighed to determine the initial weight and the dose of feed to be given to the fish.

2.1.2 Implementation of research
The research was carried out for 56 days, and fish growth sampling was conducted every week, including water quality measurements, weighing, and measuring body length, along with weighing the feed that would be given to adjust the amount of feed in the next maintenance period. Feed is given twice a day, namely at 08.00 a.m. and 04.00 p.m. The amount of feed given is 5% of the fish biomass. The observation parameters for protein growth and efficiency are as follows:

a. Average Weight Gain
Average absolute weight gain is measured by calculating the weight of fish every 7 days. The calculation of absolute weight gain is carried out using the formula for absolute weight gain.
AWG = Wt−Wo
Information:
AWG = average weight gain (g)
Wt = final fish weight after harvesting (g)
Wo = initial fish weight of the first stocking (g)
T	= duration of fish reared (days)

b. Feed Conversion Ratio
The feed conversion ratio is measured by calculating the amount of feed consumption during culture divided by the total weight gain after the fish is harvested (if any dead weight is added to the final weight), using the formula feed conversion ratio, which is:
       F
FCR = (Wt + D) − Wo

Information:
FCR = feed conversion rate
Wo = biomass weight of the test fish at the start of the study (g)
Wt = biomass weight of the test fish after the fish is harvested (g)
D = weight of dead fish (g) 
F = weight of Feed given (g)

c. Protein Efficiency Ratio
The protein efficiency ratio can be determined by comparing weight gain with the amount of feed protein consumed during maintenance. The protein efficiency ratio formula is as follows:
REP = (Wt-Wo)/P
Information:
[bookmark: _Hlk198489794]FCR = feed conversion rate
Wo = biomass weight of the test fish at the start of the study (g)
Wt = biomass weight of the test fish after the fish is harvested (g)
D = weight of dead fish (g) 
F = weight of Feed given (g)

d. Protein Retention
Protein retention can be determined by analyzing the proximate protein of the fish's body at the beginning and end of maintenance and dividing by the amount of protein consumed during maintenance. The formula for protein retention is as follows:
RP = ((Fp - Lp))/P x 100%
Information:
PR = protein Retention
Fp = amount of fish body protein at the beginning of rearing (g)
Lp = amount of body proteins at the end of maintenance (g)
P = amount of protein consumed during maintenance

e. Water quality
Observation of water quality parameters is carried out every 7 days, and used as supporting data in determining the optimal conditions for the maintenance of test fish. Instruments used for measuring water quality parameters were water temperature with a thermometer, dissolved oxygen (DO) with a DO meter, and pH with a pH meter.

f. Proximate Analysis
At the beginning and end of the experiment, the final weight of the fish is measured, and the total amount of feed consumed is determined to calculate the feed conversion ratio (FCR). Finally, one catfish was taken from each replicate of each treatment for further analysis (used 50g fish for whole-body proximate analysis). Proximate analysis of water, ash, protein, lipid and carbohydrate content in fish follows the AOAC method (1990) [24].

2.2 Data Analysis
The data obtained was analyzed by Analysis of Variance (ANOVA) with a confidence level of 95%, and if there is a significant difference, it will be continued with Duncan Multiple Range Test (DMRT).	Comment by CRESENCIO CABUGA: If the study has been done use past tense	
3. RESULT AND DISCUSSION
3.1 Absolute weight gain
Absolute weight gain differed significantly between treatments, representing final biomass weight and early biomass due to different methionine administrations. The value of absolute weight gain (Fig. 1).

The results of the analysis showed that the absolute weight gain of test fish kept for 56 days increased at each treatment, as observed outcomes indicate that incorporating methionine into commercial feed significantly influences the weight gain of sangkuriang catfish. Specifically, treatment C with the addition of methionine at 6 g/kg feed showed the highest results, with weight growth reaching 157.90 ± 15.10 g, far exceeding other treatments. Treatment B with a dose of 4 g/kg feed produced a weight growth of 79.70 ± 11.40 g, while treatment D with a dose of 8 g/kg feed produced 73.40 ± 11.83 g. The lowest results were shown by treatment A (control) without adding methionine, with a weight growth of only 66.20 ± 9.84 g. The results showed that supplementing commercial feed with 6 g/kg methionine (treatment C) optimally enhanced the weight growth of Sangkuriang catfish fry. The methionine requirement for optimal catfish growth is consistently reported to range between 6.0 and 6.3 g/kg of feed. This consistency persists despite variations in fish strains, feed formulations, and rearing conditions, suggesting that methionine plays a fundamental role in supporting growth across different production settings [8].
Methionine plays a critical role in regulating the expression of growth-related genes and enhancing protein utilization, underscoring its importance in the physiological processes that support optimal fish development [7]. The optimal inclusion of synthetic methionine enhances proteolytic enzyme activity within the digestive tract, facilitating improved protein digestion and absorption, which in turn is positively associated with marked somatic growth in treatment C [17]. Methionine has been identified as the first limiting amino acid in plant-based diets, and its supplementation effectively overcomes this limitation to promote growth [18]. Optimal methionine supplementation enhances catfish health and immunity, improving energy use and growth performance [13].
[image: ]
Fig. 1. Absolute weight growth of sangkuriang catfish with the addition of different doses of methionine during 56 days of research.	Comment by CRESENCIO CABUGA: Please discuss your figure 1 thoroughly specifically the highest treatment “C” and what was the implications. Cite some previous works related. Do it in all of your figures. 
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Fig. 2. Feed conversion ratio (FCR) value of sangkuriang catfish with the addition of different doses of methionine during 56 days of research.


3.2 
3.3 Feed Conversion Ratio
Based on the data from the research results that have been carried out (Fig.2), the feed conversion value ranges from 1.580-2.001. Treatment C gave the lowest feed conversion value (1.580) compared to other treatments, followed by treatment B of 1.771, treatment D of 1.950, and treatment A (control) at 2.001. This indicates that the addition of methionine to commercial feed at an optimal dosage can improve feed conversion ratio (FCR) efficiency in Sangkuriang catfish. 

Based on the research data presented in the graph, Treatment C (6 g/kg) exhibited the lowest FCR value of 1.503 ± 0.0934, followed by Treatment B (4 g/kg) with a value of 1.717 ± 0.106, Treatment D (8 g/kg) at 1.990 ± 0.118, and Treatment A (control) with the highest FCR value of 2.003 ± 0.130. A lower FCR value indicates more efficient feed utilization, as it reflects the fish's ability to convert feed into body biomass more effectively. Feed Conversion Ratio (FCR) values reflect the efficiency of energy utilization, in which methionine plays a critical role not only in protein synthesis but also in energy and lipid metabolism. At the optimal dosage (Treatment C), methionine enhances energy efficiency by allowing more energy to be directed toward somatic growth. Conversely, both deficient and excessive dosages impair this efficiency. Additionally, methionine contributes to methylation processes, phospholipid synthesis, and taurine production mechanisms that collectively facilitate lipid absorption. These multifaceted functions support the conclusion that the 6 g/kg dosage used in Treatment C is the most effective in reducing FCR values.
The importance of a balanced amino acid profile for achieving efficient feed conversion has been confirmed by previous studies. For example, research on the use of pumpkin leaf meal as a feed additive for African catfish demonstrated that feeds with imbalanced amino acid compositions resulted in elevated feed conversion ratio (FCR) values ranging from 2.46-3.10 [6]. In contrast, supplementation with ingredients rich in essential amino acids significantly reduced FCR values to a range of 1.89 to 2.31.
The role of methionine in improving energy utilization and supporting growth is further evidenced by the reduction of the feed conversion ratio (FCR) to 1.42 following supplementation with essential amino acids in G3 Pearl transgenic catfish [4]. This is consistent with the notion that a balanced amino acid profile enhances protein retention by minimizing its catabolic use for energy and promoting its anabolic utilization in protein synthesis and somatic tissue development [20]. In a similar context, high-quality commercial catfish feeds are typically characterized by a balanced amino acid composition, with a methionine-to-protein ratio of approximately 2-3%, highlighting the critical role of sufficient methionine inclusion in optimizing feed efficiency [23].
3.4 Protein Efficiency Ratio
Protein efficiency ratio is a measure used to assess how effectively the protein given to fish or livestock can be converted into body growth [22]. The results of the analysis of the methionine addition to commercial feed have a significant effect on the protein efficiency ratio in sangkuriang catfish, the val value in each treatment is between 0.781 to 2.042 (Fig. 3)

The results showed that the treatment of methionine addition to commercial feed had a very significant effect on the absolute length gain of sangkuriang catfish. Specifically, treatment C with the addition of methionine at 6 g/kg feed showed the best results with a protein efficiency ratio value reaching 2.042 ± 0,235, far exceeding other treatments. Treatment B with a dose of 4 g/kg feed produced a protein efficiency ratio of 1.016 ± 0.200, while treatment D with a dose of 8 g/kg feed produced 0.982 ± 0.158. The lowest results were shown by treatment A (control) without the addition of methionine, with a protein efficiency ratio value of only 0.781 ± 0.281. 
The results of this study indicate that the addition of methionine to commercial feed can increase the efficiency of protein utilization in sangkuriang catfish fry. The optimal methionine dose of 6 g/kg feed is supported by findings indicating that the methionine requirement for promoting growth in catfish is approximately 6.3 g/kg feed. This alignment reflects the consistency of methionine needs across various catfish strains, there by reinforcing the validity of the present findings. In intensive aquaculture systems, improved feed efficiency not only enhances growth performance but also reduces nitrogenous waste resulting from inefficient protein metabolism, thus mitigating the environmental impact of aquaculture operations [8]. Protein efficiency ratio (PER) in catfish is strongly influenced by the amino acid profile of the diet, with methionine being a key contributing factor [1].
Amino acid supplementation in aquafeeds has been identified as an effective strategy to enhance feed utilization efficiency and growth performance in cultured fish. This aligns with the findings of the present study, in which methionine supplementation at an optimal dose was shown to improve the protein efficiency ratio and promote the growth of Sangkuriang catfish [2].
3.5 Protein Retention
The results showed that the treatment of methionine addition to commercial feed had a very significant effect on the absolute length gain of sangkuriang catfish in Fig. 4.
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Fig. 3. Protein efficiency ratio values of sangkuriang catfish with the addition of different doses of methionine during 56 days of research
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Fig. 4. Protein retention valueof sangkuriang catfish with the addition of different doses of methionine during 56 days of research	Comment by CRESENCIO CABUGA: Please integrate some studies that can support your data.



Specifically, treatment C with the addition of methionine at 6 g/kg feed showed the best results with protein retention values reaching 7.504 ± 0.856%, followed by treatment D with a dose of 8 g/kg at 4.932 ± 0.727%, treatment B with a dose of 4 g/kg at 3.679 ± 0.728%, and the lowest results in treatment A (control) at 3.492 ± 0.307% (Fig. 4). The results of this study are consistent with previous findings indicating that methionine supplementation in feed can enhance protein retention and promote fish growth. It has been reported that methionine addition to formulated diets improves specific growth rate, feed utilization efficiency, and protein efficiency ratio in Sangkuriang catfish fry, with an optimal dose ranging from 4 to 4.1 g/kg feed. In contrast, the present study identified 6 g/kg feed as the optimal methionine dose. This variation may be attributed to differences in experimental conditions, fish size, basal diet composition, or other environmental factors [16]. Increasing feed utilization efficiency and protein retention can reduce production costs and enhance profitability in fish farming. Furthermore, methionine supplementation may contribute to mitigating the environmental impact of aquaculture by improving feed utilization efficiency, which leads to reduced organic waste production [3]. By enhancing nutrient absorption and minimizing nitrogen and phosphorus excretion, methionine helps decrease the release of pollutants into aquatic environments, thereby supporting more sustainable aquaculture practices.

3.6 Water quality
Water quality plays an important role in supporting the survival of catfish. The water quality measured for 56 days in this study was temperature, pH, and dissolved oxygen (DO) levels. The average value of water quality can be seen in Table 1.


Table 1. Water Quality	Comment by CRESENCIO CABUGA: Why you only selected three parameters? What was your basis? And present a standard values set by your country or international agencies this is where you can compare your data.

	Water Quality
	Observation Results

	Temperature (°C)
	28°-30°

	pH
	3,2-4,1

	DO (mg/l)
	6,7-7,4



Water quality plays a crucial role in the growth of fish. An increase in temperature generally enhances fish appetite; however, excessively high temperatures lead to elevated ammonia toxicity. Elevated ammonia concentrations result in decreased dissolved oxygen levels and impair the oxygen-binding capacity of hemoglobin in the blood. Consequently, these conditions reduce fish appetite and inhibit growth. Methionine supplementation in feed predominantly enhances growth performance and feed efficiency in African catfish, while growth rate is more strongly influenced by environmental factors such as water quality and effective management practices throughout the cultivation period [11].	Comment by CRESENCIO CABUGA: Very few in text citations you can add more so it will be enough to support your data

4. CONCLUSIONS
The conclusion of this study is that the addition of methionine to commercial feed has a significant effect on improving growth performance, feed conversion ratio, protein efficiency ratio and protein retention in sangkuriang catfish. The use of 6 g methionine/kg feed showed the highest body weight gain (157.90 g) lowest FCR (1.580), protein efficiency ratio (2.042) and best protein retention (7.504 %) compared to other treatments.	Comment by CRESENCIO CABUGA: Please rewrite this part, by not starting the conclusion by the word” The conclusion of the study”, might you will start like: This study aims to determine the he best dose of methionine mixture with commercial feed Hi Pro Vite 781-1 to support growth induction, feed efficiency ratio, feed protein efficiency ratio, and protein retention in sangkuriang catfish (Clarias gariepinus) . Results found out….
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