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Abstract. Halid I, Rusli A, Patahiruddin, Siswati, Syarifuddin M, Witno, Ar Razak RA, Syukroni I. 2025. Habitat-driven variation in 

amino and fatty acid profiles of Rabbitfish from the Makassar Strait and Gulf of Bone, Sulawesi, Indonesia. Biodiversitas 26: 4865-

4873. This study aimed to determine the amino and fatty acid profiles of Rabbitfish (Siganus spp.) inhabiting different marine 

environments, specifically the Makassar Strait and the Gulf of Bone, Indonesia. Samples were collected from four locations: Balang 

Lompo Island, Panikiang Island, Karang-Karangan, and Batu Lotong waters. Freshly caught specimens were transported to the 

laboratory in ice-cooled containers to maintain sample integrity before preparation and biochemical analysis. To assess the effect of 

habitat, the amino acid and fatty acid compositions of rabbitfish muscle tissues were quantified, and the data were statistically analyzed 

using One-Way ANOVA. The results revealed significant habitat-driven variation, with rabbitfish collected from Panikiang Island 

exhibiting the most complete and diverse amino acid profile. Both essential and non-essential amino acids showed significant 

differences compared to the other three sites, except for glycine and cysteine, which remained relatively consistent. Similarly, the fatty 

acid profiles of Panikiang Island samples were more comprehensive, with higher concentrations and diversity than those of fish from 

Balang Lompo, Karang-Karangan, and Batu Lotong. These findings demonstrate that habitat characteristics play an important role in 

shaping the biochemical composition of rabbitfish, providing valuable insights into ecological adaptation, nutritional quality, and 

potential implications for fisheries management and aquaculture development. 

Keywords: Amino acids, fatty acids, Gulf of Bone, Makassar Strait, rabbitfish 

Abbreviations: ANOVA: Analysis of Variance, ARA: Arachidonic Acid, DHA: Docosahexaenoic Acid, DPA: Docosapentaenoic Acid, 

EPA: Eicosapentaenoic Acid, LC-PUFA: Long-Chain Polyunsaturated Fatty acids (LC-PUFA) 

INTRODUCTION 

Rabbitfish (Siganus canaliculatus (Park, 1797)) is an 

essential marine fish in various habitats, including straits 

and gulf. It is known for its unique feeding behaviours and 

ecological roles in aquatic ecosystems. In addition, rabbitfish 

is an herbivorous fish that feeds on various algae and 

seagrass. Its eating habits make this fish play a crucial role 

in maintaining the balance of coral reefs and seagrass beds 

by controlling algae growth (Topor et al. 2019; Müller et 

al. 2021). Habitat type can influence feeding behavior and 

biochemical composition of rabbitfish. Studies have shown 

that differences in temperature, salinity, and food sources 

affect the levels of amino and fatty acids in marine fish 

(LaMonica et al. 2021). 

According to previous studies, rabbitfish has high 

economic value and is a target of traditional fishermen in 

several regions in Indonesia, especially in the Makassar 

Strait and the Gulf of Bone. The tender meat and delicious 

flavor make it a favorite fish in traditional and modern cuisine. 

Rabbitfish fisheries support coastal livelihoods and supply 

local and regional markets, emphasizing their ecological and 

economic importance (Jaikumar 2012; Halid 2018; Kamilan 

et al. 2023; Awaluddin et al. 2024). However, the flavor and 

aroma of the meat in each region have distinct differences 

and characteristics, showing that the fish is endemic to 

certain waters.  

The flavor of rabbitfish is greatly influenced by its 

amino acid content. Amino acids, especially those classified 

as non-essential, such as glutamic and aspartic, can 

enhance the meat's natural savory taste (umami). Collagen-

derived peptides also influence the perception of sweet and 

bitter tastes (Hu et al. 2022). The influence of amino acid 

content on the aroma of fish meat can occur through 

various biochemical pathways and reactions. Amino acids 

serve as precursors for the formation of volatile compounds 

that contribute to the aroma profile (Zhang et al. 2022). For 

example, cysteine facilitates the formation of sulfur-containing 
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compounds, contributes to the aroma of meat, and reduces 

the bitter taste (Ding et al. 2023).  

In addition to the amino acid content, the flavor and 

aroma of rabbitfish meat are also influenced by fatty acid 

content. The flavor is affected by Poly-Unsaturated Fatty 

Acids (PUFA). Due to the inability of fish to synthesize 

these fatty acids, the compounds are often obtained from 

their food. The fatty acid profile, including the balance of 

saturated, monounsaturated, and polyunsaturated fatty 

acids, significantly influences the flavor and perception of 

meat (Roy et al. 2022; Choudhury et al. 2023).  

Amino and fatty acid profiles are crucial biochemical 

markers that reflect the nutritional status and ecological 

adaptations of marine organisms. Various factors, including 

the type of diet, habitat, and environmental conditions, 

influence these profiles. Understanding the profiles can 

provide valuable insights into the ecological roles and 

physiological adaptations, particularly those with significant 

environmental and economic importance. Environmental 

factors, such as water temperature, salinity, and nutrient 

availability, have been shown to alter the composition of 

amino and fatty acids in fish muscle (Keva et al. 2019; 

Bayissa et al. 2021; Fernandez-López et al. 2024). 

Ecological factors, such as temperature, feed diet, 

salinity, and ecosystem conditions (Antonucci et al. 2019; 

Maikanov et al. 2020; Kondratiuk and Otchenashko 2021), 

can directly or indirectly influence the amino acid and fatty 

acid profiles of fish. Extreme increases in water temperature 

can lead to increased concentrations of free amino acids in 

various tissues, indicating a shift in amino acid metabolism 

in response to temperature stress (Wang et al. 2019). 

Temperature changes can also lead to changes in fatty acid 

profiles, such as an increase in PUFA, suggesting adaptive 

mechanisms to cope with the current condition (Antonucci 

et al. 2019). Global environmental changes, including 

warming and shifting nutrient ratios, can reduce the 

availability of PUFA in fish food webs, thereby reducing 

the nutritional quality (Lau et al. 2021). Nutrient availability, 

which varies significantly across different marine habitats, 

has a substantial impact on the fatty acid composition in 

marine fish (Ho et al. 2024). A low salinity of about 20 ppt 

increases the expression of key enzymes involved in fatty 

acid biosynthesis, thereby increasing the ability of fish to 

produce PUFA from food sources (Marrero et al. 2024).  

Studies on amino and fatty acids profiles of rabbitfish in 

various habitats, especially the waters of the Makassar 

Strait and the Gulf of Bone, have never been conducted. 

This information is crucial in providing data related to the 

relationship between environmental factors and the profiles. 

Therefore, this study aims to examine the amino and fatty 

acid profiles of rabbitfish caught in the Makassar Strait and 

the water of the Gulf of Bone, Indonesia. 

MATERIALS AND METHODS 

Study area 

Rabbitfish samples used in this study were obtained 

from 2 water locations, namely the Makassar Strait and the 

Gulf of Bone, Sulawesi, Indonesia. To enhance spatial 

resolution, samples from the Makassar Strait (Figure 1) 

were obtained explicitly from two fishing locations: Balang 

Lompo Island, Pangkajene Islands District (corresponding 

to point 4: 04°57'06.98"S, 119°23'37.98"E) and Panikiang 

Island, Barru District (corresponding to point 3: 

04°21'32.94"S, 119°35'22.71"E). Similarly, samples from 

the Gulf of Bone (Figure 1) were obtained from Luwu 

District, specifically from two fishing locations: Karang-

Karangan (corresponding to point 1: 03°07’41.45”S, 

120°16’16.21”E) and Batu Lotong (corresponding to point 

2: 03°32'37.90"S, 120°24'58.45"E). 

 

 

 
 

Figure 1. Satellite imagery Rabbitfish fishing location (habitat): Point 1 (03°07'41.45"S, 120°16'16.21"E), point 2 (03°32'37.90"S, 

120°24'58.45"E), point 3 (04°21'32.94"S, 119°35'22.71"E), and point 4 (04°57'06.98"S, 119°23'37.98"E), Sulawesi, Indonesia 
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Procedures 

Sample collection and species identification 

A total of 50 individual rabbitfish were collected from 

each study location (Makassar Strait and Gulf of Bone). 

Approximately 25 fish were collected from each of these 

four specific sub-locations to ensure representative sampling 

across the broader study areas. Fish were collected using 

traditional fishing gear operated by local fishermen, 

ensuring the representation of locally harvested specimens. 

Upon collection, all fish were immediately placed into a 

cool box with a fish-to-ice ratio of 1:2 (w/w) to maintain 

the cold chain and preserve freshness until laboratory 

preparation. Sampling was carried out twice for each 

designated location. 

Species identification was performed visually based on 

distinct morphological characteristics. The experienced local 

fishermen, familiar with the species, performed the initial 

identification. The fish identification was further carried 

out by observable traits such as body shape, coloration 

patterns (e.g., spots, stripes), and the presence of venomous 

dorsal and anal spines characteristic of Siganus canaliculatus. 

Sample preparation 

Fresh rabbitfish were filleted under sterile conditions to 

obtain muscle tissue. From each individual, 100 g of dorsal 

muscle meat was accurately weighed. This muscle tissue was 

then homogenized to ensure uniformity. The homogenized 

sample was subjected to a sequential solvent extraction 

process for lipid and amino acid analysis. The fish meat 

was macerated with acetone at a ratio of 1:4 (w/v) for 24 

hours at room temperature (approximately 25°C), followed 

by sonication at 30°C for 60 minutes using an ultrasonic 

bath. The resulting filtrate was separated using nylon mesh 

(300 µm pore size). The residue was then subjected to a 

second extraction with n-hexane at a ratio of 1:4 (w/v), 

followed by another 24-hour maceration and 60-minute 

sonication at 30°C. This filtrate was also filtered through 

nylon mesh, followed by re-maceration using hexane on 

the remaining residue. All obtained filtrates were combined 

and concentrated under reduced pressure using a rotary 

evaporator at 40°C to remove the solvents, yielding a lipid-

rich extract. The concentrated extract was then transferred 

into a sample bottle and stored at -20°C for subsequent 

analysis of amino acids and fatty acids. 

Amino acids testing (Waters 2012) 

Amino acid analysis was performed by preparing a 

single-point external standard solution supplemented with 

an internal standard to ensure accurate instrument calibration. 

Test samples were precisely weighed and subjected to acid 

hydrolysis with concentrated HCl to release free amino 

acids. The hydrolysate was quantitatively transferred to a 

50 mL volumetric flask, diluted to volume with ultrapure 

water (Milli-Q grade), and homogenized thoroughly. The 

solution was then filtered through a 0.2 μm syringe filter to 

remove particulates, and the filtrate was collected in clean 

vials. An internal standard was added to the filtrate, 

followed by pre-column derivatization using the Waters 

AccQ•Tag Ultra kit. Derivatization was carried out with 6-

aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC), 

which reacts with amino acids to form stable derivatives 

suitable for chromatographic separation. 

Chromatographic separation and quantification were 

performed using a Waters ACQUITY UPLC system 

equipped with a Waters AccQ•Tag Ultra C18 column (1.7 

μm, 2.1 × 100 or 150 mm). The mobile phase consisted of 

AccQ•Tag Ultra Eluent A and B in gradient mode, with the 

column maintained at 49°C. Detection was carried out 

using a Photo-Diode Array (PDA) detector at a wavelength 

of 260 nm. Chromatographic data were processed with 

Empower software to ensure accuracy and reproducibility. 

Amino acid levels in a sample using the ratio of the analyte 

area to the standard internal were calculated using the 

following formula: 

 

 
Where :  

Aspl : Area of amino acids analyte  

AIS  : Area of internal standard  

CStd  : Concentration of amino acids standard solution 

(pmol/μL)  

BM  : Molecular weight of amino acids  

Va  : Final volume of the sample (μL)  

Fp  : Dilution factor  

Wspl  : Sample weight (g) 

Fatty acids testing 

Approximately 100 mg of the homogenized muscle 

sample was subjected to lipid extraction. The sample was 

combined with 100 mL of a 1:1 (v/v) methanol: chloroform 

mixture. Ultrasonic extraction was performed for 30 

minutes at 55°C. Following extraction, the mixture was 

centrifuged (e.g., at 3000 rpm for 10 minutes) to separate 

the supernatant. The lipid-containing supernatant was then 

carefully transferred into a 3 mL vial for subsequent Gas 

Chromatography-Mass Spectrometry (GC-MS) analysis. 

Fatty Acid Methyl Esters (FAMEs) were analyzed using a 

Shimadzu GC-MS-QP2010 Ultra system. The GC-MS 

instrument conditions were set as follows: The injector 

temperature was maintained at 250°C in Splitless mode, 

with a pressure of 76.9 kPa and a flow rate of 14 mL/min. 

The ion source and interface temperatures were 200°C and 

280°C, respectively. A solvent cut time of 3 minutes was 

applied, and the mass scan range was set from 400 to 700 

m/z. Separation was achieved using an SH-Rxi-5Sil MS 

capillary column (30 m length, 0.25 mm inner diameter, 

0.25 µm film thickness). The oven temperature program 

commenced at 70°C, held for 2 minutes, then increased to 

200°C at a rate of 10°C/min, and finally ramped to 280°C 

at a rate of 50°C/min, holding for 9 minutes. The total 

analysis time was 36 minutes. Chromatographic data were 

processed and identified by comparing with the NIST 17 

and Wiley 9 mass spectral libraries (Figure 2). 
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Figure 2. Chromatogram of fatty acids of rabbitfish collected from the: A. Makassar Strait 1, B. Makassar Strait 2, C. Gulf of Bone 1, 

and D. Gulf of Bone 2 

 

 

 

Data analysis 

Data was analyzed using SPSS Ver. 27 (SPSS Inc.) 

software using One-Way ANOVA to determine the influence 

of habitat on amino and fatty acids of rabbitfish. The Tukey 

test revealed significant differences in amino and fatty 

acids of rabbitfish based on their habitat.  

RESULTS AND DISCUSSION 

Amino acid profile 

Marine fish have a high nutritional content, especially 

in the content of essential amino acids that are important 

for human health. The protein content of marine fish 

varied, but it generally contained all essential amino acids 

in sufficient proportions, making fish meat a complete 

source of protein. Furthermore, marine fish typically 

exhibit a low content of saturated fatty acids and a high 

content of omega-3 fatty acids, which contribute to human 

health benefits (Raja et al. 2024). The amino acid profile of 

rabbitfish from the Makassar Strait and the Gulf of Bone is 

presented in Table 1. 

The results showed that the amino acid content of 

rabbitfish was significantly influenced by the habitat in 

which the fish lived, in terms of types and numbers. The 

amino acid composition of rabbitfish from the waters of the 

Makassar Strait 2 was more complete and higher than that 

of rabbitfish living in the waters of the Makassar Strait 1, 

Gulf of Bone 1, and Gulf of Bone 2. The rabbitfish from 

Panikiang Island (Makassar Strait 2) had significantly 

different essential and non-essential amino acids compared 

to those from other waters, except for glycine and cysteine.  

Fatty acids profile 

Factors affecting fish fatty acid profiles included 

temperature, salinity, type of food, geographic region, and 

season. The pelagic and demersal fish contained high levels 

of omega-3 and omega-6 polyunsaturated fatty acids, which 

are beneficial to human health (Ramesh and Venkateshwarlu 

2022). The fatty acid profile of rabbitfish from the 

Makassar Strait and the Gulf of Bone was presented in 

Table 2. 

The findings of the study showed that the habitat of 

rabbitfish affected their fatty acid profile. Rabbitfish from 

the Strait and the Gulf varied in the quantity and 

composition of fatty acids. In this study, the fatty acid 

content of rabbitfish from the Makassar Strait 2 was better 

than that collected from the other 3 study sites. Rabbitfish 

from Panikiang Island, Barru District, had only two 

undetected fatty acids. In comparison, those collected from 

Balang Lompo Island, Pangkep District (Makassar Strait 

1), and Karang-Karangan, Luwu District (Gulf of Bone 1) 

exhibited 6 and 5 amino acids that were not detected, 

respectively. Rabbitfish caught in Batu Lotong, Larompong 

District, Luwu District (Gulf of Bone 2) only contained 3 

types of fatty acids. An interesting result showed that the 

fatty acids of rabbitfish from Pangkep District differed 

from those of the other study sites. 

A 

C 

B 

D 
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Table 1. Amino acids profile (mg/g) of rabbitfish caught in the Makassar Strait and the Gulf of Bone, Sulawesi, Indonesia 

 

Types of amino acids Makassar Strait 1 Makassar Strait 2 Gulf of Bone 1 Gulf of Bone 2 

Essential amino acids 

Phenylalanine 0.48±0.00b 7.38±0.03d 1.49±0.01c NDa 

Valine 1.03±0.00c 9.23±0.04d 2.70±0.02b 0.59±0.00a 

Histidine 0.42±0.00c 1.73±0.01d NDa 0.34±0.00b 

Methionine 0.00±0.00a 4.32±0.01c 0.08±0.00b 0.00±0.00a 

Isoleucine 0.66±0.00b 6.50±0.04d 1.65±0.01c 0.27±0.00a 

Leucine 1.07±0.00b 17.44±0.06d 3.61±0.02c 0.69±0.00a 

Lysine 0.71±0.00a 7.76±0.03d 2.84±0.01c 1.11±0.00b 

Threonine 0.74±0.00b 6.30±0.04d 1.23±0.01c 0.63±0.00a 

Tryptophan NDa 1.46±0.00b NDa NDa 

Non-essential amino acids 

Tyrosine NDa 4.45±0.03b NDa NDa 

Glycine 6.87±0.03b 17.01±0.09c 17.1±0.09c 6.16±0.04a 

Alanine 3.2±0.01b 16.56±0.09d 9.86±0.04c 2.10±0.01a 

Arginine 0.75±0.00b 7.73±0.05d 4.04±0.04c NDa 

Serina 3.36±0.01c 7.08±0.04d 2.23±0.02b 1.15±0.00a 

Proline 1.96±0.01b 10.06±0.09d 9.40±0.05c 0.55±0.00a 

Cystine NDa 2.85±0.00b 3.61±0.02c NDa 

Glutamic acid 1.54±0.00a 18.21±0.06d 5.77±0.03c 3.44±0.07b 

Aspartic acid 1.46±0.00b 10.37±0.07d 1.86±0.00c 0.82±0.00a 

Note: Different superscript letters in the same row show significant differences at the 95% confidence level 

 

  

 

Table 2. Fatty acid profile (g/100g) of rabbitfish caught in the Makassar Strait and the Gulf of Bone, Sulawesi, Indonesia 

 

Types of fatty acids Makassar Strait 1 Makassar Strait 2 Gulf of Bone 1 Gulf of Bone 2 

Saturated fatty acids 

Miristic acid NDa 1,34±0,04c 0,41±0,00b NDa 

Pentadecanoic acid 0,27±0,08b 0,82±0,15c 0,11±0,01b NDa 

Palmitic acid 12,00±1,16a 30,30±2,13b 7,36±0,03a 7,06±1,20a 

Tridecanoic acid 0,19±0,02b NDa NDa NDa 

Margaric acid NDa 0,41±0,01b NDa NDa 

Stearic acid 12,05±0,88c 7,85±0,66b 1,87±0,06a 1,45±0,16a 

Arachidonic acid NDa 1,54±0,35c 0,59±0,07b NDa 

Unsaturated fatty acids 

Palmitoleic acid 1,51±0,02a 4,80±0,11b 1,01±0,03a 0,97±0,41a 

Heptadecanoic acid NDa 0,42±0,01b NDa NDa 

Oleic acid 4,54 ±0,46b 11,49±2,72c 1,28±0,25b NDa 

Octadecanoic acid NDa 5,69±0,81c 1,25±0,02b NDa 

Linoleic acid 0,08±0,04b NDa NDa NDa 

Thymnodonic acid (EPA) NDa 0,57±0,02b NDa NDa 

Note: Different superscript letters in the same row show significant differences at the 95% confidence level 

 

 

 

Discussion 

The difference in composition and content of amino 

acids in fish was closely related to the availability of food, 

fish-eating habits, and aquatic environmental conditions. 

The level of fertility or primary productivity of waters 

significantly affects the availability of food in the waters. 

The Makassar Strait typically exhibits higher primary 

productivity than many other bodies of water in Indonesia, 

including the Gulf of Bone. The concentration of chlorophyll 

in the Gulf of Bone ranges from 0.2 to 0.5 mg/m³, and the 

Makassar Strait from 0.4 to 0.7 mg/m³ (Rosdiana et al. 

2017; Zainuddin et al. 2017; Musgamy et al. 2024). Variations 

in primary productivity also influence the quality of 

organic matter and the microbial communities attached to 

substrates such as seagrass and coral rubble, which serve as 

feeding grounds for herbivorous fish, including rabbitfish. 

Differences in food quality affect the amino acid pools and 

protein composition at the site-specific level (Jo et al. 2022). 

Habitats with different protein compositions can result in 

fish protein compositions. In addition, the physiological 

adaptation of fish to their environment can result in 

variations in amino acid synthesis and accumulation (Ryu 

et al. 2021). The reduced feeding activity of the deep-sea 

decapod Aristeus antenatus, a physiological adaptation to 

winter, resulted in the progressive hydrolysis of muscle 

proteins, as indicated by a higher free amino acid content. 

Previous studies have shown that the liberated amino 

acids enter the free amino acid pool and are available for 

energy production (Rosa and Nunes 2024).  
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Fish that lived in nutrient-rich environments had a more 

balanced amino acid profile due to their diverse diet. 

However, fish that lived in less favorable habitats could 

exhibit imbalances, leading to the accumulation of specific 

amino acids. Factors, such as sexual ripeness and biological 

differences, could further modulate the amino acid profile 

(Roques et al. 2020). The availability, composition of food 

sources, and eating habits of fish influence the amino acid 

profile of fish, as demonstrated by Loayza et al. (2023). 

Furthermore, Orestias agassizii fish had a lower histidine 

content and a higher concentration of taurine than the 

Orestias luteus fish, suggesting that variations in habitat 

and fish-eating behavior resulted in differences in amino 

acid accumulation. The omnivorous nature of both species, 

combined with their dependence on specific food sources 

such as amphibians, suggested that habitat quality and food 

availability directly impacted amino acid composition. 

The influence of environmental factors such as 

temperature and oxygen levels on the amino acid profile of 

fish meat may occur because they affect metabolic processes 

within the fish's body. An increase in water temperature led 

to an increase in metabolic activity and oxygen consumption, 

which in turn impacted the rise in concentration of free 

amino acids in various tissues, including the brain, liver, 

and muscles of fish (Wang et al. 2019). Similarly, a study 

on rainbow trout revealed that different temperatures 

affected amino acid metabolism in the liver, with specific 

amino acids, such as phenylalanine and histidine, showing 

high concentrations at moderate temperatures, whereas high 

temperatures induced changes in other metabolic pathways 

(Tian et al. 2024). Studies in zebrafish have shown that 

prolonged exposure to higher temperatures increased amino 

acid catabolism, suggesting a shift in energy metabolism to 

cope with thermal stress (Aguilar et al. 2022).  

The dissolved oxygen content in a body of water 

significantly affects the amino acid content and protein 

metabolism in fish. Hypoxia, characterized by low levels of 

dissolved oxygen, results in decreased protein synthesis in 

several tissues of fish, including the liver, muscles, and 

gills. Meanwhile, the heart remained less affected due to its 

preferred access to oxygen. This decrease in protein synthesis 

was accompanied by changes in protein degradation 

pathways, which were regulated differently in response to 

hypoxia, affecting the amino acid composition in fish meat 

tissue (Cassidy and Lamarre 2019). A low level of 

dissolved oxygen could decrease protein and amino acids 

retention and fish growth, suggesting that adequate oxygen 

levels were essential for optimal amino acids metabolism 

and retention in fish. Hypoxia could lead to oxidative stress, 

ultimately affecting amino acid metabolism by altering 

gene expression in metabolic pathways. Furthermore, the 

interaction between oxygen levels and the composition of 

dietary amino acids, such as lysine, may further modulate 

the amino acid profile and growth efficiency in fish (Gan et 

al. 2013; Wang et al. 2024). 

Previous studies have shown that the aquatic habitat 

and environmental conditions significantly determine fish 

fatty acid content. These habitats and ecological conditions 

were closely related to the availability of food sources for 

fish, as food sources varied across different marine 

environments, resulting in distinct fatty acid profiles in fish 

(Mathieu-Resuge et al. 2024). Environmental conditions, 

population density, and food sources affected the lipid 

content of fish. Variations in habitat and ecological pressures 

significantly affected the fatty acid composition of marine 

fish. Environmental factors such as temperature, salinity, 

and food availability were crucial in determining the 

accumulation and quality of fatty acids in fish (Rajasilta et 

al. 2019). Moreover, water chemistry, particularly salinity 

and nutrients, influences algal fatty acid composition, which 

is then passed on through the food of herbivorous species, 

such as rabbitfish. Low-salinity enhances the expression of 

Fatty Acid Desaturase (FADS2) in Siganus canaliculatus, 

enabling higher biosynthesis of long-chain polyunsaturated 

fatty acids (e.g., EPA, DHA) from dietary precursors 

(Marrero et al. 2021). 

The Gulf of Bone is a semi-enclosed water system that 

is sensitive to regional climate variability. The sea surface 

temperature in the Gulf of Bone was relatively high, 

averaging around 29 to 31°C, approaching the annual 

maximum typical of tropical regions. It reached around 30°C 

during the western season and slightly decreased during the 

eastern season or following strong winds. It is classified as 

a shallow bay that receives river water runoff from South 

Sulawesi, which results in lower surface salinity near the 

coast. The influx of this fresh river water significantly lowers 

local salinity in the Gulf of Bone, particularly during the 

rainy season. The concentration of chlorophyll a, a primary 

productivity indicator, ranges from 0.1 to 7 mg/m3, with the 

highest values in coastal waters, especially after high wave 

events, indicating an increase in phytoplankton productivity 

following large waves (Rosalina et al. 2023; Musgamy et al. 

2024). 

In comparison, the Makassar Strait had a sea surface 

temperature ranging from 28 to 30°C, which tended to be 

cooler during the southeast monsoon season and warmer 

during the western monsoon season, with peak temperatures 

remaining around 29 to 30°C, exhibiting more noticeable 

variations due to the monsoon seasons. The Makassar Strait 

generally has higher salinity, which varies seasonally due 

to the influence of smaller river flows. During the West 

Monsoon season, the Indonesian Throughflow brought fresh 

water from the Java Sea, leading to a decrease in salinity. 

Meanwhile, during the southeast monsoon, the current 

introduced deep-sea water with high salinity, causing an 

increase in salinity levels (Rosdiana et al. 2017). 

Temperature and salinity were the main abiotic factors 

affecting the fatty acid profile in fish. A combination of 

phylogenetic and ecomorphological factors contributed the 

most to the variation in EPA and DHA content. Lower 

temperatures significantly enhanced the accumulation of 

LC-PUFA in fish tissue. Furthermore, the interaction of 

food components also affected the fatty acid composition 

of fish (Gladyshev et al. 2018; Torno et al. 2019). Sea 

surface temperature and the concentrations of chlorophyll-a 

affected fatty acid profiles in albacore tuna, with an 

estimated reduction in essential fatty acids associated with 

increased sea surface temperatures (Pethybridge et al. 2015). 

These findings suggest that diet quality, substrate type (e.g., 

dominance of macroalgae or seagrass), and water chemistry 
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collectively determine the amino and fatty acid profiles of 

marine fish. Similar habitat-nutrient links have also been 

identified in rabbitfish; dietary plasticity among Siganus 

species closely corresponds to local resource availability, 

indicating strong ecological control over their biochemical 

variation (Zarco‐Perello et al. 2024). Rabbitfish exhibits a 

unique ability among marine teleosts to synthesize Long-

Chain Poly-Unsaturated Fatty Acids (LC-PUFA) from 

linolenic and linoleic acid precursors, enabling the utilization 

of plant-based oils in their diet, which can subsequently 

influence their fatty acid composition (Xie et al. 2016; Xie 

et al. 2018). 

Fatty acid composition in rabbitfish included ARA, 

EPA, DPA, and DHA, with variations depending on the 

source of dietary fatty acids and the salinity of the aquatic 

environment. Fish fed a diet rich in linoleic and alpha-

linolenic acid (D2-D4) showed higher levels of arachidonic 

acid in brackish water (10 ppt) compared to seawater (32 

ppt). This study showed that the rabbitfish could convert 

this precursor of fatty acids into highly unsaturated fatty 

acids (Li et al. 2008).  

The availability of food and the quality of the prey also 

played an essential role in determining the fatty acid 

composition of the fish. Fish adjust their fatty acid 

composition in response to environmental changes in food 

availability to optimize energy storage and utilization. For 

instance, mid-water fish species in the North Pacific 

exhibited varied lipid content and calorie density based on 

their environmental productivity, with lower lipid content 

in areas with lower food availability (Bailey and Robison 

1986). The effect of food availability on fatty acid 

composition of fish meat was also found in farmed fish. 

Previous research has shown that replacing herring oil with 

high-oleic sunflower oil in the diets of coho salmon and 

rainbow trout significantly increases oleic acid concentrations 

in various tissues, notably resulting in a two-fold increase 

in muscle tissue. A significant increase in oleic acid 

concentration was observed in various tissues of coho 

salmon and rainbow trout fed a high-oleic sunflower oil 

diet. This effect was most pronounced in the muscle, where a 

two-fold increase occurred (Skonberg et al. 1994). A previous 

study by Mathieu-Resuge et al. (2024) demonstrated that 

different marine environments with varied food sources 

result in several fatty acid profiles in Sardines.  

In conclusion, this study demonstrates significant habitat-

driven variation in the amino and fatty acid profiles of 

rabbitfish. Instead, the profiles were primarily affected by 

environmental factors, particularly habitat characteristics, 

food availability, and physicochemical parameters such as 

temperature, salinity, and dissolved oxygen. These findings 

revealed the relationship between strong trophic and habitat 

levels, including the influence of preferred seagrass and the 

ability of species to synthesize long-chain polyunsaturated 

fatty acids. Nutritionally, rabbitfish represents a valuable 

source of essential amino acids and omega-3 fatty acids, 

underscoring its potential to promote dietary health and 

enhance food security. From a conservation and management 

perspective, maintaining healthy seagrass beds and water 

quality is critical to sustaining their nutritional quality and 

population resilience. Future studies should address seasonal, 

ontogenetic, and dietary variations, as well as explore feed 

optimization strategies to enhance the value of this resource 

for aquaculture and the livelihoods of coastal communities. 
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