


Fatty Acid Analysis of the Marine Catfish Arius arius (Hamilton, 1822) by GC-FID Analysis

Abstract
Aim: The current study analysed the fatty acid composition of marine catfish Arius arius (Hamilton, 1822) from Thoothukudi coastal region.
Methodology: Total lipids from muscle tissue have been extracted using Folch et al., (1957) process and purified. Purified sample was modified to fatty acid methyl esters and analysed using a gas chromatograph with a flame ionization detector (GC-FID) and a fused silica DB-23 capillary column. The fatty acids present in A. arius were determined via examining the retention times of standards. 
Results: The analysis showed the presence of a wide array of fatty acids, namely short (SCFA), medium (MCFA), long (LCFA), and very long chain fatty acids (VLCFA). Saturated fatty acids (36.04%) detected included butyric (0.05%), octanoic (0.03%), capric (0.04%), undecanoic (0.27%), lauric (0.28%), tridecanoic (0.18%), myristic (6.38%), pentadecanoic (0.75%), palmitic (16.71%), stearic (9.62%), arachidic (0.37%), heneicosanoic (0.11%), behenic (0.28%), tricosanoic (0.23%) and lignoceric acid (0.28%). Monounsaturated fatty acids (22.4%) included myristoleic (0.42%), cis-10-pentadecenoic (0.34%), palmitoleic (6.70%), heptadecenoic (1.05%), cis-10-heptadecanoic (0.64%), elaidic (0.22%), oleic (3.60%), eicosenoic (0.23%), erucic (6.37%), and nervonic acid (3.02%). Polyunsaturated fatty acids (19.37%) identified were linolelaidic (0.28%), linoleic (0.69%), g-Linolenic (0.09%), α-linolenic (0.14%), eicosadienoic (0.51%), eicosatrienoic (0.30%), arachidenic (0.27%), docosadienoic (0.54%), EPA (10.31%), and DHA (6.51%). In addition, 23 unidentified peaks (17.71%) were recorded.
Conclusion: The analysis indicated considerable lipid diversity in A. arius. The detection of biologically important long-chain PUFAs, namely EPA and DHA, underscores the nutritional importance of A. arius. These results provide baseline information on A. arius and help in understanding its biochemical and nutritional characteristics.
Keywords: Arius arius, Monounsaturated fatty acids(MUFA), Saturated fatty acids(SFA), Fatty acid methyl esters, Polyunsaturated fatty acids(PUFA).
1. Introduction
Fish is a much more interesting food source nowadays, as it can fulfill an appreciable portion of the daily nutrient requirements of humans (Solami et al., 2024). Fish and fish products have a unique position in human diet as it is a cost-effective and valuable source of proteins, fatty acids, amino acids, vitamins (A and D), and minerals like phosphorus, copper, iron, potassium, and iodine (Roos et al., 2007; Khan et al., 2024). Lipids and fats represent a diverse group of compounds that serve as the key dietary energy source and provide essential fatty acids. They also act as an energy reserve and reduce protein catabolism (Schuchardt et al., 2008; Ahmed, 2022). Fatty acids are usually classified into three types. They are SFA, MUFA, and PUFA based on degree of saturation and carbon chain length. Essential fatty acids greatly contribute to the integrity of cellular membranes, brain development, regulation of blood pressure, viscosity of blood, hormone synthesis, and immune function (Tørris et al., 2018; Kundam et al., 2018; Sati and Bhatt, 2018; Lin, 2019; Awuchi, 2022).
Catfishes account for roughly 4-6% of India’s total marine landings, with the family Ariidae representing the major component of the catching and contribute significantly to coastal fisheries. The sea catfish Arius arius (Hamilton, 1822), also known as Threadfin sea catfish, is a species of marine catfish in family Ariidae. Hence, the current research aims to qualitatively characterize fatty acid composition of Arius arius muscle tissue with relative abundance of fatty acids using the capillary gas chromatography with flame ionization detector. The findings contribute to the biochemical and nutritional value evaluation of A. arius in Thoothukudi coastal region. 
2. Materials and Methods 
2.1 Qualitative Analysis of Fatty Acid Profile
	The fatty acid content of A. arius has been examined by employing a capillary gas chromatograph equipped with a flame ionization detector (FID)”. Folch et al. (1957) technique has been used to obtain total lipid content. A 1:2 combination of methanol and chloroform was applied to 20g of homogenized catfish muscle tissue. Whatman No. 1 filter paper has been employed to filter mixture before it was moved to a separating funnel. Ten milliliters of 0.74% KCl were added to the filtrate to eliminate the contaminants. A rotary flash evaporator (RV10DS96, IKA, Germany) was used to evaporate the lipid dissolved in the chloroform layer to dryness at 40°C while 99% pure N2 gas was present in order to get the total lipid. The isolated lipid has been methylated by utilizing BF3 in methanol using AOAC technique (AOAC, 1990). In a screw-capped tube, 50 mg of extracted lipid was combined with 2ml of 0.05M methanolic NaOH, 5ml of BF3 methanol. For five days, the mixture was refluxed in order to esterify it.
	Following esterification, the sample was mixed with 10 ml of saturated NaCl solution, methyl esters have been separated twice using 5ml of hexane. In presence of an N2 stream, top hexane layer containing fatty acids evaporated to dryness to necessary volume. “Fatty acid analysis has been accomplished by utilizing a gas chromatograph (Perkin Elmer, PE Clarus 580) equipped with a flame ionization detector in accordance with the procedure outlined via Stephen et al. (2010). Fatty acids were separated using a fused silica capillary DB 23 column (60m × 0.025 × 0.15µm, Agilent Technologies, Santa Clara, CA, USA). Injector as well as detector temperatures have been set at 250°C and 300°C, correspondingly. Gradient temperature programming has been used to raise oven's temperature from 70°C for one minute to 180°C at a rate of 20°C per minute, then to 230°C at a rate of 3°C/min. At 20psi and a flow rate of 5ml/min, nitrogen gas (99.996% pure) has been utilized as a carrier. To determine fatty acid peaks by comparison, retention time of an authentic fatty acid standard (Cat. NO. 189-19, Sigma Chemicals Co., St. Louis, MO, USA, 99% purity”) was run continuously. Turbo Chrom software was used to calculate the fatty acid percentage, which was then represented as the area percentage.
3. Result and Discussion
In the current study, fatty acid composition of Arius arius (Hamilton, 1822) exhibited a complex lipid spectrum, namely SFA 36.04%, MUFA 22.4%, and PUFA 19.37% with 23 of unknown peaks (17.71%). The graph with 58 peaks in GC-FID analysis of Arius arius (Hamilton, 1822) is shown in Figure 1, and the results are listed in Table 1. 
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Figure 1: Graph showing the 58 peaks in GC-FID analysis of Arius arius (Hamilton, 1822)
Table 1: Fatty acid profile of the marine catfish Arius arius (Hamilton, 1822)
	S. No
	Fatty acid
	Carbon number: Number of double bonds (C:D notation)
	Area
(%)
	Saturation type
	Chain length

	1
	“Butyric acid 
	C4:0
	0.05
	SFA
	SCFA

	2
	Octanoic acid 
	C8:0
	0.03
	SFA
	MCFA

	3
	Capric acid 
	C10:0
	0.04
	SFA
	MCFA

	4
	Undecanoic acid 
	C11:0
	0.27
	SFA
	MCFA (odd chain)

	5
	Lauric acid 
	C12:0
	0.28
	SFA
	Borderline (MCFA/LCFA)

	6
	Tridecanoic acid 
	C13:0
	0.18
	SFA
	LCFA (odd chain)

	7
	Myristic acid 
	C14:0
	6.38
	SFA
	LCFA

	8
	Myristoleic acid 
	C14:1
	0.42
	MUFA
	LCFA

	9
	Pentadecenoic acid 
	C15:0
	0.75
	MUFA (odd-chain)
	LCFA

	10
	Cis-10-Pentadecenoic acid 
	C15:1
	0.34
	MUFA (cis)
	LCFA

	11
	Palmitic acid 
	C16:0
	16.71
	SFA
	LCFA

	12
	Palmitoleic acid 
	C16:1
	6.70
	MUFA (cis)
	LCFA”

	13
	Heptadecanoic acid 
	C17:1
	1.05
	SFA (odd-chain)
	LCFA

	14
	Cis-10-Heotadecanoic acid 
	C17:1
	0.64
	MUFA (cis)
	LCFA

	15
	Stearic acid 
	C18:0
	9.62
	SFA
	LCFA

	16
	Elaidic acid 
	C18:1n9t
	0.22
	MUFA (trans)
	LCFA

	17
	Oleic acid 
	C18:1n9c
	3.60
	MUFA (cis)
	LCFA

	18
	Linolelaidic acid 
	C18:2n6 t
	0.28
	PUFA (trans)
	LCFA

	19
	Linoleic acid 
	C18:2n6c
	0.69
	PUFA (cis)
	LCFA

	20
	Arachidic acid 
	C20:0
	0.37
	SFA
	VLCFA

	21
	g-Linolenic acid 
	C18:3n6
	0.09
	PUFA
	LCFA

	22
	Alpha-linolenic acid 
	C18:3n3
	0.14
	PUFA
	LCFA

	23
	Eicosenoic acid 
	C20:1
	0.23
	MUFA
	LCFA

	24
	Heneicosenoic acid 
	C21:0
	0.11
	MUFA
	LCFA

	25
	Eicosadienoic acid 
	C20:2
	0.51
	PUFA
	LCFA

	26
	Behenic acid 
	C22:0
	0.28
	SFA
	V LCFA

	27
	Eicosatrienoic acid 
	C20:3n6
	0.30
	PUFA
	LCFA

	28
	Erucic acid 
	C22:1n9
	6.37
	MUFA
	VLCFA

	29
	Arachidenic acid 
	C20:4n6
	0.27
	SFA
	LCFA

	30
	Tricosanoic acid 
	C23:0
	0.23
	SFA
	VLCFA

	31
	Docosadienoic acid 
	C22:2n6
	0.54
	PUFA
	VLCFA

	32
	EPA 
	C20:2n6
	10.31
	PUFA
	LCFA

	33
	Lignoceric acid 
	C24:0
	0.28
	SFA
	VLCFA

	34
	Nervonic acid 
	C24:1n9
	3.02
	MUFA
	VLCFA

	35
	DHA 
	C22:6n3
	6.51
	PUFA
	VLCFA

	36
	Unknown peaks (23)
	
	17.71
	
	


*SFA- “Saturated fatty acid,  MUFA-Monounsaturated fatty acid, MCFA- Medium chain fatty acid, LCFA- Long chain fatty acid, PUFA- Polyunsaturated fatty acid, SCFA- Short chain fatty acid, VLCFA- Very long chain fatty acid”.
  Özogul et al. (2007) observed that fatty acid compositions of marine fish species are 25.2-48.2% polyunsaturated, 25.5-39.4% saturated, and 13.2-29.0% mononsaturated fatty acids. Pyz-Łukasik et al. (2020) stated that percentage content of different fatty acids in fat of the fish varied in a wide range, and it also varies between different species. Saturated, monounsaturated, and polyunsaturated fatty acids range between 16.32-64.71%, 8.5-55.34%, and 10.67-67.4%, respectively (Pyz-Łukasik et al., 2020). Choudhury et al. (2023) found that Coscinodiscus was rich in total SFA (47.34%) and MUFA (33.03%). In contrast, Chelon planiceps was rich in PUFA (22.17%) (Choudhury et al. 2023). The outcomes of current research were consistent with patterns reported with other marine fish species. According to Steffens (1997), fatty acid composition of fish diet had both quantitative and qualitative effects on fatty acid profile of fish lipids (Pyz-Łukasik et al. 2020). 
Zhang et al. (2020) observed that among the 22 studied fish species, 17 species showed a high proportion of SFAs compared with MUFAs and PUFAs. In the present study butyric (0.05%), octanoic (0.03%), capric (0.04%), undecanoic (0.27%), lauric (0.28%), tridecanoic (0.18%), myristic (6.38%), pentadecanoic (0.75%), palmitic (16.71%), stearic (9.62%), arachidic (0.37%), heneicosanoic (0.11%), behenic (0.28%), tricosanoic (0.23%) and lignoceric acid (0.28%) were detected with the total relative abundance of 36.04%. Rasoarahona et al. (2008) reported that three fatty acids dominated in fatty acid composition of Arius madagascariensis, which includes two SFAs and one MUFA. They are palmitic acid (22.9-32.6%), stearic acid (10.8-12.0%), and oleic acid (11.3-13.4%). Jakhar et al. (2012) observed that SFAs were most abundant in catla, rohu, pangas, and magur with a relative abundance of 60.92%, 52.28%, 47.15% and 39.85%, respectively. Fishes were rich in PUFAs together with a significant amount of monounsaturated fatty acids. Both PUFA and MUFA are considered beneficial in the unoxidized state (Larsen et al., 2011; Awuchi, 2022). 
In the present study monounsaturated fatty acids including myristoleic (0.42%), cis-10-pentadecenoic (0.34%), palmitoleic (6.7-%), heptadecenoic (1.05%), cis-10-heotadecanoic acid (0.64%), oleic (3.60%), elaidic (0.22%), eicosenoic (0.23%), erucic (6.37%) and nervonic acid (3.02%) were observed in muscle tissue of A. arius. Based on the location of “double bonds, PUFAs are further categorized into omega-3 (ω-3) and omega-6 (ω-6) fatty acids. Both ω-3 and ω-6 fatty acids play vital roles in lowering cardiovascular disease risk via their various biological functions (Reimers and Ljung, 2019; Awuchi, 2022). 
In the present study muscle tissue of A. arius showed the presence of ω-3 fatty acids such as α-linolenic (0.14%), EPA (10.31%) and DHA (6.51%) along with ω-6 like linoleic (0.69%), linolelaidic (0.28%), γ-linolenic (0.09%), eicosadienoic (0.51%), eicosatrienoic (0.30%), arachidenic (0.27%), docosadienoic acid (0.54%). Omega-3 fatty acids are vital for neurological development, childhood growth, prevention of conditions like hypertension in adults and asthma in children (Tasbozan and Gökçe, 2017; Awuchi, 2022). Rasoarahona et al. (2008) reported the presence of number of PUFAs in significant amounts in Arius madagascariensis including docosahexaenoic acid (3.0-8.1%), arachidonic acid (4.7-7.6%), n-3 docosapentaenoic acid (1.1-1.6%), eicosapentaenoic acid (0.6-1.0%), n-6 docosatetraenoic acid (0.7-1.2%) and n-6 docosapentaenoic acid (0.9-1.8%). Among the fatty acids present in A. arius, linoleic and α-linolenic acid are essential fatty acids”. The crucial fatty acids are usually present in nearly all fish species; their concentration is particularly higher in marine fishes (Garrido et al., 2008; Ahmed, 2022). The outcomes of current study corroborate well with above conclusions. In addition, 23 unidentified peaks were recorded. The present study exhibited unknown peaks as capillary GC coupled with FID is not capable of identifying fatty acid methyl esters with varying double bond positions (Wang et al., 2024). In summary, the qualitative fatty acid composition of A. arius relates closely to already known lipid patterns in marine fish species. It confirms the marine catfish A. arius as a nutritionally valuable species, and it also supports the ecological reliability of the current findings. 
Conclusion
	The present study establishes that the marine catfish Arius arius possesses a structurally diverse lipid profile, including short, medium, long, and very long chain fatty acids with different degrees of saturation, comprising saturated, monounsaturated, and polyunsaturated fatty acids. The presence of nutritionally important essential fatty acids and long-chain polyunsaturated fatty acids shows biochemical complexity and potential dietary value of the species. The occurrence of omega-3 and omega-6 fatty acids with different chain length variants shows an adaptive lipid metabolism. Collectively, the results provide foundational qualitative data to enrich the biochemical knowledge of the marine catfish A. arius. And supports its importance as a nutritionally significant fish species. 	 
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