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Abstract: Platichthys flesus is an important fisheries resource in the all Black Sea used
for human consumption. It is an economic species, being caught for commercial pur-
poses both in Europe and Turkiye. Therefore, the present study aimed to determine the
nutritional quality indices and changes in biochemical and fatty acid compositions in
flounder (Platichthys flesus) fillets and gonads caught from the Southern Black Sea in
the reproduction period. While the moisture and lipid contents of flounder fillets were
higher than the gonads, the protein and ash contents were determined to be higher in the
gonads than in the fillets. The differences among them were found to be statistically
significant (P<0.05). C14:0, C18:0, C16:1, C18:1n-9c, C20:1, C18:2n-6¢ and C18:3n-3
fatty acids in fillets, C16:0, C20:4n-6, C20:5n-3 and C22:6n-3 fatty acids in gonads
were dominant. There were statistical differences between them (P<0.05). Among total
fatty acids, SFA and PUFA were detected at higher rates in gonads and MUFA in fillets
(P<0.05). The index of thrombogenicity (IT), hypocholesterolemic/ Hypercholest-
er-olemic (h/H) and flesh lipid quality (FLQ) values were determined higher in gonads,
and the index of atherogenicity (1A) value was determined higher in fillets. While there
was no statistical difference between IT and h/H values (P>0.05), the differences be-
tween 1A and FLQ values were found to be significant (P<0.05). As a result, it is
recommended to consume flounder, having commercial importance in Black Sea and
important nutritional value in terms of protein and fatty acids compositions.
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Giiney Karadeniz'deki Avrupa pisi bahg (Platichthys flesus) filetosu ve
gonadlarmmin besin kalitesi

Ozet: Platichthys flesus tiim Karadeniz'de insan tiiketimi icin kullanilan dnemli bir
balikgilik kaynagidir. Hem Avrupa'da hem de Tiirkiye'de ticari amagla avlanan
ekonomik bir tlirdiir. Bu nedenle bu ¢alismada, Giiney Karadeniz'den avlanan pisi
balig1 (Platichthys flesus) fileto ve gonadlarinin iireme doneminde beslenme kalite
indeksleri ile biyokimyasal ve yag asidi kompozisyonlarindaki degisimlerin belirlen-
mesi amaglandi. Pisi balig1 filetolarinin nem ve lipit igerikleri gonadlara gore daha
yiiksek iken, protein ve kiil iceriklerinin gonadlarda daha yiiksek oldugu belirlendi.
Aralarindaki farklar istatistiksel olarak anlamli bulunmustur (P<0,05). Filetolarda
C14:0, C18:0, C16:1, C18:1n-9c, C20:1, C18:2n-6¢ ve C18:3n-3 yag asitleri, C16:0,
C20:4n-6, C20: Gonadlarda 5n-3 ve C22:6n-3 yag asitleri baskindi. Aralarinda istatis-
tiksel farklar vardi (P<0.05). Toplam yag asitlerinden SFA ve PUFA gonadlarda,
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MUFA ise filetolarda daha yiiksek oranda tespit edildi (P<0.05). Trombojenite indeksi
(IT), hipoko-lesterolemik/hiperkolesterolemik (h/H) ve et lipid kalitesi (FLQ) degerleri
gonadlarda, atero-jenite indeksi (IA) degeri ise filetolarda daha yiiksek olarak belir-
lendi. IT ve h/H degerleri arasinda istatistiksel bir fark bulunmazken (P>0.05), IA ve
FLQ degerleri arasindaki farklar ise anlamli bulundu (P<0.05). Sonu¢ olarak Ka-
radeniz'de ticari oneme sahip, protein ve yag asitleri bilesimi agisindan 6énemli besin
degeri olan pisi baliginin tiiketilmesi 6nerilmektedir.

Anahtar Kelimeler: Avrupa pisi baligi; yag asitleri; IA; IT; FLQ; h/H

1. Introduction

Nowadays, healthy nutrition has become important for leading a quality life. Adequate and bal-
anced nutrition is an important factor in a healthy life. Fish is one of the most important contributors to a
healthy human diet because it contains important nutrients [1-2]. Depending on the number of fatty
acids that cannot be synthesized by human bodies and the number of double bonds in the carbon chain,
saturated fatty acid (SFA), monounsaturated fatty acid (MUFA), and polyunsaturated fatty acid (PUFA)
amounts and ratios are used to determine the nutritional importance of fats in foods [3]. Indices de-
veloped for fatty acids are used to determine food quality. Among PUFA, linoleic acid (LA, C18: 2
n-6) and linolenic acid (LNA, C18: 3 n-3) are essential fatty acids and the synthesis of arachidonic acid
(ARA, C20:4 n-6)) from LA, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) from LNA
reveals the importance of these fatty acids [4-5].

Human beings need PUFA from birth to death. These are essential fatty acids and must be taken
into the body from outside through food. The therapeutic properties of the -3 fatty acids EPA and
DHA, which are commonly found in fish and other seafood, and their contribution to quality of life have
been conclusively demonstrated by research. Omega 3 fatty acids have been found to have a significant
effect on the prevention of diseases such as heart attack, cardiovascular diseases, depression, migraine
headaches, Alzheimer's, early dementia, joint rheumatism, diabetes, high cholesterol, and blood pres-
sure, some types of allergies and cancer [6-7]. Its contribution to children's eye health, especially brain
development, has been conclusively proven. For this reason, it is recommended that the amount of fish
and fish products should be consumed between 100 g [8] and 300 g [9], preferably oily fish, at least two
meals a week to increase the benefits and feel the health effects [10-11].

Marine lipids have long been recognized for their health effects on humans and this is primarily
due to their fatty acid composition and distribution [12]. Therefore, increasing the consumption of fish
or fish products that are rich in PUFA of the n-3 family and poor in PUFA of the n-6 family is important
for human health [13]. In the investigated flatfish, up to 50% of the fatty acids were PUFA and 18% to
25% were SFA [14-15-16-17-18-19].

Numerous studies have been conducted to determine the nutrient composition of fish and other
seafood, especially the distribution of fatty acids [20-13-21-22]. European flounder (Platichthys flesus)
fillets typically contain high-quality protein, essential fatty acids (such as omega-3), vitamins (such as
vitamin D and B12), and minerals (such as selenium and phosphorus). However, no studies on the
nutritional composition of flounder gonads have been found in the literature. Therefore, a comparative
study on the nutritional composition of flounder gonads and fillets was designed. The current study
was conducted to determine the changes in the nutritional composition, fatty acid composition necessary
for human health and nutritional quality indices in both fillets and gonads of flounder (Platichthys
flesus) caught from Sinop during the breeding period. For this purpose, different edible parts of this fish
species (fillet and gonad) were distinguished and evaluated separately, and a comparative analysis of
both parts was made.

2. Material and Method

2.1. Fish material
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In this study, European flounder (Platichthys flesus) caught from Sinop during the breeding period
in 2021 was used. Sampling was done in January and February, the spawning period in the Black Sea, to
determine the change in fatty acids in fish fillet and the effect of egg formation on fatty acids. A total of
10 female fish, 5 each month, were obtained directly from the boats. The fish were transported to the
Sinop University Faculty of Fisheries Feed Production and Technology laboratory under cold chain
conditions. After length and weight measurements, the gonads and fillets of the cleaned fish were sep-
arated. Gonads and fillets were homogenized separately and made ready for analysis. Each homoge-
nized sample was packaged in 3 parallels and stored at -20°C.

2.2. Biochemical Analysis

Gonad and fish fillet samples were analyzed according to the standard methods of the Association
of Official Analytical Chemists [23]. The samples for dry matter detection were dried at 105°C until a
constant weight was achieved. The ash content of samples was determined after being burned at 550°C
for 6 h in a muffle furnace. Crude protein amount was analyzed by the Kjeldahl method, and crude lipid
was determined after extraction with petroleum ether by the Soxhlet method.

2.3. Fatty Acid Analysis

Total lipid was determined by modified Bligh and Dyer Method [24]. 0.25 g of extracted lipid from
fish fillet and gonad was thawed by adding 4 ml of heptane and 0.4 ml of 2N KOH was added. This
mixture was stirred in vortex for 2 minutes, then centrifuged at 5000 rpm for 5 minutes. After centrif-
ugation, 1.5-2 ml of the heptane phase was collected and transferred to glass tubes for GC/MS analysis.
The injection of samples into the device was performed with the autosampler Al 1310. Samples were
analyzed by Thermo Scientific ISQ LT model GC/MS gas chromatography by spectrometer. For this
analysis, with 0.25um film thickness was used a Trace Gold TG-WaxMS capillary column (Thermo
Scientific code: 26088-1540) in 0.25um inner diameter and 60um length. The injection block temper-
ature was adjusted to 240°C and the column temperature program to be increased from 100°C to 240°C.
Helium gas (1 ml/min) was used as a carrier gas and 1:20 split ratio was applied. The MS unit (ISQ LT)
was used in electron ionization mode. Fatty acids were defined by comparing the standard FAME
mixture of 37 components [Chem-Lab Fame mix (37C) standard solution; Art. Nr. CL40. 13093; Lot
Nr. 221.561.102.100] with respect to their arrival time.

2.4. Indices of the nutrition quality of fillet lipids

The lipid nutritional value of the fillets is referred to as the index of atherogenicity (1A), the index
of thrombogenicity (IT), the flesh lipid quality (FLQ) measurements and hypocholesterolemic/ Hy-
percholesterolemic (h/H). These measurements were determined using the following formulas
[25-26-27]

[(4xC14:0) + C16:0+C18:0]
Ao T (2.2)
(EMUFA + n-6 PUFA + n-3 PUFA

(C14:0 + C16:0 + C18:0)
IT= --- (2.2)
(0.5X=MUFA+0.5xn-6PUFA+3xn-3PUFA)+( n-3PUFA/n-6 PUFA)

C20:5n3+C22:6 n3
FLQ= -meernmmmmemmeenemeeeenee (2.3)
Ytotal FA
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(C18:1n-9+C18:2n-6+C20:4n-6+C18:3n-3+ C20:5n-3+C22:5n-3+C22:6n-3)
h/H=---- (2.4)
C14:0+C16:0

2.5. Statistical Analysis

Anderson-Darling and Levene's tests were used for the homogeneity of variances and equality of
variance of the datas, respectively. Mann-Whitney U test was performed to look at the mean differences
between the groups and to determine whether there was a significant difference between them. Before
the statistical analysis, the square root transformations of the percent data were made for the homoge-
neity of the variances. Differences were considered significant when p<0.05. All analyses results were
presented as mean valuestSE. Analyzes were performed using Minitab 17 (Minitab Inc., State College,
PA, USA) software for Windows.

3. Results and Discussion
In terms of biochemical composition between the gonads and fillets of fish, moisture and lipid

contents were determined to be higher in the fillets, and protein and ash contents were higher in the
gonads (Table 1). The differences between them were found to be statistically significant (P<0.05).

Table 1. Biochemical composition of the gonad and fillets of the European flounder (Platichthys flesus)

(% fresh weight)
Gonads Fillets
Moisture (%) 67.54+0.532 76.88+0.58"
Protein (%) 30.21+3.17 21.35+0.25°
Lipid (%) 1.06+0.132 1.99+0.44°
Ash (%) 3.50+0.13° 2.01+0.10%

Data are mean + SE. Means with different superscript letter in a row are significantly different (p>0.05)

The health effects of marine lipids on humans have long been known. Aquatic organisms (fish,
invertebrates, algae and other aquatic products) are the main natural sources of PUFA in the human diet.
Fisheries, which are also rich in biochemical composition, contain high protein, are rich in essential
amino acids, and are of high quality in terms of marine lipids, increasing their importance in the diet.
The moisture, protein, lipid and ash were 80.55%, 17.64%, 1.20% and 1.07%, respectively, in a study
carried out on the fillet of the European plaice (Pleuronectes platessa) in Norway [28]. The fillet bio-
chemical compositions of European flounder caught in the North Sea were reported approximately 81%,
16.6%, 0.8% and 0.9% in terms of moisture, protein, lipid and ash [17]. The nutritional composition of
the mature egg is very important for the survival of the egg and subsequently the larvae. Therefore, in
many fish species, gonads often have different nutritional compositions compared to fillets. In the
current study, the gonad protein ratio was determined to be higher than the fillet protein ratio.

C14:0, C18:0, C16:1, C18:1n-9c, C20:1, C18:2n-6¢ and C18:3n-3 fatty acids in fillets and C16:0,
C20:4n-6, C20:5n-3 and C22:6n-3 fatty acids in gonads were predominant (Table 2). There were sta-
tistical differences between them (P<0.05). Among total fatty acids, SFA and PUFA were detected at
higher rates in gonads and MUFA in fillets (P<0.05). Figure 1 was showed changes in the predominant
fatty acids in European flounder (Platichthys flesus) fillet and gonads.
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Table 2. Fillet fatty acid compositions of the gonad and fillets of the European flounder (Platichthys

flesus) (% total fatty acids)

Fillets Gonads

C14:.0 5.11+0.53° 3.19+0.15°
C15:0 1.21+0.092 1.77+0.04°
C16:0 14.07+0.50? 18.65+0.94
C17:.0 0.82+0.05? 1.79+0.032
C18:0 4.58+0.20° 4.25+0.27°
C20:0 0.40+0.14° 0.15+0.02

C21:0 0.23+0.07° 0.06+0.02?
C22:0 0.51+0.22° 0.03+0.01®
C23:.0 0.21+0.05? 0.29+0.142
C24:0 0.89+0.142 0.70+0.08?
YSFA 28.03+0.212 30.86+0.72°
Cl4:1 0.77+0.05° 0.53+0.09?
Ci15:1 0.56+0.13? 0.79+0.19°
Cl6:1 9.60+0.37° 4.87+0.38?
Cl7:1 1.67+0.08% 2.11+0.21°
C18:1n-9c 13.76+0.97° 11.71+0.472
C18:1n-9t 4.89+0.71° 4.00+0.29°
C20:1 3.02+0.41° 1.27+0.18%
C20:1n-9 1.72+0.30° 1.03+0.102
C24:1 0.67+0.11° 0.22+0.03?
SMUFA 36.67+1.31° 26.35+0.472
C18:2 n-6¢ 3.85+0.22° 3.27+0.03?
C18:2 n-6t 0.45+0.05° 0.45+0.05?
C18:3n-3 1.76+0.37° 1.13+0.122
C18:3n-6 0.49+0.10° 0.15+0.022
C20:2 0.93+0.15° 0.50+0.07?
C20:3n-3 0.60+0.05° 0.87+0.02°
C20:3 n-6 0.36+0.072 0.75+0.31°
C20:4 n-6 4.06+0.25° 4.21+0.12°
C20:5n-3 9.80+0.09° 11.80+0.26"
C22:2 0.36+0.09° 0.15+0.02?
C22:6 n-3 12.40+0.61° 19.48+0.52°
>PUFA 35.06+1.19° 42.70+1.18°
>n-3PUFA 24.56+0.882 33.28+0.86"
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2n-6PUFA 9.21+0.16° 8.82+0.29°
n-3/n-6 2.67+0.09% 3.78+0.04°
PUFA/SFA 1.25+0.04% 1.39+0.07°
DHA/EPA 1.27+0.072 1.65+0.02°
DHA+EPA 22.20+0.69° 31.28+0.78°

Data are reported as meanzstandard errors of three replicate (3). Means with different superscript letter in a row are signifi-
cantly different (p>0.05). SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty
acids, DHA: Docosahexaenoic acid, EPA: Eicosapentaenoic acid

Fish are the main source of n-3 PUFAs in the human diet. This feature arises from the fatty
acid composition and the amount of unsaturated fatty acids in fish [12]. Unsaturated fatty acids include
both MUFA and PUFA. There is a consensus regarding the positive effects of PUFA on human health
[29-30-31]. Many researchers reported that factors such as seasonal changes, species, sex, size, food
availability, geographic location, breeding status, fishing season, water temperature and salinity affect
the amount of fatty acids in fish species [32-33-34]. Thornes [35] stated that in the flatfish, 50% of the
fatty acids contain PUFA and between 18% and 25% of the fatty acids are saturated fatty acids. In the
current study, fatty acids, including palmitic, stearic, oleic acids, and DHA, were abundant in the egg
and the fillet of flounder regardless of sampling time. Prato and Biandolino [36] reported that oleic
acid is the most abundant MUFA in most marine fish. MUFA and SFA are used as metabolic energy
sources for these species, and long-chain n-3 fatty acids are essential mainly for structural purposes,
i.e. as components of membrane phospholipids. In addition, MUFA is converted to energy more
efficiently through the p-oxidation process than n-6 PUFA. This observation can be explained by the
fact that SFA and MUFA are largely represented in neutral lipids [37].

20
15

10

Fatty acids (%)

# Fillets = Gonads

Figure 1. Changes in the predominant fatty acids in European flounder (Platichthys flesus) fillet and
gonads.

The balanced presence of LNA and LA in the diet of fish larvae provides an optimal survival
rate [38]. Likewise, the presence of LNA, ARA and EPA increases the quality of fish egg [39]. LA
is a precursor to ARA, which is reported to be advantageous for the cardiovascular health of consum-
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ers only when present at low levels, due to its antagonistic effect against the health benefits of n3 fatty
acids [40-41]. Garaffo et al. [25] reported very low amounts of ARA content in tuna egg (Thunnus
thynnus). In the current study, both LA and ARA levels were very high levels in the gonad and the
fillet.

Seafood contains high and balanced amounts of PUFA, especially EPA and DHA [29-42]. In
addition to providing people with high-quality proteins, fish consumption satisfies nutritional require-
ments for essential n-3 fatty acids, primarily EPA and DHA, which are two long-chain polyunsaturat-
ed fatty acids (LC-PUFA) mainly present in fish [43]. DHA also plays an important role in the repro-
ductive activities of females. It is transferred from the muscles to the liver and gonads and affects egg
quality and survival in the larva, and also plays an important role in adaptation processes [44]. It has
been reported that DHA and EPA are among the most abundant fatty acids in flatfish, containing more
than 40% of total fatty acids for starfish (Platichthys platessa) and yellowtail flounder (Harbour fer-
ruginea) [17]. While DHA is high in some species such as megrim (Lepidorhombus whiffiagonis),
yellowtail flounder (Limanda ferruginea) and spiny stingray (Dasyatis pastinaca), EPA is higher in
flat fish such as plaice (Pleuronectes platessa), Alaska flounder (Pleuronectes quadrituberculatus),
turbot (Scophthalmus maximus) [45]. In the current study, the amount of gonad DHA was determined
higher than the amount of fillet DHA in the breeding period. The gonad EPA rates were higher than
the fillet EPA rates. In a study in which fatty acid values were determined in many marine fish species,
DHA+EPA was 13% in spotted flounder (Lepidorhombus boscii) [46]. The current study showed
very high values of DHA+EPA ratios ranging from 22.20% to 31.38%. Fish need PUFA to adapt to
lower water temperatures, and cold sea fish are richer in n-3 fatty acids [47]. EFSA [48] recommended
that a daily intake of 250-500 mg/100g EPA and DHA is appropriate against the risk of cardiovascular
disease. Rimm et al. [49] reported that the amount of n-3 in flounder fillet is 350 mg/100 g. In the cur-
rent study, however, the amount of n-3 in flounder was determined to be quite high, and this species
met the daily EPA and DHA intake recommended by EFSA [48] in both the egg and the fillet. Sori-
guer et al. [50] found that the DHA level in a sole fish sample taken from the southern coast of Spain
was 14.8 (Ytotal lipid). In another study, Riley [51] determined the percentages of DHA and EPA for
the tongue base as 14.4 and 7.3, respectively. Soriguer et al. [50] found that the DHA level in a sole
sample taken from the southern coast of Spain was 14.8 (%total lipid). In another study, Riley [51]
determined the percentages of DHA and EPA for the sole fish as 14.4 and 7.3, respectively.

The n-3/n-6 ratio is a good index to compare the relative nutritional value of fish oil [52]. A
high n3/n6 ratio is required to reduce the risks of coronary heart disease, plasma lipid levels and can-
cer [40]. In addition, rational intake of n3/n6 fatty acids in human diets has been associated with the
prevalence of coronary heart disease [12]. While people in the Western world consume the n3/n6 ratio
around 1:15-20, the recommended intake is 1:6 [53]. It is recommended that the n3/n6 ratio be above
1. In a study in which fatty acid values were determined in many marine fish species, the n3/n6 ratio
was reported as 3.4% in spotted flounder [46]. In the current study, the n3/n6 ratio was determined at
lower levels in the fillet than in the gonad.

Various fatty acid ratios and some nutritional indices have been put forward to determine the
health quality of lipids in foods used for human consumption. It is recommended that the PUFA/SFA
ratio in foods should be above 0.45 in human diets [54]. Low PUFA/SFA ratios may increase the risk
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of cardiovascular diseases. The PUFA/SFA ratio of the diets obtained in the current study was quite
high (fillet and gonad, 1.25 and 1.39, respectively). This shows that flounder is suitable for human
consumption in terms of PUFA/SFA (Figure 2).

50
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20

Total Fatty acids (%)
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I IT I II 7777

# Fillets = Gonads

Figure 2. Variations in the total fatty acids of the European flounder (Platichthys flesus) fillet and the
gonads

In the present study, no difference was determined between the nutritional quality indices IT
and h/H in the gonads and fillets of European flounder (P>0.05). The 1A value was higher in fillets
than in gonads (P<0.05). FLQ value was determined to be significantly higher in gonads than in fillets
(P<0.05; Table 3).

Table 3. The nutritional quality indices of the gonad and fillets of the European flounder (Platichthys

flesus)

Gonads Fillets
1A 0.51+0.01% 0.54+0.05°
IT 0.57+0.042 0.54+0.017
FLQ 31.30£1.732 22.89+1.09°
h/H 2.44+0.36% 2.41+0.017

Data are mean £SD. Means with different superscript letter in a row are significantly different (p>0.05 IA: The index of
atherogenicity, IT: The index of thrombogenicity, FLQ: Flesh lipid quality, h/H: hypocholesterolemic/hypercholesterolemic.

A healthy animal product can be characterized by low Al and IT and high FLQ and h/H index
[3-55-25]. Al and IT show the potential to stimulate platelet aggregation [56]. Because IT tends to
form clots in blood vessels, this is defined as the relationship between saturated and unsaturated fatty
acids. Therefore, the smaller the Al and IT values, the greater the potential to protect against coronary
artery disease. In addition, it has been reported that fatty acids can reduce cholesterol and phospholipid
levels in the blood and thus prevent the emergence of micro and macro coronary diseases [57]. In fish
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diets, Al and TI are recommended to be below 1.0 and 0.5, respectively, in terms of human health
[58]. In the current study, Al and IT values were determined below 1.0 and 0.5. SFA, MUFA and n-6
PUFA are Tl and Al. It has been reported that these lipid indices have potential effects on diet quality
and coronary artery diseases [59-60].

hypocholesterolemic/Hypercholesterolemic index (h/H) characterizes the relationship between
hypocholesterolemic fatty acid and hypercholesterolemic fatty acid. Compared with the PUFA/SFA
ratio, the h/H ratio may more accurately reflect the effect of fatty acid composition on the prevention
of cardiovascular disease (CVD). The h/H has certain limitations. h/H may contain more types of fatty
acids, such as other molecular types of MUFA, and different weights may be assigned to different
types of molecular fatty acids. Some studies reported that the h/H value is between 1.73 and 4.75 for
shellfish, excluding Loxechinus albus [61] and between 1.54 and 4.83 for fish, excluding Opisthonema
oglinum, which is 0.87 [58]. The h/H is related to the effect of specific fatty acids on cholesterol
metabolism, and higher values are considered more desirable for human health [62]. Rincén-Cervera
et al. [61] reported the highest h/H value among all analyzed fish species was in red cusk-eel
(Genypterus chilensis, 2.93), followed by Chilean hake (Merluccius gayi gayi, 2.23), while the fish
with the lowest h/H values were Chilean sand bass (Pinguipes chilensis, 1.54) and jack mackerel
(Trachurus murphyi, 1.73). Recent studies have reported h/H values between 0.65 and 2.46 for fish
lipids [63-58]. In the present study, the h/H value was determined 2.44 and 2.41 for the gonad and
fillet, respectively.

The lipid quality of meat is directly related to EPA and DHA ratios. The FLQ value represents
the ratio of EPA+DHA to fatty acids. Omega-3 fatty acids are beneficial for both healthy people and
those suffering from cardiovascular diseases and are reported to reduce the risk of arrhythmias (ab-
normal heartbeats), which can lead to sudden death [64]. Luczynska et al. [65] reported an FLQ value
of 20.25 for Platichthys flesus. In the present study, relatively high FLQ values (29.59-33.02 for gon-
ads; 23.17-21.34 for fillets) were obtained. In this context, it can be said that European flounder has a
good nutritional quality for human consumption.

4. Conclusion

Based on the data obtained from this study, it has been suggested that the European flounder is
an exceptionally nutritious fish species in terms of its biochemical content, fatty acid composition, and
overall nutritional quality. The n3/n6 fatty acid ratio in the human diet is crucial for visualizing heart
disease and reducing cancer risk by lowering plasma lipid levels [40]. Therefore, increasing the con-
sumption of n3 fatty acids is important for promoting human health [66]. In this study, both the
gonads and fillets of the evaluated European flounder were characterized by low-fat content and high
levels of n-3 fatty acids, particularly EPA and DHA. Interestingly, the EPA+DHA content was found
to be higher in the gonads compared to the fillets. This indicates that the gonads are a richer source of
these beneficial fatty acids. According to the values of PUFA, the totals of EPA and DHA, the n-3/n-6
ratios, and the nutritional quality index values, the European flounder—both in its gonads and fil-
lets—has been determined to be an important source of essential fatty acids. This makes it a valuable
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addition to the diet for those looking to improve their intake of n-3 fatty acids and thereby enhance
their overall health and well-being.
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