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Abstract 
The goal of this research was to determine the growth dependent changes in protein efficiency and amino acid 
composition of the cultured meagre Argyrosomus regius (Asso, 1801). The research was carried in net cages in 
a private company (Gokce Off-shore Sist.) in the Aegean Sea. Meagre of an initial weight of 8.22 ± 0.13 g 
reached to 373.96 ± 15.65 g in 420 days of production period. Average protein efficiency rate, protein store 
rate and protein consumption values of cultured meagre were 1.05 ± 0.11%, 11.49 ± 2.98% and 56.67 ± 14.52 g 
respectively. The total amino acid values varied between 14.97 ± 0.14 and 18.87 ± 0.10 g 100g

–1
, the statistical 

difference among the study periods was significant (p < 0.05). Most of the total essential (EAA), non-essential 
(NEAA), and branched‐chain amino acid values of cultured meagre were decreasing with increasing fish size 
but EAA/NEAA ratios were increasing. The findings of this study showed that the composition of amino acids 
and the consistency of meagre culture were adequate and appropriate for human consumption and nutrition. 
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1 | INTRODUCTION 
Significant developments have been made in recent years 
for aquaculture of alternative fish species or nonconven-
tional species in different culture systems around the 
world (e.g. Kamal et al. 2010; Galib et al. 2013; Rahman et 
al. 2020). However, while increasing the production per-
formance of these alternative species, it is also important 
to reduce the production costs. The general characteristic 
of a successful candidate for alternate fish species is the 
fish species that have evolved to commercial size in a 
short period and whose meat content comes to the fore 
of consumer tastes. The meagre (Argyrosomus regius) is a 
species belonging to the Sciaenidae family (Kružid et al. 
2016), which has been studied for a long time due to its 
high culture potential and extended distribution ranging 
from the European Atlantic coast to Africa, from the Med-
iterranean to the Black Sea (Poli et al. 2003; Couto et al. 

2016). In Mediterranean countries, the production of cul-
tured meagre was reflected in the statistics reaching from 
750 tons in 2007 to 23400 tons in 2016 with a good feed 
conversion and growth rate (Monfort 2010; FAO 2020). 

The meagre have a tolerance to wide salinity (5 – 
39‰) as well as temperature (13 – 28 °C) (Quemener et 
al. 2002; Suquet et al. 2009). This species is capable of 
competing other sea fish species (e.g. Dicentrarchus 
labrax and Sparus aurata) and offers higher nutrition with 
low lipid level.  Due to the low fat and high unsaturated 
fatty acids content of meagre, studies are primarily fo-
cused on meat quality of the species (Poli et al. 2003; 
Quemener 2002; Piccolo et al. 2008; Baki et al. 2019). 
Amino acid composition of meagre was studied in relation 
to diet composition (Martinez-Llorens et al. 2011; Güroy 
et al. 2017; Saavedre et al. 2017; Kotzamanis et al. 2018) 
and meagre source (i.e. wild and culture) (Saavedra et al. 
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2015; Saavedra et al. 2018). However, study on the 
growth-dependent composition and quality of amino acid 
of meagre has not been found so far. In aquaculture, the 
determination of protein quality and amino acid levels of 
the cultivated species is very important both for the de-
termination of the amino acid requirements of the fish 
and for the producers and consumers. The purpose of this 
study is to determine the growth-related changes in pro-
tein efficiency and amino acid composition of the meagre 
of aquaculture origin. 
 
2 | METHODOLOGY 
The study was conducted in the open sea cage system of 
a commercial corporation (Gokce Off-shore Sist.) based in 
the province of Aydın (Town of Didim) on the Turkish 
coast of the Aegean Sea between September 2015 and 
November 2016. Meagre with an average weight of 8.22 
± 0.13 g were stocked in net cages. During the study, 
feeds containing 48.21 – 51.82% protein and 16.33 – 
16.38% lipid (size: 1.8 – 5 mm) were used to fed the fish. 
Fish samples were taken randomly every two-month from 
the net cages (n = 100). Fish were euthanized with an 
overdose of the anesthetic MS-222 and samples were 
transported to the laboratory in cold chain conditions. 
Fish weights considered in this study were P1 (September 
– November), P2 (November – February), P3 (February – 
April), P4 (April – June), P5 (June – September) and final 
(September – November) were 8.22 ± 0.13 g, 50.23 ± 1.59 
g, 141.46 ± 10.39 g, 153.48 ± 3.71 g, 214.79 ± 12.39 g, 
314.95 ± 24.43 g and 373.96 ± 15.65 g respectively (after 
Baki et al. 2018). 

After biometric measurements of fish fillets were 
mixed together and crude protein and amino acid anal-
yses were done. Crude protein content was determined 
as total nitrogen content by Kieldahl method at The Sci-
entific and Technological Research Council of Turkey 
Marmara Research Center (TUBITAK MAM) (AOAC 2000). 
Amino acid analysis of fish fillets was performed accord-
ing to the Hydrolysis method using Eppendorf LC 3000 
Amino acid analyser at TUBITAK MAM Food Institute. All 
analyses were performed in triplicates. The following 
equations were used for the calculation of Protein Effi-
ciency Ratio (PER), Protein Store Rate (PSR) and Protein 
Consumption (PC): PER = Weight gain / Protein intake; 
PSR = [(Final weight x Final fish muscle crude protein) –
(Initial weight × Initial fish muscle crude protein) / 
(Amount of feed × Feed crude protein) ] × 100; PC = Total 
amount of feed consumed / Feed crude protein. Water 
temperature, dissolved oxygen (DO), salinity and pH were 
measured monthly using the YSI 556 MPS multiparameter 
device (Yellow Springs, OH, USA). 

The results were presented as mean values ± SE. 
Statistical analysis was done in the IBM SPSS 21 statistical 
package programme. The normality and equality of vari-
ance of the data were analysed by Shapiro–Wilk normali-

ty and Levene's tests, respectively. The significance of 
differences between the results was analysed using one‐
way ANOVA, followed by Tukey's method for multiple 
comparisons. 
 
3 | RESULTS 
During the study, the average (± SE) water temperature, 
salinity, oxygen and pH values in the production area 
were 20.06 ± 0.88 (range: 15.66 – 24.32°C), 35.56 ± 0.05 
(34.77 – 35.70‰), 9.34 ± 0.20 (8.77 – 9.91 mgL

–1
) and 

8.43±0.03 (8.31 – 8.55) respectively. Culture meagre with 
initial weight of 8.22 ± 0.13g reached to 373.96 ± 15.65 g 
weight after 14 months (see Baki et al. 2018 for details). 
The protein efficiency rate (PER), protein storage rate 
(PSR) and protein consumption (PC) values of culture 
meagre are given in Table 1. The mean (± SE) PER, PSR 
and PC values of culture meagre were 1.05 ± 0.11%, 11.49 
± 2.98% and 56.67 ± 14.52 g respectively. 
 
TABLE 1 Protein efficiency rate (PER), protein storage rate 
(PSR) and protein consumption (PC) values. 

Sample periods PER (%) PSR (%) PC (g) 

Initial – P1 0.98 19.33 43.04 
P1 – P2 1.06 21.07 82.56 
P2 – P3 1.05 2.78 10.99 
P3 – P4 1.55 7.35 34.26 
P4 – P5 0.79 11.32 110.32 
P6 – Final 0.87 7.08 58.82 

Mean (± SE) 1.05±0.11 11.49±2.98 56.67±14.52 
 

Crude protein (CP) and amino acid compositions of 
culture meagre fillets are presented in Table 2. The CP 
values of culture meagre fillets varied between 18.69 ± 
0.25 (in P4) and 20.10 ± 0.04% (in Final period) and the 
difference was significant between two groups (p < 0.05). 

The highest amount of essential amino acids (EAA) 
among the study periods were lysine (1.61 ± 0.01 – 2.40 ± 
0.02 g 100g

–1
) and leucine (0.97 ± 0.01 – 1.44 ± 0.01 g 

100g
–1

) which also varied significantly across groups (p < 
0.05) (Table 2). The highest amount of non-essential ami-
no acids (NEAA) among the periods were aspartic acid 
(1.57 ± 0.01 – 2.40 ± 0.04 g 100g

–1
) and glutamic acid 

(2.44 ± 0.02 – 3.15 ± 0.04 g 100g
–1

), significant variation 
was also recorded among groups (p < 0.05). The statistical 
difference among all EAA and NEAA values across periods 
were significant (p < 0.05). 

Amino acid properties of cultured meagre fillets are 
given in Table 3. The average (± SD) values of amino acid 
quality of cultured meagre fillets were Branched‐chain 
amino acid (BcAA), 2.06 ± 0.02 – 3.10 ± 0.02 g 100g

–1
; 

sulphur‐containing amino acid (SAA), 0.33 ± 0.01 – 0.65 ± 
0.01 g 100g

–1
; aromatic amino acid (ArAA), 1.01±0.01 – 

1.44 ± 0.01 g 100g
–1

; basic (alkaline) amino acid (BAA) 
4.25 ± 0.03 – 5.54 ± 0.08 g 100g

–1
 and acidic amino acid 

(AAA), 2.67 ± 0.01 – 3.89 ± 0.02 g 100g
–1

. However, the 
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differences in these values across study periods were sig-
nificant (p < 0.05). The total amino acid (TA) content var-
ied from 14.97 ± 0.14 to 18.87 ± 0.10 g 100g

–1
 and dif-

fered significantly across periods (p < 0.05). Essential 

amino acid (EAA) and non-essential amino acid (NEAA) 
values decreased in the final period than initial ones. The 
lowest and highest EAA / NEAA ratio were in P2 and P1 
respectively. 

 
TABLE 2 Crude protein and amino acid compositions of cultured meagre fillets. 

Parameters 
Periods 

Initial P1 P2 P3 P4 P5 Final 

Crude protein (%) 19.54±0.16
ab

 19.13±0.18
ab

 18.94
^
 19.38

^
 18.69±0.25

a
 19.10±0.22

ab
 20.10±0.04

b
 

Essential amino acids (g 100g
–1

) 
Methionine 0.54±0.00

b
 0.59±0.01

e
 0.55±0.01

d
 0.65±0.00

f
 0.33±0.01

a
 0.37±0.01

b
 0.47±0.00

a
 

Phenylalanine 0.82±0.00
b
 0.79±0.01

cd
 0.69±0.01

b
 0.77±0.01

c
 0.54±0.01

a
 0.53±0.01

a
 0.67±0.00

a
 

Lysine 2.21±0.00
b
 2.22±0.02

c
 1.61±0.01

a
 1.96±0.04

b
 2.14±0.02

c
 2.40±0.02

d
 1.91±0.01

a
 

Leucine 1.44±0.01
b
 1.30±0.01

bc
 1.36±0.01

c
 1.58±0.03

d
 1.04±0.02

a
 0.97±0.01

a
 1.23±0.01

a
 

Isoleucine 0.83±0.01
a
 0.78±0.01

ab
 0.78±0.01

ab
 0.83±0.02

a
 0.63±0.16

b
 0.59±0.01

ab
 0.71±0.00

a
 

Arginine 1.01±0.01
b
 1.09±0.01

f
 0.36±0.01

a
 0.40±0.01

b
 0.69±0.01

c
 0.70±0.01

c
 0.86±0.00

a
 

Histidine 0.67±0.01
b
 0.58±0.01

b
 0.70±0.01

cd
 0.76±0.03

d
 0.44±0.01

a
 0.44±0.01

a
 0.58±0.01

a
 

Valine 0.84±0.00
b
 0.80±0.01

d
 0.67±0.01

c
 0.78±0.01

d
 0.54±0.00

b
 0.50±0.01

a
 0.70±0.00

a
 

Threonine 1.13±0.01
b
 1.10±0.01

de
 0.86±0.02

c
 1.14±0.02

e
 0.61±0.01

a
 0.71±0.01

b
 1.03±0.00

a
 

Non-essential amino acids (g 100g
–1

) 
Alanine 0.68±0.00

b
 0.58±0.01

a
 1.05±0.01

d
 1.13±0.02

e
 0.77±0.01

c
 0.80±0.01

c
 0.56±0.00

a
 

Aspartic acid 1.87±0.01
b
 1.89±0.01

b
 2.35±0.03

d
 2.40±0.04

d
 2.23±0.01

c
 1.81±0.01

b
 1.57±0.01

a
 

Glutamic acid 2.89±0.01
b
 2.63±0.01

b
 2.90±0.04

c
 3.15±0.04

d
 2.54±0.01

a
 2.44±0.02

ab
 2.68±0.01

a
 

Tyrosine 0.62±0.00
b
 0.62±0.01

e
 0.51±0.00

c
 0.48±0.01

ab
 0.46±0.01

a
 0.50±0.01

bc
 0.56±0.00

a
 

Glycine 1.41±0.00
b
 1.01±0.01

c
 0.99±0.00

c
 0.97±0.02

bc
 0.93±0.01

ab
 0.99±0.01

c
 0.90±0.00

a
 

Serine 0.91±0.00
b
 0.79±0.01

b
 1.06±0.01

d
 1.16±0.02

e
 0.67±0.01

a
 0.77±0.03

b
 0.78±0.00

a
 

Proline 0.80±0.00
b
 0.62±0.01

a
 0.58±0.02

a
 0.73±0.03

b
 0.56±0.01

a
 0.55±0.01

a
 0.62±0.00

a
 

Values in same row marked with different letters are significantly different (p < 0.05). 
^ Statistical analyses could not be performed since the data obtained from TUBITAK MAM were single values 
 
TABLE 3 Amino acids (total amino acids, TA; essential amino acids, EAA; semi‐essential amino acids, SEAA; non‐essential 
amino acids, NEAA; branched‐chain amino acid, BcAA; sulphur‐containing amino acids, SAA; aromatic amino acids, ArAA; 
basic (alkaline) amino acids, BAA; acidic amino acids, AAA; essential amino acids index, EAAI) quality of cultured meagre 
fillets (g 100g

–1
).  

Amino acids 
Periods 

Initial P1 P2 P3 P4 P5 Final 

TA 18.66±0.09
e
 17.38±0.09

d
 17.02±0.18

c
 18.87±0.10

ef
 14.97±0.14

a
 15.03±0.11

b
 15.05±0.06

b
 

EAA 9.48±0.06
g
 9.25±0.05

f
 7.58±0.07

c
 8.87±0.05

e
 6.80±0.15

a
 7.20±0.07

b
 8.18±0.03

d
 

SEAA 3.22±0.01
f
 3.31±0.02

g
 1.97±0.02

a
 2.36±0.03

b
 2.83±0.02

cd
 3.10±0.02

e
 2.77±0.01

c
 

NEAA 9.18±0.03
d
 8.12±0.04

c
 9.44±0.12

e
 10.00±0.15

f
 8.16±0.01

c
 7.83±0.04

b
 7.68±0.02

a
 

EAA/NEAA 1.03±0.01
d
 1.14±0.01

f
 0.80±0.01

a
 0.89±0.02

b
 0.83±0.02

ab
 0.92±0.01

c
 1.07±0.01

de
 

BcAA 3.10±0.02
e
 2.88±0.01

d
 2.81±0.03

c
 3.20±0.01

f
 2.06±0.17

a
 2.06±0.02

a
 2.65±0.01

b
 

SAA 0.54±0.01
d
 0.59±0.01

e
 0.55±0.01

d
 0.65±0.01

f 
0.33±0.01

a
 0.37±0.01

ab
 0.47±0.01

c
 

ArAA 1.44±0.01
e
 1.40±0.01

d
 1.21±0.01

b
 1.24±0.02

bc
 1.01±0.01

a
 1.03±0.01

a
 1.24±0.01

bc
 

BAA 3.89±0.02
f
 3.89±0.03

f
 2.67±0.01

a
 3.12±0.06

b
 3.26±0.02

c
 3.54±0.03

e
 3.35±0.01

d
 

AAA 4.75±0.02
d
 4.53±0.03

c
 5.24±0.07

e
 5.54±0.08

f
 4.47±0.01

b
 4.25±0.03

a
 4.26±0.02

a
 

EAAI 0.98±0.01
f
 0.97±0.01

f
 0.88±0.01

bc
 0.95±0.01

e
 0.83±0.01

a
 0.86±0.01

b
 0.91±0.01

d
 

Values in same row marked with different letters are significantly different (p < 0.05). 
TA, Histidine + Lysine + Phenylalanine + Methionine + Threonine + Leucine + Isoleucine + Valine + Arginine + Alanine + 
Aspartic acid + Glutamic acid + Tyrosine + Glycine + Serine + Proline; EAA, Histidine + Lysine + Phenylalanine + Methionine 
+ Threonine + Leucine + Isoleucine + Valine + Arginine; SEAA, Histidine + Arginine; NEAA, Alanine + Aspartic acid + Glu-
tamic acid + Tyrosine + Glycine + Serine + Proline; BcAA, Leucine + Isoleucine + Valine; SAA, Cystine + Methionine; ArAA, 
Phenylalanine + Tyrosine; BAA, Lysine + Arginine + Histidine; AAA, Aspartic acid + Glutamic acid; EAAI, √(aa1 / AA1 × aa2 / 
AA2 × aan / AAn) where aa1 = EAA of diets; AA1= EAA of fish; n = number of EAA. 
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4 | DISCUSSION 
This study provides knowledge about different protein 
contents of cage‐cultured meagre and the results are im-
portant from the commercial producers’ and consumers’ 
perspectives. In this study the growth-dependent changes 
in protein efficiency and amino acid composition of cul-
tured meagre, produced net cages, were evaluated for 
the first time. Of the environmental factors that could 
affect the fish development, water temperature has the 
single most influential effect. The temperatures of the 
waters in the study did not differ from those reported 
suitable in literature (14 – 23°C) and may not be affected 
the growth (Quemener et al. 2002; Suquet et al. 2009). 

A variety of factors are being considered by the con-
sumers at the time of buying a fish in the market (Samad 
et al. 2010; Galib et al. 2013). For meagre it is usually the 
weight which is generally over 500 g (Monfort 2010). In 
this study, protein and amino acid assessments were per-
formed based on individuals between 8.22 and 373.96 g. 
It has been stated that the crude protein ratios of meagre 
fillets of similar total weight varies from 20 – 21% (Costa 
et al. 2013; Giogios et al. 2013; Martelli et al. 2013). In 
the current study, the highest CP value of cultured mea-
gre fillets was detected in the final period, while the low-
est CP value was recorded in P4. The CP ratios of the cul-
tured meagre fillet of similar weight were reported to be 
varied between 15.22 and 21.09% (Piccolo et al. 2008; 
Martinez-Llorens et al. 2011; Velazco-Vargas et al. 2013, 
2014; Couto et al. 2016; Rodriguez-Lozano et al. 2016; 
Güroy et al. 2017; de Moura et al. 2018). It is assumed 
that the variations between the CP values of the meagre 
fillet in this study and the literature may be due to the 
quality of the fish feed and the culture environments. 
Abdel-Rahim et al. (2020) recorded a CP value of 16.33% 
(5 g) and 15.71% (23.93 g) in meagre farmed at differing 
salinity levels (from 8 to 32‰). 

The PER of cultured meagre did not indicate much 
difference between the sampling time. Protein storage 
values, unlike PER, varied between sample periods. It is 
concluded that there are differences in the protein con-
sumption values of fish between periods since the water 
temperature values can affect the feed intake of meagre. 
The PER decreased between the P4 and P5 and there was 
more feed consumption compared to other periods (see 
Baki et al. 2018 for details). Changes in protein storage 
values are closely linked to water parameters, growth and 
feed intake, and variations in water temperature can af-
fect the protein consumption. The PER ranged from 0.40 
to 2.39 was detected in studies with cultured meagre of 
same weight (e.g. Estevez et al. 2011; Martinez-Llorens et 
al. 2011; Velazco-Vargas et al. 2013; Couto et al. 2016; 
Emre et al. 2016; Abdel-Rahim et al. 2020). The raw mate-
rial in feed, fish sizes and water parameters were report-
ed to affect the protein efficiency ratios of cultivated 
meagre (Chatzifotis et al. 2010; Martinez-Llores et al. 

2011; Velazco-Vargas et al. 2013; Emre et al. 2016) which 
is also the case in the present study. 

Oliva-Teles (2012) stated that the amount of amino 
acids in fish meats is usually parallel to the amount of 
amino acids that fish need. For this reason, Saavedra et 
al. (2017) suggest that feeds of high protein and amino 
acid quality should be used, particularly during the larval 
phases. It has been observed that all amino acid values in 
meagre fillet decreased at the end compared to the initial 
period. Individuals (juvenile) in the present study were 
fed a higher quality protein diet. The amino acid values 
determined at the end of the study in the meagre fillet 
differed in relation to the size of the fish. The fillet was 
rich in lysine, leucine, aspartic and glutamic acid. In the 
study, the glutamic acid, lysine, leucine and aspartic acid, 
the most detected amino acids in marine fish (such as sea 
bream and sea bass), were present in higher amount (Ti-
baldi and Kaushik 2005; Özyurt and Polat 2006; Erkan and 
Özden 2007; Özden and Erkan 2008; Erdem et al. 2009; 
Kaba et al. 2009; Peres and Oliva-Teles 2009; Baki et al. 
2015, 2017; Gaber et al. 2016; Moutinho et al. 2017). 
Nine EAAs with high levels of lysine followed by leucine 
and threonine were detected in the meagre fillet. Argi-
nine, lysine, and leucine are the major EAAs in seafood 
(Rosa and Nunes 2004). Oladapa et al. (1984), in their 
study with seafood, stated that the main NEAAs were 
aspartic acid and glutamic acid which are also found in 
the present study. The EAA/NEAA ratios of cultured mea-
gre fillets ranged from 0.80 to 1.14 and the differences 
among periods were significant. In other studies conduct-
ed with cultured meagre of same weight groups the 
EAA/NEAA ratios ranged has been reported to be varied 
from 0.70 to 0.92 (Martinez-Llorens et al. 2011; Rodri-
guez-Lozano et al. 2016; Saavedra et al. 2018). The 
EAA/NEAA ratios in this study are higher which may be 
due to feed efficiency and environmental parameters. 
The branched-chain, sulphur-containing, aromatic, basic, 
and acidic amino acids values calculated in the fillets of 
the cultured meagre in this study were suitable for hu-
man consumption. 
  
5 | CONCLUSIONS 
This study generates the knowledge of the growth de-
pendent changes in protein efficiency and amino acid 
composition of the cultured meagre Argyrosomus regius 
which might be of interest to both producers and con-
sumers. In this study, protein evaluation of cultured mea-
gre was found similar to literature. The amino acid com-
position and quality of the species were suitable for hu-
man nutrition and balanced for human health.  
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