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ABSTRACT  

Fortification of essential amino acids in self-formulated feed is a strategic approach to improve 

nutrient efficiency and reduce production costs in barramundi (Lates calcarifer) aquaculture. 

This study aimed to evaluate the effect of dietary lysine supplementation at 0.5% in self-

formulated feed on growth performance and feed utilization efficiency. The experiment was 

conducted from March to June 2023 using a completely randomized design with two 

treatments: commercial feed as control and self-formulated feed supplemented with lysine, 

each with three replicates. Fish were reared under controlled conditions and fed to satiation. 

Observed parameters included weight gain, length increment, specific growth rate (SGR), feed 

conversion ratio (FCR), feed efficiency (FE), and water quality. The results demonstrated that 

lysine supplementation significantly improved growth performance and feed utilization. Fish 

fed lysine-supplemented feed showed higher weight gain (13.87±0.37 g) compared to the 

control (11.99±0.31 g), as well as lower FCR (1.76±0.10) than commercial feed (2.70±0.10). 

Feed efficiency was also significantly higher in the lysine treatment (56.8±3.17%) compared 

to the control (37.1±1.31%). However, no significant difference was observed in SGR between 

treatments. In conclusion, lysine fortification in self-formulated feed enhances growth 

performance and feed efficiency of barramundi, indicating its potential as a cost-effective and 

sustainable feeding strategy in aquaculture practices. 
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ABSTRAK  

Fortifikasi asam amino esensial dalam pakan mandiri merupakan strategi untuk meningkatkan 

efisiensi nutrisi dan menekan biaya produksi dalam budidaya ikan kakap putih (Lates 

calcarifer). Penelitian ini bertujuan untuk mengevaluasi pengaruh penambahan lisin sebesar 

0,5% dalam pakan mandiri terhadap kinerja pertumbuhan dan efisiensi pemanfaatan pakan. 

Penelitian dilaksanakan pada Maret–Juni 2023 menggunakan rancangan acak lengkap dengan 

dua perlakuan, yaitu pakan komersial sebagai kontrol dan pakan mandiri terfortifikasi lisin, 
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masing-masing dengan tiga ulangan. Ikan uji dipelihara dalam wadah terkontrol dan diberi 

pakan secara ad satiation. Parameter yang diamati meliputi pertumbuhan bobot dan panjang 

mutlak, laju pertumbuhan spesifik (SGR), rasio konversi pakan (FCR), efisiensi pemanfaatan 

pakan (EPP), serta kualitas air. Hasil penelitian menunjukkan bahwa fortifikasi lisin secara 

signifikan meningkatkan kinerja pertumbuhan dan efisiensi pakan. Perlakuan pakan mandiri 

dengan lisin menghasilkan bobot mutlak yang lebih tinggi (13,87±0,37 g) dibandingkan kontrol 

(11,99±0,31 g), serta nilai FCR yang lebih rendah (1,76±0,10) dibandingkan pakan komersial 

(2,70±0,10). Efisiensi pemanfaatan pakan juga meningkat secara nyata pada perlakuan lisin 

(56,8±3,17%) dibandingkan kontrol (37,1±1,31%). Sementara itu, nilai SGR tidak 

menunjukkan perbedaan yang signifikan antar perlakuan. Temuan ini menunjukkan bahwa 

suplementasi lisin dalam pakan mandiri berpotensi meningkatkan efisiensi produksi melalui 

perbaikan pemanfaatan nutrisi dan performa pertumbuhan ikan kakap putih, sehingga dapat 

menjadi alternatif formulasi pakan yang lebih ekonomis dan berkelanjutan. 

 

Kata Kunci: Lisin, Pakan Mandiri, Kakap Putih, Pertumbuhan, Efisiensi Pakan 

 

INTRODUCTION 

White snapper (Lates calcarifer) or barramundi, is an aquaculture species with high 

economic value in tropical and subtropical regions. Its commercial value is demonstrated by 

high market demand, reaching 98.86 tons per year with a price range of IDR 60,000–70,000 

per kilogram (Widianti & Ariasari, 2025). To meet this demand, intensive cultivation is a 

sustainable solution. However, in intensive cultivation systems, feed costs contribute 60–70% 

of total operational costs (Mahmud & Ritu, 2025). Therefore, feed efficiency is the main key 

to business sustainability. 

Commercial feeds are generally formulated with complete and balanced nutritional 

content, ensuring optimal fish growth. However, the high price of commercial feed is often a 

major limiting factor for small and medium-scale farmers (Kleih et al., 2013). As an alternative, 

the development of more affordable self-formulated feeds continues to be encouraged, such as 

efforts undertaken by the Lampung Center for Marine Aquaculture. Although these self-

formulated feeds meet crude protein standards (28–30%), several reports indicate a lower 

growth rate for white snapper compared to commercial feeds. (Windarto, et al. (2019). This 

indicates a nutritional imbalance, particularly essential amino acids, in the formulation of 

independent feeds (Putri, et al. 2018). 

Protein is the most critical nutritional component in fish feed, serving as the primary 

source of amino acids for tissue synthesis, growth, and cell repair (Salamanca & Herrera, 2025). 

Protein quality is determined not only by its quantity, but also by the composition and balance 

of essential amino acids. Lysine is one of the essential amino acids that is most often a limiting 

factor in plant-based feeds. (Hossain et al., 2026). Lysine deficiency can cause decreased feed 

efficiency, stunted growth rates, and metabolic disorders (Ruby et al., 2022). Previous studies 

on white snapper have shown that lysine supplementation significantly improves growth and 

feed efficiency (Imani, et al., 2021). Therefore, fortification of certain amino acids, such as 

lysine, is an effective nutritional strategy to improve the protein quality of locally sourced feeds 

(Malik et al., 2017). 

Based on this background, this study aims to evaluate the effect of lysine addition to a 

self-feed on growth performance and cost efficiency in white snapper. A multivariate analysis 

approach will be used to understand the interactions between nutritional parameters and 

growth. The results of this study are expected to provide recommendations for optimal, cost-

effective, and sustainable self-feed formulations, thus providing a practical solution for the 

white snapper aquaculture industry in Indonesia. 
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RESEARCH METHODS 

The research was conducted from March to June 2023 at the Lampung Maritime 

Aquaculture Center (BBPBL) and the Pangandaran Marine and Fisheries Polytechnic 

laboratory. The equipment used included tanks, aeration tanks, digital scales, scoop nets, 

basins, sieves, brushes, cloths, a water quality taster, and a feed press. Materials used: Snapper, 

commercial feed No. 3, fresh water, sea water, chlorine, and lysine. 

 

Feed Preparation 

The feed used in this study consisted of commercial feed (PK) and self-prepared feed 

(PM). Both types of feed have compositions appropriate to the needs of white snapper. Making 

independent feed is done by mixing raw materials in the form of Fish Meal (27.93%), Soybean 

meal (59.84%) Bran (2.99% gr) Corn flour (2.49%), Wheat flour (2.71%), Lysine (0.5% gr) 

Vit C (0.06%), Taurine (0.02%), Methionine (0.26%), Pytase (0.06%), Dicalcium 

Phosphate/DCP (0.50%), Mineral mix (0.10%), Amino nutricall (0.01%), Vit. premix (0.01%) 

into a mixer machine until homogeneous. During mixing, 2 L/10 kg of water is added little by 

little. Then the pellets are molded, using a mold size No. 3, sieved and dried using an oven. 

After leaving the oven, they were treated with fish oil (1.44%), and cooled. 

 

Research Design 

The study used a Completely Randomized Design (CRD) method, divided into two 

treatment groups with three replications: fish fed commercial feed (CP) and fish fed self-feed 

supplemented with 0.5% lysine (PM). Ten white snapper fingerlings measuring 6-7 cm in 

length and weighing an average of 3.5 grams were stocked into 12 100-L containers from the 

Lampung Center for Marine Aquaculture (SNI 6145.3.2014). The fish were reared for 45 days 

and fed using the at-satiation method three times a day. During the maintenance process, 

observations and water changes were carried out (Rayes et al. (2013). 

 

Growth Observations 

During the research process, observations were made regarding growth, FCR, and EPP. 

Absolute length gain is the difference between the length of the fish from the tip of the head to 

the tip of the tail at the end of the observation and the initial body length (Sahusilawane et al., 

2025). Measurements of absolute weight gain and absolute length gain were calculated at the 

end of the observation using the following formula (Perdana et al., 2022): 

1) Absolute Weight Gain: 

W = Wt–Wo 

Where: 

W = Absolute weight gain (g) 

Wt = Average final weight (g) 

Wo = Average initial weight (g) 

 

2) Absolute Length Growth: 

P = Pt–Po 

Where: 

P = Absolute length gain (cm) 

Pt = Fish length at the end of maintenance (cm) 

Po = Fish length at the beginning of maintenance (cm) 
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3) Specific Growth Rate (SGR) 

The specific growth rate is the percentage difference between the final and initial weights, 

divided by the length of the rearing period. The daily growth rate is obtained using the 

following formula (Imani et al., 2021): 

 x 100% 

Where: 

SGR = Daily growth rate (%/day) 

Wt = Average fish weight at the end of cultivation (fish) 

Wo = Average fish weight at the beginning of cultivation (fish) 

T = Length of cultivation (days) 

 

4) Feed Conversion Ratio (FCR) 

FCR can be calculated using the following formula (Santika et al., 2021): 

 
Where: 

F = Amount of feed consumed 

Wt = Fish weight at the end of cultivation 

D = Number of fish that died 

Wo = Fish weight at the beginning of cultivation 

 

5) Feed Utilization Efficiency (FEE) 

FEE can be calculated according to (Windarto et al., 2019) using the following formula: 

EPP = (Wt – Wo / F x 100%) 

Where: 

EPP = Feed Utilization Efficiency 

Wt = Weight of test fish at the end of cultivation (g) 

Wo = Weight of test fish at the beginning of cultivation (g) 

F = Amount of feed consumed (g) 

 

Water Quality Observations 

During the research process, in-situ water quality observations were conducted. 

Parameters observed included temperature, pH, DO, and salinity. The method used in water 

quality observations complies with SNI (Table 1). 

 

Table 1. Water Quality Parameters 

Parameter Unit Methods 

Temperature (0C) Thermometric 

pH - pH meter 

DO (mg/L) Electrochemical 

Salinity (g/L) Refractometry 

 

Statistical Analysis 

The data analysis methods used were divided into two: quantitative descriptive analysis 

and qualitative descriptive analysis. The data obtained were first processed using quantitative 

descriptive analysis, then presented in tables, graphs, and figures. The quantitative descriptive 

analysis included observations of specific growth (SGR), absolute length growth, absolute 

weight growth, survival rate (SR), FCR, EPP, and water quality measurements. 
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RESULT 

The quality of the feed provided was analyzed using proximate analysis. The analysis 

was conducted at the Fish Health and Environmental Testing Laboratory, Serang. The 

parameters tested included protein, fat, ash, and moisture content (Table 2). 

 

Table 2. Composition of Commercial and Self-Prepared Feed Based on Proximate Analysis 

Feed Type Protein Fat Ash Content Moisture Content 

Commercial feed 40% 6% 12% 10% 

Self-Prepared feed + 0.5% 

lysine 

40% 8.3% 19.5% 5.5% 

 

The results of the proximate analysis showed that the self-prepared feed supplemented 

with lysine contained 40% protein, 8.3% fat, 19.5% ash, and 5.5% moisture. 

During the maintenance period, sampling was carried out to determine the growth rate 

and efficiency of feed use of white snapper, which is presented in Table 3. 

 

Table 3. White Snapper Growth Results 

Growth Parameters Self-Prepared Feed + 0.5% Commercial Feed  
Average Absolute Weight (g/fish) 13.87 ± 0.37a 11.99 ± 0.31b 

Average Absolute Length (cm/fish) 3.51 ± 0.50a 3.45 ± 0.20b 

SGR (%) 0.045 ± 0.001a 0.042 ± 0.001a 

FCR  1.76 ± 0.10a 2.70 ± 0.10b 

EPP (%) 56.8 ± 3.17a 37.1 ± 1.31b 

SR (%) 100a 100a 
Note: 

PK : Commercial Feed 

PM : 0.5% Lysine Formulated Feed 
 

Table 4. Water Quality Observation Results 

Parameter  PK1 PK2 PK3 PK4 Quality Standards 

Temperature 

(°C)  
29.5 ± 0.6 29.8 ± 0.5 29.5 ± 0.6 29.3 ± 0.5 28 - 32ºC 

DO (mg/L)  5.17 ± 0.2 5.35 ± 0.4 5.49 ± 0.3 5.29 ± 0.3 > 4 

Salinity (ppt)  30.5 ± 1.3 30.5 ± 1.3 30.5 ± 1.3 30.5 ± 1.3 0 - 28 

pH (ppm)  8.10 – 8.28 8.07 – 8.16 7.95 – 8.36 7.99 – 8.21 7.0 – 8.5 

       

  PM1 PM2 PM3 PM4 Quality Standards 

Temperature 

(°C)  
29.8 ± 0.5 29.5 ± 0.6 29.3 ± 0.5 29.8 ± 0.5 28 - 32ºC 

DO (mg/L)  5.14 ± 0.3 5.18 ± 0.3 5.41 ± 0.2 5.34 ± 0.4 > 4 

Salinity (ppt)  30.3 ± 1.26 30.5 ± 1.3 30.5 ± 1.3 30.5 ± 1.3 0 - 28 

pH (ppm)  7.98 – 8.19 7.98 – 8.22 8.02 – 8.21 7.98 – 8.34 7.0 – 8.5 

 

DISCUSSION 

Absolute Weight Gain 

The absolute weight gain of barramundi on the PM diet was 13.87 grams, while on the 

CP diet it only increased by 11.99 grams. The data indicates that barramundi supplemented 

with lysine exhibited faster growth compared to those fed without lysine. This finding aligns 

with research on lysine in barramundi (Murillo-Gurrea et al., 2001). 
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Lysine is an essential component, used to increase weight gain and plays a role in the 

digestive system (Zhang et al., 2024a). M. H. Li et al. (2019) also reported that lysine affects 

fish muscle tissue and increases size growth (Moura et al., 2016). Lysine contains a substrate 

used to synthesize carnitine, which is necessary for the transport of long-chain fatty acids from 

the cytosol to the mitochondria for oxidation (Chien et al., 2022). The addition of lysine to the 

feed can increase the formation of carnitine, which enhances the oxidation process 

(Rachmawati & Nurhayati, 2022). 

 

Absolute Length Growth 

The absolute length growth of white snapper in PM was 10.83 g, while in PK it only 

increased by 10.48 g. The data shows that snapper fed with lysine in the feed produced the 

highest absolute length compared to feed without lysine supplementation. This indicates that 

the addition of lysine to the feed significantly affects the absolute length of white snapper. 

Falco et al. (2020) reported that essential amino acids are essential for supporting optimal 

growth in addition to serving as an energy source. Lysine deficiency directly inhibits length 

growth (Turano et al., 2002). Lysine plays a role in optimizing the utilization of other amino 

acids, thereby increasing the amount of protein utilized for length growth (Khalida, et al., 

(2017). Lysine is a limiting factor and determines protein retention for growth in length 

(Glencross, 2006). 

 

Specific Growth Rate (SGR) 

The specific growth rate (SGR) of white snapper fed with PM was 0.045 g/day, while 

that of CP only increased by 0.042 g/day. Data show that snapper fed with lysine 

supplementation did not significantly increase their specific growth rate. 

This indicates that growth rate also depends on the balance of amino acid composition in 

the feed. Lysine is the first limiting amino acid; an imbalance between lysine and other amino 

acids can inhibit protein synthesis in the body (Dou et al., 2023). Poonnual et al. (2025) also 

stated that lysine did not accelerate relative growth efficiency per unit initial weight. SGR is 

highly influenced by formulation Crane (2020) and sensitivity to initial weight (Jobling, 1983). 

 

Feed Conversion Ratio (FCR) 

The FCR for PM was 1.76 compared to the commercial value of PK is 2.7. The feed 

conversion ratio (FCR) is defined as the ratio of total feed consumed to fish weight gain, 

reflecting the efficiency of the feed in producing biomass (Dou et al., 2023). A higher 

conversion value indicates poor feed utilization efficiency, indicating the feed is unable to 

support production. 

According to Saputra & Samara (2022), a low FCR, but resulting in high growth rates, 

corresponds to the level of feed efficiency. Furthermore, food digestion is said to depend on 

the fish's absorption capacity. The correct amino acid ratio improves feed utilization by 

increasing the expression of genes regulating protein synthesis (Murillo-Gurrea et al., 2001). 

The use of feed with a balanced amino acid content, particularly meeting lysine requirements, 

has been shown to increase the efficiency of protein synthesis. This allows each gram of feed 

to be effectively converted into meat, resulting in a lower (more efficient) FCR in barramundi 

(Poonnual et al., 2025). According to Imani (2021), feed quality is influenced by the fish's 

absorption of the consumed feed. Essential amino acids in feed has a high absorption rate which 

means that the nutrients are easily absorbed and utilized for metabolism (Zhou et al., 2004). 

 

Feed Utilization Efficiency (FUE) 

Results obtained during observations revealed a feed efficiency value of 56.8% for the 

PM treatment (0.5% lysine formulation), while the feed efficiency value for the PK treatment 
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(commercial control) was 37.1%. The feed utilization efficiency (FUE) value for barramundi 

with the addition of 0.5% lysine to the stand-alone feed is considered effective. According to 

Saputra & Samara (2022), a good EFE value indicates that the feed consumed is of good 

quality, easily digested and utilized efficiently by the fish. Pangentasari et al. (2025) stated that 

a feed can be considered good if the feed efficiency value is greater than 50% or even 

approaching 100%. 

Optimal Lysine supplementation increases Feed Utilization Efficiency (FUE). This 

indicates that feed is used efficiently for growth, so that the use of feed protein for basal energy 

needs can be minimized and the remainder is allocated to body tissue synthesis (Poonnual et 

al., 2025). Lysine acts as a precursor in the formation of carnitine, a long-chain fatty acid carrier 

compound needed to penetrate the mitochondrial membrane for the fat oxidation process. This 

mechanism is important for efficient energy supply in white snapper maintenance (Harpaz, 

2005). Optimal Lysine availability supports carnitine synthesis, so that long-chain fatty acid 

metabolism increases to supply energy. This results in a protein-sparing effect, where non-

protein energy is met by lipids and energy from protein is optimally allocated for muscle 

growth (J. Li et al., 2017). 

 

CONCLUSION 

The results of research activities conducted at the Center for Marine Aquaculture 

(BBPBL) Lampung on the Effect of Adding Lysine Amino Acids to Independent Feed on the 

Growth of White Snapper (Lates Calcarifer) can be concluded that the Absolute Weight growth 

value in the PM treatment (0.5% lysine formulation) got a value of 13.87 gr and in the PK 

Treatment (commercial) got a value of 11.99 gr. Absolute Length Growth in the PM treatment 

got a value of 3.51 cm and in the PK treatment got a value of 3.45 cm. The SGR obtained in 

the PM treatment was 0.045% and in the PK treatment got a value of 0.042%. The FCR in the 

PM treatment was 1.76 and in the PK treatment 2.70. The EPP obtained in the PM treatment 

was 56.8% and in the PK Treatment was 37.1% and the Survival Rate (SR) of white snapper 

during maintenance had a Survival Rate (SR) of 100% (80 tails). It is necessary to provide 

treatment with lysine at different doses to determine the correct dose used in feed according to 

the phase of white snapper. 
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