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The present study determined variations in total fatty acid composition of pike (Esox lucius) in Eber
Lake throughout the year, using gas chromatograph (GC). The most predominant fatty acids (SFA)
found in pike was palmitic acid (14.78 - 18.13%)(5.38 — 7.99%) and the dominant polyunsaturated fatty
acids (PUFA) were docosahexaenoic acids (DHA, 16.04 — 24.29%), linoleic acids (LA, 2.52 — 4.15%),
eicosapentaenoic acids (EPA, 5.05 — 8.33%), and arachidonic acids (AA, 4.34 — 9.78%). The total PUFA
content was higher than both total SFA and total MUFA throughout the year. While PUFA content was
highest in June when lake water and nutrients are most abundant, SFA and MUFA contents were
lowest. By months, the ©-3/@-6 ratio was 3.65, 0.97, 2.73, 2.76 and 3.48 in November, February, April,
June and August, respectively. Fatty acid composition in the muscular tissue of pike and @-3/w-6 ratio
differed according to month and were particularly affected by spawning.
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INTRODUCTION

Fish consumption plays an important role in protecting
human health and ensuring a balanced diet. Fish is a
vital food source, providing fat, protein, minerals and
vitamins. Health benefits from the consumption of fish or
fish oil may be related to polyunsaturated fatty acids
(PUFAs) especially @-3 PUFAs (Sidhu, 2003). In recent
years, this characteristic of fish has been widely
researched. previous studies reported that long-term,
regular fish consumption, in other words ®-3 PUFA
intake, reduces the risk of contracting many diseases,
such as cancer, lung diseases, Alzheimer and, in
particular, cardiovascular diseases (Simopoulos, 1991;
Stone 1996; Cunquer, 2000; Lemaitre et al., 2003).
Current health trends indicate that heart diseases are a
significant cause of death. Therefore, fish fat — EPA
(eicosapentaenoic acids) and DHA (docosahexaenoic
acids) intake is recommended by the American Heart
Association (AHA) in protecting cardiovascular health
(Alasalvar et al., 2002).

EPA and DHA present in fish oils and can not be
synthesized by human organisms, they must be intake with
foods (Alasalvar et al., 2002). Long chain ®-3 and ®-6
PUFAs are accepted as basic fatty acids and it is known
that they are effective in preventing and treating some

diseases (Conner, 1997; Kinsella, 1990).

The fatty acid composition of fish may vary depending
on diet, temperature, season, type and geographical
differences, salinity and spawning periods (Bandarra et
al.,, 1997; Henderson et al., 1987; Leger et al., 1977;
Luzia et al, 2003; Shirai et al., 2001). Fatty acid
composition differs between herbivorous, carnivorous
and omnivorous fish species (Henderson and Tocher,
1987; Brown et al., 1989).

The amount of long-chain unsaturated ®3 fatty acids is
higher in the diets of fish species living in cold waters in
comparison to fish living in warmer waters. Decrease in
water temperature is related to increased unsaturated
fatty acids and gives rise to variations in membrane
phospholipids (Henderson and Tocher, 1987; Lovell,
1991). The most significant variations in the fatty acid
compositions of fish occur during the period of spawning.
In that period, particularly stored fats, proteins, minerals
and vitamins are mobilized from other parts of the body
towards the gonads, thereby favorable concluding
reproduction activities (Agren et al., 1987; Cejas et al,,
2003). However, the nutritional quality of fish muscles
decreases during the period of reproduction (Uysal and
Aksoylar, 2005).



The purpose of this study was to determine both the
total fatty acid composition,and ®-3/w-6 ratio variation of
pike (Esox lucius) living in Eber Lake, one of the most
important freshwater lakes existing in Turkey, throughout
the year.

MATERIALS AND METHODS
Materials

The E. lucius (pike) samples used in this study were meshed from
Eber Lake using trammel nets in 2005. Eber Lake is located at 38°
40°'N- 31°12E, at an altitude of 967 m, and has a surface area of
between 5200 and 17600 hectares. Eber Lake is surrounded by
quite large and thick reedbeds and is rich in vegetative and animal
aquatic species. Therefore, it provides an appropriate reproduction,
nutrition, sheltering, and accommodation environment for
waterfowls. The Lake is also of great importance for migratory and
local birds; it renders economic contributions such as agricultural
irrigation and fishing for the local community, and reed production
(MUezzinoglu et al., 1992).

Pike (E. lucius) is a species of freshwater fish that is widely
distributed throughout Europe, Asia and North America (Lorenzoni
et al., 2002). It is an economically important fish species and can be
found in most freshwaters of Turkey, and is one of the most
commonly consumed fish in Turkey.

Its reproduction time is February- March (Geldiay and Balik,
2002). In recent years, the number of pike living in Eber Lake
declined due to water pollution, major water scarcity during drought
period and the prevalence of Carassius auratus species.

Methods

A review of the literature found no previous study conducted on
fatty acid composition of Pike living in Eber Lake. The samples
analyzed were obtained in November, February, April, June and
August. The researchers ensured that the fish (n = 10 at each
determination) used in the study were of the same size and age.
The netted fish were brought into the laboratory in a cold
environment and were frozen at a temperature of -25°C after
filleting. Before analyzing, the samples were dissolved at room
temperature and homogenized in a mixture (2/1 v/v) of
chloroform/methanol.

Fatty acid analysis

Samples of fillets were extracted by the method used by Folch et al.
(1957) transesterified with BFz-methanol (AOAC, 1992). Fatty acid
methyl esters (FAMEs) were analyzed using a Agilent 6890N model
gas chromatograph (GC), equipped with a flame ionization detector
(FID) and fitted with a DB-23 capillary column (60 m, 0.25 mm i.d.
and 0.25 mm). Injector and detector temperatures were 250 and
260°C, respectively. Column temperature program was 180°C for
30 min, then increasing at 20°C/min up to 230°C, where it was
maintained for 5 min. Carrier gas was helium (2 ml/min) and split
ratio was 40:1. Fatty acids were determined by comparing sample
peaks according to retention times of the peaks obtained from
Supelco (37 mix) standards. GC analyses of each sample were
carried out twice.

Statistical analysis

The results are given as means +SD. The data were analyzed using
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analysis of variance (ANOVA) at p<0.05 significance level, using
SPSS 15.0.

RESULTS

Total fatty acid composition of the muscular tissue of pike
(Esox lucius) is shown in Table 1. In total, 29 different
fatty acids were identified in the muscular tissue of pike.
The most predominant acids found in all months were
C22:6 w3 (DHA), C16:0, C18:1, C20:5 w3 (EPA), C20:4
w6 (AA), C16:1, C18:0, and C18:2 w6. When analyzing
the results, it can be seen that the highest total SFA ratio
was for palmitic acid. The highest MUFA ratio was found
for oleic acid, with values of 9.053, 11.301, 10.092, 8.623
and 9.856% in November, February, April, June and
August, respectively.

PUFAs constitute a great amount of lipids in muscular
tissue of pike. By months, while total PUFA ratio varies
between 36.62 — 49.65%, DHA (C22:6 w3), LA (Linoleic
acid) (C18:2 w6), AA (Arachidonic acid) (C20:4 w6) and
EPA (C20:5 w3) were found in high ratios. Our study
reveals that the highest ratio of total fatty acids in the
muscular lipids of pike pertains to DHA (24.294%). DHA
ratio in pike varied as 22.760% (November), 16.039%
(February), 24.294% (June) and 23.050% (August) by
months. It decreased at the lowest level in February, the
time of reproduction, however it increased in spring.

In the study carried out, EPA and DHA ratios were
determined as 5.053 - 8.736% and 16.039 - 24.294%
throughout the year, respectively. When the foregoing
values are analyzed, it is understood that Pike w3 is an
important source of EPA and DHA.

The w3/w6 ratio in PUFA is a significant criterion for
fish fats, as a high ration is suggested to have positive
benefits for human health. In the present study, w3/w6

ratio varied as follows: 3.650 (November), 0.965
(February), 2.730 (April), 2.761 (June) and 3.483
(August).

DISCUSSION

In the present study, major SFA is palmitic acid and other
predominant SFA is stearic acid. Palmitic acid has a
significant role in the metabolism of fish and is affected
by the foods taken (Ackman et al., 1975). Similar results
were reported for Pike (Kucska et al., 2006; Jankowska
et al.,, 2008; Kandemir, 2010) and other freshwater fish
(Guler et al.,, 2007; Bulut, 2010; Bulut et al.,, 2010;
Jankowska et al., 2010; Karacali et al., 2010).

Previous studies also reported oleic acid as the highest
MUFA content in Pike (Kucska et al., 2006; Jankowska et
al., 2008; Kandemir, 2010) and other freshwater fish
(Guler et al., 2006; Bulut et al.,, 2011). High levels of
oleic, palmitoleic and arachidonic acids are found in
freshwater fish (Andrade et al., 1995; Osman et al.,
2001).
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Table 1. Variations in fatty acids of pike (Esox lucius) in Eber Lake (%) .

Fatty acids November February April June August
C12:0 0.06 +0.01*" 0.04 +0.03° 0.12+0.112 0.03 +0.012 0.06 £ 0.01°
C13:0 0.04 £0.01° 0.02 £0.02° 0.34 +0.48° 0.02 +0.012 0.03 £0.01°
C14:0 0.84 +0.22° 0.68 +0.22° 1.19+0.43° 0.76 +0.20 2 0.81 +0.17°
C15:0 1.88£0.172 2.16 +1.87° 1.20 +£0.53° 1.99 +0.27° 1.76 £0.62°
C16:0 16.61 +1.522 17.97+1.80%* 1743 +155® 1478 +0.69° 18.13+1.21°
C17:0 0.59 +0.09° 0.75+0.20° 0.59 +0.112 0.58 +0.07 2 0.61 £0.09°
C18:0 4.62 +0.342 5.27 +0.78° 5.09+1.01° 3.74+1.182 4.42 + 0572
C20:0 0.27 +0.05° 0.11 +0.03° 0.38 +0.162 0.55+0.16° 0.32 +£0.05°
C21:0 0.70 £0.20° 0.22 +0.28° 0.83 +0.632 0.73+0.158° 0.70 +0.15°
C22:0 0.73+0.19° 0.27 +0.40° 0.08 +0.02° 1.97 +4.08° 1.99 +0.40°
C23:0 0.34 +0.17° 2.67+1.11° 0.54 +0.142 0.47 +0.092 0.73 £0.73°
C24:0 1.18+0.37° 3.43+0.90° 1.12+0.212 1.64 +0.43° 2.89 +5.67°
>SFA 27.87 33.58 29.06 27.28 32.46
C14:1 w5 0.31+0.05° 0.56 +0.14° 0.46 +0.092 0.33+0.042 0.36 +0.07°
C15:1 wé 0.29 +0.03° 0.62+0.13° 1.95+5.86° 0.28 +0.062 0.31+0.06°
C16:1 w7 7.99 +0.47° 7.63 +1.88° 6.42 +1.852 5.38 +1.29° 5.38 +1.22°
C171 w8 1.11+0.27° 0.81 £0.26° 0.79 +0.342 0.90 +0.202 0.72 +0.37°
C18:1w9 9.05+0.87°2 11.30 + 1.742 10.09 + 1.42° 8.62 +0.69 2 9.86 +1.32°2
C181w7 0.19 £0.03° 0.32 +£0.06° 0.12+0.122 0.17 +£0.082 0.60+1.31°
C20:1 w9 0.76 +0.16° 0.83 +0.332 0.15 +0.04° 0.19 +0.06° 0.21 +0.05°
C24:1 w9 5.22 +0.452 3.57 +0.59° 3.98 +0.94° 4.03+0.31° 3.17 +0.38°
SMUFA 24.93 25.65 22.05 19.90 20.60
C18:3 w3 2.82+0.71°2 0.97 £0.67° 2.69£0.76° 3.15+0.37° 3.59+0.56°
C20:3 w3 0.38 £0.05° 0.93 +0.08° 0.55 +0.06 2 0.68 +0.092 0.54 +0.09°
C20:5 w3 8.74 +0.97 2 5.05+1.18° 7.82 +0.432 8.33 +1.382 7.06 +0.66°
C22:6 w3 22.76 +1.23°2 16.04+1.51°  21.44+1.62° 2429 +1.34%  23.05+1.32°
Sw3 34.70 17.99 32.49 36.45 34.24
C18:2 w6 3.01 +0.532 252 +0.632 3.71+0.79° 415+0.73° 3.85+057°
C18:3 wb 0.17 £0.05° 0.41 +0.56° 1.03+1.59° 0.13 +0.062 0.11 £0.02°
C20:2 wé 0.33+0.08° 0.96 +0.29° 0.48 +0.28°2 0.44 +0.082 1.04 +1.68°
C20:4 w6 5.43+0.752 9.78+1.79° 6.93 +0.99° 7.84+1.37° 434 +2.652
C22:4 wé 0.74 +0.19° 0.37+0.10° 0.78 +0.162 0.77 +0.122 0.59 +0.34°
w6 9.50 18.63 11.90 13.20 9.83
>PUFA 44,20 36.63 44.39 49.66 44.06
©-3/02-6 3.65 0.97 2.73 2.76 3.48
SFA/MUFA 1.12 1.31 1.32 1.37 1.58
SFA/PUFA 0.63 0.92 0.65 0.55 0.74
MUFA/PUFA 0.56 0.70 0.50 0.40 0.47

" Average of two lots analysed. ~ Values reported are means + S.D. ~ ®* Values for each sample with different superscript letters

in the same fraction are significantly different at P < 0.05.

In the study conducted by Jankowska et al. (2008),
DHA was found as wild Pike (27.96%) and cultured Pike
(18.93%). In the study conducted by Kucska et al.
(2006), DHA ratios in Pikes fed with 2 different diets were
determined as 24.21 and 25.04% Kandemir (2010) found
DHA ratio in the different tissues of Pike as 21.25-
24.69%. PUFAs of fish (especially DHA) have an
important place in the structure and functions of cell.
They also play particular roles in nerve cell membranes

(Sargent, 1996). Thus, high DHA ratio is a preferred
feature for human nutrition and health maintenance.
PUFA ratio in the muscular tissue of Pike is high in the
periods when nutrition is favorable but decreases at the
lowest level in reproduction periods. Also low water
amount and high water temperature in the lake lead to
decrease in PUFA ratio. These results support that Pike
prefers to accumulate PUFA rather than SFA and MUFA
in the period of nutrition; however, PUFA ratio decreases



in reproduction period and right after that (Agren et al.,,
1987; Cejas et al., 2003).

While PUFA ratio obtained in this study was found
higher than the results of Kucska et al. (2006), it was
determined lower than the results of Jankowska et al.
(2008), the wild Pike, similar to cultured Pike. When
freshwater fish are compared to marine fish, it is known
that C 16 and C 18 are higher; however, C 20 and C 22
are relatively lower (Ackman, 1967). In addition, EPA and
DHA are found in high amounts in freshwater fish (Wang
et al., 1990). It can be considered that high DHA ratio
fatty acids taken through nutrition may be because of the
ability of pike’s intermediary metabolism which they can
easily convert other fatty acids to the DHA.

In a study conducted by Jankowska et al. (2003), high
DHA concentrations were detected in zander (Sander
lucioperca). A high ratio of DHA, a fish-based fatty acid,
in zander meat content indicates a transformation of
PUFAs (18:3) into more unsaturated and long-chain
PUFAs (like DHA) independent from nutritional DHA
content.

Fish lipid composition is parallel to the lipid content of
fish food sources (McKenzie et al., 2000). Carnivorous
fish such as pike are rich in long-chain PUFAs. As it is
well known, these organisms have long chained PUFA
due to their nutrition habits. In the present study, PUFA
levels of Pike in Eber Lake were determined as 36.625-
49.658% and o-linolenic acid levels as 0.969-3.589%.
These results are similar to those reported by Kucska et
al. (2006). It was found with higher ratios than in the
study conducted by Guler et al. (2007)

Conclusion

During the reproductive period, significant decreases
were observed in PUFAs, especially in w3 fatty acids.
When EPA, DHA and w3 PUFAs are analyzed, it is seen
that it would be more beneficial for humans to consume
pike during periods outside of the reproduction period.
When considering fatty acid composition and w3 fatty
acid ratios of pike living in Eber Lake, it is concluded that
they are important sanative food sources for human
health.
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