2016 £ 9 B, 23(5): 1117-1129

Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2016.15452

KiL, EAMI
28 R Y EL 3R

RIER",

TR A B rp e Gy B B MR R BE ]

2T, Awh? AN

BHLAEFH

ErAN, ATE, Kk’

1. 201306;
2. N 201306;
3. R 124200
W , (Eriocheir sinensis)

(D) ,

R (P>0.05) (2) (P<0.05),
(P>0.05); R
(P<0.05), (P>0.05) (3) (PUFA) s
Y PUFA X n6PUFA (X HUFA) ; PUFA X PUFA
Y HUFA (P>0.05); Cig3ns(LNA)  Cag:5n3(EPA) )
(P<0.05) (4)

(P<0.05), (EAA) (NEAA) (TAA)

; EAA EAA NEAA TAA %) 3

( )s (EAAS) ; ,
EAAS , i
KA ; ; ; ; ;

FEHSZES: S966 XHkFRERD: A

(Eriocheir sinensis)

B B

TEHS: 1005-8737-(2016)05-1117-13

(3-4] 20 60

, 70 t )
, 400 2 , 20 80
b b b
Weim B8 2015-12-03; 24T H#A: 2016-02-21.
ELTiE: 863 (2012AA10A409); (2014DFT30270);
(14C26213201214); (2015-62-0908).
fEE =N (1988-), , . E-mail: keyzhao539@163.com
BIEESE: , . E-mail: xgwu@shou.edu.cn



1118 23
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1.1 SR RAEFEMNRE
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Tab.1 The body weight and morphological indicators of sampled male Eriocheir sinensis from three populations
indicator Liaohe River population Yellow River population Yangtze River population
/g body weight 143.02+27.29 137.45£30.51
/mm carapace length 57.94+3.38 56.93+3.43
/mm carapace width 64.96+3.79 64.74+4.26
/mm body thickness 30.84+2.09 30.55+2.16
1.2 iEKfRE , (hepatosomatic
index, HSI, %)= / %100,
) (gonadosomatic index, GSI, %)= / %100,
, (meat yield, MY, %)= / %100,

( 0.001 g),
—40°C

[14]

(relative fatness, RF, g/cm3 )= / 3
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1.3 EUpaNE

1.3.1 EMEFHSWE AOAC™!
(105°C ) (
) (5507C ) ;
Folch (V/V=2 : 1)
, 4~5
1.3.2 BB FAERAER A MK 9 #7 Wwu 7
14% —
ViV e,
Agilent6890
, Omegawax320(30.0 m X
0.32 mm, USA),
260°C, 60°C,
260°C
30 mL/min; 300 mL/min,
25 mL/min, 1 50;
60 kPa
133 SEBAN Chen !
0.1g ,
6 mol/L , 110C 24 h,
50 mL,
1 mL 50°C
, , , 2~5 mL
0.02 mol/L , 1L
, Hitachi 835-50
10% )
, 590 nm (20]
[21]
FAO/WHO/UNU™!

(essential amino acid score, EAAS), EAAS=100x%

/FAO
1.4 HIEALE
SPSS 19.0
, + (X£SD)
Levene s
, one-way ANOVA ,
Tukey , P<0.05
2 HRE5SH

21 =FEPEAEEREENERAERATEE

(P>0.05)

2%~
3%
22 =MBREAERETRBUNENERES

(P<0.05),

(P>0.05),

F2 =SB EAEEERR T RARLOIFIRRE

Tab.2 The percentage of edible tissues and relative fatness of male Eriocheir sinensis from three populations

n=8; X+SD
indicator Liaohe River population Yellow River population Yangtze River population
/% GSI 2.39+0.51 2.55+0.43 2.28+0.41
/% HSI 7.24+1.04 7.13£1.85 7.39+1.31
/% MY 21.4242.41 22.22+1.22 24.24+3.51
/% total edible yield 31.05+2.66 31.38+2.35 34.01+3.68
/g/em’ relative fatness 0.72+0.03 0.72+0.05 0.73+0.05
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Tab.3 The proximate composition in the edible parts of male Eriocheir sinensis from three populations(%wet weight)

n=8; X+SD

proximate composition

Liaohe River population

Yellow River population

Yangtze River population

gonad
moisture
protein
lipid
ash
hepatopancreas
moisture
protein
lipid
ash
muscle
moisture
protein
lipid

ash

72.69+0.54*
18.03+0.29*
0.90+0.07*
1.72+0.12°

47.29+1.90°
8.82+0.40°

43.2142.92°
1.45+0.09*

79.65+0.09°
15.09+0.36°
0.98+0.03"
1.45+0.04°

72.88+0.84°
16.19+0.66°
0.86+0.05°
1.69+0.19

47.73+2 86"
8.54+0.34°
37.08+4.14°
1.38+0.06"

79.50+0.81°
14.34+0.52°
0.93+0.01°
1.53+0.02°

73.37+1.00°
15.77+0.45°
0.89+0.11°
1.88+0.17°

44.53+£6.17°
8.95+1.51°
43.97+8.40°
1.55+0.02°

79.45+0.81°

14.59+0.55°
0.96+0.03*
1.41+0.02°

(P<0.05).

Note: Values in the same row without the same superscripts are significantly different among different populations(P<0.05).

(P<0.05),
(P>0.05),
(P<0.05)
2.3 =ThEREHEETRIBARIREIEREMK
4,
(2SFA) 20% ,
Cie:0 Cisg.0,
SFA (P>0.05);
(MUFA) s C18:1n9
C18:1n9 (P<005),
(YMUFA)
(PUFA) Ca0:5n3(EPA)>
C20:4n6( ARA)>C 18.206(LOA)>Coo.603(DHA)>Cro.503(DPA >
Cis:3n3(LNA), PUFA
(P>0.05),

(YPUFA) Yn6PUFA

(SHUFA) . YPUFA
(P<0.05)
3 SFA Ciso0
Cis0  Cigo, 2SFA 22% , Cis:0
TSFA 80%
Cis.0 , SFA
; MUFA Cig:mo Cisiin7
Cie:1, Cis:1n9 ,
Cising  2MUFA
; PUFA LOA
(19%~20%) DHA(4%~5%) EPA(2%~3%), LNA
ARA R 3%,
PUFA (P>0.05),

YPUFA YHUFA
30%  7%~9%( 5)

SFA Ciso  Cigos
Cie:0 > Ciswo ,
: MUFA
Cis:1n9, 20%

b
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Tab. 4 The fatty acid composition in gonad of male Eriocheir sinensis from three populations

n=8; X+SD; %

% total fatty acids

fatty acid Liaohe River population Yellow River population Yangtze River population
Ciao 0.32+0.10° 0.33+0.10° 0.25+0.11°
Ciso 1.12+0.37° 0.33+0.19° 0.47+0.26™
Cieo 9.9240.92° 10.47+0.94* 9.45+0.84°
Cizo 0.45+0.04° 0.36+0.04° 0.32+0.05°
Ciso 7.64+0.34° 7.22+0.43° 7.55+0.49°
Cao:0 0.34+0.07° 0.31+0.09° 0.37+0.03"
Cazo 0.30+0.05° 0.48+0.09* 0.34+0.04°
Y'SFA 20.10+0.60° 19.51+0.31° 18.76+1.17°
Cie 2.24+0.63" 3.71+0.54° 2.10£0.29*
Cig:ino 18.8740.65° 21.86+0.50" 19.56+0.84°
Cis:n? 3.47+0.27° 3.54+0.49° 3.97+0.39*
Cao:1no 1.84+0.16" 1.80+0.30° 1.88+0.22°
Cao:1w7 0.64+0.05° 0.68+0.15° 0.69+0.03*
Coitno 0.27+0.10° 0.30+0.01° 0.22+0.04°
YMUFA 27.59+1.02° 32.12+1.19° 28.58+0.54*
Cisoans 10.02+1.29° 10.31+1.49° 9.95+1.51°
Cisan 1.07+0.19* 1.00£0.36° 0.98+0.22°
Cao:an6 11.03+1.49° 10.05+0.40° 12.23+2.24°
Cao:sns 17.90+2.42° 15.57+1.05 17.45+0.92°
Coaisns 1.40+0.12° 2.22+0.74° 2.28+0.56°
Coeens 6.94+0.81° 6.89+0.22° 7.18+0.35°
YPUFA 48.35+1.25% 46.04+0.08" 50.08+1.70°
>n3PUFA 25.91=1.38° 23.45+0.91° 25.61+0.73"
Y n6PUFA 21.04+0.71° 20.36+1.21° 22.18+0.64
n3/n6 1.23+0.09* 1.15+0.03° 1.15+0.03*
YHUFA 35.86+2.42° 32.51+0.98° 36.86+2.67°
DHA/EPA 0.39+0.07° 0.44+0.02° 0.41£0.02°

Notes: Values in the same row with different superscripts are sign

more than 0.3% of total fatty acids is shown in the table.

RS SRR EHBEBEARRRD M EZRMERENR

(P <0.05);
ificantly different among different populations (P <0.05); the fatty acid with

0.3%

Tab. 5 The fatty acid composition in hepatopancreas of male Eriocheir sinensis from three populations

n=8§; X +SD; % % total fatty acids
fatty acid Liaohe River population Yellow River population Yangtze River population
Ciao 1.20+0.13° 1.09+0.07° 1.03+0.30°
Ciso 0.30+0.06" 0.33+0.09* 0.31+0.10*
Ciso 18.24+1.87° 19.06+0.92° 19.28+0.77%
Cizo 0.23+0.06" 0.31+0.11° 0.29+0.03*
Ciso 2.49+0.09° 2.02+0.11° 2.24+0.38%
>'SFA 22.58+1.73° 22.90+1.07° 23.27+0.35°
Cig 6.92+1.78* 5.96+0.60* 5.83+1.57*
Ciza 0.48+0.10° 0.39+0.04* 0.41+0.08*
Cig:ino 30.29+1.40° 31.71+2.84* 34.84+6.43°

(

to be continued)
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( 5 Tab. 5 continued)

fatty acid Liaohe River population Yellow River population Yangtze River population
Cig:tnr 3.15+0.31° 2.30+0.39" 2.68+0.28™
Cao:1n9 0.78+0.09* 0.84+0.30" 1.09+0.29°
Cao:in7 0.48+0.17* 0.35+0.18" 0.66+0.06"
>MUFA 43.32+1.70° 41.73£3.11° 45.66+4.43"
Cisane 19.37+4.28" 20.73+2.34° 19.02+£2.21°
Cig:ans 2.92+0.64" 2.64+0.39" 2.13+0.77°
Ca0:4n6 1.13+£0.25* 1.10+0.41° 1.12+0.30°
Cao:5m3 3.08+0.36" 2.49+0.49° 2.15+0.88"
Caaiom3 5.02+0.28* 4.32+0.71° 4.25+0.81°
> PUFA 31.51+£3.27¢ 31.29+2.92° 28.68+3.61°
> n3PUFA 11.02+0.40* 9.45+1.20° 8.53+2.11°
> n6PUFA 20.50+3.54° 21.84+1.81° 20.15+1.94°
n3/n6 0.54+0.15* 0.43+0.03* 0.42+0.08"
> HUFA 9.23+0.65* 7.91+0.90* 7.52+1.69°
DHA/EPA 1.63+0.16* 1.73+0.24° 1.98+0.44°
(P<0.05); 0.3%

Note: Values in the same row with different superscripts are significantly different among different populations(P<0.05); the fatty acid with
more than 0.3% of total fatty acids is shown in the table.

R6 ZHBREMERERINA S EEREMHERER

Tab. 6 The fatty acid composition in muscle of male Eriocheir sinensis from three populations

n=§; X +SD; % % total fatty acids
fatty acid Liaohe River population Yellow River population Yangtze River population
Ciso 11.69+0.23* 11.01£0.01° 11.17£0.12*
Cis:0 5.72+0.39° 5.90+0.18° 5.96+0.30°
> SFA 17.62+0.19° 17.09+0.41° 17.32+0.19°
Cie 1.41£0.07° 1.31+0.17° 1.22+0.29°
Cig:ino 21.13+1.41° 20.11+0.73* 21.53+0.88"
Cis:in 2.64+0.12° 2.47+0.05 2.49+0.21°
C20:1n9 1.74+0.08° 1.80+0.10° 1.75+0.10°
>MUFA 23.37+1.13% 26.15+0.61° 27.45+0.38"
Cig:ane 11.45+0.45% 12.36+1.24° 11.22+0.58*
Cis:ans 0.38+0.01° 1.12+0.30° 0.84+0.21°
C20:4n6 4.83+0.65" 5.22+0.31° 5.11+0.35°
C20:5n3 22.50+0.36° 23.70+0.86° 23.30+0.42%
Ca2:6n3 11.19+0.15° 11.12+0.47° 11.66+0.73*
>PUFA 50.35+0.81°¢ 53.52+0.29° 52.13+0.73°
>n3PUFA 34.07+0.70° 35.95+0.88" 35.80+0.61°
> n6PUFA 16.28+0.77% 17.57+0.91° 16.33+0.80°
n3/n6 2.09+0.11° 2.05+0.15% 2.19+0.12%
> HUFA 38.52+0.76° 40.04+1.21° 40.07+0.53*
DHA/EPA 0.50+0.01° 0.47+0.01° 0.50+0.03*
(P<0.05); 0.3%

Note: Values in the same row with different superscripts are significantly different among different populations(P <0.05); the fatty acid with
more than 0.3% of total fatty acids is shown in the table.



5 1123
MUFA ,
; PUFA EPA (Cy0:5n3) (P<0.05),
LOA (Cigans)  DHA (Caai6n3), 10%,
EPA LNA (C1313n3) 5 (P<005), , EAA
(P<0.05) (P<0.05),
24 =TEEETRMBUNIERAK (NEAA)
7, , ,
19 , , 4
(EAA)10 10 EAA 5 mg/g( NEAA ;
T,
(P<0.05), ,
, (TAA)
1.7 mg/g (P>0.05)
RT ZSMEPLEGEBERERTPHEZIEBREAN
Tab.7 The amino acids contents in gonad of male Eriocheir sinensis from three populations
n=s§; X +SD; mg-g’1 mgg’1 wet weight
amino acid Liaohe River population Yellow River population Yangtze River population
isoleucine 9.14+0.13* 8.93+0.17% 8.83+0.16"
leucine 12.18+0.11° 11.91+0.14° 11.92+0.23°
lysine 7.35+0.14° 7.30£0.17° 7.59+0.08°
methionine 1.79+0.00° 1.45+0.08° 1.52+0.06°
cystine 4.12+0.14° 3.58+0.07° 3.58+0.20°
phenylalanine 6.23£0.07° 6.13£0.08" 6.15+0.21°
tyrosine 5.77£0.10° 5.68+0.12° 5.58+0.12°
threonine 13.33+0.04° 13.14£0.27° 12.97+0.28°
valine 5.62+0.08° 5.64+0.08° 5.98+0.01°
tryptophan 1.76+0.03" 1.76+0.03° 1.80+0.00°
EAA 67.29+0.47° 65.51+1.08" 65.90+0.79*
aspartic acid 18.82+0.29° 18.57+0.13* 18.33+0.56"
serine 7.23%0.05° 7.12£0.05° 7.23+0.18°
glutamic acid 20.99+0.26" 20.65£0.09™ 20.61£0.13°
glycine 6.05+0.11° 5.86+0.00° 5.94+0.03%
alanine 10.37+0.27° 9.88+0.09° 9.94+0.14°
histidine 5.18+0.09° 5.2940.02% 5.7240.42°
arginine 6.91+0.20* 6.77+0.09° 7.13£0.11°
proline 20.06+0.47° 19.77+0.36* 19.11£0.42°
taurine 0.93+0.03" 0.85+0.06" 1.07+0.23°
NEAA 96.53+0.83° 94.76+0.65" 95.09+1.50°
TAA 163.82+1.31° 160.27+1.73° 161.00+2.28*
EAA/TAA 0.41+0.00° 0.41+0.00° 0.41+0.00°

Note: Values in the same row with different superscripts are si

tial fatty acids; NEAA means no-essential fatty acids; TAA means total amino acids.

gnificantly different among different populations (P <0.05); EAA means essen-
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8, (P<0.05)
EAA ( 10 mg/g FAO/WHO/UNU
), , (EAAS)
3 mg/g EAA (9,
EAA R EAAS ,
EAA , EAAS
EAAS 100,
(P<0.05), EAA : EAAS 100,
(P<0.05) NEAA
5 mg/g
b 9
3 itig
(P<0.05); . 30 =ThEHEMMRAE . TR R ENLLE
NEAA TAA
RS Z=MEPLEGERIERINATHEESEBRAR
Tab. 8 The amino acids contents in muscle of male Eriocheir sinensis from three populations
n=38; X +SD; mg‘gfl mg~g7l wet weight
amino acid Liaohe River population Yellow River population Yangtze River population
isoleucine 6.33+0.17° 6.02+0.12° 6.36+0.16"
leucine 10.40+0.21% 9.95+0.21° 10.59+0.23"
lysine 10.38+0.24% 9.98+0.18" 10.79+0.23"
methionine 2.97+0.21* 2.72+0.26" 2.98+0.18*
cystine 1.85+0.24° 2.03+0.18° 2.06+0.11°
phenylalanine 5.76+0.16™ 5.51£0.14° 5.93+0.13°
tyrosine 5.90+0.17* 5.64+0.06" 6.02+0.23"
threonine 6.23+0.13* 5.99+0.05° 6.39+0.14"
valine 6.51+0.16™ 6.21+0.11° 6.58+0.15"
tryptophan 1.65£0.01° 1.65+0.02° 1.75+0.02°
EAA 57.98+1.49% 55.70+0.89° 59.44+1.25°
aspartic acid 13.01+0.32% 12.58+0.27° 13.42+0.28"
serine 5.51+0.13* 5.30+0.05° 5.73+0.14"
glutamic acid 21.7140.45° 20.77+0.73° 21.90+0.33°
glycine 9.65+0.32* 9.49+0.31° 9.59+0.68"
alanine 10.17+0.19* 9.90+0.39" 10.13+0.23"
histidine 4.49+0.13% 4.39+0.05° 4.73+0.61°
arginine 12.57+0.39® 11.55+0.95° 13.27+0.32*
proline 7.82+1.20° 8.0440.29" 7.93+0.61°
taurine 1.1440.05° 1.04+0.09* 1.03+0.06"
NEAA 86.06+0.56 83.05+1.15° 87.43+0.49°
TAA 144.04+2.05° 138.75+2.03° 147.17+1.54°
EAA/TAA 0.40+0.00* 0.40+0.00° 0.40+0.00"

Note: Values in the same row with different superscripts are si
tial fatty acids; NEAA means no-essential fatty acids; TAA means total amino acids.

(P<0.05).

gnificantly different among different populations (P <0.05); EAA means essen-



5 : 1125

RO MR EAERERERNNNANL FRERITS

Tab. 9 The essential amino acids score (EAAS) of gonad and muscle of male Eriocheir sinensis from three populations

mg-g ' wet weight

essential amino acid

gonad

muscle

Liaohe River

Yellow River

Yangtze River

Liaohe River

Yellow River

Yangtze River

population population population population population population
isoleucine 181 199 197 151 154 151
leucine 103 113 113 105 108 107
lysine 70 79 82 119 123 124
+ methionine+cystine 131 126 128 129 136 135
+ phenylalanine+tyrosine 106 117 116 123 126 126
threonine 218 242 238 122 126 125
valine 89 101 106 125 127 125
tryptophan 89 100 102 100 107 106
mean 123 134 135 122 126 125
: EAAS=100x /FAO (FAO/WHO/UNU, 1985).
Note: EAAS=100xone essential fatty acid content in sample/one essential fatty acid content in FAO reference protein.
2
17
. , 10 , :
, 10 32 =MBEEGTRALAMENERESRE
; B LB
/ ,
[26]
b b
27-29
, 10 , [ 1
[23]
b 2
b
2
, , 10 ,
[30]
b
b
24
(241, 12 >
3.5% W, 0
) 2.28%,
b b b
b 2
[27, 31]
b
[32]

[25]

[13]
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MUFA  PUFA (S: M: P) HUFA = ‘
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Nutritional composition of cultured adult male Eriocheir sinensis from
Yangtze River, Yellow River and Liaohe River
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Abstract: The Chinese mitten crab, Eriocheir sinensis, is one of the most important aquaculture species in China,
with a commercial yield of 729 900 tons in 2013. The main culture areas are located in three main drainage basins,
i.e., the Liaohe River, the Huanghe River, and the Yangtze River. The Yangtze delta is the largest culture areca
among the three drainage basins. Although pond-reared populations of E. sinensis originated from their native
habitats, i.e., the Liaohe River, Yellow River and Yangtze River, the Yangtze River population generally has the
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largest body size of adult crabs, the best growth performance, and superior taste among the three populations. To
date, however, it is unclear whether there are any differences in gonadal development and nutritional composition
of adult male E. sinensis among the three populations when they are cultured under similar pond conditions. In this
study, we analyzed the gonadosomatic index (GSI), hepatosomatic index (HSI), meat yield (MY), total edible yield
(TEY), and relative fatness (RF) of pond-cultured male E. sinensis, comparing the Yangtze River, Yellow River,
and Liaohe River populations. Then, the proximate composition, fatty acids and amino acids composition, and
essential amino acid score were compared among the three edible parts (gonad, hepatopancreas, and muscle). The
results showed that the GSI was slightly higher in the Yellow River population than in the other populations, while
the Yangtze River population had higher HSI, MY, TEY, and RF than those of the other two populations. However,
there were no significant differences in these indicators among the three populations. The protein content in the
gonad was significantly higher in the Liaohe River population than in the other two populations (P<0.05), but
moisture, lipid, and ash contents did not differ significantly among the three populations. The hepatopancreas of
the Yangtze population had the lowest moisture content, but had higher protein, lipid, and ash contents than those
of the other two populations. Compared with the Liaohe River population, the Yellow River population had sig-
nificantly lower lipid content in the muscle (P<0.05). The ash content in the muscle was significantly higher in the
Yellow River population than in the other two populations (P<0.05). The moisture and protein contents in muscle
did not differ significantly among the three populations. The polyunsaturated fatty acids (PUFA) levels in the go-
nad were similar among the three populations, and the Yangtze population had the highest percentage of ) PUFA,
> n6PUFA, and total highly unsaturated fatty acid (HUFA) among the three populations. For the hepatopancreas,
the percentages of all PUFAs, Y PUFA, and Y HUFA were similar among the three populations. Compared with the
Liaohe River population, the Yellow River population had significantly higher levels of Cig.3,3 (LNA) and Cyg.5n3
(EPA) in the muscle (P<0.05). The Liaohe River population had significantly higher methionine and cysteine con-
tents in the gonad, compared with the other two populations (P<0.05), and the highest contents of total essential
amino acids (3 EAA), total nonessential amino acids (3 NEAA), and total amino acids (TAA) in the gonad. Among
the three populations, the Yangtze population had the highest Y EAA, Y NEAA, and TAA contents in the muscle.
Lysine, valine, and tryptophan were the limited amino acids in the gonad of the Liaohe River population. This
population had the lowest mean essential amino acid score (EAAS) for the gonad among the three populations. In
all three populations, the muscle of male crabs contained balanced amino acids and no amino acids were limiting.
Together, these results suggest that there are differences in gonadal development and nutritional composition
among the three populations, and that these differences may be related to different developmental stages and ge-
netic factors.

Key words: Eriocheir sinensis; geographical population; gonadal development; edible yield; nutritional composi-
tion; pond culture
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