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3 , 20
, 4L/min,

30 , (28+2) C, (5.97+
0.03)mg/L, (0.06+0.01)mg/L, pH
8.04+0.02 <0.02mg/L

9:00 4:00 ,
8 , 24h,
1.2
1
(e et al, 2006)
CuSO, 5H,0 , 2
3 1000mg/kg
, 3mg/kg,
1000mg/kg
( )

[ICP; model: IRIS Ad-
vantage (HR) Thermo Jarrell Ash Corporation, Boston,
MA, USA] , 2

, 15min,
15min, 25%
15min , (

Fz1 ERANEF (%)
Tab.1 Composition of the basal diet (%)

(%) (%)
40 VvC 0.5
10 0.5
4.5 3.5
4.5 2
20 % )
Y 4.5 54.9
2 8 8.6
9 2 4.7
0 1) (mg/100g ): 18; 44;
33; 53; 36; 36; 29; 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; 11847
3) (mglg ): VB, 2.5; VB, 10; 25;
37.5; VBg 2.5; 0.75; 100; VK 2; VE 20; VA 1; VD
0.0025; 0.25; VB;, 0.05; 1g

&2 ZLRMABAT RGN & 2 (mg/kg)
Tab.2 Analyzed mineral content (mg/kg) of experimental diets

3 4.47+0.09 393+1
1000 1127.51+8.64 384+11

11.2+0.1
11.0+0.0

65.3+0.2
62.9+0.4

CuS0O,-5H,0

) 2.5mm ,
12%—15%,
, —20C
13

10 , 2
MS-222 ,

-20C ,

105°C ;
550°C

14
SPSS
t , P<0.05

I+

2.1

8 1
42.5¢g,
20.8g,

4.47mg/kg
1127.51mg/kg
4.47mg/kg  (P<0.05)

4.47mg/kg 1127.51mg/kg

228% 63%, 1.12

0.51(P<0.05)

(P>0.05)

2.2

4.47mgl/kg
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1127.51mg/kg

(P>0.05)
4.47mg/kg : 2.90%,
1127.51mg/kg 1.69%,
4.47mg/kg (P<0.05)
2.3
5 5 : 4.47mg/kg
1127.51mg/kg
(P>0.05)

F3 ARG ESKEENRATAMEEKERENTIE
Tab.3 Effect of elevated dietary copper on growth performance
of juvenile grouper

44
55.9mg/kg 27.9mg/kg
(P>0.05)
7 ;
(P<0.05)

4.47mg/kg 1127.51mg/kg

36.6mg/kg 1364.0mg/kg,
127mg/kg 311mg/kg

(P>0.05)

*6 ABHPSKEREMFTAREEENE. %K. & 5
& 8 (mg/kg) B9 52
Tab.6 Effect of elevated dietary copper on whole body Cu, Fe,
Mn and Zn content (mg/kg) of juvenile grouper

447 2.98+0.09°  55.9+3.7 16.6+0.6  89.0+14.1
(mg/kg) (@) (@) (%) (%) 112751  34.98+7.68* 27.9+2.1° 13.5+2.2 49.0+4.9
4.47 13.0+0.2 42.5+0.8° 228+10*° 1.12+0.03° 88.3+4.4 * , 2
112751 12.8+0.1 20.8+2.0° 63+15° 0.51+0.08" 88.3+4.4 (P<0.05)
+ (n=3) , (1.69mg/kg),  (29.4mg/kg),
(P<0.05) ~100x( N (14.1mg/kg),  (86mg/kg)
) = (9)/ (9) =100x( N ) ) N
/ ) Fz7 ARDEKEEMPATAMERTEE. $%. &,

x4 ARPESKEEMATFAHAESEERNTIE
Tab.4 Effect of elevated dietary copper on morphological indi-
cators of juvenile grouper

& 8 (mg/kg) B9 52
Tab.7 Effect of elevated dietary copper on liver Cu, Fe, Mn and
Zn content (mg/kg) of juvenile grouper

(mg/kg) (%) (%) (%) (%)
4.47 2.81+0.06 8.32#0.22 2.3040.06 2.90+0.17°
1127.51 2.70+0.04  7.8340.22 2.65+0.10 1.69+0.01°
+ (n=3),
(P<0.05) =100x  (g)/
(cm)? =100x @ (9 =100x  (g)/
(@ =100x @ (@

x5 AR SKEERE AR S £ & KE R RIFIE (%)
Tab.5 Effect of elevated dietary copper on the carcass
composition of juvenile grouper (%)

(ma/ka) (%) (%) (%) (%)
4.47 70.3+0.4  19.040.2 6.3+0.5 4.4+0.1
112751 73015  17.8+0.6 5.640.3 4.740.2
+
(P<0.05)
2.4
6 '
(P<0.05)
4.47mg/kg 1127.51mg/kg
2.98mg/kg 34.98mg/kg,

4.47 36.6+5.0° 309+26  2.23x0.13  127+10°
112751  1364.0+£120.6° 359+37  1.87+0.13  311+18°
+ , 8
(P<0.05)
3
Murai  (1981)
16mg/kg  32mg/kg #16
i
Gatlin ~ (1986) , 0
40mg/kg 13
Julshamn  (1988)
102mg/kg  194mg/kg ,
Lanno
(1985) 730mg/kg
Berntseen  (1999b)
35mg/kg , 500—1750mg/kg
Julshamn  (1988) Lanno  (1985) Berntseen
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(1999b) ,
4.47mg/kg 1127.51mg/kg

(2008) (9.38—1365.42

mg/kg)

, 4.47mg/kg
1127.51mg/kg 2.98mg/kg
34.98mg/kg, 36.6mg/kg
1364.0mg/kg, 12 37
1127.51mg/Kg,
(34.98mg/kg)
(GB18406.4-2001)
(NY 5073-2001)
(1364.0mg/kg)
50mg/kg
(2001) ,

=50mg/kg ,

(Hilton, 1989)

4.47mg/kg 1127.51mg/kg

(Halver et al, 2002) ,
990mg/kg ,
3.5mg/kg  (Julshamn et al,
(2008) ,
14d ,
=208.54mg/kg ,

1988)

=80.07

28d 42d 56d
, 56d

mg/kg ;

=439.50mg/kg
9.38mg/kg
Knox  (1984)
495mg/kg ,

Lanno (1985) 9—3088mg/kg

Berntssen
1750mg/kg
, 900mg/kg

(1999b)

4.47mg/kg 1127.51mg/kg

34.98mg/kg  1364mg/kg,

, 2008.

, 23(6): 798—825

, 2001.

. , (2): 54—59

Berntssen M H G, Hylland K, Wendelaar Bonga S E et al, 1999a.
Toxic levels of dietary copper in Atlantic salmon (Salmo

’ 1

salar L.) parr. Aquatic Toxicology, 46: 87—99

Berntssen M H G, Lundebye A K, Maage A, 1999b. Effects of
elevated dietary copper concentrations on growth, feed
utilisation and nutritional status of Atlantic salmon (Salmo
salar L.) fry. Aquaculture, 174: 167—181

Berntssen M H G, Lundebye A K, Harme K, 2000. Tissue lipid
peroxidative responses in Atlantic salmon (Salmo salar L.)
parr fed high levels of dietary copper and cadmium. Fish
Physiology and Biochemistry, 23: 35—48

Gatlin D M I11, Wilson R P, 1986. Dietary copper requirement of



610

44

fingerling channel catfish. Aquaculture, 54: 277—285

Halver J E, Hardy R W, 2002. Fish Nutrition. 3" edn. San Diego,
CA: Academic Press, 259—308

Hilton J W, 1989. The interaction of vitamins, minerals and diet
composition in the diet of fish. Aquaculture, 79: 223—244

Julshamn K, Andersen K J, Ringdal O et al, 1988. Effect of die-
tary copper on hepatic concentration and subcellular distri-
bution of copper and zinc in the rainbow trout (Salmo
gairdneri). Aquaculture, 73: 143—155

Knox D, Cowey C B, Adron J W, 1984. Effects of dietary zinc
intake upon copper metabolism in rainbow trout (Salmo
gairdneri). Aquaculture, 40: 199—207

Lanno R P, Slinger S J, Hilton J W, 1985. Maximum tolerable and
toxicity levels of dietary copper in rainbow trout (Salmo

gairdneri Richardson). Aquaculture, 49: 257—268

Lundebye A K, Berntssen M H G, Bonga S E W et al, 1999.
Biochemical and physiological in Atlantic salmon (Salmo
salar) following dietary exposure to copper and cadmium.
Marine Pollution Bulletin, 39: 137—144

Maage A, 1994. Trace Elements in Atlantic Salmon Salmo salar
Nutrition. Ph.D. Thesis. University of Bergen, Bergen,
Norway, 1—20

Murai T, Andrews J W, Smith Il R G, 1981. Effects of dietary
copper on channel catfish. Aquaculture, 22: 353—357

Ye C X, Liu Y J, Tian L X et al, 2006. Effect of dietary calcium
and phosphorus on growth, feed efficiency, mineral content
and body composition of juvenile grouper, Epinephelus
coioides. Aquaculture, 255: 263—271

EFFECTS OF ELEVATED DIETARY COPPER LEVELS ON GROWTH AND
Cu, Fe, Mn, Zn CONTENT OF JUVENILE GROUPER EPINEPHELUS COIOIDES

YE Chao-Xia"? LIU Yong-Jian?, TIAN Li-Xia?2, YANG Hui-Jun?,
WANG An-Li*, ZHOU Li-Bin®

(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 effect of elevated dietary copper (Cu) level on growth perform-
ance, feed utilization, morphological indicators, carcass composition and Cu, Fe, Mn and Zn content of juvenile grouper,
Epinephelus coioides. Two diets containing 4.47mg/kg and 1127.51mg/kg Cu respectively were fed to juvenile grouper
with an initial weight of (12.9 £ 0.2)g for 8 weeks. When dietary Cu increased from 4.47mg/kg to 1127.51mg/kg, weight
gain of grouper dropped significantly from 228% to 63%, feed efficiency from 1.12 to 0.51, mesenteric fat index from
2.90% to 1.69%. Cu content of whole body and liver increased significantly with dietary Cu increment. Cu content of
whole body increased significantly from 2.98mg/kg to 34.98mg/kg, and liver Cu content increased significantly from
36.6mg/kg to 1364.0mg/kg. Elevated dietary Cu showed no significant effect on survival, condition factor, viscera somatic
index, hepato somatic index and carcass composition of juvenile grouper. Grouper fed diets with 1127.51mg/kg Cu had
significantly higher liver Zn content than those fed diets with 4.47mg/kg Cu, which indicates Zn might play an important
role in Cu detoxification.
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