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Introduction
Increasing the dietary energy level through addi-

tion of fat has improved fish growth performance in 
a number of species (Hung et al., 1997; Yamamoto et 
al., 2002; Morais et al., 2005). A high-fat diet can also 
meet the energy requirement for a shorter grow out 
period when the fish body deposits more fat (Dumas 
et al., 2007). This condition has led to an increase in 
fat and/or energy content of trout diets in recent years 
(Sargent et al., 2002). Not only fish farms benefit, 

also less nitrogen is released into the environment 
(Cho and Bureau, 2001).The maximum fat addition 
for trout diets was 10% in the 1980s but it reached 
24% in the 2000s (Bureau and Hua, 2010). An even 
higher concentration of dietary fat (30%) was reported 
by Chaiyapechara et al. (2003). A fat level of 40% has 
also been reported for manufacturing salmon diets 
(Turchini et al., 2009).

An increase in dietary fat content is associated 
with increasing the whole body fat content in rain-
bow trout (Jobling et al., 1998; Steffens et al., 1999; 
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Rasmussen, 2001; Ruohonen et al., 2001). This in-
crease can elevate the oxidation level, leading to 
oxidative stress that may cause disease (Sakai et al., 
1998) and reduce the quality of the fillet (Chaiyape-
chara et al., 2003). Selenium (Se) is an essential mi-
cronutrient for vertebrates, including fish (Wiseman 
et al., 2011). This element may play a significant 
role in antioxidant defense in fish with physiological 
non-enzymatic antioxidant properties (Mruk et al., 
2002; Nogueira et al., 2003; Cheung et al., 2004). 
Se, as a component of the enzyme, glutathione per-
oxidase (GSH-px) (Rotruck et al., 1973), catalyses 
reactions necessary for the conversion of hydrogen 
peroxide and fatty acid hydroperoxides into water 
and fatty acid alcohols using reduced glutathione. 
These processes protect cell membranes against oxi-
dative damage (Lin and Shiau, 2005).

Studies on Se requirements led to quantifica-
tion of this element in a number of fish species, e.g., 
rainbow trout (Hilton et al., 1980), channel catfish 
(Gatlin and Wilson, 1984) and juvenile grouper (Lin 
and Shiau, 2005). An increase in the fat content of 
the diet may lead to a higher level of non-enzymatic 
antioxidants, thereby increase the Se requirement. 
Moreover, most previous experiments in dietary Se 
requirements for rainbow trout and Atlantic salmon 
were conducted using mineral Se (Hilton et al., 1980; 
Bell et al., 1986, 1987; Talas et al., 2008). This has 
been reported to have lower bioavailability and troph-
ic transfer properties compared with organic Se (se-
lenomethionine) (Lorentzen et al., 1994; Wang and 
Lovell, 1997; Fan et al., 2002).

Therefore, the main objective of the present 
study was to study the impact of dietary fat on the 
organic Se requirement in growing rainbow trout 
and also to investigate the effect of Se on the oxida-
tion level in fish.

Material and methods

This experiment was conducted according to the 
rules and regulations approved by the  Ethics Com-
mittee Judging Animal Experiments of the Iranian 
Veterinary Medical Association.

Experimental diets
Six experimental diets were formulated accord-

ing to a 3 × 2 factorial design. Diet formulation and 
proximate composition analyses are shown in Table 
1. There were two variables in the current experiment. 
The first variable was organic Se (selenomethionine, 
Sigma Chemical) that was used as the Se source and 
supplemented at 0.1, 0.15 and 0.2 mg per kg diet. The 
second variable was the inclusion level of fat in the 

diets: low-fat (15%) and high-fat (30%). This led to 
the production of six experimental diets with differ-
ent levels of fat and organic Se. All ingredients were 
finely ground, mixed and pelleted. A pelleting press 
(Pars-Khazar, Tehran, Iran) with 2 mm diameter die 
was used for producing the diets. Thereafter, pellets 
were cooled, dried in an air dryer with ambient air 
and stored at –20°C until use. Fish on all dietary treat-
ments received almost the same amount of crude pro-
tein but different amounts of crude fat.

Although fish meal is known as a natural source 
of Se, the digestibility of Se in dietary fish meal is 
low in comparison with selenomethionine (46.6% 
vs 91.6%; Bell and Cowey, 1989). Therefore, the ac-
tual fish meal Se bioavailability was not so consid-
erable as to have a significant effect on the results. 
Moreover, to avoid the impact of the Se present in 
the mineral premix, the mineral supplement was 
composed of essential elements without Se based on 
the mineral premix specification for salmonid diets 
(Hardy, 2002).

Experimental system and animals
In this study, rainbow trout with an initial body 

weight of 6.99 ± 0.9 g were used. The fish were ob-
tained from a nearby rainbow trout farm (Joya farm, 
Sari, Iran). They were kept in 18 fibreglass tanks with 

Table 1. Feed ingredients and nutrient composition of six experimental 
diets (g · kg–1 or kJ · g–1 wet weight). Each value is the mean of three 
sub-samples

Indices
Se levels, mg · kg–1

low-fat diet, 15% high-fat diet, 30%
0.1 0.15 0.2 0.1 0.15 0.2

Ingredients
wheat meal 100 100 100   40   40   40
wheat gluten 100 100 100 140 140 140
maize meal   80   80   80     0     0     0
fish oil 100 100 100 250 250 250
fish meal 415 415 415 415 415 415
soyabean meal 150 150 150 100 100 100
mineral premix1   10   10   10   10   10   10
vitamin premix2   15   15   15   15   15   15
binder   20   20   20   20   20   20
monocalcium phosphate   10   10   10   10   10   10

Nutrient composition of the experimental diets
dry matter 926.0 446.5 149.2 117.4 212.6 16.53
crude protein 925.1 448.8 150.3 117.7 208.2 16.53
crude fat 929.3 448.2 151.0 117.8 211.7 16.53
ash 932.7 431.8 304.6 109.0 86.1 20.74
carbohydrates 938.5 430.1 306.8 109.7 90.8 20.74
gross energy, MJ · kg–1 936.9 432.0 306.1 109.9 88.9 20.74

1mg: Fe (as FeSO4·7H2O) 6000, Zn (as ZnSO4·7H2O) 12000, I (as 
KIO3) 1500, NaCl 240000, carrier (wheat middling or starch); 2vitamin 
premix consisted of (mg · kg–1): IU: A 1200000, D3 400000, E 3000; mg: 
K3 1200, C 5400, H2 200, B1 200, B2 3360, B3 7200, B5 9000, B6 2400, 
B9 600, B12 4; 3selenomethionine, Sigma Chemical



92	 High-fat diet and organic selenium for rainbow trout

a capacity of 300 l each at a stocking density of 25 fish 
per tank. The initial and final stocking densities were 
0.58 and 2.08 kg · m–3, respectively. The photoperiod 
regime during the experiment was 12 h light and 12 
h dark.

Water quality parameters were checked three 
times per week after the first feeding. The measured 
parameters were: temperature, conductivity, pH, oxy-
gen and NH4

+ contents. The oxygen concentration was 
measured in a randomly selected tank by a digital ox-
ygen detector and always remained around 8 mg · l–1 

(80% saturation). The ammonia concentration was 
checked in the outflow of a randomly selected tank 
and was always below 0.1 mg · l–1. The water pH 
ranged between 7.5 to 8 and the water temperature 
was kept at 14 ± 0.5°C during the experiment.

Experimental procedure
The research lasted for eight weeks and com-

prised one week of adaptation to the facility and 
a seven-week experimental period. At the start of the 
experiment, fish were randomly allocated to one of 
18 tanks. The six experimental diets were randomly 
assigned to each of 18 tanks, with three replicates per 
diet. Fish were fed to apparent satiation, three times 
per day by hand at 09.00, 13.00 and 18.00 hrs.

At the end of the experiment, all fish were 
weighed individually. Afterward, five fish were ran-
domly selected from each tank and sacrificed us-
ing overdosed clove essence solution for analysis 
of body part composition. The muscle was selected 
from skin-free dorsal muscle between the opercu-
lum and dorsal fin of the fish. The proximate com-
position and rate of oxidation of muscle were ana-
lysed. The whole viscera were removed and livers 
were separated from the viscera. Se concentrations 
of the livers and muscles were also measured.

On the final day of the experiment, blood sam-
ples were also taken for plasma glutathione peroxi-
dase activity analysis. From each tank, three fish 
were randomly selected and immediately put in an-
aesthesia (clove essence solution). Around one mil-
lilitre of blood was collected from the caudal vein 
from all of the selected fish by hypodermic syringe 
(containing 3 mg Na2EDTA as an anticoagulant). 
The collected samples were placed in cooled 1.5 ml 
plastic tubes until analysis.

Chemical analysis
Feed samples were collected at regular inter-

vals (twice a week) during the experimental period 
and ground using a 1 mm screen before analysis. 
Muscle samples collected from each experimental 
tank were ground and pooled. All chemical analy-

ses were done in triplicate. Feed and muscle were 
analysed for dry matter by drying samples for 4 h at 
103°C until constant weight (ISO, 1983). Ash con-
tent was determined by incineration in a muffle fur-
nace for 4 h at 550°C (ISO, 1978). Crude protein (N 
x 6.25) was measured by the Kjeldahl method after 
acid digestion, according to ISO (1979). Lipid was 
extracted by petroleum ether in a Soxhlet apparatus. 
Energy content was measured by direct combustion 
in an adiabatic bomb calorimeter (IKA-C-7000, Fa. 
IKA- Analysen Technik, Weitersheim, Germany).

For Se measurement, fresh samples of liver and 
muscle were homogenized and then digested using 
a combination of nitric acid and perchloric acid at a 
ratio of four to one. Se measurement was conduct-
ed by the use of a PerkinElmer Atomic Absorption 
spectrophotometer equipped with a graphite furnace 
according to Endo et al. (2008).

For the thiobarbituric acid reactive substance 
(TBARS) test, 200 mg of muscle were added to 
1 ml 1-butanol and the solution was mixed. TBARS 
measurement was done on the mixed samples based 
on a colorimetric method (Kirk and Sawyer, 1991).

GSH-Px activity was measured by the use of the 
blood samples based on the method developed by 
Paglia and Valentine (1967).

Fish performance
Weight gain was determined by the difference 

between total initial and final body weights. Feed 
conversion ratio (FCR) was calculated per tank 
from feed intake data and weight gain. Specific 
growth rate (SGR) was calculated from the natural 
logarithm of the mean final weight minus the natural 
logarithm of the mean initial weight and divided by 
the total number of experimental days expressed as 
a percentage per day. Protein efficiency ratio (PER) 
was calculated per tank from weight gain data and 
dietary crude protein. Protein production value 
(PPV) was calculated from protein gain and protein 
intake per tank. The calculations were based on the 
wet weight of the diet.

Statistical analysis
Data are presented as means of each treatment 

with standard deviation. The percentage data were 
verified for normality after transformation (ASIN). 
All data were analysed by 2-way ANOVA for the ef-
fect of Se concentrations (0.1, 0.15 and 0.2 mg · kg–1) 
and the effect of fat levels (15% and 30%). The Stu-
dent pair t-test was used to compare two lipid levels 
of the diets. For all statistical analyses, a tank was 
considered as the experimental unit.
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Results
Final weight was not influenced by either the 

effect of fat or Se content of the diets (Table 2). 
Increasing the Se content of the high-fat diets did 
result, however, in an increased SGR (P < 0.01) 
and lower FCR (P < 0.01). There was an interac-
tion between Se and fat levels for growth-related 
parameters showing that the effect of dietary fat on 
growth depends on the Se content of the diets. In 
other words, Se supplementation (0.15 and 0.2 mg 
· kg–1) only improved growth parameters when fish 
were fed on the high-fat diets.

A high dietary inclusion level of fat did not im-
prove (P > 0.01) PER, but increased PPV (P < 0.01). 
An interaction effect was present for the PER be-
tween Se and fat inclusion levels (P < 0.05; Table 
2) indicating that the positive effect of fat on protein 
efficiency depends on the Se level of the diet. 

The effects of Se on GSH-px activity and oxi-
dation rate in tissues are presented in Table 3. In 
general, GSH-px activity in blood was lower on the 
high-fat diet. However, on this diet GSH-px activ-
ity increased as Se was increased (from 0.10 to 0.15 
mg · kg–1). Increasing the dietary inclusion level of 
Se (from 0.10 to 0.15 mg · kg–1) reduced (P < 0.01) 

Table 2. Growth performance in rainbow trout fed diets with different levels of fat (%) and selenium (mg · kg–1) over a 7-weeks experimental 
period. All values are means of three replicates (tanks)/treatment ± standard deviation

Indices
Se levels, mg · kg–1

Fat Se Fat × Selow-fat diet, 15% high-fat diet, 30%
0.1 0.15 0.2 0.1 0.15 0.2

Initial weight, g 7.17 ± 0.5 7.05 ± 0.3 7.06 ± 0.4 6.97 ± 0.7 7.08 ± 0.4 6.64 ± 0.1 ns ns ns
Final weight, g 25.6 ± 1.2ab 25.2 ± 0.0ab 26.1 ± 1.8ab 22.3 ± 2.3b 27.3 ± 0.8a 25.4 ± 2.1ab ns ns P < 0.05
FCR 1.11 ± 0.02b 1.13 ± 0.02ab 1.06 ± 0.04b 1.32 ± 0.07a 1.00 ± 0.01b 1.08 ± 0.08b P < 0.01 P < 0.01 P < 0.05
SGR 2.59 ± 0.0 2.60 ± 0.0 2.66 ± 0.0 2.37 ± 0.0 2.75 ± 0.0 2.73 ± 0.2 ns P < 0.01 P < 0.05
PER 2.00 ± 0.0 1.95 ± 0.0 2.10 ± 0.1 1.75 ± 0.1 2.30 ± 0.0 2.15 ± 0.2 ns P < 0.01 P < 0.05
PPV 0.30 ± 0.0 0.30 ± 0.0 0.31 ± 0.0 0.31 ± 0.1 0.34 ± 0.0 0.32 ± 0.0 P < 0.01 ns ns
Student pair t-test for comparison of two fat levels in the diets
Parameters P-value 

initial weight, g 0.173
final weight, g 0.480
FCR 0.005
SGR 0.421
PER 0.521
PPV 0.082

a,b means with different superscipts within a row are significantly different at P ≤ 0.05; ns – not significant 

Table 3. Glutathione peroxidase activity, oxidation rate of tissue and accumulation of selenium in the liver and muscle tissue of rainbow trout fed 
diets with different levels of fat and selenium over a 7-week experimental period. All values are means of three replicates (tanks)/treatment ± 
standard deviation

Indices Selenium level, mg · kg–1
Fat Se Fat × Se0.1 0.15 0.2

Glutathione peroxidase (GSH-px), U · ml–1 whole blood P < 0.01 P < 0.01 P < 0.01
fat 15% 21.9 ± 1.6a 20.3 ± 0.6a 21.7 ± 1.9a

fat 30% 13.3 ± 0.5b 19.7 ± 0.5a 19.5 ± 0.7a

Thiobarbituric acid test (TBARS), mg · kg–1 P < 0.01 P < 0.01 P < 0.01
fat 15% 0.01 ± 0.005c 0.008 ± 0.0003c 0.01 ± 0.007c

fat 30% 0.07 ± 0.005a 0.02 ± 0.0005b 0.03 ± 0.003b

Selenium accumulation amount in muscle tissue, mg · g–1 P < 0 .05 ns ns
fat 15% 0.254 ± 0.01a 0.272 ± 0.04a 0.281 ± 0.04a

fat 30% 0.218 ± 0.01a 0.228 ± 0.006a 0.238 ± 0.01a

Selenium accumulation amount in liver tissue, mg · g–1 P < 0.01 P < 0.05 ns
fat 15% 0.764 ± 0.005ab 0.809 ± 0.02ab 0.858 ± 0.04a

fat 30% 0.489 ± 0.1c 0.637 ± 0.02bc 0.757 ± 0.04ab

Student pair t-test for comparison of two fat levels in the diets
Parameters P-value

glutathione peroxidase 0.009
thiobarbituric acid 0.001
selenium in muscle 0.046
selenium in liver 0.008

a,b means with different superscipts within a row are significantly different at P ≤ 0.05; ns – not significant
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TBARS. This trend was, however,  more obvious 
for the high-fat diet that for the low-fat one.

An increase in the Se level of the diets did not 
affect (P > 0.05) the Se content of the muscle, but Se 
accumulation in the liver was higher (P < 0.05) on 
the high-Se diet (Table 3). Se accumulation was al-
ways lower in both liver and muscle on the high-fat 
diets than on the low-fat ones. There was no interac-
tion between fat and Se levels for Se accumulation 
in either liver or muscle.

Body composition was not affected by addition 
of Se. The high-fat diet did, however,  lead to a larg-
er fat content of the fish muscle (P < 0.05; Table 4).

Discussion
The present study showed that the growth-relat-

ed parameters were not improved by the fat content 
of the diets, but PPV improved on the high-fat di-
ets. This is in contrast to a number of previous stud-
ies on different species, including that by Lee and 
Kim (2001) in masu salmon, Chan et al. (2002) in 
coho salmon, Meyer and Fracalossi (2004) in Rham-
dia quelen, Wang et al. (2006) in cuneate drum, and 
Salhi et al. (2004) in black catfish. Those authors 
concluded that increasing the dietary energy level 
through a high-fat diet increases growth and PER by 
improving the protein-sparing effect. It appears that 
the rainbow trout energy requirement is met by a diet 
containing 16.5 kJ · g–1 energy (with 43% protein) 
and extra energy does not lead to further growth.

The similar growth rates of the fish on both 
the high- and low-fat diets might also have been 
caused by the increased oxidation level induced by 
the high-fat diets (Pickering et al., 1991; Montero 
et al., 1999; Trenzado et al., 2006). Higher levels of 
TBARS on the high-fat diets confirm the idea that 
there is a direct relationship between fat oxidation in 

tissue and fat content of the diets which, in turn, may 
have a negative impact on rainbow trout growth. 
Nonetheless, the interaction effect between fat and 
Se suggests that addition of Se reduced the TBARS 
concentration only on the high-fat diet. This may be 
related to the role of Se in the activation of GSH-px 
and reducing the oxidative damage of the cell mem-
brane (Lin and Shiau, 2005).

The reduced oxidation rate induced by Se sup-
plementation up to 0.15 mg · kg–1 improved feed 
efficiency on high-fat diets, but the positive effect 
declined with further increase of Se. This may be re-
lated to toxic effect of this mineral at the higher sup-
plementation level (Hilton et al., 2009), which can 
limit the role of Se as an antioxidant in fish nutrition. 
Hilton et al. (1980) also added that Se was toxic at 
concentrations only slightly greater than nutritional 
requirements.

The positive effects of Se inclusion (up to 
1.5 mg · kg–1) on SGR and PER on high-fat diets are 
apparently related to the promotion of antioxidant 
activity in rainbow trout. This condition is associ-
ated with increasing GSH-px activity and decreas-
ing the TBARS concentration in fish tissue (Table 
3). A positive relationship between the Se content 
of the diets and GSH-px activity was also reported 
by Bell et al. (1987) in Salmo salar, Lin and Shiau 
(2005) in Epinephelusma labaricus, and Zhou et al. 
(2009) in Carassius auratus gibelio. Increasing the 
Se level of the diets led to higher deposition of Se 
in the liver. This finding is similar to that of Wang et 
al. (2007) and Kucukbay et al. (2009) who observed 
increased liver Se accumulation with higher Se 
supplementation. In our experiment, however, the 
measured Se accumulation in both liver and muscle 
were lower in fish fed the high-fat diet. This may be 
because the free radical production caused by oxi-
dative stress (Halliwell and Gutteridge, 1989) leads 

Table 4. Proximate composition of rainbow trout muscle fed diets with different levels of fat and selenium over a 7-week experimental period. All 
values are means of three replicates (tanks)/treatment ± standard deviation

Indices
Selenium levels, mg · kg–1

Fat Se Fat × Selow-fat diet, 15% high-fat diet, 30%
0.1 0.15 0.2 0.1 0.15 0.2

Crude protein, % 19.1 ± 1.2 20.0 ± 2.1 19.6 ± 1.8 18.9 ± 2.2 20.7 ± 1.9 19.1 ± 2.1 ns ns ns
Crude lipid, %   5.7 ± 0.9   5.4 ± 0.8   6.4 ± 0.2   6.5 ± 0.7   8.8 ± 0.3   8.3 ± 0.4 S ns ns
Ash, %   1.9 ± 0.02   1.9 ± 0.03   1.8 ± 0.02   1.7 ± 0.04   1.8 ± 0.05   1.7 ± 0.02 ns ns ns
Moisture, % 72.3 ± 3.1 71.5 ± 2.8 72.1 ± 2.5 72.2 ± 3.4 72.1 ± 3.4 72.6 ± 2.6 ns ns ns
Student pair t-test for comparison of two fat levels in the diets
Parameters p-value

crude protein 0.395
crude lipid 0.002
ash 0.441
moisture 0.384

the measurement based on the wet weight of the samples; ns – not significant, S – significant
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to  larger production of GSH-px (Chaiyapechara et 
al., 2003; Sahin and Kucuk, 2003; Kucukbay et al., 
2009). Se as an integral part of GSH-px (Rotruck et 
al., 1973), takes part in the cellular defense against 
oxidative damage of fat peroxides (Watanabe et al., 
1997). This may explain the lower accumulation of 
Se in liver and muscle on high-fat diets.

The muscle fat content was influenced by the 
fat level of the diets (Table 4). This may suggest that 
a high-fat diet does not necessarily improve PER in 
rainbow trout and may lead to fat deposition in the fish 
body (Hemre and Sandnes, 1999). Therefore, more 
Se is required to reduce the stress induced by fat oxi-
dation in muscle when fish feed on a high-fat diet.

In conclusion, addition of Se as selenomethio-
nine is essential for rainbow trout, especially when 
a high-fat diet is applied. A reduction in oxida-
tion level was observed by inclusion of Se in the 
diets, which is associated with a higher activity of 
GSH-px. More Se is necessary to reduce the oxi-
dative level of rainbow trout fed on a high-fat diet. 
Based on these results, we can suggest an amount 
of 0.15 mg · kg–1 Se for a diet containing 30% fat.
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