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 This study was undertaken to investigate the effects of feeding rainbow trout 
(Oncorhynchus mykiss) broodstocks with different ratio of plant oils to evaluate the changes 
in antioxidant defense status in the progenies. In the experimental diets, fish oil was replaced 
with different combination of plant oils including corn oil, olive oil, sunflower oil, and coconut 
oil, to gain different levels of polyunsaturated fatty acids (PUFA) and highly unsaturated fatty 
acids (HUFA) in the experimental diets. Fish fed eight weeks with experimental diets before 
reproduction. After spawning, samples were taken on days 0, 5, 10, 15, 20, 25, 30 and 35 after 
fertilization. The samples were homogenized, centrifuged and the supernatant was removed 
for determination of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase 
(GPX) activity and malondialdehyde (MDA) content. Results showed that SOD activity was 
significantly increased from the first sampling to day 35 in all treatment groups. The CAT 
activity showed a downward trend, as the highest CAT activity was observed in the eggs 
immediately after fertilization. The GPX activity declined until day five and then showed an 
increasing trend. The MDA content did not show significant changes in different groups and 
at different sampling times. The antioxidant enzymes activity was significantly influenced by 
the dietary PUFA level in the experimental groups but no change in MDA content was 
recorded, suggesting that the different percentages of fish oil replacement used in this study 
could not result in oxidative stress in early life stages of O. mykiss. 
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Introduction 
 

One of the most important aspects of aquaculture is the 
improvement of fertilized egg quality, which increase the 
survival and subsequently the growth rate. Broodstocks 
nutrition affects the reproduction and egg quality of fish. 
The importance of dietary lipids in the reproductive 
processes has been reported for several fish species.1 The 
role of n-3 series fatty acids in sexual maturation and 
reproductive performance of teleost fish has been 
reported.2 Sperm and egg quality of fish are affected by 
dietary fatty acid composition.3,4  

The limited availability of fish oil sources has led to 
plant oils being used in the commercial fish diet,5 thus the 
other sources of oil have been considered. Plant oils have 
been successfully used in diets of rainbow trout without 
 

 impairing fish growth performance.6 In Japanese sea bass, 
(Lateolabrax japonicas) the optimal growth did not 
achieve by plant oils, but fish health status was remained 
normal.7 Fatty acids composition of fish oil and vegetable 
oils are completely different. The fatty acid composition of 
food is considered to have a very important role in the 
oxidant-antioxidant equilibrium.8 For example, the 
polyunsaturated fatty acids (PUFAs) are causative agents 
in oxidative stress, and also protective agents in the 
antioxidant defense against stress. The PUFA are 
susceptible to oxidation and targets for oxygen radicals, 
which the resultant could be toxic to the cells.9 

The production of reactive oxygen species (ROS) 
induces oxidative stress and could damage cell membranes, 
inactivate the enzymes, damage the genetic material and 
the other vital cell components. Therefore, effective anti- 
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oxidant systems are essential to maintain health in 
fish.10 The knowledge of the activity of antioxidant 
enzymes and of the oxidative state can be the key to 
understanding the mechanisms involved in the 
ontogenic development of fish and thus their offspring 
and survival in farming.11 Few works have studied the 
oxidative state of fish in their early life stages.11-14 The 
study of catalase (CAT), superoxide dismutase (SOD) 
and glutathione peroxidase (GPX) as main antioxidant 
enzymes during embryogenesis in fish is vital to 
understand the protection mechanisms against ROS and 
xenobiotics during the early life stages of organisms as 
fish in their early life stages are especially vulnerable to 
changes associated to environmental stress such as 
temperature, oxygen deficiency and pollution.15 

In several studies, the effects of replacement of fish oil 
with plant oils on antioxidant defense had been 
evaluated.5,10,16,17 It was showed that the broodstocks diet 
could affect the development of progenies,3 thus the aim of 
this work was to examine the antioxidant enzymes (SOD, 
CAT, and GPX) activities and lipid peroxidation during 
early stages of development of O. mykiss offspring’s 
collected from broodstocks fed with various levels of plant 
oils in the diet. 

 
Materials and Methods 
 

Experimental design. For preparing experimental 
diets, fish oil as the source of lipids in the control diet 
was replaced with a combination of different plant oils 
(Fish oil, Canola oil, Linseed oil, Corn oil, Olive oil, 
Sunflower oil, and Coconut oil) to decrease the HUFA 
levels but increase the PUFA content (Table 1). The 
experimental diets contained four levels of PUFA 
including 13.98%, 21.49%. 25.75% and 30.15% of the 
total fatty acids. Other fatty acids were balanced in the 
experimental diets. All ingredients were thoroughly 
mixed with distilled water (300 mL kg-1 dry ingredients 
mixture), and 4-5 mm pellets were prepared. The 
pellets were dried at room temperature for 24 hr and 
broken into desirable particle sizes. All diets were 
stored at – 20.00 ˚C until used for in the experiment. 

Seventy-two mature female rainbow trout fish, mean 
weight 566.00 ± 25.00 g were randomly allocated into 12 
concrete 10 m3 tanks (n = 6 each tank) at the Artemia and 
Aquaculture Research Institute, Urmia University, Urmia, 
Iran. The experiment was performed in triplicate (three 
tanks were randomly assigned to one of four treatment 
groups including the control group receiving diet 1, group 
1, 2 and 3 receiving diets 2, 3, and 4 respectively). Fish 
were fed experimental diets two times daily (8:00 AM and 
4:00 PM) for eight weeks. The water quality parameters 
were monitored daily during the experiment period. 
Photoperiod was 12 hr light and 12 hr dark, temperature 
10.20 ˚C; dissolved oxygen 7.80 mg L−1 and pH 7.5.  
 

 No critical values were recorded for NH3 concentration. 
Seven male fish was used in each group. Males were kept 
in similar condition with females and fed by a basal diet. 

After feeding fish for eight weeks, eggs were obtained 
from three female fish in each group, and the eggs were 
mixed and divided into batches (10.00 g eggs). Then, 10 
mL of D532 buffer (20.00 mM Tris, 30.00 mM glycine, 
125.00 mM NaCl, pH= 9.00) was added to the eggs in a 
100-mL plastic cup. The milt samples were immediately 
added, and the gametes were swirled. After 2 min, the 
eggs were rinsed with hatchery water, incubated for 5 
min to water-harden the eggs, and then incubated in 
upwelling incubation trays. Triplicate batches of eggs 
from each group were incubated in separate trays. Egg 
and larvae samples were sampled with a net washed in 
distilled water and frozen immediately in liquid nitrogen. 
The samples were taken on days 0, 5, 10, 15, 20, 25, 30 
and 35 after fertilization (3.00 g at each stage). All 
samples were put in liquid nitrogen and kept at – 80 ˚C 
until they analyzed.  

Biochemical analysis. Samples (1.00 g × three 
replicates) were homogenized in ice-cold buffer (100 mM 
Tris–HCl, 0.10 mM EDTA and 0.10% Triton X-100 (v/v), 
pH 7.80) at a ratio of 1:4 (w/v). Homogenates were 
centrifuged at 16,000 g for 30min in a Centrikon H-401 
centrifuge. After centrifugation, the supernatant was 
collected and frozen at – 80 ˚C until analysis.11 The 
activity of SOD enzyme was evaluated using SOD 
detection kit (Randox, Crumlin, UK) according to the 
manufacturer’s instructions and expressed as unit per 
milligram of protein (U mg-1 protein). Briefly, SOD 
activity was measured at 550 nm as the degree of 
inhibition of cytochrome C reduction by O2-Generated in 
the xanthine oxidase/hypoxanthine system. The activity 
of GPX was evaluated using GPX detection kit (Randox) 
according to the manufacturer’s instructions. The GPX 
activity was expressed as U mg-1 protein. GPX catalyzes 
the oxidation of glutathione (GSH) by cumene 
hydroperoxide. In the presence of glutathione reductase 
(GR) and NADPH, the oxidized glutathione (GSSG) is 
immediately converted into the reduced form with 
concomitant oxidation of NADPH to NADP+. The decrease 
in the absorbance was measured spectrophotometrically 
against the blank at 340 nm. The CAT activity was 
measured according to the method described by Aebi.18 
Briefly, the reaction was initiated by the addition of 
hydrogen peroxide to the sample and the level of enzyme 
activity was quantitated according to the decrease in 
absorbance at 240 nm against a blank contains phosphate 
buffer instead of substrate. Malondialdehyde (MDA) was 
measured as described by Buege and Aust.19 Briefly, one 
volume of supernatant was mixed with two volumes of a 
stock solution of 15.00% w/v trichloroacetic acid, 0.37% 
w/v thiobarbituric acid and 0.25 M HCl thoroughly. The 
solution heated for 15 min in a boiling water bath.  
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After cooling, the precipitate was removed by 
centrifugation at 1000 g for 10 min and the absorbance of 
the clear supernatant determined at 535 nm. The protein 
content of the supernatants for enzyme analysis was 
determined using Lowry colorimetric method using 
bovine albumin as the standard.20 

Statistical analysis. Statistical analysis was performed 
using SPSS Software (version 16.0; IBM Corp., Armonk, 
USA). The results were presented as means ± standard 
error. Data were tested for normality using Shapiro-wilk 
test. Analysis of variance (ANOVA) was employed to reveal 
significant differences in measured variables among 
experimental groups in each sampling time. Duncan 
multiple comparison test was used to discriminate 
significant differences between the treatments. 

 
Results 
 

The activity of various enzymes of the antioxidant 
system in the examined fish showed different patterns 
during the period of study. The SOD activity showed an 
increasing pattern in all experimental groups (Fig. 1).  

The lowest value for SOD was recorded on day 0 while 
its highest value was recorded on day 35 in all groups. The 
SOD activity was significantly affected by dietary oil source 
and PUFA content, as SOD activity was lower in the group 
fed by 30.15% PUFA and no HUFA than the other groups. 
GPX activity was low in all groups and remained relatively 
constant until day 5, then the activity markedly increased 
by approximately two-fold and this was continued as the 
highest value was recorded on day 35 (Fig. 1A). The 
activity of CAT decreased significantly over the period of 
the study with the largest decrease occurred over days 0–
5 (p < 0.05), (Fig. 1B). This change was effected by the fatty 
acid content of the diet as the highest decrease was seen in 
the control group which their broodstocks were fed by 
basal diet, while in the groups that HUFA/PUFA ratio was  
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
0.37 the least difference was recorded (p < 0.05). Also, the 
final activity of CAT was significantly different in the 
experimental groups. The highest value of CAT was seen 
on day 35, in the group that HUFA/PUFA ratio was 0.37 
while in the group received only PUFA, the lowest 
activity of CAT was recorded (p < 0.05). In contrast, GPX 
activity (Fig. 1C) was dependent to oil replacement in 
broodstocks diet, as in the groups which received lower 
HUFA/PUFA level it was higher compared to the other 
groups (p < 0.05).  

Comparing the levels of MDA showed a similar pattern 
in all the experimental groups (Fig. 1D). The MDA was 
increased during days 0-5, then reduced sharply and 
remained unchanged till day 35. The MDA content was not 
affected by the dietary fatty acid content as its value did 
not show significant changes between different groups at 
each sampling time.  

 
Discussion 
 

The characterization of the antioxidant defense system 
and oxidative status reveals the mechanisms involved in 
the early development and survival of fish and their 
progeny in farms. Also, perception of the effects of PUFA 
on the antioxidant defense helps to prepare proper diet 
formulations for broodstocks in order to improve the 
immune system in their early life stages. Only few works 
have evaluated the development of antioxidant defense 
system in early life stages of fish.11,12,17 The quantifiable 
values of antioxidant system enzymes activity was 
measured in O. mykiss eggs prior to hatching, suggesting 
that the eggs are well protected against peroxidation, 
despite the high levels of polyunsaturated fatty acids 
(PUFAs) incorporated in their structure.15 GPX showed 
little activity in the first days but decreased until day 5 and 
increased from day 10 till the end of the period of the 
study. Similar findings have been reported in O. mykiss  
 

Table 1. Source of oil and fatty acid composition of the experimental diets (%). 

Sources Diet 1 Diet 2 Diet 3 Diet 4 

Fish oil 80.00 40.00 20.00 0.00 
Canola oil 0.00 22.50 25.00 30.00 
Linseed oil 2.00 3.00 4.75 6.30 
Corn oil 18.00 0.00 0.00 0.00 
Olive oil 0.00 0.00 4.00 5.50 
Sunflower oil 0.00 19.00 23.75 28.20 
Coconut oil 0.00 15.50 22.50 30.00 

Composition Diet 1 Diet 2 Diet 3 Diet 4 

SFA 23.70 24.08 23.81 23.73 
MUFA 41.23 41.42 41.46 41.18 
PUFA 13.98 21.49 25.75 30.15 
HUFA 15.90 7.95 3.98 0.00 
HUFA/PUFA 1.14 0.37 0.15 0.00 
HUFA/MUFA 0.39 0.19 0.10 0.00 
HUFA/SFA 0.67 0.33 0.17 0.00 

SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids, HUFA: Highly unsaturated fatty acids.  
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reared in different stocking density.13 The GPX decreased 
until day 5, which was similar to the findings reported for 
Asian seabass, Lates calcarifer.14 They reported that GPX 
activity was high at gastrulation, which may be 
contributed to the high metabolic activity, after that its 
activity gradually decreased. In this study, GPX activity 
was higher in the group which broodstocks fed with a 
higher PUFA/HUFA level diet than the other groups. In O. 
mykiss fed with n-3 PUFA, an increase in blood antioxidant 
capacity protection from free radical damage was 
reported.21 This antioxidant activity could act as a 
homeostatic mechanism counteracting the increased 
oxidative stress.  

The SOD and CAT are responsible for the inactivation 
of superoxide and hydrogen peroxide respectively. The 
SOD, by converting superoxide to hydrogen peroxide, 
provides a substrate for CAT.21 SOD activity showed an 
incremental pattern while decreasing pattern was 
recorded for CAT. Peters and Livingstone and Mourente  
et al. showed that SOD decreased throughout larval 
development from the egg in S. maximus and Dentex 
dentex, respectively. Increase in SOD activity14 and no 
changes15 were also reported. CAT activity decreased 
during the period of this study, while previous reports in 
different species are controversial. Kalaimani et al. (2008) 
found similar results in Asian seabass. They reported that 
CAT activity decreased on day 5 till day 25, but CAT 
activity was increased in Acipenser naccarii during early 
life stages.11 This could be related to the changes in the 
protein levels during the ontogenic development in 
different species.22 

The increase in antioxidant enzymes activity helped 
to maintain the MDA content constant in all sampling 
times, as no significant changes were recorded in 
experimental groups and control at different times. This 
situation reflecting no change in accumulation through 
enhanced antioxidant systems and/or increased 
excretion rate.10 

Our findings showed that O. mykiss offspring are 
protected from the dangers of free radicals as enzymes 
activities were recorded immediately after fertilization. 
Different PUFA/HUFA levels added to broodstocks diets 
had no adverse effects on oxidant-antioxidant equilibrium 
during the early life stages of the examined fish. 
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