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*
1 1 2
(1. 510631; 2. 510640)
32mg/kg, 16mg/kg 32mg/kg  48mg/kg, 8
( Sul-32 Fum-16 Fum-32 Fum48 Met-16 Met-32 Met-48),
( 0.74+0.01g)8 :
(SGR) (Survival) (PER), (FCE) , Met-16  Fum-32
SGR (P<0.05), Met-16 Met-32  Fum-32 PER (P<0.05);
(P>0.05), Met-32 (HSI) (P<0.05)
(CER) (P>0.05), Met-16 Fum-32 (GH)
(P<0.05) , '
, > >
S963.7
20 70 , 1994; , 1994; Paripatananont et al, 1995;
, Apines-Amar et al, 2004; , 2001; ,
—_— , 2006, 2007)
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; (Owen, 1982)
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1 :
: 32mg/kg,
11 ) 16mg/kg
(Paneaus vannamei) 32mglkg  48mglkg, 3 (
' (PVC ' Sul-32 Fum-16 Fum-32 Fum48 Met-16 Met-32
0.3L/ ) 2 ( 1), Met-48), 2
3 / y il 60 il
( 0.74+0.01g), 8 3 1.0mm 50
, 30 8:00am 4
16:00pm  22:00pm , 13
(1h ) , 8% , 10
! 6% 1h
d 3000r/min 10min, , =20
4—10, 23—30
>7.0mg/L, <0.2mg/L
' 24h, (Ceruloplasmin, CER):
1.2 ( )
1 (Growth hormone, GH):
TPC
F1 EfANEARERKE ( )
Tab.1 Formulation and nutritional levels of the basic diet (Dry matter, DM)
(%) (%) 105 , (Crude protein,
36.0 9 120 CP) , (Crude
9.0 2.0 lipid, CL) , (Crude ash,
25.0 100.0 CA) 550
7.0 (%) 38.48 1.4
R 15 (%) 8.78 SPSS10.0
! 05 %) 1179 (one-way ANOVA)
3 . MJ/k
0 (Mikn) 4181 , DUNCAN’S , P<0.05
) o ) }
1) : 50%; 2) : )] . P<0.01
(a/kg ): Va 500000 1U/g, 11.43; Vps 500000 1U/g,
0.71; Ve, 28.57; , 2.86; , 4.46; Vg, 7.44; 2
11.16; , 22.32; Vg, 1.43; , 7.14; , 1.49;
22.32; V¢, 61.22; , 812.97 4) (9/kg ): 2.1
MgS0,-7H,0, 102.45; KI, 0.08; ZnS0,-7H,0, 4.05; MnSQ,-5H,0,
2.19; CoCly6H,0, 0.5; FeSO,7H,O, 16.55; Na,SeQ,, 0.004; 3 '
Ca(H,P0,),, 251.67; , 605.00 (SGR), Sul-32
£2 REAHMFARMERBHRTIMER CWEE
Tab.2 Supplementation of different forms of copper and dietary Cu?* content of experimental diets
(mg/kg)
Sul-32 Fum-16 Fum-32 Fum48 Met-16 Met-32 Met-48
0 125 0 0 0 0 0 0
0 0 55.3 110.7 166.0 0 0 0
0 0 0 0 0 88.9 177.8 266.7
Ccu?*  (mg/kg) 0 32 16 32 48 16 32 48

>99%;

>99%
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Fum-16 Fum-48 Met-32  Met-48 2.3
(P>0.05), Fum-32 Met-16 5 ,
(P<0.05) (Survival rate)  Met-16 , Sul-32
, Fum-48 Met-48  (P<0.05) , Fum-32 Met-16 ,
(FCE) SGR , (P>0.05),
Sul-32 , (P>0.05) Fum48 Met-16
(PER) Fum-48 Met-16 Met-32 (P<0.05), Sul-32 (P>0.05)
(P<0.05), Sul-32 3
(P<0.05)
2.2 3.1
4 '
(DM) (CP) :
(CL) (CA) (P>0.05), )
Sul-32  Fum-16 DM 6%, ;
(hepatosomatic index, HSI) :
, Fum-32 Fum-48 Met-32 (
Met-48 (P<0.05);  Met-32 , Sul- ) :
32 Fum-16 Met-16 (P<0.05) :

R 3 AREIER R ERIT LY IRE X AR AE 41 BE RS2

Tab.3 Effects of different diets on growth performance of P. vannamei

(@ (%) (%) (%)

0.73+0.03 2.65+0.27° 65.56+3.85% 1.72+0.06 0.83+0.07°
Sul-32 0.7240.02 3.04+0.20% 70.00+12.01°° 1.72+0.30 0.89+0.09°
Fum-16 0.75+0.02 2.81+0.04® 74.4413.85%° 1.49+0.03 1.08+0.39®
Fum-32 0.74£0.01 3.14+0.20° 74.44210.71%° 1.4920.06 1.37£0.28°
Fum-48 0.75£0.00 3.04+0.10® 61.67+2.36™ 1.4520.13 1.6420.14°
Met-16 0.73+0.00 3.2240.04° 81.11+6.93° 1.74%0.14 1.73+0.09°
Met-32 0.76+0.01 2.88+0.31% 76.67+14.53" 1.53+0.25 1.65%0.03°
Met-48 0.73+0.02 3.09+0.03* 56.67+9.43 1.61+0.21 1.47+0.21°

(P<0.05)

R4 AEIER EY RIS L YR X AR AR AR E 5R 4 B 4B AL R BT AR L B 20

Tab.4 Effects of different diets on body nutrient composition and hepatosomatic index of P. vannamei

(%) (%) (%) (%) HSI (%)

20.39:0.31 87.12+1.35 2.64+0.13 5.80+0.43 3.87+0.11°
Sul-32 20.93+0.88 87.12+0.50 2.40+0.10 5.33+0.29 3.61+0.08"
Fum-16 20.70+1.18 86.66+0.63 2.56+0.07 5.49+0.47 3.58+0.07"
Fum-32 21.90+0.30 87.19+0.76 2.59+0.12 5.44+0.25 3.48+0.10%
Fum-48 22.16x1.24 86.09+0.57 2.42+0.21 6.25+0.90 3.500.27%
Met-16 21.42+1.91 87.84+0.58 2.66+0.11 5.64+0.23 3.60+0.16"
Met-32 22.21+2.01 87.45+0.92 2.47+0.07 5.72+0.62 3.26:0.17°
Met-48 21.40+1.36 87.27+0.37 2.51+0.14 5.94+0.60 3.41+0.05%

(P<0.05)
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Tab.5 Effects of different diets on CER and GH level in serum

of P. vannamei

(mg/L) (U/L)

22.4+6.6 1.58+0.32%
Sul-32 24.8+9.6 2.73+0.48%
Fum-16 31.6+12.7 1.84+0.77%
Fum-32 45.6£7.1 2.23+0.49%
Fum-48 22.7£7.9 3.97+0.86°
Met-16 47.7£12.3 4.01+0.60°
Met-32 42.9+6.8 2.33+0.92%
Met-48 45.3+16.2 1.67+0.12%

(P<0.05)

(Shu et al, 1999)

al, 1993; Lee et al, 2002),

53mg/kg

Davis

32mg/kg

59% 3.3%

(2001)

3

, 1990; Davis et
15—

(1993) ,
32mg/kg,

16mg/kg

32mg/kg

(2007)

( 10%)
(10°—10°  10°—10'%) ( ,
2002),
(1999) ,
: Pott  (1994)
; (2000) ,
3.2
(Apines-Amar et al, 2004;
, 2007; , 1994; , 2001),
(2006) ,
Cu-Zn ,
: (GH)

( GH)
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EFFECTS OF DIFFERENT FORMS OF COPPER AND SUPPLEMENT ON GROWTH
PERFORMANCE, SERUM CERULOPLASMIN, AND GROWTH HORMONE LEVEL OF
PANEAUS VANNAMEI

ZHOU Meng*, WANG An-Li!, CAO Jun-Ming?

(1. College of Life Science, South China Normal University, Guangzhou, 510631; 2. Institute of Animal Science,
Guangdong Academy of Agricultural Sciences, Guangzhou, 510640)

Abstract This experiment was conducted to study the effects of different forms of copper and supplement on growth
performance of white shrimp, Paneaus vannamei. Different supplement rate of copper sulphate, fumarat and methionine
were added into the casein-gultin basal diet for making dietary copper level in sulphate group at 32mg/kg, those of fumarat
and methionine at 16, 32, and 48mg/kg The diets were coded as Control, Sul-32, Fum-16, Fum-32, Fum48, Met-16, Met-32,
and Met-48, and fed to juvenile P. vannamei (IBW, 0.74+0.01g). Eight weeks later, the special growth rate (SGR), survival
rate, protein efficiency rate (PER) of the shrimp increased in all copper supplemental groups compared to those of the
Control, of which SGRs of group Met-16 and Fum-32 were significantly higher than that of the Control (P<0.05), PERs of
group Met-16, Met-32, and Fum-32 were significantly higher than those of other groups (P<0.05). Different forms of cop-
per had no significant effects on body composition of shrimp; however, HSI of group Met-32 was significantly decreased
compared with those of other groups (P<0.05). Ceruloplasmin (CER) level changed with that of SGR, and no significant
differences were observed among all the groups. Serum growth hormone (GH) varied similarly with that of CER. The con-
tents of GH of groups Met-16 and Fum-32 were significantly higher than that of Control (P<0.05).Therefore, the three
forms of dietary copper in every dosage could increase the growth performance of P. vannamei; however, organic copper
one had better biological utilization than inorganic one in the same dose. The descending order of them is: copper me-
thionine > copper sulphate > copper fumarat. The promotion by copper-enriched dietary to P. vannamei growth perform-
ance was probably due to the increasing of activity of anti-oxidation enzymes in shrimp body and the secreting of growth
hormone.

Key words Paneaus vannamei, Copper, Growth performance, Blue copper protein, Growth hormone



