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Abstract: Proximate, minerals, fatty acids and cholesterol compositions were determined in five 

different freshwater fish species (Oreochromis leucostictus, Clarias garipinus, Gynarchus niloticus, 

Hyperopisus bebe occidentallis and Synodotus clarias) obtained from Shiroro Lake, Niger State, 
Nigeria using standard analytical methods. The proximate compositions were found to be 39.00 – 

51.18% protein, 19.43 – 48.47% fat, 2.13 – 14.74% carbohydrate, 4.91 – 19.59% ash and 4.57 – 

5.63% moisture content, with significant difference at p < 0.05 among fish species, whereas the fatty 

acids were found to be composed of 38.93 – 42.81% saturated fatty acids (SFA), 33.63 – 45.37% 
monounsaturated fatty acid (MUFA) and  7.79 – 26.10%  polyunsaturated  fatty acids (PUFAs) with 

significant difference at p < 0.05 among fish species. The cholesterol content was significantly higher 

in Tilapia (Oreochromis leucostictus) with 8.38 ± 0.02 mg/100g and the lowest in Catfish (Clarias 
garipinus) with 2.74 ± 0.04mg/100g respectively. The mineral composition (Na, Ca, K, Mg, Fe and 

Zn) in the five species of fish ranged from 31.63 – 49.59mg Na/100g, 8.56 – 33.60mg Ca/100g, 8.68 – 

20.69mg K/100g, 6.33 – 11.77mg Mg/100g, 0.07 – 2.05mg Fe/100g and 0.13 – 0.33mg Zn/100g 

respectively with significant difference at p < 0.05 among the fish species. In this study, Gynarchus 
niloticus and Synodotus clarias have registered the highest amount of poly-unsaturated and the lowest 

amount of saturated fatty acids and therefore they are recommended for consumption. 

Notwithstanding other species should also be harnessed for their outstanding mineral contents in 
order to improve the essential nutrients derivable from them. 
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1. Introduction            

 

Fish is one of the most diverse groups of 

animals known to man and there are more 

species of fish than all other vertebrates. It 

has remained as one of the most important 

sources of animal protein due to its 

availability, being relatively cheap as 

compared with other sources of proteins 

such as meat, excellent taste, easy 

digestibility, lack of any cultural or 

religious taboos associated to its 

consumption by any particular ethnic 

group, high content of essential nutrients 

and unsaturated fatty acids which are very 

relevant for functionality of protein in the 

body [1-4]. Fish lipids act as important 

sources of energy for the biochemical 

activities of cell membranes. It is 

composed of mono and poly unsaturated 

fatty acids such as omega three (ω-3) and 

omega six (ω-6) [5, 6] that can help reduce 

the cholesterol content of the body and the 

risk of cardiovascular diseases [7-10]. 

From the nutritive point of view, various 

studies have been carried out to determine 

http://www.fia.usv.ro/fiajournal
mailto:ajai.ike@futminna.edu.ng
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the proximate composition of fish.  The 

results obtained from these studies, show 

that fish is composed of between 30 to 

90% water [11], 60-75 % protein [12], 30 

to 50% lipids [13], 0.1 – 1% carbohydrates 

[4], essential minerals such as sodium, 

magnesium, calcium, phosphorus, 

potassium, iodine and appreciable quantity 

of vitamins such as A, D, E, K [14]. These 

proximate compositions according to the 

report may vary depending on the 

geographical location, season of the year, 

the feed intake, sex, species, age and 

maturity or size of the fish [14]. One of the 

most common fish species in Nigeria is 

Clarias garipinus (African sharp-tooth 

catfish) which belongs to the family of 

Clarida and is found in freshwaters, lakes, 

rivers and swamps. Other species are 

Tilapia, which belong to the Tilapine 

cichlid family [15], Hyperopisus bebe 

occidentallis (Elephant fish) to the family 

of Mormyridae [16], Synodontis clarias 

(fresh water catfish), to the genus 

Mochokidae [17-18] and Gynarchus 

niloticus (Trunk fish) [16]. 

This study was aimed at determining the 

proximate, essential minerals, cholesterol 

and fatty acids composition of selected fish 

species obtained from Shiroro River, 

Nigeria and their oil extracts. These 

species were selected to be studied due to 

their economic importance and consumers' 

demand. Therefore, detailed information 

about their proximate, essential minerals 

and fatty acids composition is important 

from nutritional point of view. 

  

2. Materials and Methods   

 

The fish species, Oreochromis 

leucostictus, Clarias garipinus, Gynarchus 

niloticus, Hyperopisus bebe occidentallis 

and Synodotus clarias, used for the study 

were purchased from fishermen at Shiroro 

River of Niger State, Nigeria. The fish 

species were taken to the laboratory and 

were properly washed with water and 

lacerated. The non-edible parts were 

removed and then properly washed again 

with tap water and rinsed with distilled 

water. The samples were oven dried at 

90°C until a constant weight was obtained. 

The dried samples were ground and 

homogenized. 

The moisture, ash, raw protein, raw fiber 

and raw fat contents of the samples were 

determined in triplicate according to the 

method describe by the Association of 

Official Analytical Chemist methods [19]. 

Carbohydrate contents of the samples were 

determined by difference as reported by 

other workers [20]. The concentration of 

calcium, magnesium, zinc and iron were 

determined using Atomic Absorption 

Spectrophotometry after wet digestion 

using the mixture of concentrated HNO3 

and HClO4. The digestion was done in a 

fume hood using a hotplate at 70°C. Fatty 

acid profile was determined using gas 

chromatography/mass spectrophotometer 

(GC-MS) after extraction of the sample 

with a Soxhlet extractor, purification and 

cleanup using a packed column. Free fatty 

acid (FFA), saponification value, peroxide 

value, iodine value, acid value and level of 

cholesterol of extracted oil in the fish 

species were determined as described in 

the Association of Official Analytical 

Chemist methods [19]. 

 

3. Results and Discussion 

 

The result of proximate compositions of 

the studied fish species per dried weight 

are shown in the Table 1. From the results, 

there were significant differences (p < 

0.05) in the mean concentrations of 

biomolecules (carbohydrate, fats, protein) 

and other parameters such as (ash fiber, 

moisture) between the species of the fish 

studied. The concentration of raw protein 

in the fish species was in the following 

order: Gynarchus niloticus (51.1±80.36%) 

https://en.wikipedia.org/wiki/Palmitoleic_acid
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> Clarias garipinus (48.15±0.02%) > 

Synodotus clarias (46.13±0.03%) > 

Oreochromis leucostictus (45.17±0.04%) > 

Hyperopisus bebe occidentallis 

(39.00±0.02%) respectively. The relatively 

high raw protein content in the fish species 

could be attributed to the fact that fish is 

good source of protein and it is likely to 

meet the daily protein intake needed by 

human consumption. Higher protein 

compositions were observed by several 

works carried out on Nigeria freshwater 

fish. Alfa et al reported a range of 49.47-

61.90 % in studies carried out on fish sold 

within the Bida market in Niger state, 

Nigeria [21]. Also, Adesola reported 

protein compositions between 38 % - 50 % 

in some important fish species obtained 

from Lagos, Nigeria [22]. The differences 

in the protein concentration between fish 

may be due to their feeding life style or 

absorption capability and the conversion 

potentials of the essential minerals in their 

diets and environment into various 

biochemical molecules in their body 

system [23].    

.  
                                                                                Table 1  

Proximate compositions of selected Fish species from Shiroro River  

 

Fish specie Moisture  

(%) 

Raw fat  

(%) 

Raw protein 

(%) 

Raw fiber 

(%) 

Ash 

(%) 

Carbohydrate 

(%) 

Gynarchus 

niloticus 

5.99 ± 0.47b 23.34 ±  .20d 51.18 ±0.36a 0.90 ± 0.01c 9.01 ± 0.03c 9.58 ± 0.03b 

 

 

Clarias garipinus 4.57 ± 0.02c 31.79 ±0.05b 48.15 ±0.02b 1.17 ± 0.02b 9.89 ± 0.03a 6.53 ± 0.02d 

 

 

      

Oreochromis 

leucostictus 

6.01 ±  0.02b 22.43 ±0.01e 45.17 ±0.04d 2.00 ± 0.21a 9.65 ± 0.28b 14.74 ± 0.03a 

 

 

      

Synodotus clarias 7.87 ± 0.02a 26.71 ±0.02c 46.13 ±0.03c 1.20 ± 0.10b 8.59 ± 0.01d 9.51 ± 0.01c 

 

 

      

Hyperopisus bebe 

occidentallis 

4.60 ± 0.20c 48.57 ±0.02a 39.00 ±0.02e 0.85 ± 0.03c 4.90 ± 0.02e 2.13 ± 0.02e 

       Means (± Standard deviation) on the same column with different superscripts are significantly different 

 (p < 0.05) 

 

The order in which the concentration of 

raw fat in the fish species were 

significantly higher than the other one was 

the following: Hyperopisus bebe 

occidentallis (48.57±0.20 %) > Clarias 

garipinus (31.79±0.05 %) > Synodotus 

clarias (26.71±0.02 %) > Gynarchus 

niloticus (23.34±0.2%) > Oreochromis 

leucostictus (22.43±0.0 1 %). Alfa et al  

explained that raw fat in fish varies from 

each other because of seasonal variation, 

species, geographical location and 

variation in their age and maturity [21]. 

Based on the classification made by 

Bennion and Scheule, fish species can be 

categorized as fatty fish if they all have fat 

content greater than 10 % by weight [24].  
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The raw fiber content of Oreochromis 

leucostictus (2.00±0.21 %) was 

significantly higher than those of the other 

fish species. The fiber contents of 

Synodotus clarias (1.20±0.10%) and 

Clarias garipinus (1.17±0.02 %) were not 

significantly different from each other but 

were significantly higher than those of 

Gynarchus niloticus (0.90±0.90 %) and 

Hyperopisus bebe occidentallis (0.85±0.03 

%), which also were not significantly 

different from each other. The raw fiber 

content of  Gynarchus niloticus and 

Hyperopisus bebe occindentallis were 

within the range of the values (0.54 - 0.95 

%) obtained by Alfa et al  for Clarias 

garipinus, Synodotus clarias and 

Oreochromis leucostictus fish species in 

Bida region of Niger state [21]. Also 

Taiwo et al, who studied cultured and wild 

Clarias garipinus and Synodotus clarias 

fish species reported values that ranged 

between 0.78 - 1.23% [25].  The order in 

which the ash contents (index of mineral 

content of biota) of the fish species were 

higher than in each other was the 

following:Clarias garipinus (9.89±0.03%), 

Oreochromis leucostictus (9.65+0.28%), 

Gynarchus niloticus (9.01±0.03%), 

Synodotus clarias (8:59±0.01%), and 

Hyperopisus bebe occidentallis 

(4.90±0.02%). Low ash content in 

Hyperopisus bebe occidentallis as 

compared to other species may be due to 

the lesser amount of skeleton it possesses. 

The results obtained in this study fall 

within the ones obtained by Mazumder et 

al for different fish species which ranged 

between 4.91% and 19.59% [26] and also 

similar to the work carried out by Alfa et 

al in freshwater fish species from Bida 

which ranged from (5.32 – 42.44%) in the 

same species of fish [21].  However, it is 

higher when compared with the work 

carried out by Taiwo et al and Osibona  

which ranged between 1.16-1.26 % and 

1.22-1.40 % in Clarias garipinusI and 

Oreochromis leucostictus respectively [15, 

27].   The order in which the carbohydrate 

composition of the fish species studied 

were significantly different (p < 0.05) from 

each other was Oreochromis leucostictus 

(14.74±0.03%), Gynarchus niloticus, 

(9.58+0.03%), Synodotus clarias 

(9.51±0.01%), Clarias garipinus 

(6.53±0.02%) and Hyperopisus bebe 

occidentallis (2.13±0.02 %). The results 

were high, except that of Hyperopisus bebe 

occidentallis which was comparable to that 

obtained by Alfa et al of between 2.69-

5.28 % for five freshwater fish species 

[21]. Also Ayeloja et al obtained the range 

of 2.10-12.57 % for freshwater fish species 

from the Western part of Nigeria [28]. 

Instead, the range of 1.95- 11.95 % was 

obtained by Effiong and Fakunle, in 

common five fish species from the Kainji 

Lake [29]. The moisture content which has 

effects on spoilage ranged from 4.57-7.87 

% with maximum value in Synodotus 

clarias (7.87 %) which was significantly 

higher than in other species. The moisture 

content of Oreochromis leucostictus 

(6.01%) and Gynarchus niloticus (5.99%) 

was not significantly different from each 

other but significantly higher than that of 

Hyperopisus bebe occidentallis (4.60%) 

and Clarias garipinus (4.57%). 

Hyperopisus bebe occidentallis and 

Clarias garipinus were not significantly 

different from each other. The values 

obtained on the basis of dried matter were 

similar to those obtained by Effiong and 

Fakunle and Ande et al in fish species 

from the Kainji Lake and River Lafia 

respectively which gave the range of 5.10 - 

10.50% and 5.67 - 9.50% respectively [29, 

30]. The values obtained in this study are 

within the range of 5-8 % for moisture 

content for fish products on dry basis 

[31].The results of the proximate 

parameters obtained in this present study 

are higher than those reported in S. nigrita 

of 7.09 to 25.46% protein, 5.13 to 11.70% 



Food and Environment Safety - Journal of Faculty of Food Engineering, Ştefan cel Mare University - Suceava 

Volume XVIII, Issue 3  – 2019 

 

 
Alexander Ikechukwu AJAI, Mohammed Mohammed NDAMITSO, Lucky EKWOBA and Abidemi Adedayo 
KOLEOLA, Comparative analysis of the proximate, fatty acids and mineral composition of selected fish species, Food and 
Environment Safety, Volume XVIII, Issue 3 – 2019, pag. 136 – 149 

140 
 

fat, and 3.40 to 14.23% raw fiber content 

in T. mariae [32]. The variation can be 

attributed to environmental factors, such as 

the size of fish and its feeding habits. 

Other researchers also reported various 

proximate parameters in fish that were 

dependent on environmental factors and 

feeding habits [33]. The mineral and 

cholesterol concentration in the fish 

species studied is shown in the Table 2. 

There were significant differences (p < 

0.05) in the mean mineral and cholesterol 

concentration between fish species. The 

concentration of calcium in fish species 

ranged from 4.28±0.02 to 16.80±0.01 

mg/100g. The concentration of Calcium in 

Synodotus clarias (16.8mg/100g) and 

Oreochromis leucostictus (16.79mg/100g) 

was not significantly different from each 

other but was significantly higher than that 

of the other species. The concentration of 

calcium in Clarias garipinus 

(8.57mg/100g) was significantly higher 

than that of Gynarchus niloticus 

(7.73mg/100g) and Hyperopisus bebe 

occindentallis (4.28mg/100g). Gynarchus 

niloticus had its calcium content 

significantly higher than that of 

Hyperopisus bebe occindentallis. Alfa et al 

reported a lower concentration of calcium 

(0.003 -0.014 mg/100g) in freshwater fish 

sold in Bida Markets [21] than that 

obtained in this study. The calcium 

concentration of fish species was higher 

than the recommended standard [31] 

except for Hyperopisus bebe occindentallis 

that fell below. The magnesium 

concentration in the fish species ranged 

from 3.17±0.02 to 5.88±0.04 mg/100g. 

This falls within the recommended range 

of 4.5-452 mg/100g [31]. The order of 

magnesium content in different fish 

species were Synodotus clarias 

(5.84mg/100g) > Clarias garipinus 

(5.16mg/100g) > Orechromis leucustictus 

(4.03mg/100g) > Hyperopisus bebe 

occindentallis (3.45±0.01 mg/100g) > 

Gynarchus niloticus (3. l7±0.02mg/l00g). 

These results were lower than those 

obtained by other researchers [34], who 

reported a range of mg/l00g to 20 mg/l00g 

which is also higher than the result 

obtained by Alfa et al of 0.06 mg/l00g to 

1.19 mg/l00g [21]. 
Table 2  

Mineral and cholesterol composition of selected fish species from Shiroro River 

 

Fish specie Ca (mg/100g) Mg (mg/100g) Fe  
(mg/100g) 

Zn (mg/100g) Cholesterol (mg 
L-1) 

Gynarchus 
niloticus 

7.73 ± 0.03c 3.17 ± 0.02e 0.50 ± 0.02a 0.08 ± 0.02b 548 ± 0.02b 

Clarias garipinus 8.57 ± 0.03b 5.16 ± 0.03b 0.48 ± 0.01a 0.06 ± 0.02b 274 ± 0.04d 

Oreochromis 

leucostictus 

16.79 ± 0.03a 4.03 ± 0.03c 0.51 ± 0.04a 0.17 ± 0.00a 838 ± 0.02a 

Synodotus clarias 16.80 ± 0.01a 5.84 ± 0.04a 0.03 ± 0.02c 0.14 ± 0.01a 503 ± 0.02c 

Hyperopisus bebe 
occidentallis 

4.28 ± 0.02d 3.47 ± 0.01d 0.21 ± 0.02b 0.08 ± 0.02b 509 ± 0.04c 

WHO/FAO, 2011 5.00 – 502.00 50.00 – 451.00 1.00 – 5.60 0.23 – 2.10 ≤ 30000 

Means (± Standard deviation) on the same column with different superscripts are significantly different (p < 0.05) 

 

The iron concentration in the fish species 

ranged from 0.03±0.02 to 0.51±0.04 

mg/100g, which falls below the standard 

concentration range of 1.0 – 5.6mg/100g 

[31]. The concentration of magnesium in 

Oreochromis leucostictus (0.51mg/100g), 

Gynarchus niloticus (0.50mg/100g), 

Clarias garipinus (0.48mg/100g) was not 

significantly different from each other but 

it was significantly higher than that of 
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Hyperopisus bebe occidentallis (0.2 

1mg/l00g) and Synodotus clarias 

(0.03mg/100g). Hyperopisus bebe 

occidentallis was significantly higher than 

Synodotus clarias. The results obtained 

were within the range of those  obtained by 

Guerin et al  in  fish from French market 

which gave a range of 0.13-1.9 mg/100g 

[35] except that of Synodotus clarias 

which fell below the lowest concentration. 

From the analysis carried out by Alfa et al 

on fish samples from Bida Markets of 

Niger State, Nigeria which gave the range 

of 1.42-2.00 mg/100g [21] resulted higher 

values than those obtained in this study. 

The concentration of iron in Oreochromis 

leucostictus was the highest and that of 

Synodotus clarias was the lowest one. The 

concentration of Zinc in this study ranged 

from 0.07±0.02 to 0.17±0.00 mg/100g 

which was below the standard range of 

0.23 – 2.1mg/100g [31]. The concentration 

of Zinc in Oreochromis leucostictus 

(0.17mg/100g) and Synodotus clarias 

(0.14mg/100g) was not significantly 

different from each other but it was 

significantly higher than that of Gynarchus 

niloticus (0.08mg/100g), Hyperopisus bebe 

occidentallis (0.08mg/100g) and Clarias 

garipinus (0.06mg/100g). The results 

obtained were lower than those of Tao et al 

who obtained values of 0.64 – 

0.81mg/100g in farmed fish in China [36] 

as well as those obtained by Alas et al in 

fish sampled from Beysehir Lake in 

Turkey [37] but they fell within the range 

reported by Guerin et al in fish from 

French market with value ranging from 

0.13 – 2.5mg/100g [35].The cholesterol 

contents in oil extract of the studied fish 

species in the Table 2 ranged between 

274±0.04 - 838±0.02 mg/L. In 

Oreochromis leucostictus registered higher 

content of cholesterol (838mg/L) while 

Clarias garipinus (274.0mg/L) had the 

lowest one. Oreochromis leucostictus oil 

had its cholesterol content significantly 

higher than other fish species. The 

cholesterol content in Gynarchus niloticus 

(548mg/L) was significantly higher than 

that of Hyperopisus bebe occindentalis 

(509mg/L), Synodotus clarias (503mg/L) 

and Clarias garipinus (274mg/L). 

Hyperopisus bebe occindentallis and 

Synodotus clarias oils were not 

significantly different in their cholesterol 

content but they were significantly higher 

than that of Clarias garipinus. The values 

obtained were all lower than the 

recommended standard of 30000mg/L [31] 

which implies that fish species can be 

recommended as suitable for consumption 

by humans without any negative 

implication on their health with respect to 

total cholesterol. The chromatograms 

showed that oil in the fish species was 

made up by long chains of fatty acids, with 

a minimum carbon chain length of 10 - 22 

carbons (Table 3), which is a typical 

characteristic of fish oil [38]. Each of the 

fish species was found to be composed of 

different fatty acids. Still, some fatty acids 

were not detected in some of the fish 

species studied. 

Fatty and non-fatty acid compositions of 

oils in the selected fish species are shown 

in the Table 4. The poly-unsaturated fatty 

acids (PUFA) content in the fish gave a 

range of 7.79 - 26.10% which was less 

than the saturated fatty acids (SFA) of 

38.93 - 41.58% and mono-unsaturated 

fatty acids (MUFA) of 33.63 - 45.37% 

respectively. The differences in fatty acids 

composition can be attributed to the 

influence of environmental factors and 

nutritional habits of fish [39]. Other 

researchers have also reported that fresh 

water fish has lower content of poly-

unsaturated fatty acids (PUFA), because 

freshwater fish feeds largely on vegetation 

and plant materials [22].  
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Table 3  

Percentage (%) Fatty acid composition of selected fish species from Shiroro River 

 
FAME Systemic Name Fish species 

 Gynarchus 
niloticus 

Clarias 
garipinus 

Oreochromis 
leucostictus 

Synodotus 
clarias 

Hyperopisus bebe 
occidentallis 

10:0 Decanoic acid 2.01 ± 0.06a ND ND ND 1.82 ± 0.03b 

13:0 Tridecanoic acid ND 0.55 ± 0.02a 0.47 ± 0.02b 0.41 ± 0.04c ND 

14:0 Tetradecanoic acid 2.76 ± 0.02c 1.71 ± 0.01d 3.30 ± 0.04b 1.40 ± 0.01e 4.70 ± 0.01a 

15:0 Pentadecanoic acid 1.54 ± 0.03c 0.83 ± 0.06d 2.98 ± 0.01b 0.47 ± 0.02e 3.35 ± 0.02a 

16:0 Hexadecanoic acid 14.95 ± 0.02c 17.72 ± 0.02c 18.84 ± 0.05b 22.91 ± 0.02a 17.07 ± 0.02d 

17:0 Heptadecanoic acid 4.52 ±0.02a 2.03 ± 0.02b 1.27 ± 0.01c ND 0.70 ± 0.02c 

18:0 Octadecanoic acid 11.07 ± 0.03d 14.18 ± 0.01b 11.61 ± 0.02c 16.39 ± 0.02a 8.93 ± 0.02e 

20:0 Eicosanoic acid ND 2.36 ± 0.01b ND ND 2.93 ± 0.03a 

21:0 Heneicosanoic acid ND ND ND ND 0.54 ± 0.02a 

22:0 Docosanoic acid 2.02 ± 0.00b 1.28 ± 0.02c ND ND 2.80 ± 0.03a 

18:1ω-12 6-
Octadecenoic acid 

ND ND 1.09 ± 0.03a ND ND 

18:1ω-9 9-Octadecenoic 
acid 

1.90 ± 0.01d 27.89 ± 0.01a 23.63 ± 0.02b ND 21.98 ± 0.01c 

18:1ω-7 11-
Octadecenoic acid 

23.49 ± 0.04b 4.76 ± 0.03e 8.24 ± 0.05d 35.76 ± 0.03a 9.57 ± 0.02c 

18:1ω-9 12-
Octadecenoic acid 

8.25 ± 0.04a ND ND ND ND 

20:1ω-9 11-Eicosanoic 
acid 

ND ND ND ND 4.86 ± 0.00a 

22:1ω-9 13-Docosenoic 
acid 

ND 4.10 ± 0.02c 4.75 ± 0.02b 8.15 ± 0.02a ND 

24:1ω-9 15-
Tetracosenoic acid 

ND ND ND 1.46 ± 0.03a 1.43 ± 0.02a 

16:3ω-3 7,10,13-
Hexadecatrienoic acid 

ND ND 2.44 ± 0.02b ND 4.51 ± 0.03a 

18:2ω-6 9,12,15-
Octadecadienoic acid 

ND 1.49 ± 0.01b 2.82 ± 0.03a 1.17 ± 0.02c ND 

18:2ω-6 9,12-
Octadecadienoic acid 

9.43 ± 0.03c 16.77 ± 0.02a ND 6.16 ± 0.02d 11.82 ± 0.02b 

20:4ω-6 5,8,11,14-
Eicosatetraenoic acid 

1.58 ± 0.01c 1.44 ± 0.04d 3.44 ± 0.04a ND 2.36 ±0.03b 

20:5ω-3 5,8,11,14,17-
Eicosapentaenoic acid, 
EPA 

8.70 ± 0.02b ND 8.75 ± 0.03a ND ND 

22:6ω-3 4,7,10,13,16,19-

Docosahaenoic acid, 
DHA 

6.39 ± 0.06a 2.14 ± 0.01b 1.94 ± 0.04c ND ND 

Means (± Standard deviation) on the same row with different superscripts are significantly different (p < 0.05) 

The highest saturated fatty acid (SFA) was 

found in the oil Oreochromis leucostictus 

(42.81%) (Table 4) followed by those of 

Hyperopisus bebe occidentallis (41.58%), 

Synodotus clarias (41-28%), Clarias 

garipinus (40-66%) and Gynarchus 

niloticus (38-93%). Of these fatty acids 

identified from the study, palmitic acid  

(16:0) was the predominant one. The 

maximum palmitic acid (Hexadecanoic 

acid) content was 22.91 % in Hyperopisus 

bebe occindentallis and the minimum was 

14.95 % in Gynarchus niloticus. The 

amount of acid in the oil of Hyperopisus 

bebe occindentallis was significantly 

higher than that of the other fish species 
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which was significantly higher than in each 

other in the following order Synodotus 

clarias (18.84 %) > Clarias garipinus 

(17.72%) > Oreochromis leucostictus.( 

17.07%) > Gynarchus niloticus. The 

amount of palmitic acid in fish was within 

the range of the findings made by Adesola 

and Rahman et al that obtained the 

concentration range of 10.11 - 21.15 % and 

12.7 - 26.6 % in freshwater fish species in 

Lagos and Malaysia respectively [22, 40].  

Table 4 

Fatty and non-fatty acid (%) composition of selected fish species from Shiroro River 

 

Fatty acids 

type 

Gynarchus 

niloticus 

Clarias 

garipinus 

Oreochromis 

leucostictus 

Synodotus 

clarias 

Hyperopisus bebe 

occidentallis 

WHO/FAO, 

2011 

SFA 38.93 40.66 42.81 41.28 41.58 ≤10 

MUFA 33.63 36.75 37.84 37.71 45.37 ≥12 

PUFA 26.10 21.83 19.69 19.39 7.79 ≥6 

Non-fatty 

acid 

1.34 0.76 0.66 1.62 5.28 - 

PUFA/SFA 0.67 0.54 0.46 0.47 0.19 ≥0.1 
ω-6 11.01 18.21 14.18 6.26 6.62 ≥8 

ω-3 15.09 3.62 4.51 13.13 1.17 ≥2 

ω-3/ω-6 1.37 0.20 0.31 2.10 0.18 ≤4 

SFA: Saturated fatty acid, MUFA: Mono-unsaturated fatty acid, PUFA: Poly-unsaturated fatty acid 

 

The MUFA content was the highest in 

Hyperopisus bebe occidentallis (45.37%) 

followed by Oreochromis leucostictus 

(37.84%), Synodotus clarias (37.71%), 

Clarias garipinus (36.75%) and 

Gynarchus niloticus (33.63%), with the 

smallest one. The major mono-unsaturated 

fatty acids were 18:1 .a-9 and 18: l-7 

(Oleic and Vaccenic acid). Similarly, 

Osibona reported 18:1 a -9 and 18:1 ω-7 as 

major MUFA in freshwater fish species 

from Lagos, Nigeria [27]. This is contrary 

to that reported by Kaneiwaa et al which 

were of 18:1 and 16:1 (Oleic and Palmitic 

oleic) found in freshwater fish species 

from China [38]. The variation can be 

attributed to environmental difference. 

Guler et al and Osman et al reported that 

high Oleic acid is a major fatty acid 

component of freshwater fish species [41, 

42]. The maximum Oleic acid (18:1 ω -9, 

9-octadecenoic acid) content was found in 

Clarias garipinus (27.89%) and the 

minimum was 1.90 % in Gynarchus 

niloticus. The highest vaccenic acid (18:1-

7, 11-octadecenoic acid) was 35.75 % 

found in Hyperopisus bebe occindentallis 

and the minimum content was 4.76 % in 

Clarias garipinus. The monounsaturated 

fatty acids are responsible for 

physiological activities and also in the 

reduction of serum cholesterol [25]. 

Majority of polyunsaturated fatty acids 

(PUFAs) are essential in carrying out 

physiological activities in the body. 

PUFAs of the oil of the samples ranged 

between C16 to C22 in chain length and 

are ω-3 and ω-6 type. Freshwater fishes 

usually contained higher amounts of ω-6 

fatty than ω-3 when compared with marine 

fish [43]. Similar pattern was observed in 

the fish species studied in this work except 

in Gynarchus niloticus and Synodotus 

clarias, which corresponds to the findings 

of Aclcman and Mcleod who reported 

higher omega-3 PUFAs in fish from cold 

northern freshwaters fish species [44]. It 

could therefore be deduced that 

environmental factor plays vital roles in 

the PUFAs content of fish.  

Fish oil goes through oxidative 

deterioration and hydrolytic spoilage due 

to the presence of unsaturated fatty acids 

(mono-unsaturated and poly-unsaturated). 
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In this present study the oxidative stability 

of oil in the five (5) species of freshwater 

fish was determined using different 

analytical parameters, such as peroxide 

value, free fatty acid, and saponification, 

iodine and acid values to assess the quality 

of fish oil under room conditions. The 

results are shown in the Tables 5 – 9.  
Table 5 

Change in oxidative stability of Synodotus clarias oil during storage under room temperature 

Storage 

days 

Peroxide value 

(meqO2/kg) 

Free fatty acid 

(%) 

Saponification value 

(mgKOH/g) 

Iodine value 

(mgKOH/g) 

Acid value 

(mgKOH/g) 

0 1.32 ± 0.05d 2.75 ± 0.20e 160 ± 0.01e 170 ± 0.02a 5.50 ± 0.20e 

15 1.40 ± 0.10d 2.98 ± 0.01d 165 ± 0.11d 165 ± 0.01b 5.96 ± 0.01d 

30 2.71 ± 0.01c 3.26 ± 0.05c 168 ± 0.12c 163 ± 0.01c 6.52 ± 0.05c 

45 4.50 ± 0.11b 3.53 ± 0.01b 172 ± 0.01b 162 ± 0.04d 7.05 ± 0.01b 

60 4.93 ± 0.12a 6.21 ± 0.11a 199 ± 1.15a 155 ± 1.00e 12.42 ± 0.11a 
Means (± Standard deviation) on the same column with different superscripts are significantly different (p < 0.05) 

 

Freshness of lipid is determined by its 

ability to withstand oxidation reaction 

during storage, measured by its peroxide 

value [45]. In this study the peroxide 

values in meqO2/kg within storage period 

of 0 to 60 days were 1.32±0.05 - 4.93±0.12 

for Synodotus clarias (Table 5), 1.89±0.01 

- 5.12±110 for Clarias garipinus (Table 6), 

1.13±0.10 - 3.71±0.01 for Oreochromjs 

leucostictus (Table 7), 1.00±0.10 - 

3.80±1.00 for Hyperopisus bebe 

occidentallis (Table 8) and 0.98±0.01 - 

3.98±0.03 for Gynarchus niloticus (Table 

9). In the entire sample an increase in 

peroxide value with increased storage time 

was observed except in Hyperopisus bebe 

occidentallis where a decrease of 3.87 

meqO2/kg to3.80 meqO2/kg occurred 

between 45 - 60 days of storage, which 

were statistically comparable. The increase 

after 15days from the initial day was not 

significant for all the species except 

Gynarchus niloticus, with significant 

increase. Alicia et al and Gokhan et al 

reported peroxide values of raw fish oil as 

3 – 20 meqO2/kg [46, 47] but the values 

obtained by the five fish species did not 

exceed 10 meqO2/kg.  

Free fatty acid is the measure of the extent 

to which by hydrolysis reaction fatty acids 

are released from their ester linkages with 

the parent triglyceride molecules [48]. 

Willy et al stated that free fatty acid 

formation due to the lipid hydrolysis 

provides suitable means of assessment of 

oil spoilage during storage [49]. 

  Table 6 

Change in oxidative stability of Clarias garipinus oil during storage under room temperature 

Storage 

days 

Peroxide value 

(meqO2/kg) 

Free fatty acid 

(%) 

Saponification value 

(mgKOH/g) 

Iodine value 

(mgKOH/g) 

Acid value 

(mgKOH/g) 

0 1.89 ± 0.01c 1.58 ± 0.01e 162 ± 0.12e 175 ± 0.10a 3.15 ± 0.01e 

15 2.25 ± 0.12c 2.70 ± 0.11d 164 ± 0.01d 168 ± 0.12b 5.40 ± 0.11d 

30 2.51 ± 0.10c 3.25 ± 0.10c 168 ± 0.12c 166 ± 0.11c 6.50 ± 0.10c 
45 3.90 ± 0.10b 3.49 ± 0.13b 170 ± 0.10b 162 ± 0.10d 6.98 ± 0.13b 

60 5.12 ± 1.10a 5.89 ± 0.15a 190 ± 1.12a 150 ± 0.01e 11.78 ± 0.15a 

Means (± Standard deviation) on the same column with different superscripts are significantly different (p < 0.05

The percentage free fatty acids content of 

the five fish species during the periods of 

storage from 0 to 60 days ranged from 

2.75±0.20 - 6.2l±0.11 for Synodotus 

clarias (Table 5), 1.58±0.01 - 5.89±015 for 

Clarias garipinus (Table 6), 1.00±0.01 – 

4.57+002 for Oreochromis leucostictus 

(Table 7), l.58±0.0l -2.5l±0.l2 for 

Hyperopisus bebe Occidentallis (Table 8) 
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and 1.07 - 4.42 % for Gynarchus niloticus 

(Table 9). Free fatty acid significantly 

increased (p < 0.05) as the time of storage 

increased except for Hyperopisus bebe 

Occidentallis where the increase between 

30 and 60 days was not significant (p > 

0.05). Bimbo suggested the maximum 

acceptable values of 5%, [50] however in 

this study Synodotus clarias and Clarias 

garipinus had values above 5% after 

45days and 60 days of storage. 

 

Table 7 

Change in oxidative stability of Oreochromis leucostictus oil during storage under room temperature 

Storage 

days 

Peroxide value 

(meqO2/kg) 

Free fatty acid 

(%) 

Saponification value 

(mgKOH/g) 

Iodine value 

(mgKOH/g) 

Acid value 

(mgKOH/g) 

0 1.13 ± 0.10c 1.00 ± 0.01e 175 ± 0.01e 165 ± 0.06a 2.00 ± 0.01e 

15 1.22 ± 0.02c 1.95 ±0.05d 180 ± 0.05d 163 ± 0.03b 3.89 ± 0.05d 

30 1.95 ± 0.11b 2.75 ± 0.03c 181 ± 0.01c 159 ± 0.01c 5.50 ± 0.03c 

45 3.69 ± 0.10a 3.91 ± 0.01b 183 ± 0.20b 152 ± 0.01d 7.81 ± 0.01b 

60 3.71 ± 0.01a 4.57 ± 0.02a 230 ± 0.01a 139 ± 1.00e 9.14 ± 0.13a 
Means (± Standard deviation) on the same column with different superscripts are significantly different (p < 0.05) 

Saponification value (SV) is an indication 

of the molecular weights of triglycerides of 

oils. High Saponification value indicates 

high proportion of low fatty acids since 

saponification value is inversely 

proportional to the average molecular 

weight or length of fatty acids [51]. 

Therefore the shorter the average chain 

length (C4 - C12), the higher the 

Saponification value [52]. The 

Saponification values in mgKOH/g of 

analyzed fish oil significantly increase (p < 

0.05) with increase in storage period. The 

saponification values of the fish species 

within the storage periods of 0 to 60 days 

ranged from 160±0.01 - 199±1.15 for 

Synodotus clarias (Table 5), 162±0.12 –  

190±1.12 for Clarias garipinus (Table 6), 

175±0.01 - 230±0.01 for Oreochromis 

leucostictus (Table 7) and 172±0.01-

201±0.12 for Hyperopisus bebe 

Occindentallis (Table 8). It is very possible 

that the end product of oxidation, such as 

aldehydes and ketones may have 

contributed to the increase in 

saponification value, which may be 

responsible for high value observed in the 

last three species of fish. The values 

obtained were between l60.00 - 203.00 mg 

KOH/g. These values are within the 

recommended range of 195 -205 mg 

KOH/g for oil [53]. The values show that 

the oils are well suited for soap making. 

Table 8 

Change in oxidative stability of Hyperopisus bebe ocidentallis oil during storage under room temperature 

Storage 

days 

Peroxide value 

(meqO2/kg) 

Free fatty acid 

(%) 

Saponification value 

(mgKOH/g) 

Iodine value 

(mgKOH/g) 

Acid value 

(mgKOH/g) 

0 1.00 ± 0.10c 1.58 ± 0.01c 172 ± 0.01e 185 ± 0.04a 3.15 ± 0.01b 

15 1.37 ± 0.12c 2.37 ± 0.10b 175 ± 0.10d 183 ± 0.01b 4.74 ± 0.10a 

30 2.82 ± 0.03b 2.40 ± 0.02ab 178 ± 0.02c 180 ± 0.01c 4.81 ± 0.02a 

45 3.87 ± 0.11a 2.44 ± 0.10ab 179 ± 0.01b 173 ± 0.12d 4.89 ± 0.10a 

60 3.80 ± 1.00a 2.51 ± 0.01a 201 ± 0.12a 169 ± 0.10e 5.02 ± 1.00a 
Means (± Standard deviation) on the same column with different superscripts are significantly different (p < 0.05) 

The iodine value, defined as the measure 

of unsaturation in an oil sample, is a useful 

tool in detecting the level of spoilage in 

oil. The iodine values of the oils in each of 

the fish species significantly decreased as 

the storage time increased from 0 to 60 

days. The iodine value of oils as the 

storage time increased to 60 days 

decreased from 170.00±0.02 to 
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155.00±1.00 for Synodotus clarias (Table 

5), 175.00±0.10 to 150.00±0.01 for Clarias 

garipinus (Table 6), 165.00±0.06 to 

139.00±1.00 for Oreochromis niloticus 

(Table 7), 185.00±0.04 to 169.00±0.10 for 

Hyperopisus bebe Occidentallis (Table 8) 

and 162.00±0.10 to 143.00±0.10 for 

Gynarchus niloticus (Table 9). The 

percentage decrease was calculated to be 

8.65 % for Hyperopisus bebe 

Occidentallis, 8.82 % for Synodotus 

clarias, 11.73 % for Gynarchus niloticus, 

14.29 % for Clarias garipinus and 15.75 % 

for Oreochromis niloticus. The decrease in 

iodine value shows the decrease in the 

degree of unsaturation during the storage 

of oils [49]. 

Table 9 

Change in oxidative stability of Gynarchus niloticus oil during storage under room temperature 

Storage 

days 

Peroxide value 

(meqO2/kg) 

Free fatty acid 

(%) 

Saponification value 

(mgKOH/g) 

Iodine value 

(mgKOH/g) 

Acid value 

(mgKOH/g) 

0 0.98 ± 0.01e 1.07 ± 0.01e 175 ± 0.01e 162 ± 0.10a 2.14 ± 0.01e 
15 1.21 ± 0.01d 1.99 ± 0.20d 176 ± 0.10d 160 ± 0.02b 3.98 ± 0.20d 

30 1.90 ± 0.11c 2.57 ± 0.09c 179 ± 0.05c 159 ± 0.10c 5.14 ± 0.09c 

45 3.02 ± 0.10b 3.48 ± 0.12b 180 ± 0.20b 154 ± 0.05d 6.95 ± 0.12b 

60 3.98 ± 0.03a 4.42 ± 0.02a 216 ± 0.10a 143 ± 0.10e 8.83 ± 0.02a 
Means (± Standard deviation) on the same column with different superscripts are significantly different (p < 0.05) 

The Acid value is the measure of free fatty 

acid in oils. The acid values in mgKOH/g 

of oils in the five fish species significantly 

increased (p < 0.05) with increase in the 

storage time from 0 to 60days. The acid 

values for each of the oils from day 0 to 

the 60th day ranged from 5.50±0.20 to 

12.42±0.11 for Synodotus Clarias (Table 

5), 3.15±0.01 to 11 78±0.15 for Clarias 

garipinus (Table 6), 2.00±0.01 to 

9.14±0.13 for Oreochromis leucostictus 

(Table 7), 3.15±0.01 to 5.02±1.00 for 

Hyperopisus bebe occidentallis (Table 8) 

and 2.14±0.01 to 8.83±0.02 for Gynarchus 

niloticus (Table 9). The suitable limit for 

acid value is 7 - 8mgKOH/g as reported by 

De-Koning [48]. The study revealed that 

the acid values of the oils of Synodotus 

clarias, Clarias garipinus and 

Oreochromis leucostictus exceeded the 

maximum limit after 60 days of storage. 

The acid value of oils within the storage 

period of 45days in all the fish species fell 

within the maximum limit reported by De-

Koning [54], while after 60 days of 

storage, the oil of Hyperopisus. bebe 

occidentallis was below this limit.  

4. Conclusion   

There were some levels of significant 

differences in the proximate minerals, fatty 

acids and cholesterol compositions 

between the different freshwater fish 

species analyzed in this study. The protein 

content of the fish species, per dried 

weight, was generally high, with 

Gynarchus niloticus having the highest 

concentration of above 50% and 

Hyperopisus bebe occidentallis the lowest 

one, below 40%. This implies that all the 

fish species can be used as protein 

supplements. The fish species were also 

found to be the oily fish with low saturated 

fatty acids and high polyunsaturated fatty 

acid. They are also rich in omega-6 and 3 

fatty acids and therefore they can be 

recommended for human consumption 

especially Gynarchus niloticus and 

Synodotus clarias species. Also, 

Oreochromis leucostictus has the highest 

cholesterol content while Clarias garipinus 

species has the lowest one.  The values are 

general lower than those recommended by 

the FAO /WHO as regards the toxicity 

limit of cholesterol. 
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