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Abstract 

This study was conducted to investigate the change of muscle fatty acid profiles with 

increasing age and to measure the activities of muscle antioxidant enzymes in red tilapia 

(Oreochromis hybrid) fed with relatively high n-3 diet. Fish were reared in aquaria and fed 

with a formulated diet which was high in n-3 polyunsaturated fatty acid (PUFA) for 75 days. 

Significant increase (p<0.05) of saturated fatty acids, monoenes and n-6 PUFA was observed 

at 60 days after start of the experiment, while significant increase of n-3 PUFA occurred at 75 

days after start of the experiment. The superoxide dismutase and glutathione peroxidase 

activities were found to be 1.5 ± 0.1 and 0.4 ± 0.1 (U/g; Mean ± SE; n = 10), respectively. 

Lipid peroxidation value (MDA) was found to be 21.4 ± 0.5 nmol/g (Mean ± SE; n = 10). 

Our results suggested that feeding red tilapia with a high n-3 finishing diet from 75 days prior 

to harvesting can successfully increase the n-3 PUFA content of fillet. However, the 

relatively low antioxidant enzymes activity and high value of lipid peroxidation in the muscle 

tissue should be considered for proper storage and handling of red tilapia fillet to ensure the 

availability of desirable n-3 PUFA and to avoid the accumulation of undesirable oxidation 

products. 
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Introduction 

Fish is a rich source of long chain n-3 

polyunsaturated fatty acids (n-3 LC-

PUFAs), which have numerous health 

benefits. Eicosapentaenoic acid (EPA, 

C20:5 n-3) and docosahexaenoic acid 

(DHA, C22:6 n-3), are two of most 

important n-3 LC-PUFAs found in fish 

and other seafood, have been shown to 

have curative and preventive effects on 

cardiovascular diseases, learning 

disability, brain disorders and cancer 

(Özogul et al., 2007, Akpinar et al., 2009, 

Hajjar et al., 2012). Although n-3 LC-

PUFA content of freshwater fish is less 

than marine fish (Justi et al., 2003), 

freshwater fish are still one of the most 

important sources of EPA and DHA in the 

diet of people living far from coastal area. 

The muscle fatty acid profile within a fish 

species may vary depending on fish age 

(Piggot and Tucker, 1990). The tissue fatty 

acid profile in some fish is also influenced 

by dietary fatty acid composition (Sargent 

et al., 2002, Tan et al., 2009) and such an 

influence is perceptible in the muscle 

within 2 to 6 weeks (Ramezani-Fard et al., 

2011).   

     The n-3 LC-PUFAs are highly 

susceptible to oxidative deterioration and 

their high inclusion in fish diet increases 

the risk of in vivo lipid peroxidation in fish 

tissues. Lipid peroxidation in 

biomembrane profoundly affects 

membrane fluidity, and damages cell 

function (Kanazawa, 1991). Animals have 

several mechanisms to guard them against 

in vivo oxidation and thus maintain health 

and prevent oxidation-induced lesions. The 

primary antioxidant protection is provided 

by radical scavenging enzymes such as 

catalase, superoxide dismutase (SOD) and 

glutathione peroxidase (GPX). The 

combined action of these enzymes keeps 

intracellular concentration of superoxide 

(O2
-) and hydrogen peroxide (H2O2) low 

enough to maintain a low rate of 

generation of reactive and harmful 

hydroxyl radical (HO) (Chance et al., 

1979). The hydroxyl radical is able to start 

the lipid peroxidation process that seems 

to be potentially dangerous in fish, since 

they bear a high content of PUFA. 

Malondialdehyde (MDA) is a major 

product of peroxidized PUFA (Mihaich 

and Guilio, 1986). The activities of 

catalase, SOD and GPX of different tissues 

have been studied in some marine fish 

(Fitzgerald, 1992, Mourente et al., 2002, 

Rudneva et al., 2010b). However, there is 

not much information about freshwater 

species. The aim of this experiment was to 

investigate the change of muscle fatty acid 

profiles with increasing age and measure 

the activities of muscle antioxidant 

enzymes in red tilapia (Oreochromis 

hybrid) fed with relatively high n-3 diet.  

 

Materials and Methods 

Fish Rearing 

Red Tilapia (Oreochromis hybrid) 

fingerlings of an initial weight of 2.4 ±0.8g 

(mean±SD) were obtained from a 

commercial farm and kept in a 210 L 

fiberglass tank. After a acclimation period 

of 10 days, the fish were randomly 

distributed into three glass aquaria with a 

stocking density of 45 fish per aquarium. 

Each aquarium contained 70 L 

dechlorinated tap water. All fish 

fingerlings were fed twice daily with a 

formulated diet (Table 1) at 3–5 % body 
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weight. The feeding rate was adjusted 

weekly by weighing the fish randomly. 

Every week 50% of water from each 

aquarium was changed. Water temperature 

was found between 27 and 29˚C, pH 

ranged between 6.9 and 7.5 and dissolved 

oxygen was always higher than 7 mg/l. 

The trial was conducted over a three 

month period. 

Diet Preparation 

A formulated diet was prepared to meet 

the recommended range of 32 to 36% of 

crude protein and 19.2 kJ/g of gross 

energy for red tilapia (NRC, 1993). The 

composition of the diet is shown in Table 

1. All the ingredients were mixed by a 

dough mixer followed by adding distilled 

water to produce homogenous dough. The 

moist dough was pelletized using a 

modified meat grinder and oven-dried at 

65°C.  

Tissue Sampling for Fatty Acid Analysis 

Sampling was done at 10, 30, 60 and 75 

days after the start of the experiment. 

Three fish per aquarium were randomly 

selected and used for total lipid analysis. 

The head and visceral organs were 

removed from each fingerling and the 

remaining portion was subjected to fatty 

acid analysis as described by Ramezani-

Fard et al. (2012) and Ebrahimi et al. 

(2013). Lipid was extracted with a 

chloroform: methanol (2: 1 v: v) mixture, 

saponated by 0.66N methanolic KOH and 

transesterified with methanolic boron 

trifluoride (BF3). Fatty acid methyl esters 

were then separated on a Supelco SP-2330 

fused silica capillary column (30 m, 0.25 

mm ID, 0.20 µm film thickness) in an 

Agilent 5890 gas chromatography (Agilent 

Technologies Inc., Santa Clara, CA, USA). 

The injector and detector temperature was 

programmed at 220˚C. The column 

temperature was set at the range of 100-

190˚C with temperature programming at 

the rate of 7.2˚C/min increment to 

facilitate optimal separation according to 

Ebrahimi et al. (2012). The identification 

of the peaks was made based on the 

equivalent chain length (ECL) methods to 

those of authentic fatty acid methyl esters 

(Sigma Chemical Co., St. Louis, Missouri, 

USA). 

 Tissue Sampling for Antioxidant Enzyme 

Assay 

Ten fish were used at the end of the 

experiment and then eviscerated and 

filleted. About 1 g of fillet was chopped 

with a knife and was forced through 16 

mesh stainless steel gauze fitted to the 

nozzle end of a 20 ml nylon syringe. Five 

ml of the resultant pulp was taken for 

homogenization. The pulp was 

homogenized in four volumes (W/V) of 

1.15% KCL using a homogenizer (IKA 

Analysentechnik GmBH, Germany). The 

homogenate was then separated in cytosol 

(supernatant) and non-cytosol (pellet) 

fractions at 100000 g in a Beckman L-60 

ultracentrifuge (Beckman Calif., USA) for 

one hour at 4˚C. The supernatant (cytosol) 

was kept in ice and analyzed immediately. 

Superoxide Dismutase (SOD) Activity  

Superoxide dismutase was measured by 

the method of Marklund and Marklund 

(1974). The chloroform-ethanol extract 

was prepared by adding 0.5 ml of the 

sample to 1.5 ml of ice-cold deionized 

water followed by adding 0.5 ml of 

ethanol and 0.3 ml chloroform. The 

solutions were mixed after each addition 

and finally shaken for one min and then 
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centrifuged for 10 min at 3000 rpm. The 

enzyme which was contained in the clear 

top layer was collected and stored at -4˚C. 

A mixture of reactive solution was 

prepared by adding 75 µl extract to 2.25 

ml 1 mol tris-HCl and two ml deionized 

water, keeping the mixture in a 25˚C water 

bath for ten min before adding 0.15 ml of 

3 mmol/l pyrogallol solution. The rate of 

spontaneous oxidation will be measured 

immediately with a spectrophotometer at 

330 nm. Three to five blank controls were 

conducted each time by replacing the 

sample with 20% ethanol. The rate of 

spontaneous oxidation was expressed as 

the absorbance difference per min 

(ΔA/min). One unit of activity was 

stipulated as the amount of enzyme which 

produced a 50% of spontaneous inhibition 

per min per g of muscle protein, and 

calculated using the following equation: 

E (U/g. Pr) = [((BΔA - SΔA) / BΔA) / 50% × 

100%] Pr × (Ve / Vs) 

Where,  

BΔA = rate of spontaneous oxidation of 

blank control 

SΔA = rate of spontaneous oxidation of 

sample 

Pr = protein concentration (g/mL) 

Ve = final volume of extract 

Vs = amount of sample in the extract 

Glutathione Peroxidase (GPX) Activity 

The activity of GPX was measured by the 

Beta dystrobrevin (DTNB) direct method 

as described by Zhang et al., (1993). A 

reaction was initiated by adding 0.2 ml of 

1.3-1.5 m mol H2O2 to a pre-warmed 

mixture of 0.4 ml sample and 0.4 ml of a 

1.0 m mol glutathione and allowed to react 

for three min. The reaction was stopped by 

adding 1.67 % metaphosphoric acid. The 

supernatant was collected after 

centrifugation at 3000 rpm for 10 min and 

absorbency was measured after adding 0.5 

ml DTNB [5,5’-dithiobis (2-nitrobenzoic 

acid)] solution. The enzyme activity units 

were calculated using the following 

equation: 

U/ ml = log (AC – AB) – log (AS - AB) / 

0.012 

Where,  

AC = absorbance of standard control 

AB = absorbance of blank 

AS = absorbance of sample 

0.012 = is the product of time (3 min) with 

the dilution factor (0.004) 

Lipid Peroxidation (Malonaldehyde; 

MDA) 

The concentration of MDA was measured 

by thiobarbituric acid reaction substrate 

(TBARS) method (Ohkawa et al., 1979) 

with a slight modification. A mixture was 

obtained firstly by adding 2.4 ml of 1/12 

H2SO4 and 0.3 ml of 10% sodium 

tungstate (Na2WO4) to 0.3 ml of sample 

and centrifuged at 3500 rpm for 10 min. 

The sample was then allowed to stand at 

room temperature for another 10 min. The 

supernatant was thoroughly removed by 

tapping tubes upside-down on several 

layers of absorbent paper. The reactive 

mixture was formed by adding 0.5 ml of 

D/W, 3.0 ml of 0.05N HCL and 1.0 ml of 

10% thiobarbituric acid (TBA) to the 

pellet and made up to 5 ml with D/W. The 

well-mixed mixture was then kept in a 

water bath at 95˚C for 60 min in centrifuge 

tubes covered with glass marbles. After 

cooling, the mixture was again centrifuged 

at 3000 rpm for 15 min, and the 

supernatant layer was retrieved and its 

absorbency was measured at 532 nm. For 
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the standard control, 0.5 ml of D/W, 3.0 

ml of 0.05N HCl and 1.0 ml of 1% TBA 

were added to 0.3 ml of 10 nmol/l 

tetraethoxy propane (TEP). The 

absorbancy was measured following a 

heating. The concentration of MDA was 

calculated with the following equation and 

expressed as nmol/ml of sample. 

C (nmol/ ml) = (As/Ab) / (Vs/Vm) 

where,  

C = concentration of MDA 

As = absorbancy of sample 

Ab = absorbancy of control 

Vs = volume of sample 

Vm = volume of total reactive mixture 

 

Statistical Analysis 

Fatty acid data were analyzed with a 

blocked-time effect one-way analysis of 

variance (ANOVA) to investigate the 

effects of age on PUFA levels. Significant 

means were further elucidated using 

Duncan’s multiple range test. 

Results 

The overall fatty acid profiles of red tilapia 

muscle at different ages are shown in 

Table 2. All of the fatty acids including 

saturated fatty acids (SFA), unsaturated 

fatty acids, monoenes, linoleic, α-linolenic, 

total n-6 and total n-3 PUFAs increased 

(p<0.05) as the age increased. Significant 

increase (p<0.05) of SFA, monoenes and 

n-6 PUFA was observed at 60 days after 

start of the experiment while significant 

increase of n-3 PUFA occurred at 75 days 

after beginning of the experiment. The 

increase in linoleic and α-linolenic acid in 

fish, from 10 to 75 days of age, ranged 

2.7-3.0 folds, whilst the n-3 and n-6 PUFA 

increased 2.6-2.7 folds. The SOD and 

GPX activities were found to be 1.5 ± 0.1 

and 0.4 ± 0.1 (U/g; Mean ± SE; n = 10), 

respectively. Lipid peroxidation value 

(MDA) was found to be 21.4 ± 0.5 nmol/g 

(Mean ± SE; n = 10). 

 

 

Table 1: Feed ingredients, proximate composition and fatty acid composition  

                                       of experimental diet 

Ingredient g/100g on as-fed basis 

Fishmeal 40.0 

Corn 22.0 

Soybean 17.0 

Rice bran 18.0 

Vitamin mix1 1.0 

Mineral mix2 2.0 

Proximate composition % on as-fed basis 

Dry Matter  91.4  0.1 

Crude Protein 33.6  0.0 

Crude Fibre  4.6  0.0 

Crude Lipid  5.6  0.1 

Ash  11.8  0.0 

Gross Energy (kJ/g) 17.6  0.2 

Fatty acids mg/g dry tissue % of total fatty acid 

Lauric acid (12:0) 0.1  0.0 0.3 
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Continue table1: 

Myristic acid (14:0) 1.0  0.0 2.8 

Palmitic acid (16:0) 7.0  0.1 19.7 

Stearic acid (18:0) 1.5  0.0 4.2 

Arachidic acid (20:0) 

Palmitoleic acid (16:1) 

Oleic acid (18:1) 

0.2  0.0 

1.1  0.0 

7.9  0.1 

0.6 

3.1 

22.3 

Linoleic acid (18:2n-6) 

Arachidonic acid (20:4n-6) 

10.6  0.2 

0.3  0.0 

29.9 

0.8 

α-Linolenic acid (18:3n-3) 1.0  0.1 2.8 

EPA (20:5n-3) 1.6  0.0 4.5 

DPA (22:5n-3) 0.4  0.0 1.1 

DHA (22:6n-3) 2.6  0.1 7.3 

∑ SFA 10.1  0.2 28.5 

∑ UFA 25.4  0.3 71.6 

∑ Monoenes 9.0  0.1 25.4 

∑  n-6 PUFA 0.3  0.0 0.8 

∑  n-3 PUFA 4.6  0.0 13.0 

SFA:UFA ratio 0.4  

n-3:n-6 ratio 0.5  

                                      Mean ± SE; n=3 
1Vitamin mix contained the following amount per kg. Retinyl acetate 

50,000,000 IU, cholecalciferol 10, 000,000 IU, DL-α-tocopheryl acetate 75 
g, menadione 20 g, thiamin mononitrate 30 g, riboflavin 30 g, pyridoxine 
hydrochloride 20 g, cyanocobalamin 100 mg, niacin 200 g, Ca-D-
pantothenate 60 g, folic acid 5 g, D-biotin 100. 

2Mineral mix contained the following ingredients (g/kg): calcium phosphate 
H2O 397, calcium lactate 327, ferrous sulphate H2O 25, magnesium 
sulphate 7H2O 137, potassium chloride 50, sodium chloride 60, potassium 
iodide 0.15, copper sulphate 5H2O 0.785, manganese oxide 0.8, cobalt 
carbonate 0.1, zinc oxide 1.5, sodium selenite 5H2O 0.02. 
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Table 2: The Fatty acid profiles of red tilapia fingerlings over a 75-days duration 

 
1. mg/g dry tissue 
2. Percentage of total identified fatty acid 
Mean ± SE, n=10; values within the same row with different superscript were significantly different at p<0.05.  

 

Fatty acids 

Age (days after start of the experiment) 

10 30 60 75 

mg/g1 %2 mg/g % mg/g % mg/g % 

Lauric acid 

(12:0) 

0.1  0.0b 0.2 0.1  0.0 a 0.2 0.3  0.0 b 0.3 0.2  0.01 b 0.1 

Myristic acid 

(14:0) 

1.3  0.1 a 2.5 0.9  0.1 a 1.8 2.8  0.2 b 2.6 3.7  0.4 b 2.5 

Palmitic acid 

(16:0) 

13.4  1.1 a 25.9 12.3  0.9 a 24.3 27.1  1.5 b 24.8 40.9  3.5 c 27.5 

Stearic acid 

(18:0) 

4.5  0.4 b 8.7 4.1  0.3 a 8.1 8.0  0.4 b 7.3 12.4  0.8 c 8.3 

Arachidic acid 

(20:0) 

0.4  0.0 b 0.8 0.3  0.0 b 0.6 0.8  0.0 c 0.7 1.0  0.1 d 0.7 

Palmitoleic 

acid (16:1) 

2.6  0.3 a 5.0 2.0  0.2 a 3.9 4.6  0.4 b 4.2 7.4  0.9 c 5.0 

Oleic acid 

(18:1) 

16.3  1.2 a 31.5 16.0  1.4 a 31.6 38.2  2.5 b 35.0 47.3  4.1 b 31.8 

Linoleic acid 

(18:2n-6) 

7.9  0.4 a 15.2 9.2  0.8 a 18.1 19.7  1.2 b 18.0 21.8  2.4 b 14.6 

Arachidonic 

acid (20:4n-6) 

2.1  0.2 ab 4.1 1.8  0.1 a 3.5 2.9  0.1 b 2.7 4.8  0.3 c 3.2 

α-Linolenic 

acid (18:3n-3) 

0.4  0.01 a 0.8 0.7  0.1 b 1.4 0.8  0.0 b 0.7 1.2  0.1 c 0.8 

EPA (20:5n-3) 0.3  0.0 b 0.6 0.4  0.0 c 0.8 0.4  0.0 c 0.4 0.7  0.0 d 0.5 

DPA (22:5n-3) 0.5 0.0 b 1.0 0.5  0.0 b 1.0 0.4  0.0 b 0.4 1.4  0.1 c 0.9 

DHA (22:6n-3) 2.4  0.1 b 4.6 2.4  0.2 b 4.7 3.2  0.1 b 2.9 6.1  0.3 c 4.1 

 ∑SFA 19.6  1.7 a 37.8 17.7  1.0 a 34.9 39.0  1.6 b 35.7 58.2  3.6 c 39.1 

∑UFA 32.3  2.3 a 62.3 33.0  1.6 a 65.1 70.2  2.8 b 64.3 90.7  4.9 c 60.9 

∑Monoenes 18.9  1.5 a 36.5 18.0  1.4 a 35.5 42.8  2.5 b 39.2 54.7  4.2 c 36.8 

 ∑n-6 PUFA 10.0  0.6 a 19.3 11.0  0.8 a 21.7 22.6  1.2 b 20.7 26.6  2.4 b 17.9 

 ∑n-3 PUFA 3.6  0.2 b 6.8 4.0  0.2 b 7.9 4.8  0.1 b 4.4 9.4  0.3 c 6.3 

SFA:UFA ratio 0.6 ab  0.5 ab  0.6 ab  0.6 b  

n-3:n-6 ratio 0.4 b  0.4 b  0.2 a  0.4 b  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

                                                 Iranian Journal of Fisheries Sciences  13(3) 2014                                         537 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Fatty acid profile (mg/g dry tissue) of red tilapia muscle 

fed with high n-3 diet for 75 days  

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Fatty acid profile (% of total identified fatty acids) of 

red tilapia muscle fed with high n-3 diet for 75 days  

Discussion 

The increase in all the fatty acids as the red 

tilapia aged confirmed earlier reports that  

the total fat content increased with 

increasing fish age and size (Kiessling et 

al., 1991). The desirable DHA which is the 

major PUFA of fish membranes also 

increased with age. This contradicted the  

report by Sargent et al. (1999) who found 

a negative influence of increasing size or 

age on fish DHA. It should be taken into 

account that all fish in this study were on a 

high n-3 diet which can increase the 

muscle DHA amount after a period of 

time. The effect of dietary fatty acid on 

muscle fatty acid may be perceptible only 

after two weeks in some fish species 

(Ramezani-Fard et al., 2011). However, 

such an effect in red tilapia was observed 

at 75 days after start of the experiment. 

Moreover, Sargent et al. (1999) expressed 

their results as percentage of total fatty 

acids, whilst the measurement in this study 

was expressed as absolute concentrations 

which would be a more accurate 

measurement of the actual fatty acid 

content of the tissues. This fact was further 

illustrated when both types of 
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measurement were graphed and compared 

where the increase in fatty acids with age 

was more evident than if the 

measurements are expressed in absolute 

concentrations (Fig. 1 and Fig. 2). The 

observations in this study also confirmed 

the dominance of the n-6 PUFA over n-3 

PUFA which is characteristic of freshwater 

fish as reported earlier (Steffens, 1989; 

Castell, 1979).  

      Enzyme activities were 1.5±0.1 (U/g) 

and 0.4±0.1 (U/g) in SOD and GPX, 

respectively. These values were lower than 

those reported from the other studies. 

Amal et al., (1985) showed that the SOD 

is 260.5±69.6 (U/g) in grass carp and 

108.3 ± 26.2 (U/g) in silver carp, both 

being sexually mature herbivores (500-

1500 g body weight). In omnivorous fish, 

the SOD was found to be 170.5±19.3 (U/g) 

in barbel, 125.0±9 (U/g) in crucian carp 

and 26.1±1.6 (U/g) in common carp, all 

being sexually mature (Amal et al., 1985). 

Because of the low antioxidant enzyme 

activity, MDA which is the major 

oxidation product of lipid peroxidation, 

was higher in red tilapia [21.39±0.5 

nmol/g] than in grass carp [6.8±1.0 nM 

MDA/g] and silver carp [29.0±2.3 nM 

MDA/g] (Amal et al., 1985). The 

experimental fish in this study were small 

and the lower antioxidant enzyme activity 

compared to other results may be due the 

underdeveloped enzyme mechanism in 

young age. Antioxidant enzyme activities 

also depend on many factors such as water 

pollution (Livingstone et al., 1993, Peters 

et al., 1994), fish species in term of being 

active or sluggish (Rudneva et al., 2010a) 

and tissue from which the enzyme 

activities are measured (Takeshi et al., 

1998). The liver possessed the highest 

enzyme activities when compared to other 

tissues, to protect the cells against the 

large quantities of hydrogen peroxides 

produced by oxidation-reduction reactions 

(Takeshi et al., 1998). In conclusion, our 

results suggested that feeding the fish with 

a finishing diet containing n-3 LC-PUFA 

from 75 days prior to harvesting can 

successfully increase the n-3 PUFA 

content of fillet. However, information on 

the relatively low antioxidant enzymes 

activity and high value of lipid 

peroxidation in the muscle tissue should be 

considered for proper storage and handling 

of red tilapia fillet to ensure the 

availability of desirable n-3 PUFA and to 

avoid the accumulation of undesirable 

oxidation products.  
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