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Abstract

Seasonal variations of proximate and fatty acid compositions of the muscle tissue of sand smelt (Atherina boyeri)
harvested in Cekerek (Sureyyabey) Dam were investigated. Seasonal nutritional composition of sand smelt muscle in
October, March and July were found as 17.00%; 16.72%; 15.64% for protein, 1.95%; 2.00%; 2.86% for lipid, 79.25%);
79.17%; 78.06% for moisture and 1.80%; 2.10%; 2.49% ash, respectively. Sand smelt showed the lowest protein values in
summer, while the highest protein values were observed in autumn and spring. The highest lipid content of sand smelt was
found in summer (P < 0.05). The moisture content of sand smelt in summer was significantly (p<0.05) lower than those of the
content in autumn and spring. The lowest ash content was observed in autumn (1.80%) whereas sand smelt gave the highest
ash level was in summer. During the seasons, the proximate and FA composition values of sand smelt showed variations
(p<0.05). Seasonal fatty acid compositions of sand smelt ranged from 24.63 to 25.69% for saturated fatty acid (SFA), from
20.75 to 26.43% for monounsaturated (MUFA), and from 28.29% to 36.11% polyunsaturated fatty acid (PUFA). Palmitic
acid (16:0), stearic acid (18:0), palmitoleic acid (16:1®7), oleic acid (18:119), linoleic acid (LA, 18:2w6), arachidonic acid
(ARA, 20:4w6), linolenic acid (18:3w3), eicosapentaenoic acid (EPA, 20:503) and docosahexaenoic acid (DHA, 22:603)
were major fatty acids of sand smelt in different seasons. The highest proportion of EPA (5.59-7.22%) and DHA (12.33-
19.77%) were observed in spring. The results showed that sand smelt is good source of n-3 PUFAs and is rich in EPA+DHA
for human nutrition.

Keywords: Cekerek (Sureyyabey) Dam, DHA/EPA, nutritional composition, Sand smelt, seasonal variation in fatty acids.

Cekerek Baraji'ndan (Yozgat, Turkey) Avlanan Giimiis Bahgmn (Atherina boyeri) Yag Asidi ve Besin
Kompozisyonundaki Mevsimsel Degisimleri

Ozet

Cekerek (Siireyyabey) Baraji'nda avlanan giimiis baliginin (Atherina boyeri) besinsel ve yag asidi kompozisyonunun
mevsimsel degisimleri arastirilmigtir. Giimiis baliginin mevsimsel besin kompozisyonu Ekim, Mart ve Temmuz aylarinda
strastyla protein igin %17,00; %16,72; %15,64, lipid i¢in %1,95; %2,00; %2,86, nem icin %79,25; %79,17; %78,06 ve kiil
icin %1,80; %2,10; %2,49 olarak bulunmustur. Giimiis baliginda en yiiksek protein degerleri sonbahar ve ilkbaharda
gozlenirken, en diisiik protein degeri yazin gozlenmistir. Giimiis baliginin en yiiksek yag orani yaz mevsiminde gézlenmistir
(p<0,05). Giimiis baliginin yaz mevsimindeki nem igerigi sonbahar ve ilkbahar mevsimindeki nem igeriginden 6nemli
(p<0,05) o6lgiide diisiiktii. En diigiik kiil oram sonbaharda goriiliirken, giimiis baliginin en yiiksek kiil oran1 yaz mevsiminde
gorlilmiistir. Giimis baliginin besin ve yag asidi kompozisyonu mevsimler boyunca degiskenlik gostermistir (p<0,05).
Giimiis baliginin mevsimsel yag asidi bilesimleri doymus yag asidi (SFA) i¢in %24,63 ile %25,69, tekli doymamis yag asidi
(MUFA) i¢in %20,75 ile %26,43 ve ¢oklu doymamig yag asitleri i¢in (PUFA) %28,29 ile %36,11 arasinda degisim
gostermistir.  Palmitik asit (16: 0), stearik asit (18: 0), palmitoleik asit (16: 107), oleik asit (18: 1@9), linoleik asit (LA, 18:
2m6), arasidonik asit (ARA, 20: 406), linolenik asit (18:3w3), eikosapentaenoik asit (EPA, 20: 503) ve dokosaheksaenoik
asit (DHA, 22: 6w3) giimiis baliginin farkli mevsimlerdeki baslica yag asitleriydi. En yiiksek EPA (%5,59-7,22) ve DHA
(%12,33-19,77) oram ilkbaharda goriilmiistiir. Sonuglar, giimiis baliginm iyi bir n-3 PUFA kaynai ve insan beslenmesi i¢in
EPA + DHA agisindan zengin oldugunu gostermistir.

Anahtar Kelimeler: Cekerek (Siireyyabey) Baraji, DHA / EPA, besin kompozisyonu, Gilimiis baligi, yag asitlerinde
mevsimsel degigimler.
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INTRODUCTION

Fish and fish products are completely nutritious owing to their low fat, rich in high-quality proteins
and contain high component of precious ®3 polyunsaturated fatty acids (PUFAs), long muscle fibers,
liposoluble vitamins, essential minerals, and all essential amino acids that make up beneficial food
sources (Ali et al., 2019; Fallah et al., 2013; Lauriano et al., 2018; Mahadevan et al., 2019). Recently,
there has been an increasing interest in the fatty acid composition of fish and fish products due to their
nutritional and numerous health benefits.

The ®3 PUFAs contain a-linolenic acid (ALA), docosahexaenoic acid (DHA), eicosapentaenoic
acid (EPA) whereas the main @6 PUFAs include linoleic acid (LA) and arachidonic acid (ARA),
which have an important role in human health (Abedi and Sahari 2014; Robert et al. 2014). ®3 fatty
acids are valuable especially EPA and DHA for humans, preventing coronary artery disease,
inflammatory and autoimmune disorders, and arrhythmias (Connor 2000; Kinsella 1987; Alexander
Leaf et al. 2003; Ozogul et al. 2009; Schmidt et al. 2005; Simopoulos 1991) as well as other diseases
such as hypertension, atherosclerosis, arthritis, asthma, psoriasis, and cancer (Fallah et al. 2013; Gogus
and Smith 2010). In addition, ®3 PUFAs seem to play the main role in the improvement and function
of the nervous system (brain), photoreception (vision), and reproductive system (Alasalvar et al. 2002;
Prato and Biandolino 2012; Sidhu 2003).

The ®3 and o6 polyunsaturated fatty acids are considered essential since they cannot be
synthesized in the human body, thus they must be provided by food. Hence, every kind of fish should
be consumed two or three times a week, advised by the Nutrition Committee of the American Heart
Association (Kris-Etherton et al. 2002; Ozogul et al. 2009). However, previous studies imply that
nutrient contents of most fish species are more irregular in their fatty acid (FA) profiles due to
environmental factors, such as feeds, temperature, salinity, and FA composition of their nutrition
(Bandarra et al. 2001; Inhamuns and Franco, 2008; James Henderson and Tocher, 1987; Massresha et
al. 2017; Ozogul et al. 2011).

Atherina boyeri (sand smelt) is a small, short-lived, euryhaline fish generally living in freshwater
hypersaline and forming large local populations. It is spread from the south of Spain to Morocco and
Madeira in the Mediterranean, Black Sea, and Atlantic, and in isolated populations on the coasts of
England and the Netherlands (Chrisafi et al., 2007; Quignard & Pras, 1986). It is also found the
Caspian Sea (Ekmekgi et al., 2013). The species is very well adapted to the ecosystem it enters, grows
quickly, and produces large populations due to the wide range of food and habitat preferences
(Ekmekei et al., 2013). Recently, sand smelt has entered into many natural and artificial lakes in
different parts of Turkey (Becer and Bilgin, 2018). The first records of A. boyeri in Cekerek
(Siireyyabey) Dam, one of the largest dams in Turkey was given by Benzer (2018).

Sand smelt (Atherina boyeri) has become an important and economic species that both exports
and contributes to the region's and Turkey's economy (Becer and Bilgin, 2018; Cevik et al., 2018).
Sand smelt can be processed in different methods including drying (Abou-Zied et al., 2020), fish
finger (lzci et al., 2011a), fish chips (lzci et al., 2011b), fried big-scale sand smelt (Atherina boyeri)
(Dal Bosco et al., 2019). In Turkey, its catch has been reported as 4744 tons in 2019 according to the
Turkish Statistical Institute. For this reason, sand smelt (Atherina boyeri) is among the commercially
important fish species found in Cekerek (Sureyyabey) Dam (in Yozgat, Turkey). To our knowledge,
no previous study exists on the effects of seasonal variations on the proximate and fatty acid
composition of this important species in Cekerek (Sureyyabey) Dam. Therefore, the objective of this
study was to determine the seasonal variations in proximate and fatty acid profiles muscle tissue of
sand smelt (Atherina boyeri) caught in the Cekerek (Sureyyabey) Dam.

MATERIAL and METHODS
Fish samples

Sand smelt (Atherina boyeri) used in the present study were obtained from the local fisherman of
Cekerek (Sureyyabey) Dam just after catching, between October 2018 and July 2019. A minimum of
thirty fish from each species was collected in October, January, March, and July for each season
except during the reproduction season which is in the period between April and June. After catching,
fish species were immediately iced in a styrofoam box with ice and transported to the Seafood
Processing Technology Laboratory of the Fisheries Faculty at Cukurova University. The duration of
time between harvesting and arrival of the fish at the laboratory was 5-6 hours, where they were
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always kept on ice during transportation. After that, whole fish were labeled and frozen at -24°C and
kept under frozen conditions (-24 °C) until analyzed. Proximate and fatty acid composition analyses
were done within 2 months after sampling. At the beginning of each analysis, the frozen fish was
thawed in a refrigerator (2-4°C) overnight. After thawing, the length and weight measurements of the
fish were taken. The mean length and weight values were 7.71+0.76 cm and 4.24+1.31g in October;
8.49+0.57cm and 6.34£1.52 g in March; 6.98+0.45cm and 3.11+0.56 g in July for sand smelt. Then,
the fish was immediately gutted, filleted, and minced for chemical composition analyses. Triplicate
analyses were made.
Proximate analysis

The contents of ash and moisture were determined according to the method in AOAC (1984).
Protein content was carried out by Kjeldahl’s method (AOAC 981.10, 1998). Lipid content was
determined by the method of Bligh and Dyer (1959).
FAME analyses

Methyl esters were prepared by transmethylation using 2M KOH in methanol and n-heptane
according to the method as described by Ichihara et al. (1996) with minor modification. Extracted
lipids (10 mg) were dissolved in 2 ml heptanes followed by 4 ml of 2 M methanolic KOH. The tube
was then vortexed for 2 min at room temperature. After centrifugation at 4000 rpm for 10 min, the
heptanes layer was taken for GC analyses.
Gas chromatographic condition

The fatty acid composition was analyzed by GC Clarus 500 with an autosampler (Perkin Elmer,
USA) equipped with a flame ionization detector and a fused silica capillary SGE column (30 m x 0.32
mm, ID x 0.25 Im, BP20 0.25 UM, USA). The oven temperature was 140 °C, held 5 min, raised to 200
°C at a rate of 4 °C /min and to 220°C at a rate of 1 °C /min, while the injector and the detector
temperature were set at 220 °C and 280°C, respectively. The sample size was 1 puL and the carrier gas
was controlled at 16 psi. The split used was1:100. Fatty acids were identified by comparing the
retention times of FAME with a standard 37 component FAME mixture (Supelco). Three replicates of
GC analyses were carried out and the results were expressed in GC area % as mean value + standard
deviation (SD).
Statistical Analysis

Analysis per sample was carried out in triplicate and the results are shown as the average and
standard deviation. All data obtained separately for each sampling period were subjected to analysis of
variance (one-way ANOVA) and the Duncan’s Multiple Range Test was applied to determine
significant differences at a p-value of <0.05 using the SPSS version 22 software (SPSS, Chicago,
Ilinois).

RESULT and DISCUSSION
Proximate composition

The seasonal variations in proximate composition values of muscle tissues of sand smelt are
presented in Table 1. Protein contents of sand smelt samples in all seasons ranged from 15.64% to
17.00% and statistical differences were found in summer (p < 0.05). Sand smelt showed the lowest
protein in summer, while the highest protein values were observed in autumn and spring. The average
length and weight of sand smelt were also higher in spring and autumn than in summer (Table 1). Izci
et al. (2011) and Smida et al. (2014) reported similar protein contents for sand smelt, while Dal Bosco
et al. (2019) reported slightly higher protein content (18.40%) for sand smelt from Tunisian Coast.
The differences in protein contents may be attributed to fish size, genetic factors, gender, and seasonal
variations. Many previous studies (Kose et al. 2010; Effiong and Mohammed, 2008)) have also shown
that the protein composition of fish can change depending on the fish species, size, gender, and season.

The highest lipid content of sand smelt was observed in summer as 2.86%, with significant
variation amongst seasons (p<0.05) (Table 1). The lipid contents of sand smelt in the current study
were similar to the results of previous studies (Dal Bosco et al. 2019; Prato and Biandolino 2012).
Moreover, Bouriga et al. (2014) also found that the fat content of the sand smelt (Atherina lagunae )
populations from Kerkennah Islands and Bizerta Lagoon were maximal at the end of spring —
beginning of summer and minimal at the end of the winter. The increase of lipid content in summer
may also be explained by an increased feeding activity and growth rate of fish because of higher water
temperature (Bouriga et al., 2014). However, Yavuzer (2020) reported a higher lipid level (3.58%) for
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sand smelt from Hirfanli Dam, Turkey in November. This author also found that the size of the sand
smelt was higher (between 11-18 cm) compared to the current study and its weight was similar and
lower (between 1-3 g) than our research data (Table 1). The differences in fat contents may be based
on regional fish diet, gender, size, and age. Moreover, it was found that the lipid content of fish is
influenced by gender, species, season, diet and geographical origin (Ackman, 1989; Ozogul et al.,
2007; Rasoarahona et al., 2005).

The moisture content varied from 78.06% to 79.25% for sand smelt and in summer was
significantly (p<0.05) lower than those of the content in autumn and spring (Table 1). The lowest ash
content was observed in autumn whereas sand smelt gave the highest ash level was in summer ( Table
1). Ash contents of sand smelt samples in all seasons were statistically different (p<0.05). Izci et al.
(2011a) and Bilgin et al. (2011) also found similar moisture and ash contents of sand smelt. However,
Yavuzer, (2020) reported lower moisture content (76.27%) and higher ash content (3.33%) for sand
smelt compared to the current study.

The proximate and fatty acid composition of fish muscle tissue varies from species to species and is
also affected by several factors for singular or many fish of the same species taken at different times or
under different situations (James Henderson and Tocher 1987; Tanakol et al. 1999; Vasconi et al.
2015). These factors contain the fish species, size, age, and reproductive cycle of the fish, season,
salinity, type of breeding and nutrition, spawning time, geographic location, and water temperature
(Linhartova et al. 2018). In summary, it can be said that sand smelt is a good protein source and its
nutritional composition varies according to the seasons and these specific factors.

Table 1. Proximate composition (%), average total length and weight of sand smelt in Cekerek (Siireyyabey)
Dam Lake in different seasons.

Common and Composite Autumn Spring Summer

The species name of fish (October) (March) (July)

Sand smelt. Protein 17.00+0.14% 16.72+0.43% 15.64+0.15°

(Atherina boyeri) Lipid 1.95+0.50° 2.00+0.20° 2.86+0.27°
Moisture 79.25+0.14% 79.17+0.21°  78.06+0.41°
Ash 1.80+0.02° 2.10+0.16" 2.49+0.18°
Average fish total 7.71+0.76 8.49+0.57 6.98+0.45
length (cm)
The average fish total 4.24+1.31 6.34+1.52 3.11£0.56
weight (g)

Data are shown as mean + standard deviation (SD). Different letters (a—c) in the same row for each fish show significant differences
(p<0.05).

Fatty acid composition
General

Fatty acid compositions of the sand smelt captured from Cekerek Dam in different seasons are
given in Table 2. There were significant differences (p < 0.05) in the fatty acid (FA) profiles of the
sand smelt among seasons. Total saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA)
level of sand smelt were the lowest in spring while sand smelt gave the highest level (25.69%) in
autumn for SFA, and autumn (26.43%) and summer (26.30%) for MUFA. Polyunsaturated fatty acids
(PUFA) ranged from 28.29% in autumn to 36.11% in spring. Sand smelt contained a higher amount of
PUFAs than MUFAs and SFA throughout different seasons (p < 0.05). Seasonal differences in PUFA,
MUFA, and SFA contents might be due to the differences in fish species, size and gender, ecological
factors, feeding behavior, and food items availability.

Saturated Fatty Acids (SFA)

The main SFA were palmitic acid (C16:0, 15.76-16.19%), stearic acid (C18:0, 4.54-5.17%),
followed by myristic acid (C14:0, 2.09-3.32%) in three seasons. The dominant SFA in sand smelt
were palmitic acid and stearic acid, contributing approximately 63.02-64.60% and 18.24-20.99% to
the total SFA content respectively throughout different seasons (Table 2). It was found that the
contents of stearic acid of sand smelt changed considerably during the seasons (p<0.05) while no
statistical differences were found for palmitic acid. Many authors have reported myristic, palmitic and
stearic acid as major acids among SFAs for the same and other fish (Dal Bosco et al., 2019; Rahman et
al., 1995; Tanakol et al., 1999; Yavuzer, 2020). Although, Dal Bosco et al. (2019) reported similar
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results value for stearic acid, Tanakol et al. (1999) and Yavuzer (2020) found higher results values of
the amounts of palmitic acid and stearic acid in sand smelt from the Marmara Sea (27.1 -7.0%) and
Hirfanli Dam, Turkey (26.85-6.40%), respectively. The fatty acid profile of fish species is not constant
and it changes according to many morphological and ecological factors such as species, season, life
stage, location, diet, and age of the fish, which have effects on the nutrient composition of fish and
even vary broadly within species and among species (Lunn and Theobald 2006; Ozogul et al. 2018).

The total SFA content of sand smelt was the highest in autumn, while the lower level of total SFA
was observed in spring. There were significant differences (p<0.05) among the seasons as regards total
SFAs (Table 2). In general, SFA content was low (<30%), except for certain species (Ackman 1989;
Guler et al. 2008). Similar results were observed in our study during different seasons (21-28.14%).
Moreover, Oksiiz et al. (2019), Luczynska et al. (2014) and Linhartové et al. (2018) were reported
similar results for the same and other freshwater fish species.

Monosaturated Fatty Acid (MUFA)

The highest proportions of MUFA in the examined fish were oleic acid (C18:1n-9, 9.72-13.20%),
palmitoleic acid (C16:1n7, 5.49-8.26%), and cis-vaccenic acid (C18:1n7, 3.43-4.29%). Another minor
MUFA detected was erucic acid (C22:1n9, 0.11-0.62). In terms of seasons, there were statistical
differences in the fatty acid composition of fish species (p < 0.05), (Table 2).

Oleic acid was the main fatty acid among the MUFAs in the lipids of fish accounting for 46.84-
50.19% of the total MUFAs, during different seasons in the present study. Dal Bosco et al. (2019)
reported for sand smelt from Trasimeno Lake, slightly higher values of oleic (14.06%) than those
found in this study. Tanakol et al. (1999) observed for sand smelt caught in the Marmara Sea had a
considerably lower value of this acid (4.6%) compared to the results of this study for sand smelt (9.72-
13.20%). Bilgin et al. (2011) reported a little lower oleic acid (8.52%) for sand smelt from Egirdir
Lake in Turkey.

Palmitoleic acid was the second main MUFA in the lipids of five fish species studied, constituting
about 26.45-31.40% of the total MUFAs for all seasons. The highest palmitoleic acid was found in
summer at 8.26%. The results showed that sand smelt is a good source of palmitoleic acid. Prato and
Biandolino (2012) and Yavuzer (2020) found similar variable palmitoleic contents in sand smelt.
However, Tanakol et al. (1999) found very lower (2.9%) and Dal Bosco et al. (2019) observed much
higher values (10.72%) of palmitoleic oleic acid for sand smelt than those found in this study (Table
2). The differences of oleic and palmitoleic acid contents in the same fish species could be due to the
geographical location, size, muscle zone analyzed, sexual maturation, and catching season (Prato and
Biandolino 2012).

The total MUFA content of sand smelt was the highest in autumn and summer while the lower
level of total MUFA was observed in spring (p < 0.05) (Table 2). The main reason for the high MUFA
content in autumn and summer could be since the fish has higher palmitoleic (C16:1w7) and oleic
(C18:1m9) acid content in these seasons. Early studies have also shown that the level of unsaturation
of total lipids in fish is conversely connected with the ecological temperatures (Vasconi et al. 2015).
Moreover, sand smelt exhibited a lower content of MUFA (20.75-26.43%) than the total PUFASs
content (28.29-36.11%) (p<0.05) during all seasons, in the present study (Table 2). Also, Dal Bosco et
al. (2019) and Prato and Biandolino, (2012) reported for sand smelt from Trasimeno Lake and from
Mar Grande Sea had a much lower content of MUFA (31.56% and 17.82% respectively) than contents
of PUFAs.

Polyunsaturated fatty acid (PUFA)

The most represented PUFA in sand smelt were decosahexaenoic acid (DHA, C22:6w3, 12.33-
19.77%), eicosapentaenoic acid (EPA, C20:5w3, 5.59-7.22%), linoleic acid (LA, C18:2w6, 2.85-
3.05%), linolenic acid (ALA, 18:3w3, 3.19-4.81%) and arachidonic acid (AA, C20:4®6, 0.23-0.29%)
in all seasons. It was reported that the ratio of these FAs changed significantly during the seasons
(p<0.05), (Table 2). The percentages of dominant fatty acids found in our study were similar to the
amounts reported in the literature for this species (Dal Bosco et al., 2019; Prato & Biandolino, 2012;
Tanakol et al., 1999).

The proportions of total PUFA of sand smelt were found to be 28.29% in autumn and 36.11% in
spring and 31.28% in summer (Table 2). Similar results were found by Prato and Biandolino (2012),
Dal Bosco et al. (2019), and Yavuzer (2020). Moreover, a seasonal variation in total levels of SFA,
PUFA, and DHA was reported by Yanes-Roca et al. (2009), suggesting that PUFA is functionally
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important for fish's normal growth, development, and reproduction. The reproduction period of sand
smelt in Cekerek Dam is in the period between April and June. In our study, the proportions of total
PUFA was decreased slightly from March (36.11%) to July (31.28%) that represent before the
beginning and the end of the reproduction period for sand smelt, respectively. PUFA can also be used
for more reproductive purposes for this species, which is confirmed by studies by Yanes-Roca et al.
(2009) and Kose et al. (2010) on the functionality of PUFA in fish.

It was very conspicuous that the higher PUFA values of sand smelt were mostly derived from the
high DHA and EPA amounts in the present study. The PUFA consisted primarily of 3 and ® 6 PUFA
and the main contributor to ®3 PUFAs was DHA (C22:6w3), followed by EPA (C20:5w3) in all
examined fish. The highest amounts of EPA and DHA were obtained from sand smelt (7.22%-
19.77%) in spring while sand smelt gave the lowest proportions of EPA and DHA (5.59%-12.33%) in
autumn (p<0.05) (Table 2). Vasconi et al. (2015) observed a similar amount of EPA (8.61%) and
DHA (18.13%) in sand smelt from Subalpine Lakes in Italy. Moreover, the highest total EPA and
DHA values were found for sand smelt in spring (26.99%) and followed by summer (23.86%)
(p<0.05) whereas the lowest total EPA and DHA (17.92%) value was obtained from sand smelt in
autumn. A close association between feeding activity and fatty acid composition of the muscle lipids
was found by Vasconi et al. (2015). Sand smelt is a species of carnivorous or opportunistic predator; it
feeds on zooplankton and benthic organisms (Bartulovi¢ et al. 2004; Benzer 2018). Moreover, many
studies have shown that zooplankton abundance is the highest in spring and lowest in winter (Bulut,
2018; Bulut & Saler, 2014). In general, zooplankton provides highly unsaturated fatty acids (HUFA)
that are physiologically essential, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) (Keva et al., 2019; Makhutova et al., 2016). This could be clarified by the fact that these fish
species consumed larger amounts of freshwater phytoplankton and zooplankton, which were abundant
in ®3 PUFA, in spring than in other seasons.

Generally low levels (e.g. 3.19- 4.81%) of other w3 fatty acids were found, one of which was
linolenic acid (18:3w3), which showed significant differences (p<0.05) among the seasons. The
highest linolenic acid was found in autumn at 4.81% while sand smelt gave the lowest amount of
linolenic acid was found in summer at 3.19% (Table 2). Dal Bosco et al. (2019) observed slightly
higher values (5.45%) of linolenic acid for sand smelt in autumn whereas Yavuzer (2020) observed
very lower linolenic acid (0.43%) content than those found in this study. Polat and Beklevik (1999)
reported that many fish species the can convert linolenic acid to other long-chain w-3 series fatty acids
such as EPA and DHA. The results showed that sand smelt is also a good source of PUFAS.

EPA and DHA, found only in fish and seafood, possess excessively beneficial effects to prevent
coronary artery disease in humans (Guler et al. 2008; Leaf, A and Weber 1988). Although PUFAs
(especially, EPA and DHA) are effectively synthesized only by aquatic organisms, human
consumption of marine and freshwater products can provide these essential components (Ozogul et al.
2007). These results indicated that the investigated all fish samples are a great source of EPA and
DHA, especially in spring.

The most abundant w6 PUFA was linoleic acid (C18:2w6), followed by arachidonic acid (ARA,;
C20:4w6). Sand smelt gave the highest linoleic acid (3.05%) content in autumn, while the highest
arachidonic acid (0.29%) was in spring for sand smelt (Table 2). Yavuzer (2020) and Prato and
Biandolino (2012) observed higher arachidonic acid and lower linoleic acid contents for the same
species. Hoewever, Dal Bosco et al. (2019) found that higher arachidonic (5.14%) and linoleic acid
(8.18%) content than our study results. These variations might be originated from the fatty acid
composition of freshwater microalgae (Ahlgren et al., 1990, 1992), zooplankton feed (Caramujo et al.
2008; Desvilettes et al. 1997), and freshwater insects (Ghioni et al. 1996) that provide to the
population of the lake ecosystems (Vasconi et al. 2015). Arachidonic acid like EPA and DHA is
involved in maintaining cell membrane structure and function and also contributes to reproductive
systems in fish (Cejas et al. 2004).

The amounts of ®3 PUFAs in sand smelt (ranging from 22.73% to 31.29%) were higher than those
of w6 PUFAs (ranging from 3.98 to 4.95%) in all seasons (p<0.05) (Table 2). These results are in an
agreement with previous studies related to fatty acid profiles of freshwater fish species (Branciari et
al., 2020; Dal Bosco et al., 2019; Yavuzer, 2020). Fish are the main nutritional source of essential
unsaturated fatty acids, particularly EPA and DHA. However, they are not able to synthesize long-
chain @3 PUFAs. Fish nourish on microorganisms (for instance algae) or on smaller fish that consume
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PUFA synthesizing micro-organisms, thence acquiring long-chain ®3 PUFAs (Lunn & Theobald,
2006; Prato & Biandolino, 2012). Hence, the ratios of these 3 PUFAs in fish muscle are based on
nourishment (Sargent et al., 2002) and their changes can be due to differences in the feeding habits of
the fish (Norrbin et al. 1990; Prato and Biandolino 2012).

A maximum dietary ratio of w6/@3 has been recommended as 4.0 (HMSO 1994). Levels higher
than the maximum level are dangerous to human health and cause cardiovascular diseases (Dridi et al.
2017; Kose et al. 2010). In the present study, the 6/w3 ratios in sand smelt were in the range of 0.15—
0.22 and the w6/w3 ratio in this fish species during seasons did not surpass the suggested maximum
level. Sand smelt showed the lowest m6/®3 (0.15) ratio during spring and summer whereas the highest
level of w6/®w3 (0.22) was in autumn (Table 2). The highest PUFA/SFA ratio (1.47) was obtained from
sand smelt in spring although the lowest PUFA/SFA ratio was in autumn for sand smelt (Table 2). The
PUFA/SFA proportion is 0.45 which is advised a minimum level of PUFA/SFA proportion (Piretti et
al., 1988). Tanakol et al. (1999) reported higher than 1 for sand smelt, from the Black Sea, a
PUFAJSFA. In the present study, this proportion did not surpass the suggested minimum ratio for sand
smelt during seasons.
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Table 2. Seasonal variation on total (%) fatty acid compositions in muscle lipids of the sand smelt from Cekerek
(Siireyyabey) Dam.

Fatty acids Sand smelt (Atherina boyeri)

(%) Autumn Spring Summer
C12:0 0.08+0.00° 0.03+0.01° 0.10+0.01°
C14:0 2.4540.09° 2.09+0.19° 3.32+0.11°
C15:0 0.57+0.02° 0.45+0.02° 0.48+0.03°
C16:0 16.19+0.31° 15.91+0.57° 15.76+0.452
C17:0 0.84+0.03? 0.5240.01° 0.43+0.02°
C18:0 5.03+0.09° 5.17+0.09? 4.54%0.40°
C20:0 0.18+0.01° 0.13+0.02° 0.05+0.01°
C22:0 0.11£0.03? 0.08+0.03? -

C24:0 0.23+0.13? 0.24+0.02° 0.21+0.032
YSFA 25.69+0.39° 24.63+0.25° 24.89+0.73%°
C14:1 0.64+0.05° 0.47+0.06° 0.62+0.06
C15:1 0.27+0.02° 0.18+0.02° 0.20+0.01°
C16:1 7.3240.37° 5.49+0.54° 8.26+0.23%
C17:1 0.19+0.01° 0.19+0.01° 0.21+0.01°
C18:109 12.60+0.622 9.72+0.67° 13.20+0.17°
Cl8:1n7 4.29+0.10° 3.75+0.11° 3.43+0.13°
C20:109 0.48+0.02° 0.3840.02° 0.2240.01¢
C22:109 0.62+0.02° 0.5740.01° 0.1140.01¢
C24:109 0.03+0.00° - 0.07+0.02°
TMUFA 26.43+0.98° 20.75+1.30° 26.30+0.07°
C18:206 3.05+0.03° 2.8840.10° 2.85+0.05°
C18:306 0.59+0.03% 0.33+0.03" 0.15+0.02°
C18:303 4.81+0.40° 4.314+0.28° 3.19+0.20°
C20:2 cis 0.40+0.01° 0.16+0.01° 0.25+0.01°
C20:306 1.07+0.03? 1.07+0.022 0.98+0.03°
C20:406 0.23+0.01° 0.29+0.01° -

C20:503 5.59+0.11° 7.22+0.21° 6.01+0.30°
C22:2 cis 0.21+0.02° 0.10+0.01° -

C22:603 12.33+0.51¢ 19.77+1.36% 17.85+0.57°
YPUFA 28.29+0.20° 36.11+1.18° 31.28+0.27°
PUFA/SFA 1.10+0.01° 1.47+0.032 1.26+0.05°
Ym3 22.7340.24° 31.29+1.322 27.05+0.24°
Ymb 4.95+0.06° 4.56+0.15° 3.98+0.08°
06/m3 0.22+0.00° 0.15+0.01° 0.15+0.00°
DHA 12.33+0.51° 19.77+1.36% 17.85+0.57°
EPA 5.59+0.11° 72240212 6.0120.30°
DHA/EPA 2.20+0.05" 2.74+0.11° 2.98+0.24°

Data are shown as mean =+ standard deviation (SD). SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated
fatty acid; DHA: docosahexaenoic acid; EPA:eicoesapentaenoic acid; Xn-6 PUFA: total n-6 polyunsaturated fatty acid; £n-3 PUFA: total n-3
polyunsaturated fatty acid. Different letters (a-c) in the same row for each fish indicate significant differences in Table 2 (p<0.05).

CONCLUSION

This study represented seasonal variability in proximate and FA composition of muscle tissue from
economically important sand smelt caught in Cekerek Sureyyabey Dam. To the authors’ knowledge, it
is the first time that an evaluation of the proximate and fatty acid composition of sand smelt from
Cekerek Sureyyabey Dam has been carried out. According to our results, the proximate and FA
composition values of sand smelt showed differences during seasons. These variations in fatty acids
are due to environmental, other ecological, and morphological influences and also depend on their
natural nutrition and feeding habits. Sand smelt gave higher lipid contents in summer. Moreover, the
total EPA and DHA (%) value of the fish species was the highest in spring. In addition, sand smelt, the
carnivorous fish, gave the higher PUFA value than the content of SFA and MUFA during all seasons
and also had the highest total EPA+DHA value (26.99%) and total 3 value in spring (p<0.05). This
study exhibit that these fish species are a good source of nutrients and these species seem to be
appropriate for the human diet, although there were differences in lipid and fatty acid composition
during seasons.
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