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COMPARATIVE ASSESSMENT OF FATTY ACID PROFILE OF CLARIAS GARIEPINUS FED WITH COMMERCIAL AND LOCALLY FORMULATED FEED
Abstract
This study compared the fatty acid profile of Clarias gariepinus (African catfish) fed commercial and locally formulated diets. Two commercial fish diets (Aller Aqua at 60% crude protein and Blue Crown at 45% crude protein) were utilized and a locally designed diet was prepared using fish meal, wheat bran, soybean meal, groundnut cake, maize, lysine, methionine, premix and salt. The Pearson square method was applied to formulate the diet at 40% crude protein. Ninety healthy fingerlings of Clarias gariepinus of average weight (10.12g to 11.30g) were placed at random in three treatment groups and were fed on the experimental diets over a period of 12 weeks. Muscle samples were studied at the end of the feeding trial using gas chromatography-mass spectrometry (GC-MS) to determine the fatty acid composition of the muscle samples. The data was presented as mean ± SD and were analyzed using one-way ANOVA with p < 0.05. Results showed that there was a significant difference in fatty acid composition in treatments. Fish fed the locally formulated diet had the highest concentrations and variety of the polyunsaturated fatty acids (PUFAs) and a wider distribution of fatty acids in general. Conversely, fish fed the Blue Crown diet contained the most monounsaturated fatty acids (MUFA) with moderate values recorded in the fish fed Aller Aqua. The most prevalent fatty acid in all groups was oleic acid and the essential fatty acids were more prevalent in fish fed the locally prepared diet including linoleic acid, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Finally, the diet developed locally enhanced the nutritional quality and diversity of fatty acids of Clarias gariepinus. This suggests that well-developed local feeds can be a cheaper substitute of commercial feeds and provide more health benefits to cultured fish.
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1. Introduction
Fish is a significant constituent in human nutrition and the advantage of this protein composition has a significant connection to the quality of its lipid content. It is not a secret that fish lipids are high sources of long-chain (LC) n-3 polyunsaturated fatty acids (LC n-3 PUFA) containing 20:5 n-3 eicosapentaenoic acid (EPA) and 22:6 n-3 docosahexaenoic acid (DHA) (Carr et al., 2023). Humans are unable to produce long-chain n-3 PUFAs and are therefore required to get them through the diet. The optimal ratio of the n-6/n-3 fatty acids is frequently 1: 1 to 4:1 in human diets; in modern diets in most populations, the ratios are 5:1 to 20:1 or higher (González-Becerra et al., 2023; Gutierrez-Guerra et al., 2025). Omega-3 fatty acids have exhibited high significance and need to be included in human development and health as demonstrated in numerous studies (Patted et al., 2024). Having a high percentage of DHA/ EPA is linked to positive health effects on consumers and it is said that DHA specifically is more effective at lowering the risk of cardiovascular diseases (Banaszak et al., 2024). Other researchers demonstrate beneficial impacts that occurred at the period of pregnancy, neonatal periods, and child health that reflect the preventive functions of fatty acids in relation to hormone-induced cancers, and cardiovascular diseases (Shahinfar et al., 2025). A number of studies have assessed the dietary n-3 PUFA deficiency and mood disorders with results revealing the existence of appropriate associations (Bafkar et al., 2024). The cardio protective benefit of n-3 PUFAs (EPA and DHA) supplement has been reported in various studies (Musazadeh et al., 2022; Zhang et al., 2022). However, regardless of an appointment to specific anti-cancer purposes, according to the reviews, the n-3 and n-6 PUFAs can prevent the appearance of various types of tumors (Lee et al., 2018). It is a fact that higher fish intake is linked to a lower rate of mortality, morbidity due to cardiovascular disease (CVD) and coronary heart disease (CHD) (McMullan et al., 2023). As a result, there is a very close connection between the human health and the fish as a food, which is closely associated with the fatty acid content of the food (Musazadeh et al., 2022).
Clarias gariepinus is the most commonly cultivated freshwater fish species in Nigeria because of its rapid growth, environment stress tolerance, and response to varied culture environments (Reda et al., 2021). Despite its importance in aquaculture, little has been reported on the effect of various feeds on the fatty acid profile of the fish. Since feed composition directly influences lipid quality and nutritional value of fish, it is necessary to examine fatty acid composition of fish fed in various feeding regimes. Therefore, the aim of the study was to evaluate and compare the fatty acid composition of Clarias gariepinus fed on commercial fish feeds and a locally designed diet.
3. Materials and Methods
3.1 Study Area
The study was conducted in Birnin Kebbi that is located at latitude 12°32 N and longitude 4 12E and an altitude of about 200 m above the sea level in the Sudan Savannah vegetation zone to the north of Nigeria. The climate of the region is semi-arid with extended dry season (October-May) and brief wet season (June-September), with the average rainfall annual average of approximately 665mm. The temperature is between 22 oC and 45 oC (Olayide et al., 2023).


3.2 Acquisition of Experimental Fish 
The fingerlings of Clarias gariepinus were purchased from Labana Fish Farm, Aliero. Fish were transported and placed in 60 L plastic tanks and acclimatised for two weeks. During acclimatisation, the fish received 5% body weight per day. (Langi et al., 2024).
3.3 Acquisition of Fish Feed
Two (2) commercial fish feeds (Blue Crown and Aller Aqua) were purchased from the market and one (1) local formulated diet. The local diet ingredients used were yellow maize, soybean meal, fish meal, wheat bran, groundnut cake and premix additives. All feeds ingredients were purchased from the local area (Begho & Irabor, 2024).
3.4 Feed Formulation
The feed was developed to contain 40% crude protein using Pearson Square technique of feed formulation as mentioned by Langi et al. (2024). Each of the ingredients was ground and weighed and mixed with a mixing machine. Gelatinization of starch was carried out by the addition of hot water periodically and feed mash was pelletized with a 2 mm size. The air-drying of the pellets was followed and then put in polythene bags, which were sealed and kept in ambient conditions till use.





Table 1: Composition of the experimental diet (%)
	Ingredients
	Quantity (%)

	Fish Meal (FM)
	30.34

	Soybean Meal (SB)
	18.34

	Groundnut Cake (GNC)
	18.34

	Yellow Maize (YM)
	13.74

	Wheat Bran (WB)
	13.74

	Premix
	2.5

	Methionine/Lysine
	1.5

	Salt
	1.5

	Total
	100%



3.5 Experimental Design
The feeding trial was done under a completely randomized design (CRD) with three diets and three replicates in each diet. Ninety healthy fingerlings of Clarias gariepinus of average weight (10.12g to 11.30g) were randomly placed in nine plastic tanks (60 L capacity) containing 10 fish in each tank. The fish were allocated to three dietary treatments; Treatment A, fish fed the locally developed diet; Treatment B, fish fed the commercial Blue Crown diet; and Treatment C, fish fed the commercial Aller Aqua diet and each diet was replicated three times. Before the experiment, the fish had been subjected to a two-week acclimatization in the laboratory. Within the 12 weeks of the feeding time, the fish were fed twice a day (9:00 am and 5:00 pm) at a feeding rate of 5% of their body weight per day and the fish in each tank were counted and weighed weekly so that the feeding rates could be adjusted. The water quality parameters such as temperature, dissolved oxygen and pH were checked frequently to ensure that the water conditions were favourable to fish growth and survival. To maintain the good quality of water, the tanks were washed and half-filled with fresh water twice a week during the experiment (Maranga et al., 2025).
3.6 Fish Preparation for Fatty Acids Analysis
At the end of the feeding trial, fish samples from the three experimental groups were dissected, gutted, washed, filleted and dried in the oven, at 40–60 °C. The samples of dried muscles underwent crushing and were designated according to the procedures of fatty acid analysis described by AOAC (2019).
3.6.1 Extraction of Lipids
A methanol–chloroform solvent system (2:1 v/v) was used to extract lipids. The mixture was incubated by vortexing within 2 minutes and allowed to refrigerate after 48 hours in order to increase lipid separation. The sample was filtered and the residue re-extracted with one more 1:1 mixture of methanol and chloroform. Separating funnel was used to separate the organic and aqueous layers. The lipid layer was dried using anhydrous sodium sulphate to eliminate remaining water, and the evaporation of solvents was performed at the air-conditioning temperature (16 oC) and in 24 hours (AOAC, 2019).
3.6.2 Preparation of Fatty Acid Methyl Esters (FAMEs)
Transmethylation was done to prepare fatty acid methyl esters (FAMEs). About 50 mg of lipid extract was esterified at 95 oC in 5 minutes with 3.4 mL of 0.5M KOH in methanol. 0.7 M HCl was used to neutralize the mixture and 3 mL of 14 percent boron trifluoride -methanol reagent was added after which it was boiled at 90 oC and left to cool at zero degrees. Three extractions with n-hexane were made followed by the concentration of the extract to 1 mL and gas chromatography (GC) was used to analyze FAMEs (AOAC, 2019).
3.6.3 Analysis of Fatty Acid Profile
The analysis of fatty acids was performed by a GC -MS system (Agilent 7890B GC, MSD 5977A Detector, Agilent Technologies, USA) with an HP-5 ms UI column (30 m × 250 µm × 0.25 µm) along with NIST 17L spectral library. The carrier gas was helium (1 mL/min). Injector temperature was 250 oC and the following oven program used: The initial temperature was 90 oC (2 minutes hold), 5 oC/min increased in temperature to 260 oC and then held at 260 oC (5 minutes hold). The total run time was 41 min and the ionization was done with electron impact with 70 eV. Fatty acids were tracked based on the retention times and spectra that were compared with the corresponding authentic samples (AOAC, 2019).
3.7 Statistical Analysis
The analysis of fatty acid profile of Clarias gariepinus with saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) was performed using SPSS version 26.0. Data were expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was performed, followed by Tukey’s post hoc test to separate means at p < 0.05. Tables and graphs were used to provide the results and show differences between treatments.
4. Results
Proximate Composition of Local Formulated Fish Feed 
The moisture content for the feed was 11.57±0.34, the ash was 4.33±0.17, the lipid was 5.40±0.10, the fibre was 10.00±0.29, the nitrogen 5.82±0.11, the protein was 38.68±1.62 and the carbohydrate was 30.27±2.01.


Table 2:  Proximate Composition of Local Formulated Feed
	Parameter (%)
	                              % Composition

	Moisture
	                                 11.57±0.34

	Ash
	                                 4.33±0.17

	Crude Protein (C.P)
	                                 38.68±1.62

	Lipid
	                                 5.40±0.10

	Fibre
	                                 10.00±0.29

	Nitrogen
	                                 5.82±0.11

	Carbohydrate
	                                 30.27±2.01



Table 3:  Proximate Composition of Blue Crown Commercial Feed
	Nutrients
	Minimum (%)
	Maximum (%)

	Crude Protein (C.P)	
	45.00
	__

	Fat
	8.00
	12.00

	Ash
	__
	8.00

	Crude Fibre
	2.00
	4.50

	Moisture
	___
	8.00

	Calcium
	1.50
	__

	Phosphorus 
	1.10
	__

	Sodium 
	0.30
	__


Source: Company

Table 4:  Proximate Composition of Aller Aqua Commercial Feed
	Nutrients
	% Composition

	Crude Protein (C.P)	
	60%

	Fat
	15%

	Ash
	12.6%

	Crude Fibre
	0.7%

	Calcium
	1.9%

	Phosphorus 
	0.9%

	Sodium 
	2.4%


Source: Company
Fatty Acid Composition of Experimental Fish
The levels of fatty acids in the experimental fish are presented in Table 5. The highest percentage of saturated fatty acid (18.30 ± 0.40%) was found in fish fed the locally formulated diet (Group A), whereas the lowest (4.16 ± 0.12%) was found in fish fed the Blue Crown diet (Group B). The highest monounsaturated fatty acid (58.23 ± 2.80%) was detected in fish fed the Blue Crown diet, whereas the least (30.91 ± 1.90%) was recorded in fish fed the locally formulated diet. The highest polyunsaturated fatty acid (32.18 ± 3.10%) was observed in fish fed the locally formulated diet, while the least values were recorded in Groups B (4.62 ± 1.00%).


Table 5: Fatty Acid Composition (%) of Clarias gariepinus Fed Different Diets
	Lipid Number
	Fatty Acid
	Group A (%)
	Group B (%)
	Group C (%)
	
	
	
	
	

	Saturated Fatty Acids 
	
	
	
	
	
	
	
	
	

	C9:0
	Nonanoic acid
	0.11 ± 0.01ᵃ
	ND
	ND
	
	
	
	
	

	C10:0
	Decanoic acid
	0.08 ± 0.01ᵃ
	ND
	ND
	
	
	
	
	

	C12:0
	Lauric acid
	ND
	0.03 ± 0.01ᵃ
	ND
	
	
	
	
	

	C14:0
	Myristic acid
	ND
	0.02 ± 0.01ᵃ
	ND
	
	
	
	
	

	C15:0
	Pentadecanoic acid
	0.03 ± 0.01ᵃ
	ND
	ND
	
	
	
	
	

	C16:0
	Palmitic acid
	11.15 ± 0.25ᶜ
	4.10 ± 0.10ᵃ
	5.90 ± 0.15ᵇ
	
	
	
	
	

	C17:0
	Heptadecanoic acid
	3.00 ± 0.20ᵇ
	ND
	2.00 ± 0.10ᵃ
	
	
	
	
	

	C18:0
	Stearic acid
	3.93 ± 0.10ᵇ
	ND
	0.57 ± 0.05ᵃ
	
	
	
	
	

	C20:0
	Eicosanoic acid
	ND
	ND
	1.00 ± 0.05ᵃ
	
	
	
	
	

	C22:0
	Docosanoic acid
	ND
	0.01 ± 0.01ᵃ
	ND
	
	
	
	
	

	C24:0
	Tetracosanoic acid
	ND
	ND
	1.00 ± 0.05ᵃ
	
	
	
	
	

	
	∑SFA
	18.30 ± 0.40ᶜ
	4.16 ± 0.12ᵃ
	10.04 ± 0.20ᵇ
	
	
	
	
	

	Monounsaturated Fatty Acids
	
	
	
	
	
	
	
	
	

	C16:1
	Palmitoleic acid
	0.03 ± 0.01ᵃ
	ND
	0.02 ± 0.01ᵃ
	
	
	
	
	

	C18:1 (cis)
	Oleic acid
	28.25 ± 1.50ᵇ
	47.63 ± 2.10ᶜ
	31.18 ± 1.70ᵇ
	
	
	
	
	

	C18:1 (trans)
	Elaidic acid
	0.41 ± 0.05ᵃ
	ND
	1.22 ± 0.10ᵇ
	
	
	
	
	

	C18:1n-7
	Vaccenic acid
	2.19 ± 0.30ᵃ
	0.61 ± 0.10ᵃ
	13.63 ± 1.20ᶜ
	
	
	
	
	

	C20:1
	Eicosenoic acid
	0.03 ± 0.01ᵃ
	0.19 ± 0.03ᵇ
	ND
	
	
	
	
	

	C22:1
	Erucic acid
	ND
	9.80 ± 0.90ᵇ
	ND
	
	
	
	
	

	
	∑MUFA
	30.91 ± 1.90ᵇ
	58.23 ± 2.80ᶜ
	46.05 ± 2.20ᵇ
	
	
	
	
	

	Polyunsaturated Fatty Acids
	
	
	
	
	
	
	
	
	

	C18:2n-6
	Linoleic acid
	21.85 ± 2.10ᶜ
	1.41 ± 0.50ᵃ
	1.56 ± 0.50ᵃ
	
	
	
	
	

	C18:3n-3
	α-Linolenic acid
	3.33 ± 0.80ᶜ
	1.41 ± 0.40ᵃ
	1.56 ± 0.40ᵃ
	
	
	
	
	

	C20:4n-6
	Arachidonic acid
	2.50 ± 0.50ᶜ
	0.80 ± 0.20ᵃ
	0.80 ± 0.20ᵃ
	
	
	
	
	

	C20:5n-3
	Eicosapentaenoic acid (EPA)
	2.50 ± 0.70ᶜ
	0.50 ± 0.10ᵃ
	0.50 ± 0.10ᵃ
	
	
	
	
	

	C22:6n-3
	Docosahexaenoic acid (DHA)
	2.50 ± 0.70ᶜ
	0.50 ± 0.10ᵃ
	0.50 ± 0.10ᵃ
	
	
	
	
	

	
	∑PUFA
	32.18 ± 3.10ᶜ
	4.62 ± 1.00ᵃ
	4.92 ± 1.00ᵃ
	
	
	
	
	


Values are mean ± SD (n = 3). Means with different superscripts (a, b, c) within rows are significantly different (p < 0.05). Key: ND= Not Detected
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5. Discussion 
This research has shown that there are distinct differences in the fatty-acid (FA) composition of Clarias gariepinus fingerlings that are fed three diets. Group A (locally formulated diet without oil) was more diverse in fatty acids (SFAs, MUFAs, PUFAs) as compared to Group B (Blue Crown) and Group C (Aller Aqua). This demonstrates that the intrinsic lipid content and composition of ingredients may be an important factor in tissue fatty acids deposition even in the absence of lipid supplementation. The same results by Effiong & Yaro (2020) and Gebremichael et al. (2023) have found that changes in the diet composition, as opposed to oil addition, resulted in pronounced changes in the fillet PUFA/SFA ratios, as well as the overall quality of lipids in the case of African catfish.
The increased MUFA and PUFA diversity of fish fed the locally prepared diet indicates that naturally found unsaturated lipids in food staples like soybean meal and groundnut cake meal have enough fatty-acid precursors to be incorporated into the tissues. Unsaturated fatty acids are reported to increase the fluidity of membranes, increase the efficiency of metabolic energy and provide healthier lipid indices (Dongmo, et al., 2024). The PUFA:SFA ratios obtained by Gebremichael et al. (2023) were found to be 0.67 to 0.79 in C. gariepinus fillets, which confirms the nutritional benefit of increased proportions of unsaturated fatty-acids. These results are consistent with the present research since local diets that include various components can advance positive fatty-acid proportions without the oil supplement.
Group B (Blue Crown) showed the lowest level of SFA, while Group A (locally formulated diet) recorded the highest SFA. Such disparities are probably related to the sourcing of ingredients and feed-processing of commercial formulations. Eating patterns that include animal fats or palm-kernel residues are more likely to contain more SFA contents that make them less digestible and change metabolite lipids (Fei et al., 2024). This finding is consistent with Jiang et al. (2024), who reported alteration of total diet lipid or carbohydrate-to-lipid ratio can alter tissue fatty-acid deposition, indicating the effect of formulation strategy and processing upon fish lipid metabolism. 
In conclusion, this research study supports the fact that the composition of the feed ingredients, not necessarily added oils, have decisive role in determining the fatty-acid composition of C. gariepinus. The diet developed locally had a more preferred unsaturated fatty acid profile and it was shown that feeds produced locally can be as well balanced as needed to achieve better nutritional outcomes at lower expense. These results endorse the previous evidence that the enhancement of ingredient combinations and ratios of carbohydrates-lipids enhance growth and lipid quality in cultured fish (Fei et al., 2024; Jiang et al., 2024). A further research is needed to measure the dietary inputs of fatty-acids and compare them with the output of growth performance, haematological parameters, and the activities of enzymes that involved the process of metabolism of fatty-acids.
5. Conclusion
The study demonstrated that dietary composition significantly influences the fatty acid profile of Clarias gariepinus. Fish fed the locally developed diet were found to have a wider range of fatty acids, especially polyunsaturated fatty acid than those that were fed commercial feeds. These results indicate that well-designed local diets could possibly increase fatty acid diversity of African catfish and also be used as a substitute of commercial feeds in aquaculture production at a relatively cheap cost.
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