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, 0 20 40 60 80 100mg/kg
( )
, 2
1 .
, 15min,
1.1 15min, 25%
(AOCAC, 1984) 15min (
1 ( , ) 2.5mm )
) ( : ) 10%—14%,
, ( : ) ( , —20°C
) ) il 1.2
( : ) (Epinephelus coioides)
( : ) , 300L
ZnS0,4 7H,0 , 6 , 10d,
Fz1 EfANE A (%)
Tab.1 Composition of the basal diet (%) '
(%) (%) [ (8.5+0.1)g] ,
40 \Ye 0.5 20 6 , 3
10 0.5 , 4L/min,
4.5 3.5 30 , (28+2)C, (5.97+
45 2 0.03)mg/L, (0.06+0.01)mgl/L, pH
20 % ) 8.0420.02 0.021mg/L
! 45 56.9
2 8 10.7 ’
s 2 5 J )
! (mg/100g ): 18; 44, 9:00 4:00 !
33; 53; 36; 36; 29; 55; 12
22, 29; 29; 15; 1456; 1.3
273; 228; 337, 892; 910; 5
5 L L
2 (mg/kg ): 37670; !
24644; 5480; 1476; 42; 22; 10 , 2
6.8; 7.2; 8.1; 4144; 0.66; ’ ) ,
0499 MS-222 ,
(mg/g ): VB, 2.5; VB, 10; 25;
37.5; VB 2.5; 0.75; 100; VK 2; VE 20; VA 1; VD
0.0025; 0.25; VB, 0.05; 19 , ,
Fz2 TWEANMTYRENESE
Tab.2 Analyzed mineral content of experimental diets
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%)
0 33+1 3.750.04 4543 0.760.01 0.950.01
20 64+1 4.12+0.15 463+8 0.80%0.02 1.00£0.01
40 9845 3.57+0.08 475%19 0.77+0.00 0.9620.02
60 12342 3.99+0.09 453+15 0.730.01 0.9620.01
80 163+1 4.04+0.02 490+11 0.77+0.01 0.99+0.00
100 190+1 6.160.08 50242 0.750.01 1.01£0.01

ZnSO4-7HzO
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: (ANOVA),
) , Duncan’s , P<0.05
2
2.1
) 3 b
(ICP; model: IRIS Advantage (HR) Thermo (8.5%0.1)g, 12 :
Jarrell Ash Corporation, Boston, MA, USA) 597%—690% , (P>0.05)
1.24—1.41 ,
105°C ; (P>0.05) 88%—95% ,
; ( )i ( 33mg/kg)
550°C (P>0.05)
1.4
SPSS (P>0.05)

x3 WHHBHEIE

MPEAREE MR, AR AR, BASFERMMRERRNEE

Tab.3 Effect of dietary zinc on growth performance, feed utilization, morphological and haematological indicators of juvenile grouper

(mg/kg)
ANOVA
0 20 40 60 80 100
(%) 690+40 634+8 604+34 597+43 630+21 623+41 ns
1.24+0.02 1.41+0.07 1.25+0.01 1.35+0.04 1.28+0.02 1.38+0.06 ns
(%) 933 92+2 95+3 95+0 88+6 88+3 ns
(%) 2.74%x0.10 2.68+0.02 2.72+0.03 2.68+0.03 2.71+0.03 2.72+0.05 ns
(%) 8.33+0.10 8.02+0.17 8.14+0.27 8.03+£0.12 8.21+0.13 8.30£0.20 ns
(%) 2.39+0.14 2.18+0.08 2.20£0.03 2.14+0.15 2.27+0.06 2.47+0.04 ns
(%) 2.82+0.01 2.86+0.26 2.95+0.27 2.86+0.03 2.94+0.08 2.84+0.13 ns
(%) 29.9+2.4 27.6+2.0 28.3+0.2 29.2+1.5 25.5+1.4 26.2+0.8 ns
(g/L) 114+7 120+3 141+7 125+9 136+8 135+2 ns
: + (n=3), (P<0.05), ns (P>0.05)
=100%( - ) (8.5+0.1)g( + , n=18) = (9)/ (9) =100x%( /
) =100x  (g)/  (cm)’ =100x @ (9 =100x  (9)/  (9) =100x (9
(@
F4 ARDEIENMTAHEASET YRS EMNFN
Tab.4 Effect of dietary zinc on whole body mineral content of juvenile grouper
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%)
0 61.5+0.7 46.5+2.6° 13.3+£1.3% 3.92+0.15 2.93+0.12 0.16+0.01
20 61.6+£2.0 42.1+2.3% 11.440.4% 4.07+0.13 2.97+0.03 0.17+0.00
40 70.2+6.2 37.8+1.0™ 10.1+0.2"¢ 3.94+0.07 2.90+0.06 0.16+0.01
60 73.5%4.4 35.1+0.8° 9.6x1.2" 4.13+0.06 3.00£0.00 0.16+0.01
80 70.3+0.9 35.4+0.5° 9.60.8" 3.87+0.11 2.87+0.09 0.16+0.01
100 74.4%2.6 35.8+2.6° 8.4+0.7° 4.01+0.06 3.00£0.00 0.18+0.00
ANOVA ns 0.005 0.023 ns ns ns
: + , 2 (P<0.05), ns
(P>0.05) , Zn(99mg/kg), Fe(49.7mg/kg), Mn(19.2mg/kg), Ca(5.7%), P(3.9%), Mg(0.23%)
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2.2 )
4 (P>0.05)
(P>0.05) 6
(P< 6 :
0.05), (P>0.05)
, , (P<0.05),
(P>0.05) ,
5 (P>0.05)
(P>0.05) 2.3
7 ;
(P<0.05), (P<0.05)

x5 ARPEFRIENRNTAREEEBTYREENTM

Tab.5 Effect of dietary zinc on vertebrae mineral content of juvenile grouper

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%)
0 85.5+3.3 15.6+0.5 68.1+2.7% 20.4+0.8 11.8+0.4% 0.40+0.03
20 85.1+0.6 19.6+5.0 49.1£0.7° 17.5+0.1 10.440.1° 0.35+0.01
40 87.2+2.9 15.7+4.4 47.6+2.9° 17.7+1.3 10.3+0.7° 0.36+0.03
60 84.6+1.4 12.1+2.6 39.6£1.1° 18.6+0.3 10.9+0.2% 0.38+0.02
80 84.8+0.7 13.2+1.8 36.8+0.8° 18.3+0.1 10.8+0.0%® 0.38+0.01
100 87.8+2.6 12.9+3.1 34.9+0.5° 19.4+0.1 11.320.1% 0.40£0.01
ANOVA ns ns 0.000 ns ns ns

: + , 8 (P<0.05), ns
(P>0.05) , Zn(101mg/kg), Fe(68.3mg/kg), Mn(46.9mg/kg), Ca(17.4%), P(10.7%), Mg(0.37%)

*6 HAHRTEEIENRNTFARESATYREENTN

Tab.6 Effect of dietary zinc on scale mineral content of juvenile grouper

(mg/kg) (mg/kg) (mg/kg) (%) (%) (%)
0 110+12 52.3+4.6° 15.0+0.6 8.5+0.3 0.32+0.01
20 105+8 38.0£2.5° 14.9+0.7 8.6+0.4 0.32+0.01
40 106+8 37.3#3.5° 15.2+0.7 8.6+0.4 0.32+0.01
60 122+8 33.0£1.9° 15.9+0.9 9.0+0.4 0.34+0.01
80 11741 32.31.6 16.0+0.3 8.940.1 0.33+0.01
100 122+4 29.1+0.4° 14.5+1.0 8.2+0.6 0.31+0.02
ANOVA ns 0.001 ns ns ns
: + , 8 (P<0.05), ns
(P>0.05)

RT7 ARBESEXNRE B KA MR IE(%)

Tab.7 Effect of dietary zinc on body composition of juvenile grouper (%)

mg/k
(mgfka) ANOVA
0 20 40 60 80 100

70.940.7 70.5+0.3 69.7+0.4 69.8+0.1 69.9+0.5 70.9+0.4 ns
18.4+0.2° 19.1+0.1° 19.1+0.1° 19.0+0.3° 19.240.1° 18.8+0.0° 0.041
6.4%0.4° 7.3+0.3%® 7.840.2° 7.5+0.1° 7.3+0.3% 6.6+0.2" 0.022
4.4%0.2 4.2+0.1 4.1+0.0 4.240.0 4.240.1 4.240.1 ns
75.940.2 75.7+0.1 76.0+0.2 75.7+0.1 75.8+0.3 75.9+0.1 ns
22.1%0.1° 22.2+0.3" 22.3+0.1%° 22.7+0.1% 22.540.1% 22.5+0.0% 0.036
2.0£0.1 1.740.1 1.5+0.2 1.8+0.2 1.9+0.3 1.9+0.1 ns
1.29+0.01° 1.34+0.01% 1.34+0.03% 1.34+0.02° 1.33+0.02% 1.30+0.01% 0.007

I+

, (P<0.05), ns (P>0.05)
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20—80mg/kg
(P<0.05),
(P>0.05)
3
3.1
: 33mg/kg
50mg/kg, 40% : 20mg/kg
, 15—30mg/kg
(Ogino et al, 1978, 1979), 4
20mg/kg (Gatlin et al, 1983),
20mg/kg (McClain et al, 1988),
30mg/kg (Eid et al, 1994), 20—
25mg/kg (Gatlin et al, 1991) (Maage et al,
1993) 17mgl/kg
, 37—
67mg/kg ; ,
67mg/kg (1999) ,
, 80mg/kg,
119.2mg/kg (2008)
59.6
84.6mg/kg
(Gatlin et al,

1984; Wekell et al, 1986; Satoh et al, 1987, 1989;
McClain et al, 1988) ,

(Halver et al, 2002)

3.2

(Hilton, 1989) ,

, 15mg/kg( 23mg/kg)

(Knox et al, 1984) , -

(Settlemire et al,
1967a, b; Donangelo et al, 2002) (Ogino et al,

1978; Wekell et al, 1986; Spry et al, 1988; Eid et al,
1994)

, (Ogino et al, 1978; Spry et
al, 1988)
(Wekell et al, 1986)

, (Eid et al,

1994) Marcelo  (2004) ,

(Maage et al, 1993)
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(Scarpa et al, 1992) , ’ ’ 2004,
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1983) Marcelo  (2004) , . 32(3): 417—424
( 49.77) , , , 2009. (Lateo-
labrax japonicus)
' ' , 40(1): 42—A47
, , , 2010.
) , 34(9):
] 1420—1428
' , , 1999.
. , 29(1): 60—66
33 AOAC (Association of Official Analytical Chemists), 1984. In:
Williams S ed. Official Methods of Analysis. 14™ edn.
) AOAC, Washington DC, USA
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EFFECT OF DIETARY ZINC ON GROWTH, FEED EFFICIENCY, MINERAL
CONTENT AND BODY COMPOSITION OF JUVENILE
GROUPER EPINEPHELUS COIOIDES

YE Chao-Xia"? LIU Yong-Jian?, TIAN Li-Xia?
YANG Hui-Jun?, LIANG Gui-Ying?
(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)

ZHOU Li-Bin?®,

Abstract This study was conducted to investigate the effect of dietary zinc on growth, mineral concentration and body
composition of juvenile grouper, Epinephelus coioides. Six diets were prepared by supplementing a casein-gelatin-based
diet with 0, 20, 40, 60, 80 and 100mg/kg zinc from ZnSO,-7H,0. The analyzed zinc contents of the diets were 33, 64, 98,
123, 163, 190mg/kg respectively. Grouper with an initial weight of (8.5+£0.1)g were fed to satiation for 12 weeks. Growth,
feed efficiency, survival, zinc concentrations of whole body, vertebrae and scale were not significantly affected by dietary
zinc supplements. Manganese concentrations of whole body, vertebrae and scale were all significantly deceased by dietary
zinc supplements. Whole body ferrum decreased with increasing dietary zinc. Calcium, phosphorus and magnesium con-
centrations of whole body, vertebrae and scale were not significantly affected by dietary zinc supplements. Dietary zinc
concentration had no significant effect on whole body moisture and ash, muscle moisture and lipid, morphological and
haematological indicators. Whole body protein, lipid and muscle protein, ash were lower when fish were fed the basal diet
without zinc supplement. Based on our results, 33mg/kg zinc from the basal diet met the zinc requirement of grouper.
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