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B, AR E4.131£0.32) g, RBRERH
1B A T I K HEFE (98 cm X 48 cm X 42 cm, 7K
R 200 L AT, 46 20 B, 915 2 L
MREFWRE RN O mg kg™ AR AR, KIE VB
HXK., REFRE  BREERBH R (LT
09:00. T4 16:00) , 050 A #A°4 8 Al 59 A
KEBH 25.0~27.8C,HHE N 587 ~7.88

mg'L ', pH R 7.11~7. 70, & H&E XN 0. 54~
0.61mg'L ¥ B F&EX0.011 mg-L™*, iR
56 fRDR S in S vk B 43 331 R - 0,20, 40,80, 160,320
mg+ kg™ AR, B AR 3 AN EAT. KBRERIE
Bkt 40 B, #%F 1 ANRIFRE. SR
A BERER 1.5 mm B E0RL, B - 20 'CKH
#H.
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Tab.1 Composition and proximate analysis of the experimental diets

£°100 g~ dry matter

. . BEAE (mgekg™) Zn level
BRI ingredients 0 20 40 80 160 320
R E /A formulation of experimental diets
®EH casein 32 32 32 32 32 32
B ¢ glutin 8 8 8 8 8 8
EKIEH corn starch 34 34 34 34 34 34
B4 %4 & vitamin mix 2 2 2 2 2 2
% 4 XHLE mineral mix 5 5 5 5 5 5
EXKM corn oil 3 3 3 3 3 3
£a 3 fish oil 3 3 3 3 3 3
KEBIB soy lecithin 2 2 2 2 2 2
S 1L JB5E choline chloride 0. 60 0. 60 0. 60 0. 60 0. 60 0. 60
V. BB E§ ascorbic phosphate ester 0. 50 0.50 0. 50 0.50 0.50 0.50
H 4R cellulose 9.90 9.90 9. 90 9.90 9.90 9.90
E 3 A K, proximate composition

kL8 & B (mg-kg™!) analyzed Zn concentration - 18.14 39.61 101.95 206.39 404. 89
T i dry matter 93.10 93.10 93.10 93.20 93.00 93. 20
#MEH crude protein 40.50 40.60 40.60 39.80 39.70 40. 20
HIE MG crude lipid 8. 67 8. 89 8.59 8.41 8.95 8.90
K4y ash 4. 26 4.26 4,28 4,49 4.32 4.26

E: - RRRENE, EEGRER:B,500;B,,500;Bs,400; BT, 2 000;Bs, 1 000; 4= 45 &, 60, B, 150; JLFE, 20 0005 Vi, 4
0005V ,5005 Vg 15 Vi 4005 Vi, 480, S 4% ,70 009, & & Hhlh: Ca(HPO,)2,12. 287 H R4S ,47. 422; NaHp PO, , 4. 203; K2 S04,
16. 383;FeSO, , 1. 078547 85 8 8k , 3. 8265 MgSO4 , 4. 4195 MnSOy , 0. 0335 CuSO, , 0. 0225 CoCly , 0. 0433 K103 , 0. 0025 NaCl, 3. 233; KCl,

6. 575 L 4K ,0. 474

Notes; — not detected. vitamin mix, mg+(100g) ~! vitamin premix:B; ,500 ;B2 ,500;Bs ,400; Nicotinic Acid,2 000;Bs ,1 000 ;Biotin,
60 ; Flolic acid, 150 ; Inositolum,20 000; Vg ,4 000; V4,500; Veiz»1; Vk ,400; Vb ,480; Microcrystalline cellulose, 70 009, mineral mix, g+
(100 g) ~?! vitamin premineral;: Ca (HzPQO4)2, 12. 287; calcium lactate, 47. 422; NaH2 POy , 4. 203; K2SOy4 , 16. 383; FeSOy , 1. 078; Ferric
citrate,3. 826; MgSQOy, 4. 419; MnSQy , 0. 033; CuSO4, 0. 022; CoClz, 0. 043; K213, 0. 002; NaCl, 3. 233; KCl, 6. 575; Microcrystalline

cellulose, 0. 474
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WER(WG,%) =100 X (BRFKEKE - ¥k
KRB /WHERE

AR LR (FCR) = EARBE /(&BEKE
&' - WiRRE)

FEHEHME(PER = HER/ANEA KSR

1.3 HERHRENSH

PRI, (F A28 24 h 5, ANEHBEN
B9 B, r B BRI MS—222 R, B 3 BB
Bt R T, B 6 BEULE , BUILES L BT RE
BHE. KPEERA 106 CHETHRENE,
Bk E & % (N X 6,25, 1030-Auto-analyzer,
Tecator AB) il 72 #1 7& H , & K i #2 ¥ W 2 ML AR
Ji » K43 2R R Do AR 4P 550 C R BRIk 5E
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1. 99 mL, 44 B4 i L ¥ 7 BP B A L3R iRE o, O
R 1R BN B R RV, AME S IR R R
WM s, BHRE, RSES . WA
WHMRE 200 £, #E 2~3 min, FAHETEE
TURRE S5 #H AT

WA B BR K B =4 (TBARS) R R R &
BAY TEMR RN &, S8 I8 EE™Y
HTN B (MDA /] 5 AR E e % B (TBA) 45
BB BLL =Y, 7E 532 nm 4bH B RIR M,

HLAh MDA & & (nmol+*mg™! prot) = (il
EEWRICE - WEzEBERLE /LR EE R
B - S HERIEED) X AR ME & ¥k (10 nmol
mL™") /B & & (mg protemL™!)]

BHRETEFSERAE FOLIEN E MW
FES, Mgk B HEE FE 106 CH E T4, BB,
HARHITHES NG . FREO0.1 g BHEFRES
BT 50 mL JLERHEMH, A 15 mL KTHRR, B
THEABMBEP B, B EREER S5
EHMEMPGCEZMARE 1~2 mL WK R IE,
BHMA Lol AR, EHNMHAERRE B
W, HERER AR REARKIE. AHEZR,
EANTER S0 mL AEMYF. HEETFHRIE
F & O )% i X IRIS Advantage (HR) (£ H

Thermo Jarrell Corporation ) WE £ ¥EIE K
TR .BERERAATHEE.

X=50XM/Gy(X: AR FE; M IFWH
BFEE;G HEAE)

L B2 58 O s 2 A 40K B 40 B WR I B L
AR KA M 2 “107 2 B AL , KA 3000 1+ min ™"
B4 2 B B30 30 min J5 BRERAT 4 ML S
1.4 RBERWRITIH

REERAVPHE L FERER  BIEEH
HAFHEZE2H %A Duncan REL EH BB I
HMEFBEE,Y P<0.06 8, RREZFEE.
ik SPSS 12.0,

2 #R

2.1 ARPENENNTEEERKNERSH
®

a8 AMEBEaERRAR, FEalEE,
0mg- kg ABRABERTFTHESHA (P
0.05); FEH A #,20 mg-kg ' ABMAT THE
BHAFHZRITEEEER(P>0.05) ;14
MRS LBESER RN FEMEK, 20 mg-
kg HBRAHARTFREESA, BSHZMIFTEE
PEEF (P >0.05)(FE2),

x2 SPHEKR . ARNPREREXFNAR T FE
WEX EARMEMABBELEHORMN

Tab.2 Effects of zinc on weight gain, protein efficiency ratio and feed coefficient in
juvenile hybrid tilapia fed the experiment diets for 8 weeks %
B K bR BEAE (mgrkg™!)  Zn level
growth ingredients 0 20 80 160 320
BHEE WG 816. 83+ 34.51=> 940,01 £40, 68> 796,24 +8,04% 860.56+73,312> 856,26+79.50% 739,27+ 34, 66°
EHHRME PER 1.59+0.06 1.70£0.05 1.59+£0.03 1.65=%0. 05 1.60=x0.02 1.55+0.03
k%L # FCR 1.58=*0.06 1.47£0.04 1.58%0.03 1.52+0. 05 1.56+0.02 1.62+0.04

E: —AHEAARARX ERTERESAE BEEER (P<0.05

Notes; Values with different superscripts in the same row are significantly different (P<Z0. 05)

HRARRISK ARG, PEasa FHIN
WLOFENERRSNERETEEFSROR
3P, & LB JFK G & B A 2R
KRB Z M (P >>0.05), % 4/ LK.
EASELEZENEZR(P>0.06) ;&M EHH
&, BKFH 20 mg kg ' MM A B EF T 320
mg kg AR4A, HTFRES4:; 20 EBHSE,

BEWEHR Omg kg " AR AR T HESLH; M
PRI R B B & &, BF YR BEh O mg - kg™ fRDB}
dAmFRES4.

24 JIHHFREKSS &, SRR Z MY
TREHZER(P>0.05), BHETHEFS
B ESKTER 20 mg-kg AR 4, BER TH
W B 0 mg- kg™ fARHH (P<<0. 05),



Tab.

*3 SPHEKF . ARPRKENARTEELE. I AMTHESR
ERABRREHETEREFEEHOXM

3 Effects of different zinc supplementation level on composition of body, muscle, liver and

bones in juvenile hybrid tilapia fed the experiment diets for 8 weeks

% wet weight basis

body composition

BB (mgekg™) Zn level

0 20 40 80 160 320

£ 44 whole body
7K 4 moisture 72.78+0. 88 72.56+0.90 72.15%0. 69 71.65%0. 92 72.03%0.99 72.92+0. 27
#H H protein 18. 89 %0, 962 19. 64 %0, 49> 18.90% 0., 19 19. 06 £ 0. 40%b 18.41 %0, 13% 17.69 £ 0. 09
AB Wi lipid 5.7510.43 6.170. 41 6. 690, 29 5.58=*0.21= 7.26x0.76b 6.51 £ 0, 32:b
K4y ash 3.19%£0.10 3.35%0.07 3.25+0.16 3.33%0.02 3.35%0.15 3.23%0.08
LA muscle
7K 4 moisture 77.18%0.24 76.90%0. 28 77.02%0.19 76.87+0.11 76.80+0.13 77.15%+0.12
#H H protein 21.90£0. 22 21.95%0.18 21.74%0.20 21.84%0.14 21.82+0.23 22.12%0.07

& B lipid 1.10£0. 054 0. 87 0. 00 1.05%0. 08« 1. 08 £0. 064 0.79£0.07b 0.61%0.04
K4y ash 1.21£0.02 1.25%0.02 1.21£0.02 1.24%0. 02 1.25+0.04 1.18+0.04
JFRE liver
7K 4 moisture 68.71+0. 38 68.61+0. 83 69.52+ 0. 66 69. 60+ 0. 62 69. 45+ 0. 66 70.07+0. 32
#H H protein 12.72+0. 30 12.61%0.42 12,46+ 0. 39 12.90+0. 31 12.23+0.22 13.17+0. 36
A Wi lipid 7.03 %0, 22% 6.43%0, 142 8.58%0, 234 6.98+ 0, 38b 7.81+0.28% 6.01£0.24*
K4y ash 1.26£0.02 1.26£0.01 1.33£0.04 1.30=%0.05 1.24%0.05 1.29+0.04
2 #-H bones
B Zn(pgeg™") 110.88=*4, 2= 153. 96 £ 24, 0b 107.14 £ 3. 22# 113.87 %2, 64* 121. 93 £ 4, 75% 155, 24 + 2, 83b

E:R—TALEAARARXERTFERESAF BEEER(P<0.05

Notes; Values (mean * standard error of three replications) in the same row

with different superscripts are significantly different

(P<C0.05)
4 SHEKE AMPEKENERE A
I % 47 40 Fa % & . ifu bk %5 #0 AL BY 7 TBARS B9 51
Tab. 4 Effects of different zinc supplementation levels on erythrocytes, hematocrit and
muscle TBARS in juvenile hybrid tilapia fed the experiment diets for 8 weeks

PR BEEE (mgrkg™!) Zn level
antioxidation 0 20 40 80 160 320

AR 0L e

(108.pL-1) 1.60£0. 052 2.30%0.14¢ 2.30%0.12° 1.65%0. 21 1. 850, 192be 1. 910, 228be
erythrocytes

q,
Iﬂll:l:@(/t'n) 37.19%1. 14* 42.57 + 0, 89 41.22 0. 94> 39.90+2.00® 40.19+0.96% 40.35% 1. 450
hematocrit
LA TBARS {4
(nmol-g™1) 1.21+0. 22¢ 0.51+0. 03 0.51+0.05% 0.66%0, 03> 0.55% 0, 04> 0.28+0.03

muscle TBARS

E:R—TALEAARARXERTFERESAF BEEER(P<0.05

Notes; Values (mean * standard error of three replications) in the same row with different superscripts are significantly different

(P<C0. 05)

2.2 HEmEXRRF KL R

W % i I Y 2T 40 B B0 I b 25 3% 4R
BESENEHEZE(P<0.05),%E 4 Fin., W
BKEHFAR REFEamMBIMBHEEEE

F5,20 mgekg AR S 40 mg kg AR AT
BEMHZRF(P>0.05),HEZER T 0mg-kg™ 1§
B (P<0.05), it L% ,20 mg-kg "fABHS
HERF4B LB EHEZR(P>0.09),HEER



F 0 mgekg @Kl 4H (P<<0.05), BB IEmNl
P o TBARS {8, BESEEAK - A 5 B F BER(P<
0.05),0mg-kg” ' AMABER THELK4,80
mg-kg AR B EE T 320 mg-kg 1AM 411K
FOmgekg ' AR4H(P<0.05), HERHAEREE
2R (P>0.05),

3 Wig

AN ERBFREFE-TEENFEN
L. EXMEENEAFERER, MEXEE
ZHATT RS EERKME 2R b E, AR
e, i T HRME AR SRE E AR, AR B
Mt Z R RER ., ARERW, £ IR R EEE
REERE R R R B T R B kM
it K, AR R RN E N 20 mg kg™ A B,
KRR, X5 UM R BRI AT, 7E XTI
fglod gt ey g gE B 4k S B gy S 48 B
BIE SRl . 1B Gatlin A1 Wilson™ 7 it i 5 B4
PR PR, AR R R A K T B E
B 5T Marcelo™ Xt BB F AN HRF R
B, Y 5EK ¥4 44.5 mg« kg™ 4RDRHI AR K B R
H, XEHFRERHERREREBER AR, R
AR ENMEHE R AEARSARER
A, BT & 7E L EE R ARk R b T ok, T ok R
FEEUBENMBHNERKRFTE; EEERAKET
FRT IR, SRR HREREFHRS RSN
TH AL IR W

TRk K e B AR AR R Ay B S R
SRR RGN, 3 A T et AR R AR L 12
BTUEARMNE, MEANARRNER, XHE
1t R Y Rl B 7E IS R URR B T R VTR
3R, BT 3 30T JHFBEE A0 UL P9 o AR I & 2 A PR A
EEMRIELERAZEQBUNRIKE A.BR
AR BI R TN SR FER R AT
BRHBENMEEKBETENBREEEEHRY
BEDY, MmikpNeEi =Rt LA SRS B
BIBE. DR IGR oR BET DA ST R S B AR S K S A i
#fE, ERRRPEKEHR 20 mg- kg™ HEHE
BEYHETFERER, BEPHE TR 4R
YR E T4, X e 15~30 mgekg™'.
#BUY15~30 mge kg ™' #5020 mge kg ' MK
B el 20 mgokg ™ BB AR B ML R,
SR, 7 i V0] % B9 BFF 55 o R B, 24 4 K S R 150

mg-kg A KB, BB EETFEIEREE;
X% B e B o, K Fh 79. 51 mge kg™
ket HEESFHETSERRE™ . X554
AR AE, & BOX A 2 5 09 5 B W e R0 E B
i AR SRR AL S, R EAL B B T AL A A
EEAWMmBE Y, EEFANERREER
e, HELEFAEARE I TN, XS meE
A .

ARI P, 7E IR BR FEAE 0 BRI, R e R R
fndge st B Je % A 4a 4l £ 0 3 HP I 40 A UL R SR
LTI RE R A B 3, H7E AR BE 2 20 mg e kg™
ety o BH S I 40 AR 3 b, I b 2 3 K
J BT RE R . SR Z B, 40 PR TR | Ak
Wy i A0 T AN B BEL L 4t i BB T IR, 4 B B 8 0
SR MR, EANEF,75% ~85% M A
T L 40RO TE LT 40 i P Y B R B TR
PR T g 0 A R Ak s AL B U BEE R P 4
MifghE % B & B S Y EWMREHE L
fEAP, EXERRABRFEARE . BHRZS
S B a4 KB B RP, Tavares-Dias I
Faustino A RAEHERETFHIES FiEf
I E RN Q. 7~4.4) X10°% cells pL~', itk
ZRHE23 % ~41 %P s Marcelo & #e %t B B B Ak
R RE, A Rk e, AR ER
1.3%10°% celle pL7', M HLAFE 19% ~27% ., T
AR5, AR KPR AR R T Ea
P TBARS HE ZE &K, XTT BB TEHNGEZ
Al BB R BUIE By i AL SR 3R, MR R &
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ST S P R R IR, X B B, T Y I
JFHEFI 4 f1 TBARS {6 B Z K%, 44
AR, — 7 T B BB 2 B T 3 7 00 4 {48 4Kt
TFENLBEHEE QS B, &3 A K85
RP,CELUELTENHALEFREENIE
LR BRI T RBS . 53— EAEE R AR 5
®AERERA—-ENXEER. B HHR
U, 4B EZHNEEARTR ENTRESR
gl fEARRI Y, SRR B WS T B
£ L B i it Ak

R B RS A ER EA
B e akE A ML & &0 B m, meE
Ak 28 | 1L P R0 B A G DU & B B AR B B
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fns LA o TBARS H B B MK, ARXBLRA
R EN 4 13 g EARREFEA, DR
PR P O B IR, BOR B NS B 1RDRL , B AR AR
JBE B S R L Y I 4 i A UL PR R A T R
WL H AR W E N 20 mg- ke HB A BN
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Effects of different zinc levels on growth and antioxidation of
juvenile hybrid tilapia(Oreochromis aureus & X Oreochromis niloticus %)

WU Hong-yan'?, CHEN Xiao-xuan', YANG Hui-jun?, LIU Yong-jian?, TIAN Li-xia?®
(1. School of Aquculture, Huazhong Agriculture University, Wuhan 430070, China;
2. School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: A 8-week growth trial was conducted to investigate the effect of different zinc levels on
growth and antioxidant ability of juvenile tilapia. Tilapia [ (4. 13+ 0. 32) g| were randomly assigned to
18 tanks (20 fish per tank) and fed six experimental diets with different graded zinc supplemented
levels (0,20,40,80,160,320 mg+kg ') for 8 weeks, zinc sulfate as sources. Each experimental diet
was randomly given to three replicates and daily feeding rate was 5% — 9% (wet weight basis).

1

Results showed that in the group fed with 20 mgekg™' zinc, weight gain, protein efficiency and body

protein content were higher than those in other groups. However, feed coefficient is reversed. The fat

! zinc group had no significant difference with that in the

deposited in muscle and liver of 20 mg+kg™
group fed 320 mg zincekg™! level (P>>0.05) but was markedly lower than those in the other groups
(P<C0.05). The zinc concentration in bones of fish fed 20 mg zinc* kg™ was significantly higher than
that in the group fed with 0 mg zincekg ™' (P<C0. 05). The erythrocytes number and hematocrit of 20
mge+kg™! zinc group showed no significant difference with those in the group fed with 40 mg+kg ™" zinc
(P>>0.05), but were significantly higher than those of other groups (P<C0.05). The TBARS values
(thiobarbituricacid-reactive substances )in muscle of the group fed with 20 mg zince kg™ group were
significantly lower than those in muscle of the group fed with 0 mg zinc+kg™! (P<C0. 05). Results of
this study indicated that the effect of different zinc levels on growth and antioxidant ability was
significant in tilapia, especially in 20 mg zincekg™' diet group.
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