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					ABSTRACT  

					ARTICLE INFO  

					Patin fish (Pangasius micronemus) oil is rich in beneficial nutrients, including omega-3 and  

					omega-6 fatty acids, vitamins A and D, antioxidants, high-density lipoproteins, polyunsaturated  

					fatty acids, and monounsaturated fatty acids. This study aimed to investigate the impact of a 2%  

					blend of activated charcoal and bentonite on the physicochemical characteristics and fatty acid  

					profile of Patin fish oil sourced from different regions of Java. The Patin fish oil was extracted  

					using the dry rendering method with mechanical pressure, followed by purification with a 2%  

					bentonite and activated charcoal mixture. The oil was subjected to chemical characterization, the  

					parameters evaluated included acid value, saponification value, iodine value, peroxide value, and  

					fatty acid profile. Results indicated that the use of a 2% mixture of activated charcoal and bentonite  

					reduced peroxide, acid, and saponification values, while increasing the iodine value. This method  

					proved more effective than purification with either bentonite or activated charcoal alone. The main  

					fatty acids found in Patin fish oil were oleic acid + eladinate, palmitic acid, linolelaidate, linoleate,  

					stearic acid, myristic acid, palmitoleate, and lauric acid. The present extraction and purification  

					approach offers a simple, cost-effective, and solvent-free method for fish oil processing, ensuring  

					a high-quality product.  
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					Freshwater fish omega-3 fatty acid content is lower than that od  

					seawater fish. Omega-3 fatty acids play a crucial role in maintaining  

					Introduction  

					Patin fish is widely cultivated in freshwater environments  

					and is a significant aquaculture commodity. Its substantial oil content  

					serves as a valuable resource for various industries, including  

					pharmaceuticals, food, and cosmetics.1 Additionally, Patin fish oil is  

					considered a functional food that meets human nutritional needs,  

					particularly protein and polyunsaturated fatty acids such as  

					eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).2,3 Fish  

					oil is known to combat stunting and malnutrition.4 The nutritional  

					content of fish oil consists of 25% saturated fatty acids and 75%  

					unsaturated fatty acids.5 The unsaturated fatty acid content in fish oil is  

					predominantly configured as omega-3 polyunsaturated fatty acids  

					(PUFAs), including EPA and DHA, which enhance cognitive function,  

					boost immunity, and prevent degenerative diseases.6–8 One fish oil  

					containing fatty acids is Patin fish (Pangasius micronemus) oil. The  

					nutritional content of Patin fish oil (PFO) includes protein (16.08%),  

					fatty acids (5.75%), carbohydrates (1.5%), ash (0.97%), and water  

					(75.75%).9,10 PFO contains 49.344% of saturated fatty acid, 54.524% of  

					unsaturated fatty acids, 39.101% of MUFA, and 15.423% of PUFA.11  

					*Corresponding author. E mail: abdul_kimfar@ugm.ac.id,  

					overall health by strengthening the immune system,12 potentially  

					reducing the risk of dental and periodontal issues,13 and contributing to  

					mental well-being by alleviating symptoms of depression and anxiety.14  

					Fish oil can significantly reduce LDL cholesterol levels.15 The omega-  

					3 polyunsaturated fatty acids (PUFAs) contained in fish oil are  

					beneficial in the treatment of cardiovascular diseases (CVD),  

					prevention of sudden cardiac death,16 and reducing mortality due to  

					coronary heart disease (CHD).17 The fatty acid composition of fish  

					varies, depending on diet,18 species, age, and sex.19 The fatty acid  

					content of an oil influences its physicochemical properties, which  

					determine the quality of the oil.20 The physicochemical properties of  

					fish oil are influenced by factors such as extraction method,  

					geographical origin, sample treatment, and processing method.21,22  

					Fish oil can be extracted through various techniques, including  

					traditional maceration and Soxhlet methods,23-25 as well as advanced  

					techniques like ultrasound-assisted extraction (UAE),26 microwave-  

					assisted extraction (MAE),27 and supercritical fluid extraction (SFE).28  

					Additionally, enzymatic hydrolysis,29 direct pressing,30 and rendering  

					are widely used to optimize yield and quality.31 The dry rendering  

					method is the most widely used due to its simplicity, low cost, and  

					ability to maintain oil quality by avoiding excessive heat exposure.  

					Using temperatures that are not too high will minimize the possibility  

					of decreasing the oil quality.32 This method is divided into two types:  

					wet rendering and dry rendering.33,34 The main step in the dry rendering  

					method is heating/cooking in a cabinet and pressing to obtain crude oil.  

					The crude fish oil must still be subjected to purification/refining steps,  

					including filtration, degumming, neutralization, bleaching, and  

					deodorization.35 Refining of crude fish oil aims to obtain fish oil that  

					meets the IFOS (International Fish Oil Standards).36  
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					The quality of fish oil is assessed through its physicochemical  

					properties, including peroxide value, iodine value, free fatty acid value,  

					fatty acid profile, saponification value, and total oxidation value.37  

					Iodine value and saponification value indicate the characteristics and  

					properties of an oil. Meanwhile, the peroxide value, acid value, and  

					anisidine value are parameters associated with oil damage. Gas  

					chromatography-mass spectrometry is used to identify fatty acid  

					composition after the oil is converted into ester form.38 in this case, the  

					oil sample is derivatized into methyl ester form. The derivatization  

					process is carried out by performing methylation until fatty acid methyl  

					ester (FAME) is obtained.39 Improving fish oil quality depends on both  

					the extraction and refining processes. The extraction method affects  

					yield, while refining enhances oil quality. This study examines the  

					effects of using a 2% mixture of activated charcoal and bentonite on the  

					physicochemical characteristics and fatty acid composition of Patin fish  

					oil from different regions of Java.  

					minutes to obtain refined Patin fish oil (PFOR). The fish oil yield was  

					calculated using the formula below (Equation 1):  

					Weight of sample PFOR (g)  

					Yield =  

					……………….. (1)  

					Weight of sample (raw material) (g)  

					Characterization of PFOC and PFOR (Patin Fish Oil Crude and Patin  

					fish oil Refined)  

					Determination of acid value (AV)  

					Acid value was determined using the modified AOAC method as  

					described by Samsul et al. (2024)21 and Indah et al. (2022).40 Samples  

					of either PFOC or PFOR, carefully weighed to a maximum of 1.0 g,  

					were placed in a 250 mL Erlenmeyer flask. This was followed by the  

					addition of 50.0 mL of 95% ethanol neutralized with phenolphthalein  

					indicator. The sample was then titrated with 0.1 N potassium hydroxide  

					until the colour changed to a steady pink. The titration was repeated 5  

					times to ensure accuracy, and the AV value was calculated using the  

					formula below (Equation 2).  

					Materials and Methods  

					(

					)

					Volume KOH mL x N KOH x 56.1  

					Reagents and Chemicals  

					Acid Value =  

					……………… (2)  

					weight sample (g)  

					Reagents used included methanol (Merck, Germany), ethanol (Merck,  

					Germany), potassium hydroxide (KOH) (Merck), hydrochloric acid  

					(HCl) (Merck), chloroform (Merck), Wijs reagent (Merck), glacial  

					acetic acid (CH3COOH), potassium iodide (KI), sodium thiosulfate,  

					distilled water, boron trifluoride (BF3) and n-hexane (Merck, Germany).  

					Adsorbents used were bentonite and activated carbon (Merck,  

					Germany).  

					Determination of saponification value (SV)  

					The oil sample (1.0 g) was dissolved in 25.0 mL of ethanolic potassium  

					hydroxide, and refluxed for 30 minutes at 80ºC. The sample was cooled,  

					and two drops of phenolphthalein indicator were added and titrated with  

					0.5 N HCl until the pink colour disappeared. A blank determination was  

					performed. The titration procedure was performed five times, and the  

					SV value was calculated using the formula below (Equation 3).21,40  

					Study location  

					This study was conducted in several regions in Java, Indonesia,  

					including Jakarta, Semarang, Yogyakarta, Boyolali, and Tulungagung.  

					The map of study locations is presented in Figure 1.  

					Saponification value =  

					(

					)

					Volume blanko−volume sample mL x N HCl x 56.1…………………… (3)  

					weight sample (g)  

					Determination of peroxide value (PV)  

					The oil sample (1.0 g) was placed in an Erlenmeyer flask, and 30 mL of  

					chloroform-acetic acid mixture (2:3) was added and homogenized. To  

					the sample solution was added 0.5 mL of saturated potassium iodide  

					(KI) and left to stand in the darkroom for about 30 minutes, then 30 mL  

					of distilled water was added. The mixture was titrated with 0.01 N  

					Na2SO3 until the yellow colour disappeared. The titration was repeated  

					five times. The PV was calculated using the formula below (Equation  

					4). 21,40  

					Peroxide Value =  

					(

					)

					Volume Na2SO3l mL x N Na2SO3 x1000 ………………… (4)  

					(

					)

					g

					W

					Iodine value (IV)  

					The iodine value indicates the grams of iodine that will react with 100  

					g of fat or oil. The oil sample (0.3 g) was placed into a 250 mL  

					Erlenmeyer flask, followed by the addition of 10 mL of chloroform and  

					25 mL of Wijh reagent, and the solution was left in the dark for 30  

					minutes. Thereafter, 10 mL of 15% KI and 50 mL of CO2-free water  

					were added. The mixture was titrated with Na2S2O3 until the yellow  

					colour disappeared. Then, 2 mL of 0.5% starch solution was added to  

					form a blue colour. The titration was continued until the blue colour  

					disappeared. A blank titration was performed. The titration process was  

					carried out five times. The iodine value was calculated using the  

					formula below (Equation 5).21,40  

					Figure 1: Map of sample collection location  

					Sample collection, identification, and preparation  

					Patin fish (Pangasius micronemus) samples were collected in Jakarta,  

					Semarang, Jogjakarta, Boyolali and Tulung agung, East Java. Samples  

					were kept frozen during transport. The patin fish samples were  

					identified at the Animal Systematics, Faculty of Biology, Gadjah Mada  

					University, with reference number: 132\/BI\/SH\/XI\/2023. Before  

					extraction, the fish were cleaned and separated into flesh, bones, and  

					impurities. The flesh was weighed, cut into small pieces, and dried in a  

					cabinet dryer (DMI Series, Australia) at 55ºC for 12 hours. Oil was  

					extracted using direct pressing at 100 kN to obtain Crude Patin fish oil  

					(PFOC), which was then centrifuged at 4,000 rpm (Centrifuge Gemmy  

					Model PLC-05, Taiwan) for 15 minutes to separate precipitates. The oil  

					was filtered and mixed with 2% bentonite and activated charcoal while  

					being stirred (Hotplate and Magnetic Stirrer Germany C-MAG HS 7)  

					for 15 minutes, followed by another centrifugation at 4,000 rpm for 20  

					(

					)( )  

					ꢀ푠−ꢀ푏 푚퐿  

					퐼표푑푖푛 푉푎푙푢푒 =  

					푥 푁 Na2S2O3푥0.12691 푥 100……………… (5)  

					푊 (푔)  

					GC-MS analysis of fatty acid content  

					The fatty acid composition of the oil was determined by gas  

					chromatography-mass spectrometry (GC-MS). The oil was first  

					converted into methyl esters by adding 2 mL of BF3 in 20% methanol  

					to 100 mg of the oil. The solution was heated in an ultrasonic bath at  

					60℃ for 60 minutes. Then 2.0 mL of n-hexane was added, vortexed,  
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					and centrifuged at 4000 rpm for 10 minutes. The supernatant (n-hexane  

					layer) was collected into a vial, then injected into the GC-MS system  

					synergistic effect of both adsorbents.49 Optimization of adsorbent  

					dosage in purification shows that a mixture of activated carbon and  

					bentonite 2% (w/w) effectively removes contaminants without losing  

					functional components.51 In addition, it can absorb metal components,  

					colours, and separate free fatty acids. The physical characteristics of  

					PFO include semi-soluble texture, slightly cloudy yellowish colour, and  

					fishy odour. Adding a mixture of activated charcoal and bentonite  

					produces a clear yellow colour, making the smell less fishy. The use of  

					a mixture of activated charcoal and bentonite has been shown to be  

					better than using a single absorbent.52  

					(Agilent type: 8890 GC System, 5977B GC  

					/

					MSD, 7693A  

					Autosampler) fitted with HP-INNOWAX column (60 m x 250 µm x  

					0.25 µm). Helium was used as the carrier gas at gas flow rate of 1  

					mL/min, and the injector temperature was 250°C. The column oven  

					temperature program started at 150°C for 1 min and then increased from  

					150 to 200°C for 15 min at a rate of 15°C/min. The standard used was  

					Supelco 37 Component FAME Mix (Sigma-Aldrich) with a 50-150%  

					concentration.  

					The quality of PFO can be assessed from the physicochemical  

					characteristics, including peroxide, acid, saponification, and iodine  

					values (Table 2). The refining process significantly reduced peroxide  

					value, improving oil stability. This decrease in peroxide value is in line  

					with the research conducted by Sumartini et al. (2019), who showed  

					that the addition of adsorbents (bentonite and activated carbon) to  

					tilapia oil reduces the peroxide value,53 and contaminants.49 Using a  

					mixture of bentonite and activated carbon to purify sardine fish  

					produces a lower peroxide value than the use of 3% bentonite only.54  

					The peroxide value in POFR from East Java was higher (2.99 meq/kg)  

					compared to the peroxide value of sardine oil purified with a  

					combination of bentonite, attapulgite and other adsorbents, which  

					produced a peroxide value of 2.250 meq/kg.55 Research has shown that  

					the addition of 10% activated charcoal to Seluang fish oil produced a  

					peroxide value of 4,290 meq/kg, while the addition of 10% bentonite  

					resulted in a peroxide value of 3.76 meq/kg.41 Peroxide values are  

					influenced by several factors, one of which is high temperature and  

					heating time. The heating process allows fatty acids to be quickly  

					degraded, resulting in oxidation reactions that impact high peroxide  

					values.56  

					Saponification value (SV) represents the milligrams of potassium  

					hydroxide required to saponify 1 gram of fat or oil completely using  

					alkalimetry.57 The chain length and degree of unsaturation of fatty acids  

					in triglycerides affect the saponification process. Shorter chain fatty  

					acids and those with fewer double bonds generally have higher  

					saponification values, requiring more KOH per gram of fat or oil..58  

					Table 3 shows the saponification value of the Patin fish oil collected  

					from different regions of Java. The results showed that there was a  

					significant decrease in the saponification value of the fish oil after it had  

					undergone the refining process, indicating changes in fatty acid  

					composition. The most significant reduction in saponification value  

					occurred in fish oil from Boyolali where a decrease in saponification  

					value of 50.12 mg KOH/g was observed. In comparison, the oil with the  

					lowest saponification value was that from East Java. Lower  

					saponification value indicates longer chain fatty acids, hence  

					differences in oxidative stability. Longer chain fatty acids are generally  

					more stable than shorter ones, which can affect the shelf life and quality  

					of the oil.59 Lower saponification value may also result in higher  

					melting points and different textural properties.60  

					Statistical analysis  

					Data were presented as mean ± standard deviation (SD). Data were  

					subjected to one-way analysis of variance (ANOVA) using SPSS IBM  

					26 (2019) software. Statistically significant differences among the  

					means were established at p < 0.05.  

					Results and Discussion  

					The study examined crude and refined PFO from different Java regions.  

					The oil was extracted through dry rendering and pressing, then purified  

					using activated charcoal and bentonite. Results showed that purification  

					improved oil clarity and reduced impurities while maintaining the  

					nutritional profile. Before the extraction stage, the patin fish flesh were  

					prepared by cleaning dirt, scales, and thorns and cut into small dice.  

					Size reduction aims to expand the sample's surface area so that the  

					heating and extraction process is efficient.41 The extraction method used  

					was heating and pressing.42 Heating causes the sample’s protein to  

					denature so that the oil is extracted.43 Pressing with a pressurized  

					machine will increase the oil yield, and the oil liquid will come out of  

					the solid tissue.11 The crude oil obtained was centrifuged and filtered to  

					separate the oil from impurities, and then anhydrous sodium sulphate  

					(Na2SO4) was added as much as 10% to adsorbed water.41 PFO obtained  

					from meat parts had a yellow colour, slightly pungent odour, and freezes  

					quickly at cold temperatures. The oil yield is shown in Table 1.  

					The highest oil yield was recorded in East Java samples (22.27%), while  

					the lowest was in Semarang samples (10.39%). Yield variations can be  

					attributed to differences in cultivation systems, water quality, feed, and  

					environmental factors.44 Integrated farming systems and the use of  

					commercial feed can increase fish oil production, and stocking density  

					will also affect fish quality.45 Water quality and good water conditions  

					affect thequantity of oil, and pollution in the water causes a decrease in  

					water quality, affecting the fish population.46 Feed quality will affect  

					growth and nutrient content.47  

					Table 1: Yield of Patin fish oil (PFO) collected from different  

					regions of Java  

					Fish oil sample  

					Yield (%)  

					Acid value indicates the level of free fatty acids (FFA) that can affect  

					the quality and shelf life of the oil. The higher the acid value, the lower  

					the quality of the oil, which will affect its stability.61 The results of acid  

					value of Patin oil from various regions of Java is presented in Table 4.  

					The acid value of the fish oil decreased after being refined with a  

					mixture of bentonite and activated charcoal at 2%. Purified PFO from  

					Semarang had the smallest acid value (1.05 ± 0.0275 mg KOH/g)  

					compared to PFO from other regions. Research conducted by Indah et  

					al. (2022) showed the effect of purification with bentonite on PFO  

					produced an acid value of 2.42 ± 0.105 mg KOH/g, while with activated  

					charcoal, acid value of 1.92 ± 0.07 mg KOH/g. was obtained.  

					Purification using a mixture of activated charcoal and bentonite 2%  

					produces a lower acid value than using either adsorbent alone. Mixing  

					activated charcoal and bentonite can adsorb synergistically. Activated  

					charcoal has a high adsorbing capacity and improved surface properties  

					of acid-activated bentonite to remove free fatty acids and impurities.62  

					Therefore, refining reduced acid values, enhancing oil stability and  

					shelf life of PFO.  

					Jakarta  

					19.79  

					Semarang  

					Jogjakarta  

					Boyolali  

					10.39  

					18.88  

					17.41  

					22.27  

					East Java  

					The refining process aims to remove impurities and water contained in  

					the oil. The presence of impurities in the oil will affect the speed of  

					oxidation so that the oil is easily damaged, while the presence of water  

					results in easy hydrolysis.48 The stages of the refining process consist  

					of heating, stirring, and vacuum filtration, resulting in a decrease in the  

					weight of PFO. The addition of adsorbents such as a mixture of  

					activated charcoal and bentonite (2%) aims to remove impurities and  

					improve the quality of PFO. Bentonite is a cheap and effective  

					traditional adsorbent that functions as heavy metals adsorber, with a  

					high chemical and mechanical stability and high cation exchange  

					capabilities.49 Activated carbon absorbs various contaminants because  

					it has high porosity and surface area.50 The combination of bentonite  

					and activated charcoal effectively removes impurities due to the  
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					Table 2: Peroxide values of Patin fish oil collected from different regions of Java  

					Fish oil sample  

					Peroxide value (meq O2/1000 g)  

					PFOC  

					4.93 ± 0.23  

					PFOR  

					2.40 ± 0.06  

					IFOS  

					SNI  

					˂ 5  

					Jakarta  

					Semarang  

					Jogjakarta  

					Boyolali  

					4.01 ± 0.07  

					4.94 ± 0.23  

					4.62 ± 0.04  

					5.215 ±0.07  

					1.17 ± 0.13  

					1.96 ± 0.03  

					1.06 ± 0.11  

					2.99 ± 0.17  

					≤ 3.75  

					East Java  

					Values are mean ± standard deviation (SD). PFOC: Patin Fish Oil Crude, PFOR: Patin Fish Oil Refined, IFOS: International Fish Oil Standards, SNI:  

					Standar Nasional Indonesia  

					Table 3: Saponification values of Patin fish oil collected from different regions of Java  

					Fish oil sample  

					Saponification value (mg KOH/g)  

					PFOC  

					PFOR  

					Reduction  

					IFOS  

					SNI  

					Jakarta  

					240.45 ± 3.85  

					208. 43 ± 2.39  

					32.02  

					Semarang  

					Jogjakarta  

					Boyolali  

					East Java  

					252.72 ± 1.46  

					216.85 ± 3.88  

					268.68 ± 1.33  

					212.49 ± 3.45  

					232.08 ± 0.82  

					206.35 ± 2.19  

					218.56 ± 3.69  

					20.64  

					10.50  

					50.12*  

					10.53  

					175-201  

					-

					201.96 ±1.08  

					Values are mean ± standard deviation (SD). *Highest reduction. PFOC: Patin Fish Oil Crude, PFOR: Patin Fish Oil Refined, IFOS: International Fish Oil  

					Standards, SNI: Standar Nasional Indonesia.  

					Table 4: Acid values of Patin fish oil collected from different regions of Java  

					Fish oil sample  

					Acid value (mg KOH/g)  

					PFOC  

					PFOR  

					IFOS  

					SNI  

					Jakarta  

					2.16 ± 0.04  

					1.20 ± 0.04  

					Semarang  

					Jogjakarta  

					Boyolali  

					East Java  

					2.65 ± 0.12  

					1.05 ± 0.03  

					1.12 ± 0.02  

					1.16 ± 0.02  

					1.30 ± 0.04  

					3.29 ± 0.10  

					˂ 3  

					˂ 3  

					2.00 ± 0.0249  

					3.26 ± 0.0861  

					Values are mean ± standard deviation (SD). PFOC: Patin Fish Oil Crude, PFOR: Patin Fish Oil Refined, IFOS: International Fish Oil Standards, SNI:  

					Standar Nasional Indonesia.  

					Table 5: Iodine values of Patin fish oil collected from different regions of Java  

					Fish oil sample  

					Iodine value (g I2/100 g)  

					PFOC  

					PFOR  

					IFOS  

					SNI  

					Jakarta  

					63.52 ± 0.40  

					68.22 ± 1.25  

					Semarang  

					Jogjakarta  

					Boyolali  

					East Java  

					64.91 ± 0.24  

					66.15 ± 1.00  

					67.05 ± 0.54  

					66.61 ± 0.94  

					69.01 ± 1.28  

					70.68 ± 0.22  

					72.17 ± 0.73  

					68.51 ± 1.04  

					95-118  

					˂ 140  

					Values are mean ± standard deviation (SD). PFOC: Patin Fish Oil Crude, PFOR: Patin Fish Oil Refined, IFOS: International Fish Oil Standards, SNI:  

					Standar Nasional Indonesia.  

					Iodine value denotes the amount of unsaturated fatty acids in oil or fat  

					samples. The degree of unsaturation of fats and oils is indicated by the  

					amount of iodine in grams that can be absorbed by 100 grams of oil.  

					The higher the iodine value, the more double bonds in the fatty acids.  

					This can make the oil susceptible to oxidation and thus reduces its  

					quality.20 Fish oil is rich in polyunsaturated fatty acids (PUFA) and  

					usually has a high iodine value. The results as presented in Table 5  

					showed that the iodine value of PFO increased after refining. This  

					indicate that the refining process increased the degree of unsaturation  

					of the oil, hence improved nutritional quality. The highest increase in  

					iodine value was observed in PFO from the Boyolali region, in which  

					the iodine value increased from 67.05 g I2/100 g oil to 72.17 g I2/100 g  

					oil after purification. This increase may have occurred due to the  

					removal of impurities through the purification process and the removal  

					of unsaturated fatty acids. Research conducted by Zhang et al. (2022)  

					also showed that refining increases the iodine value of fish oil so that  

					the unsaturation of the oil and its nutritional value (EPA and DHA)  

					increases.63 Purification of PFO with bentonite has been shown to  

					increase the iodine value from 90.65 ± 0.35 g I2/100 g oil to 99.6 ± 0.45  

					g I2/100 g oil.64 The presence of bentonite as a specific adsorbent can  

					improve the quality of fish oil by increasing the iodine value.65.  

					PFO fatty acid content was determined using gas chromatography with  

					a flame ionization detector. Chromatographic methods are sensitive,  

					relatively specific, highly reproduceable, and can analyze fatty acids  

					quickly. Before analysis, fatty acids must be derivatized into fatty acid  

					methyl ester (FAME). Fatty acids in the form of FAME are non-polar.  
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					In this study, boron trifluoride (BF3) was employed in the esterification  

					process. The oil sample was first saponified with excess NaOH in  

					ethanol to liberate fatty acids, which were then methylated using BF3.  

					The resulting fatty acid methyl esters were extracted with organic  

					solvents and then analyzed using gas chromatography. FAME are of  

					low molecular weight, making the analysis process easier.57  

					from Boyolali. The arachidonate content in PFO varied from 0.478 to  

					1.002, with the highest content found in PFO from Semarang. Saturated  

					fatty acid (SFA) content of the fish oil consists of laurate, myristate,  

					palmitate and stearate. The purification of PFO from the different  

					regions resulted in higher polyunsaturated fatty acid (PUFA) content  

					than saturated fatty acid (SFA) and monounsaturated fatty acid  

					(MUFA) contents. The fatty acid composition of all the oil samples  

					were mostly oleic acid + eladinate (C18:2n9), palmitate (C16),  

					linolelaidate + linoleate (C18:2n6), stearate (C18), myristic acid (C14),  

					palmitoleate (C16:1), laurate (C12). The results of the present study are  

					different from those of previous studies. This indicates that the fatty  

					acid composition of fish oil is influenced by many factors, including  

					fish species, collection location, food used, environment, and extraction  

					method. In a survey conducted by Pandiagan (2021), showed that the  

					dominant fatty acid components of fish oil obtained by the dry rendering  

					method at a temperature of 70oC, were palmitic acid (C16:0), oleic acid  

					(C18:1), and linoleic acid (C18:2).11 This shows that different extraction  

					methods and heat treatments can affect the type and amount of fatty  

					acids obtained. Too high temperature can cause degradation of fatty  

					acids, mainly unsaturated fatty acids. High temperatures are predicted  

					to break several double bonds of fatty acids and form single bonds, thus  

					affecting the fatty acids obtained.66  

					GC-MS analysis revealed that purified PFO contained higher levels of  

					monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids  

					(PUFA) than the crude PFO. The predominant fatty acids included oleic  

					acid + eladinate, palmitic acid, linolelaidate, linoleate, stearic acid,  

					myristic acid, palmitoleate, and lauric acid. Figures 2, 3, and 4 illustrate  

					the gas chromatogram of standard fatty acids mixture, PFOC, and  

					PFOR, respectively. The results showed that the monounsaturated fatty  

					acids (MUFA) contained in Patin fish oil are oleate + eladiate and  

					palmitoleate. PFO from Semarang region had the highest content of  

					oleate and eladiate. The highest concentration of palmitoleate was  

					found in PFO from Jogjakarta and the lowest was from Boyolali.  

					Polyunsaturated fatty acids (PUFA) in PFA include linoleate,  

					arachidonate, EPA, and DHA. EPA and DHA are important omega-3  

					fatty acids that play significant role in cardiovascular health. EPA and  

					DHA levels in the oil varied by region, with the highest EPA found in  

					PFO from East Java, while DHA was found to be highest in PFO from  

					Jogjakarta. (Table 6). The highest linoleate content was found in PFO  

					Figure 2: Gas chromatogram of standard fatty acid methyl esters mixture  

					Figure 3: Gas chromatogram of Patin Fish Oil Crude (PFOC)  
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					Figure 4: Gas chromatogram of Patin Fish Oil Refined (PFOR)  

					Table 6: Fatty acid composition (% relative) of Patin fish oil collected from different regions of Java  

					Fatty acid type  

					Jakarta  

					PFOC  

					3.373  

					Semarang  

					PFOC  

					3.838  

					Jogjakarta  

					PFOC  

					1.516  

					Boyolali  

					PFOC  

					0.148  

					East Java  

					PFOC  

					1.145  

					PFOR  

					3.196  

					PFOR  

					1.372  

					PFOR  

					1.619  

					PFOR  

					0.014  

					PFOR  

					1.005  

					Laurate  

					Myristate  

					5.543  

					25.554  

					1.828  

					6.441  

					38.557  

					12.500  

					0.201  

					0.754  

					0.128  

					0.232  

					5.379  

					25.122  

					1.821  

					6.576  

					38.981  

					12.597  

					0.207  

					0.747  

					0.113  

					0.237  

					5.543  

					26.600  

					1.451  

					7.880  

					35.394  

					12.703  

					0.180  

					0.478  

					0.229  

					0.453  

					5.345  

					25.189  

					2.323  

					5.878  

					39.375  

					13.743  

					0.134  

					0.789  

					0.184  

					0.335  

					4.744  

					24.934  

					2.710  

					6.327  

					38.895  

					13.942  

					0.143  

					0.948  

					0.190  

					0.434  

					4.785  

					23.327  

					2.877  

					6.321  

					39.238  

					14.546  

					0.130  

					1.002  

					0.188  

					0.443  

					4.835  

					23.205  

					1.884  

					8.770  

					36.877  

					16.338  

					0.212  

					0.690  

					0.209  

					0.411  

					0.028  

					26.714  

					1.284  

					8.602  

					38.688  

					14.014  

					0.224  

					0.583  

					0.131  

					0.356  

					5.909  

					26.255  

					1.541  

					6.377  

					38.173  

					14.122  

					0.123  

					0.640  

					0.368  

					0.388  

					5.477  

					25.558  

					1.498  

					6.206  

					39.207  

					14.041  

					0.149  

					0.637  

					0.339  

					0.424  

					Palmitate  

					Palmitoleate  

					Stearate  

					oleate + eladiate  

					Linolelaidate + Linoleate  

					Arachidate  

					Arachidonate  

					EPA  

					DHA  

					The results of the Kruskal-Wallis test showed that all the p-values are greater than 0.05, which means that there is no significant difference in fatty acid  

					levels between locations with a 95% level of confidence.  
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