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Abstract
In this study, it has been aimed to determine the fatty acid composition and ω-3/ω-6 ratios of the
muscle tissue of rainbow trout (Oncorhynchus mykiss) fed and starved during 28 days. There
were no qualitative differences in the fatty acid composition of the muscle of the fed and starved
fish. However, it was determined that there were increases in the amounts of total ω-6 and ω-3
polyunsaturated fatty acids (PUFAs) of fed fish, while found decrease in total saturated fatty
acids (SFAs). There were increases in the levels of C18:1 ω-9, C18:2 ω-6, C18:3 ω-3 and C22:6
ω-3 in fed fish. The ω-3/ω-6 ratios of the muscle tissue of starved and fed fish were found to be
1.27 and 1.49, respectively. From these results, during 28 days starvation period, it can be said
that the fish can keep their saturated (SFA) and monounsaturated fatty acid (MUFA) metabolism
although they showed a loss of weight. In conclusion, dietary ɷ-3 and ɷ-6 series fatty acids
improved the muscle tissue quality of Oncorhynchus mykiss.
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linoleic (C18:2 ω-6) and linolenic (C18:3 ω3) acids, but devoid of ω-3 HUFA [7]. The
conversion of C18 PUFA to HUFA requires
sequential steps of fatty acly chain
desaturation and elongation [8].
Sargent et al. [9] indicated that these PUFAs
are necessary to maintain membrane
structure integrity and are precursors of
eicosanoids. It is well established that fish
require EPA, DHA and arachidonic acid
(C20:4 ω-6: ARA) for normal growth,
development, and reproduction [10,11].
High levels of EPA and DHA were reported
by other studies in trout species and marine
fish species [12,13]. Akpinar et al. [14]
reported that the ω-3/ω-6 rations in male and

Introduction
The fatty acid compositions of fishes are rich
in terms of ω-3 highly unsaturated fatty
acids (HUFAs) and are beneficial in the
human diet [1,2]. The beneficial ω-3 fatty
acids found in fish tissues are in particular
eicosapentaenoic acid (C20:5 ω-3: EPA) and
docosahexaenoic acid (C22:6 ω-3: DHA)
[3], which originate from phytoplankton and
seaweed in the food chain [4]. In the light of
recent studies, EPA and DHA are important
in the prevention of cardiovascular diseases
and neurological problems [5, 6].
The only sustainable alternatives to fish oils
are vegetable oils which are rich in C18
polyunsaturated fatty acids (PUFA) such as
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from a private feed manufacturer in Turkey.
Feed formulation was crude protein 45%,
crude fat 20%, crude ash 14%, total
phosphorus 1.5% and vitamin premix (in
unknown amounts). Table 1 shows the
lengths, weights and condition factors of the
fish used in the study. Condition factor can
be explained by the following equation [20].
C = (W/L3) . 105
(C, condition factor. W, mean weight (g). L,
mean fork length (mm)
At the end of the experiments, 3 fish from
two pools stocks (a total of 9 fish) were
selected for extraction studies. Samples of
muscle tissue of all groups, 1 g each, were
extracted for total lipid and fatty acids. 1g of
muscle sample was directly taken from the
area underneath of dorsal fin. Sample of
commercial feed (1 g) was also taken for
fatty acid analyses.

female fish. In this study, ω-3/ω-6 rations for
livers were found to be 2.89 and 1.97, while
in muscles of male and female Salmo trutta
macrostigma the rations were as 2.59 and
2.26, respectively.
Dietary lipids play important roles in fish
nutrition, both because of their role as
energy providing molecules and as the
source of essential fatty acids (EFA) [9,15].
Recent studies on the composition and
significance of fatty acids in fish species
have focused on ω-3 and ω-6 fatty acids
[1,16,17]. Gelienau et al. [18], showed that
long chain PUFAs are regular components
of the examined fish tissues and, in the light
of
their
known
nutritional
prostaglandinogenic and presumed structural
roles, are thus of considerable biological
significance. Many fish species are
cultivated and harvested for human
consumption. For that, Oncorhynchus mykiss
is the most important cultured fish species.
Therefore, the aim of the present work was
to compare ω-3 and ω-6 fatty acids in the
muscle tissue of starved and fed O. mykiss.

Lipid extraction and fatty acid analysis
A sample of muscle from each fish was
homogenised in chloroform:methanol (2/1,
v/v) using Ultra-Turrax T25 homogeniser.
Autooxidation of PUFAs was minimised by
adding 50 µl of butylated hydroxytoluene
(2%, w/v in chloroform) to the extraction
mixture. The lipids of muscle were extracted
and purified according to the procedure
described by Folch et al. [21]. The samples
were stored at -200C until required. Extracts
of muscle materials were saponified by
refluxing with methanol (50%) containing
5% sodium hydroxide for 1 h at 80 0C. The
saponifiable lipids were converted to their
methyl esters for 20 min at 850C using the
standard Boron triflouride-methanol (BF3)
method [22]. The resultant mixture of fatty
acid
methyl
esters
(FAMEs)
in
hexane:chloroform (4/1, v/v) was injected
into Unicam-610 gas chromatograph
equipped with flame ionization detector
(FID),and capillary column (15m x 0.32mm)
(70% Biscyanopropyl Polysilphenylene
Silaxana). The carrier gas was nitrogen (2.5
ml min-1) and column, injector port and

Materials and methods
Fish and feeding
The study was carried out in October 2013 at
a commercial fish farm in Sivas (Gürün),
Turkey. Mature (in the age of 1 year) O.
mykiss (Walbaum, 1792) were selected and
randomly divided into two groups of 20 fish.
Each group was stocked in different two
pools (60x80x190 cm) supplied with
freshwater (temperature 12.0 ± 0.220C) and
the groups contained both sexes. The oxygen
content of water was maintained stable at
around 8.06 ± 0.18 mg L-1 and pH was 8.6 ±
0.04. One of the groups of fish was fed by
hand twice daily in the morning and
afternoon (at 09:00 and 17:00 h for 28 days).
The other group was starved for 28 days. In
daily feeding fish, the amount of food (g) to
be given was calculated as 2% of average
weight per fish [19]. Commercial feeds used
in the feeding experiment were purchased
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Oleic acid (C18:1 ω-9) was identified as
major monounsaturated fatty acids (MUFAs)
in muscle of the groups. Significantly higher
contain of C18:1 ω-9 was observed in the
fed fish than in the starved fish. C16:1 ω-9
(palmitoleic acid) and C14:1 (miristoleic
acid) contents were lower amounts and
decreased in the fed fish according to starved
fish and feed. But, rates of MUFAs were
very similar between the groups. This study
revealed that in the PUFA ω-6 fraction,
linoleic acid (C18:2 ω-6) was the major ω-6
acid with levels of 7.59%, 6.17% and 9.20%
in starved fish, feed and fed fish,
respectively. C18:2 ω-6 was significantly
increased, whilst eicosadienoic acid (C20:2
ω-6) decreased in the fed fish according to
starved fish. There were no differences in
eicosatrienoic acid (C20:3 ω-6) and
arachidonic acid (C20:4 ω-6: ARA) content
between those groups.
Linolenic acid (C18:3 ω-3) content in the fed
fish was higher (4.90%) than in the starved
fish (3.02%) and feed (3.03%). However,
EPA and docosapentaenoic acid (C22:5 ω-3:
DPA) contents were definitely decreased in
the fed fish according to starved fish. But,
DHA was found to be at the highest level
(8.37%) in the ω-3 PUFAs fraction and in
the fed fish. C18:3 ω-3 was the fatty acid at
the second high amount in ω-3 PUFAs of
fed fish. ARA contents were similar in the
starved (2.33%) and fed groups (3.06%).
The percentages of total ω-3 PUFA and ω-6
PUFA in starved fish muscle were lower
than in fed fish (Table 2). Both in starved
and fed fish, ω-3 fatty acids make up a larger
fraction than ω-6 fatty acids. The ω-3/ ω-6
ratios in muscle were found to be 1.27
(starved fish) and 1.49 (fed fish). The higher
ω-3/ ω-6 ratio in fed fish might a result of
the feed acids.

detector temperatures were 120, 240 and
2800C, respectively. A small quantity of
FAMEs solution (1 µl) was introduced onto
the column. FAMEs were identified by
comparison of their retention times with
external standarts.
Statistical Analyses
All
analytical
determinations
were
performed in triplicate and the mean values
were reported. The statistical analyses of
percentages of fatty acid were tested by
analysis of variance (ANOVA) and
comparisons between means were performed
with Tukey’s test. Differences between
means were evaluated as significant if
P≤0.05.
Results
The fatty acid composition of commercial
feed and muscle tissue of rainbow trout
starved and fed are shown in Table 2.
Nineteen fatty acids were identified from the
muscle tissue while seventeen fatty acids
were identified from feed. However, the
percentages of the fatty acids were different
among two fish groups and feed. But the
fatty acid profiles in muscle of the starved
and fed fish were quite similar.
There were variations in the levels of some
fatty acids between the groups after 28 days.
Palmitic (C16:0) and stearic (C18:0) acids
were predominant fatty acids within the
saturated fatty acids (SFAs) in muscle of fish
and feed. The amount of C16:0 in muscle of
starved fish was higher than in fed fish.
There was no difference between C18:0
percentages in the groups. Lauric acid
(C12:0), miristic acid (C14:0) and
pentadecanoic acid (C15:0) contents in
starved fish were higher than in the fed fish.
Very significant difference was determined
between SFA fraction of starved and fed fish
muscle. Surprisingly, although starved fish
contained excess of SFA, its value in fed fish
was lower (37.28%) than in starved group
(38.58%).
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Table 1: Lengths, weights and condition factors of the fish used in the study.
Groups
Length
Weight
Condition factor
(cm)
(gr)
Starved fish
20.12±0.46
105.18±8.36
1.29
Fed fish
21.17±0.98
138.08±6.12
1.56
Explanations: Each value represents the mean of three experiments. The values represent the data
in the 28th day for starved and fed fish.
Table 2: Fatty acid composition in the muscles of the fed and starved O. mykissA.
Starved group
Feed acids
Fed Group
th
Fatty Acids
28 day
28th day
Mean±S.E.
Mean±S.E.
Mean±S.E.
B
C
C12:0
1.33±0.40
--0.94±0.12
C14:0
1.63±0.30a
4.34±0.66b
1.97±0.33a
C15:0
1.27±0.17
--0.82±0.06
C16:0
30.18±1.55a
28.80±0.55b
29.27±0.62ab
C18:0
3.16±0.38a
3.74±.35a
3.22±0.38a
C20:0
1.01±0.30
--1.06±0.14
38.58±1.09a
36.88±0.73b
37.28±0.38b
ΣSFA
C14:1 ω-5
3.36±0.57a
2.14±0.09b
1.87±0.42b
C16:1 ω-9
2.49±0.77a
5.16±1.01b
1.51±0.21c
C18:1 ω-9
23.20±0.07a
21.34±0.80b
24.51±0.47c
C20:1 ω-9
1.25±0.27a
2.10±032b
2.04±0.46b
30.30±0.54a
30.74±1.60a
29.93±0.52a
ΣMUFA
C18:2 ω-6
7.59±0.34a
6.17±0.16b
9.20±0.35c
C18:3 ω-6
--1.04±0.41
--C20:2 ω-6
1.92±0.03a
0.93±0.06b
0.91±0.29b
C20:3 ω-6
1.72±0.31a
4.78±0.37b
1.73±0.28a
C20:4 ω-6
1.46±0.24a
0.97±0.01a
1.27±0.25a
12.69±0.16a
13.89±0.83b
13.11±0.30b
ΣPUFA ω-6
C18:3 ω-3
3.02±0.54a
3.03±0.71a
4.90±0.44b
C20:4 ω-3
2.33±0.40a
1.27±0.08b
3.06±0.10a
C20:5 ω-3
3.24±0.57a
4.52±0.37b
2.08±0.30c
C22:5 ω-3
3.23±0.85a
0.86±0.03b
1.25±0.28b
C22:6 ω-3
4.36±0.36a
7.50±1.34b
8.37±0.16c
16.18±1.52a
17.18±1.30b
19.46±0.46c
ΣPUFA ω-3
1.27±0.21a
1.24±0.10a
1.49±0.04a
ω-3/ ω-6
A

: Average of three lots analyzed. B: Values reported are means ± S.E. C(a – b – c – d): Values for each sample with
different superscript letters in the same fraction are significantly different at P ≤ 0.05. Σ SFA: total saturated fatty
acid; Σ MUFA: total monounsaturated fatty acid; Σ PUFA ω - 6: total ω - 6 polyunsaturated fatty acid; Σ PUFA ω 3: total ω - 3 polyunsaturated fatty acid.

day. Increase in the fatty acid levels seems to
support this idea (Table 2).
It has been reported that C16:0 and C18:0
were the dominant SFAs in all fish species
as in our study. A very important difference

Discussion
The condition factor rainbow trout was
found at the high level in fed fish (1.56) than
starved fish (1.29) (Table 1). The reason for
this may be caused by the feeding twice a
4
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Researchers have also reported similar
results in concentrations of ω-3 PUFAs in
the muscles of some seawater, freshwater
fish and other aquatic species. PUFAs are
involved in a great variety of physiological
functions, neural control and the functioning
of the reproductive systems [16, 23, 31-33].
Güler et al. [34] emphasized that ω-3/ω-6
ratio is a very useful index for comparing
nutritional value of fish oils. Our study
showed that the ω-3/ω-6 fatty acid ratio was
1.27 in the starved fish, 1.24 in the feed and
1.49 in the fed fish. Therefore it could be
said that O. mykiss was a freshwater fish
species having a high nutritional value for
human consumption due to its high ω-3/ω-6
ration. An increase in the human dietary ω3/ω-6 fatty acid ratio is essential in the diet
to help prevent coronary heart disease by
reducing plasma lipids and to reduce cancer
risk [35,36]. In conclusion, the nutritional
fatty acids did affect much more on fatty
acids of fed fish. Because, the use of a high
fat diet depresses de novo fatty acid
synthesis and increases lipid storage of
dietary origin. Therefore, a high quality
dietary lipid profile may impair the
nutritional value of fish flesh as human food.

was not detected between other SFAs
(C12:0, C14:0 and C15:0) in starved and fed
fish. This finding seems to agree with
another study conducted on trout, including
O. mykiss [4]. At the same time, the
literature reports on SFA compositions of
fish examined were similar to our results
[13, 23,24].
Many fish tissues seem to contain excessive
amounts of C18:1 ω-9 within the total
MUFA [16,25]. The percentages of C16:0
and C18:1 ω-9 were higher in the fed fish
and starved fish than in the feed in the
present study. But, rates of MUFAs were
very similar between fed fish and starved
fish. This suggests that fish may have a high
lipogenic capacity [26,27]. At the same time,
body lipids can also be synthesized de novo
from other carbon donors, such as
carbohydrates or amino acids [28].
Essential fatty acids affect the fluidity,
flexibility and permeability of membranes.
At the same time, they are the precursors of
eicosanoids. In general, lipids in marine fish
contain excess amounts of ω-3 PUFA rather
than ω-6 PUFA. ARA is a precursor for
prostaglandins and thromboxane which will
influence blood clot formation and its
attachment to the endothelial tissue during
wound healing [29]. However, these
essential acids should be obtained by the
diet. Depending on this data, in the present
study, the highest ω-6 and ω-3 PUFA levels
had been identified in the fed group. These
results suggest that the fatty acid contents in
the fed fish are related to feed lipid levels.
Many investigations have been carried out
on the effect of fatty acid content of feed on
fatty acid metabolism of cultured fish
[13,17,30]. The profile of ω-3 PUFAs in the
starved fish, fed fish and feed were similar in
our study. It is well known that ω-3 PUFAs
are the most important fatty acids of the fish
and one of the pattern to determine the food
quality of the fish. The percentages of these
fatty acids in fed rainbow trout muscle were
found the highest as 19.46% (Table 2).
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