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Abstract 
The present study aims at the identification and investigation of fatty acid and amino acid 

profiles in male and female Liza aurata in the southern part of the Caspian Sea, in reproductive 

(autumn) and non-reproductive (spring) seasons. The results showed difference between the 

total fatty acids levels in the sexes. Analyses of fatty acids indicated a higher percentage of 

C16:0, C18:1 and 22:6 (DHA) in the SFA, MUFA and PUFA groups, respectively. The results 

indicated the importance of PUFA during the spring. The ratios of n-3/n-6 and FLQ in female 

were more than male in the spring and the amount of AI and TI was lower than 1. Besides, the 

amount of amino acids was higher in the spring, depending on the fish diet. However, there was 

no significant difference between the male and female fish with regards to amino acids; 

therefore, sex had no bearing on the amino acid content. Furthermore, the ratios of 

TEAA/TNEAA for the fish in the spring and autumn were 1 and 0.99 respectively. The ratio of 

leucine/isoleucine in L. aurata showed a good balance, which indicated the excellent quality of 

protein in this species. This information of the fillet can be used as indicators of dietary lipid, 

essential fatty acid and amino acid requirements of L. aurata, which may contribute to the 

formulation of a balanced diet for the culture of this species and depending on the fish sex. 
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1. Introduction 

It is well-known that fish is an important source of 

protein in essential amino acids, fatty acids, oil-

soluble vitamins, and polyunsaturated fatty acids that 

have an anti-arteriosclerosis effect (Usydus et al., 

2011). Seafood is a rich source of Omega−3 fatty   

(n-3) acids and other polyunsaturated fatty acids 

(PUFA) that play a beneficial and protective role in 

cardiovascular, chronic, and inflammatory diseases 

(Calder et al., 2013). Fish also contains high amounts 

of the essential amino acids, particularly lysine, in 

which cereals are relatively poor. Therefore, fish 

protein can be used as a compliment to amino acid 

pattern and it can increase the overall protein quality 

of a mixed diet (FAO, 2013). The nutritional value of 

fish fillets depends on the fish diet. Therefore, it is 

necessary to evaluate nutritional values in biological 
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variations. The Caspian Sea coast is one of the major 

sources of seafood in Iran; however, there is a lack of 

information about the biochemical composition and 

nutritional value of commercial fish in the fish 

harvest seasons.  

Golden-grey mullet is one of the species that 

constitutes the target of fishery exploitation of south 

Caspian Sea coast and it can be found in the southern 

part of the sea all year long. During migration, it 

feeds intensively. It feeds on detritus, silt, and 

occasional mollusks (Velikova et al., 2012). 

Studies on the biochemical composition of wild 

fish populations are rarely undertaken due to the 

difficulties in sampling, preservation of the samples 

and availability of a wide range of specimens from 

different ages, sizes, sexes and seasons from 

unpredictable catches of professional fisheries. In 

this regard, similar studies have been carried out on 

amino acids pattern and fatty acids composition of 

some freshwater and marine fishes (ElShehawy et 

al., 2016, Peng et al., 2013, Shahidi et al., 2018, 

Tenyang et al., 2014, Zhou et al., 2017, Emre et al., 

2017). The results of these researchers showed that 

biochemical characteristic of fish muscle 

significantly varies due to different seasons. 

However, there is little information about 

biochemical, fatty acid, and amino acids compounds 

of L. aurata in terms of season and sex.  

The objective of this study was to determine the 

profile of fatty acids (FA) and the lipid quality index, 

atherogenic index (AI), thrombogenic index (TI), 

flesh-lipid quality index (FLQ), and Amino acids 

(AAs) in muscles of male and female L. aurata of 

the southern part Caspian Sea during non-

reproductive period (spring season) and reproductive 

period (autumn season).  Additionally, this study 

sought to evaluate the dependence between biometric 

parameters (body weight and total length) and the 

main biochemical content, AAs and FA profile.

2. Materials and Methods 

2.1. Collection of samples 

Given the physiology, reproduction, distribution 

and fishing trends of L. aurata in the southern part of 

the Caspian Sea (from Astara on the border of 

Azerbaijan to Hojanepes on the border of 

Turkmenistan), fish samples were collected from 10 

sites. At each site, 10 adult fish were randomly 

sampled in two seasons' non-reproductive period 

(spring season) and reproductive period (autumn 

season). The study involved 100 individuals caught 

in spring (22 female -28 male) and autumn (23 

female -27 male), sexual maturation, were 

determined via the sixth stage maturation criteria 

(Ghaninejad et al., 2010). In the female, the oocytes 

exit through a separate oviduct and only urine passes 

through the urinary pore while in the male the genital 

papilla has only one opening through which both 

spermatozoa and urine pass. 

2.2. Biometric measurements 

Live fish was transported to fisheries research 

laboratory of Azad University, Tonekabon branch 

layered with flaked ice using icebox. After washing 

the fish and sex determination, the bioassay indices, 

such as the weight (W) and total length (TL) were 

measured using a scale of ±2 g precision (a digital 

scale, SE-62 DY-888, Iran) and a graded board of ±1 

mm precision, respectively. 

2.3. Sample preparation and proximate composition 

analysis 

To measure the body composition, 200 g without 

skin-fillet was prepared from each sample (1 cm 

thick) by gender of fish and refrigerated until the 

beginning of the tests (Ali et al., 2005). Regarding 

the difference in chemical composition of different 
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parts of the fish body, such as under the skin, filet 

tissue, and tail, all parts of the body were 

homogeneously sampled (Ackman, 1995). The 

moisture, ash, and protein, the fat content of muscles 

was measured (3 times) using standard methods 

(AOAC, 2005). 

2.4. Fatty acids analysis (FA) 

Fatty acid methyl ester (FAME) was used to 

prepare the Timms method (1978). From individual 

male and female fish 0.2 g were weighed separately 

and diluted with 4 ml of hexane and then by the 

addition of 0.2 ml of sodium methoxide in a sealed 

tube. The mixture was then shaken using a vortex for 

1 min and left for about 30 min until it separated into 

two phases. The top layer, FAME was then taken for 

analysis by using Trace GC (model: Agilent 7890B). 

The GC conditions were as follows: Column (CP-Sill 

88; 60 m, 0.25 mmID, 0.20 MicroMeter df, Agilent), 

Flow Rate: 2 ml/min, (=Velocity 43.47 cm/sec), 

Carrier: H2, Oven temperature program: 60 deg. 

centigrade (Hold time: 2 min) then 20 °C / min to 

160 °C (Hold time: 15 min), then 2 °C / min to 180 

deg centigrade (Hold time: 2 min), then 10 °C / min 

to 230 °C (Hold time: 10 min). FID: Temp: 270 °C. 

H2 35 ml/min, Air 350 ml/min, Makeup gas (N2): 

30ml/min. Injector Temp.: 250 °C. Injection volume: 

1 µl. Split ratio: 50:1. Compounds were identified in 

comparison to retention times of standard (Vingering 

and Ledoux, 2009). 

2.5. Nutritional quality 

The AI indicates the relationship between the sum 

of the main saturated fatty acids and that of the main 

classes of unsaturated fatty acids, the former being 

considered proatherogenic and the latter 

antiatherogenic. The TI shows the tendency to form 

clots in the blood vessels. This is defined as the 

relationship between the prothrombogenic 

(saturated) and the anti-thrombogenetic FA (MUFA, 

n-6 PUFA, and n-3PUFA) (Telahigue et al., 2013, 

Ulbricht and Southgate, 1991). Due to the propensity 

of L. aurata’s tissue to promote the incidence of 

coronary heart disease, AI and TI were calculated 

using Eqs.1 and 2, respectively (Ulbricht et al., 

1991). 

Eq. 1 

TI = [C14:0 + C16:0 + C18:0]/[(0.5 _ C18:1) + (0.5 

_ sum of other MUFA) + (0.5 _ n-6PUFA) + (3 _ n-

3PUFA) + n-3PUFA/n-6PUFA)] 

Eq. 2 

AI = [C12:0 + (4 _ C14:0) + C16:0]/(n-3PUFA + n-

6PUFA + MUFA) 

The FLQ indicates the correlation between the 

main n-3 PUFA (EPA + DHA) and the total lipids. 

Moreover, Eq. 3 can be used to calculate the FLQ 

(Abrami et al., 1992, Senso et al., 2007). 

Eq. 3 

FLQ = 100 - [EPA + DHA]/[% of total fatty acids] 

2.6. Amino acids analysis 

In order to determine the mixture of amino acids, 

using HCL, firstly 6 molars were hydrolyzed for    

24h in 110°C, and then, derived using phenyl 

isothiocyanate (AOAC, 1990)  and measured using 

(HPLC) (Germany, Knauer model) with the 

fluorescent capability (RF-530) according to the 

method of British Pharmacopoeia (British 

Pharmacopoeia, 2011). 

2.7. Statistical analysis 

Data were expressed as mean (± SD). Significant 

differences between groups were determined by the 

One-way analysis of variance (ANOVA) followed 

by Duncan test. Statistical analysis was performed 
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using the SPSS v.20 software (SPSS Inc., Chicago 

IL, USA). Mean values were considered significantly 

different at p<0.05 and p˂0.01. 

3. Results and discussion 

3.1. Biometric 

The results of L. aurata biomass analysis showed 

that the weight and total length of L. aurata in 

females (Table 1) were more than males during the 

reproductive period (p<0.05).  

Fatty acid (FA) composition of the total lipid of L. 

aura is presented in Table 2. We identified and 

evaluated 32 FA in the muscle lipids of L. aurata. 

However, it was observed that the FA composition of 

L. aurata varied throughout both sexual periods. For 

example, FA including C10: 0-Capric acid, C12: 0-

Lauric acid and C18:1(n-7) was not observed during 

the non-reproductive period.      

 

Tabel 1: Mean (± SD) and range of the morphometric characteristics and proximate composition of Liza aurata 

Season 

 non-reproductive period reproductive period  

 Male Female average Male Female average  

 n=28 n=22  n=27 n=23  Sig. 

Weight 832.12±185.3 746.33±140.46 814.96±178.51 738.16±248.02 996.16±287.17 944.56±295 0.03* 

Total length 48.16±3. 1 47.0±3.41 47.93±3.20 47.06±5.03 51.04±5.03 50.24±5.20 0.04* 

% Fat 2.54±1.0 2.46±0.42 2.52±0.93 1.81±0.45 1.45±0.46 1.52±0.47 0.00* 

% protein 21.68±0.9 21.30±0.95 21.37±0.96 21.44±0.79 20.24±2.04 20.48±1.91 0.04* 

% moisture 74.33±1.3 74.45±0.73 74.42±1.27 74.65±1.56 76.09±2.03 75.80±2.01 0.00* 

% ash 1.23±0.4 1.12±0.17 1.21±0.38 1.25±0.50 1.08±0.41 1.1150±0.42 0.16 

(*) Significant is 0.05 level; (**) Significant is 0.01 level; 

Total length (cm); Weight (g); (ns): not significant p˃0.05; 

 

 

Table 2: Mean (± SD) and Fatty acid composition (g per 100g fat) of the fish fillet; 

ANOVA and t-test review test results between different factors 

 non-reproductive period  reproductive period  

Fatty acids 

Male 

(n=24) 

Female 

(n=26) 

average Male 

(n=26) 

Female 

(n=24) 

average Sig. 

C10:0 ND ND ND 0.09±.053   0.97± 0.09 0.09±0.08 - 

C12:0 ND ND ND 0.06± 0.043 0.09± 0.88 0.08±0.08 - 
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C14:0 2.02±1.21 1.11 ±0.90 1.84±1.20 3.19± 0.80 3.49±1.43 3.43±1.32 0.000 

C15:0 0.92±1.02 0.75 ±0.77 0.88 ±0.97 2.38± 2.92 1.43±1.48 1.62±1.83 0.055 

C16:0 17.33 ±2.90 15.83 ±3.17 17.03 ±2.96 16.66± 3.14 20.89± 3.97 19.9 ±4.1 0.003 

C17:0 0.53±0.25 0.47 ±0.22 0.52 ±0.24 0.67± 0.35 0.607± 0.20 0.62±0.23 0.114 ns 

C18:0 5.30 ±1.54 5.73 ±1.33 5.39 ±1.49 3.70±0.83 4.04± 1.56 3.95±1.37 0.000 

C20:0 0.19 ±0.05 0.18 ±0.05 0.19 ±0.05 0.17± 0.10 0.21± 0.07 0.21±0.8   0.331 ns 

C21:0 0.29 ±0.39 0.24 ±0.18 0.28 ±0.3 0.66 ±0.9 0.43 ±0.55 0.48 ±0.6 0.140 ns 

C22:0 0.24±.13 0.17 ±0.05 0.22 ±0.12 0.24± 0.08 0.28± 0.03 0.28± 0.04 0.097 ns 

C23:0 0.28 ±0.16 0.21 ±0.11 0.26 ±0.15 0.19 ±0.04 0.19 ±0.16 0.19 ±0.14 0.062 ns 

C24:0 1.05 ±.44 1.09 ±0.29 1.06 ±0.41 0.62± 0.31 0.56±0.28 0.57± 0.28 0.000 

ΣSFA  28.1±2.90 25.82±4.07 27.7±3.2 28.5±5.6 32.14±4.58 31.42±4.9 0.001 

C14:1 0.25± 0.14 0.22±0.11   0.24±0.13 0.29±0.21 0.28±0.12   0.28±0.14 0.256 ns 

C15:1 0.13 ±0.13 0.12 ±0.08 0.13 ±0.12 0.22 ±0.28 0.17 ±0.11 0.18 ±0.16 0.180 ns 

C16:1 7.83± 4.56 6.04±4.81   7.47±4.58 9.0±3.47   12.69±4.87  11.96±4.81  0.001 

C17:1 0.99± 1.04 0.88±0.71   0.97±0.97   1.716±1.78 1.18±0.92   1.29±1.12   0.247 ns 

C18:1(n-7) ND ND ND 3.73 ±1.2 4.1 ±1.01 4.07±1.07 - 

C18:1(n-9) 10.02 ±3.6 9.6 ±3.5 9.94 ±3.5 10.9 ±3.1 13.17 ±3.7 12.7 ±3.7 0.004 

C18:1(n-11) 4.2±1.5 3.8±1.4 4.14 ±1.5 ND ND ND - 

C20:1(n-9) 0.34±0.08   0.31±0.10   0.34±0.08 0.32±0.10   0.33±0.08   0.33±0.09   0.659 ns 

C22:1(n-9) 0.56±0.24   0.41±0.12 0.53±0.22   0.75±0.20   0.59±0.18   0.62±0.19    0.090 ns 

C24:1(n-9) 2.0 ±0.81 2.2 ±1.03 2.06 ±0.8 0.17 ±0.04 0.19 ±0.1 0.19 ±0.9 0.000 

ΣMUFA  26.37±7.86 23.74±8.9 25.85±7.9 27.1±6.3 32.42±7.88 31.62±7.9 0.007 ns 

C18:2(n-6) 1.46±0.31 1.50±0.32 1.47±0.31 2.02±1.04 1.71±0.23 1.77±0.49 0.006 ns 

C18:3(n-3) 0.39±0.23 0.28±0.23 0.37±0.23 0.65±0.39 0.72±0.35 0.71±0.35 0.000 

C18:3(n-6) 0.33±0.16   0.22±0.08 0.31±0.15 0.37±0.16 0.41±0.21 0.40±0.20 0.046 

C20:2(n-6) 0.21±0.12   0.21±0.11 0.21±0.12 0.18±0.11 0.15±0.06 0.16±0.07 0.048 

C20:3(n-3) 8.09±3.81   10.3±3.1 8.5±3.8 5.98±1.91 5.77±2.95 5.8±2.7 0.003 

C20:3(n-6) 0.33±0.15 0.36±0.15 8.53±3.87 0.26±0.07 0.33±0.14 5.84±2.83 0.604 ns 
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C20:4(n-6) 1.03±0.37 1.09±0.29 1.04±0.35 0.60±0.35 0.56±0.29 0.57±0.29 0.000 

C20:5 (EPA) 10.81±3.91 10.84±4.33   10.8±3.9 10.4±4.2  8.1±3.05 8.60±3.37 0.022 

C22:5(n-3) 5.98±1.7 5.6±0.77 5.9±1.5 4.37±0.99 3.7±0.95 3.8±0.97 0.000 

C22:6 (DHA) 14.20±6.07 18.00±8.57   14.96±6.66   12.02±7.38 7.98±5.48 8.81±5.99 0.000 

ΣPUFA  42.87±10.8 48.5±13.2 44.00±11.3 36.9±10.7 29.6±10.6 31.06±11.00 0.000 

Σ n-3 39.4±10.7 45.1±13.3 40.6±11.3 33.4±11.4 26.4±10.2 27.8±10.8 0.000 

Σ n-6 3.37±0.73 3.39±0.72 3.38±0.71 3.40±1.03 3.19±0.56 3.24±0.66 0.429 ns 

Σ n-9 12.9±3.2 12.6±3.08 12.88±3.1 12.2±2.9 14.2±3.81 13.8±3.7   0.269 ns 

n-3/n-6 12.1±4.2 13.9±5.9 12.5±4.5 11.01±5.6 8.22±2.98 8.7±3.6 0.001 

n-6/ n-3 0.09±0.04 0.08±0.03 0.09±0.04 0.13±0.11 0.13±0.04 0.13±0.06 0.002 

PUFA/SFA 1.56±0.52 1.9± 0.76 1.6±0.58 1.3±0.57   0.98±0.47 1.06±0.51 0.000 

USF 69.25±4.02 72.27±4.44 69.8±4.2 64.11±3.4.9 62.3±3.44 62.6±3.8  0.000 

USF/SFA 2.49±0.38 2.87±0.58 2.57±0.44 2.3±0.53 1.9±0.37 2.05±0.42 0.000 

EPA+DHA 25.01±8.32 28.85±11.1 25.78±8.87 22.45±9.92 16.16±7.85 17.41±8.51 0.000 

TI 0.18±0.07 0.15±0.06 0.17±0.07 0.20±0.09 0.30±0.12 0.28±0.124 0.000 

AI 0.01±0.02 0.01±0.01 0.01±0.02 0.29±0.02 0.06±0.04 0.05±0.04 0.000 

FLQ 25.66±8.5 29.38±11.24 26.4±9.04 24.38±11.00 17.18±8.5 18.6±9.3 0.002 

(*) Significant is 0.05 level  (**) Significant is 0.01 level 

(SFA) Saturated Fatty Acids; (MUFA) Monounsaturated Fatty Acids; (PUFA) Polyunsaturated Fatty Acids; 

(ND) Not Detected; (ns) Not significant; (AI) atherogenic index; (TI) thrombogenic index; (FLQ) flesh-lipid quality 

 

Based on the results of the t-test, the total 

Saturated Fatty Acid (SFA), monounsaturated fatty 

acid (MUFA) and PUFA percentages variations in 

sexes during periods were significant (p<0.05). 

Palmitic acid (C16:0) was the major SFA accounts of 

the lipids for L. aurata females and males in 

reproductive period (20.89% and 16.66%) and in 

non-reproductive period (15.83% and 17.33%) and 

stearic acid (C18:0) was the second major SFA 

accounts (3.95%-5.39%). In the present study oleic 

acid (C18:1n-9) was identified as a primary the 

MUFA in the L. aurata females and males in the 

reproductive period (13.17% and 10.9%) and in the 

non-reproductive period (9.6% and 10.2 %). Besides, 

palmitoleic acid (C16:1) was identified as the second 

major MUFA (7.47%-11.96%). Docosahexaenoic 

(C22:6n-3, DHA) and eicosapentaenoic (C20:5n-3, 

EPA) were the first and second major in PUFA 

account (8.81%-14.96% and 8.6%-10.8% 

respectively). Substantial levels of DHA and EPA in 

female muscles were higher than male during the 

non-reproductive period and these differences were 

significant (p<0.05). 

FA in muscles of L. aurata was as follows PUFA> 
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SFA> MUFA in the non-reproductive period (44.0%, 

27.7%, 25.85% respectively) and MUFA > SFA > 

PUFA in the reproductive period (31.62%, 31.42%, 

31.06% respectively) and these differences were 

significant (p<0.05).  The total SFA, MUFA, TI and 

AI were at the highest level in the female during the 

reproductive period. The total PUFA, n-3, USF 

(unsaturated fatty acids) and FLQ were the highest in 

the female during the non-reproductive period, and 

its percentage decreased in the reproductive period 

(p<0.05). The variations of major FA (Σ SFA, Σ 

MUFA, Σ PUFA, Σ n-3, Σ n-6, Σ n-3/ n-6, and Σ 

FLQ) of total lipid in male and female in both 

periods and sexes are shown in Figure 1.    
 

 

Fig 1: Sexes in periods variations in the major fatty acid groups (Σ SFA, Σ MUFA, Σ PUFA, 

Σ n-3, Σ n-9, Σ n-3/ n-6, and Σ FLQ) of total lipid in L. aurata. 

(SFA) saturated fatty acids; (MUFA) monosaturated fatty acids; (PUFA) polyunsaturated fatty acids; 

(FLQ) flesh-lipid quality index. 

 

3.2. Amino acid composition 

Amino acid composition (g/100 g amino acid) of 

L. aurata has been analyzed and the results are 

shown in Table 3. According to the results of this 

study, 18 AAs were identified in the fillet of L. 

aurata. Among which 10 essential amino acids 

(EAAs) and 8 non-essential amino acids (NEAAs) 

were observed; but there was no significant 

difference between the sum of EAAs and NEAAs in 

male and female fish (p>0.05). The total amount of 

EAAs and NEAAs in the fillet of the fish during the 

non-reproductive period (11.09-11.08) was higher 

than the reproductive period (10.82-10.85). The t-test 

results showed that there was a significant difference 

in fish fillet tissue between periods (p<0.05). Lysine 

had the highest total amount of essential AAs (2.12-

2.08) followed by leucine, arginine, and valin.      
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Table 3: Mean (± SD) and range of amino acid composition (g /100g) of the fish fillet in the two different seasons and sites; 

ANOVA and t-test review test results between different factors 

Amino Acid 

non-reproductive period reproductive period  

Male 

(n=24) 

Female 

(n=26) 

average Male 

(n=26) 

Female 

(n=24) 

average Sig. 

Met 0.67±0.056 0.69±0.07 0.67±0.05 0.68±0.1 0.65±0.1 0.66±0.17 0.73 ns 

Thr 1.0±0.043 1.00±0.10 1.0±0.05 0.96±0.06 0.96±0.06 0.96±0.06 0.19 ns 

Val 1.17±0.06 1.19±0.09 1.17±0.07 1.13±0.13 1.13±.13 1.13±0.13 0.53 ns 

Ile 1.07±0.117 1.18±0.27 1.09±0.16 1.08±0.11 1.06±0.08 1.06±0.08 0.68 ns 

His 0.66±0.05 0.68±0.05 0.67±0.05 0.62±0.1 0.66±0.16 0.65±0.15 0.75 ns 

Leu 1.86±.08 1.88±0.08 1.87±0.08 1.83±0.08 1.83±0.1 1.8±0.10 0.46 ns 

Phe 0.87±0.08 0.91±0.07 0.88±0.08 0.83±0.14 0.83±0.12 0.83±0.12 0.49 ns 

Trp 0.24±0.057 0.23±0.03 0.24±0.05 0.22±0.02 0.2±0.04 0.23 ±0.04 0.90 ns 

Lys 2.10±0.08 2.12±0.22 2.12±0.12 2.08±0.12 2.09±0.15 2.08±0.14 0.86 ns 

Arg 1.36±.108 1.34±0.13 1.35±0.11 1.33±0.11 1.34±0.09 1.34±0.09 0.7 ns 

TEAA 11.09±0.51 11.3±0.69 11.09±0.38 10.81±0.5 10.82±0.4 10.82±0.48 0.05* 

Pro 0.7±0.06 0.78±0.05 0.79±0.06 0.80±0.1 0.76±0.1 0.77±0.14 0.35 ns 

Cys 0.25±0.04 0.26±0.04 0.25±0.04 0.24±0.03 0.25±0.05 0.25±0.04 0.79 ns 

Glu 3.43±0.07 3.41±0.12 3.42±0.08 3.27±0.1 3.32±0.19 3.31± 0.18 0.18 ns 

Ser 0.93±0.050 0.92±0.05 0.93±0.05 0.93±0.07 0.90±0.07 0.90±0.07 0.09 ns 

Asp 2.40±0.27 2.51±0.46 2.42±0.31 2.67±0.5 2.36±0.24 2.42±0.32 0.40 ns 

Gly 1.08±0.07 1.10±0.09 1.09±0.07 1.13±0.16 1.05±0.1 1.06±0.11 0.14 ns 

Ala 1.37±0.08 1.35±0.10 1.37±0.08 1.37±0.1 1.33±0.15 1.34±0.14 0.23 ns 

Tyr 0.77±0.05 0.78±0.09 0.77±0.05 0.76±0.06 0.76±0.06 0.76±0.06 0.73 ns 

TNEAAs 10.93±0.36 11.1±0.54 11.08±0.39 11.21±0.6 10.76±0.6 10.85±0.6 0.08 * 

TAAs 22.10±0.54 22.48±0.91 22.18±0.6 22.03±1.08 21.58±1.07 21.67±1.0 0.17 ns 

TEAAs/TNEAAs 0.99±0.05 1.01±0.11 1±0.14 0.96±0.05 1±0.01 0.98±0.06 - 

TSAAs 5.967±0.51 6.211±0.96 6.08±0.46 5.938± 5.895±0.56 5.9165±0.86 - 
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TAAAs 1.649±0.15 1.698±0.14 1.67±0.1 1.601±0.14 1.594±0.09 1.5975±0.04 - 

Leu / Ile ratio 1.96±0.17 1.84±0.18 1.9±0.04 1.93±0.19 1.96±0.22 1.945±0.04 - 

(TEAA) Total Essential Amino Acids, (TNEAA) Total Non-Essential Amino Acids,         (TAA) Total Amino Acids, 

(TSAA) Total sulfur amino acids,   (TAAA) Total aromatic amino acids,  ns) not significant 

 

4. Conclusions 

4.1. Proximate composition 

These results showed that the protein and fat 

content in muscle of L.aurata significantly (p<0.05) 

increased along with a decrease in moisture content 

in the male during non- reproductive period 

(Table1). Lipid storage of male muscle was slightly 

higher than female fish due to the high reproductive 

metabolism of the females versus male. Besides, the 

energy metabolism of males was higher than females 

due to their high activity. These results were in 

agreement with Komova (2001). The change in the 

content of protein in fish muscle depends on the 

abundance of fish food and there is an opposite 

relationship between protein and moisture content 

(Gülsün and Abdurrahman, 2006). The difference in 

the content of lipid was not only because of food 

abundance, but also was associated with the 

reproductive behavior of fish. During sexual 

maturation, many fish species tend to decrease their 

food ingestion and lipid stores are directed to use for 

energy (Gokce et al., 2004). 

4.2. Fatty acids composition  

Palmitic acid (C16:0) was the first, and stearic 

acid (C18:0) was the second major SFA content of 

the lipids for L. aurata. Similar results have also 

been reported for L. aurata (Küçükgülmez et al., 

2018; Khitouni et al., 2014; Pirestani et al., 2010; 

Hedayatifard and Yousefian, 2010; Hedayatifard, 

2009)  and other fish, such as Oreochromis niloticus 

(Abelti, 2017); Capoeta caelestis (Emre et al., 2017); 

Clupea harengus, Trichius lepterus, Arius 

maculatus, Cyprinus carpio, Symphysadon discus 

and Semotilus atromaculatus (Tenyang et al., 2014); 

Thunnus albacares and Th. Obesus (Peng et al., 

2013); Channa striatus, Pangasius hypothalamus, 

Clarias macrocephalus, Tenualosa toil, Rastrelliger 

kanagurta and Stolephorus baganensis (Muhamad 

and Muhamad, 2012); Capoeta trutta (Satar et al., 

2012); Merluccius merluccius, Trachurus trachurus, 

Solea solea, Engralius encrasicolus, Scomber 

scombrus, and Sardina pilchardus (Pacetti et al., 

2010);  Labeo rohita  (Memon  et al.,  2010);  

Clarias gariepinus  and  Tilapia  zillii  (Osibona  et  

al., 2009). 

Palmitic acid and then stearic acid is usually 

considered the most abundant SFA in nature, and it 

is found in appreciable amounts in the lipids of 

animals, plants and lower organisms (Abelti, 2017; 

AOCS, 2011). Palmitic acid comprises 20-30% of 

the lipids in most animal tissues, and it is present in 

amounts that vary from 10-40% in seed oils (AOCS, 

2011) and Ackman (1995) reported it is a key 

metabolite not influenced by diet in fish was the SFA 

found in higher concentration (Abelti, 2017). 

Oleic acid was the primary MUFA in L. aurata. 

Similarly, results have been reported as a 

characteristic property of other fishes (Abelti 2017, 

Emre et al., 2017, Memon et al., 2019, Muhamad and 

Muhamad, 2012, Osibona et al., 2009, Peng et al., 

2013, Satar et al., 2012, Tenyang et al., 2014). 

Palmitoleic acid was the second most important 

MUFA in L. aurata. These results were compared 

with those of other researchers (Memon et al., 2010, 

Satar et al., 2012). The high values of oleic and 

palmitoleic acids are considered as a good quality for 
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fish oils (Andrade et al., 1995). 

DHA and EPA were the predominant in PUFA. 

These findings were very similar to the fatty acid 

composition results of previous studies on different 

species (Emre et al., 2017, Memon et al., 2019, 

Muhamad and Muhamad, 2012, Osibona et al., 2009, 

Peng et al., 2013, Satar et al., 2012, Tenyang et al., 

2014). 

It should be noted that variations in the fatty acid 

composition might be related to any change in the 

nutritional habits of the fish and the content of PUFA 

in fish muscle was dependent on the diet (Norrobin 

et al., 1990). The high levels of palmitic, oleic, DHA, 

EPA, linoleic, palmitoleic, and stearic acids result 

from very favorable feeding conditions. DHA and 

palmitic acids are mainly synthesized by fish. Oleic 

acid can originate from either or both of these 

sources. 

The DHA and EPA of the long chain omega-3 FA 

were the principal PUFA of fish oil (Ackman, 1995). 

Sargent (1995) reported that n-3 PUFAs, primarily 

DHA, had a quality to sustain the functional integrity 

and structure of fish cells. A pronounced difference 

in the fatty acid composition of the fish fillet is due 

to differences in maturation processes that exist 

between the two sexes (Abelti, 2017, Biró et al., 

2009). The higher ratio of EPA (10.84%) and DHA 

(18%) increased n-3 PUFA content in the female 

during the non-reproductive period. DHA might be 

shifted to eggs from the muscle for the reproductive 

period (Abdurrahman et al., 2009). In the present 

study, SFA and MUFA were observed significantly 

higher in the female during the reproductive period 

(p<0.05). The sum of SFA decreased in non-

reproductive period for L. aurata, was most probably 

due to the catabolism of SFA in order to ensure 

energy necessity during that period. This trend was 

also observed during a similar period in C. caelestis 

(Emre et al., 2017); L. rohita (Memon et al., 2019); 

C. trutta (Satar et al., 2012). A low level of oleic and 

palmitoleic acids decreased the MUFA content 

during the non-reproduction period while the high 

ratio of them increased the MUFA content during the 

reproduction period. A low level of DHA decreased 

the PUFA contents of L. aurata specimens during the 

reproductive period. This indicated that PUFA might 

be employed more for reproductive intention in L. 

aurata.  

SFA is mostly used for the purpose of energy 

storage. Hence, their concentrations are increased 

during the stage of improved feeding activity. There 

was a significant difference between the total SFA in 

sexes (p<0.05). SFA is used as the most important 

source of metabolic energy when oocytes grow and it 

peaks in the reproductive period. Besides, the largest 

amount of them is spent on the growth of the egg in 

the female during sexual maturation, while the 

amount of this group of acids in male (spermatozoa) 

is about half of the female (egg). The main role of 

SFA is in the activities related to the formation and 

growth of the egg in the female during reproductive 

activities (Henderson et al., 1984). Rebah et al., 

(2009) showed that the amount of SFA in female was 

higher than male. The combination of 

triacylglycerol- one of the compounds found in 

female fish- is more than male. The amount of 

triacylglycerol in fish is high and triacylglycerol is a 

source of MUFA (Huynh et al., 2007).   

The n-3/n-6 ratio is a good index for comparing 

the relative nutritional value of fish oils. A high level 

of n-6 FA decreases the n-3/n-6 ratio in L. aurata 

during the reproductive period. The ratio of n-3/n-6 

PUFAs in total lipids of freshwater fish changes 

mostly between 0.5 and 3.8 whereas for marine fish 

it was 4.7-14.4 (Guler et al., 2008). The ratio of n-

3/n-6 PUFAs in the diet should be reduced from the 

current levels between 10 to 20:1 to the traditional 

range of around 1 to 2:1 (Donmez, 2009). According 

to another study, the ratio of n-3/n-6 FA in other fish 

was: 1.57 to 1.84 on Labeo rohita (Memon et al., 

2019); 0.39 on C. gariepinus and 2.70 on Tilapia 

zillii (Osibona et al., 2009); 3.29 on Th. albacares 
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and 4.56 on Th. Obesus (Peng et al., 2013); 0.86 to 

5.66 C. trutta (Satar et al., 2012); 2.51 on C. 

harengus, 2.95 on T. lepterus, 2.40 on A. maculatus, 

1.40 on C. carpio, 3.0 on S. discus and 2.42 on S. 

atromaculatus (Tenyang et al., 2014). Our results 

revealed the high n-3/n-6 ratio of L. aurata (8.7-

12.5). Our results revealed that L. aurata with a high 

nutritional value for human consumption due to its 

high n-3/n-6 ratio. The higher value of FLQ index is 

an indicator of the higher quality of the dietary lipid 

source (Abrami et al., 1992, Senso et al., 2007). In 

the present study, the FLQ value was 26.4 and 18.6 

for both periods and it was higher than C. carpio L. 

(13.99), Oncorhynchus mykiss (17.97), C. harengus 

L. (13.01), and lower than Perca fluviatilis L. 

(33.22), and in the range of Leuciscus idus (24.32), 

Platichthys flesus L. (20.25) reported by Łuczynska 

et al., (2017).  

The TI and AI value between sexes of L. aurata 

during periods was significantly different (p<0.05). 

AI and TI take the interactions among different FA 

into account, allowing an integrated assessment of 

dietary lipid on human coronary health (Ulbricht et 

al., 1991). Stancheva (2014) reported that higher 

values of AI and TI (>1.0) were detrimental to 

human health. The value of these parameters in 

muscles of L.aurata was lower than 1.0. 

4.3. Amino Acid Composition 

Lysine showed the highest amount of AAs 

measured in this study rather than other AAs. The 

same results in Lysine have been reported for Liza 

ramada, Oreochromis spilurus, Sardinella longiceps, 

Nemipterus japonicas, Sparus aurata, Lates 

calcarifer, Apharus rutilanus, Lethrinus nebuloses, 

Epinephelus marginatus, Scarus ferrugineus and 

Cephalopholis hemistiktos (ElShehawy et al., 2016); 

Th. albacares, Stolephorus commersonii, 

Katsuwonus pelamis, Leiognathus splendens, 

Trichiurus lepturus, Epinephels spp. (Mohanty et al., 

2014); Acipenser persicus (Jannat Alipour et al., 

2009). Lysine amino acid is widely needed for 

growth and its deficiency leads to immunodeficiency 

(Chen et al., 2003). Lysine content was 2.1±0.1 % 

protein. The amino acid content of N. japonicus was 

similar to L. aurata (Mohanty et al., 2014).      

Other EAAs, leucine, arginine, valine, and 

isoleucine were the most important AAs essential for 

the L. aurata fillets, respectively. Leucine is the only 

dietary AAs that can stimulate muscle protein 

synthesis (Etzel 2004). Leucine was 1.87±0.1 % 

protein, which was higher than some fishes such as 

Sardinella longicepsa; Leiognathus splendens; 

Trichiurus lepturus; Katsuwonus pelamis; 

Epinephels spp. (Mohanty et al., 2014). 

Arginine plays an important role in cell division, 

wound healing, ammonia removal, immune function, 

hormone release, blood clotting, and maintenance of 

blood pressure (Mohanty et al., 2014). Arginine 

contents of L. aurata were 1.35±0.1 % protein; 

similar levels of arginine have been reported by 

Mohanty (Mohanty et al., 2014) in the Katsuwonus 

pelamis and Trichiurus lepturs. 

Glutamic acid was the highest NEAA in L. aurata, 

and it has also been reported for other fish 

(ElShehawy et al., 2016, Mohanty et al., 2014, 

Jannat Alipour et al., 2009). Aspartic acid was 

another frequent NEAA in the L. aurata. It is the 

precursor of AAs methionine, threonine, isoleucine, 

and lysine and regulates the secretion of important 

hormones (Mohanty et al., 2014). 

The EAA/ NEAA ratio is an index to define the 

quality of the protein. The EAA/NEAA ratio of 

studied fish flesh samples was calculated to range 

from 1 to 0.9 and showed a slight difference in the 

sexes. This proportion for L. aurata was higher than 

another study and it was as follows: 0.77 for Pagrus 

major, 0.77 for Scomber japonicus, 0.71 for Mugil 

cephalus, 0.69 for Sardina melonosticta, 0.74 for 

Clupea pallasi, 0.75 Oncorhynchus keta, and 0.77 

for Paralichthys olivaceus (Iwasaki and Harada, 
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1985) respectively. The higher value represents 

excellent protein quality. 

The amino acid composition of the fish is directly 

affected by species, body size, sex, and 

environmental factors, such as food sources, season, 

salinity, and water temperature (Borresen 1992). The 

results of indicated that total EAA and NEAA in the 

female during the non-reproductive period were 

higher. But, there was no significant difference 

between the male and female fish with regard to 

amino acids; therefore, sex had no bearing on the 

amino acid content.  This could be indicative of high 

protein food in the spring, the time that fish is 

actively eating. Comparison of sexes during periods 

in this study showed that the amount of carbohydrate 

AAs increased with increasing nutrition level. 

According to the study of Carpene (1998), the 

amount of AAs in fish fillet tissue was influenced by 

eating protein sources. 

Belavady and Udayasekhara Rao (Belavady, 

1979) mentioned that a portion of edible leucine was 

neutralized by isoleucine absorption. Moreover, the 

balance of the leucine to isoleucine is very important. 

The results of this study indicated that this ratio had 

a good balance in L. aurata, the amount of isoleucine 

in the composition of the AAs of this fish was less 

than that of leucine. Leucine was usable in this fish, 

and it did not have the problem of neutralizing with 

isoleucine. Although this study showed the 

informative data about the AAs composition in sexes 

during periods in L. aurata, assessing the effect of 

most important independent variables, such as 

season, maturation status, and food resources on 

amino acid composition could be advisable for future 

studies. These previous results were close to the 

value for egg reference protein (56.6g/ 100g crude 

protein) (Paul et al., 1980). 

4.4. Conclusion 

From the present study, it can be concluded that: 

1. Fishing season has a very important influence 

on the fat, protein content, fatty acid, and amino 

acids profile in the fish meat of L. aurata. 

2. There were no differences between the meat of 

females and males collected within each season, both 

in the percentage of amino acids content. 

3. Consuming fish with high contents of fatty 

acids is believed to be important for human health in 

reducing many diseases (risk of cardiovascular and 

diabetes). In this case, male L. aurata is a good 

source of PUFA in autumn and a good source of 

SFA and MUFA in spring. Female fish contains 

higher SFA and MUFA than males in autumn and a 

good source of PUFA in spring. 
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