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Abstract. The nutritional composition of fish muscle is an important reference data for the design of fish 

feed formulae. However, the nutritional composition of the muscle of Chinese hook snout carp has not been 

analyzed at present. In addition, considering the obvious individual difference between male and female 

Chinese hook snout carp, there may also be significant difference in nutritional composition. To provide a 

reference for the feed formula design of artificially cultured Chinese hook snout carp, the muscle nutrient 

composition of five wild male and female individuals was analyzed in this study. Our results showed that 

water, crude protein, crude fat, and crude ash contents had no significant differences between male and 

female fish. Although there was no significant difference in the contents of most amino acids between male 

and female fish, the contents of flavored amino acids, essential amino acids and total amino acids in male 

fish muscle were significantly higher than those in female fish muscle. The proportion of saturated fatty 

acids, monounsaturated fatty acids, and polyunsaturated fatty acids was 1.37:1:1.80, and most of fatty acids 

showed significant difference between male and female fish. 
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Introduction 

Chinese hook snout carp (Opsariichthys bidens Günther) is one of the most widely 

distributed small Asiatic cyprinids. It generally occupies fast-flowing mountainous 

steams (Perdices et al., 2005; Fu et al., 2012). However, due to habitat destruction caused 

by human activities and overfishing, the natural resources of the fish decreased 

dramatically in recent years (Chen, 2015). 

To avoid extinction of wildlife resources due to over hunting, it is an important and 

feasible way to establish artificial breeding technology instead of the market demand for 

the wildlife resources (Chen, 2015; Xiang et al., 2018). For example, only in a Chinese 

county, Anhua County, 26505 kg of commercial adult Chinese hook snout carp and 

994000 fries produced in 2012. However, although the nutritional composition of fish 

muscle is an important reference data for the design of fish feed formulae (Schaeffer et 

al., 2012), and a large number of studies have been reported on the nutritional composition 

of fishes (e.g. Hang et al., 2001; Xu et al., 2005; Lou et al., 2010; Liu et al., 2010; Yang 

et al., 2010), the nutritional composition of the muscle of Chinese hook snout carp has 

not been analyzed yet. In addition, considering the obvious individual difference between 

male and female of Chinese hook snout carp, there may also be significant difference in 

nutritional composition. 
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The lack of nutritional composition of muscle seriously limits the development of feed 

formula and the efficiency of artificial propagation and cultivation of Chinese hook snout 

carp. For example, to provide more suitable feed for the parent fish of Chinese hook snout 

carp in the breeding stage, it is necessary to clarify the nutritional requirements of the 

male and female fish, and the muscle nutritional components of the male and female fish 

provide an important reference data for the development of such feed. To provide a 

reference for the feed formula design of artificial cultured Chinese hook snout carp, the 

muscle nutrient composition of wild male and female Chinese hook snout carp was 

analyzed in this study. 

Materials and Methods 

Sample collection 

The Chinese hook snout carp samples were collected from Chetianjiang Reservoir, 

Anhua, China (27.85° N, 111.60° E) on March 15. The fish samples were transported to 

the laboratory by oxygenation and then fasted for 1 days. Each 5 male and female samples 

with the same size (approximately 50 g of each fish; Fig. 1) were selected and 

anesthetized 5 min using 100 mg/L of neutralized MS222 (tricaine methanesulfonate, 

Sigma-Aldrich, Germany) (Tuo et al., 2020). Then, the muscles on both sides of the back 

above the lateral scale below the dorsal fin were dissected for the determination of 

nutritional components. 

 

Figure 1. Photos of male (A) and female (B) Chinese hook snout carp 

 

 

Analysis of nutrients 

Dry matter content was determined by 105°C constant temperature and atmospheric 

pressure drying method. Crude protein content, crude fat content, and crude ash content 

was determined by Kjeldahl nitrogen method, Soxhlet extraction method, and muffle 
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furnace burning method respectively according to previous studies (Saalah et al., 2010; 

Sun et al., 2011). 

Amino acids were measured by a L8800 amino acid analyzer (Hitachi, Japan) (Sun et 

al., 2016). Fish oil was extracted by Soxhlet extraction (Ozogul et al., 2012). Composition 

of fatty acids was measured using a 6890-5973N gas chromatography - mass spectrometer 

(Agilent, USA) (Mazurek et al., 2017). 

Data analysis 

The data were showed as mean ± standard deviation (S.D.) (Jiang et al., 2019). 

Independent t-test was conducted to test statistical difference between different groups 

using R software with basic packages (Everitt and Hothorn, 2010; Horton and Kleinman, 

2011). Results with p ≤ 0.05 were considered statistically significant (Ni et al., 2019). 

Results 

Contents of the crude protein, crude fat, and crude ash in male Chinese hook snout carp 

muscles were 17.23 ± 1.54%, 2.71 ± 0.61%, and 1.32 ± 0.10%, respectively. Contents of the 

crude protein, crude fat, and crude ash in female fish muscles were 16.71 ± 0.99%, 2.23 ± 

0.92, and 1.36 ± 0.02%, respectively (Fig. 2). Water content in muscle was no significant 

difference between the male and female fish (independent t-test, t = 0.90, p = 0.38). No 

significant difference of crude protein (independent t-test, t = 0.49, p = 0.64), crude fat 

(independent t-test, t = 1.38, p = 0.18), and crude ash (independent t-test, t = 1.20, p = 0.25) 

contents in muscle between male and female Chinese hook snout carp was found. 

 

 

Figure 2. Nutritional compositions in muscle of male and female Opsariichthys uncirostris 

bidens Günther (% wet weight) 

 

 

Among the amino acids in the muscle of male and female Chinese hook snout carp 

samples, the highest amino acids were glutamic acid, proline, aspartic acid and lysine, all of 

which were more than 1.5 g in 100 g of muscle (Table 1). Only content of cystine in the 

muscle of male fish was significantly higher than that of female (independent t-test, t = 3.16, 

p = 0.01; Table 1). Although there was no significant difference in the contents of most amino 

acids between male and female fish, the contents of flavored amino acids, essential amino 

acids and total amino acids in male fish muscle were significantly higher than those in female 

fish muscle (Table 1). 
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Table 1. The compositions and contents of amino acids in muscle of male and female 

Opsariichthys uncirostris bidens Günther 

Amino acid Sampling size Male (g/100 g) Female (g/100 g) t p 

Asp 5 1.86±0.06 1.86±0.07 0.03 0.96 

Ser 5 0.78±0.02 0.77±0.03 0.62 0.55 

Glu 5 2.73±0.10 2.65±0.06 1.53 0.16 

Ala 5 1.04±0.03 1.04±0.04 0.02 0.98 

Gly 5 0.80±0.04 0.79±0.05 0.35 0.74 

Arg 5 0.98±0.04 0.97±0.04 0.40 0.70 

Pro 5 2.23±0.03 2.23±0.03 0.01 1.00 

Cys 5 1.28±0.01 1.26±0.01 3.16 0.01* 

Tyr 5 0.63±0.03 0.62±0.02 0.62 0.55 

NH3 5 0.21±0.01 0.21±0.01 0.01 0.99 

Val 5 1.03±0.02 1.02±0.02 0.79 0.45 

Met 5 1.18±0.01 1.16±0.02 2.00 0.08 

Ile 5 0.86±0.01 0.86±0.02 0.01 0.99 

Leu 5 1.45±0.04 1.44±0.04 0.40 0.70 

Phe 5 1.09±0.01 1.08±0.01 1.58 0.15 

Lys 5 1.72±0.05 1.72±0.05 0.01 0.96 

His 5 0.60±0.01 0.60±0.05 0.16 0.88 

Thr 5 0.84±0.03 0.84±0.04 0.01 0.98 

∑DAA 5 7.19±0.03 7.10±0.01 6.36 <0.001*** 

∑EAA 5 8.76±0.01 8.73±0.02 3.00 0.02* 

∑TAA 5 21.28±0.02 21.11±0.02 13.44 <0.001*** 

∑DAA, flavored amino acid; ∑EAA, essential amino acid; ∑TAA, total amino acids. * p < 0.05; ** p < 

0.01; *** p < 0.001 

 

 

The saturated fatty acids detected in the muscle of the Chinese hook snout carp samples 

were c13:0, c14:0, c15:0, c16:0, c18:0 and c20:0. Methyl palmitate (c16:0) was the major 

saturated fatty acids, which accounted for 68.18% of the saturated fatty acids (Table 2). 

This result was similar to those reported in other fishes (Lv et al., 1995). The main 

monounsaturated fatty acids were c16:1n-9 and c18:1, which accounted for 80.08% of 

the monounsaturated fatty acids (Table 2). The main polyunsaturated fatty acids were 

c22:6n-4, which accounted for 58.57% of the polyunsaturated fatty acids (Table 2). The 

proportion of saturated fatty acids, monounsaturated fatty acids, and polyunsaturated fatty 

acids was 1.37:1:1.80 (Table 2). Although the concentration distribution of various fatty 

acids in muscle of male and female fish was similar, the contents of most of fatty acids in 

muscle were significant differences between the male and female Chinese hook snout 

carp samples, in which c15:0 and c18:1 in male muscle were more than one time than 

those in female, while c27:2n-3 in female muscle was more than one time than that in 

male (Table 2). 
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Table 2. The compositions and contents of ratty acids in muscle of male and female 

Opsariichthys uncirostris bidens Günther 

Fatty acid Sampling size Female (g/100 g) Male (g/100 g) t p 

c13:0 5 0.50±0.03 0.43±0.01 4.95 0.07 

c14:0 5 1.86±0.05 1.10±0.02 31.56 <0.001*** 

c15:0 5 2.35±0.03 5.10±0.09 64.82 <0.001*** 

c16:0 5 19.35±0.45 16.54±0.33 11.26 <0.001*** 

c16:1n-9 5 5.96±0.36 6.55±0.28 2.89 0.02* 

c18:0 5 4.11±0.03 4.40±0.07 8.51 <0.001*** 

c18:1 5 10.68±0.57 25.49±0.65 38.31 <0.001*** 

c18:2n-9 5 4.05±0.19 7.77±0.32 22.35 <0.001*** 

c20:0 5 0.11±0.01 0.18±0.01 11.07 <0.001*** 

c20:1n-9 5 0.35±0.02 0.90±0.01 55.00 <0.001*** 

c20:1n-11 5 0.74±0.08 1.18±0.07 9.26 <0.001*** 

c20:2n-11 5 1.11±0.08 0.80±0.02 8.41 <0.001*** 

c20:4n-5 5 3.64±0.15 3.35±0.12 3.38 0.01** 

c20:5n-5 5 1.93±0.12 1.91±0.11 0.27 0.79 

c22:6n-4 5 21.94±1.25 17.17±1.75 4.96 0.001** 

c27:2n-3 5 6.72±0.45 0.47±0.09 30.45 <0.001*** 

SFA 5 28.38±1.69 27.75±1.23 0.67 0.52 

MUFA 5 20.78±1.32 33.70±1.75 13.18 <0.001*** 

PUFA 5 37.46±2.11 32.21±1.44 4.60 0.001** 

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. * p 

< 0.05; ** p < 0.01; *** p < 0.001 

 

 

Discussion 

There is a close relationship between the nutritional composition of fish muscle and 

its feeding habits (Wang et al., 2010a). Generally, contents of crude protein and crude fat 

in muscle of carnivorous fishes are higher than those of herbivorous fishes, while the 

content of crude ash is lower than that of herbivorous fishes (Wang et al., 2010a). Our 

results showed that the content of crude protein in the Chinese hook snout carp was higher 

than that of yellow catfish (Pelteobagrus fulvidraco) (Jiang et al., 2013) and Qinling lenok 

(Brachymystax lenok) (Xu et al., 2010), lower than that of Phoxinus lagowskii (Zhang et 

al., 2013), and closed to that of Neosalanx brevirostris (Jiang et al., 2011) and other 

carnivorous fishes (Sun et al., 2008; Jiang et al., 2013). These results implied that the 

muscle of Chinese hook snout carp contained high protein level and conformed to its 

carnivorous attribute. 

Sex is one of the most important factors that affect the composition of muscle nutrients 

in fish (Jiang et al., 2011; Zhang et al., 2013). Although contents of most of amino acids 

in muscle are significant difference between male and female Neosalanx brevirostris 

(Jiang et al., 2011) and Silurus asotus (Jiang et al., 2012), our results showed that only 

cystine content was significant difference between male and female Chinese hook snout 
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carp, which was consistent with previous report in Pelteobagrus fulvidraco (Jiang et al., 

2013). However, contents of most of fatty acids were significant differences in muscle 

between male and female Chinese hook snout carp, which was consistent with previous 

reports in Neosalanx brevirostris (Jiang et al., 2011). 

Fish species is an important factor affecting the nutritional composition in muscle. 

Choi et al. (2008) reported that the protein in the muscle of Sophorae fructus is composed 

of a total of 18 different kinds of amino acids, and the contents of saturated fatty acids, 

monounsaturated fatty acids, and polyunsaturated fatty acids in the muscle of Sophorae 

fructus are 24.94%, 32.40%, and 32.86%, respectively. Our results showed that the 

contents of saturated fatty acids, monounsaturated fatty acids, and polyunsaturated fatty 

acids in the muscle of were 28.38%, 20.78%, and 37.46%, respectively. In addition, 

culture patterns, food sources and fish strains affect the compositions of fish nutrients 

(Wang et al., 2010b; Zhou et al., 2014). 

Conclusion 

In conclusion, contents of the crude protein, crude fat, and crude ash in male Chinese 

hook snout carp muscles were 17.23 ± 1.54%, 2.71 ± 0.61%, and 1.32 ± 0.10%, 

respectively. Contents of the crude protein, crude fat, and crude ash in female fish muscles 

were 16.71 ± 0.99%, 2.23 ± 0.92%, and 1.36 ± 0.02%, respectively. No significant 

difference of the crude protein, crude fat, and crude ash was detected between male and 

female fish. Although there was no significant difference in the contents of most amino 

acids between male and female fish, the contents of flavored amino acids, essential amino 

acids and total amino acids in male fish muscle were significantly higher than those in 

female fish muscle. The proportion of saturated fatty acids, monounsaturated fatty acids, 

and polyunsaturated fatty acids was 1.37:1:1.80, and most of fatty acids were significant 

difference between male and female fish. However, the influence of feed formulae 

designed according to our results on the reproduction and growth of Chinese hook snout 

carp should be further studied. 
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