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Abstract: The proximate, amino acid and fatty acid compositions of the fillet and oil of two
commonly consumed fresh water fishes - Clarias gariepinus (Catfish) and Oreochromis
niloticus (Tilapia) - were evaluated in this study. The samples were separately boiled, roasted
(over hot charcoal) and fried using different types of oils (palm oil, groundnut oil, soybean oil
and refined palm oil) and the effect of the processing methods on the nutritional composition
was determined. The moisture content ranged from 76.27% for catfish to 79.97% for tilapia
while the oil content ranged from 7.80% for tilapia and 11.00% for catfish. Ash content was in
the range 8.03 - 9.16% and the protein content was 15.83 - 18.48%. The cooking methods
resulted in a variation in the nutrient composition but no significant variation was observed in
the amino acid composition except for the samples fried with palm oil which recorded
significantly reduced essential amino acid contents. All the fish samples - both fresh and
processed — have amino acid scores less than 100, with lysine, threonine and the sulfur-
containing amino acids being among the limiting amino acids. Both fish samples contain more
unsaturated than saturated fatty acids.
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INTRODUCTION

Fishes are highly nutritious, tasty, and easily digested protein source for a large population in
many developing countries. While marine fishes are generally cheaper when compared with
fresh water fishes in Nigeria (1), fresh water fishes are increasingly becoming more abundant,
constituting close to 70% of the total fish supply in Nigeria (2). Freshwater fishes are found in
freshwater bodies, including streams, rivers, ponds and so on (3). They are available and
abundant in riverine areas. About 41% of all known fish species are found in fresh water. In
Nigeria and other developing nations of the world, fish is a very common and abundant animal
protein source because it is cheaper than meat and the supply is relatively stable (4). About
60% of people in many developing countries are believed to depend on fish for more than 30%

of their animal protein supplies (5).

Fishes generally contain very high moisture content, very little carbohydrate, and vitamins and
minerals in trace quantities (1). Most fish species contain between 60 - 80% moisture, 15 -
26% protein and 2 - 13 % fat (6). The fat contents vary with species, age, size, and season.
Fishes that are high in oil are known as fatty or oily fish and the dry matter may contain as
much as 30% oil, while those that are low in oil are known as white fish. Fishes are generally
rich in all essential amino acids, especially those that are in low quantity in cereals such as
lysine. Fish protein can therefore serve as an amino acid supplement, improving the amino

acid supply and the quality of protein in the diet (7).

The part of fish that is mostly consumed is the muscle (8) and it contributes both fatty acids
and amino acids to diets. Ordinarily, consumption of animal protein usually results in a high
consumption of saturated fats which is quite unhealthy for the heart; however, fish
consumption does not have that problem because of its low content of fats generally and
saturated fatty acids in particular. It affords the patient the opportunity to obtain good quality
dietary protein without excessive fat consumption. Fish is therefore recommended for a good

cardiac health.

Several varieties of fish species abound in the various water bodies in Nigeria and they serve
both as food and as economic resource to the country. Prominent among these species are
croakers, catfishes, tilapias, threadfins, soles and the clupeids and these account for close to
90% of Nigeria’s fishes (9). This represents a major source of animal protein supply to Nigeria,
which ordinarily has low protein consumption (10). In recent times, there has been an increase
in fish farming in Nigeria, especially of African catfish (Clarias gariepinus) and the tilapia family
because they grow very fast and also because of their ability to tolerate different

environmental conditions and temperatures (11).
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The two fish species chosen for this work were because of their abundance and good consumer
acceptance. Clarias gariepinus is one of the most farmed fish in tropical and sub-tropical Africa
and many Nigerians now farm the species either as a hobby or as a means of livelihood.
Oreochromis niloticus, though not as farmed as C. gariepinus, is highly prolific and low in fat.
In spite of the economic values and availability of these fishes, there is limited data on the
nutritional composition of the samples and especially how processing may affect the nutritional
quality. Previous report on marine water fishes (1), (4) have shown that processing does affect
the nutritional and amino acid composition of marine water fishes, generally leading to a

reduction in the nutritional values.

This work therefore aims to determine the proximate, fatty acid and amino acid composition of
two freshwater fish species and to determine how the different methods of boiling, roasting

and frying with different types of oil may affect these parameters.

MATERIALS AND METHODS

Collection and preparation of samples

Two freshwater fish species were used in this study - African sharp-tooth Catfish (Clarias
gariepinus) and Tilapia (Oreochromis niloticus). The samples were obtained fresh in October
2013 from different sources. African catfish (average weight: 0.9 kg, length: 340 mm) was
obtained from a private fish farm (pond) in Tanke area, Ilorin, Kwara State, Nigeria while
Tilapia (average weight: 0.5 kg, length: 190 mm) was obtained from Kainji Dam, Niger State,

Nigeria. The fishes were obtained live.

Sample Treatment

Upon arrival at the laboratory, the fish samples were washed and cut into pieces. The head
and viscera were removed and the pieces were thoroughly washed again with domestic water
and then with distilled water. The pieces (about 90 g each) were separated into seven parts.
One of the seven divisions was set apart as the control (raw), one was boiled and another
roasted. The remaining four parts were separately deep-fried in four different cooking oils
(palm oil, soybean oil, refined, decolorized palm oil and groundnut oil). Common procedures
for preparation of fish for table consumption were followed. The boiling was done with
domestic water for 10 minutes until the pieces were tender; the roasting was carried out with
heat from hot charcoal for about 15 minutes and the deep - frying was done in a frying pan for
15 minutes. No ingredient or additive was added for the cooking. The bones were removed
from the samples but the skin was not removed. The fish fillets were then mashed and the
moisture content was determined immediately. The dried samples (after moisture content
determination) were ground using mortar and pestle, wrapped in aluminum foil and then

polyethylene bags before they were labelled and refrigerated (4).
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Analytical Procedures

Standard methods of the Association of Official Analytical Chemists (AOAC) were adopted for
the analyses of the samples (12). 2.0 g of each sample was heated to a constant weight in a
crucible placed in an oven maintained at 105 °C to determine the moisture content. Crude fat
was determined using a Soxhlet extractor and n-hexane as the extractant. Nitrogen content
was determined by the Kjeldahl method, using 2.0 g of dried, defatted samples the crude
protein was calculated as % total nitrogen x 6.25. Ash was determined by the incineration of

1.0 g of dried, defatted samples placed in a muffle furnace at 550°C for 5 hours.

The fatty acid profile of the oils extracted from the samples was determined by Gas
Chromatography. The oil samples were re- extracted with redistilled n-hexane, filtered through
anhydrous NaxSOs4 and the solvent was removed using a rotary evaporator (12). The oil
sample was then saponified for about 5 min at 95 °C with 0.5 M KOH in dry ethanol. The
mixture was neutralized using 0.7 M HCI followed by the addition of 14 % BFs in methanol. The
methylation process was completed by heating for 5 min at 90 °C. Identification and
quantification of the fatty acids were done by injecting the esterified fat into the injection port
of the gas chromatography equipment (HP 6890 powered with HP ChemStation Rev. A 09.01

[1206] Software) with nitrogen as the carrier gas.

Amino acid content determination was carried out by ion exchange chromatography (13),
using the Technicon Sequential Multisample (TSM) Amino Acid Analyzer (Technicon
Instruments Corporation, Dublin, Ireland). 2.0 g of sample was defatted using
chloroform/methanol, hydrolyzed using 6 M HCI and the hydrolysate was injected into the TSM

analyzer for separation and characterization. Tryptophan content was not determined.

The amino acid score for the essential amino acids was calculated using the formula (Eq. 1)
(14):

. . Amount of amino acid per sample protein [mg/g
Amino acid score = _ - — [mg/9) (Eq. 1)
Amount of amino acid per protein in reference protein [mg/g]

The total and percentage essential amino acids [TEAA and TEAA%], total acid amino acids
[TAAA], sulfur-containing amino acids [TSAA] and aromatic amino acids [TArAA] were
evaluated from the amino acid profile and the predicted protein efficiency ratio (P-PER) was
determined using one of the equations of Alsmeyer and co-workers (15) adapted by Adeyeye
(16) [i.e. P-PER = -0.468 + 0.454(Leu) - 0.105(Tyr)].

Statistical analysis
Results are expressed as mean = standard deviation of triplicate trials. SPSS version 16.0 was

used for the statistical analysis. One way analysis of variance (ANOVA) and Duncan's multiple
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range tests were carried out and statistical significance of differences were accepted at the 5%
limit (P < 0.05).

RESULTS AND DISCUSSION

The results of the proximate composition of the two species are presented in Table 1. The
moisture contents of catfish samples range from 76.27% in the fresh sample to 54.29% in the
sample fried in soybean oil. For tilapia fish samples, moisture contents range from 79.97% in
the fresh sample to 32.62% in the groundnut oil-fried sample. The moisture content of the two
species are in the same range (76.27 - 79.97%) for the fresh samples but tilapia fish
appeared to be more affected by processing, especially frying, resulting in a greater loss of the
moisture content observed in tilapia than catfish. Catfish has a higher fat content (11%) than
tilapia (7.8%). However, tilapia absorbs more fat during frying than catfish, resulting to a
higher fat content observed in the fried samples of tilapia than catfish. The ash contents of
both species reduce with processing while the protein content of both increase with processing
except the protein content of C. gariepinus which decreased slightly but not significantly on

boiling.
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Table 1. Proximate composition of fresh and processed Clarias gariepinus and Oreochromis

niloticus

Proximate C. C. C. C. C. C. C.
Quality gariepinus gariepinus gariepinus gariepinus gariepinus gariepinus gariepinus

(Fresh) (Boiled) (Roasted) (SOF) (GOF) (ReOF) (POF)
Moisture 76.27 74.87 63.11 + 54.29 £ 60.94 % 60.70 % 62.05 %

1.07°2 0.152 2.16° 1.89¢ 1.06° 0.91b 1.00°
Fat (on 11.00 + 14.21 % 12.82 % 26.52 £ 20.07 £ 16.53 % 26.19 £
Dry basis) 1.212 0.12ab 0.343b 1.22¢ 2.814 2.45b4 4.23¢
Ash (on 8.03 £ 6.50 £ 6.73 £ 4.67 % 7.64 £ 2.39 £ 6.25 £
dry basis) 0.882 2.093¢ 0.592¢ 0.26b< 2.573c¢ 1.78 1.78ac¢
Protein 18.48 + 18.18 = 26.74 + 28.23 £ 25.60 % 28.39 % 23.82 £
(on dry 0.912 0.132 1.64bc 1.01¢ 1.1654 0.49¢ 1.964
basis)

0. O. 0. O. O. O. O.
niloticus niloticus niloticus niloticus  niloticus niloticus  niloticus
(Fresh) (Boiled) (Roasted) (SOF) (GOF) (ReOF) (POF)

Moisture 79.97 74.89 £ 66.03 % 46.09 % 32.62 £ 48.55 % 33.77 £

0.162 0.81° 0.34¢ 0.414 0.61f 0.21¢ 0.839
Fat (on 7.80 £ 13.08 % 13.59 % 36.08 + 32.54 £ 32.46 £ 37.80 £
Dry basis)  0.392 0.63b 0.48° 1.29¢d 4.43¢ 0.54¢ 1.234
Ash (on 9.16 % 6.69 + 8.67 £ 5.86 + 7.42 + 5.13 £ 5.78 £
dry basis) 0.622 1.49b4 0.852¢ 0.81b.d 0.57¢4 0.36° 0.29b
Protein 15.83 * 18.49 = 24.62 * 26.32 £ 38.24 £ 28.41 £ 36.05 £
(on dry 0.082 0.50° 0.37¢ 0.36¢4 2.63¢ 0.34¢ 1.03¢
basis)

a, b,..Values are means % standard deviations of triplicate determinations; Values in the same row

sharing the same letters are not significantly different (p<0.05 level); POF= Fish sample fried in

palm oil; SOF= Fish sample fried in soybean oil; ReOF= Fish sample fried in refined palm oil; GOF =

Fish sample fried in groundnut oil.

The moisture contents obtained for the two fish species were in the ranges previously reported
by other workers (5), (17), (18), etc. The moisture contents generally reduced with processing
with the reduction being more pronounced and significant in the fried samples than in the
other processed samples. On the other hand, the fat content increased as a result of
processing with the increase being more pronounced in the fried samples. The fat content
results showed that C. gariepinus is a medium fat fish while O. niloticus is a low fat fish
species. Several factors affect the fat content of fish samples including species, geographical
region, age, and diet (19). C. gariepinus used in this study were farmed and thus fed with

artificial and controlled diets, whereas the O. niloticus was free and thus were feeding on
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naturally available diets; this could significantly impact on the proximate compositions, hence
the observed variations. Though O. niloticus had less fat than C. gariepinus originally, the fried
samples of O. niloticus have higher fat contents than the fried C. gariepinus. Candela et al.
(20) had earlier reported that the frying process affect different fish species in different ways
and that this should be taken into account in determining the total fat consumed in a fish
meal. This could therefore account for the different behaviors of the fishes to frying. The ash
contents of both species reduced with processing, though the reduction did not follow any
particular order and the reduction was attributed to the possible loss of some water soluble
and heat-labile minerals during processing. The protein contents of the samples increased after
processing and this is quite noteworthy because fishes are generally consumed as a protein
source in food and it is therefore very important that processing or preparation methods
should not have a negative impact on either the protein content or quality. The processing
techniques involved here did not result in a reduction in the protein contents. While only a
slight difference was observed in the protein content of the fresh and boiled samples, other

treatments resulted in large differences in the protein contents.

Tables 2 - 4 present the amino acid composition and amino acid scores of the two species with
tilapia having a slightly better amino acid profile than catfish. Although a greater loss of total
amino acids was observed following the processing of catfish than tilapia, there is an increase
in the total and percentage of essential amino acids following the processing of catfish. The
amino acids lost in catfish as a result of processing were mainly the acid amino acids. Of all the
processing techniques investigated, frying with palm oil appeared to have the worst effect on
the amino acid contents of the fish samples, resulting in the loss of essential amino acids for

the two species.
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Amino Acid C. C. C. C. C. C. C.
gariepinus gariepinus gariepinus gariepinus gariepinus gariepinus gariepinus
(Fresh) (Boiled) (Roasted) (SOF) (GOF) (ReOF) (POF)
Lysine (Lys)? 5.00 5.40 5.00 5.27 4.92 5.62 4.92
Histidine (His) 2.21 2.33 2.24 2.24 2.21 2.46 1.89
Arginine (Arg) 5.26 5.61 5.26 5.52 4.92 5.78 4.66
Aspartic acid 23.26 10.92 10.02 10.61 9.87 11.26 21.21
(Asp)
Threonine (Thr)?2 3.26 3.20 3.01 3.09 2.95 3.28 2.65
Serine (Ser) 4.26 3.53 3.47 3.5 3.07 3.66 3.96
Glutamic acid 15.98 13.18 12.80 12.88 12.12 13.33 15.3
(Glu)
Proline (Pro) 4.69 3.46 3.05 3.15 3.15 3.56 4.27
Glycine (Gly) 4.18 5.52 4.95 5.19 4.32 5.60 3.51
Alanine (Ala) 5.05 4.82 4.22 4.48 4.03 5.05 4.72
Cystine (Cys)? 1.19 0.99 0.86 0.86 0.80 0.99 1.72
Valine (Val)? 3.82 3.65 3.27 3.42 3.01 3.50 3.86
Methionine 0.68 2.29 2.19 2.24 2.08 2.40 0.86
(Met)?
Isoleucine (Ile)2 3.17 3.39 3.04 3.2 2.92 3.39 3.01
Leucine (Leu)? 5.95 6.85 6.50 6.66 6.23 6.94 5.21
Tyrosine (Tyr)? 3.02 3.33 3.02 3.18 3.02 3.65 2.70
Phenylalanine 4.05 4.44 4.39 4.40 4.47 4.47 3.37
(Phe)?
Total Amino 95.03 82.91 77.29 79.89 74.09 84.94 87.82
acids
% Difference -12.12 -17.74 -15.14 -20.94 -10.09 -7.21
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Total Essential
amino acids
[EAA]

Total Acid amino
acids [AAA]
Sulfur amino
acids [SAA]
Aromatic amino
acids [ArAA]

28.14
(29.61%)

39.24
(41.29%)
1.87
(1.97%)
9.28
(9.77%)

31.55 29.64 30.52 28.79 32.06
(38.05%) (38.35%)  (38.20%)  (38.86%)  (37.74%)
24.10 22.82 23.49 21.99 24.59
(29.07%) (29.53%)  (29.40%)  (29.68%)  (28.95%)
3.28 3.05 3.10 2.88 3.39
(3.96%) (3.95%) (3.88%) (3.89%) (3.99%)
10.10 9.65 9.82 9.70 10.58
(12.18%) (12.49%)  (12.29%)  (13.09%)  (12.46%)

25.77
(29.34%)

36.51
(41.57%)

2.58 (2.94%)

7.96 (9.06%)

a Essential amino acids according to FAO/WHO (1975); P Indispensable amino acid in human adult according to FAO/WHO/UNU (1985); ND = Not determined;

POF= Fish sample fried in palm oil; SOF= Fish sample fried in soybean oil; ReOF= Fish sample fried in refined oil; GOF = Fish sample fried in groundnut oil.

Values in parenthesis are % of TAA
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Table 3. Amino Acid Composition of Fresh and Processed Oreochromis niloticus (g/100 g

protein)
O. O. O. O. O. 0. O.
niloticus niloticus niloticus  niloticus niloticus niloticus niloticus
(Fresh) (Boiled) (Roasted) (SOF) (GOF (ReOF) (POF)
Lysine (Lys)? 5.21 4.38 3.92 3.40 4.02 3.62 5.02
Histidine (His) 2.21 2.30 2.37 2.02 2.24 2.02 2.24
Arginine (Arg) 5.35 5.26 5.61 5.26 5.01 4.92 5.35
Aspartic acid (Asp) 10.08 10.11 10.55 9.02 11.26 10.05 23.6
Threonine (Thr)? 3.01 3.45 3.29 3.01 3.15 3.01 3.15
Serine (Ser) 3.42 3.61 2.96 2.52 3.01 2.55 4.15
Glutamic acid (Glu) 12.72 13.63 12.20 11.59 12.72 11.29 16.35
Proline (Pro) 3.26 3.87 3.66 3.26 3.97 3.15 4.78
Glycine (Gly) 4.90 4.01 3.65 3.55 3.94 3.41 4.20
Alanine (Ala) 5.51 4.21 3.99 3.68 4.41 3.87 5.24
Cystine (Cys)? 0.93 1.39 1.26 1.19 1.32 1.13 1.26
Valine (Val)? 3.18 4.20 3.71 3.42 4.00 3.42 3.91
Methionine (Met)? 2.19 1.51 1.41 1.35 1.64 1.30 0.70
Isoleucine (Ile)2 3.20 3.68 3.11 3.01 3.55 3.01 3.42
Leucine (Leu)? 6.53 7.21 6.94 6.55 7.02 6.09 6.03
Tyrosine (Tyr)? 3.17 3.33 3.02 2.70 3.18 3.33 3.02
Phenylalanine (Phe)? 4.22 4.81 4.55 4.22 4.81 4.02 3.96
Total Amino acids 79.09 80.96 76.2 69.75 79.25 70.19 96.38
% Difference 1.87 -2.89 -9.34 0.16 -8.90 17.29
Total Essential amino 29.75 31.54 29.30 26.98 30.43 26.49 28.43
acids [EAA] (37.62%) (38.96%) (38.45%) (38.68 (38.40 (37.74% (29.50%)
%) %) )
Total Acid amino 22.8 23.74 22.75 20.61 23.98 21.34 39.95
acids [AAA] (28.83%) (29.32%)  (29.86%) (29.55 (30.26  (30.40% (41.45%)
%) %) )
Total Sulfur amino 3.12 2.90 2.67 2.54 2.96 2.43 1.96
acids [SAA] (3.94%) (3.58%) (3.50%) (3.64%) (3.74%) (3.46%) (2.03%)
Total Aromatic amino 9.60 10.44 9.94 8.94 10.23 9.37 9.22
acids [ArAA] (12.14%) (12.90%) (13.04%) (12.82 (12.91  (13.35%  (9.57%)
%) %) )

a Essential amino acids according to FAO/WHO (1975); b Indispensable amino acid in human adult
according to FAO/WHO/UNU (1985); ND = Not determined; POF= Fish sample fried in palm oil; SOF=
Fish sample fried in soybean oil; ReOF= Fish sample fried in refined oil; GOF = Fish sample fried in

groundnut oil. Values in parenthesis are % of TAA
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Table 4. Amino Acid Score of Fresh and Processed Clarias gariepinus and Oreochromis

niloticus
Ile Leu Lys Met + Phe + Thr Try Val His
Cys Try

Standard 2.8 6.6 5.8 2.5 6.3 3.4 1.1 3.5 1.9
C. gariepinus 113 90 86 75 112 96 ND 109 116
(Fresh)
C. gariepinus 121 104 93 131 123 94 ND 104 123
(Boiled)
C. gariepinus 109 98 86 122 118 89 ND 93 118
(Roasted)
C. gariepinus 114 101 91 124 120 91 ND 98 118
(SOF)
C. gariepinus 104 94 85 115 119 87 ND 86 116
(GOF
C. gariepinus 121 105 97 136 129 96 ND 100 129
(ReOF)
C. gariepinus 108 79 85 103 96 78 ND 110 99
(POF)
O. niloticus 114 99 90 125 117 89 ND 91 116
(Fresh)
O. niloticus 131 109 76 116 129 101 ND 120 121
(Boiled)
O. niloticus 111 105 68 107 120 97 ND 106 125
(Roasted)
O. niloticus 108 99 59 102 110 89 ND 98 106
(SOF)
O. niloticus 127 106 69 118 127 93 ND 114 118
(GOF)
O. niloticus 108 92 62 97 117 89 ND 98 106
(ReOF)
O. niloticus 122 91 87 78 111 93 ND 112 118
(POF)

ND = Not determined

Although the amino acid analysis did not reveal an increase in the amino acid contents as one
may have expected from the protein contents, there was an observed increase in both the
quantity and percentage of the total essential amino acids except for the sample fried with
crude palm oil which recorded a reduction in the total essential amino acids for both C.
gariepinus and O. niloticus. For C. gariepinus, there was also observed an increase in the

sulfur-containing amino acids and aromatic amino acids and a reduction in the acid amino
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acids while for O. niloticus, the acid amino acids increased slightly while both the sulfur-
containing amino acids and the aromatic amino acids recorded only slight variations. Frying
with crude palm oil appeared to have the worst effect on the quality of amino acids for both
fish species. Although it resulted in an increase in total amino acids for O. niloticus and only a
slight decrease for C. gariepinus, the number of limiting amino acids increased as a result of

the loss of the essential amino acids.

Previous workers have reported varying effects of processing on the protein and amino acid
contents of fish samples. While some reported no significant effect on protein and amino acid
contents following boiling and frying (21), others reported that heat processing resulted in
reduction in protein value by destroying the constituent amino acids or making them
unavailable (22). This may imply that the length of time of heat treatment also contributed to
the change in amino acid contents of the fish samples. Our previous work on marine water
fishes (4) had reported that boiling and roasting had no significant effect on the amino acid
composition of the four fish samples investigated while frying resulted in a significant reduction
in essential, sulfur-containing and aromatic amino acids. Samples fried with palm oil also
reported the lowest values of essential amino acids and they were also the only samples with
limiting amino acids. These results therefore suggest that processing has different types of
effects on different fish types but frying has the worst kind of effect as far as protein quality is
concerned. One can also deduce that increase in protein content does not necessarily imply an
increase in the quality of the protein. The results also show that both C. gariepinus and O.
niloticus are not sources of complete proteins. They have several essential amino acids with
scores less than 100 including lysine, threonine, methionine, cysteine, leucine, and valine
whereas the marine water fishes have no limiting amino acids except when fried (4). Amino
acid scoring provides a way to predict how efficiently a protein will meet a person’s amino acid
needs. This concept assumes that tissue protein synthesis is limited unless all required amino
acids are available at the same time and in appropriate amounts at the site of tissue protein

synthesis.

The results of the fatty acid analysis of both fish species, presented in Tables 5 and 6, show
that both species contain more unsaturated fatty acids than saturated, and that palmitic acid is
the main saturated fatty acid in both species. Oleic acid is the major unsaturated fatty acid in
both species with linoleic acid, linolenic acid and palmitoleic acid also being present in varying

amounts.
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Fatty acid C. C. C. C. C. C. C.
gariepinus gariepinus gariepinus gariepinus gariepinus gariepinus gariepinus
(Fresh) (Boiled) (Roasted) (SOF) (GOF (ReOF) (POF)
Caprylic acid (C8:0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Capric acid (C10:0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lauric acid (C12:0) 2.81 2.51 0.00 2.51 0.00 0.00 3.49
Myristic acid (C14:0) 4.77 5.10 0.31 5.07 0.36 0.32 4.71
Palmitic acid (C16:0) 22.40 18.97 26.99 23.76 23.40 26.03 23.16
Palmitoleic acid (C16:1) 3.96 5.23 10.42 5.20 11.99 10.87 2.82
Margaric acid (C17:0) 1.22 1.61 1.89 1.60 2.18 1.97 0.51
Stearic acid (C18:0) 5.56 7.34 5.74 7.30 6.61 5.99 10.21
Oleic acid (C18:1) 29.94 28.26 30.95 27.37 28.34 29.73 30.08
Linoleic acid (C18:2) 14.94 16.89 6.42 13.16 7.23 7.05 16.72
a-Linolenic acid (C18:3) 5.34 7.05 11.05 7.02 12.72 11.53 4.49
Arachidic acid (C20:0) 1.32 1.74 0.00 1.73 0.00 0.00 0.56
Arachidonic acid 1.45 1.91 2.25 1.90 2.59 2.34 0.61
(C20:4)
Behenic acid (C22:0) 0.54 0.71 0.83 0.71 0.96 0.87 0.23
Erucic acid (C22:1) 5.76 2.67 3.15 2.66 3.62 3.28 2.42
Lignoceric acid (C24:0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL FATTY ACIDS 100.00 100.00 100.00 100.00 100.00 100.00 100.00
TOTAL SATURATED 38.61 37.98 35.77 42.69 33.51 35.19 42.86
FATTY ACIDS
TOTAL UNSATURATED 61.39 62.02 64.23 57.31 66.49 64.81 57.14
FAs

Values are % of eluted methyl esters; ND = Not detected
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Table 6. Fatty Acid Composition of Fresh and Processed Oreochromis niloticus

Fatty acid O. O. O. O. O. O. O.
niloticu  niloticu  niloticus niloticu niloticu niloticu niloticu
s s (Roasted s (SOF) s (GOF s s (POF)
(Fresh) (Boiled) ) (ReOF)
Caprylic acid (C8:0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Capric acid (C10:0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lauric acid (C12:0) 0.00 2.62 0.00 3.82 2.66 0.00 2.41
Myristic acid (C14:0) 0.30 4.44 0.31 6.21 4.50 0.31 4.86
Palmitic acid (C16:0) 27.97 25.39 30.71 24.16 23.81 26.71 24.32
Palmitoleic acid (C16:1) 10.18 3.68 10.46 5.54 3.74 10.31 4.98
Margaric acid (C17:0) 1.85 1.13 1.90 1.01 1.15 1.87 1.53
Stearic acid (C18:0) 5.61 5.17 5.77 4.59 5.24 5.69 6.99
Oleic acid (C18:1) 30.84 33.85 26.63 27.24 31.37 31.02 27.56
Linoleic acid (C18:2) 6.35 10.33 6.87 15.54 13.94 6.99 13.91
a-Linolenic acid (C18:3) 10.80 4.96 11.10 4.41 5.04 10.94 6.72
Arachidic acid (C20:0) 0.00 1.23 0.00 1.09 1.25 0.00 1.66
Arachidonic acid (C20:4) 2.20 1.34 2.26 1.19 1.36 2.22 1.82
Behenic acid (C22:0) 0.82 0.50 0.84 0.44 0.51 0.83 0.68
Erucic acid (C22:1) 3.08 5.35 3.16 4.76 5.43 3.11 2.55
Lignoceric acid (C24:0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL FATTY ACIDS 100.00 100.00 100.00 100.00 100.00 100.00 100.00
TOTAL SATURATED 36.56 40.47 39.53 41.32 39.12 35.40 42.46
FATTY ACIDS
TOTAL UNSATURATED 63.44 59.53 60.47 58.68 60.88 64.60 57.54
Fas

Values are % of eluted methyl esters; ND = Not detected

Fish lipids are very desirable because of their rich content of long-chain omega-3
polyunsaturated fatty acids (LC w-3 PUFA), especially eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). EPA and DHA can be synthesized from a-linoleic acid (ALA) thus;
ALA and linoleic acid (LA) are the two truly essential fatty acids. Though the percentage
quantities of DHA and EPA were not determined, the results of the fatty acid composition
revealed that both fish samples contain the two essential fatty acids in sizeable quantities.
These two acids account for 20.28% of the fatty acids in fresh C. gariepinus (with ALA
accounting for 5.34%) and 17.15% in fresh O. niloticus (with 10.80% ALA). Though these
values vary in the processed samples, the range remains fairly constant. Apart from the two
essential fatty acids, the two fish samples contain rich supply of other fatty acids. Both
samples are very rich in oleic acid and palmitic acid. Generally, the fish samples contain more
unsaturated fatty acids (61.39 - 63.44%) than the saturated fatty acids (36.56 - 38.61%).

PUFAs regulate prostaglandin synthesis and accelerate wound healing (23), (24) and the w-3
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and w-6 PUFAs have been reported to contribute positively to the treatment of cardiovascular
diseases and cancers (25). Increasing the consumption of fish and fish products, which are rich
in polyunsaturated fatty acids, is therefore desirable for human health (26), (27). The contents
of PUFAs in different fish species and even among freshwater and marine fish may vary (28)
and the results obtained here have indicated that there was indeed a variation in the

composition of PUFA in the two fish species.

CONCLUSION

This study has shown that C. gariepinus had medium oil content while O. niloticus was low in
oil contents. The two species have also been shown to be low in some essential amino acids
and the methods of table preparation may further reduce the amino acid composition. Frying
did exert a significant effect on the amino acid composition of the samples but when palm oil
was used in the frying process, there was observed a significant reduction in protein quality in
terms of loss of the amino acids, especially the essential amino acids; thus frying with palm oil

is not a nutritionally beneficial method of table preparation of fresh water fish.
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Tiirkce Oz ve Anahtar Kelimeler

Clarias gariepinus ve Oreochromis niloticus Tiirlerindeki Yakin
Sonucglar, Amino Asit ve Yag Asidi Bilesenleri Uzerinde Pisirme
Yonteminin Etkisi

Omolara Olusola Oluwaniyi, Omotayo Olutola Dosumu and Gbonjubola Victoria Awolola

Oz: Bu calismada, yakin analiz, amino asit ve yad asidi bilesenleri fileto ve yag kisminda
incelendi ve yaygin tlketilen iki balik tirl olan Clarias gariepinus (yayin baligi) ve Oreochromis
niloticus (tatlisu cipurasi) Gzerinde galisildi. Ornekler ayri ayr pisirildi, sicak kémir atesinde
kizartildi ve farkli yaglar kullanilarak (hurma yadi, yerfistidi yadi, soya fasilyesi yagdi ve rafine
edilmis hurma yadi) kizartildi. Besin bilesimi Gzerine isleme tekniklerinin etkisi belirlendi. Nem
icerigi yayin balidinda %76,27 ve tatlisu gipurasinda %79,97 olarak bulundu, yag icerigi ise
yayin balidi icin %11,00 ve tatlisu cipurasi icin ise %7,80 olarak tespit edildi. Kil icerigi %8,03
- 9,16 araliginda bulunurken protein icerigi ise %15,83 - 18,48 olarak tespit edildi. Pisirme
yontemleri besin iceriginde bir dedismeye neden olmakla birlikte, 6rnekler hurma yad ile
kizartilmadigi middetce amino asitlerde belirgin bir dedgisme olmamaktadir, hurma yadi
esansiyel amino asit iceriklerinde ciddi bir azalmaya neden olmaktadir. Bitin balik érnekleri
hem taze, hem de islenmis olarak amino asit skoru bakimindan 100’Den dustktlr, sinirlayici
amino asitler lizin, treonin ve kikirtli amino asitlerdir. Her iki balik tirl, doymus yag
asitlerine nazaran daha fazla doymamis yag asidi icermektedir.

Anahtar kelimeler: Balik; yakin bilesim; yag asidi; amino asit.

Sunulma: 02 Eylul 2016. Diizeltme: 28 Eyliul 2016. Kabul: 20 Ekim 2016.
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