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F 1 REEMAREKA
+
[ (1.23+0.36) ] Tab.1 Formulation of the experimental diet
[17]; %
(Marsupenaeus japonicas ingredients
Bate) [18-22]. casein 38
i i gelatin 10
(Litopenaeus vannamei)
corn starch 26.5
871 mglkg, 15% 3% fish ol 2
[23]; 5% 11% , soybean oil 2
(Penaeus monodon) lecithin !
attractant® 3
6 400 mg/kg 7 800 mg/kg™,
cholesterol 0.5
vitamin mixture? 2
) mineral mixture® (P-free) 4
2 (Eriocheir sinensis) celloluse 8
(CMC) 2
c 1 (%)( ): 0.6,
' 0.6, 0.6, 12; 2. (
' )(Mg/100g  ): E, 2 160 IU; C, 60
) mg; , 240 mg; B6, 60 mg; , 120 mg;
[25] B1, 60 mg; H, 60 mg; , 600 mg; , 60 mg;
600 mg; 3. (%)( ):
NaH,PO,, 10; KH,PO,, 21.5; Ca(H,P0O,),-2H,0, 26.5; CaCO;, 10.5;
Ca-lactate, 16.5; MgSQO,-7H,0, 10; AICI;-2H,0, 1.2; ZnSO,-7H,0,
' 0.511; Fe-citrate, 0.061; MnSO,-4H,0, 0.143; KI, 0.058; CuCl,,
1% 2% , (o 0.051; CoCl,-6H,0, 0.176; KCI, 2.8.

250 500 1000 2000 4 000 mg/kg )

1
11

2%6 : 12 (

42%) ( 6%) ; 4
(3:2) (1
1% 2% ,

0( ) 250 500 1000 2000 4000

mg/kg , 1% 0

232 480 960 1986 3876 mg/kg, 2%
0 230 476 956 1980 3882 mg/kg

1.2
(0.22+0.01) ¢,
(4mx25mx1m) ( 30 40 cm)
2 ;
48 200 L 300 L ,
35 , 6 PVC
( 12cm, 50 mm) 30 (
12 cm, 25 mm) , 4
; 25 31°C, pH
7.8 8.2, <0. 5 mg/L, <0.1 mg/L
8:00 16:00 ,
8% 10%, 15h ,



374

20
: 1/3 1/2,
6 1.6
1.3 * (mean = SD) ,
; 24 h, SPSS17
, 4 , Duncan’s ,
, . P<0.05
8 -20°C : SAS : (28]
, , -80C 2
21
14
= / (P<0.05)( 2);2 ,
x100% :
= ( _ ) 1% , 1 000 mg/kg
x100% ) 2 000 mg/kg
(%/d)= (In “In (P<0.05); 2% , 500 mg/kg
) x100% ) 1 000 mg/kg
= I( _ (P<0.05); 2
) ,
15 ) 1% ,
AOAC [ , >500 mg/kg
=500 mg/kg ; 2%
(FOSS, Kjeltec 2200), , 500 mg/kg 1 000 mg/kg
(FOSS, Sox- 0 mg/kg ; :
tec'™2043, Denmark), , 1% ,
550°C (14 h), 105°C 1 429.65 mg/kg (
(24 h) 1), 2%
Venugopal(1985) 1?7 529.65 mg/kg ( 2
2.2
, 1% 2%
, 1 9 0.86% , (P<0.05) 1%
10% , 2 000 r/min 10 min, 2% , 0 1000 mg/kg
GPO-PAP CHOD-PAP |, , 1000 2000

4 000 mg/kg (P>
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Tab.2 Effect of choline chloride and phospholipids on growth performance and feed utilization of Eriocheir sinensis

X + SD; n=4
1% ( ) 1% 1(%-d™) 1%
phospholipids (mg-kg™ ) choline WGR SGR FCR survival
1 0(0) 314.03+11.37° 3.38+0.64° 2.89+0.25% 73.453.10°
1 250(232) 315.76+16.33° 3.39+0.10° 2.81+0.20% 77.35+3.01%°
1 500(480) 337.00+3.90° 3.51.+0.21° 3.11+0.16° 78.10+3.992¢
1 1000(960) 379.39+12.48%f 3.73+0.61°%" 2.46+0.21%° 89.05+1.79°
1 2000(1986) 377.41+20.17% 3.72+0.12% 2.43+0.19% 86.73+1.55%
1 4000(3876) 385.06+15.97°" 3.75+0.08°™ 2.47+0.29%° 84.38+4.43%
2 0(0) 353.69+12.56™ 3.60+0.07" 2.83+0.32% 73.45%5.37%
2 250(230) 359.45+20.19% 3.62+0.11¢ 2.74+0.27% 75.78+2.97%
2 500(476) 406.23+11.28° 3.86+0.05° 2.39£0.12° 88.282.97°
2 1000(956) 401.04+5.83" 3.83+0.03 2.43%0.11% 85.20+5.92°%
2 2000(1980) 407.65+22.68° 3.89+0.119 2.73+0.24° 81.28+2.67%°¢
2 4000(3882) 403.01+18.58° 3.85+0.09 2.75+0.220 84.40+3.10*°
P
choline 0.048 0.046 0.024 0.001
phospholipids 0.019 0.017 0.033 0.004
X cholinexphospholipids 0.027 0.020 0.001 0.049
: (P<0.05).
Note: Values with the different superscripts of the same column are significantly different (P<0.05).
400 F . N » 430 F -
390 Y=381.2-21.73(1429.65-X) . | - R0F o :
£ 3801 p2_g.789 a —® ‘g410r .
8 370 : D400 | 3 -
£ 360 » &390 -
on o L ]
‘% 350 - g 380 F
E a0k 2370 ¥=403.9-26.27(529.65-X)
< 330 < 360 2
Ve 5 320 R=0.831
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0 250 500 1000 2000 4000 0 250 500 1000 2000 4000
AT BB B (meke™) b BRI I R (g kg™
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Fig.1 Dietary choline requirements for Eriocheir sinensis as Fig.2  Dietary choline requirements for Eriocheir sinensis as
effect by dietary 1% Phospholipids level effect by dietary 2% Phospholipids level
0.05)( 3) , 2000 mg/kg 4 000 mg/kg
2.3 (P<0.05); 1%
, 0 250 mg/kg
1 2% i)
( 4, ;
1% ,
(0 mg/kg) 2 000 ; )
mg/kg 4 000 mg/kg (P<0.05), 2%
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Tab.3 Body biochemical composition of E. sinensis fed diets at different dietary chloride levels

X #SD; n=4
1% ( i 1% 1% 1% 1%
phospholipids (mg-kg™ ) choline moisture ash crude protein crude lipid
1 0(0) 65.63+0.51 3.72+0.10 15.17+£1.74 7.79+0.07°
1 250(232) 66.11+0.48 3.90+0.09 15.70+0.31 7.27+0. 05%
1 500(480) 65.70+0.50 3.81+0.08 15.24.+0.37 6.65+0.18°
1 1000(960) 65.64+0.23 3.88+0.08 15.66+1.18 6.14+0.75%
1 2000(1986) 65.57+0.20 3.79+0.14 15.39+0.47 6.21+0.18%
1 4000(3876) 65.99+0.35 3.84+0.11 15.76+0.34 6.32+0.52°
2 0(0) 65.80+0.36 3.74+0.02 14.37+0.27 7.41+0.15°
2 250(230) 65.65+0.32 3.86+0.19 14.83+0.79 7.20+0.10°
2 500(476) 65.85+0.24 3.83+0.11 14.90+0.61 6.66+0.16°
2 1000(956) 65.91+0.83 3.77+0.14 14.61+0.59 6.02+0.07%
2 2000(1980) 65.71+0.05 3.88+0.15 15.08+0.75 6.16+0.14*
2 4000(3882) 65.43+0.25 3.80+0.10 14.72+0.67 6.16+0.11%
P
choline 0.882 0.421 0.888 0.000
phospholipids 0.670 0.845 0.100 0.030
X cholinexphospholipids 0.155 0.749 0.925 0.164
: (P<0.05).
Note: Values with different superscripts in the same column are significantly different (P<0.05).
%4 BRTRLRT oh 4 40 AT AR AR 4 1L 45 O B 10
Tab. 4 Effects of dietary choline chloride on hepatopancreas biochemical parameters of E. sinensis
X +SD; n=4
1% ( ) TCHO/ AST/ ALT/
phospholipids (mg-kg™ ) choline TG / (mmol-L™Y) (mmol-L™) (UL (UL
1 0(0) 1.01+0.06° 4,57+0.18° 9.90+0.52° 18.79+2.56°
1 250(232) 0.89+0.10% 3.92+0.13¢ 9.80+2.20° 19.37+1.96°
1 500(480) 0.7620.17% 3.69+0.15° 7.13+0.57 10.75+1.35"
1 1000(960) 0.75+0.03% 3.54+0.11" 6.23+0.60" 5.69+0.24%
1 2000(1986) 0.70+0.13%® 3.60+0.08" 5.07+0.25%® 4.16%1.22°
1 4000(3876) 0.63+0.23° 3.54+0.06" 4,57+0.25° 4.72+0.25°
2 0(0) 0.88+0.16° 4.45+0.14° 9.97+0.40° 14.64+0.89"
2 250(230) 0.79+0.08" 3.91+0.16° 9.43+0.42° 11.79+0.92
2 500(476) 0.76+0.07%> 3.57+0.06" 7.83+0.74° 12.44+0.86%
2 1000(956) 0.74+0.16™° 3.43+0.05° 5.93+0.35%° 9.70+2.19%
2 2000(1980) 0.70+0.09% 3.20+0.08° 5.00+0.66™ 5.93+0.48°
2 4000(3882) 0.71%0.11% 3.23+0.05° 4.80+1.42% 5.45+0.24°
P
choline 0.000 0.00 0.000 0.000
phospholipids 0.272 0.000 0.876 0.199
X cholinexphospholipids 0.274 0.061 0.894 0.000

: (P<0.05).
Note: Values with different superscripts in the same column are significantly different (P<0.05).
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Dietary choline requirements of juvenile Chinese mitten crab, Eri-
ocheir sinensis at two dietary phospholipid levels

QI Ji, CHEN Ligiao, SUN Shengming, JIANG Haibo, LI Erchao, YU Na
School of Life Sciences, East China Normal University, Shanghai 200062, China

Abstract: A 42-day feeding trial was conducted to investigate the effects of dietary phospholipids on the choline
requirement of the juvenile Chinese mitten crab, Eriocheir sinensis. Twelve purified diets were formulated con-
taining two phospholipid levels (1% and 2%) and six choline chloride levels (0, 250, 500, 1 000, 2 000 and 4 000
mg/kg diet), and were fed to E. sinensis juveniles (0.22g+0.01g) with four replicates in each treatment. The results
showed that dietary choline and phospholipids had a significant interaction on survival, weight gain, specific
growth rate and feed conversion ratio (P<0.05). Crabs fed diets with 1000 mg/kg dietary choline chloride (1%
phospholipids) and 500 mg/kg choline chloride (2% phospholipids) obtained the highest survival rate, and sig-
nificantly differed from that of other treatments with low choline chloride (P<0.05). Crab weight gain and specific
growth rate significantly increased with dietary choline levels from 500 to 4000 mg/kg (P<0.05). Feed conversion
ratio decreased significantly with dietary choline chloride increasing from 1 000 to 4 000 mg/kg (P<0.05) at the
1% phospholipid level. At the 2% phospholipid level, feed conversion ratios of crabs fed diets with 500 and 1000
mg/kg choline chloride were significantly lower than those of the 0 mg/kg group (P<0.05), but no significant dif-
ferences were detected among the 250, 2 000 and 4 000 mg/kg groups. Whole body crude lipid hepatopancreas
triglycerides, hepatopancreas total cholesterol, hepatopancreas glutamate pyruvate transaminase and glutamate
aspartate transaminase activities significantly decreased with choline chloride increase, regardless of the phos-
pholipid level (P<0.05). Broken-line regression analysis based on weight gain against dietary choline levels indi-
cated that the optimal dietary choline requirements of juvenile E. sinensis were 1 429.65 mg/kg and 529.65 mg/kg
at the 1% and 2% phospholipid levels, respectively.

Key words: Eriocheir sinensis; choline; phospholipids; interaction
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