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Abstract 

A trout diet was supplemented with 0, 8.5, or 15 g/100 g of flaxseed oil (FO). To prevent lipid oxidation of 

fillets, FO-supplemented diets were also enhanced with 0, 400, and 900 mg/kg of alpha-tocopheryl acetate 

(α-TA). α-tocopherol content of fillets were determined following fish harvest on days 0, 30, 60, 90, and 

120. FO supplementation resulted in increased (P<0.05) concentration of omega-3 fatty acid (ω3 FA) in 

fillets, mainly due almost two-fold increase (P<0.05) of α-linolenic acid, while docosahexaenoic and 

eicopentaenoic acids slightly decreased (P<0.05). The highest (P<0.05) α-tocopherol content in fillets was 

determined when supplementing trout with 900 mg/kg of α-TA at day 120. Our results indicate that 

regardless of FO level in trout diet, 900 mg/kg of α-TA can prevent lipid deterioration of fillets. 
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______________________________________________________________________________________ 

 

1. Introduction 

Frecently, low-value fish meal and oil have been 

successfully converted to a high-value human food 

[32,40]. The aquaculture sector has greatly 

increased its production and currently contributes 

nearly 50% of the global annual catch [41], 

making up for the shortfall [30]. Barlow estimated 
that aquaculture feeds will consume 90% of the 

world fish oil supply. Fish and fish food products 

provide essential FA as a part of human diet [4]. 

Therefore, seeking alternative sources of dietary 

lipids for aquacultured fish will be necessary in 

order to maintain the sustainable growth of the 

aquaculture industry for the ever-growing human 

population. 

Castell et al. reported that supplementing trout 

fingerlings with linoleic (LN, 18:2ω6) and α-
linolenic (ALA, 18:3ω3) fatty acids increased the 

concentration of these fatty acids and that of EPA 

and DHA in the fillets[8]. 

 

However, they did not determine the effects of the 

increased concentration of ω3 PUFA on lipid 

oxidation or human health. Vitamin E is one of the 

most important lipid-soluble antioxidants that is used 

in the food industry [7]. The a-tocopherol has the 

greatest antioxidant activity among four homologue 
pairs (α, β, γ, δ-tocopherols and tocotrienols) [1-6]. 

Increasing α-TA levels in the diet of rainbow trout 

did not show any antioxidant effect on the white 

muscle lipids, a slight reduction of lipid oxidation in 

the dark muscle did occur [28-30]. The lower 

bioavailability of synthetic vitamin E (dl-α-TA) when 

compared to the natural vitamin E (d-α-tocopherol) 

was demonstrated [10,11]. However, dl-α-TA is 

fairly stable during storage [12]; therefore, 

commonly added to fish feed. The dl-α-TA becomes 
active as an antioxidant following hydrolysis of the 

acetate group in the fish body [9].  
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Chaiyapechara et al. (2003) designed fish diets 

supplemented with 300 and 1500 mg of dl-α-TA 

per kg of feed. They showed that dl-α-TA at 1500 

mg/kg of feed reduced the rate of lipid oxidation 

[9]. 

2. Materials and methods 

Feeding trial and fish diets:The experiment took 

place at Hărman Farm of Doripesco SA. A gravity-

fed flow-through raceway system composed of 
four levels was used for this study. Each level had 

two parallel lanes and each lane had five tanks. 

Tanks were stocked with 75 rainbow trout 
fingerlings (age 11–12 months, average weight 

240 g/fish, and average length 27 cm) per tank 

(size 91 x 122 x 91 cm). Rainbow trout were fed 
dry pelleted diets formulated with 0 (basal diet, 

Table 1), 8.5, or 15.0 g/100 g of FO 

supplementation. (Table 2). Each level of the FO 

supplementation was also enhanced with 0, 400, or 

900 mg/kg α-tocopheryl acetate (α-TA).  

Hence, there were nine treatment diets. The dietary 

treatments were randomly assigned to the tanks in 

each level of the raceway system. The basal diet 

was supplemented with 0, 8.5, and 15.0 g/100 g 
FO. The supplementation did not affect the protein 

content in the diets, and therefore, the diets were 

isonitrogenous. Fish were hand fed to satiation 
twice a day for 120 days. Feed was stored at 4°C. 

Approximately 1500 l/min of spring water flowed 

through the raceway system. It was aerated 

entering the system and half the way through the 

system to maintain a dissolved oxygen 

concentration above 70% of saturation. Water 

temperature was approximately 12°C during the 

feeding trial. Fish were maintained on a natural 

photoperiod. 

Sample preparation: One fish in each tank per 

level was harvested randomly on days 0, 30, 60, 

90, and 120 and then killed by a blow to the head. 

All harvested fish were stored at 4°C before trout 

were filleted to obtain boneless and skinless 

butterfly fillets. Fillets were homogenized in a 

laboratory blender. Homogenized samples were 

placed in nylon vacuum pouches, labeled, vacuum 

packed and stored at -80°C until analyzed. These 

sample preparation steps were performed on the 
same day when fish were harvested. 

 

Lipid extraction and fatty acid analysis:Lipids were 

extracted from a fillet sample using methodology 

described by Folch, Lees, and Sloane (1957) [14] and 

the extracted lipids were used for analysis of fatty 

acid profile. According to the procedure of Fritsche 

and Johnston (1990) [15-17], fatty acids were 

transmethylated by the addition of 4ml of 40 g/l 

methanolic H2SO4 and heated in a 90°C water bath 

for 60 min. The mixture was saponified by 
transferring through a Na2SO4 filled glass Pasteur 

pipette and subsequent drying under N2 in a 60°C 

water bath for 60 min. The fatty acid methyl esters 
(FAME) were resuspended in filtered isooctane. The 

FAME were analyzed by using a gas chromatograph 

(Agilent 6890N - GC) and a flame ionization detector 
fitted with a OB 225 capillary column (30 m length, 

0.25 mm inside diameter). Injection and detection 

temperature was maintained at 220°C and column 

temperature was 190°C. The fatty acids were 

identified by comparing their retention times with 

known standards and references. Peak area and the 

amount of each fatty acid were computed by an 

integrator using the Agilent Camp Station software. 

Measurement of α-tocopherol content:The content of 
α-tocopherol in trout fillets was measured by a 

modified saponification method using high pressure 

liquid chromatography (HPLC) described by Liu and 
Lee (1998) [24]. An aliquot of 0.25 g of L-ascorbic 

acid and 0.01 g of TBHQ  (tert-butylhydroquinone) 

were added to approximately 1 g of a fillet sample in 

a test tube. Exact weight of the fillet sample was 

recorded and used in calculations. A freshly prepared 

7.3 ml digestion solution (110 g/l potassium 

hydroxide, 550 ml/ml ethanol, 450 ml/ml distilled 

and deionized water) was added to the fillet sample, 

followed by vortexing (Euro Turrax T 20b) for 30 s 
to dissolve the ascorbic acid. The tubes were 

incubated at 80°C for 20 min with continuous and 

gentle shaking in order to digest the fillet sample. 

Immediately following the incubation, the tubes were 

cooled in ice slush for 10 min. An aliquot of 4 ml of 

iso-octane added to the cooled solution and the tubes 

were vortexed for 2 min. Then, the tubes were 

allowed to stand in the ice slush for 5 min. An aliquot 

of 1ml of the top clear isooctane layer was 

transferred to a small tube and stored at -80°C until 
the solution was injected into the HPLC (Waters 

Alliance System) using a Rheodyne injector 

(Waters).  
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The HPLC was equipped with a Waters Resolve 

C-18 spherical silica column (5µm, 3.9 x150 mm 

and a spectrophotometric detector. A mixture of 

iso-octane/tetrahydrofuran (96/4, ml/ ml) was 

prepared and filtered (0.45 µm) daily and the 

mixture was used as a mobile phase. The flow rate 

was 1ml/min and the injection volume was 30 µl. 

The α-tocopherol was detected at excitation 

wavelength of 296 nm and emission wavelength of 
325 nm. The blank was run as described above, but 

without the fillet sample.  

Various isomeric forms of tocopherol were also 
run on the HPLC as standards as well as the 

extraction efficiency of α-tocopherol was 

determined and used in calculations. An 
experimental standard curve was used to calculate 

a-tocopherol content in the trout fillets, which is 

reported as mg of α-tocopherol per kg of fillets. 

Statistical analysis:The experiments were conducted 

using a 3x3 factorial design [35-36]. The interaction 

effect (FO x α-TA) and main effect (FO and α-TA) 

were analyzed. A significant difference was used at 

0.05 probability level and differences between 

treatments were tested using the least significant 

difference (LSD) test. At least twelve fillets (n = 12) 

from each treatment (three fillets per level in the 

raceway system composed of four levels) were 
randomly obtained and analyzed. At least six diets (n 

= 6) from each treatment were randomly obtained 

and analyzed. All statistical analyses of data were 
performed using SAS Institute (2002) [31-34]. 

3. Results and discussion 

FO and α-TA did not (P>0.05) show any interactions 
for the α-tocopherol content in trout fillets. The 

supplemental levels of FO did not (P>0.05) affect the 

α-tocopherol content in trout fillets (Table 3).  
 

Table 1. Major ingredients of the trout basal diet (g/kg) 
Ingredients (g/kg) 
Wheat middlings  280 
Fish meal 250 
Hydrolyzed feather meal 100 
Dehulled soybean meal 100 
Blood meal 100 
Ground extruded whole soybean 60 
Corn gluten meal 50 
Minerals 25 
Vitamins 15 
Soy lecithin 10 
Yeast culture 10 
Nutrient contents 

Crude protein (g/kg)  420 
Fat (g/kg)  70 
Metabolizable energy (MJ/kg)  12.6 

Table 2. Total fat and fatty acid composition of experimental diets 

Parameter                                                     FO supplementation (g/100 g of diet) 

                                                                                                                             0 8.5 15.0 

                                                                      g/100 g of total fatty acids 

18:3n3                                                                                                                         3.47±1.14 c 33.30±2.98 b 46.22±1.89 a 

20:5n3                                            10.93±0.64 a 2.87±0.52 b 1.22±0.32 c 

22:6n3 12.72±0.77 a 3.68±0.60 b 1.62±0.15 c 

18:2n6 20.88±1.08 a 24.22±2.02 a 21.60±0.90 a 

20:4n6 0.27±0.17 a 0.47±0.38 a 0.33±0.03 a 

Total unsaturates 60.98±1.01 c 76.38±2.11 b 82.50±1.39 a 

Total saturates 9.02±1.01 a 23.62±2.11 b 17.50±1.39 c 

Total ω-3 27.47±1.44 c 40.08±2.07 b 49.07±2.13 a 

Total ω-6 22.17±1.08 b 26.42±1.06 a 22.57±0.86 b 

ω-3/ω-6 1.27±0.10 c 1.50±0.04 b 2.17±0.04 a 

Total fat (g/100 g, dry basis) 14.43±2.32 a 13.59±0.82 a 24.86±0.65 b 

Data are given as mean±SEM (n = 6). Mean values in horizontal rows with different letters indicate significant 

differences (Least Squared Difference test; P<0.05). 
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Table 3.  α-tocopherol content in trout fillets as affected by feed supplementation with flaxseed oil (FO) 

Feeding period (day)                                               FO supplementation (g/100 g of diet) 

                                                                   0 8.5 15.0 

                                                                         mg of α-tocopherol/kg of fillets 

0 165.80±7.50 163.42±5.85 163.02±5.89 

30 194.20±14.61 165.28±10.00 193.34±14.02 

60 189.58±9.02 162.89±8.64 179.67±9.53 

90 203.40±14.66 198.04±19.72 181.36±10.83 

120 240.88±27.55 197.21±13.24 201.62±23.30 

Data are given as mean ± SEM (n = 12). Values are given as mg of α-tocopherol/kg of fillet. Mean values in horizontal 

rows with different letters indicate significant differences (No (P>0.05) interaction effects between FO and α-TA on α-

tocopherol content; therefore, data reported per FO supplementation; Least Squared Difference test; P<0.05). 

 

Table 4.  α-tocopherol content in trout fillets as affected by feed supplementation with α-tocopheryl acetate (α-TA) 

Feeding period (day) α-TA (mg/kg of diet) 

 0 400 900 

                                                                           mg of α-tocopherol/kg of fillets 

0 152.26±4.47 171.27±8.02 168.72±3.85 

30 183.78±13.64 185.47±17.02 183.58±10.09 

60 169.67±9.63 173.99±6.08 188.48±11.77 

90 177.49±11.14 183.00±10.70 222.31±19.13 

120 185.80±8.87 b 181.11±11.47 b 272.80±27.30 a 

Data are given as mean ± SEM (n=12). Values are given as mg of α-tocopherol/kg of fillet. Mean values in horizontal 

rows with different letters indicate significant differences (No (P>0.05) interaction effects between FO and α-TA on α-

tocopherol content; therefore; data reported per α-TA supplementation; Least Squared Difference test; P<0.05). 

 

Table 5. Omega-3 fatty acids (ω-3 FA) in trout fillets as affected by feed supplementation with flaxseed oil (FO) 

Feeding 

period (day) 

FO 

supplementation 

(g/ 100 g of diet) 

g/100 g of total fatty acids 

 

  C18:3ω3 C20:3ω3 C20:5ω3 C22:6ω3 Total ω3 

0 0 1.92±0.74 0.26±0.24 6.26±1.08 21.29±3.40 29.72±1.14 

 8.5 2.13±0.19 0.17±0.21 6.39±0.51 22.46±2.31 31.15±0.69 

 15.0 1.96±0.33 0.22±0.21 5.86±0.88 19.90±4.45 27.94±1.15 

30 0 5.05±2.46c 0.38±0.22 6.33±0.82a 22.41±3.26a 34.16±1.21a 

 8.5 9.96±3.70b 0.75±0.14 4.94±0.67b 18.44±2.76b 34.10±0.80a 

 15.0 18.26±3.83a 0.80±0.12 4.69±0.78b 18.13±3.72b 41.89±1.09b 

60 0 5.35±2.25c 0.59±0.13 5.73±1.24a 19.59±4.28a 31.26±1.38a 

 8.5 15.91±2.60b 0.92±0.14 3.62±0.62b 15.18±3.53b 35.64±1.45b 

 15.0 23.33±2.90a 0.87±0.08 3.41±1.23b 12.85±2.72b 40.47±1.32c 

90 0 6.29±0.85c 0.75±0.45 6.49±1.51a 20.79±2.79a 34.16±0.92a 

 8.5 17.27±1.20b 1.30±0.72 3.79±0.71b 15.25±3.56b 37.61±1.31b 

 15.0 25.91±2.27a 0.93±0.37 3.30±0.71b 11.64±2.68c 41.79±1.02c 

120 0 2.64±0.53c 0.58q±0.26 4.74±0.81a 16.70±2.48a 24.66±2.11a 

 8.5 14.82±2.82b 0.79±0.23 2.27±0.65b 8.14±2.04b 26.02±1.85a 

 15.0 26.66±5.06a 1.02±0.30 2.63±0.47b 9.05±1.50b 39.36±1.89b 

Data are given as mean±SEM (n = 12). Values are given as g/100 g of total fatty acids. Mean values in the columns 

with different letters indicate significant differences (Least Squared Difference test; P<0.05) within a feeding period. 
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Table 6.  Omega-6 fatty acids (ω-6 FA) in trout fillets as affected by feed supplementation  with flaxseed oil (FO) 

Feeding 

period (day) 

FO 

supplementation 

(g/100 g of diet) 

g/100 g of total fatty acids 

 

  C18:2ω6 C18:3ω6 C20:3ω6 C20:4ω6 C22:2ω6 Total ω6 

0 0 14.81±1.89 0.08±0.11 0.26±0.23 0.52±0.56 1.20±1.30 16.87±0.46 

 8.5 15.35±0.69 0.04±0.09 0.22±0.23 0.19±0.41 2.29±2.28 18.10±0.55 

 15.0 14.21±1.66 0.04±0.09 0.40±0.23 0.19±0.43 1.64±1.81 16.49±0.71 

30 0 15.78±1.52b 0.21±0.15 0.50±0.19 0.39±0.51a 1.10±0.70 17.98±0.58b 

 8.5 16.89±1.80b 0.23±0.18 0.60±0.10 0.27±0.41a 1.27±0.24 19.27±0.71ab 

 15.0 18.00±1.34a 0.23±0.13 0.48±0.09 0.28±0.39a 1.23±0.66 20.22±0.33a 

60 0 14.40±1.24b 0.30±0.07 0.55±0.11 0.56±0.50a 1.21±0.57 17.01±0.52 

 8.5 15.70±2.18ab 0.24±0.11 0.61±0.07 0.29±0.36ab 1.13±0.54 17.97±0.70 

 15.0 16.26±1.47a 0.24±0.13 0.46±0.09 0.16±0.30b 1.32±0.21 18.45±0.51 

90 0 13.86±4.07b 0.27±0.20 0.92±0.43 0.26±0.48 2.18±0.56 17.49±1.01 

 8.5 15.40±6.76ab 0.51±0.14 0.92±0.36 0.15±0.29 2.25±1.01 19.23±1.73 

 15.0 18.83±3.47a 0.30±0.16 0.58±0.15 ND* 1.90±0.53 21.61±1.16 

120 0 12.46±2.39b 0.20±0.08 0.51±0.09 0.63±0.31a 0.51±0.51 14.31±0.72b 

 8.5 14.08±2.44ab 0.20±0.13 0.58±0.12 0.18±0.20b 0.72±0.53 15.77±1.13b 

 15.0 15.32±2.55a 0.14±0.06 0.51±0.11 0.20±0.23b 0.96±0.75 17.14±0.83a 

Data are given as mean ± SEM (n = 12). Values are given as weight g/100 g of total fatty acids. Mean values in the 

columns with different letters indicate significant differences (Least Squared Difference test; P<0.05) within a feeding 

period. *ND: not detectable. 

 

Generally, the highest α-tocopherol contents in trout 

fillets were obtained in the group supplemented 
with 900 mg/kg of α-TA, followed by 400 mg/kg of 

α-TA, and the non-α-TA supplemented diet (Table 

4). 

Although higher α-tocopherol concentrations in 

trout fillets were measured for the 900 mg/kg 

supplemented group, these differences were 

insignificant until day 120 (Table 4). According to 

Stephan et al (1995), the α-tocopherol concentration 

in the muscle of turbot (Scophthalmus maximus) fed 

peanut oil was higher than those fed cod liver oil 
[37-40]. Therefore, a source of the dietary fatty 

acids may have an effect on the deposition of α-

tocopherol in fillets. However, our data suggest that 

rainbow trout fed for up to 120 days diets 

supplemented with the FO up to 15 g/100 g did not 

have a significant effect on the deposition of the α-

tocopherol in the fish fillets. 

We measured increased (P<0.05) α-tocopherol 

concentration in the fillets in the group 
supplemented with 900 mg/kg α-TA after 120 days 

of feeding (Table 4). Higher α-tocopherol content in 

trout fillets has been reported by several 
investigators as a function of increased level of 

dietary α-TA [13].  

 

However, liver as opposed to the muscle was the 

major organ where α-tocopherol was accumulated. 

Unlike Akhtar et al. [1] feeding trial, our experiment 
was conducted for 4 months.  

 

Likely, extension of our feeding trial for longer than 

4 months could have resulted in higher deposition of 

α-tocopherol in trout fillets [19]. Table 4 also shows 

that feeding trout a diet supplemented with 900 

mg/kg of α-TA resulted in a significant increase 

(P<0.05) of α-tocopherol in trout fillets at 4 months 

(120 days) of feeding. Jittinandana et al. [20] fed 

rainbow trout diets supple-mented with α-TA at 200 
and 5000 mg/kg for up to nine weeks.  

The 5000 mg/kg supplementation significantly 

increased α-tocopherol in fillets starting at 4 weeks 

of feeding and continued increasing at 9 weeks. 

However, the diet supplemented at 200 mg/kg did 

not increase α-tocopherol in fillets, which was 

similar to our data for fillets recovered from trout 

fed diet supplemented at 400 mg/kg (Table 4). In 

addition, Jittinandana et al. [21] demonstrated 
similarly to Akhtar et al. [2] that α-tocopherol is 

accumulated in the liver at much higher 

concentration than in the muscle.  
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Therefore, it is likely that trout initially accumulate 

α-tocopherol in the liver and then in the muscle, 

which in turn increases concentration of α-

tocopherol in the fillets [22,23,25-27].  

This is probably why feed supplementation with α-

TA at 900 mg/kg, as in our research, may require 

longer feeding times than 4 months to obtain more 

pronounced increase of α-tocopherol in trout fillets.  

Tables 5 and 6 show omega-3 (ω3) and omega-6 
(ω6) fatty acid (FA) profiles, respectively, of 

rainbow trout that were fed FO-supplemented diets 

(Table 2) for up to 4 months (120 days). The total 
concentration of ω3 FA in fillets increased 

significantly (P<0.05) for trout supplemented with 

FO at 15.0 g/100 g for 120 days. However, the 
increase was mainly due to the significant increase 

(P<0.05) of α-linolenic acid (ALA, 18:3ω3) in the 

fillets, while the concentration of eicosapentaenoic 

(EPA, 20:5ω3) and docosahexaenoic (DHA, 

22:6ω3) acids significantly decreased (P<0.05) for 

fillets obtained from trout supplemented with FO at 

8.5 and 15.0 g/100 g for up to 120 days.  

Overall, the decrease in the EPA and DHA was 

compensated by the increase in the ALA; and 
therefore, the total concentration of ω3 FA in trout 

fillets increased for the 15.0 g/100 g FO group 

(Table 5). The concentration of total ω6 FA also 
significantly increased (P<0.05) in the fillets 

obtained from trout supplemented with 15.0 g/ 100 

g of FO for 120 days (Table 6). However, this 

increase was not as pronounced as for the total ω-3 

FA (Table 5). The increase of total ω6 FA was 

mainly due to increased concentration of linoleic 

acid (LN, 18:2ω6) (Table 6). The LN is a precursor 

for arachidonic acid (AN, 20:4ω6). However, the 

concentration of AN was significantly lower 
(P<0.05) for fillets obtained from trout 

supplemented with FO at 8.5 and 15.0 g/100 g. 

Therefore, trout probably inefficiently converted LN 

from the dietary FO to AN. Several investigators 

have reported that dietary vegetable oils including 

FO increase concentration of total ω6 FA in fish 

fillets [18,42,43]. Therefore, our data is in general 

agreement with those studies. 

4. Conclusions 

Regardless of supplemental levels of FO, the dietary 
supplementation of trout with α-TA at 900 mg/kg 

significantly increased the α-tocopherol content of 

the fillets after 120 days of feeding.  

Trout fillets containing higher α-tocopherol content 

had lower lipid oxidation level. The lipid oxidation 

of ω-3-enhanced trout fillets was alleviated by 

dietary supplementation of trout with α-TA at 900 

mg/kg starting at 60 days of feeding.  

However, synergistic effect of α-tocopherol with 

other antioxidants and aerobic packaging on lipid 

stability of trout fillets should be further 

investigated in order to reduce rancidity 
development. The dietary supplementation of trout 

with 15.0 g/100 g of FO resulted in almost 1.6-fold 

increase of total ω3 FA mainly due to increased 
concentration of ALA with a concurrent decrease of 

EPA and DHA fatty acids. 
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