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ABSTRACT 

 
Puffer fish oil extracted from Xenopterus naritus represents a beneficial source of bioactive compounds with 

health-promoting properties. Despite the known benefits of puffer fish oil, there is a lack of detailed information 

on its fatty acid composition. This study aimed to fill this gap by investigating the fatty acid profiles of puffer fish 

oil extracted from the liver and muscle tissues. The oil was extracted using the solvent Bligh & Dyer method, and 

the samples were derivatized into fatty acid methyl esters (FAME) before being analyzed via Shimadzu QP2010 

Plus gas chromatography-mass spectrometry (GC-MS). This analysis highlighted the prevalence of omega-3 fatty 

acids, particularly Docosahexaenoic acid (DHA) (8.28 ± 0.08% in liver, 6.15 ± 0.33% in muscle oil) and 

Eicosapentaenoic acid (EPA) (3.29 ± 0.12% in liver and 2.16 ± 0.06% in muscle oil), along with the abundance of 

omega-6 and omega-9 fatty acids, including arachidonic and oleic acid. Additionally, the antimicrobial properties 

of these fish oils were assessed against Gram-negative and Gram-positive bacteria using the Minimum Inhibitory 

Concentration (MIC) method, revealing promising inhibitory effects, with liver oil demonstrating greater efficacy. 

These findings suggest that puffer fish oil is rich in beneficial fatty acids and possesses antimicrobial properties 

that could find applications in food preservation, medicine, and agriculture, thereby offering a fresh perspective 

on the functional and nutritional value of Xenopterus naritus.  
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INTRODUCTION 

 

Omega-3 fatty acids are abundant in fish oil, 

which is well known for its many health 

advantages. Fish consumption offers numerous 

health benefits, including protection against 

atherosclerotic lesions, liver diseases, and 

cholestasis. These benefits are due to the 

presence of fish oil, peptides, hydrolysates, 

essential vitamins, and various fatty acids (Chen 

et al., 2022). Additionally, fish consumption and 

omega-3 supplementation have been shown to 

reduce inflammation and improve outcomes in 

cognitive health, muscle mass decline, cancer 

treatment, and critical illness (Troesch et al., 

2020). Omega-3 and omega-6 fatty acids that 

obtained from both terrestrial and marine 

sources provide protection against diseases like 

osteoarthritis, cancer, and autoimmune 

disorders, and contribute to various cellular 

activities including cell signaling, structural 

integrity, and regulation of blood pressure and 

glucose levels (Abbott et al., 2020). 

Furthermore, EPA and DHA are omega-3 fatty 

acids which are rich in fish oil, and have been 

linked to improved brain structure and function, 

reduced mortality, lower risk of ischemic stroke, 

and better cognitive health (von Schacky, 2021). 

The quality of fish oil can be improved through 

the sustainable recovery of omega-3 fatty acids 

from fish waste, which enhances its nutritional 

value and environmental sustainability (Alfio et 

al., 2021).  

 

Fish oil, rich in polyunsaturated fatty acids 

(PUFA), has remarkable antibacterial properties 

(Noutsa et al., 2022). These PUFAs disrupt 

bacterial communication, ATP production, and 

membrane properties, making them potent 

antimicrobial agents (Kannan et al., 2021). 

Moreover, they have the potential to hinder 

bacterial colonization and the expression of 
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virulence factors. Recent research has 

highlighted specific omega-3 polyunsaturated 

fatty acids (ω-3 PUFAs), such as 

docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA), for their 

significant antimicrobial activity against various 

bacterial strains, including multi-drug resistant 

strains isolated from patients with periprosthetic 

joint infections (PJI) (Coraça-Huber et al., 

2021). These omega-3 PUFAs have been shown 

to disrupt bacterial communication, ATP 

production, and membrane properties, rendering 

them potent antimicrobial agents. Additionally, 

they possess the ability to hinder bacterial 

colonization and the expression of virulence 

factors, which are crucial for infection 

establishment. This underscores the importance 

of exploring marine species, such as fish, as 

valuable sources of these potent antibacterial 

compounds (Inguglia et al., 2020). 

 

Xenopterus naritus belongs to the family 

Tetraodontidae and is a marine fish that can 

inhabit both saltwater and freshwater 

environments, including Malaysian waters 

(Mohd Nor Azman et al., 2014). In Malaysia, 

puffer fish including species such as 

Lagocephalus lunaris, L. sceleratus and L. 

spadiceus are caught and become a local 

delicacy (Mohd Nor Azman et al., 2014). 

Among these, X. naritus stands out as a 

migratory species inhabiting the South China 

Sea's coastline waters off Sarawak (Ahmad 

Nasir et al., 2017). In Sarawak, X. naritus also 

known as rebellious “Buntal Kuning” or yellow 

pufferfish, is celebrated as a culinary delight 

(Mohd Nor Azman et al., 2014). The Yellow 

puffer fish exhibits a torpedo-shaped body with 

striking yellow or golden coloration, particularly 

on its lower body portion. These migratory fish 

return to rivers for spawning with juveniles 

found in coastal waters during the non-spawning 

season (Mohd Nor Azman & Wan Norhana, 

2013).  

 

However, puffer fish widely recognized for 

its toxicity attributed to the presence of 

tetrodotoxin (TTX) leading to lack essential 

nutritional information specifically regarding the 

fatty acid profile of X. naritus. This study aims 

to address the lack of knowledge regarding the 

nutritional value of X. naritus by 

comprehensively analyzing its fatty acid 

composition from liver and muscle tissues. The 

findings highlight the significant presence of 

omega-3 fatty acids (DHA and EPA) alongside 

omega-6 and omega-9 fatty acids, emphasizing 

the potential nutritional benefits for human 

health. Additionally, this research promotes X. 

naritus fish oils as a promising supplement with 

antimicrobial properties against gram-positive 

and gram-negative bacteria, aiming to contribute 

to informed consumption and utilization of this 

species. 

  

MATERIALS AND METHODS 

 

Collection of Puffer Fish Samples and 

Extraction of Fish Oils 

 

Puffer fish specimens (Figure 1) were purchased 

from Kubah Ria wet fish markets in Kuching, 

Sarawak. The fish were selected for their 

marketable size with an average weight of 

between 1 and 1.2 kilograms each. The fish 

samples were carefully brought to the lab and 

kept there at -20 °C. The fish samples were 

prepared to separate liver and muscle tissue. The 

liver and muscle tissue, each weighing 100 

grams were then brought together separately. 

According to Iverson et al. (2001), oil extraction 

from the pooled samples was done using the 

procedure outlined in the method of Bligh and 

Dyer (1959). The solvent mixture consisted of 

chloroform, methanol, and water in a 1:2:1 ratio 

(v/v/v). The homogenized samples were 

centrifuged at 3000 rpm for 10 minutes to 

separate the chloroform phase, which contained 

the fish oil. The chloroform phase was collected 

and subjected to solvent evaporation using a 

rotary evaporator to remove the chloroform. The 

concentrated fish oils were then blown with 

nitrogen gas to create an inert atmosphere and 

prevent oxidation. The oil refining process was 

following Nazir et al. (2017) with minor 

adjustments that involved three stages: 

degumming, neutralization, and bleaching. For 

degumming, the oil was heated and stirred at 70 

°C, then centrifuged with hot water to separate 

oil, gum, and water layers, repeating until neutral 

pH was achieved. In neutralization, the 

degummed oil was heated and stirred at 80 °C, 

treated with a 20% KOH solution, and 

centrifuged to obtain oil, soap stock, and water 

layers, repeating until neutral pH. Finally, in 

bleaching, the neutralized oil was heated (80 – 

100 °C), stirred with 1% activated charcoal, 

filtered, completing the process. 
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Figure 1. Yellow Puffer Fish, Xenopterus naritus 

 

Fatty Acids Profiling in Xenopterus naritus by 

GC/MS Analysis 

 

The extracted fish oil was derivatized following 

the procedure by Ichihara et al. (1996) with 

minor changes. In a centrifuge tube, a 20 mg oil 

sample was dissolved in 2 ml of n-heptane. The 

tube was then filled with 4 ml of 2 M methanolic 

potassium hydroxide, which was vortexed for 2 

minutes at room temperature before being 

centrifuged for 10 minutes at 4000 rpm. After 

centrifugation and standing for 10 minutes, a 

clear solution of fatty acid methyl ester (FAME) 

separated on the cloudy aqueous layer. The top 

FAME layer, dissolved in n-heptane, was 

collected and analyzed directly using a 

Shimadzu gas chromatograph (GC-MS), model 

QP2010plus. The methylated oil samples were 

injected directly into the GC-MS column. The 

column used was a DB5 column measuring 30 m 

x 0.25 mm x 250 µm with an autosampler. The 

test was started at 50 °C for 10 minutes, followed 

by a temperature increase to 350 °C at a rate of 

4.5 °C/min to maintain final temperature for 10 

minutes. The carrier gas was helium flowing at a 

rate of 1.0 ml/min. The retention times were 

compared to an external standard solution 

composed of a mixture of 37 FAME 

components, known as FAME 37, to determine 

the peaks. 

 

Minimum Inhibitory Concentration (MIC) 

evaluation 

 

According to the procedure outlined by Simplice 

et al. (2018), the antibacterial effectiveness of 

fish oil was evaluated using a broth 

microdilution technique in 96-well microtitre 

plates. Inoculum preparation was performed 

using the broth culture method, in which 

bacterial colonies were transferred to Mueller-

Hinton broth (MHB) using a loop and then 

incubated at 35 – 37 °C for 24 h. To obtain 

turbidity corresponding to a McFarland standard 

of 0.5, the culture was adjusted with MHB. 

Turbidity adjustment was assessed 

photometrically at 625 nm (UV-VIS 

spectrophotometer, UV-1900i, SHIMADZU) in 

the desired absorbance range of 0.08 – 0.10 

using EUCAST guidelines (2003). The fish oil 

stock solution was prepared by dissolving the oil 

in a 5% Tween 20 solution. This stock solution 

was then serially diluted to achieve 

concentrations ranging from 7.8 to 500 mg/ml, 

with each well containing a total volume of 100 

μl. Each well was then filled with 100 μl of 

bacterial inoculum. The growth was then 

observed on the microtitre plates using P-

iodotetrazolium chloride (INT; 0.2 mg/ml) and 

incubated at 35 °C for 18 hours. 

Iodonitrotetrazolium, a yellow dye, became pink 

in response to the living bacteria. The MIC was 

determined as the lowest oil concentration at 

which no obvious color change was observed. 

As a positive control, chloramphenicol was 

utilized at doses ranging from 3.9 to 250 g/ml. 

 

RESULTS 

 

Puffer Fish Oils Characterization 

 

By using GC/MS, the fish oil fatty acid profiles 

(Figure 2) that were extracted from the liver and 

muscle of X. naritus were qualitatively 
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described. The analysis shows in Table 1 

determines differences in the composition of 

saturated fatty acids (SFAs) and unsaturated 

fatty acids (UFAs) between liver and muscle 

tissues. In the liver, SFAs comprised 38.91% of 

the total fatty acids while UFAs made up 

61.09%. This indicates a higher prevalence of 

UFAs in liver tissue. Conversely, muscle tissue 

showed a lower proportion of SFAs at 32.19% 

and a higher proportion of UFAs at 67.81% 

suggesting a greater abundance of UFAs in 

muscle tissue.  

 

 The study identified key fatty acids that were 

the primary contributors to each category in both 

liver and muscle tissues. Palmitic acid (C16:0) 

emerged as the most predominant SFA in both 

liver and muscle tissues which underscoring its 

significance in the fatty acid composition of 

these tissues. Oleic acid (C18:1n-9) was 

recognized as the primary monounsaturated fatty 

acid (MUFA) in both liver and muscle tissues 

highlighting its prominent role in these tissues. 

Docosahexaenoic acid or DHA (C22:6n-3) stood 

out as the dominant polyunsaturated fatty acid 

(PUFA) in both liver and muscle tissues. 

 

In addition, liver tissue exhibited a higher 

concentration of specific MUFAs including 

Vaccenic acid, Cis-10-heptadecenoic acid, 

Eruric acid and Gondoic acid as compared to 

muscle tissue. Conversely, liver tissue displayed 

a greater abundance of certain PUFAs, such as 

Adrenic acid, Arachidonic acid, 

Eicosapentaenoic acid and Docosapentaenoic 

acid when contrasted with muscle tissue.  

 

Although the current study did not analysed 

toxicity, previous research has detected 

tetrodotoxin (TTX) in both muscle and liver 

tissues of X. naritus, with variations depending 

on individual specimens, seasons, and tissues 

(Mohd Nor Azman et al., 2014). For instance, 

samples from Betong, Sarawak, showed TTX 

levels of 17.8 μg/g in liver tissue and 11.1 μg/g 

in muscle tissue (Mohd Nor Azman et al., 2014). 

These concentrations are considered weakly 

toxic (Noguchi et al., 2006) but still exceed the 

Japanese safety limit for human consumption 

(>2 μg/g), as Malaysia does not have specific 

regulations for TTX. Nevertheless, with proper 

preparation, the fish can be made safe to eat. 

 

Overall, liver tissue contains a higher 

percentage of SFAs, while muscle tissue has a 

higher percentage of UFAs. Palmitic acid, oleic 

acid, and docosahexaenoic acid play pivotal 

roles as major constituents in these tissues.  

 
Table 1. Fatty acid profile of Xenopterus naritus in liver and muscle oil 

 

Name IUPAC 
Relative % ± D.S 

Liver Muscle 

Myristic acid C14:0 2.1 ± 0.07 2.46 ± 0.06 

Pentadecanoic acid C15:0 1.53 ± 0.38 2.29 ± 0.06 

Palmitic acid C16:0 17.37 ± 0.28 15.67 ± 0.51 

Heptadecanoic acid C17:0 2.86 ± 0.06 2.73 ± 0.05 

Stearic acid C18:0 9.62 ± 0.27 6.87 ± 0.53 

Heneicosanoic acid C21:0 2.24 ± 0.09 2.17 ± 0.14 

Tricosanoic acid C23:0 1.92 ± 0.29 0 ± 0 

Lignoceric acid C24:0 0.26 ± 0.05 0 ± 0 

Palmitoleic acid C16:1n-7 8.53 ± 0.28 9.19 ± 0.22 

Cis-10-heptadecenoic acid C17:1n-7 0.53 ± 0.22 2.62 ± 0.45 

Vaccenic acid C18:1n-7 0.95 ± 0.09 2.08 ± 0.43 

Oleic acid C18:1n-9 15.2 ± 0.19 20.05 ± 0.39 

Paullinic acid C20:1n-7 0.86 ± 0.11 0 ± 0 

Gondoic acid C20:1n-9 1.35 ± 0.44 5.05 ± 0.91 

Eruric acid C22:1n-9 0.79 ± 0.34 3.25 ± 0.64 

Linoleic acid C18:2n-6 2.46 ± 0.34 2.27 ± 0.07 

Arachidonic acid C20:4n-6 3.25 ± 0.47 2.02 ± 0.44 

Adrenic acid C22:4n-6 7.57 ± 0.43 5.97 ± 0.13 

Docosapentaenoic acid C22:5n-6 2.9 ± 0.35 1.91 ± 0.02 

Eicosapentaenoic acid C20:5n-3 3.29 ± 0.12 2.16 ± 0.06 

Docosapentaenoic acid C22:5n-3 5.84 ± 0.25 4.93 ± 0.14 

Docosahexaenoic acid C22.:6n-3 8.28 ± 0.08 6.15 ± 0.33 
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Figure 2. GC-MS Chromatogram of (A) standard solution containing 37 FAMEs, (B) fatty acid profiles in X. 

naritus liver oil, and (C) muscle oil by Bligh & Dyer method 
 

A 

B 

C 
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Antibacterial Activity of the X. naritus Fish 

Oils 

 

The study assessed the antimicrobial 

effectiveness of oils extracted from both the liver 

and muscle tissue of puffer fish. In order to 

undertake this study, the MIC values against 

Gram-positive and Gram-negative reference 

strains of bacteria were evaluated. Table 2 

provides an overview of the findings to present 

the antimicrobial activity of these fish oils. The 

liver oil displayed superior antimicrobial activity 

against several Gram-positive bacteria, 

including S. aureus, B. cereus, and S. 

saprophyticus with MIC values of 125 mg/ml as 

compared to the muscle oil with higher MICs 

(250-500% v/v). On the other hand, liver oil 

demonstrated increased potency against Gram-

negative bacteria with K. pneumonia (MIC 62.5 

mg/ml), while both oils were equally effective 

against E. coli and E. cloacae (MIC 125 mg/ml). 

 

DISCUSSION 

 

Due to its toxicity, puffer fish is always regarded 

as trash fish by trawlers. The huge mass of 

caught puffer fish may be a significant source of 

bioactive chemicals for supplementation in diet. 

X. naritus is a good protein resources and can be 

taken into account for human diet (Mohd Nor 

Azman et al., 2015) PUFAs is another 

significant source of high quality bioactive 

molecules that can be extracted from puffer fish 

oil.  

 

The male X. naritus can represent up to 22.5 

cm in total length and 274.05 g in body weight, 

while female X. naritus can up to 33.9 cm in total 

length and 711.00 g in body weight (Mohd Nor 

Azman & Wan Norhana, 2013).   

 

This study has confirmed that PUFAs are 

present in the oil extracted from the X. naritus 

liver and muscle tissues and have demonstrated 

how these PUFAs are characterize by the 

presence of omega-3 fatty acids (Table 2). The 

most abundant omega-3 found in the fish oil was 

the DHA, which represent 8.28±0.08% in liver 

oil and 6.15±0.33% in muscle oil. Besides EPA 

represent 3.29±0.12% in liver and 2.16±0.06% 

in muscle also have health beneficial. The DHA 

and EPA is really important in the human diet 

such as proper fetal and infant development 

(Carver et al.,2001; Ramakrishnan et al., 2010), 

cardiovascular function (Kromhout et al., 2010; 

Bernasconi et al., 2021), Alzheimer’s disease 

(Quinn et al., 2010), immune response (Krauss-

Etschmann et al., 2008), cognitive function 

(Titova et al., 2013) eye health (Cortina & 

Bazan, 2011) and prebiotics (Fu et al., 2021).  

 
Table 2. MIC of Xenopterus naritus from liver and muscle oil against gram-positive and gram-negative strains 

 

  MIC (mg/ml) 

                            Bacteria strains Liver Muscle 

Gram-positive 

   

S. aureus 125 250 

B. cereus 125 500 

S. saprophyticus 125 500 

Gram-negative 

   

E. coli 125 250 

K. pneumonia 62.5 500 

 E. clocae 125 250 

 

The omega-6 linoleic acids are also the major 

precursor of the eicosanoids, including 

thromboxane, prostaglandins, prostacyclin, 

anandamides, and leukotrienes which regulate a 

wide range of physiological processes (Innes & 

Calder, 2018). Arachidonic acid (ARA) is a 

crucial component of cell structure and is 

required for growth and development as well as 

in the event of severe or pervasive cell injury 

(Tallima & Ridi, 2018). The liver (15.20 ± 19%) 

and muscles (20.050 ± 39%) contained the 

highest concentrations of omega-9 oleic acid. 

This molecule is MUFA has shown to exert 

many biological function. Incorporating oleic 

acid into diets could be a valuable strategy in the 

context of high-lipid dietary trends with 

potential benefits for growth performance, feed 

utilization and overall health (Martins et al., 

2023). 
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Fatty acids play a significant role in the fight 

against microbial infections. Fatty acids may 

exert their antimicrobial effects by altering the 

hydrophobicity, charge, and integrity of cell 

membranes, which causes electron leakage and 

subsequent cell death (Inguglia et al., 2020). A 

number of microorganisms have been shown to 

be resistant to omega-6, -7, and -9 fatty acids, 

such as arachidonic, linoleic, oleic, and 

palmitoleic acid, as well as their methyl esters 

and ethyl esters (Huang et al., 2010). A number 

of microorganisms have been shown to be 

resistant to omega-6, -7, and -9 fatty acids, such 

as arachidonic, linoleic, oleic, and palmitoleic 

acid, as well as their methyl esters and ethyl 

esters (Huang et al., 2010). Fatty acids are 

appealing for a variety of applications in 

medicine, agriculture, and food preservation, 

especially where convents are involved. This is 

because of their mechanism of antibacterial 

activity involves disruption of the bacterial cell 

membrane, interference with the electron 

transport chain and oxidative phosphorylation, 

impairment of nutrient uptake, inhibition of 

enzyme activity, auto-oxidation degradation, 

generation of peroxidation products and direct 

lysis of bacterial cells (Desbois & Smith, 2010). 

 

In this study, the liver and muscle of puffers 

were tested for their antimicrobial abilities 

against Gram-positive and Gram-negative 

pathogens, and the results revealed a range of 

MIC values. Liver oil inhibit the growth of 

Gram-positive and Gram-negative bacteria with 

concentration at 125 mg/ml except, K. 

pneumonia (62.5 mg/ml). On the other hand, 

muscle oil inhibits the growth of bacteria with 

higher MIC than liver oil. This difference in 

effectiveness could be attributed to the fatty acid 

compositions of the oils. 

 

Fish oil that contain PUFA inhibits bacterial 

growth by disrupting cell membrane 

hydrophobicity, charge, and integrity, leading to 

electron leakage and cell death (Calo et al., 

2015). Fatty acids play a crucial role in 

combating microorganism infections, as 

pathogens produce virulence factors and form 

biofilms (Schroeder et al., 2017). Both omega-3 

fatty acids, particularly linolenic acid, and 

omega-6, -7, -9 fatty acids, including γ-linolenic, 

linoleic, arachidonic, palmitoleic, and oleic 

acids, demonstrate antimicrobial properties 

(Chanda et al., 2018). These fatty acids 

contribute to bacterial death through 

mechanisms such as cell lysis, enzyme activity 

inhibition, and the production of lethal oxidation 

products (Desbois & Smith, 2010). Our findings 

suggest that fish oil from liver and muscle is 

effective against tested microorganisms 

regardless of the bacterial wall type, with liver 

oil showing greater efficacy, possibly due to 

differences in fatty acid compositions (Inguglia 

et al., 2020). Hence, PUFA specifically accounts 

for the antibacterial activity, emphasizing the 

importance of preventing PUFA oxidation 

(Simplice et al., 2018). 

 

CONCLUSION 

 

This study highlights the nutritional value of 

puffer fish oil from X. naritus, countering its 

negative reputation due to toxicity concerns. The 

fatty acid profile revealed high levels of 

beneficial omega-3, omega-6, and omega-9 fatty 

acids, important for fetal development, 

cardiovascular health, cognitive function, and 

immune response. Additionally, the 

antimicrobial properties of the oil, particularly 

from the liver, showed significant potency 

against both Gram-positive and Gram-negative 

bacteria. Although this study did not measure 

tetrodotoxin (TTX) levels, previous research 

indicates weakly toxic TTX concentrations in X. 

naritus, exceeding the safe limit for 

consumption. However, proper preparation can 

make the fish safe to eat. Overall, this study 

provides valuable insights into the nutritional 

and antimicrobial benefits of puffer fish oil, 

while also addressing safety considerations 

related to TTX. 
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