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1.3 HREN
RRHE T W& 1, Zo.Cu BORINB W E 2, B8 Zn.Co HARBTME, B-EHENKF
ERWHE 16 HIER(E 3), BHERE 2 174,

&1 RAYSHNEREY

Table I The fundamental formula of experimental diet for biack sea bream larvae %
B # ag ® f £
Component Content Component Cntent
B EH Casein 45 B B Gelatin 15
¥ Dexdirin 25 2.7 Soy hean oil
RAXHEL Mixed minerals"? 3 R EH 4 E Mixed vitamins®’ 2
RS HERE Mixed free amino arids

H.OEBRERSREANEEERL 1 5
DRI EFERHNGRELER LS
Marine fish minerals mixture No. 1 formiulated by the nutrition lab of Yellow Sea Fishenes Research Institute.

Marine fish vitamins mixture No. 1 formulated by the nutrition lab of Yellow Sea Fisheries Research Institute.

®2 zZn.cu)FEME

Table 2 Supplement levels of Zn and Ca in diets mg/ kg
K Supplement levels 1 2 3 4
Zn D 6.8 20.5 34.1
Cu 0 1.2 2.3 3.4

%3 RBRIEEDPEMR Zn.Co BEXIGH R
Table 3 Orthogonal design table of diet added with different levels of Zn and Cu

B H Groups 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16
Zn TINE Zn levels 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Cu BRI R Cu levels ‘1 2 3 4 2 3 4 1 3 4 1 2 4 1 2 3
2 #R51E

2.1 Zo.Cu WRAENERNER

A 1 AR, B0 Zn KA AERUR T T A Zn BER, WEXRRF B 2 4M3
HT, 1 EM 4 ERE HEEBARMEK, 2 ANEEN 3 4H, BRARFTHES, 1 4
BE-ARE, MR Zn FRITREAESAHEE, B Zn M RIRN, AN EHRTR,
BRI Zo FEAERFE, HANEE P Zo ERMELL 6. 8mg/kg BiF. B Cu
BRI R4 R B R, JFAET LA 2 400 3 AT, BJS 1 ERBI Co MR Z #ii T 1
T4, HRbh cu MRMBEE, A4 K, 4UAHRENRN o nBEERME, BRER
£ 8, WA AEBHEENAEKFRREBFFERN Cy, El&vk%%ﬁ@ﬁﬁﬁ* Cu B9
MELLAT 1. 2me/ kg BIF.
2.2 Zn.Cu WRAHEEKKEHBES

Xt B Egh F IS E BRI TREBMT(E ). EREY, Zn(R=49.67) X BEL) &K H
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1 Zo.Cu RN GUUERENER
Fig. 1 The effects of Zn and Cu on thd weight increasing rate of black sea bream larvae
1-Zn0.0mg/kg.Cu 0.0mg/kg, 2—Zn 6.8mg/ kg Cu 1.2mg/ kg
3—Zn 20.5mg/kg.Cu 2.3mg/kg, 4-Zn 34.1mg/kg.Cu 3. 4mag/ke

FESHEREY, Zn KFERBBE F,15.12>F.016.23, Cu K FHNEREFE
Feud.49>Fg 053,36, WAARFKESBE Zn #l Co M BB NMNAEFELENEMT,

£4 RRGBINMEDBEDF
Table 4 The range analysis of the weight increasing rate of black sea bream larvae

H X Factors K1 K2 K3 K4 k1 k2 k3 k4 R
Zn 88.20 1080.69 951.94  926.83  220.50  270.17  237.99 237.71 49.67
Cu 1025.48  954.94  900.63  948.63  256.37 238,62  225.16 237.16 31.21

s S8R/ . E£AP CuZo HER .
Table 5 Contents of Cu and Zn in Fish bone and muscle mg/kg

# Bone B Muscle
Zn Cu Zn Cu
1 59.92 3.07 27.86 2.40
2 72.06 3.85 38.36 31.66
3 75.74 5.07 41.71 5.84
4 85.70 6.12 4698 8.81

#:1.2.3.4 4452 Zn.Cu TEEH SR HInAF

Note:1,2,3 and 4 are represented the supplement levels of Zn and Cu in diet.

2.3 Zn.Co M BN EEXHERENRE
LT Zn B Cu B, gha BUIE RIE, K18, Bl — b4 G, IR B
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FIER, HEFRE G HEENE; WY Zn 7 Cu RIBEI BN, $1AE KL B2 DM, &
AR Cu MRBRIEHAZIMEEEN™E, HER. ALY . Re%A8, A
o, R RINE R Zn.Cu RIFEFLEM,
2.4 Za.Cu ZEEN G EEHBRUTFRNER

- ARF Zn.Cu S BAHEMARHBIEEAN Zn.Co HESBRERNES. AEFTLUER,
BEEHNF Zn.Co S REIEM, AAFPHANP Zo.Co WEBEERHEM, BT Zn.Cu R
ARHEEBREAM, BT O ESIEMERERRAE, SER S Cu RMERED R,
FEEW Zn 0 S Fad, B IR B Zn XHah& 4 K MR FIfE R,
2.5 BALHESIFES Zn.co BEMHE

BT BTN Zo X EXTEF AR 1 TR RIS R T H B4, S BEAE o Rk
BANEESHET Zo HEEXHXXE, HRSEKN Zn BT BBI/EF, Rath GS BF5
IR Zn Xt Z RB IR A KRR R HEER, ME RIS Co X b EXIRE 4 K&
WRBE, A Cu R NEREE I B K R E LS 2 XA ERKIER, LEM
Cu 53mg/kg TR ESF, H R BEIMEAR T EHER,

TERFESHEMNRAR P, RITEHEN Zn WEB KT Co B4EH, Zn BIHRMEL 6.8 ~20. Smg/
kg IS ENE. T Cu WEAPRUBRTERAS Cu MEREY, BB aX Cu MREH
AR, HERXTRERAMTNRESFTESHNLREFARERS, R B@sha e+
Cuo BIFEINELUNT 1. 2mg/kg NHF,

$ £ X W
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Study on the nutritional requirements
of Zn and Cu for black sea bream larvae

Chen Siging Ji Wenjuan Pan Shengdi
{ Yellow sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdac 266071}

Abstract An experiment in the requirements for Zn and Cu in diets of balck sea bream larvae
was performed with the orthogonal design. The effects of diets with different Zn and Cu levels
on the rate of body weight increase were studied. Their different effects were compared and the.
relationships between the contents of Zn and Cu in diets and that in fish bodies were analyzed.

The results show that proper content of Zn in diet of black sea bream larvae is 6.8 mg/kg and
the content of Cu in the diet must be less than 1.2 mg/kg. The nutritional function of Zn is
more than that of Cu. The accumulation of Zn and Cu in fish body increases with the increase of
Zn and Cu level in diets. The toxicity of Cu accumulated in fish is stronger than that of Zn.

Key words  Sparus macrocephalus larvae, Zn, Cu, Nutritional requirement
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