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The fatty acid compositions of the total lipid, neutral and polar lipid fractions in the liver and muscle of Capoeta
sieboldii and Capoeta baliki from Todiirge Lake were determined. Major fatty acids found in total lipid (TL) and
neutral lipid (NL) in liver and muscles were C16:0, C16:1 n-7, C18:1 n-9, C18:1 n-7, C20:4 n-6, C20:5 n-3, C22:5
n-3, and C22:6 n-3. Beside these acids, C18:0 was another notable fatty acid in polar lipid (PL) fraction of the tissues
investigated. The n-3/n-6 ratio, which is an indicator of health benefits of fish oils, was between 2.89 (PLs of liver)
and 5.84 (PLs of muscle) in C. baliki, while it was found between 1.43 (PLs of liver) and 2.52 (NLs of muscle) in
C. sieboldii. C. baliki was the excellent species in terms of polyunsaturated fatty acid (PUFA) levels in TL (43.92%
in muscle) and PLs (52.94% in muscle) and C22:6 n-3 amounts (docosahexaenoic acid; DHA) were responsible for
these high percentages. These results suggest that Capoeta species investigated have high nutritive value in terms of
polyunsaturated fatty acids for human nutrition.

Keywords: Capoeta sieboldii, Capoeta baliki, lipid fractions, fatty acids, liver, muscle, n-3/n-6 ratio, Todiirge
Lake

One and very crucial result of the photosynthesis by phytoplankton and algae living in
freshwater and marine areas is the production of n-3 form of polyunsaturated fatty acids
(PUFA), which cannot be synthesized by humans. These long chain fatty acids are incorporated
into the structure of the lipids of the fish from marine and freshwater environments
(Morrat & McGiLL, 1993). However, freshwater fish is more able to synthesize PUFAs, such
as docosahexaenoic acid (C22:6 n-3; DHA) and eicosapentaenoic acid (C20:5 n-3; EPA),
from the unsaturated fatty acids by chain elongation and desaturation (JaNkowska et al.,
2003). This means that freshwater fish is also able to use much more effectively the enzymatic
processes required for the unsaturation and desaturation processes of fatty acids. All of these
features make marine and freshwater fish important in terms of the nutrition with these
essential acids.

A broad range of study focused on and showed the healing effects of the n-3 form of
PUFAs, specially EPA and DHA, in some major health problems from metabolic syndrome
(LomBarDO et al., 2007) to cardiovascular (Russo, 2009) and neurodegenerative diseases
(LAuriTzEN et al., 2000). However, SARGENT and co-workers (1999) documented that EPA,
DHA, and arachidonic acid (C20:4 n-6, ARA) are required for the growth and health of the
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fish. These kinds of studies have urged the scientists to determine the fatty acid compositions
and PUFA levels of different fish species and organs. In this context, ArRAS and co-workers
(2003) compared the fatty acid composition of different tissues of Salmo trutta macrostigma.
AkpPINAR and co-workers (2009) investigated the effect of sex on the fatty acids of liver and
muscle in the same species. HaLiLoéLu and co-workers (2002) compared the fatty acid
profiles of Salvelinus alpinus, Oncorhynchus mykiss, and Salmo trutta fario. Some studies
reported the effect of season on the fatty acid pattern of Cyprinus carpio (GULER et al., 2008),
Vimba vimba tenella (KaLyoncu et al., 2009), and Sander lucioperca (UYSAL & AKSOYLAR,
2005) from Turkish freshwaters.

Phospholipids as a polar compounds are amphipathic molecules and play a central role
in the membrane structure and very important for the fish to adapt to fluctuating temperatures
(TocHer et al., 2008). In fish body triacylglycerols, as a neutral lipid fraction, serve as storage
sites and their compositions are affected by the diet taken (Satar et al., 2012). All of these
data suggest that the levels of these lipid fractions are influenced by the physiological and
metabolic state (NikoLAIDIS et al., 2006). It appears that only limited number of the studies on
Turkish freshwaters dealt with the fatty acid composition of the lipid fractions of fish tissues.
Recently two studies indicated that it is important to obtain these data together with that of
total lipid to reveal the nutritive value of fish (Cenaciz et al., 2012; SaTar et al., 2012). Other
fish species investigated in terms of polar and neutral lipid fractions were salmonids, including
Salmo trutta labrax, S. t. caspius, and S. t. macrostigma (BavIr et al., 2010).

The genus Capoeta from Cyprinidae family has been showing wide distribution in Asia
and is represented with five species (Capoeta capoeta, Capoeta tinca, Capoeta trutta,
Capoeta pestai, and Capoeta barroisi) in Turkey (Aras et al., 2009). In this study, C. sieboldii
and C. baliki, living in Todiirge Lake, have been used to determine the fatty acid compositions
of total, neutral, and polar lipid fractions to reveal nutritive value in terms of n-3 PUFA levels
together with n-3/n-6 ratios, which is an important indicator of the quality of fish lipids for
human health.

1. Materials and methods

1.1. Sample collection

Mature and female individuals of C. sieboldii (Steindachner, 1864) and C. baliki (Turan,
Kottelat, Ekmekgi, imamoglu, 2006) were hunted from Todiirge Lake in September 2011.
Three fish were used to extract total lipids and fatty acids. The fork lengths and the weights
of the fish used in the analyses were 26.00+1.44 cm and 239+.17 g in C. baliki, 23.60+2.08
cm and 230+3.56 g in C. sieboldii. Two grams of liver and muscle were used to extract the

total lipid from the tissues. The muscle samples were taken from the area underneath the
dorsal fin (AKPINAR et al., 2009).

1.2. Lipid extraction and lipid class purification

The method of FoLcH and co-workers (1957) was used to extract the total lipids from the
tissues investigated. In order to reduce the autoxidation of unsaturated fatty acids, 50 pl of
2% butylated hydroxytoluene in chloroform was used in each extraction procedure (CENGIZ
et al., 2012). Separation of the polar and neutral lipid fractions from the total lipids by silica-
gel (Davisil® grade 633, pore size 60 A, 200-425 mesh) column chromatography was carried
out according to KozLova and KnotiMcHENKO (2000). Shortly, an equal aliquot of total lipids
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in chloroform were applied to a column (8x1 c¢cm). Neutral and polar lipids were eluted by
repetitive washings with 40 ml of chloroform and methanol, respectively. Solvent was
evaporated using rotary evaporator. The saponification procedure of both total lipid and the
fractions was carried out by refluxing with methanol containing 5% NaOH for 1 h. From lipid
samples, fatty acid methyl esters were obtained using the standard boron trifluoride-methanol
(BF3) method of Moss and co-workers (1974). All experimental procedures included in the
chromatographic steps were carried out in three replicates.

The fatty acid methyl esters (FAMEs) obtained in hexane/chloroform (4/1, v/v) were
injected into a HP Agilent 6890N model gas chromatograph (GC) (Hewlett Packard, Palo
Altu, CA, USA) fitted with a HP-88 capillary column (100 m, 0.25 mm ID, and 0.2 um) and
equipped with a flame ionization detector (FID) (Agilent Technologies Inc., USA). The
analyses and the identification of the fatty acid methyl esters (FAMEs) were carried out
according to the method of GULER and co-workers (2010).

1.3. Statistical analyses

SPSS 15.0 for Windows (SPSS Inc., Chicago, IL) was used in statistical analyses. One-way
analysis of variance (ANOVA) was carried out to analyse the data obtained. The results in the
study are expressed as mean+ standard error (S.E.) of the mean and the comparisons between
means were carried out with post-hoc Tukey’s test at P<0.05 level.

2. Results and discussion

2.1. Fatty acid composition of total lipid

The average total lipid content (% wet weight basis) of C. sieboldii and C. baliki were
determined to be 1.40% and 2.21% for livers and 1.29% and 1.17% for muscle samples,
respectively. The fatty acid composition of total lipid in liver and muscle of C. sieboldii and
C. baliki can be seen in Table 1. With quantitative differences, 38 fatty acids were determined
in all tissues investigated. The highest and lowest levels of total SFA were determined in the
muscle (32.89%) and liver (27.93%) of C. baliki, respectively. The values of total SFA of
C. sieboldii were found to be 29.26% for the liver and 31.41% for the muscle. The major fatty
acid of SFA was C16:0 (palmitic acid). The values obtained for this acid in muscles were
20.50% (C. baliki) and 18.38% (C. sieboldii), while in livers 16.24% for C. sieboldii and
15.83% for C. baliki (P<0.05). It has been indicated that palmitic acid is an invaluable
component of the fish tissue lipids (STEFFENS, 1997) and this finding is compatible with the
data from other studies (GULER et al., 2008; AkPINAR et al., 2009). Other fatty acids exceeding
2% in the tissues investigated were C14:0 (myristic acid), C15:0 (pentadecanoic acid), C18:0
(stearic acid), and C21:0 (heneicosanoic acid).

Major fatty acids of MUFA class were C16:1 n-7 (palmitoleic acid), C18:1 n-7 (cis-
vaccenic acid), and C18:1 n-9 (oleic acid). C16:1 n-7 values determined for the liver (16.17%)
and muscle (16.92%) of C. sieboldii were higher than for the liver (9.29%) and muscle
(6.81%) of C. baliki. C18:1 n-9 percentages showed statistical differences in all tissues
(P<0.05). The highest and lowest percentages for this acid were determined in the liver
(19.93%) and muscle (10.67%) of C. baliki. C18:1 n-7 values ranged between 3.83% (in the
liver of C. baliki) and 7.96% (in the muscle of C. sieboldii). MUFA values in this study
ranged from 23.10% to 40.34% in the muscles of C. baliki and C. sieboldii, respectively.
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Table 1. Fatty acid composition (%) of total lipid in the livers and muscles of C. sieboldii and C. baliki*

C. sieboldii C. baliki C. sieboldii C. baliki
Fatty acids Liver Liver Muscle Muscle
Mean+S.E. Mean+S.E. Mean+S.E. Mean+S.E.

C8:0¢ 0.06+0.00a 0.01£0.00b® 0.07+0.00a 0.27+0.04¢
C10:0 0.02+0.00a 0.01£0.00a 0.02+0.00a 0.10+0.00b
C11:0 0.06+0.00a 0.01+0.00b 0.08+0.00c 0.29+0.05d
C12:0 0.12+0.02a 0.06+0.00b 0.06+0.00b 0.05+0.00b
C13:0 0.09+0.01a 0.05+0.00a 0.07+0.02a 0.05+0.00a
C14:0 2.95+0.23a 4.65+0.33b 2.97+0.18a 2.76+0.11¢c
C15:0 2.52+0.34a 0.54+0.10b 3.18+0.28¢c 0.76+0.09d
C16:0 16.24+0.44a 15.83+0.22b 18.38+0.36¢ 20.50+0.61d
C17:0 0.97+0.15a 0.48+0.06b 1.09+0.22a 0.93+0.14a
C18:0 2.96+0.12a 2.09+0.06b 2.67+0.14ab 4.82+0.32¢
C19:0 0.37+0.06a 0.18+0.02b 0.35+0.02a 0.18+0.02b
C20:0 0.01+0.00a 0.01+0.00a 0.01+0.00a 0.02+0.00a
C21:0 2.62+0.17a 3.94+0.21b 2.3440.13ac 1.90+0.20c
C22:0 0.02+0.00a 0.03+000a 0.02+0.00a 0.02+0.00a
C24:0 0.25+0.02a 0.04+0.01b 0.10+0.01b 0.24+0.03a
¥SFA 29.26 27.93 31.41 32.89
Cl4:1n-5 0.60+0.12a 0.15+0.03b 0.64+0.04a 0.32+0.07¢
C15:1n-5 0.44+0.07a 0.17+0.02b 0.43+0.09a 0.16+0.01b
Cl16:1 n-7 16.17+0.48a 9.29+0.15b 16.92+0.63¢ 6.81+0.10d
C17:1 n-8 0.39+0.08a 0.10+0.03b 0.37+0.05a 0.12+0.02b
C18:1 n-9 12.20+0.46a 19.93+0.53b 13.61+0.14c 10.67+0.19d
C18:1 n-7 7.93+0.32a 3.83+0.10b 7.96+0.63a 4.82+0.34¢
C20:1 n-9 0.29+0.03a 0.11£0.01b 0.30+0.06a 0.08+0.02b
C22:1n-9 0.03+0.00a 0.05+0.01a 0.03+0.00a 0.03+0.00a
C24:1 n-9 0.09+0.02a 0.04+0.00b 0.08+0.00a 0.09+0.01a
XMUFA 38.14 33.67 40.34 23.10
C18:2 n-6 2.14+0.10a 2.88+0.08b 1.51+0.07¢ 1.61+0.03¢
C18:3 n-6 0.97+0.08a 2.2740.14b 0.97+0.20a 1.20+0.11a
C20:2 n-6 0.41+0.03a 0.04+0.01b 0.60+0.05¢ 0.06+0.01b
C20:3 n-6 0.30+0.0a 0.48+0.09b 0.41+0.06b 0.2440.03a
C20:4 n-6 5.06+0.15a 1.40+0.07b 4.99+0.17a 2.73+0.19¢
C22:2n-6 0.06+0.01a 0.10+0.02a 0.10+0.02a 0.10+0.01a
C22:4 n-6 0.11£0.02a 0.03+0.00b 0.20+0.03¢ 0.66+0.10d
C22:5n-6 0.33+0.02a 0.11£0.01b 0.32+0.03ac 0.23+0.03¢c
>n-6 PUFA 9.38 7.35 9.10 6.83

C18:3n-3 1.61+0.07a 4.73+0.23b 1.55+0.05a 0.79+0.01¢c
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Table 1. Continued

C. sieboldii C. baliki C. sieboldii C. baliki*
Fatty acids Liver Liver Muscle Muscle

Mean+S.E. Mean+S.E. Mean+S.E. Mean+S.E.
C20:3n-3 0.08+0.01a 0.61+0.11b 0.09+0.02a 0.18+0.03¢
C20:5n-3 9.37+0.21a 12.00+0.19b 8.90+0.28a 15.33+0.32¢
C22:3n-3 0.39+0.04a 0.37+0.06a 0.57+0.05b 0.28+0.03¢
C22:5n-3 4.53+0.15a 3.93+0.25ab 3.44+0.10b 3.56+0.27b
C22:6n-3 7.24+0.18a 9.45+0.31b 4.60+0.35¢ 16.89+0.56d
>n-3 PUFA 23.22 31.09 19.15 37.09
~PUFA 32.60 38.44 28.25 43.92
n-3/n-6 247 422 2.10 5.43

AAverage of three lots analysed; Pvalues reported are means+ S.E.; “(a-b-c-d): values for each sample with different
superscript letters in the same fraction are significantly different at P<0.05. ZSFA: total saturated fatty acid;
X~MUFA: total monounsaturated fatty acid; Xn-6 PUFA: total n-6 polyunsaturated fatty acid; Xn-3 PUFA: total n-3
polyunsaturated fatty acid; XPUFA: total polyunsaturated fatty acid

Cakmak and co-workers (2012) studied the fatty acid profiles of the muscle lipids of six fish
species, including in C. capoeta from Sugla Lake from Turkey, and found that C18:1 n-9 was
the primary MUFA in all species investigated. In this study, it was reported that C16:1 n-7
was the other notable fatty acid in MUFA fractions of the species. Similar results were
reported by Kucska and co-workers (2006) in a study carried out with Esox lucius.

The percentages of the total n-6 PUFA in the muscle (9.10%) and liver (9.38%) of
C. sieboldii were higher than found in the muscle (6.83%) and liver (7.35) of C. baliki. Major
fatty acids of n-6 form of PUFA in all groups were C18:2 n-6 (linoleic acid) and C20:4 n-6
(ARA). The amounts of C18:2 n-6 in the muscles of C. sieboldii (1.51%) and C. baliki
(1.61%) did not show any statistical differences (P>0.05). C18:3 n-6 (linolenic acid) amounts
were determined to be same in the liver and muscle of the C. sieboldii with a percentage of
0.97 (P>0.05) and this value was lower than found for the liver (2.27%) and muscle (1.20%)
of C. baliki (P<0.05). There were statistical differences in ARA amounts in the liver (1.40%)
and muscle (2.73%) of C. baliki (P<0.05) and the liver (5.06%) and muscle (4.99%) of
C. sieboldii had higher level of this fatty acid (P>0.05). Many studies reported similar results
and low amounts of the total n-6 form of PUFA, as determined in our study, in the fish from
Turkish freshwaters, including S. ¢. macrostigma (AKPINAR et al., 2009), C. carpio (GULER et
al., 2008), V. v. tenella (Karyoncu et al., 2009), and S. lucioperca (UysaL & AKSOYLAR, 2005).
This phenomenon might be the result of the conversion of C18:2 n-6 and C18:3 n-6 to the
longer chain fatty acids by the high enzymatic activity of elongases and desaturases in the
freshwater fish.

The most dominant fatty acids of n-3 form of PUFAs were C20:5 n-3 (EPA) and C22:6
n-3 (DHA) in all groups. The amounts of C20:5 n-3 ranged from 8.90% (in the muscle of
C. sieboldii) to 15.33% (in the muscle of C. baliki) (P<0.05). The amounts of C22:6 n-3 in all
groups investigated showed statistical differences (P<0.05), and the highest level of this
important acid was determined in the muscle of C. baliki as 16.89%. However, C22:5 n-3
(docosapentaenoic acid, DPA) also was present in high amounts in the liver and muscles of
the species, with the values ranging from 3.44% (in the muscle of C. sieboldii) to 4.53%
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(in the liver of C. sieboldii). HoLu and HoLuB (2004) indicated that long-term consumption
of fish containing high amounts of EPA and DHA can be associated with lower primary and
secondary heart attack ratios from cardiovascular diseases, and healthy individuals should
take 650 mg/day of EPA/DHA. Fish are invaluable resources of these long-chain PUFAs, and
it appears that Capoeta species in our study might have satisfying amounts of EPA and DHA.
In this study, the highest total PUFA (n-6 plus n-3 PUFA) was determined in the muscle of
C. baliki as 43.92%, while the lowest was found in the muscle of C. sieboldii with a value of
28.25%. It has been indicated that increased n-3/n-6 ratios in the human diet result in reduced
plasma lipids and have protective effect on coronary structure (KiNseLLA et al., 1990). For this
reason, the n-3/n-6 ratio of fish tissues are accepted as a useful indicator in comparison of the
nutritive value of fish oils (P16GoT & TuckEer, 1990). When the n-3/n-6 ratios were considered
in the present study, the highest ratios were recorded for the liver (4.22) and muscles (5.43)
of C. baliki. These values were found to be 2.47 and 2.10 for the liver and muscle of
C. sieboldii, respectively. In a study conducted by Aras and co-workers (2009), C20:5 n-3
was a minor compound (changing from 0.25% to 0.57% in the seasons and groups
investigated) of n-3 form of PUFA in Capoeta sieboldi umbla living in two different areas.
However, the same study noted that C22:6 n-3 was the primary fatty acid of the n-3 PUFAs
(as indicated in the present study), with values ranging from 5.14% to 15.86%, together with
the high levels of total n-6 form of PUFA and the low levels of n-3/n-6 ratios (between 0.37
and 1.14). These discrepancies might be explained by the feeding behaviours of the species
investigated, and this issue is well explained by the study of Kucska and co-workers (2006),
using two different kinds of diet on E. lucius.

2.2. Fatty acid composition of neutral and polar lipid fractions

Fatty acid compositions of neutral lipids (NL) and polar lipids (PL) fractions can be seen in
Tables 2 and 3, respectively. In both fractions, 38 fatty acids were determined with some
quantitative differences.

Table 2. Fatty acid composition (%) of neutral lipids in the livers and muscles of C. sieboldii and C. baliki*

C. sieboldii C. baliki C. sieboldii C. baliki
Fatty acids Liver Liver Muscle Muscle

Mean+S.E. Mean+S.E. Mean+S.E. Mean+S.E.
C8:0¢ 0.03+0.00ac 0.01+0.00a® 0.08+0.03bcd 0.11+0.02d
C10:0 0.02+0.00a 0.01+0.00a 0.02+0.00a 0.1140.03b
C11:0 0.03+0.00a 0.01+0.00a 0.11£0.02b 0.13+0.01b
C12:0 0.08+0.01a 0.06+0.01a 0.08+0.02a 0.09+0.03a
C13:0 0.10+0.00ab 0.05+0.02a 0.10+0.01ab 0.14+0.03b
C14:0 3.40+0.16a 5.00+£0.31b 3.48+0.28a 5.12+0.32b
C15:0 2.84+0.17a 0.53+0.08b 3.34+0.20c 0.74+0.13b
C16:0 17.24+0.42a 16.15+0.14a 17.52+0.21a 17.03+£0.59a
C17:0 0.89+0.10a 0.44+0.13b 0.94+0.07a 0.53+0.09b
C18:0 1.5740.08a 1.5940.13a 1.4540.11a 2.85+0.23b
C19:0 0.60+0.07a 0.18+0.03b 0.46+0.13¢c 0.45+0.04¢
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Table 2. Continued

C. sieboldii C. baliki C. sieboldii C. baliki*
Fatty acids Liver Liver Muscle Muscle

Mean+S.E. Mean+S.E. Mean+S.E. Mean+S.E.
C20:0 0.02+0.01a 0.02+0.00a 1.00+0.28b 0.02+0.00a
C21:0 3.10+0.56a 4.13+0.18b 3.00+0.21a 3.84+0.15¢
C22:0 0.01+0.00a 0.03+0.01a 0.03+0.01a 0.01+0.00a
C24:0 0.23+0.09a 0.06+0.01b 0.16+0.04a 0.22+0.03a
2SFA 30.16 28.27 31.77 31.39
Cl4:1n-5 0.69+0.10a 0.16+0.04b 0.97+0.13¢c 0.64+0.07a
Cl15:1 n-5 0.46+0.08a 0.18+0.01b 0.47+0.17a 0.27+0.07ab
Cl6:1 n-7 18.87+0.50a 9.92+0.29b 19.41+ 33a 12.00+0.35¢
C17:1 n-8 0.46+0.12a 0.11£0.03b 0.72+0.05¢ 0.79+0.11¢
C18:1 n-9 14.10+0.33a 21.49+0.58 15.00+0.40ac 16.01+0.28¢
C18:1 n-7 8.16+0.10a 3.64+0.35b 7.93+0.16a 5.07+0.17¢
C20:1 n-9 0.30+0.11a 0.10+0.02b 0.28+0.04a 0.17+0.03b
C22:1n-9 0.02+0.00a 0.06+0.01b 0.06+0.00b 0.09+0.02¢
C24:1 n-9 0.05+0.01a 0.07+0.02ab 0.04+0.02a 0.13+0.03b
XMUFA 43.11 35.73 44.88 35.17
C18:2 n-6 2.53+0.08a 3.09+0.06b 1.62+0.12¢ 2.31+0.09a
C18:3 n-6 1.19+0.14a 2.48+0.06b 0.10+0.03¢ 2.27+0.13b
C20:2 n-6 0.46+0.07a 0.09+0.02b 0.54+0.01¢c 0.28+0.04d
C20:3 n-6 0.30+0.03a 0.50+0.09b 0.36+0.05a 0.31+0.08a
C20:4 n-6 3.18+0.22a 0.98+0.14b 3.42+0.24¢ 1.16+0.11d
C22:2n-6 0.11+0.03a 0.11+0.01a 0.08+0.01a 0.09+0.02a
C22:4 n-6 0.12+0.05a 0.11+0.03a 0.26+0.09b 0.44+0.13¢
C22:5n-6 0.14+0.04a 0.04+0.00b 0.26+0.08¢ 0.11+0.03a
>n-6 PUFA 8.03 7.40 6.64 6.97
C18:3n-3 1.70+0.08a 5.22+0.33b 1.60+0.14a 1.28+0.09¢
C20:3n-3 0.10+0.02a 0.62+0.1b 0.15+0.01a 0.31+0.10¢
C20:5n-3 9.72+0.39a 11.59+0.37b 8.98+0.56a 13.33+0.64c
C22:3n-3 0.29+0.11ab 0.34+0.07a 0.33+0.04a 0.27+0.06b
C22:5n-3 3.16+0.17ac 3.63+0.34a 2.80+0.24bc 3.44+0.13ac
C22:6n-3 3.59+0.11a 7.00+0.29b 2.88+0.51a 7.79+0.46b
>n-3 PUFA 18.56 28.40 16.74 26.42
YPUFA 26.59 35.80 23.38 33.39
n-3/n-6 2.31 3.83 2.52 3.79

AAverage of three lots analysed. BValues reported are means+S.E. “(a-b-c-d): Values for each sample with different
superscript letters in the same fraction are significantly different at P<0.05. SFA: total saturated fatty acid;
XMUFA: total monounsaturated fatty acid; £n-6 PUFA: total n-6 polyunsaturated fatty acid; Xn-3 PUFA: total n-3
polyunsaturated fatty acid; XPUFA: total polyunsaturated fatty acid
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Table 3. Fatty acid composition (%) of polar lipids in the livers and muscles of C. sieboldii and C. baliki*

C. sieboldii C. baliki C. sieboldii C. baliki*
Fatty acids Liver Liver Muscle Muscle

Mean+S.E. Mean+S.E. Mean+S.E. Mean+S.E.
C8:0°¢ 0.28+0.06a 0.55+0.04b 0.48+0.09b" 0.11+0.02¢
C10:0 0.15+0.03a 0.18+0.04a 0.57+0.13b 0.17+0.02a
C11:0 0.36+0.04ab 0.51+0.01a 0.23+0.07b 0.45+0.09ac
C12:0 0.14+0.01a 0.14+0.03a 0.18+0.02a 0.13+0.02a
C13:0 0.13+0.01a 0.25+0.07b 0.10+0.01a 0.30+0.05b
C14:0 0.98+0.13a 3.85+0.42b 1.43+0.20a 0.91+0.17a
C15:0 0.93+0.25a 0.77+0.09a 0.86+0.03a 0.54+0.11a
C16:0 12.34+0.19a 19.99+0.57b 16.90+0.52¢ 15.52+0.30¢
C17:0 1.98+0.21a 1.45+0.05b 0.98+0.27¢ 1.45+0.16b
C18:0 17.69+0.73a 11.744+0.42b 12.81+0.60c 13.20+0.56¢
C19:0 0.10+0.02a 0.10+0.04a 0.21+0.02b 0.14+0.04a
C20:0 0.02+0.00a 0.54+0.15b 0.13+0.06¢ 0.02+0.00a
C21:0 0.25+0.08a 0.78+0.14b 0.82+0.09b 0.45+0.11¢
C22:0 0.05+0.01a 0.08+0.00a 0.12+0.02a 0.05+0.02a
C24:0 0.05+0.00a 0.24+0.06b 0.18+0.04bc 0.1140.03ac
¥SFA 35.45 41.17 36.00 33.55
Cl4:1n-5 0.65+0.08a 0.80+0.02a 1.49+0.14b 0.84+0.07a
C15:1 n-5 0.26+0.04a 0.26+0.02a 0.25+0.07a 0.28+0.03a
Cl16:1 n-7 3.87+0.46a 4.89+0.58a 4.14+0.31a 2.08+0.22b
C17:1 n-8 0.58+0.09a 0.80+0.11a 1.36+0.26b 1.10+0.18ab
C18:1 n-9 3.77+0.22a 8.4240.35b 6.28+0.59¢ 4.29+0.33a
C18:1 n-7 8.26+0.31a 6.11+0.36b 5.64+0.22bc 4.58+0.31c
C20:1 n-9 0.37+0.06a 1.53+0.16b 0.19+0.07¢ 0.16+0.01¢
C22:1n-9 0.09+0.02a 0.08+0.02a 0.21+0.05b 0.07+0.01a
C24:1 n-9 0.10+0.02a 0.14+0.04a 0.11+0.03a 0.10+0.01a
XMUFA 17.95 23.03 19.67 13.50
C18:2 n-6 0.57+0.08a 1.05+0.22b 0.65+0.10a 0.76+0.12ab
C18:3 n-6 0.09+0.01a 0.28+0.03b 0.39+0.02¢ 0.34+0.07bc
C20:2 n-6 0.42+0.05ab 0.244+0.03a 0.56+0.13ab 0.77+0.18b
C20:3 n-6 0.37+0.09a 0.524+0.17a 0.47+0.10a 0.40+0.06a
C20:4 n-6 15.21+0.68a 5.27+0.28b 8.01+0.54¢ 3.91+0.21d
C22:2n-6 0.09+0.01a 0.09+0.00a 0.28+0.04b 0.11£0.03a
C22:4 n-6 1.10+0.34a 1.40+0.27a 4.52+0.38b 1.05+0.19a
C22:5n-6 1.24+0.18a 0.35+0.09b 0.70+0.21c 0.39+0.07b
>n-6 PUFA 19.12 9.20 15.58 7.73

C18:3n-3 1.84+0.24a 1.30+0.10b 1.2540.12b 0.58+0.09¢
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Table 3. Continued

C. sieboldii C. baliki C. sieboldii C. baliki*
Fatty acids Liver Liver Muscle Muscle

Mean+S.E. Mean+S.E. Mean+S.E. Mean+S.E.
C20:3n-3 0.11+0.03a 0.25+0.04b 0.40+0.09¢ 0.16+0.03ab
C20:5n-3 3.85+0.20a 5.30+0.29b 7.85+0.59¢ 12.16+0.51d
C22:3n-3 1.17+0.10a 0.82+0.16a 0.78+0.14a 0.45+0.04b
C22:5n-3 6.70+0.41a 3.57+0.26b 5.92+0.33¢c 4.76+0.20d
C22:6n-3 13.81+0.57ab 15.36+0.77b 12.53+0.47a 27.10+0.91d
>n-3 PUFA 27.45 26.60 28.73 45.21
YPUFA 46.57 35.80 4431 52.94
n-3/n-6 1.43 2.89 1.84 5.84

AAverage of three lots analysed; Pvalues reported are means+ S.E.; “(a-b-c-d): values for each sample with different
superscript letters in the same fraction are significantly different at P<0.05. ZSFA: total saturated fatty acid;
X~MUFA: total monounsaturated fatty acid; Xn-6 PUFA: total n-6 polyunsaturated fatty acid; Xn-3 PUFA: total n-3
polyunsaturated fatty acid; XPUFA: total polyunsaturated fatty acid

In the fatty acid composition of NL and PL fractions, C16:0 was the main component of
the SFA. In NL fraction, this acid did not show any statistical differences (P>0.05) ranging
from 16.15% (in the liver of C. baliki) to 17.52% (in the muscle of C. sieboldii). However,
among the C16:0 amounts in the PL fraction, there were clear statistical differences (P<0.05)
between C. sieboldii (12.34%) and C. baliki (19.99%) livers but not between muscles with
the values of 16.90% and 15.52%, respectively in the species. C18:0 was another fatty acid
having high levels in the SFA class of PL fraction and there were no statistical differences
between muscles of C. sieboldii (12.81%) and C. baliki (13.20%). The highest level of this
acid in PL was found to be in the liver (17.69%) of C. sieboldii with a significant statistical
difference (P<0.05) from the liver (11.74%) of C. baliki. The high percentages of C16:0 and
C18:0 in PLs caused higher levels of SFA percentages, ranging from 33.55% to 41.17% than
found in NL fractions changing between 28.27% and 31.39% (Tables 2 and 3). Our findings
are in great agreement with the study carried out by BAyir and co-workers (2010) on the three
endangered S. trutta subspecies, investigating the fatty acid profile of polar and neutral lipids.
They found that C16:0 was the main fatty acid in all seasons and the total SFA levels in
phospholipids were higher than found in the neutral lipid fraction in all species. In another
study, C16:0 was again the dominant fatty acid in the total SFA class of both PL and NL
fractions in the muscle and liver of Comephorus baikalensis and C. dybowski. This study also
showed that C18:0 is a little bit higher in the polar lipids than that found in the neutral lipids
(Kozrova & KHOoTIMCHENKO, 2000).

Total MUFA levels of the NL fraction (between 35.17% and 44.88%) were found to be
higher than the values obtained for the PLs (between 13.50% and 23.03%) in all groups
investigated (Tables 2 and 3). Major fatty acids of the MUFA were C16:1 n-7, C18:1 n-7, and
C18:1 n-9 in polar and neutral lipid fractions of C. sieboldii and C.baliki. C16:1 n-7 and
C18:1 n-9 were the fatty acids responsible for the higher levels of MUFA in the NL fraction,
due to their higher levels. Lower percentages of these two acids were determined in the PL
fraction in the liver and muscles of the species investigated. In studies carried out with
different tissues of Capoeta capoeta (SATAR et al., 2012) and E. lucius (DESVILETTES et al.,
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1997) it was revealed that C16:1 n-7 and C18:1 n-9 were to account for the more than 95%
of total MUFA in triacylglycerol and polar lipids. At the same time, these studies emphasized
that total MUFA levels were higher in the NLs than determined for the PLs. It seems that this
finding on MUFA might be a typical feature of freshwater fish, and the data obtained in the
present study are compatible with previous studies.

In the present study, the most important data standing out in terms of total n-6 PUFA was
that C20:4 n-6 (ARA), which is the precursors of biologically active eicosanoids, had the
highest levels in PL fractions with substantial statistical differences in all groups, ranging
from 15.21% (in the liver of C. sieboldii) to 3.91% (in the muscle of C. baliki). The highest
and lowest levels of this acid in the NL fractions were determined in the livers of C. sieboldii
(3.18%) and C. baliki (0.98%), respectively. This result seems compatible with the data that
phospholipids are depots of C20:4 n-6 in the biological membranes (TocHER et al., 2008) and
the metabolism of this acid, participating in cell signalling events, results in the production of
pharmacologically active eicosanoids (UysaL et al., 2008; Lk et al., 2009). However, C18:2
n-6 was other notable fatty acid exceeding 1% in the NL fractions of all groups.

C20:5 n-3, C22:5 n-3, and C22:6 n-3 were the most abundant fatty acids of the n-3 form
of PUFA in both NL and PL class in all groups investigated. C20:5 n-3 values changed
between 8.98% (in the muscle of C. sieboldii) and 13.33% (in the muscle of C. baliki)
(P<0.05) and it was the dominant n-3 form of PUFA in the NL fraction. The percentages of
this acid in the PL fraction were between 3.85% (in the liver of C. sieboldii) and 12.16% (in
the muscle of C. baliki) with statistical differences (P<0.05). The highest C22:6 n-3 amount
in the NLs was determined for the muscle of C. baliki as 7.79%. However, the levels of this
acid in PLs were found to be between 12.53% in the muscle of C. sieboldii and 27.10% in the
muscle of C. baliki. This data also might be associated with the explanations made for C20:4
n-6 amounts found in PLs. Total PUFA amounts of polar and neutral lipids in the livers of C.
baliki were found the same as 35.80%. The n-3/n-6 ratios of the livers of C. sieboldii (2.31)
and C. baliki (3.83) in the NL fractions were higher than determined for the livers of
C. sieboldii (1.43) and C. baliki (2.89) in PLs. However, the n-3/n-6 ratios of 5.84 (the highest
ratio) and 1.84 were found in the muscles of C. baliki and C. sieboldii in the PLs, respectively.
In NLs, these values were 2.52 for C. sieboldii and 3.79 for C. baliki in the muscle samples.
Previous studies revealed that C22:6 n-3 was the most dominant fatty acid in both the neutral
and polar lipids of the freshwater fish, together with some quantitative differences according
to season in n-3 PUFA (MEeNDEzZ, 1997; BavIr et al., 2010; CeNnciz et al., 2012; SATAR et al.,
2012). The n-3/n-6 ratios determined in this study seem to be higher than determined for
C. sieboldi umbla (Aras et al., 2009) and Silurus triostegus (CENGIZ et al., 2012). However,
our results on the n-3/n-6 ratios seem in agreement with the ratios determined for Capoeta
trutta (SATAR et al., 2012). These phenomena can be related to the feeding regimes and the
metabolism of the species under investigation.

3. Conclusion

The complete fatty acid analyses covering total lipid, neutral and polar lipids of C. sieboldii
and C. baliki from Tddiirge Lake have been carried out. When n-3 PUFA amounts and the
n-3/n-6 ratios in the muscles were considered, these two species appear to be nutritious fish,
especially C. baliki. At the same time, neutral lipid analyses have been suggesting that the
livers of these species also are rich in n-3 PUFA. Muscle fatty acid composition results
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suggest that Capoeta species investigated have high nutritive value in terms of polyunsaturated
fatty acids and might be good food items for human nutrition.

*

The authors thank to G. ZENGIN (Selcuk University) for his helps during the analyses of the fatty acids.
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