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RE: yr Ao By 4axtAlEnETTRE, UBES. URFERHNEIERA
JUIE, P ZnSO4-H,O 2 4 IR F| 48 4% 1 2L el 77 8, 24l i ZE w45 B & 7 Ap 0. 25, 50,
100 #n 200 mg/kg 5%, | f 5 & F Bl 4 K P17 H (24.8. 48.8. 78.9. 126.1 f1 223.6 mg/kg
F U F (6 4 K Zn-25. Zn-49. Zn-79. Zn-126 Fo Zn-224), %2 A4 R F B K (10.99 +
007 gy RO B4 a8, £#REFR, WA ¥4 £ 25mekeg 4 (Zn49) B F#R & T K
DERSEER, BRTABRZYE, #— PRGN ANESE, FAFERAL R -
TRE. W% 2E N 2549 mgkg B, T-SOD f# CuZn-SOD & P 3§ Ju, 44 & & 5|
49mgkg fa, HEMGEHEEASEE, MAKP FMHAEZn-7T9 A Fg. KO E4 46 foki
BERNESEMAN TS EN T LA, SRR E 4 E34 % 126 mgkg (Zn-126) )5,
ABEFBHREFINELELTHLE M, Moo sk, 4. FARLEFLE4. IR
KNHARFSENE T TR ARXERNA, EFEHARTHRET UL FREAD
EHWAEKTEARNFA, RELFEEEGE L. 288 FENNR, WHEEX, AR
. 2EFEMEHENEN, ETHEEDRZADEY Y aFHARTHNFREL A
455, 44.6. 121.8 F2 130.5 mg/kg F 4 i

KRB ko By 4, £K; ARAR;, R

FEDES: S963 RKFRAERS: A
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AR A ] DMK A i Zn, {HAE R
NTFRIET, K Zn W AR JE LU I 10 2856 4
TR, A BB S Zn, HAT,
B4l 7 —sem S e fRoRa, i, F
W {1 (Rachycentron canadum)™ (VL 55 & MR & M BF
Py, 8L (Cyprinus carpio var. Jian)"(VL 7L R £F
R ERUR) X RE R R oK 5 43 ) R 47~54 mg/kg. 48.7
mg/kg, JEX B AEMI | HT 68U FEE i (Pelteo-
bagrus fulvidraco)"™ Xt ¥¥ 1) 5 2K & 73 %Il 4 94.27 .
80 Fll 17.12~20.86 mg/kg (P4 LABR R EF M EF IR ). LA
- & SR O ) £ 2 A R T oR R AR R K
S, HS58EM,

K OB & (Micropterus salmoides), X 44N
i, AR FRAEIE . 2R
MBS Bl BMIRRT WA RRAEMA
Ko AR, KD BREFRAE AR o maE, 2019
ELEM RO R 478 7 ¢ HET, XTF
KABGTVEFTROVE, FEREPEREE
FREW, MEAK PR AR
E N (PSSR SIS 4i0R T A i SUUE FS1 I8
Y TR B TR A B, H R R e
ZRGSIMTCHLEE , MOAREFE AR ER M EE R, 1
kG AR RS FE R R K B, R R
mei A WURHR A L BRI VE A e A 4k
FEAR Y R, B R T P ) R v A 1Y) T oK
i, R R DR B 2 ] B e S
1 MESTTE
1.1 LIt

DB . . k., REWRFAEN. &
IR EREARNEATRE, DiAmm. SN IE
iR, WIAE TR S i 50.7%~50.8% .
WA A 12.5%~12.6% G Tl L RERL (6 1)
PIBR R 4 (ZnSO,-H,O, 37.4% Zn, Jr#fral) Jyks
U5, FEFEEAh R R E o, 25, 50, 100 A1 200
mg/kg 8%, BECl S FhSZIR Ak, S EHE A
TR T & B ACP-MS, 36 [ 388k KR
B S|l M e, 5 S I e ek S B B (DA
TH BT 4y 9k 24.8. 488, 78.8. 126.1 Al
223.6 mg/kg, 4y Hl4n 4 N Zn-25, Zn-49, Zn-79,
Zn-126, Zn-224, £ ERFRIZ MG 60 Hifi,
GRS, HRIRFFHF AL (SLP-45, HhEK ™
BREF R B AU ST T K B 2 mm
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(A T JURE G R [ RRE IR EE (85 £ 5) °C], AR T
XA B AL BT, T 4 °C VKA TP R R .
1.2 S EMEFETE

SIZI0 T FH 5 0 SR WA T VLN 5 fa 3R e A
Fr G LU0 AE LUV R 2R I S i T . S
S 8 JE, IE =S IR A A LA RDRL 94 4 A
FRFEAR A Ry 2 N AR IR E , B 1S SR (48 R
M 12mx15mx12m), ET2HENKIE
MW (5.0m x3.0mx 1.2m) H1, Bk 300 B 1A 5 fik
A BRSSPI AR TR (10.99 +0.07) g
MR BB, LA Z 15 DT, &
PR 20 B, Segedt s b, RS Ab R
W3ANER , B RBMEEE 2K (08:00, 16:00),
IRBIEEDIRAS . SEg B, &5 d sk 13K,
IKAR 7 i %8> 5 mg/L, 7K 26 ~30°C, pH 7.2 ~
79, @ASEH<02mgL, WAHRELSH<0.1 mg/L,
FER< 10 pg/Ls

1.3 HmX&E

SIS T AR R, BC10 A ARIIREEA . 7E
FIEL LSRG, MEEE 24 h, XHEEA R Y
R B SGR BTG, DARA o B H R AR
RCR . BEASMAEREDLE 2 B T m g
R SH YRS RME. B, BAMEE
BEMLEC 4 B TR . IR, TR
DK AL R AT M RE AR 2E B0 10 min (3 000
r/min), HCILIE F-80 °C VKA - A7, SR 5 X fa it
Frfdssl, XPECALPY . NIE . RFIESE AT AR R4
W A 5 I 11 AR A B B I IR 60's, 3 ES
R, FHZBKERTE, 105°C 4T, —20°C
Az
1.4 EMED P

Xof JEORE DR B AR R AT R R AR 4 2
K F 105 °C # R T vkl 2 K 4r & &, @iyl
G A AX (2300 A 2L G E A AL, FOSS, i)
D LR A T, SO — P R R
SEHLBE WG &, i 550 °C gk b IR B vk
(SXL-1008 g5 4, b g K 7% S 00 I 45 A PR
D) E KA

1.5 IMMEERIER

ol 1 Wl PR B (AKCP) 3% 1 0 2 SR %) il i 4
WEMREh s B AL W AL B (T-SOD) 14 4 i
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&1 ARERREFRKTE (T EA)

Tab.1 Composition and nutrient levels of diets (air-dry basis)

Tkl diets

IiH items

Zn-25 Zn-49 Zn-79 Zn-126 Zn-224
JEk}/(g/kg) ingredients

f%%E A casein 160.0 160.0 160.0 160.0 160.0
B gelatin 40.0 40.0 40.0 40.0 40.0
gy fish meal 170.0 170.0 170.0 170.0 170.0
KEIR4E I soybean protein concentrate 100.0 100.0 100.0 100.0 100.0
¥ soybean meal 100.0 100.0 100.0 100.0 100.0
WikE  dextrin 110.0 110.0 110.0 110.0 110.0
a-JEK  a-starch 40.0 40.0 40.0 40.0 40.0
FKEA  corn gluten meal 90.0 90.0 90.0 90.0 90.0
fif 15  squid paste 20.0 20.0 20.0 20.0 20.0
WUEFEERE  beer yeast 20.0 20.0 20.0 20.0 20.0
fajh  fish oil 50.0 50.0 50.0 50.0 50.0
i soybean oil 30.0 30.0 30.0 30.0 30.0
KE#F  soybean phospholipid 30.0 30.0 30.0 30.0 30.0
MEEF4ER  microcrystalline cellulose 10.0 10.0 10.0 10.0 10.0
TR — 545 Ca(H,PO,), 20.0 20.0 20.0 20.0 20.0
Z 4k vitamin premix” 5.0 5.0 5.0 5.0 5.0
£Y"  mineral premix” 5.0 5.0 5.0 5.0 5.0
e ZnSO,H,0 0 0.07 0.14 0.29 0.58
it total 1 000.0 1 000.0 1 000.0 1 000.0 1 000.0
EFFKF proximate composition

FIHE AMi/(gke) crude protein 507.5 508.5 508.1 507.3 507.5
MW /(2/kg)  crude lipid 126.0 125.1 125.7 125.6 125.6
K4r/(g/kg) ash 70.1 70.3 70.4 70.7 70.6
JK4r/(g/kg) moisture 96.1 95.3 95.4 96.4 95.7
BE(TH)/(mg/kg)  Zn (dry matter) 24.8 48.8 78.8 126.1 223.6
B(FR)/(mg/kg) Fe (dry matter) 304.8 301.6 307.2 302.9 305.8

1) 4EAE R BUREHA TR LA 4E 4 F(mg or TU/kg diet) W4EA 2 A 10 000 TU, #E4E3 Dy 3 000 1U, 443 E 150 U, 443 K5 12.17 mg,
4L % B, 20 mg, 4E/EE B, 20 mg, 4E4EE B; 100 mg, 4E4E By 22 mg, 4EEE B, 0.15 mg, 4E42EK C 1000 mg, EYE 0.6 mg, MR
8 mg, WLEE 500 mg. 2) § 5 BUREHREHR BT 70 K (mg/kg diet) (N &8 94 5.25, 4521, %120, %5150, WL o.6, #0.53, 44045
Notes: 1) vitamin premix supplied vitamins for the diets(mg or IU/kg diet) are vitamin A 10 000 IU, vitamin D5 3 000 IU, vitamin E 150 IU, vitamin K5
12.17 mg, vitamin B; 20 mg, vitamin B, 20 mg, vitamin B; 100 mg, vitamin Bg 22 mg, vitamin By, 0.15 mg,vitamin C 1 000 mg, biotin 0.6 mg, folic
acid 8 mg, inositol 500 mg. 2) mineral premix supplied minerals for the diets (mg/kg diet) (without zinc) are Cu 5.25, Mn 21, Fe 120, Mg 150, 1 0.6, Se
0.53, Co 0.45

ALY AL (CuZn-SOD) 1 PRI E 2 R B (ALT) 76 PRI 2 24 oR AL ICE o ) & 3 v g ot
W EAL S . R A (AST) A NG & VR ROR B B e gt
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1.6 THIRTESENE

Sl BHEE Y BT R S s R
TR A5 B AR KOs P, FREUFE AL 0.2 g
TR A N EE T, A 10 mL 8RR, N 5 i
B OLh, BERRWET, WA GBI AR IR A
fif 8 h 35 min, WA, SMRATITHESG HE,
FHZA B K PSR N 55, R T i T T R 7 KA AR
HBE B 5 min, UK E B E 50 mL. R E A
S HAAE O BT A LB B A B TR R T A
JGIE AL (ICP-MS, 3 [ 28 8K Rt /R B A W] ) 1)
GE, VIR R ARG 2 KEME, TRl oo Rk
LG TR E 5 Iu R IR E B IE T AT,

1.7 HERGMUHE

BTG %R (survival rate, SR, %) =N,/Nyx100%

14 5K (weight gain rate, WGR, %) =(W,~W,)/
Wyx100%

T Bl 2 #X (feed conversion rate, FCR)=Wy/(W~
o)

JF 44 EE (hepatosomatic index, HSI, %)=W,/Wx
100%

IEAA FE (viscerosomatic index, VSI, %)=W,/Wx
100%

AEH# BE (condition factor, CF, g/em’)=W/L**x100

" 4) JiT CFLR (mineral retention rate, MR, %)=
(W W= Wo*Wor) | (Wr * Win)*100%
A, NREREEG Ny WP RER; w, R4
KRR (2); Wo MHIIRIEIT & (g); W MERA
TR (g); Wy MR (g); W, A NIEE
(g); W RMIRTE (g); L AMIKK (cm); Wy B
LR MY Y= (mgke); Won NPIIR M
YT i (mg/kg)s Wi MR HI5 & & (mg/kg)o

B Y5 VLS Y {E 65 1 22 (mean+SD) &K ,
K HI SPSS 24.0 Ge it Fi A TH R 2R 7 227041 (One-
Way ANOVA), F1% ] Duncan [& £ & L4, P<
0.05 A 25, RAHPTLBIAL, PRV it
5RO ReEE AR R R A AR B
Z I8 56 Z AT Il H 434 o

2 4

2.1 HKMBERFEAFER

A RN . BT B L IR AR L AT AR L
BT 225 (P>0.05), K I 24 i 14 R Bl %
TR B N 2 B TR R, A
RN IS N R AR E R (R 2). MR
BT, 1T R o] ek v e ) R TR SR AR 45.5
mg/kg (B ER)(E 1), 44.6 mg/kg (TR REDE 2).

R2 ARSEKENAOESE KB

Tab.2 Effects of dietary zinc level on growth of M. salmoides

Tk diets

TiH items

Zn-25 Zn-49 Zn-79 Zn-126 Zn-224
Yl E/g IBW 11.0+0.10 10.97+0.03 10.98+0.08 11.02:0.08 10.97+0.10
AR HE/g FBW 41.2+1.4° 44.4+1.1° 43.8+0.8" 43.4+0.9° 44.1+0.4°
RIER/% SR 93.3+5.8 93.3+7.6 93.3+2.9 95.0+8.7 90.0+17.3
HHER/% WGR 274.3+12.3° 303.249.5° 297.9+7.4° 294.9+8.0° 300.6+3.6"
Tk RE FCR 1.15+0.03 1.03+0.02° 1.07+0.04" 1.05+0.05" 1.04+0.02°
AL /(g/em’)  CF 2.1£0.1 2.0£0.2 2.0+0.2 2.0£0.2 2.1£0.2
WAL/ % VST 7.140.9 8.0+2.1 7.6£1.2 7.840.7 8.241.3
AFAcEL/%  HSI 1.5+0.5 1.6£1.3 1.7+0.9 1.8+0.6 1.9+0.9

E: [A—AT BT RAFROR 257 B 3#(P<0.05), T

Notes: different superscript letters in the same row indicate significant differences(P<0.05), the same below

22 lASEE&4ERK

TRl A A TR R OB HLN . gk
g MEE . Ko ARSI & 2 TE R
(P>0.05)(3% 3).
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2.3 MBE£IEFR

Wt & e R PR S BB, WS ALT 165 b
F iy #ats, AST fil CuZn-SOD. T-SOD ¥ P 7F 1]
BLEE S0 A B 79 BN 49 me/kg J5, AR ERIEA
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B1 XKRORGPEERS5H[PKRFIHXR
Fig. 1 Relationship between weight gain rate of

M. salmoides and dietary zinc level

1.4
3=-0.005 1x+1.277 3
1.2 + R=1
1.0 105
y=1.
\:fé ~ 0.8
E?i 0.6 +
04 +
0.2 +
x=44.6
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TRkl /(mg/kg)
dietary zinc
2 RORHERNRABSEREKTHXER
Fig.2 Relationship between feed conversion rate of M.

salmoides and dietary zinc level

R 3 EARSEKTEXRORA PR E @ EREI R

Tab. 3 Effects of dietary zinc on muscle and whole body composition of M. salmoides %
1Akl diets
WiH item
Zn-25 Zn-49 Zn-79 Zn-126 Zn-224

WL muscle

7K%Yy moisture 78.2+0.4 77.9+0.3 77.7+0.2 77.9+0.3 78.0+0.3

M A crude protein 19.5+0.3 19.6+0.3 19.8+0.2 19.5+0.4 19.5+0.4

K45y ash 1.25+0.03 1.29+0.03 1.32+0.03 1.37+0.10 1.43+0.20

FHAEW;  crude lipid 0.86+0.04 0.84+0.01 0.84+0.06 0.85+0.06 0.83+0.05
44 whole body

/K4 moisture 72.5+0.3 72.5+0.1 72.30.1 72.240.1 72.220.2

M AR crude protein 17.7£0.3 17.2£0.2 17.5+0.4 17.5+0.3 17.70.1

K4y ash 3.57+0.14 3.46+0.17 3.50+0.02 3.6740.13 3.39+0.01

FHAEMWT  crude lipid 3.05+0.56 3.3540.26 3.39+0.74 3.40+0.02 3.52+40.17

FasE s M AKP 36 P B ) ke A e 18 nam E
B Zn-4921 5 Zn-79. Zn-126 Fl Zn-224 4 [a] 22
AN E (P>0.05)(% 4),

24 HATYTEESE

B R R A S BRI, T MR 4
VA HEE PR LT, SR s )
126 mg/kg & (Zn-126 4H), 4= taFrEHEE TR &
EONFE ER N (P>0.05), ek, HEk. B
BT E . A R DO AR A DU AR AR ) R R Bl
TR B N T BRI (R 5). DL fubE
FE BRI e br, B T Hr B R 2 i K H
B 4y £ X ARk B ) 3 R SR 40 121.8

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

mg/kg (&l 3) 1 130.5 mg/kg (5] 4).
3 ik

3.1 ARSEMNKORSE KM

Ogino F5“V LI, Mk EEE 4 | mg/ke
BF, rE A KNS, JETo R, I R
8 5 {7 R K, MBS BAE Smgkg L LJE, AT
B 1h i 2 it = IR A B . M AADRHEE S R T
S5mgkg i, PPt RA B ARKEE, It
TORE, IRESER, MEEE 85T 30 mgkg AT,
FEIG R GG AR AR, (A R IR
TSR 7.6 mg/kg) . BRETIE B (Labeo rohita)™
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Ko AR

45 %

R4 AREEKEXRORESMEE KBRS

Tab. 4 Effects of dietary zinc on serum bio-chemical index of M. salmoides

ARl diets

WiH item
Zn-25 Zn-49 Zn-79 Zn-126 Zn-224
B PERERRRR/(U/L)  AKP 5.8+0.7° 6.5+£0.5" 7.10. 3° 6.6+£0.4" 6.4+0.2"
SBEYEALES/(U/mL) T-SOD 77.9+1.1° 82.6+3.0° 80.4%1.1% 81.8+0.2" 80.242.3"
HEE A AL ES/(U/mL)  CuZn-SOD 63.3+1.4° 72.8+2.1° 67.6£3.1% 68.6+3.5% 67.842.9%
BEEER/(U/L)  AST-GOT 25.0+0.9° 25.0+1.7° 27.8+0.9° 28.8+1.3" 27.3+0.7°
BHREAR/(U/L) ALT-GPT 18.3£1.6° 20.8+0.5° 21.5+1.1° 22.7+1.2% 23.9+1.3°
=S5 ARNBEAKENAORELEMEHET YRS ENEN
Tab.5 Effects of dietary zinc on mineral contents in whole body and vertebra of M. salmoides
gl diets
WiH item
Zn-25 Zn-49 Zn-79 Zn-126 Zn-224
£ whole fish
B/(mg/kg) Fe 90.4+2.3* 74.6+2.2° 65.4+1.9° 56.0+2.2° 55.5+2.2¢
BRUTA#/%  Fe retention 29.2+1.3" 29.6+4.3" 18.6£0.7° 16.0+1.2° 15.5+0.1°
#/(mg/kg) Zn 32.5+1.7° 41.7+1.7° 48.0+2.0° 52.0+1.8° 54.3+2.0°
BT /% Zn retention 88.7+3.3° 76.1+£5.0° 55.3+3.6° 40.242.6° 24.4+0.5°
HHEE  vertebra
Hi/(mg/kg) Mn 75.9+1.4° 71.9+1.4° 65.4+2.9° 59.6+2.6" 59.9+0.7
B/(mg/kg) Fe 136.9+2.7° 131.1£3.6° 118.2+2.8° 95.3+2.6" 93.8+2.1¢
£2/(mg/kg) Zn 66.3+1.4° 71.6£1.6° 78.3+2.6° 81.3+2.0° 85.4+3.6°
60 100
$ y=83.4
> 50 y=53.1 80 | .
w3 ~ g
2 8 40 .5
%0 2 S e 60 | )=0.148 2x+64.058
< L 4 R=0.9212
=5 30 7=0.183 8x+30.721 g >
L4 ,\;H_ — 40 L
g 2
g R>=0.893 4 & o
ﬂ 8 20 E[DI E
N 1ok =121.8 20 ¢
x=130.5
0 50 100 150 200 250 0 50 100 150 200 250
AR/ (mg/kg) TAkMEE/ (mg/kg)

dietary zinc
B3 AOEWHLEHKESHEAMEKENXR
Fig. 3 Relationship between zinc level in whole body of
M. salmoides and dietary zinc level

GERE RS B 9.5 mg/kg) . #Hl A1 BE 8 (Epineph-
elus coioides)”(FE Al 1 KL FE 10.0 mg/kg) A BT
W, X R fa AR Y TC B R AR s Z E R . 7

https://www.china-fishery.cn

dietary zinc
4 ROEBHFHKFSREMEKTHIER
Fig. 4 Relationship between zinc level in vertebra of

M. salmoides and dietary zinc level

ASE A X B CRAM TR 1Y f AR K
P F AR T HAB A AL, (HoR I B2 BB =
AiE o AT RE SR T A S S At A A DA A A AR

o E K P2 2 320 sponsored by China Society of Fisheries
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k3 B9 170 g/kg, A5 FERIEDRL B 5 &
ik 25 mg/kg, By 1k T ERER = SEAR A H B

AWEFE Y, DL AR R R RO R B
BE T YT B s 1 R B gy £ X 4R BE 1Y
T A R & 53 W 45.5 Fil 44.6 mg/kg, KT [RIFE
DABRE I B o A 5 1A T (80 mg/kg)!'™ . £ (Cten-
opharyngodon idella)(55.1 mg/kg)™ . K ¥ i (Lar-
imichthys crocea)(59.6 mg/kg)™ . &M (17.12~
20.86 mg/kg)!" . VUAFIET (Acipenser baerii)(29.15
mg/kg)* . Fhi £ BE £ (28.9 mg/kg)™! FE P P R
i (37.2 mg/kg)". BFFREARR, HapyFps,
AR B . B IR DL S IRl AR TP A Y A ]
FAHEERRA XK.

32 RERENAKORGIASEEERHNE N

HZH5EWIrZEENAMSR, Kb
FEEAT . RIS ISR TR 19 A BRI % f )
TR, $8 IRk B 7 ] DL & B A
A S, (B R AR D AR 4 & A BT I
IR, AEdrErf, Rz W RN T koK s
i, BEAR T E PR S, AL, bl
BEE RS RGN, K H R4 5 LA
PURLAR DT . MLEE A BT . Ky . Ko BITEH] 2
S, ST M (Haliotis discus hannai) ™, ##
BEUY F R BTSSR — B, A] RE S A DR
B EERT I T sk = 6 LR RIS, L e T Ay
A J80 43 AL AR 1 e 2

3.3 AR KORSMFE HIERAZ N

TEA WA, B8V IR B (AKP) J& —Fh i
SRR R R, AR T S F S L 2
HA T, HIES 5SS, XT
R A B E B AR Y, TR I 2 AKP Y
HI T o TEARSI R, BLAh R (Zn-25 4H)
() T PR 85 000V AKP 35 PR AIG, S 4k B 8 in
oM 25 mg/kg(Zn-49 H) J5, AKP iGHATR R E I
Tho FEATEECO RbHE A BE AP BE AT R (fet-
alurus punctatus)™ S BEFE A, LW %% 3] AKP I
Pk 27 B R EE B B R, 43 I AE B Gk B
60.0. 57.4 F120.0 mg/kg)5 I PEHEAFEE .

ALY L (SOD) & 2E MR N AEAE Il —
Pt 8 A 4 Jm Bl 2 o A B 7 1 AR &R P A —
B R R EE N —E DY, BT iR
E & B 3 FOR[FE ) SOD A, CuZn- SOD, Mn-

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

SOD fl Fe-SOD, H:#, CuZn-SOD 7E 4= ¥ {A&
gz, AR, AR
B, A B TR LT SOD MG M . AR KSRGS
g, HEEHEE S BT 75 mg/kg B, LI T-
SOD i M Fifi 5 75 £ 18 Jin i 3% hn©0, B 504 1A
HIFE S BRI T 38.75 me/kg!'™ | 57 Wr s P 655 A R Y
BEGT AR T 51.42 mg/kg™ | A ARGEDRL G BE A AR
T 40.80 mg/kgt ™ B, WATAH R A . A LI
o, GRS N 25 me/kg 4F (Zn-49 A1) B4R
T K B A {1 %5 T-SOD #ll CuZn-SOD 3§ 7%, H
ez A e AR e, R WA LA AR R as in 25
mg/kg FE T AEH & K IE 5 SOD I M T s o

BN E M (ALT). A5G (AST) 27T
M JFF B A BRECIR 50 1 — S SR LR AR, Y IE R
FIE BT, LT A AST. ALT 3 P 4 15 75 —
SE ST, YR & A AR i 40 M Az P
FEOK & AST. ALT #F A M H, M 5| I
5 AST. ALT &% & 3 8 m™, Lowe % &
W, BEHEAMWS, BT IR,
PRI AR T . A, M AST.
ALT i M 5 6 25 ) b8 2 d 8 i -5, JF
HAE54208 . 5%, BEIEEAR -8unE
i, ATReRE & mAE S INFE A, W
A RESE BE A PR SR A, M Tk . ERoT
W, FEOFIEA Z W . 2B
% (Platichthys stellatus)™ ", 4 T ¥} £F & & 0
411 mg/kg I, L7 AST. ALT i 2 2 T 55 ,
HFRE B B ST A5k . AR S, R H R
I AST. ALT & ¥4 518 25.0~28.8 U/L., 18.3~
239U/L, fERT T AT, L AST 1EH i [l
h 33.5~63.7 U/L. TE W J7 fili (Silurus meridionalis) .
WL TE R I ALT 43054 42.5 ULLYY . 29.5~
30.7 U™, R fi 0K 7 1l T 6 1% 1 %5 ALT 3% 7
LT 137U, FHZT, ARSLRIE T AST,
ALT {6 PEAE IEHJE B 2 N, gk S2 388 il kL b £
Bk, AT BEHG N R AZ 50 KRS, AR A RE g
B L2 LA

34 ANRFMAOBRERAADTHITES
ENFN

WE, AR Y S e
WAL R Y s R RS, e B P AR,
BB B i B R B B G A T
BEE AR 99.7 mg/ke JE i TRE, KRG
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RhAT A7 BE RN IS R e, Y RDRLEE B
F] 106.5 mg/kg®™. 71.9 mg/kg®" F1 51.4 mg/kg™ 2
Jo . AR E RN T E RN SR AE — g
el A 0B B i — AR B R i
B, andmeECO e B AR Rl RE S P O X
S 7 Gy v 3 T R g v BE S AR (4l
107.6 mg/kg. 100 mg/kg), A BE T AL 52 56 0 4 Ul
FUR BT o EARSCEG v, 4B FUE HE B b o
Bt 5 R v B B R B ARG, IR AR R
K| 126 mg/kg J5, HAAEAFEERN, X%
Rt T AR Y WGR Hl FCR & RO AE TRk & . 24
TR R R E R RKAERE, 2B TR
PAARBLEAR Y, R HEE T ENUATE
T B R DL TGEE AR BL, DA 4 R B T
Wi br, HTYPrLmi AU 1) oK 11 2R 65 %)) £ X 1]
Fh B 03 AT R B3 50 121.8 Fl 130.5 mg/kg.

FEA S b, Bl AR R A,
Stk HE. HEN S EN RIS TR
o EHFZIR P BA LRI HE . bEE Wk
RS RN, P P gkg e,
i R WP A A Rk Y I ek
B A R A BE A B T R A T Y R
R BRI R . X AT BE R B B A Al BH S
BRI AR AL, XSS W) I = (V) 38 8 A7 5
ERT, A4 W 18 W WAe ik 2 v 9 5 4 R 40 o 7

4 gk

TEARSL AT, 7E3 BN 24.8 mg/kg [1)2F
i AR RS FE JC LR, TR R T B 4 £
AR PERE . MG RIERE N S e mbE . TR
R, HERSRMENESEMK ., HrEm
MR, UHMESR, WERE. s mygahy
TRbR, F T AR 2 K 1 A 6 4y £a X i) R
AR B TR B4 ok 45.5. 44.6. 121.8 1 130.5
mg/kg TH) )i .
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Dietary zinc requirement of juvenile largemouth bass (Micropterus salmoides)

SONG Bowen '*’,  YANG Hang **, LI Xiaogin "**, WANG Pu"*’, HE Ming ">,
XU Zhen "**,  YANG Pinxian "**, LENG Xiangjun "**

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai  201306;
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Ministry of Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai  201306;
3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Shanghai Ocean University, Shanghai  201306)

Abstract: To determine the dietary zinc requirement of juvenile largemouth bass (Micropterus salmoides), casein,
gelatin and fish meal were used as the main protein sources and ZnSO,-H,O as zinc source to produce a semi-puri-
fied diet. Then, zinc was added into the basal diet at levels of 0, 25, 50, 100 and 200 mg/kg, to obtain five diets
containing zinc of 24.8, 48.8, 78.9, 126.1 and 223.6 mg/kg dry matter, respectively. Largemouth bass with initial
body mass of (10.99+£0.07) g were fed one of the five diets for 8§ weeks. The results showed that the supplementa-
tion of 25 mg/kg Zn significantly increased the weight gain rate (WGR), and reduced feed coefficient ratio (FCR)
of largemouth bass, which tended to stabilize when higher levels of Zn were added. When dietary Zn reached 25-
49 mg/kg, the serum activity of CuZn-SOD and T-SOD remained stable, while Zn-79 group showed the highest
AKP activity. The zinc content in whole fish and vertebrae increased with the increasing dietary Zn, and showed
no significant increase when dietary Zn content was higher than 126 mg/kg (Zn-126 group). The iron content in
whole body, iron and manganese contents in vertebra, and the retention of iron and zinc in whole body decreased
with the increasing dietary Zn. In conclusion, the supplementation of Zn in diet improved the weight gain and feed
utilization, promoted serum immunity and Zn deposit in whole body and vertebra. Based on the WGR, FCR, whole
body zinc and vertebra zinc, the broken-line analysis indicated that the dietary requirement of Zn was 45.5,

44.6, 121.8 and 130.5 mg/kg dry matter, respectively.
Key words: Micropterus salmoides; zinc; growth; feed utilization; zinc deposit
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