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Amino acid composition of the flesh of brackish-water kutum (Rutilus frisii), warm-water silver carp 
(Hypophthalmicthys molitrix) and cold-water rainbow trout (Oncorhynchus mykiss) was determined. 
Glutamic acid showed the highest amount of amino acids measured in this study rather than other 
amino acids. The content of essential amino acids in rainbow trout (9.98) and kutum (9.72) was higher 
than the value in silver carp (8.78). Also, the proportion of essential amino acid to non-essential amino 
acid for the three species showed a slight difference (ranging from 1.03 to 1.19), and the highest 
amount was for kutum (1.19). The results indicated the advantages of amino acid quality of fish of 
different species in human diet. Evaluating the effect of intrinsic and extrinsic factors on amino acid 
composition could be advisable for future studies. 
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INTRODUCTION 
 
Fish is regarded as a valuable source of animal protein 
and fat in human diets. It is known to be a source of 
protein rich in essential amino acids (lysine, methionine, 
cystine, threonine, and tryptophan) (Sikorski, 1994). 
Essential amino acids play an important role in human 
nutrition and health promotion. The amount of amino acid 
content of fish can be changed by intrinsic (species, size, 
and sexual maturity) and extrinsic factors (food 
resources, fishing season, water salinity, and 
temperature) (Akiyama et al., 1997; Limin et al., 2006). 

There are several studies on quantitative and quail-
tative properties of amino acid composition in several 
species (Mai et al., 1980; Iwasaki and Harada, 1985; 
Wilson and Cowey, 1985; Akiyama et al., 1997; Limin et 
al., 2006; Chukwuemeka, 2008; Ovissipour et al., 2009; 
Kenari et al., 2009). The balance of the protein essential 
amino acids (EAA) is also fundamental since fish have 
quantitative requirements for each EAA.  
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Determination of fish amino acid requirements is usually 
done through dose-response studies, which are costly 
and time consuming, especially when determining the 
requirement for all essential amino acids (Akiyama et al., 
1997). Therefore, the muscle tissues AA profile needs to 
be measured in each species, to better understand the 
nutritional influence in all life stages. 

Several freshwater or brackish water species are avai-
lable in the local markets and there is a lack of know-
ledge regarding to their amino acid profile as one of the 
most important factor relevant to human nutrition. The 
aim of this study was to analyze the amino acid compo-
sition of three marketable fish species including kutum 
(Rutilus frisii) as brackish water species, silver carp 
(Hypophthalmicthys molitrix) as freshwater species which 
lives at high water temperature, and rainbow trout 
(Oncorhynchus mykiss) as cold water fish species. 
 
 
MATERIALS AND METHODS 
 

Fish samples 
 

Fresh  cultured  silver  carp  (mean ± SEM, 1690 ± 49.7 g),  rainbow 
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Table 1. Amino acid profile, (g/100 g amino acid) in kutum (Rutilus frisii), silver carp (Hypophthalmicthys 
molitrix) and rainbow trout (Oncorhynchus mykiss)*. 
 

Amino acids Kutum Silver carp Rainbow trout 

Alanine 1.11±0.06
b 

0.90±0.09
b 

1.80±0.12
a 

Arginine** 0.99±0.10
b 

0.88±0.04
b 

1.80±0.22
a 

Aspartic acid 1.90±0.10
ab 

2.02±0.10
a 

1.20±0.11
b 

Glutamic acid 3.11±0.13
a 

3.29±0.15
a 

3.60±0.20
a 

Glycine 0.72±0.03
a
 0.66±0.05

a
 0.86±0.05

a
 

Histidine** 0.44±0.02
a 

0.40±0.00
a 

0.50±0.08
a 

Isoleucine** 0.98±0.13
a 

0.85±0.12
a 

0.79±0.05
a 

Leucine** 2.12±0.03
a 

2.14±0.17
a 

2.20±0.19
a 

Lysine** 1.29±0.12
a 

1.14±0.09
a 

1.30±0.05
a 

Methionine** 0.78±0.07
a 

0.59±0.09
ab 

0.45±0.08
b 

Phenylalanine** 1.34±0.05
a 

1.11±0.10
a 

0.88±0.07
a 

Serine 0.35±0.03
c 

0.69±0.15
a 

0.55±0.08
b 

Threonine** 0.66±0.02
b 

0.62±0.09
b 

1.10±0.15
a 

Thyrosine 0.82±0.07
a 

0.80±0.04
a 

1.00±0.11
a 

Valine** 1.12±0.08
a 

1.02±0.10
a 

0.96±0.09
a 

Ornithine 0.12±0.02
a 

0.10±0.00
a 

0.11±0.01
a 

 

* Means with the same small letter within a row were not significantly different at P < 0.05. Data are mean ± SD. ** 
Essential amino acids. 

 
 
 
trout (mean ± SEM, 452 ± 15.5 g) and kutum (mean ± SEM, 1236 ± 
16.1 g) (n=5 of each) were purchased from local fish markets (Sari,  
Iran) and transported to laboratory in ice containing boxes. The fish 
were beheaded, gutted, skinned and washed with tap water to 
remove adhering blood and slime. For each sample, 5 g of fresh 
white muscles was removed and put into freeze-dryer for 48 h.  

 
 
Amino acid analysis 

 
Total amino acid composition were determined by o-
phthaldialdehyde (OPA) method (Frister et al., 1988) using an 
Agilent chromatograph L1100 high performance liquid chroma-
tography (HPLC) equipped with a quaternary pump and C18 
column, a 20 μl injection valve and a diode array and fluorescence 
detectors. Mobile phase A was 10% of acetonitrile/methanol/water 
(45:45:10; v/v/v) and B is 90% of sodium phosphate buffer 
Na2HPO4 (pH 6.5). The flow rate was constant at 1 ml/min, and the 
column temperature was set at 25°C. The fluorescence excitation 
and emission wavelengths were 340 and 450 nm, respectively. 
Dried samples (1 mg) have been hydrolyzed in 6 M HCl in 
evacuated sealed tubes at 110°C for 24 h. After derivatization by O-
phtalaldehyde, amino acids were identified by comparison of their 
retention times with those of standards (Sigma) and quantified with 
the software EZChrom Elite™ CDS Chromatography, using Sigma 
amino acids as external standard. The results were expressed in 
terms of g/100 g amino acid. The essential amino acid index was 
calculated using the ratio of the quantity of each essential amino 
acid in a protein to the quantity of the same amino acid in a 
reference protein. 
 
 

Statistical analysis 
 

The distribution of data for determination of normality was tested by 
the Kolmogorov–Smirnov test. For mean comparing, data were 
analyzed  by  one-way analysis of variance (ANOVA) and Duncan’s 

multiple range test (P < 0.05) by SPSS 17. 
 
 

RESULTS AND DISCUSSION 

 
Amino acid composition (g/100 g amino acid) of different 
fish species (kutum, silver carp and rainbow trout) has 
been analyzed and the results are shown in Table 1. In 
this study, some of the amino acids exhibited a significant 
difference among the three species. Mai et al. (1980) 
compared the amino acid composition of six freshwater 
species (white sucker Catostomus commersoni, burbot 
Lota lota, black crappie Pomoxis nigromaculatus, rainbow 
trout O. mykiss, walleye pike Stizostedion vitreum, and 
yellow perch Perca flavescens) and found a slight 
difference among them. The changes in the types and 
amounts of amino acids in fish tissues has been attri-
buted to the location, size of fish, age, food, reproductive 
status and seasons (Limin et al., 2006). However, the 
dependent variable (amino acid profile) was affected 
regardless of the all independent variables (size, food 
origin, location, etc.) and this study can lead us to have 
basic information for their inherent variations among 
species in advance.  

Glutamic acid showed the highest amount of amino 
acids measured in this study rather than other amino 
acids and it was 3.60 for rainbow trout with no significant 
difference with silver carp (3.29) and kutum (3.11) (P > 
0.05). The same results in glutamic acid have been 
reported for rainbow trout (O. mykiss), Atlantic salmon 
(Salmo salar), channel catfish (Ictalurus punctatus) 
(Wilson and Cowey, 1985), Oreochromis niloticus, Tilapia  
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Table 2. Essential and non-essential amino acids, (g/100 g amino acid) in kutum (Rutilus frisii), silver carp 
(Hypophthalmicthys molitrix) and rainbow trout (Oncorhynchus mykiss). 
 

Amino acids Kutum Silver carp Rainbow trout 

ΣEAA 9.72 8.78
 

9.98
 

ΣNEAA 8.13
 

8.46
 

9.12
 

ΣEAA/ΣNEAA 1.19
 

1.03
 

1.09
 

 
 
 
zilli, Sarotherodon galileaus, Clarias anguillaris, Clarias 
gariepinus and Heterobranchus longifilis (Chukwuemeka, 
2008), and Beluga Sturgeon (Huso huso) (Kenari et al. 
2009). Also it was surprisingly similar to the eighteen of 
the most popular varieties of fish products (Usydus et al. 
2009). In critical illnesses, muscle’s glutamine serves as 
an important carrier of ammonia (nitrogen) to the immune 
system (Deutz et al., 1992).  

To obtain maximal growth in human body, the dietary 
EAA should be available at levels equal to or higher than 
EAA levels in fish (Chukwuemeka, 2008). Steffens (1989) 
stated that a close correlation exists between the pattern 
of EAA found in the body tissue of an animal and the 
dietary requirement pattern. Also the amount and type of 
AA in fish muscle could be affected by season and 
location (Wesselinova, 2000). In this study, the content of 
essential amino acids in rainbow trout (9.98) and kutum 
(9.72) was higher than the value in silver carp (8.78) 
(Table 2). Moreover, in rainbow trout the contents of non-
essential amino acid were higher than that of silver carp 
and kutum (Table 2). In present study, the proportion of 
essential amino acid to non-essential amino acid for the 
three species showed a slight difference (ranging 
between 1.03 and 1.19), and the highest amount was for 
kutum (1.19). This proportion for studied species in the 
current study has shown a greater amount than other 
works: it was 0.78 for Huso huso (Kenari et al., 2009), 
0.77 for sea bream (Pagrus major), 0.77 for mackerel 
(Scomber japonicus), 0.71 for mullet (Mugil cephalus), 
0.69 for sardine (Sardina melonosticta), 0.74 for herring 
(Clupea pallasi), 0.75 chum salmon (Oncorhynchus keta), 
and 0.77 for Pacific flounder (Paralichthys olivaceus) 
(Iwasaki and Harada, 1985). 

As a practical point, rainbow trout (O. mykiss) and 
kutum (R. frisii) had the higher amount of essential amino 
acids rather than silver carp (H. molitrix) available in the 
local markets. Although this study shows the informative 
data about the amino acid composition in the three 
species in their marketable size, assessing the effect of 
most important independent variables like season, matu-
ration status, and food resources on amino acid compo-
sition could be advisable for future studies. 
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