
 

© Published by Ege University Faculty of Fisheries, İzmir, Türkiye 

http://www.egejfas.org Su Ürünleri Dergisi (2025) 
Ege Journal of Fisheries and Aquatic Sciences, 42(9), 173-182 (2025) DOI: 10.12714/egejfas.42.2.09 

 RESEARCH ARTICLE ARAŞTIRMA MAKALESİ 

Determination of fatty acids and evaluation of nutritional quality of Barbus 
lacerta from Murat River, Türkiye 
Murat Nehri, Türkiye'den Barbus lacerta'nın yağ asitlerinin belirlenmesi ve 
besin kalitesinin değerlendirilmesi 
Nurgül Şen Özdemir1*    ●   Mustafa Koyun2  
1Department of Veterinary Medicine, Vocational School of Food, Agriculture and Livestock, Bingöl University, 12000, Türkiye 
2Department of Molecular Biology and Genetics, Faculty of Science, Bilecik Şeyh Edebali University, 11000, Türkiye 

Abstract: The ultimate goal, to investigate for differences in seasonally fatty acid composition of liver, muscle and gonad from Barbus lacerta females’ fish, 
bought from fishermen who hunt from the Murat River, but also to reveal the food quality in edible muscle tissue with nutritional quality index fatty acids. Fatty 
acid composition of B. lacerta varied different among the three tissues/organs and the most important difference was seen between muscle and liver. B. lacerta 
had found higher proportions in 14:0, 16:0, EPA and DHA in muscle and liver than the gonads. In contrast, the gonads had higher proportions of ARA because 
of the important role of ARA in the ovulation processes (late winter-early spring). In parallel, there were changes in the food quality indexes (AI, TI, h/H, DFA, 
OFA, ω6/ω3, DHA+EPA, HPI, PUFA/SFA) used based on fatty acids in determining the food quality in edible muscle tissue. The highest change was in AI 
(Atherogenicity index), although there were no significant seasonal differences. The lowest AI values as good quality index was determined in spring (0.42) 
and. winter (0.41). The food quality index that stood out in each season was different. Therefore, it can be suggested that B. lacerta can be consumed as a 
high quality and healthy food, partially except for summer. 
Keywords: Atherogenicity index, arachidonic acid, Barbus lacerta, food quality 

Öz: Murat Nehri'nde avlanan balıkçılardan satın alınan dişi B. lacerta balıklarının karaciğer, kas ve gonadlarındaki mevsimsel yağ asidi bileşimlerindeki 
farklılıkları araştırmak ve ayrıca besin kalitesi indeksi yağ asitleri ile yenilebilir kas dokusundaki besin kalitesinin ortaya konulması amaçlanmıştır. B. lacerta'nın 
yağ asiyi bileşimi üç doku/organ arasında farklılık göstermiştir ve en önemli fark kas ve karaciğer arasında görülmüştür. B. lacerta, kas ve karaciğerlerinde 
gonadlarından daha yüksek oranlarda 14:0, 16:0, EPA ve DHA bulmuştur. Buna karşılık, ARA'nın yumurtlama süreçlerindeki (kış sonu-ilkbahar başı) önemli rolü 
nedeniyle gonadlar daha yüksek ARA oranlarına sahipti. Buna paralel olarak, yenilebilir kas dokusundaki besin kalitesini belirlemede yağ asitlerine dayalı olarak 
kullanılan besin kalitesi indekslerinde (AI, TI, h/H, DFA, OFA, ω6/ωω3, DHA+EPA, HPI, PUFA/SFA) değişiklikler olmuştur. En yüksek değişim AI (Aterojenite 
indeksi) da olmakla birlikte önemli mevsimsel farklılıklar yoktu. Besin kalite indeksi olarak en düşük AI değerleri ilkbaharda (0,42) ve kışın (0,41) belirlendi. Her 
mevsimde öne çıkan gıda kalite indeksi farklıydı. Bu nedenle, B. lacerta'nın yüksek kaliteli ve sağlıklı bir gıda olarak tüketimi kısmen yaz hariç önerilebilir. 
Anahtar kelimeler: Aterojenite indeksi, araşidonik asit, Barbus lacerta, gıda kalitesi 

INTRODUCTION 
Fatty acids as dietary nutrients are important compounds 

as energy-rich biochemical for consumers and can be used as 
tracers of organic matter pathways in aquatic food webs. 
Aquatic ecosystems are the primary source of omega-3 fatty 
acids (ω3 FAs), because of supporting both aquatic and 
terrestrial heterotrophs by the trophic transfer of these key 
essential fatty acids (EFAs) via food webs (Gladyshev et al., 
2013). It is known that fish meat is a valuable food in human 
nutrition (Ahmed et al., 2022). A large body of research has 
detailed how the growth and reproduction of many aquatic 
consumers can be restricted by the limitation of EFA, 
suggesting that fatty acids are a promising biochemical metric 
for use as a proxy for ecosystem-scale food quality (Galloway 
and Winder 2015). In nature, fatty acids are found in the form 
of mixtures of saturated fatty acids (SFAs), monounsaturated 
fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs). 
Especially, PUFA are vital dietary elements that play an 
important role in human nutrition. In addition to providing the 

body with an important source of energy such as SFA, PUFA 
obtained from fish play a role in cell membrane structure, blood 
pressure regulation, and coagulation; participate in the proper 
functioning of the immune system and the assimilation of fat-
soluble vitamins; affect the synthesis of pro- and anti-
inflammatory substances; and protect the cardiovascular 
system (Mititelu et al., 2024). 

Therefore, their nutritional and medicinal values should be 
determined. In recent years, classical indices such as SFA, 
MUFA, PUFA, ω6, ω3 and ω6/ω3 have not been taken into 
account much. Instead, indices such as PUFA/SFA, 
atherogenicity index (AI), thrombogenicity index (TI), 
hypocholesterolemic/hypercholesterolemic ratio (h/H), health-
promoting index (HPI) and sum of eicosapentaenoic acid and 
docosahexaenoic acid (EPA + DHA) are taken into account for 
fish species (Chen and Liu, 2020). 

FA composition of different tissues and organs may vary 
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according to their specific physiological roles (Parzanini et al., 
2021). Muscle and liver are the main tissues that mainly consist 
of triacylglycerols (TAG) and storage fats (Pierron et et al., 2009). 
The liver is the main site of lipogenesis (Tocher, 2003) and 
energy conversion (Hansen and Abraham, 1983) in fish. Gonads 
are more resistant to changes in fatty acid composition when 
compared to other tissues, since its composition is genetically 
determined to allow adequate embryo development (Sargent et 
al., 2002). For example, ARA (Arachidonic acid, 20:4ω6) is one 
of the major nutrients to ensure reproductive success in many 
fish species (Tocher, 2010), as is the main precursor for the 2-
series prostaglandins (PG-2), eicosanoids that stimulate steroid 
synthesis in the ovary, trigger oocyte maturation and affect the 
sexual behavior of females (Tocher, 2003). 

Although there are many studies on seasonal changes in 
many different freshwater fish species and some Barbus 
species, no reports have yet been published on the effects of 
seasonal changes on the fatty acid composition and nutritional 
quality with food quality index fatty acids of the freshwater 
female Kura Barbell (Barbus lacerta, Heckel 1843). Barbus 
lacerta is an Asian origin and distributed in the Euphrates-Tigris 
rivers in the Mesopotamian basin. B. lacerta is a member of 
Cyprinidae family from ray-finned fishes. It is an endemic fish 
species for inland waters of Eastern Anatolia, Türkiye (Geldiay 
and Balık, 2007). Based on all these, it was aimed to evaluate 
the fatty acid composition of B. lacerta both as an ecological 
and nutritional source. We put forward the hypothesis that 
these changes will show significant differences in different 
tissues seasonally and this may have important effects on the 
nutritional quality of edible muscle tissue. We think that this will 
shed light on the hunting and consumption of this fish species 
during the period when the nutritional quality is best. Tissues 
(muscle, liver and gonad) of female B. lacerta was used in the 
study because females had higher length and weight than 
males. (Dopeikar et al., 2015; Şen Özdemir et al., 2023). All 
these increase the economic value of female B. lacerta. For 
these reasons, we preferred to examine the differences in fatty 
acid composition among the three tissues of females. 

MATERIALS AND METHODS 
Preliminary preparations 
Barbus lacerta samples were obtained from contracted 

commercial fishermen. Samplings were done randomly in 
different months to represent the seasons from different points 
in Göynük Stream, Murat River (Türkiye). Nets with different 
eye apertures were used in catching the fishes. The catching 
fish were brought to the laboratory on the ice (September 2018-
August 2019). Sexually mature fish were used in the analysis. 
Fish were cut according to the butterfly fillet technique (Liu et 
al., 2022). The long-based fins, head and skin were cut off. The 
meat along the "top" of the fish was cut and separated from the 
bones. The backbone was separated from the tail and lift the 
spine from the tail and pull out the meat, removing a butterfly 
fillet from the fish. The muscle tissues of fish were separated 
from the inedible parts of the deceased fish. The internal organs 
(liver and gonad) were removed by pliers. The gender 

determination was made macroscopically from the gonads of 
the fish catching fish. The study was carried out on the adult 
female fish (mean total weight=32 kg; mean total length=15 cm) 
(32-53 individuals). Then, every tissue/organ sample was 
sealed in plastic bags. All the fish muscle were stored at -80 ˚C 
for further analysis. 

Lipid extraction and fatty acid derivatization 
Lipid was extracted from muscle, liver and gonad tissues 

separated from caught fish. Hara and Radin (1978) method 
were used in hexane: isopropanol (3:2) solution for lipid 
extraction. These tissues are separately taken from each 
sampling period and then centrifuged at 4000 rpm for 10 min, 
leading to the formation of two separate layers. The 
supernatant layer was removed from the organic layer and 
transferred into new tubes. 5 ml 2% methanolic sulfuric acid 
solution was added to the supernatant layer and mixed 
completely with the vortex. The mixture was left to be 
methylated in an oven at 55 ˚C for 15 hours. Then, 5 ml of 5% 
NaCl was added and mixed. 5 ml of hexane was added to the 
tubes and waited about 3 hours at room temperature. The 
hexane phase formed was taken from the top, 5 ml 2% KHCO3 
solution was added to the tubes. The final extracts were 
evaporated using a gentle stream of nitrogen evaporator 
(Allsheng WD-12). Then, 1 ml hexane was added to the dry lipid 
layer and the mixture was vortexed. Every sample was taken 
into 2 ml labelled autosampler vials and waited -20 ˚C until 
mass spectrometer gas chromatograph (GC/MS) analysis. 

GC/MS analysis 
GC/MS (American, Agilent 5975 C) was used for the FAME 

analysis. Machery-Nagel (Germany) capillary column (30 m x 
0.25 mm, 0.25 μm) was used. The column temperature was 
120-220 °C, the injection temperature was 240 °C and the 
detector temperature was 280 °C. Helium (He) (0.5 ml/min) was 
used as a carrier gas (David et al., 2005). FAME of the catching 
fish were made from the retention times of each fatty acid using 
standard (Supelco: 37 component FAME mix (Product number 
47885-U). After analysis, wsearch32 software was used in the 
identification of the peaks of each fatty acid. Individual FA data 
were reported as percentage weights (%) of total identified FA. 

Determination of nutritional quality of B. lacerta 
There is certain fatty acid groups used as nutritional quality 

index in fish. In this study, the following 9 indices were used to 
determine the nutritional quality index of B. lacerta. 

1. Atherogenicity index (AI) 
AI= [12:0 + (4×14:0) + 16:0]/(ω3PUFA + ω6PUFA + MUFA)] 
(Ulbricht and Southgate 1991; Garaffo et al., 2011; Luczynska 
and Paszczyk 2019) 
2. Thrombogenicity Index (TI) 
TI= [14:0 + 16:0 + 18:0]/[(0.5×18:1) + (0.5×ΣMUFA) + 
(0.5×ΣPUFAω6) + (3×ΣPUFAω3) + ΣPUFAω3/ΣPUFAω6)] 
(Ulbricht and Southgate 1991; Santos-Silva et al., 2002; 
Garaffo et al., 2011; Łuczyńska and Paszczyk 2019) 
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3. Hypocholesterolemic/hypercholesterolemic ratio (h/H) 
h/H=[(18:1 + 18:2 + 18:3 + 20:3 + 20:4 + 20:5 + 22:4 + 22:5 + 
22:6) / (14:0 + 16:0)] (Santos-Silva et al., 2002) 
4. Hypercholesterolaemic fatty acids (OFAs) 
OFA= 12:0 + 14:0 + 16:0  
High OFA content reduces the lipid quality of food. (Łuczyńska 
and Paszczyk 2019) 
5. Polyunsaturated fatty acids/saturated fatty acids ratio 
(PUFA/SFA) 
6. Total of eicosapentaenoic acid and docosahexaenoic acid 
(EPA+DHA) 
7. Polyunsaturated Omega 6 Fatty Acids/ Polyunsaturated 
Omega 3 Fatty Acids (ω6/ω3) 
8. Desirable fatty acids (DFAs) 
DFA=18:0 + ΣMUFA+ΣPUFA (Costa et al., 2008; Silva et al., 
2019; Łuczyńska and Paszczyk 2019; Tibaoui et al., 2020). 
9. The health-promoting index (HPI) 
HPI =∑MUFA+∑PUFA/[12:0+(4 × 14:0) + 16:0] (Chen and Liu 
2020). 

Statistical analysis 
Only individual FAs present with mean proportions ≥0.5% 

across the different tissues/organs (muscle, liver and gonad) 
were analyzed statistically. Multivariate statistics were used to 
analyze differences in fatty acid composition in PRIMER-e 
2017. The Bray Curtis similarity coefficient was used for 
PERMONAVA, principal coordinates (PCO) and CLUSTER 
analysis for similarity ranges. In analyses of the entire fatty acid 
data’s (total fatty acids, food quality index fatty acids) of B. 
lacerta factored by season, the tissues/organs (muscle, liver, 
gonad). PERMANOVA tests and SIMPER (Cut off for low 
contributions: 70%) were conducted on Bray–Curtis similarities 
with the unrestricted permutation of raw data method (number 
of permutations 9999; type III sums of squares). The tests were 
used to identify the fatty acids that contributed the most to the 
similarities between/within the factor groups. 

To further investigate the seasonal effects on changes in 
nutritional quality in edible muscle tissue and differences in fatty 
acid composition among tissues/organs, one-way analysis of 
variance (ANOVA) (Post-Hoc, Homogeneous Groups, 
Significant Differences) was conducted. ANOVA tested the 
significance (p<0.05) of the differences in the effect of seasons 
and tissues/organs (liver, muscle, gonad) on fatty acids using 
STATISTICA software. 

RESULTS 
Fatty acid composition of B. lacerta tissues/organs 

(muscle, liver, gonad) 
The fatty acid composition in all B. lacerta tissues/organs 

taken during the sampling period was investigated regardless 
of the sampling season. FA composition varied differently 
among the three tissues/organs (PERMANOVA, Pseudo-

F=3.48, P(perm)=0.0002) (Figure 1). The most important 
difference was between the muscle and liver, muscle and 
gonad with the same P(perm) value=0.002. However, the 
difference between muscle and liver was higher (t=1.99) than 
the other (t=1.97). The average similarity within tissues/organs 
changed between 71-76 % (liver-muscle) according to SIMPER 
results. The fatty acids that contribute the most to the similarity 
were 16:0 (20%; 22%, respectively) within the liver and gonads. 
EPA was the first contributor within muscle with 21%. However, 
EPA was in the second contributor within liver and gonad with 
the same value 17%. The highest difference between liver and 
gonad was in ARA from PUFA, between liver and muscle in 
 ι16:0 from SFA (Figure 2, Table 1). ARA was the lowest in the 
liver, the highest in the gonad, while the EPA and DHA were 
lower in the gonad and the highest EPA was in the liver, the 
lowest DHA was in the muscle tissue. However, the percentage 
of LC-PUFA in the muscle and liver of B. lacerta was higher 
than gonad (Table 1).  The highest difference between liver and 
gonad was in ARA from PUFA, between liver and muscle in 
ω16:0 from SFA. There was no difference between the 
tissues/organs in ∑SFA, while there was a difference between 
the tissues/organs in ∑MUFA, ∑PUFA and ω3 fatty acids, 
(Table 1, p<0.05). 
Table 1. Mean fatty acid composition for muscle, liver and gonad in 

catching fish of female B. lacerta during the sampling period 
(% of total FA) 

FAs LIVER 
(n=39) 

MUSCLE 
(n=53) 

GONAD 
(Ovary) 
(n=32) 

12:0 1.07±0.99 1.10±0.98 1.15±1.11 
14:0 2.91±2.07 2.78±1.80 3.30±2.21 
15:0 0.54±0.40 0.45±0.27 0.54±0.48 
ι16:0 0.58±0.57b 1.36±1.00a 1.13±0.92a 
16:0 16.71±4.18 17.70±5.32 18.37±4.31 
17:0 1.30±1.08 0.81±0.53 0.70±0.58 
18:0 3.88±2.18 3.22±2.01 4.04±2.45 
20:0 0.76±0.56 0.54±0.41 0.73±0.52 
∑SFA 28.30±6.01 28.57±4.94 30.43±5.90 
MSFA* 0.55±0.49a 0.61±0.78a 0.47±0.22b 
14:1 0.73±0.68 0.67±0.50 0.84±0.51 
16:1ω7 13.87±5.52a 11.52±3.37b 13.85±4.42a 
17:1 0.62±0.47 - - 
18:1ω9 10.86±6.78 8.90±4.81 10.39±6.31 
20:1ω9 2.28±2.03a 1.37±1.07b 1.10±0.79b 
22:1ω11 - - 0.62±0.55 
22:1ω9 0.59±0.45 - - 
22:1ω7 - - 0.62±0.42 
∑MUFA 29.25±10.12a 24.03±6.55b 28.33±10.36ab 
MMUFA* 0.30±0.26c 1.57±0.86a 0.91±0.62b 
16:2ω4 0.52±0.47 1.26±0.74 1.09±0.58 
18:2ω6 2.64±2.32 2.76±2.01 2. 08±1.49 
18:3ω3 3.39±2.03 4.47±2.31 3.79±2.87 
20:4ω6 (ARA) 4.55±2.78b 5.70±2.22b 7.46±3.37a 
20:5ω3 (EPA) 15.11±5.78b 18.76±4.66a 14.81±5.14b 
22:2 1.28±0.77 1.36±0.59 1.13±0.38 
22:6ω3 (DHA) 14.05±6.26a 12.56±4.94ab 10.00±5.40b 
∑PUFA 42.45±9.07b 47.40±7.08a 41.32±8.79b 
MPUFA* 0.91±0.82a 0.53±0.42b 0.96±0.69a 

*Minor FA<0.5 (19:0, 21:0, 23:0 from SFA; 15:1, 20:1ω7, 20:1ω11 from MUFA, 18:3ω4, 
18:3ω6, 20:2ω6, 22:5ω3 from PUFA.  Means followed by different letters (a, b, c), letter 
groups in the same row are significantly different (p<0.05), while means do not differ if 
there are no letters in the same row (p<0.05). ,  ± SD (Standard Deviation), '-ʹ non defined. 
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Figure 1. Differences in the fatty acid composition of B. lacerta 

tissues/organs plotted using PCO. The lower triangular 
matrix was created using Bray–Curtis similarity coefficients. 
Pearson correlation (p>0.60). 

Seasonally FA composition of B. lacerta 
tissues/organs (muscle, liver, gonad) 

Liver 
The FA composition of B. lacerta liver varied across 

seasons (PERMANOVA, Pseudo-F=2.79, P (perm)=0.0003, 
Pearson Correlation p>0.55). The most seasonally differences 
were between summer and autumn (t=1.97 P (perm)=0.004). 
The most average similarity was within winter (77%). The fatty 
acids that contributed the most to this similarity were 16:0 
(palmitic acid) (21%), EPA (19%), 16:1ω7 (15%), DHA (14%) 
and 18:1ω9 (8%) (Bray-Curtis Similarity, Cut off for low 

contributions: 70 %). Seasonally fatty acid composition of liver 
was important for 14:0, 18:0, 18:ω9, EPA, ω3 fatty acids. 14:0, 
ARA, EPA and DHA were characteristic fatty acids for all 
seasons in liver. However, 16:1ω7, 18:1ω9 and 18:3ω4 were 
more characteristic fatty acids for autumn than other seasons 
with similarity 66.7% (Figure 2). The most important difference 
was only ∑MUFA in total FA groups (Table 2), especially 
between autumn and winter (p<0.05). The most significant 
difference was between summer and winter for 14:0 autumn 
and winter for 16:1ω7 and following ω3 fatty acids between 
spring and autumn. The difference between autumn and winter, 
where 18:1ω9 differed, was partially significant 

 
Figure 2. Two-dimensional configuration plot of a PCO analysis of a 

resemblance matrix of fatty acids in liver of B. lacerta. The 
lower triangular matrix was created using Bray–Curtis 
similarity coefficients. Pearson Correlation (p>0.55) 

Table 2. Seasonally fatty acid composition for liver of B. lacerta (% of total FA) 

FA 
LIVER 

Spring (n=9) Summer (n=6) Autumn (n=12) Winter (n=12) 
12:0 1.19±0.99 1.29±0.62 0.55±0.38 1.43±0.34 
14:0 3.16±1.51ab 5.50±3.13a 2.26±0.66b 2.15±0.86b 
ι16:0 - - 0.62±0.23b 0.94±0.45a 
15:0 0.61±0.32 0.51±0.25 0.53±0.31 0.50±0.28 
16:0 15.46±4.24 14.72±4.83 17.15±6.79 18.20±4.04 
17:0 2.67±1.56a 1.52±0.12ab - 1.01±0.23b 
18:0 3.02±1.02b 6.53±3.18a 3.69±1.58b 3.63±1.99b 
20:0 1.17±0.34 1.27±0.56 - 0.60±0.45 
23:0 - 0.67±0.48 - - 
*MSFA 0.84±0.76a 0.56±0.45b 0.60±0.48ab 0.46±0.65b 
 ΣSFA 28.12±4.12 32.57±4.78 25.40±3.12 28.92±2.78 
14:1 0.50±0.30 1.35±1.03 0.51±0.25 0.80±0.42 
16:1ω7 13.72±3.12 9.06±3.25 16.19±7.10 14.06±4.44 
17:1 0.94±0.22 0.86±0.31 - - 
18:1ω9 9.35±5.22ab 9.54±2.70ab 15.66±8.44a 8.38±3.84b 
20:1ω9 1.39±0.98 2.84±2.12 2.55±2.10 2.02±1.40 
22:1ω9 - - 1.18±0.56 0.58±0.36 
22:1ω11 - - - - 
*MMUFA 0.57±0.46b 1.43±0.84a 1.63±1.34a 0.91±0.76b 
ΣMUFA 26.47±7.14b 25.08±6.23b 37.72±8.56a 26.75±5.67b 
16:2ω4 - - 0.83±0.34 0.70±0.42 
18:2ω6 1.41±0.85 2.70±1.53 4.56±3.22 1.77±1.02 
18:3ω3 2.91±1.70 4.86±3.22 3.65±3.12 2.94±2.05 
ARA 3.51±2.20 3.40±1.80 4.52±3.45 5.78±2.19 
EPA 17.60±3.54a 17.57±3.96a 10.64±5.74b 16.97±3.72a 
22:2 1.81±0.97a 1.39±0.93ab 0.88±0.35b 1.22±0.62ab 
DHA 18.29±9.37 11.76±6.66 11.55±5.23 14.24±5.89 
*MPUFA 0.78±0.72 0.67±0.34 0.23±0.18 0.71±0.48 
ΣPUFA 46.31±8.54 42.35±6.96 36.86±4.12 44.33±6.23 
Σω3 38.79±5.12a 34.19±4.87ab 25.84±3.18b 34.15±3.89ab 
DHA/EPA 1.16±0.34 0.68±0.26 1.18±0.45 0.86±0.42 

*Minor FA<0.5 (19:0, 21:0, 23:0 from SFA; 15:1, 20:1ω7, 20:1ω11 from MUFA, 18:3ω4, 18:3ω6, 20:2ω6, 22:5ω3 from PUFA). Means followed by different letters (a,b), letter group in the 
same row are significantly different (p<0.05), while means do not differ if there are no letters in the same row (p<0.05). ± SD (Standard Deviation), '-ʹ non defined. 
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Muscle
The FA composition of B. lacerta muscle varied across the 

seasons (PERMANOVA, pseudo-F=2.10, P(perm)=0.008, 
Pearson correlation p>0.60). The most seasonally differences 
were between spring and autumn (t=1.71, P (perm)=0.02, 
p>0.60). The most average similarity was within autumn (79 %). 
The FA that contributed the most to this similarity were 16:0 
(21%), EPA (17%), DHA (14%), 16:1ω9 (13%) and 18:1ω9 
(10%) (Bray-Curtis Similarity, Cut off for low contributions: 
70%). 14:0, 12:0, 16:0, 16:1ω7, EPA and DHA were 
characteristic FA for all seasons. However, ι16:0 and ARA 
were more characteristic FA for winter and 18:1ω9 for autumn 
than other seasons (Figure 3). No difference was in total FA 
groups (Table 3) (p<0.05). The most significant difference was 
between spring and autumn for EPA and following 22:2 
between spring and summer, ι16:0 between summer and 
winter (Table 2, p<0.05). 

 
Figure 3. Differences in seasonally fatty acid composition of B. lacerta 

muscle plotted using PCO. The lower triangular matrix was 
created using Bray–Curtis similarity coefficients. Pearson 
correlation (p>0.60). 

Table 3. Seasonally fatty acid composition for muscle of B. lacerta (% of total FA) 

FA 
MUSCLE 

Spring (n=12) Summer (n=9) Autumn (n=14) Winter (n=18) 
12:0 1.56±1.37 1.12±0.41 0.83±0.77 0.99±0.70 
14:0 3.51±1.15ab 3.90±1.48a 2.44±1.06ab 2.00±1.15b 
ι16:0 1.32±0.36ab 0.71±0.41b 1.24±0.47ab 1.81±0.51a 
15:0 - 0.63±0.45 - - 
16:0 14.61±3.90 19.38±4.74 18.42±5.95 18.38±2.58 
17:0 1.26±0.56 0.93±0.45 - 0.75±0.38 
18:0 2.74±2.01 3.18±1.71 3.97±2.06 2.74±1.44 
20:0 0.80±0.58 0.67±0.35 - - 
23:0 - - - 0.77±0.46 
*MSFA 3.00±2.30a 0.56±0.41b 1.79±0.88b 0.97±2.26ab 
 ΣSFA 28.80±3.17 31.08±0.41 28.69±5.85 28.41±3.88 
14:1 0.51±0.32 0.98±0.67 0.55±0.34 0.72±0.41 
16:1ω7 10.42±4.34 12.78±1.32 12.05±2.77 11.21±3.15 
17:1 0.60±0.52 - - - 
18:1ω9 8.42±3.44 6.72±4.82 10.77±6.04 8.85±4.84 
20:1ω9 1.91±1.43 0.96±0.77 1.19±1.12 1.37±0.79 
22:1ω9 - - - - 
22:1ω11 - - - 0.78±0.36 
*MMUFA 0.73±0.59 1.08±0.52 1.78±1.52 1.02±0.96 
ΣMUFA 22.59±5.92 22.52±4.32 26.34±8.14 23.95±7.19 
16:2ω4 1.72±1.05 0.89±2.19 1.26±1.23 1.15±1.21 
18:2ω6 1.98±0.95 3.11±1.87 3.27±2.75 2.71±1.36 
18:3ω3 3.15±2.25b 5.86±2.00a 5.08±1.96ab 4.16±2.84ab 
ARA 5.40±2.46 5.07±0.59 4.95±1.56 6.81±2.25 
EPA 21.12±4.54a 18.57±3.75ab 16.01±5.61b 19.41±3.65ab 
22:2 1.67±0.77a 0.95±0.25b 1.21±0.43ab 1.48±0.39ab 
DHA 15.12±7.21 11.46±1.70 12.66±3.68 11.34±3.04 
*MPUFA 0.45±0.28 0.49±0.18 0.53±0.21 0.58±0.32 
ΣPUFA 50.61±4.93 46.40±5.19 44.97±9.07 47.64±5.08 
Σω3 39.39±6.47 35.88±3.06 33.76±9.17 34.91±5.77 
DHA/EPA 0.75±0.43 0.64±0.24 0.84±0.32 0.59±0.18 

*Minor FA<0.5 (19:0, 21:0, 23:0 from SFA; 15:1, 20:1ω7, 20:1ω11 from MUFA, 18:3ω4, 18:3ω6, 20:2ω6, 22:5ω3 from PUFA). Means followed by different letters, letter groups in the 
same row are significantly different (p<0.05), while means do not differ if there are no letters in the same row (p<0.05). ± SD (Standard Deviation), '-ʹ non defined.

Gonad (Ovary) 
The FA composition of B. lacerta gonads did not vary 

significantly across the season (PERMANOVA, Pseudo-
F=1.30, P (perm)=0.21, Pearson correlation p>0.60). The most 
seasonal differences were between summer and winter 
(t=1.38, P(perm)=0.09). The most average similarity was within 
winter (77%). 

The fatty acids that contributed the most to this similarity were 
16:0 (21%), 16:1ω9 (17%), EPA (17 %), 18:1ω9 (11%) and DHA 

(9%), and (Bray-Curtis Similarity, Cut off for low contributions: 
70%). ι16:0, 16:0, ARA and DHA were characteristic fatty acids 
for all seasons in gonads. However, 18:1ω9 and 16:1ω7 were 
more characteristic fatty acids for autumn and winter. 
Additionally, EPA, 14:0, 16:2ω4 were more characteristic fatty 
acids for summer and spring than other seasons with 70% 
similarity (Figure 4). No difference was in total fatty acid groups 
(Table 4) (p<0.05). The most significant difference was between 
spring and winter for ι16:0 and the following 14:0 between 
summer and winter, summer and autumn (Table 2, p<0.05). 
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Figure 4. Two-dimensional configuration plot of a PCO 

analysis of a resemblance matrix of fatty acids in gonad of B. lacerta. 
The lower triangular matrix was created using Bray–Curtis similarity 
coefficients. Pearson Correlation (p>0.60). 

Seasonally FA composition of B. lacerta edible 
muscles 

The nutritional quality of B. lacerta edible muscle tissue 
did not vary significantly across the season to SIMPER 
results; the most average similarity was within winter (94%) 
for nutritional quality index fatty acids of B. lacerta muscle 
tissue. The FA that contributed the most to this similarity were 
DFA (56%) and EPA+DHA (19%) (Bray-Curtis Similarity, Cut 
off for low contributions: 70%). DFA and EPA+ DHA were the 
most characteristic nutritional indexes for all the seasons. The 
lowest dissimilarity was between spring and winter (7%), 
while the highest dissimilarity was between summer and. 
autumn, spring and summer with 10%. No difference was in 
nutritional indices of B. lacerta except for AI. The most 
significant difference was between winter and summer for AI 
(Table 5, p<0.05). 

Table 4. Seasonally fatty acid composition for gonads of B. lacerta (% of total FA) 

FA 
GONAD (Ovary) 

Spring (n=6 ) Summer (n=6) Autumn (n=10) Winter (n=10) 
12:0 1.50±1.20 1.90±1.60 0.77±0.73 0.88±0.53 
14:0 3.84±2.68ab 5.67±2.16a 2.49±0.82b 2.37±1.78b 
ι16:0 0.86±0.97b - 1.04±1.06b 1.99±1.02a 
15:0 - - 0.52±0.30 0.81±0.46 
16:0 16.82±4.36 20.28±4.75 17.53±4.16 19.01±4.28 
17:0 - 1.39±0.71 0.51±0.32 0.62±0.36 
18:0 4.86±2.64 3.87±2.22 4.98±3.72 2.71±3.75 
20:0 1.31±0.73 - 0.64±0.48 0.61±0.28 
23:0 - - - - 
*MSFA 1.17±0.87a 1.25±0.79a 0.44±0.28b 0.62±0.41b 
 ΣSFA 30.36±1.03 34.36±2.15 28.92±3.12 29.62±0.87 
14:1 0.62±0.43 1.09±0.76 0.59±0.32 0.86±0.68 
16:1ω7 12.23±1.42 11.82±3.36 14.11±5.67 15.58±4.87 
17:1 - - - - 
18:1ω9 6.95±3.32 8.41±3.38 13.60±±8.25 10.41±3.75 
20:1ω9 1.46±0.96 1.23±0.85 1.22±0.71 0.72±0.42 
22:1ω9 1.47±1.18 1.43±1.15 2.59±3.12 2.27±3.67 
22:1ω11 0.72±0.45 0.56±0.24 - - 
*MMUFA 0.52±0.35 - - - 
ΣMUFA 23.35±5.06 24.54±6.28 32.11±6.12 29.82±5.76 
16:2ω4 2.44±1.34 0.96±0.19 0.93±0.54 0.51±0.45 
18:2ω6 1.94±0.89 1.73±0.68 2.74±2.24 1.73±1.05 
18:3ω3 3.50±1.49 4.85±2.20 4.77±2.58 2.37±1.03 
ARA 7.72±4.28 5.06±3.56 7.05±4.92 9.16±3.90 
EPA 16.93±4.06ab 17.44±5.25b 11.56±4.91a 15.20±3.50ab 
22:2 1.17±0.36 1.17±0.41 1.13±0.39 1.10±0.66 
DHA 11.80±6.71 8.86±4.75 9.79±5.60 9.80±4.34 
*MPUFA 1.40±0.81 1.03±0.42 1.00±0.57 0.69±0.36 
ΣPUFA 46.29±4.56 41.10±5.83 38.97±3.85 40.56±3.45 
Σω3 32.23±7.27 31.15±5.12 26.12±1.39 27.37±2.45 
DHA/EPA 0.81±0.22 0.53±0.19 0.85±0.24 0.65±0.27 

*Minor FA<0.5 (19:0, 21:0, 23:0 from SFA; 15:1, 20:1ω7, 20:1ω11 from MUFA, 18:3ω4, 18:3ω6, 20:2ω6, 22:5ω3 from PUFA) , Means followed by different letters,  letter groups in the 
same row are significantly different (p<0.05), while means do not differ if there are no letters in the same row (p<0.05). ± SD (Standard Deviation), '-ʹ non defined.

Table 5. Seasonally nutritional quality index fatty acids in muscle of B. lacerta (% of total FA) 

FAs Spring (n=12) Summer (n=9) Autumn (n=14) Winter (n=18) 
AI 0.47±0.18ab 0.57±0.15b 0.42±0.12 a 0.41±0.09a 
TI 0.54±0.08 0.55±0.11 0.58±0.07 0.56±0.08 
h/H 3.10±0.77 2.40±1.07 4.47±2.61 2.73±0.51 
OFAs 20.34±3.45 24.34±5.23 19.77±5.59 21.53±2.79 
DFA 75.51±14.78 72.10±24.00 77.18±13.91 74.05±17.91 
HPI 2.59±0.82 2.04±0.70 3.00±1.56 2.76±0.72 
∑PUFA/∑SFA 2.05±0.50 1.68±0.68 2.08±1.41 1.90±0.44 
EPA+DHA 36.24±4.31 30.03±4.79 28.67±6.04 30.75±6.36 
ω6/ω3 0.18±0.11 0.16±0.06 0.19±0.09 0.23±0.09 

*Means followed by different letters (a, b), letter groups (ab) in the same row are significantly different (p<0.05), while means do not differ if there are no letters in the same row (p<0.05). 
± SD (Standard Deviation).
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DISCUSSION 
There were differences among the FA composition of the 

tissues/organs of wild female B. lacerta. The most important 
difference was between muscle and gonad. However, these 
differences were not valid for all fatty acids. 14:0, 16:0, 16: 1ω7, 
18:1ω9, DHA, EPA, ARA were in the foreground in the three 
tissues in PCO analysis in B. lacerta. 14:0, 16:1ω7, 18:3ω3, 
18:2ω6 (Linoleic acid, LA) and ARA have been reported to be 
typical freshwater fatty acids (Parzanini et al., 2021). Ugoala et 
al. (2009) reported that the predominant fatty acids in 
freshwater fish are 14:0 and 16:0 from SFA and 18:1 from 
MUFA. The predominant PUFA is from the ω6 series and is 
mainly 18:2 FA. In addition, EFA compounds 18:3ω3 (Alpha-
linolenic Acid, ALA) and 18:2ω6 are importance in PUFA. 
However, freshwater fish have an irregular FA pattern, which 
are good sources of ω6 EFA (Ugoala et al., 2009). We showed 
that B. lacerta had higher percentage of ω3 FA than ω6 FA. 
There were only two major fatty acids, ARA and LA from ω6 
FA. A similar result was found by Parzanini et al. (2021) in 
tissues/organs (muscle, liver and eyes) of the European eel. 
They showed that ω3 FA were higher than ω6 FA in the 
tissues/organs in all circumstances. On the other hand, it was 
found that the balanced ratio of ω3 and ω6 FA in freshwater 
fish increased the reproductive performance and hatchability of 
zebrafish, Danio rerio females by Jaya-Ram et al. (2008). In 
this study, the most important differences among the 
tissues/organs were seen in ∑PUFA and ∑ω3 FA and ARA, 
EPA and DHA from PUFA. Also, the change of ι16:0 from SFA 
between the tissues/organs was important. ARA was the 
lowest in the liver, the highest in the gonad, while the EPA and 
DHA were lower in the gonad, and the highest EPA was in the 
liver, the lowest DHA was in the muscle tissue. However, the 
percentage of LC-PUFA in the muscle and liver of B. lacerta 
was higher than gonad. The possible reason for the high 
percentage of this situation in the muscle of fish is that the LC-
PUFA serves as the main energy provider in fish muscle (Hong 
et al., 2014) and liver (Tocher, 2003). Some recent studies 
highlighted the key role of LC-PUFA, particularly ARA, in 
regulating physiological functions of reproduction (Tocher et 
al., 2010; Majdoubi et al., 2020). Gonad fatty acid composition 
varies within each mature stage (Anido et al., 2015). The 
spawning period of B. lacerta generally occurs from late March 
to August with a peak in April (Dopeikar et al., 2015). Highest 
ARA in gonad of B. lacerta was in winter (9%) and spring (8%). 
ARA is the precursor of several eicosanoids which are 
produced by the ovarian tissues and play an important role in 
the ovulation process (Suloma and Ogata, 2011). Thus, ARA 
was higher in spawning seasons than the other seasons 
(Majdoubi et al., 2020). Stream invertebrates have a limited 
innate ability to transform ALA to EPA (trophic upgrading). 
Thus, their PUFA composition mostly resembles dietary PUFA 
(Masclaux et al., 2012). Probably, the EPA content of B. lacerta 
was related to terrestrial transport as well as the rich benthic 
fauna of the Murat River, because EPA percentages of three 
tissues/organs were higher than the other seasons in spring 
and summer. In particular, primary production increases in the 

Murat River due to the excess of terrestrial origin transport in 
the spring season, which ensures the enrichment of benthic 
fauna and the fatty acid composition of B. lacerta, a 
benthopelagic freshwater fish, is also affected. 16:1ω7 was the 
first high abundance MUFA (12-14%) in B. lacerta the 
tissues/organs. The second highest abundance MUFA was 
18:1ω9 (9-11%). In contrast, some studies reported that 
18:1ω9 was the high abundance MUFA in total lipids in 
freshwater fish species including the genus Barbus (Olgunoğlu 
et al., 2011; Gokce et al., 2011). 

ARA, EPA and DHA proved to be the three most abundant 
members for Barbus barbus (Mancini et al., 2011). Similarly, it 
was found that EPA, DHA, and ARA were the most abundant 
fatty acids. Also, 18:1ω9, 16:1ω7 and 16:0 were the most 
abundant fatty acids in all the three tissues/organs of B. lacerta 
in all seasons. In a study conducted by Gokce et al. (2011) in 
the lake located at the Euphrates River in South Eastern 
Türkiye, was reported that MUFA were the highest in the 
Barbus crypus muscle tissue, followed by SFA and PUFA. 
Similarly, Bayır et al. (2011) found that PUFA were at the 
lowest percentage in muscle tissue of Barbus capito capito in 
different lipid fractions (polar and neutral lipids) for all seasons 
in Aras River, Türkiye.  In our study, the mean highest PUFA 
were found in muscle tissue. However, the period in which the 
study was May and June, which is the breeding season of 
Barbus species (Bayır et al., 2011). If we make a comparison 
based on the spring period, the most abundant FA group in the 
spring in the muscle tissue was ∑PUFA (51%), ∑SFA (29%) 
and ∑MUFA (23%). Although B. lacerta, B. capito capito, B. 
crypus are members of the same genus (Barbus), it is possible 
that there are some differences due to the location difference 
and different Barbus species. 

Seasonally nutritional indices in muscle of B. lacerta  

We examined the FA used as food quality indexes such as 
AI, TI, h/H, OFAs, DFA, HP, ∑PUFA/∑SFA, EPA+DHA, ω6/ω3 
to examine the seasonal changes in nutritional quality of B. 
lacerta. Studies evaluating the nutritional quality of fish based 
on the food quality index fatty acids are very limited, and no 
information on this subject has been found for B. lacerta. Thus, 
the evaluation was made by comparing with a limited number 
of studies conducted with other fish species. 

This study determined that there were seasonal changes 
in the food quality index FA, but the most significant changes 
were in AI. No difference was found in terms of other indices. 
The low AI value indicates that the tissues of the examined fish 
are beneficial for health (Łuczyńska and Paszczyk, 2019). It 
was determined the lowest AI values in spring (0.42) and winter 
(0.41) while highest AI value was in summer (0.57). Therefore, 
we can say that the highest quality B. lacerta in terms of AI was 
found in winter and spring periods. It was reported as 0.37-0.42 
in Abramis brama, 0.36  in Cyrinus caprio, 0.33 in 
Oncorhynchus mykiss, 0.37 in Perca fluviatilis (Łuczy´nska et 
al., 2017), 0.64-0.72  in Salmo trutta (Dal Bosco et al., 2013), 
0.37-0.67 in Cyrinion macrostomus (Şen Özdemir et al., 2023) 
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and 0.29-0.68 in Micropterus salmoides (Subhadra et al., 2006) 
when we looked at the studies conducted with some other 
freshwater fish. In other indices, seasonal differences within 
season were not significant and high similarity rates were found 
in SIMPER analyses and the food quality index that contributed 
the most to this was fatty acids DFA (55%) and EPA+DHA 
(22%). The DFA (neutral and hypocholesterolemic fatty acids) 
index reports the hypocholesterolemic (total cholesterol-
lowering) properties of the analyzed lipids (Batkowska et al., 
2021). Therefore, the periods when DFA is high represent the 
most suitable periods for food consumption. Although we did 
not detect a significant difference among the seasons, we can 
say that the most suitable consumption periods of B. lacerta 
are autumn (77%) and spring (75%). EPA + DHA is a globally 
recognized index. The World Health Organization (WHO) and 
the Food and Agriculture Organization (FAO) recommended an 
intake of 0.25-2 g EPA + DHA per day (FAO, WHO, 2010). This 
index is mostly used to evaluate the nutritional value of 
seafood, especially fish, due to the low content of EPA and 
DHA in terrestrial plants and animals. Rincón-Cervera et al. 
(2020) studied the FA composition of fish and shellfish caught 
in the South Pacific. Their results showed that EPA + DHA 
varied between 115.15 and 1370.67 mg/100 g in all the studied 
fish species (Rincón-Cervera et al., 2020). However, there are 
limited studies on DHA+EPA as a nutritional quality index in 
inland fish. The EPA+DHA value given as food quality index in 
fresh water fish Megalobrama amblycephala was 5.52-7.36 
(Xu et al., 2017). This value was quite low compared to the 
EPA+DHA of B. lacerta. This may indicate that B. lacerta has 
a moderate quality in terms of EPA+DHA as a freshwater fish. 
According to SIMPER results; EPA+DHA that contributed as 
the third contributor the difference among the seasons were 
OFA except for spring and winter. We know that high OFA 
content reduces the lipid quality of food. In this study, OFA 
content of B. lacerta was relatively high (20-24 %), and spring 
and autumn were the periods when it was relatively low. TI from 
the other food quality index FA characterizes the thrombogenic 
potential of FA, indicating the tendency to form clots in blood 
vessels and provides the contribution of different FA indicating 
the relationship between pro-thrombogenic FA (12:0, 14:0 and 
16:0) and anti-thrombogenic FA (MUFA and ω3, ω6 families) 
(Ulbricht et al., 1991). Therefore, consumption of foods or 
products with lower IT is beneficial for cardiovascular diseases 
(CVD). In studies on freshwater fish, TI was reported to be 0.16 
in Oncorhynchus mykiss, 0.20 in Perca fluviatilis, 0.18 in Esox 
lucius (Łuczynska et al., 2017), 0.21-0.30 in Salmo trutta (Dal 
Bosco et al., 2013), 0.82-0.87 in Oreochromis niloticus (Tonial 
et al., 2014) and 0.26-0.39 in Cyprinion macrostomus (Şen 
Özdemir et al., 2023). We determined the TI value in B. lacerta 
to be between 0.53-0.58 (winter-autumn). When we compare 
these values with other reported freshwater fish, it is seen that 
they are at medium level and low TI increases the nutritional 
quality of B. lacerta. H/h is based on research on the regulation 
of dietary FA and plasma low density cholesterol (LDL-C) 
(Dietschy,1998). It characterizes the relationship between hyp
ocholesterolemic (18:1 and PUFA) and hypercholesterolemic 

FA. It is an important nutritional quality index reflecting the 
effect of FA composition on CVD (Chen and Liu, 2020). h/H 
changed between 2.40 (summer) and 4.47 (autumn) in B. 
lacerta edible muscle tissue. The h/H value was reported as 
1.56-1.63 in freshwater fish Oreochromis niloticus (Tonial et al., 
2014), 1.88–2.16 in Salmo trutta (Dal Bosco et al., 2013) and 
1.34-2.20 in Cyprinion macrostomus (Şen Özdemir et al., 
2023). We saw that B. lacerta is a very high-quality food in 
terms of h/H. Especially, autumn was seen as the best period 
for consuming B. lacerta in terms of h/H. 

ω6/ω3 is a useful indicator of the nutritional value of fish 
lipids and a lower ratio is more effective in preventing CVD 
associated with plasma lipid levels (Rhee et al., 2017). ω6/ω3 
should not exceed 5.0 in the human diet. Therefore, it is 
suggested that increasing ω3 and decreasing ω6 
consumptions to decrease the ω6/ω3 ratio is beneficial to 
human health (Fernandes et al., 2014). Here, it is not the 
excess of ω6 in the diet but rather the deficiency of ω3 that 
increases this risk (FAO, 2014). Matos et al. (2019) reported 
that the ω6/ω3 ratio was 8.16 for Nile tilapia (cage), 5.40 for 
Common carp (5.40), 5.27 for Grass carp. ω6/ω3 was reported 
in 0.22-0.29 for Cyprinion macrostomus by Şen Özdemir et al. 
(2023).  In the study, the highest ω6/ω3 for B. lacerta was 
determined in winter (0.23) while the lowest ω6/ω3 of B. lacerta 
was in summer (0.16). The values did not exceed 5.0 and Σω3 
fatty acids were higher than Σω6 FA, since high ω3 and low ω6 
increase the nutritional quality of the diet, B. lacerta appears to 
be a quality food source.  Additionally, the higher the 
PUFA/SFA ratio will be the higher positive effect (Liu and Chen, 
2020). Foods with a PUFA/SFA ratio below 0.45 are 
considered undesirable foods for the human diet due to their 
potential to trigger an increase in cholesterol in the blood 
(Kromhout 2010). In this study, PUFA/SFA ratio was found to 
be above 0.45 (1.68-2.08; spring-autumn) in B. lacerta for 
every period. 

CONCLUSIONS 
In the study, muscle, gonad and liver tissues were used as 

factors to determine seasonal changes of B. lacerta. 
Additionally, by determining the food quality index fatty acids 
(AI, TI, h/H, OFA, DFA, HPI, ∑PUFA/∑SFA, EPA+DHA, 
ω6/ω3) in edible muscle tissue, the healthiest consumption 
period was tried to be determined.  

The study indicated that although FA of all the 
tissue/organs for B. lacerta were differed, the most important 
difference was between muscle and gonads. The seasonal FA 
composition of each tissue/organ of B. lacerta changes in B. 
lacerta. It was observed that ARA was higher in the gonads 
than the other tissues during the periods when spawning was 
active, such as the end of winter and the beginning of spring. 
Because, muscle and liver lipids are mostly used for energy, 
while gonadal lipids are used for reproduction. ω3 FA were 
more abundant than ω6 fatty acids. The most abundant ω6 
fatty acids were ARA and LA. The most abundant ω3 fatty 
acids were DHA and EPA.  
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It was seen that the highest seasonal change was in AI, 
when the seasonal changes of the food quality index fatty acids 
were evaluated in edible muscle tissue. We determined that 
different indexes came to the fore in different seasons except 
summer, when the food quality index FA were evaluated as a 
whole. Therefore, it can be suggested that B. lacerta can be 
consumed as a high quality and healthy food partially except 
summer. It can be seen that B. lacerta has a rich PUFA content 
in all three tissues in all seasons. And this makes it a healthy 
food that protects against cardiovascular, immune system 
diseases and high cholesterol. 
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