55 34 B 9 W
2010 4£ 9

Kol

JOURNAL OF FISHERIES OF CHINA

Vol. 34, No.9
Sep. , 2010

NEHS 1000 —0615(2010)09 —1420 —09

DOI:10. 3724/SP. J. 1231. 2010. 06980

AR ENERGHEER AARBNMNEANXIENZIN

B, AR, IRE, Tiz'?,

(1. RIPERK ™ S dribe, LiE 20130065
2 INARA WK HEERT, IR M 264000)

WE: UREaMARY &R, bR SN FIE, &858+ 2 5% s 0,50,100,
150,200,400 mg/kg, | ik 6 & A F B & K F 0985 % 7 K (19.95,71. 06,118. 50,174. 00,
226.10 F1411.20 mg/kg) , oA E H (62.89 £0.51) g By B BE)I| 4 4 & 66 d, #F % 1 £
HAPAE) &4 &K Kag ALFRARTEANEINZm, &REV, HE R
FERE R R A, B38| B o B E £ (WGR) B 3% A5 (P <0.05) , 7 174.00 mg/kg 44 #} 4 ik
RO, T B K FE T 174,00 mg/kg B, H & R fnds € £ KF (SGR) T 2 %F (P>
0.05) ,SGR #1 WGR % b # % A8 5 , EL SGR #y & A 8 F 48 K % 4k (FCR) By 5 /N 2 #3142
174.00 mg/kg SR P4 ;2 & ERR AP ENBUN AL EEEZRF(P>0.05), K mE N
0 mg/kgW HHAMALA i & ERES THEE4(P<0.05);411. 20 mg/kg #147 # 4 By &
& HMEEANATEREELER THECEA(P<0.05), L4 RH4 KT % 118.50 ~411. 20
mg/kg Bf , 2% HAEEFME P HERRAELZE T T 19.95 mg/kg 1 71.06 mg/kg 7 17 # 41
(P <0.05) , 1 B8 AKCF 3t fFIE 24 & T2 (P >0.05) 5 7% & 1A b 4 A A L4 B fk
B (SOD) 7% 77 1 7 18 FF 5 K F 8y 8 w3 B 3% 7+ &% (P <0.05) , 7 4 K F & T 174. 00 mg/kg
B, ERAERER AR REANTF, F LR, AR A mEERT N FRE B3| 40+
KHRfmALEREE BRI ENRALTE. UL WGR A iFNFa4r, & BT 24 kA,
B38| B4 f xR P HE B R 1E 2 A 16788 mg/kg,

KEEWE: B3, 25 AK; 48R E; A

FESERS: S 963

PEESWINAL T IR TR, B2 5 2R
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B A FRPLAE PR EEAE A L B T E
PURITA S E AR R, 2V 2 i 1) 2 B
ORI o KPS A 5 AR R G, %
A, PN | BRI AN R RAE 25 ] S SRR
FHEIR Gy ShRE AR A i oKk b
PR, BB 2 A RN 28, Kk ™ 3h )
PAFIRAEA K AR IR T, DR RS R
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KFRFEMEZ —, BRET, EHNIMGOCETENEE  J5 12. 4% py AR ek Rk (R 1) DL R B
Fed R T A MRE" " HAEMEICE  (ZnSO, - TH,O0, 404 4l) J8EiR, 43 Bl 4E 4 T 5%
F AR WA . AR B @B EE K JEREDRE R 0,50 100,150,200 400 mg FEHL
X ELBE I SR AR RS AR R e A 6 A Rk, 48 R IR W A O O B I
YA ALRE T SR, B a2 L B | B X R B (AAB00 %Y, PerkinElmer ™ ) U £5 5K b 4 15 1 4331
il T T, AT BB R SR AR, IF 19, 95, 71, 06, 118. 50, 174. 00, 226. 10 F
TEQCILRE RS B T, FER AR SRR ST 411,20 mg/ke. HIVEGRDRIT, BTG JEURN BT 8 35
JIEEN TRE G RS B35 R 80 H i, SR IBUZ AT KIL TR &l
. ALY, T AR RS AT e i ATTR A, AR
L ARSI T A K 51, 220 FE LT T 72
1.1 RIe AR B Fl k3.5 mm FYURL, 70 CHET B KT Iab A4
AT 26 RN B RN B R, Fi IR R, 38 A7 R
KT o — JERY MR, L AL AR 1 51. 2% L, fL

®1 KBRARGELEREFAN

Tab.1 Formulation and nutrient compositions of the experimental diets %

JER BEARINE: (mg/kg) supplemental zinc level
ingredient 0 50 100 150 200 400
fi% 45 [ casein 47 47 47 47 47 47
HHIE gelatin 10 10 10 10 10 10
VER) starch 10 10 10 10 10 10
o — JEH a-starch 8 8 8 8 8 8
o — 414k a-cellulose 5.54 5.52 5.50 5.47 5.45 5.36
fa3il fish oil 10.5 10.5 10.5 10.5 10.5 10.5
B N AERS squid visceral meal 5 5 5 5 5 5
AT YR (AEEE)* mineral mixture( zinc free) 2 2 2 2 2 2
FAYEAZED vitamin mixture 1 1 1 1 1 1
SR (ESEm) attractant ( betaine ) 0.4 0.4 0.4 0.4 0.4 0.4
Z{4LIEBK choline chloride 0. 0.5 0.5 0.5 0.5 0.5
Pré k77 antioxidant 0.06 0.06 0.06 0.06 0.06 0.06
ZnSO, - 7TH,0(mg/kg DM) (zinc sulfate heptahydrate ) 0 221.2 442.4 663.6 884.8 1769.6
EFRA N (% TH)F) nutrient composition

L H crude protein 51.20 50.84 51.13 50.76 50.83 51.07

MR crude lipid 12.40 12.28 12.39 11.99 12. 16 12.20

fitfE (MJ/kg DM) gross energy 20.19 20.18 20.22 20. 26 20.11 20.16

T kR KT (mg/kg DM) dietary zinc level 19.95 71.06 118.50 174.00 226. 10 411.20

e E5H YR (mg/ke 1k ,MgS0, + 7H,0,5 068 mg; KC1,3 020.5 mg; KAI(SO,),,12.3 mg; CoCl,,40.0 mg; CuSO, - 5H,0,
10.0 mg; KI,8.0 mg; MnSO, -4H,0,73.1 mg; Na,SeO,,2.5 mg; C;H;0,Fe - 5H,0,1633.0 mg; NaCl,100.0 mg; NaF,4.0 mg,

b AR (mg/kg (kD) 4E/E 3 A 38,0 mg; 4E/E K D, ,13.2 mg; o —EFH,210.0 mg; HillK,115.0 mg; BHHK,380.0 mg; £h
FRIESEE,88. 0 mg; 1ZFR,368.0 mg; MHAR,1 030.0 mg; ¥ ,10.0 mg; HEZ,20.0 mg; 4E43K By, ,1.3 mg; JUEFE,4 000.0 mg; HIR
1fiLfZ ,500. 0 mg,

Notes : a. Mineral mixture( mg/kg diet) ,MgSO, - 7H,0,5 068 mg; KCl,3 020.5 mg; KAI(SO,),,12.3 mg; CoCl,,40.0 mg; CuSO, - 5H,0,
10.0 mg; KI,8.0 mg; MnSO, - 4H,0,73.1 mg; Na,SeO,,2.5 mg; C,H;0,Fe - 5H,0,1633.0 mg; NaCl,100.0 mg; NaF 4.0 mg.

b. Vitamin mixture ( mg/kg diet) , retinol acetate, 38. 0 mg; cholecalciferol, 13. 2 mg; alpha-tocopherol,210. 0 mg; thiamin, 115. 0 mg;
riboflavin,380. 0 mg; pyridoxine HC1,88.0 mg; pantothenic acid,368.0 mg; niacin acid,1 030.0 mg; biotin,10.0 mg; folic acid,20.0 mg;
vitamin B, ,1.3 mg; inositol,4 000.0 mg; ascorbic acid,500.0 mg.

1.2 ABER&aSHEFEE 0.51)go FrRAH IR AE LR 45 W P /K ™ BIF 52 i K
I A R B VK IR, EAEN TR ARG i T IR R B, (R A
TG A TR — e o, W AR A N (62,89 = IEZIREGRT, Je FISERR ARk 2 JE 1 R B 1]
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Eibd 34 3%

2y £ 52 4T ORS ] ARDRE RIS 2% 1R IS, PR AT Bl
Lol 53t 6 AP, Ak Bl 3 A,
TAER 20 R, 73 BIEFR T 70 cm x 80 cm [f)
AT B B TR FEAR P, 3 I 40 em 7247, IE
XM 2000 4E 11 H 21 H £ 2010 41 A 25
H, 33t 66 do I 78 oo 2 4% il A JRLAE (19. 0 =
0.5)C,pH 7.8 ~8.2, 3L F 28 ~ 30 ,ffIF 1A %A >5
mg/L, A LR A A/ T 0.1 mg/L, 55065
7, O K 7 BB B K B $ MR P TR (082 00,
17:30) , 50 30 min J5, MR GE A 7 R HEK F0RE
FRARHE S BOWORL, THR AR R
1.3 HFmEEMOH

ARFAR KBTI ATREPLEC 10 B
THREIRWIT 0T SRR RS, 50K 24
h PREA ST, T E R FARBEYLI 12 2
i Frfa A s, Horp 3 B ifEef, KR o R
57 BT IBE , PR EE, O UL o 9 LA 4 £ 55
i ARE T 5 B IR I 23 B, B i 2 2 R
AR 7 %347 (AOAC,2000) < /K737 ] 105 CHE
i E ks HLE B & R A FOSS E A X
(Kjeltec™ 2100 ) I s 4L AR 7 75 ek 0 00 2 2R FH R
PR 42 7 5 ML K 3 19 I 2 SR ) 5 AR 550 C 4y
Beik o

HF AR (WGR, % ) = (W, = W,) /W, x100;
FEHEKE(SGR,%/d) = (LaW, —LaW, )/t x
100; 3 FURRCK (PER) = (W, = W)/ (F x fal#}
HOHLE & ) 5 TR R B (FCR) = F/(W, -
W) s HEWEBE (CF, % ) = W/ A K’ x 100, 5,

Wi B by R i (), W, I & (R
(8) , F:HRHEAR (), 1 FRERE(d) o
MBHERR AR AERIARES

F2 AR EREBE)I 8R4 &K ERE

WG g AL 24 h, BARRELIR O R, ] 2
mL {5 B ERICR I, K MR T 4 CHAFT
4000 r/min B.0> 15 min, £ F )2 M, 10
THRE S &R PR L BE ) AR AL W B AL T
(SOD) i Jy W 5 o K IS I At 791 5 1) 4R e
A oA s B A, AR bt s, T
BT G IR OCHE T

A EMERE HFIE UL PR 0 I 28 TR i R
P A I TR S W 43 DO BE T R B e
ILTE BT E AL RE ) A SOD 1 77 5% I e 5t 2 1
A W) TARE ST T s AT I 3
1.4 HESZITHH

K JH SPSS 11.0 47 HL[A 7 22 43 #7 ( One-
Way ANOVA) fil Duncan [KZE/K, I EKF
R P <0.05, ARG H AR L, R Ir e il
(broken-line model ) 43 £ 3% ) 1| i 4 £61 % 5] 46} v
PR 2t
2 4
2.1 fARSEKFEXEBEI 840 &8 & KRR
A

MFE 2 B, BB B AR R A K R
A VIR AT B 5 BT E PR
P, UEEMEKF M 19,95 mg/kg | THE] 174. 00
mg/kg I}, WGR FI SGR [fi Z T} & ; Sk 1 174. 00
mg/kg .226.10 mg/kg 5 411. 20 mg/kg £ERHH
]G W22 57 (P >0.05) S BRCR S5 &
R EH 2, R RBE R K BT
BT R, 19.95 mg/kg Fil 71. 06 mg/kg 417
PR ZE & T HERSH (P <0.05), HEA L0
ZERARE(P>0.05),

sEAl

Tab.2 Effects of dietary zinc level on growth performance of

juvenile P. stellatus

mean +SD,n =3

K3 hR TaRHEE K F (mg/kg) dietary zine level

growth index 19.95 71.06 118.50 174. 00 226.10 411.20

K (% ) WGR 88.03 £1.12°  91.01+1.79° 103.15+2.45" 109.17 £1.04* 108.94 +2.80* 108.78 +3.00*
FeE A K% (% /d) SGR 0.96+0.01°  0.980.01° 1.07 £0.02°  1.12£0.01° 1.12 +0.02° 1.12 +0.02°
% 11 i % PER 2.03£0.08°  2.06 =0.06° 2.15+0.03°  2.29+0.04*°  2.25+0.03°  2.24 +0.02°
fi ¥t Z ¥ FCR 0.97£0.04>  0.96 £0.03° 0.89£0.01*  0.86+0.02°  0.88+0.02°  0.880.01°
JIEWE (% ) CF 2.64 +0.03 2.67 +0.05 2.69 +0.07 2.71 +0.08 2.72 +0.20 2.68 £0.06
AIEZE (%) SR 08.33£2.89  98.33+2.89  100.00%0.00 100.00£0.00  100.00 £0.00  100.00 =0.00

TR ENE FHRA RSN ZR7 35 (P <0.05) , MR,

Notes: Data in the same column with different letters indicates significant differentce( P <0.05) ,the same as following tables.
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A5 A2 B R ) 1] B4 ) 0 6 T I 2
(P >0.05),{H 19. 95 mg/kg il 71. 06 mg/kg
PEIABHE S AR B . A TPk [a] HE W6 B2 T
WEMZER(P>0.05),

SRR A B A 3 il R K P 5 R 3
B AR DGR, G R R, BB 1| 4y £ 5
P dR R g B AR I DR b B BRI O 167. 88
mg/kg (& 1),

(5} 115 o (e}
.= 110 —A
22105 vy 8
% §,100
= 95 ¥Y=108.966-0.152(167.88-X)
Bg o0pg 6 R’=0.928

z 85

0 50 100 150 200 250 300 350 400 450

FARHEAKSE / (mg/kg)
dietary zinc level
El EASHTERIGHEEER5RA/MEKENXR
Fig.1 Regression of weight gain rate on dietary

zinc level for juvenile P. stellatus

2.2 EAREEKENERIIEEBARKE TN
RIS

TapBHEE AT X BB 1 i 4 o T o M AR 1
FELNR D5 FUHLIK 73 & B ¥ JC B35 5200 (P > 0. 05)
(K 2), 19.95 mg/kg F1 411. 20 mg/kg 15k} 41
ML M E A & & 2 & KT 71,06 mg/kg
174.00 mg/kg £EA BL4H (P <0.05) (& 3),
19.95 mg/kgBFiRPRHH LA IR G & & 2 2 5 T
HEAAHA(P <0.05) , JLRMKG & EAZ
TPEVEE AR SZIE (P >0.05)
2.3 [ARSEKENERISREEMZELARE
HEENHIN

TAPHER A X B 31| i 4 i HEE UL A
MIEHRES E A B ELm (R 3) ., 2aME
MEE B & st R K 1 B T2 Z AP ETHRE
BB A11. 20 mg/ kgl B2 = T E A AL B
#1( P <0.05) , H:118.50 mg/kg .174. 00 mg/kg

N

F1226. 10 mg/kg FF i k4 [B] 25 5 A 8. 3% (P >
0.05) ,{HiE & 5T 19.95 mg/kg 1 71. 06 mg/kg
H(P<0.05),

JUUIA) PP 5 AT B e AR KP4k 2
L M A A E TR %25 (P >0.05), I
PEE A R K IR EIHE PR
#OH A 19.95 mg/kg ZH A1 71. 06 mg/kg H#EF
BF, EBREAR TR K 118. 50 mg/
kg DL B (P <0.05) 214 FH2H [ £ 14T
JIEFE AL 107. 1 ~112.0 mg/kg, H.41 W) 25 5 A
BEP>0.05),

® 19.95 mg / kg
0 71.06 mg / kg
& 118.50 mg / kg
174.00 mg / kg
0226.10 mg / kg
411.20 mg / kg

aaa

BAE /%
value
=
(e

daa

dry matter crude protein crude lipid crude ash

B2 ARk EXEL)IERE & E R0
MR FRFERERF AR E(P>0.05),
Fig.2 Effects of dietary zinc level on whole fish
composition in juvenile P. stellatus
Data with the same letters in the figure mean no significant

difference( P >0.05).

a19.95mg / kg
m71.06 mg / kg
100 b 2abZypb ®118.50 mg / kg
R, 80 ©174.00 mg / kg
@% 60 o 226.10 mg/kg
2411.20 /k
7 o[ abatbana b asaann
0 o Ea abbbbb .
T4 HES HLIE N RS>

dry matter crude protein crude lipid crude ash

B3 fEaksEk Xt 2 5 6R AL P 28 A B9 2
AR FRFRRZEF BE(P<0.05),
Fig.3 Effects of dietary zinc level on
muscle composition in juvenile P. stellatus
Data with the different letters in the figure mean significant

difference ( P <0.05)

F3 AR ENERISHEAREFLEHTM

Tab.3 Concentrations of zinc in tissue and organs of juvenile P. stellatus in

different zinc diets

mean = SD,n =3

fetx T RHEE K- (mg/kg) dietary zine level

index 19.95 71.06 118. 50 174..00 226.10 411.20
4>t (mg/kg) whole body 86.3 +3.6° 86.9 +4.1° 108.0 £4.7°  110.6 £6.4°  109.4 +1.4°> 137.4 £13.4°
A HE (mg/kg) vertebrae 145.5£2.7°  163.7 £5.3° 175.9 4.5 178.2£3.0°  178.3 £3.7° 254.2+7.5%
WLIA (mg/kg) muscle 51.2 +5.8° 55.7 +4.5° 57.9+5.9° 58.1+2.0° 59.2 +2.3° 68.0 +6.6"
JFAE (mg/kg) liver 108.2 £2.9 110.3 4.0 111.7 £2.5 112.0 £1.4 107.1£1.0  107.9 2.7
M35 (pg/mL) serum 25.9x0.1¢ 31.5+1.1° 32.2+1.1"%  35.3x1.8° 34.9 0. 8" 35.1£3.2°
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2.4 fARSEKENER)IRHERENEND
%0

SR 85 4 #8110 T 1) ST AL RE ) Bl AR
KR BTG ETHE R B (R 4), Hh
19.95 mg/kg ZH il 71. 06 mg/kg 2022 AN &
(P>0.05), —F ¥R FK T HEKF 4 118. 50

mg/kg DA &4 (P <0.05), Bt AfLae 71 LA
174. 00 mg/kg 4 RHH Fc i .

SOD i Jy FLS bt SE AL BE 77 1) A8 Ak AR o1,
b PEAKF B ST s e TR e, Hi19. 95
mg/kg 411 71. 06 mg/kg EF A RE, &
IR T HE A AL (P <0.05)

R4 ERSEKEXER)IER4) & ST E AL BE BN

Tab.4 Effects of dietary zinc level on antioxidant ability in

serum of juvenile P. stellatus

mean = SD,n =3

B LR bR T kKT (mg/kg) dietary zine level
antioxidant index 19.95 71.06 118.50 174. 00 226.10 411.20
Bt kEE ST (U/mL
%&4_ H.bjj< _) 3.16 £0.37°  3.45£0.62° 4.32+0.06° 5.33+0.37° 5.07+0.75®  4.62£0.13%
total antioxidant capacity
SOD i /7 (U/mL) b b
55.70 £3.08° 56.13 £3.71° 61.85%4.03* 64.39 £3.54* 61.81 £1.76* 63.62 +0.70°

SOD activity

3 ihe

3.1 AREEKEXNEBIERE & £ RKFEK S
ppA

A5 2L ZnSO, - TH,O M AFIE7E LA 2
e A 2 U ) S i Rk e S A R A Y
B VA LB S50 0 H AR B Y B il 7 2 i FH
AT AT TR o LA T
I A S0 5 S, 610 5 AT
BT A 73 #r, A A O 62.89 g A4 1Y
SEBEN] B 4y £ H O BF 1Y B il Wy 2 ol 167, 88
mg/kg. X455 8T RN X I BRI BF T
IR EUE ( >119. 2 mg/kg) MW) & o TR
oS N aE RS A B T R & i ( Cyprinus
carpio) " BEHTXFUF ( Penaeus monodon) M it
15 R | (Ietalurus punctatus ) ' R 30 T %
AWFFE T RDBHEE KT X L)1 B4 0.0 A R
EAER R R A THCR AR R B E B R,
HAAE— DI (167. 88 mg/kg) o ik}
PEE EART X — KT, 3 fa 4 J R R AR
FAR IR R KT 1 T T X oK
S X EEAR AR TR R SR R B 8 66 d
Jei B AN I 1 120 2 1 o S 0 vy T L ) )
#,174.00 mg/kg PFIRELZH Y B 38 B i R (E H.
TR R B A, X R B ARDRL P s o R i) B X 3
6 0 A A B R A A T, [R] e > LAl
R B HEAKOF J5 2B B 40 fa BE AR A e A
Ko WA EEEH N Gatlin 25 (HFSE B, 1

IR IR B AR K T W S e, H PR AT g
ST F IS A A (6], Ji o e Ll 4 R
HOS I T AR T FOR H R R R DA R TR Y
R,

IR Bl B R S e SRAFAE — 138 EL Y 7
U XSO A B R B IR ERT R A
WEZ AT RE g A KGR B = B i, A
b, MRS 5 19. 95 mg/kg (BEfi iR R
2H) W BB 1 4 fa AU TSR B, AR K B R g
EP I R JBE 2 S 7 0 AR R T S R R IR
XA AE e s LM . A5,
DAL RS IR e TR N R B A K AR
TR (HAE &0 411. 20 me/kg fRBHH R
i BT 7 0 25 3tk . RIS 25 A h
PR E I, SR8 (Sparus macrocephalus) 41
f A KL 2 B L TR R B RS 4 R
W7R,91.28 ~326. 81 mg/kg Ff & H &G A4
K7 B I A X fa 7 A d ik, o H e
AT e T g R S e U 9 K e A AR Rt
AR B B R TS I 1 22 S 3 B, U T RE S R
MR A RA A, et Al EEA s
OXof BT S5 2 B e 3K BRI/ T A A S A o R
HP R TR R 11— TR T Rz M 3 P s
TE B AL TR BRI SN [ ( mRE 1A P 2ot 7R
(G2 A W HE S5 8 A7 S B, A T 05T 3 e
W VR Pt Z2 BRI R TR BT

ARG e B, AN S IR LAl AR 2 0 LN iR
W& T A B A, X S AR RR B 1R R
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BRR e B AR P BT AR 2 I S5 A
XS5 RN B AR RGN, 38 T A )
BHE A R AR R AR 52 i, A
Z W) fig 1 LANG D7 98 =X 7E W 2 b AR
oK, TS BUYLIA i 1077 55 2 i ARG, (E AT JUL I
BRIV VR FIBLIE, i A ik — DA
3.2 AREEKENERIESaEFALAFERE
BN

(R T T RN S |7 Rl 10 -1
fig T A S R AR AL AT LU SR K 7 S e R
WA e bR . AT, 42 FUPE A B
S SR AT 2 R A B W R AR R R AR D, 42
VAR BB B AR R Al R REZH (71 06 mg/kg
411, 20 mg/kg BEIEEHAERA BRI 2L, X A]
REJE H T B0 )1 Sk 4yt 0 E B O H BBl 8%
EWITIRE , AUTE B85 B B 2 0 AP AR A vy 3 T A A
S IR A S LR AR, 1 AN TR K R 25 FE AR 5 A
B AKX 42 i ( Rachycentron canadum) Il i
(a8 ARG NIDRAE b SR I G /7D
2 X A2 A 0 A0 R SRl A N BF T
Hs A B, B 0 i e DR 2 1 B B o
FRmTHESLOHA, AXEh, HEEER
411. 20 mg/kg Tl e 21 %) A2 500 1| 485 4 f A HE R
PER RS B & T HE A A, (H R A R
PEAER, BB H I, 3% AT RE 5 9 0 T 1 i R O
— 7T, 2k e P B T R A ) 1] e 4Ty £ S AR AL
REF7 A2 1 — 86 RS, BELAS X ) ek 48 5 1Y) 4
W 53— 7T, AT RE S Y BT R M s B E A
K, 1 B A RE R TR AT 8 R T R T R ]
FRANST-A8 , 5 17 552 ) £ 1) A A R . e A
BHECTT PSS fE A BEA R i A AR Gk 2 AR
ROR

AT, TR K S AE 19. 95 ~ 226. 10
mg/kg B, BLBE) 1 65 &)y £6 LA B 2 it AR HL 4 45
TEAHXSRRE K, HAT 411, 20 mg/kg Tk AY UL
MRS EEER THESH., XReeH NILA
HRE A LG AR HE R AR 22 TR RIS ] Y
T RHREY A8 A B A J2 AT R UL PR B AR 2R 10 78
Ak, R BRI a3k s A5 e A LA
M e . o] BB AL T UL v B 1) 1 K
15 51.2 ~59.2 mg/kg, B Z B BERIEAF T
How 4% 5 80 E A . 8 3l ( Pelteobagrus

31]

fulvidraco) ™" F1 1€ 85 ( Lateolabrax japonicus )"

SER A SR SE 1 LD B & s AN 32 DR B
TRABELW, DRGSR R, Y SR
8] Fe A g, LA AR 2R O R P RS
FRARBL A AR ASFUBRFE AR

SN AN [R) 200 S 8 4 T HLA Ry I
PEME A b, TE R — TR K T B HEE Y
PEO AR R T e 48, U] LB S A
MR ARE R RGeS . AVFRIE LI, HR
BERY AP T8 HE A2 0 7 T A A AR, Dl BH A 3k
JNERE R 2B ) EE A E , X S R E M
#l( Carassius auratus gibelio) " FNJ VG b ()
W R —3, FEH R TR, RS 220
4= JE B & 1 ( metallothioneins ) 1 7E A2 4, BT
HAETR b SR U 4 R AR K P S A
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Effects of dietary zinc on growth performance, tissue accumulation and
antioxidation of juvenile starry flounder ( Platichthys stellatus )

CUI Li-jiao"*, ZHANG Li-min®*, WANG Ji-ying”, DING Li-yun'”,
SUN Li-hui'*, SHUAI Ji-xiang'*, SUN Yong-zhi’
(1. College of Fisheries and Life Science,Shanghai Ocean University ,Shanghai 201306, China ;
2. Marine Fisheries Research Institute of Shandong Province ,Yantai 264006 ,China)

Abstract; An experiment was conducted to investigate the effects of dietary zinc on growth performance,
body composition, tissue zinc accumulation and antioxidation of juvenile starry flounder ( Platichthys
stellatus ) with zinc sulfate (ZnSO, - 7H,0) as zinc source ,by using a purified diet based on casein-gelatin as
the protein sources. The basal diet was supplemented with 0,50,100,150,200 and 400 mg zinc per kg diet
respectively and juvenile starry flounder|[ initial weight(62.89 £0.51)g]were fed 6 purified diets containing
graded levels of zinc(19.95,71.06,118.50,174. 00,226. 10 and 411. 20 mg/kg) respectively for 66-day
experimental period. The results showed that weight gain rate ( WGR ) increased significantly with increasing
dietary zinc level (P <0.05) ,but no significant differences were observed among the juveniles fed the diets
with equal to or higher than 174. 00 mg/kg of dietary zinc( P >0.05) ,special growth rate( SGR) and WGR
followed the same trend. The fish got the highest WGR,SGR and the lowest feed conversion rate (FCR) in
the treatment with 174. 00 mg/kg of dietary zinc. No significant differences were observed in whole body
composition among dietary treatments (P >0.05) ,the fat deposition in muscle of zinc supplementation of 0
mg/kg group was significantly higher than those in the other groups( P <0.05). When the juveniles were
fed the diet with 411. 20 mg/kg of dietary zinc,the zinc accumulation contents in the whole body, vertebrae
and muscle were significantly higher than those in the other groups( P <0.05). When the juveniles were fed
118.50 —411. 20 mg/kg of dietary zinc,the zinc accumulation contents in whole body, vertebrae and serum
were significantly higher than 19.95 mg/kg group and 71. 06 mg/kg group( P <0.05) ,however, the liver
zinc contents remained comparatively stable among all groups( P >0.05). Serum total antioxidant capacity
and superoxide dismutase ( SOD ) activity increased significantly with increasing dietary zinc level ( P <
0.05) ,and then leveled off when the juveniles were fed the diets with equal to or higher than 174. 00 mg/kg
of dietary zinc. In conclusion, it could improve growth performance and tissue zinc accumulation, and
enhance antioxidation function by adding proper dose of zinc in basic diet of juvenile starry flounder.
Broken-line regression analysis showed that the optimum dietary zinc requirement for juvenile starry
flounder ,using WGR as response criteria, was 167. 88 mg/kg of dietary zinc.
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