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, 15min,
15min, 25%
1 15min , (
1.1 ) 2.5mm ,
1 12%—15%,
(Ye et al, 2006) , —20C
( : ) ,
( : ) ( , 300L ,
, ) ’ ( 10d, -
, )
( , ) CuS0O,:5H,0 !
, 6 [ (13.0£0.3)q] ,
0 1 3 5 10 20mglkg 20, 6 ' 3
( ) , 4L /min,
' 2 30 , (28+2)°C, (5.97+
0.03)mg/L, (0.06+0.01)mgl/L, pH 8.04+
w1 RERET (%) 0.02 <0.02mg/L
Tab.1 Composition of the basal diet (%)
(%) (%) ’
40 \Ye 0.5 ' '
10 0.5 9:00 4:00 ,
45 35 8
4.5 2 1.3
20 % ) ’ 5 ’
b 45 54.9
2 8 8.6 '
) 2 4.7 10 , 2 ,
i 1) (mg/100g ): 18; 44; 8 ! MS-222 J
33; 53; 36; 36; 29; , EDTA-Na
55; 22; 29; 29; 15; ( )'
1456; 273; 228; 337; 892;
910; 5 2) (mg/kg ): 37670;
24644; 1476; 42; 22; 6.8;
7.2; 4144; 140; 0.66; , , -207C ,
11847 3) (mg/g ): VB, 2.5; VB, 10; 25;
37.5; VBs 2.5; 0.75; 100; VK 2; VE 20; VA 1; VD
0.0025: 0.25; VB12 0.05; 1g ’
Fz2 TWEANMTYRENESE ,
Tab.2 Analyzed mineral content of experimental diets (ICP: model: IRIS Advantage (HR)
(ma/kg) (mg/kg)  (ma/kg)  (mg/kg)  (ma/kg) Thermo Jarrell Ash Corporation, Boston, MA, USA)
0 1.50+0.13 3966 10.9+0.0 62.8+0.3 105°C
1 1.76+0.07 37245 10.8+0.2 62.5+1.6
3 4.4740.09 3931 11.240.1 65.3+0.2 ’ ( ), ’ 550°C
5 6.00£0.18 39010 11.240.2 64.620.5
10 11.84+0.17 36045 10.5+0.1 60.60.1 14
20 2235012 363%1 10.6£0.0  60.4+0.5 SPSS ,
CuS0,-5H,0 (ANOVA),
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, Duncan’s , P<0.05 90% ,
, (P>0.05)
, (Robbins et al, 1979)
(P>0.05)
9 2.2
2.1
( 4 1), 0
(1.63+0.15)mg/kg,
3 1—20mg/kg
, (13.0+0.3)g, 8 , ,
215%—233% , , ,
(P>0.05) 1.05—1.12 , . Y = 2.68-0.27(5.5-X),
(P>0.05) 86%— 5.5mg/kg (1)

£33 ANTESEMNMTAREERKMERE. FARYEE., BEFERNOARLESHZN
Tab.3 Effect of dietary copper on growth performance, feed utilization, morphological indicators and hematocrit value of juvenile grouper

(mg/kg) 0 1 3 5 10 20 ANOVA
(%) 23315 233121 228410 21543 23319 216+9 ns
1.08+0.02 1.05+0.03 1.12+0.03 1.06+0.03 1.09+0.03 1.09+0.03 ns
(%) 86.7+4.4 86.7+3.3 88.3+4.4 86.7+1.7 90.0+2.9 90.04£5.0 ns
(%) 2.80+0.03 2.93+0.07 2.81+0.06 2.83+0.04 2.75+0.04 2.90+0.06 ns
(%) 8.29+0.11 8.21+0.30 8.32+0.22 8.27+0.33 8.33+0.06 8.36+0.10 ns
(%) 2.08+0.13 2.20+0.18 2.30+0.06 2.29+0.16 2.15+0.14 2.40+0.15 ns
(%) 3.19+0.05 2.83+£0.10 2.90+0.17 2.87+0.23 3.07+£0.17 2.85+0.02 ns
(%) 29.0+0.8 29.8+1.5 30.0+0.8 29.4+0.6 29.4+0.6 28.3+0.6 ns
: + (n=3), (P<0.05), ns (P>0.05)
=100x%( - ) (13.0+0.3)g ( + , N=18) = (9)/ (9) =100x(
/ ) =100x  (g)/  (cm)® =100x @ (9 =100x  (9)/  (9) =100x (9)/
(@
T4 ANDESENNTAMELEE. &, &, 53 351
EEA 30}
Tab.4 Effect of dietary copper on whole body Cu, Fe, Mn and % 25¢F ]
Zn content of juvenile grouper E 20}
0 I Y=2.68-0.27(5.5-X)
(mg/kg)  (mgkg)  (mghkg)  (mglkg) oSy
(mg/kg) ﬁ 10k
0 1.63+0.15°  60.1+8.4%  18.3+1.9°  66.6+4.8° o5l
1 2352025  54.7¢2.6°  16.3x0.9°  79.4+3.0° 00 . . . . |
0 5 10 15 20 25
3 2.98+0.09° 55.9+3.7° 16.6+0.6° 89.0+14.1°
TIRIFEK S (mglkg)
5 2.7020.07*  355+26"  11.2¢0.1°  51.7+0.6™
10 239+0.13"  29.7+2.8" 9.9+12"  39.849.2° 1
20 2.57+0.09®  27.3+1.2° 8.4+0.6°  34.8+2.0° Fig.1 Relationship between whole body copper content and
ANOVA 0.000 0.000 0.000 0.001 dietary copper level in juvenile grouper
: * ,
(
2 (P<0.05), ns
5 2, o ,

(P>0.05) , Cu
(1.69mg/kg), Fe (29.4mg/kg), Mn (14.1mg/kg), Zn (86mg/kg) (11.1£1.0)mg/kg, 3mg/kg
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[(36.6+5.0)mg/kg]

3—10mg/kg,

(48.1+6.9)mg/kg

5mg/kg (

*5 EARPESENRTFEAMREMER. %K. & 2

Tab.5 Effect of dietary copper on liver Cu, Fe, Mn and Zn con-

2)

20mg/kg

© Y = 40.46-6.86(5-X),

35—38mg/kg

BRI

tent of juvenile grouper

(mg/kg) (mg/kg) (mg/kg) (ma/kg)
(mg/kg)
0 11.1+1.0° 394+36 2.37+0.11 1217
1 23.9+2.6™ 393452 2.49+0.47 13348
3 36.6+5.0°°  309+26 2.23+0.13 127410
5 37.9+3.9% 323459 2.10+0.13 153+16
10 35.1+3.4% 333469 2.07+0.21 128+10
20 48.1+6.9° 378+42 1.93+0.05 143+13
ANOVA 0.001 ns ns ns
* ,
8 (P<0.05), ns
(P>0.05)
451
401
—~ 35f
2
330-
E 25+ E
% 20k Y = 40.46-6.86(5-X)
= 15}
g .. =
= 10
5_

0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14
ToRIEE K F (mg/kg)

2

Fig.2 Relationship between liver copper content and dietary
copper level in juvenile grouper

2.3
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( 4,
5 5
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3
’ 0_
20mg/kg
1.5mg/kg ,
8 y L]
1] 1.5mg/kg 0.89mg/kg
, (Murai et al, 1981; Gatlin et al,
1986) Lorentzen  (1998)
3.5mg/kg ,
(Shiau et al, 2003) (Lin et al,
2008) ,
Ogino  (1980) 0.7  3mg/kg
(Halver et al, 2002)
3mg/kg
( 1 2 ,
5—5.5mg/kg
1.50mg/kg
3mg/kg, 5—5.5
mg/kg ,
3mg/kg (Ogino et al, 1980), i 1.5—

5.5mg/kg (Murai et al, 1981; Gatlin et al, 1986),
5mg/kg ( , 1989),

5—10mg/kg
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(Lall et al, 1987; Lorentzen et al, 1998),

4.5mg/kg( , 1998), 5.6mg/kg(
, 2001), 4mg/kg (Shiau et al, 2003),
4—6mg/kg(Lin et al, 2008)
(Hilton, 1989)
Spinelli ~ (1979)

, Knox  (1982) 15mg/kg
150mg/Kkg, 1:1 1:4 ,
0—20mg/kg

, =5mg/kg(
6.00mg/kg)
6.00mg/kg

(e et al, 2009)

(Halver et al, 2002)
(GB18406.4-2001)
(NY5073-2001)

=50mg/kg
60
100 10upg/g ( , 2009)
: 0—
20mg/kg (1.63—2.98mg/kQ)
= 50mg/kg ; (11.1—
48.1mg/kg) ,
: 3—
10mg/kg, 35—38mg/kg,
=50mg/kg
4

1.50mg/kg 0—

20mg/Kkg,

, 5—5.5mg/kg

v

6.00mg/kg

1.50mg/kg

3mg/kg, 5—5.5mg/kg
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DIETARY COPPER REQUIREMENT OF JUVENILE GROUPER
EPINEPHELUS COIOIDES

YE Chao-Xia"? LIU Yong-Jian?,

WANG An-Lit,

TIAN Li-Xia?,
ZHOU Li-Bin®

YANG Hui-Jun?,

(1. Guangdong Provincial Key Laboratory for Healthy and Safe Aquaculture, College of Life Science, South
China Normal University, Guangzhou, 510631; 2. School of Life Sciences, Sun Yat-sen University,
Guangzhou, 510275; 3. Department of Life Science, Huizhou University, Huizhou, 516007)

Abstract

This study was conducted to investigate the copper requirement of juvenile grouper, Epinephelus coioides.

Six diets were prepared by supplementing a casein-gelatin-based diet with 0, 1, 3, 5, 10 and 20mg/kg copper from
CuS0O,4-5H,0. Grouper with an initial weight of (13.0+£0.3)g were fed to satiation for 8 weeks. Growth performance, feed
utilization, morphological indicators and hematocrit value of juvenile grouper were not significantly affected by dietary
copper supplements ranging from 0 to 20mg/kg. Copper concentration of whole body and liver responded linearly to die-
tary copper supplement up to 3mg/kg and then reached a plateau. Broken-line analysis indicated that dietary copper of 5—
5.5mg/kg satisfied whole body and liver copper storage. Whole body Fe, Mn and Zn were significantly lower when dietary

total copper=6mg/kg. Liver Fe, Mn and Zn were not significantly affected by dietary copper supplement ranging from 0 to

20mg/kg. Concerning broken-line analysis of whole body and liver Cu, and the interaction effect of Cu supplement on
whole body Fe, Mn and Zn concentration, we estimate that copper supplement of 3mg/kg might be optimum to the basal
diet containing 1.50mg/kg Cu, providing dietary total copper of 5—5.5mg/kg.

Key words grouper Epinephelus coioides; copper;

mineral



