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Abstract Fatty acid (FA) compositions of total lipid,
phospholipid (PL) and triacylglycerol (TAG) fractions
have been determined in muscle tissues of Silurus trioste-
gus. The distributions of saturated fatty acid (SFA),
monounsaturated fatty acid (MUFA) and polyunsaturated
fatty acid (PUFA) proportions were found to be different
among total lipid, PL. and TAG fractions from lipids in
muscle tissues of the male and female S. triostegus in all
seasons. Triacylglycerol contained a lower proportion of
PUFA and a higher proportion of MUFA and SFA than PL
while PL contained higher proportion of PUFA than pro-
portion of MUFA and SFA compared to TAG. Triacyl-
glycerol and PL fatty acid compositions in muscle tissues
of the male and female fish species were found different.
The most abundant fatty acids in the investigated seasons
were palmitic acid (C16:0), stearic acid (C18:0), oleic acid
(C18:1 n-9), palmitoleic acid (C16:1 n-7) and docosahex-
aenoic acid (C22:6 n-3). It was shown that the total lipid
content and FA compositions in muscle tissues of the male
and female S. triostegus were influenced by reproduction
period and season.
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Introduction

Mesopotamia catfish (Silurus triostegus), is a species of
catfish from the Siluridae family. The S. triostegus exists
only in the Tigris and Euphrates basins. It is located in
Mesopotamia; Syria, Iraq, Iran and Turkey. It was identi-
fied that the spawning occurs in May and continues until
late June in the S. triostegus (Oymak et al. 2001). Silurus
triostegus is a carnivorous fish and generally feeds on other
fish species, amphibians and smaller waterfowl. The catfish
is a tasty fish that is a good source of high quality proteins.
Silurus triostegus also has economic value.

Fish are one of the main sources of animal proteins in
the world. The high nutritional value of fish is also
attributed to other nutritive materials such as minerals and
vitamins In recent years increasing attention has focused on
the significance of n-3 PUFAs for human nutrition, par-
ticularly eicosapentaenoic acid (EPA, C20:5 n-3) and
DHA. The data obtained in epidemiological and experi-
mental studies support the beneficial effects of these n-3
PUFAs in the prevention of cardiovascular diseases (Sidhu
2003), autoimmune disorders, inflammation, hypertension,
allergies, arthritis, and cancers (Von Sckacky 2003).
Besides, n-3 PUFAs play a vital role in the development
and function of the nervous system, photoreception, and
the reproductive system (Sidhu 2003).

The FA composition of fish species varies with the
geographical location of the catch, diet, feeding, sex, and
the state of their reproductive cycle. Furthermore, the
seasonal variations of the factors mentioned could be
effective in changing the FA composition of fish (Kayhan
et al. 2015; Kagar and Baghan 2015).

The lipid classes referred to as TAG and PL have dif-
ferent functions in organisms. PL is important constituents
of membranes and they function as precursors in
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eicosanoid metabolism, whereas the TAG serve mainly as a
depot of lipids used as an energy source (Suloma and Ogata
2012). For this reason, it is necessary to determine the FA
composition of TAG and PL fractions of S. triostegus.

The present study was undertaken to clarify the influ-
ences of spawning and season on the FA composition of
total lipid, TAG and PL in the muscles of both the male and
female S. triostegus in the Atatiirk Dam Lake.

Materials and methods

The wild fish were caught from Atatiirk Dam Lake (Tur-
key) in 2 month periods between May 2008 and March
2009, kept in ice and transferred to the laboratory for
analyses. The geographic co-ordinates of the study area
were 37°3821.42" North and 38°36/5.41" East (Beloren).

Fish sex was determined by their gonad. Analyses were
done in triplicate for each lot.

The specimens were dissected and a 3-g muscle tissue
taken from the dorsal muscle along the lateral line of each
fish. Samples of muscle tissues were stored at —30 °C for
lipid analysis.

Lipid determination of the fish was carried out by
modified Folch et al. (1957) method. The residual chloro-
form was then removed by N,. Total lipid content was
gravimetrically quantified. The fractions were scraped into
reaction vials, and the associated fatty acids were trans-
methylated by refluxing the fractions in acidified (sulfuric
acid) methanol for 2 h at 85 °C (Stanley-Samuelson and
Dadd 1983). The fatty acid methyl esters (FAMEs) were
extracted with hexane and the resulting solution injected
into gas chromatograph (GC).

Gas chromatography conditions

Fatty acids were determined in the form of FAMEs pre-
pared from the extracted lipid. The FAMEs were separated
and quantified using gas chromatograph (GC) HP6890
equipped with a flame ionization detector (FID) and an

autosampler. The analysis involved the use of column DB—
23 capillary column. Oven temperature was programmed
from 130 to 230 °C. The injection port and detector tem-
peratures were 270 and 280 °C, respectively. Ultra-pure
helium flowing at a rate of 2.8 mL min~' was used for
each sample analysis and split injection (1:25) of 1 pL
sample was performed. The profiles of individual fatty
acids were calculated using an automatic integrator and
presented as percentages of total fatty acids according to
the peak areas.

All of the data were presented as mean % standard
deviation (SD). Data analyses were performed using SPSS
(16.0) software. One-way ANOVA was utilized to compare
the data by season. Tukey’s test was used to compare the
mean values.

Results
Lipid content

The ranges and mean (4 SD) length, weight, age, and
lipid contents (%) of the male and female S. triostegus
from the Atatiirk Dam Lake used in the present study are
shown in Table 1. The total lipid content of the male and
female changed seasonally from 0.63 to 1.32 %, and from
0.45 to 1.83 %, respectively (Table 1). The highest lipid
content was found in the month of May (the reproduction
period) in both sexes. The lipid content in the muscles of
the female S. friostegus decreased to a minimum in the
month of July. The lipid content of the muscle tissue was
found higher before the reproduction period (March) in
both sexes.

FA composition of total lipid

The FA composition of the total lipid of the muscle tissue
of the male and female S. triostegus is presented in
Table 2. Among the SFAs, the most abundant FAs were
myristic acid (C14:0), C16:0, and C18:0. In the females, no

Table 1 Total length, weight, age and total lipid of female and male S. triostegus

Mean standard length (cm) Mean total weight (g) Age (year) Total lipid (%)

Female Male Female Male Female Male Female Male
May-(2008) 480 + 31.28 380 £ 20.45 776 + 39.40 462 + 4434 54045 4+041 1324051 1.83 +0.24°
July-(2008) 450 £+ 3047 490 £ 30.33 554 + 37.55 764 £31.67 54065 6+047 0.63+0.09° 0.66 + 0.22°
September-(2008) 770 £ 56.54 390 + 35.56 2738 + 50.45 500 & 32.67 8 £0.87 44053 096£0.10° 0.45+0.10°
November-(2008) 615 £ 34.52 590 + 27.21 1650 + 48.59 1382 + 5434 6+ 043 54049 090 +0.09° 0.64 + 0.10°
January-(2009) 690 + 40.23 475 £47.56 2100 £ 48.44 706 & 4348 7+£073 44057 0.89 £029° 1.69 & 0.81°
March-(2009) 670 + 3632 600 £ 34.39 2600 + 67.64 1380 + 3844 7 +0.83 5+058 0.83+008 0.77 £ 0.22°

Superscript letters (a,b,c) denote significant differences (p < 0.05) in lipid content among months
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significant difference could be observed in XSFA with
regard to season (with the exception of May). In the males,
the highest XSFA amounts were found in the month of
September after the reproduction period (44.19 %), and the
lowest XSFA were found in the month of January
(30.34 %). In the muscles of the male and female fish, the
ratio of MUFA in the FA composition decreased to a
minimum level in November (23.01 %) and September
(23.27 %), respectively. The total PUFA content of the
female S. triostegus showed significantly higher levels in

Fig. 1 Seasonal variations of
fatty acid composition of total
lipid, triacylglycerol and 50

May, November, and January, as compared to other sea-
sons (Fig. 1). In the males, the highest levels of this content
were found in September, November, and January.

In the present study, C16:0 was the major FA in the
muscle lipids of both male and female S. triostegus. The
maximal C16:0 contents were found in November and
September, respectively. Among the MUFAs, C18:1 n-9,
and C16:1 n-7 were the predominant FAs.

In November, the concentration of C16:1 n-7 decreased
to its lowest value (5.12 %), while this acid did not show a
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significant difference from other months (8.19-9.72 %) in
the female. Males showed the lowest level in the month
September (3.94 %). C18:1 n-9 was the major fatty acid in
all the seasons in both sexes. In the males and females, no
significant differences could be observed in LA regarding
the season.

Aracidonic acid (C20:4 n-6, AA), EPA and DHA were the
dominant PUFAs. In the present study, the AA percentages
increased in the autumn, while the EPA decreased after the
reproduction season (in September) in both the sexes. It
could be seen that the DHA was the main PUFA in the female
S. triostegus muscle tissue and had the maximum percentage
in November (17.10 %). In March (before the reproduction
period), the concentration of this acid decreased to its lowest
value (6.59 %). The maximal DHA contents in the male S.
triostegus were found in March (15.13 %).

The major FAs in the male and female S. triostegus in
all seasons were C16:0 in SFA; C18:1n-9 in MUFA; and
DHA in PUFA. In the males and females, the n-3/n-6 ratios
of total lipids were found to be 1.82 (March)-2.61 (July),
1.95 (September)-2.60 (July), respectively.

In this study, the proportions of the major FAs in the
muscle tissue of the S. tfriostegus varied to depending on
the reproduction period, temperature, and season.

FA composition of TAG fraction

The percentages of the FA composition of the TAG frac-
tion of the muscle tissues of the male and female S.
triostegus are presented in Table 3. Males and females
showed the highest XSFA amounts in the month of March
(before the reproduction period) and September (after the
reproduction period), respectively. However, the XSFA
amounts decreased in the reproduction season (May) in
both. The highest XMUFA amounts were found in the
month of May in both sexes.

2MUFA content decreased in March (before the
reproduction period) and September (after the reproduction
period), respectively in both the sexes. Throughout the
year, the PUFAs accounted for 19.76-27.83 % of the TAG
fatty acid composition in the females. The seasonal varia-
tion of the PUFAS in the male muscles varied from 17.33 to
20.19 % (Fig. 1). The C16:0 percentages in the muscle
tissue showed significant differences in all of the seasons,
and the highest level was in the post-spawning period
(September) in both sexes. C18:1 n-9 was the most abun-
dant of the monoenes in the male and female S. triostegus.
The DHA content of the female fish in May was signifi-
cantly lower than in the other months, while in the male
fish this acid content was lower in March. The n-3/n-6
ratios of the TAG fractions were found to be 1.48
(September)-2.43 (January) in females and 1.37 (March)-
2.41 (November) in males. The major components were

C16:0, C16:1 n-7, C18:1 n-9, linoleic acid (C18:2 n-6, LA),
linolenic acid (C18:3 n-3, ALA), EPA and DHA in the
TAG fraction.

FA composition of PL fraction

The FA composition of the PL fraction of the muscle tissue in
the male and female S. triostegus is presented in Table 4. The
results showed that the percentage of FAs varied among in
season female fish species, ranging from 30.16 to 34.43 %
SFAs; 22.81 to 28.88 % MUFAs, and 38.48 to 43.24 %
PUFASs. The levels of SFAs, MUFAs, and PUFAS in the male
muscles were found in the range of 34.28-36.48,
21.18-26.01 and 37.06-42.94 %, respectively.

In the males, the SFA did not show a significant dif-
ference regarding the season. The highest SFA was found
in the month of November in both the sexes. The maximal
MUFA contents of PLs in the male and female S. triostegus
were found in May and July, respectively. The total PUFAs
were also the most flactuated FAs among the seasons in
both individuals. In the females, the maximum XPUFAs
were found in July (the reproduction period), September
(after the reproduction period) and January, and the mini-
mum contents were found in March (before the reproduc-
tion period). In the males, this content showed lower levels
in July (the reproduction period) (Fig. 1). C16:0 was the
major SFA in both sexes. The percentages of this acid were
higher in July, September, November, and March, than in
May and January. The lowest amount of C18:1n-9 was
found in September (after the reproduction period) and the
highest level was found in May (the reproduction period) in
the females. In September, the concentration of this acid
decreased to the lowest value in March in the males. In this
study, AA showed fluctuations in both individual. EPA
content varied between 4.83 % (in September and
November) and 9.53 % (in March) in females. Significant
differences could not be observed in males (4.96-5.94 %).
In females and males, DHA was found to be at the highest
level in the n-3 PUFA.

The major FAs in the S. triostegus in all the seasons
were C16:0 and C18:0 in SFA, C16:1 n-7 and C18:1 n-9 in
MUFA, LA, EPA, AA, docosapentaenoic acid (C22:5 n-3),
and the DHA in the PUFA. n-3/n-6 ratios of the PL frac-
tions were found to be 2.02 (May)-2.55 (November) in the
females and 1.86 (May)-2.26 (November) in the males.

Discussion
Lipid content

Depending on their fat content, fish are classified as lean
(up to 2 % fat), medium fat (2-7 % fat), fat (7-15 % fat),
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and very fat (over 15 % fat) (Rahman et al. 1995).
According to the classification provided by Rahman et al.
(1995), the catfish ex-amined was lean fish. The average fat
content of the fish examined was 0.92 % in the female and
1.00 % in the male. It is known that the species, geo-
graphical origin, and season, change the lipid content of
fish (Bayir et al. 2010). The values of fat content of the
freshwater fish reported in the literature were similar.
Catfish (S. glanis) from the Adana Seyhan Dam Lake
contained 0.54 % (Ozogul et al. 2007), and the same spe-
cies from Greece had 3.5 % fat (Aggelousis and Lazos
1991). Olgunoglu et al. (2014) also reported seasonal
variation of lipid content in the S. triostegus in the Atatiirk
Dam Lake. In their study, the total lipid contents were 4.22,
4.35, 4.35, and 6.56 % in summer, spring, autumn and
winter, respectively. According to Mosa et al. (2012), the
lipid content of the S. triostegus in the Tigris River was
7.71 %.

In the present study, the highest concentration of lipids
was recorded in spring when compared to other seasons in
both genders. The lipid content in the muscles of the
female decreased to a minimum in the spawning period;
however, in the males, the lowest lipid content was found
in the post-spawning period. The lipids mobilized from the
muscles to the gonads for the development of the gonads in
the reproduction period. In this study, the total lipid con-
tents of the muscle were remarkably affected seasonally;
especially during the reproduction period.

FA composition of total lipid

The FA profile of the male and female fish from this study
was similar to the other studies (Cengiz et al. 2010; Hali-
loglu et al. 2004).

In the present study, the SFAs were found to be in higher
amounts than in the MUFAs and PUFAs in July, September,
November and March in both sexes. However, PUFAs was
high in January. This result is in agreement with Cengiz et al.
(2010) study of the Tigris River. It was reported that the
SFAs and MUFAs were used as an energy source, whereas
the PUFAs were used as a structural function.

High levels of MUFA and SFA are regularly reported in
freshwater fish of both temperate (Aggelousis and Lazos
1991) and tropical waters (Rahman et al. 1995). Therefore,
in this study, the SFAs were dominant in the total lipid.

It was pointed out that C16:0 is a key metabolite in fish,
and its level is not remarkably influenced by diet (Ackman
et al. 1975). The high levels of C18:1 n-9, C16:1 n-7 and
AA have been reported as a characteristic property of
freshwater fish oils (Ackman 1967). C18:1 n-9 was domi-
nant in the MUFAs.

All fish lack A'? and A" desaturases, and so cannot
form LA and ALA from C18:1 n-9. Therefore, LA and

@ Springer

ALA are essential FAs in the diets. These FAs can be
further desaturated and elongated to form the physiologi-
cally essential C20 and C22 PUFA, AA, EPA and DHA.
Ackman (1967) reported that freshwater fish have high
proportions of C18 PUFAs. The high level of AA is most
probably due to the lower oxygen solubility in warmer
waters (Smith and Miller 1980). However, in some fish
(Aggelousis and Lazos 1991; Jankowska et al. 2004), the
ratio of this FA is generally low. The maximal AA contents
in the male and female S. friostegus were found in
November and September, respectively. In this study, the
AA content of the muscle tissue differed according to the
season. The eicosanoids derived from the AA have nega-
tive cardiovascular effects such as vasoconstrictions and
platelet aggregation. The consumption of AA in diets must
be decreased (Nordoy et al. 2001). The low ratio of AA
increases the nutritional value of the fish.

The most important factor affecting the quality of fish
meat is the percentage of n-3 FAs such as EPA and DHA.
DHA is a major component of the brain, the retina, and
heart muscles, and plays a vital role in brain and eye
development. The eicosanoids derived from EPA have
positive effects, such as vasodilation and antiaggregation
(Reilly et al. 1998). In particular, the high ratio of DHA
shows the nutritional value of this fish. In this study, C20
PUFAs’ decreased in the spawning period. In this period,
these components may be used in gonad maturation and
gamete formation because, fish require EPA, DHA and AA
for normal growth, development, and reproduction (Ro-
driguez et al. 2004).

Females use the SFAs as an energy source, while males
use MUFAs for gonad maturation. However, the n-3 and
n-6 FAs (LA and ALA) which are stored for gonad mat-
uration would have mobilized during vitellogenesis in the
females (Cejas et al. 2003; Medford and Mackay 1978).
Sargent and Henderson (1995) reported that MUFAs are
catabolized to in order to supply metabolic energy during
gonad development.

In this study, DHA and PUFAs were higher in the cold
seasons than the hot ones. Especially, DHA would appear
to be good candidates for ensuring constant fluidity at the
relevant body temperature because of their low melting
points (Hall et al. 2002).

Cengiz et al. (2012) found that n-3/n-6 ratio ranged from
1.03 t0 2.47 in S. triostegus. Ackman (1967) found that this
ratio ranged from 1.7 to 3.5 in the freshwater species.
Therefore, our findings are in accordance with earlier
studies. An increase in the diet n-3/n-6 ratio is essential in
the diet to help prevent coronary heart disease by reducing
plasma lipids and to decrease cancer risk (Kinsella et al.
1990). In this study, the highest n-3/n-6 ratios of total lipids
were recorded in the summer for the male and female S.
triostegus. The lowest levels were measured in the autumn
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for the male S. triostegus, and spring for the female S.
triostegus. It has been observed that the n-3/n-6 ratio and
FA composition in muscles of the male and female S.
triostegus vary by both months and seasons throughout the
year.

FA composition of TAG fraction

TAGs are one of the universal forms of stored lipids used
mainly for various energetic needs. In an overwhelming
majority of fish, TAGs are a dominant fraction of neutral
lipids (Henderson and Tocher 1987; Vlieg and Body 1988).

According to Henderson and Tocher (1987), the MUFA
levels were the highest group and PUFAs were the lowest
in the TAG fraction, which can be a possible result of the
accumulation of depot lipids in the form of MUFA and
SFAs.

In the present study, MUFA was the dominant FA class
except for in March (before the reproduction period) fol-
lowed by SFA and PUFA throughout the year in the female
fish. The MUFA content of the male fish showed signifi-
cantly high levels in summer and spring (the reproduction
period).

As in most other freshwater fish, MUFAs and SFAs
were the dominant groups in the S. friostegus muscle
TAGs. These SFA and MUFAs are generally abundant in
fish from warm or temperate regions, whereas PUFA show
high levels in fish from cold regions (Dey et al. 1993). The
high PUFA contents in TAG in the pre-spawning period
suggest that there is an important spawning influence on
the FA metabolism in the female S. triostegus.

No significant difference could be observed in the total
SFA with regard to the reproduction period and season.

C16:0, C18:1 n-9, and C16:1 n-7 were found accumu-
lated in the TAG (Ackman 1967). Our data is consistent
with this result. In the present study, C16:0, C18:1 n-9, and
C16:1 n-7 acids were higher in the TAG fractions than in
the PL fractions. Since diet is the main factor affecting
tissue FA composition in fish, the high MUFA ratios in
May and July are probably related to the increasing feeding
activity in both sexes.

The n-3 to n-6 PUFA ratio shown in the study is con-
sistent with that determined in the S. triostegus in the Tigris
River (Cengiz et al. 2012).

The n-3/n-6 ratios were found to be high in the muscle
of the S. triostegus and may be a valuable food for human
consumption.

FA composition of PL fraction
The total PLs from the fish tissues are characteristically

rich in PUFA (Gunstone et al. 1978; Henderson and Tocher
1987).

DHA is a FA characteristic of fish, and is principally of
the endogenous origin. It has been reported that the major
PUFA in PLs is DHA (Gunstone et al. 1978).

The PUFA content decreased in males during spawning
period. Cengiz et al. (2012) found that the same data for the
S. triostegus from the Tigris River. This suggests that the
PUFAs may be used in the reproduction period. Because
FAs are not only the major source of metabolic energy in
fish for growth, they are also the major source of metabolic
energy for reproduction (Tocher 2003).

AA was the major n-6 PUFA in this study. Both the
male and female S. friostegus contained AA, which is a
precursor for prostaglandin and thromboxane biosynthesis
(Bell et al. 1994). Through its conversion to lipoxygenase
metabolites, AA mediates a great variety of physiological
functions including osmoregulation, cardiovascular func-
tions, neural control, and the functionality of the repro-
ductive systems (Sorbera et al. 1998).

EPA was the FA at the second highest amount in the n-3
PUFA of the male and female fish muscle tissues. High
levels of EPA and DHA were reported by another study of
the S. triostegus (Cengiz et al. 2012). This study has shown
that S. triostegus was generally rich in n-3 PUFAs, which
correlates with the findings of Cengiz et al. (2012).

The n-3 to n-6 PUFA ratio found in the present exper-
iment was similar to that reported by Cengiz et al. (2012) in
catfish in Tigris River. No significant differences were
observed in n-3/n-6 ratio with respect to the season in both
sexes.

Conclusion

In conclusion, we found that total lipid and FA composi-
tions of total lipid, TAG and PLs of the female and male S.
triostegus were affected by some endogenous factors,
especially reproduction, and exogenous factors, especially
diet. In perspective of nutritional value of S. triostegus, our
results would suggest that S. friostegus is an effective
source of n-3 FAs, especially DHA in the diet and reveal
that this fish species is a good functional food with
potential health benefits in disease prevention.
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