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(LT RIEFER KPS EFR SRR E, [ R T 524088;
2. M AW TR K SR AP FEAE G, TR M 5100065
KM BEM TERMGAERAT, WE K 410128)

T : 9 % %t B 42 (ZnSO, TH,0). 3 R i B 4 [ZnS0,4-3Zn(OH),-5H,0]. H & 4
(C4HgN,0,4Zn) Fn 7 2k & A B 45 (CsH (NOgS,Zn) 4t # 3k & BE £ K M fk AT IE4T A b 88 77
i R EUNREMEETT HTEILREG P, LREBEREH(11.00£0.12) g2 3% & 2
3607, ML H4A(FAINEL, BNELEIOR), 4774 mZnSO,THO. ZnSO43Zn(OH),:
5H,0. C4HgN,04ZnF1CsH | NOgS,Zn, iZ1EZnSO4. Zny(OH)¢SO4. Zn-GlyF1Zn-MHA, f#
fA R4 K 4 2 118.85. 116.92. 120.66. 119.23 mg/kg, | & % 4 % fs by L o /a #H, /A
#8JH. R BT, Zny OH),SO4 Zn-GlyfZn-MHA4 ¥ E R fulr w £ KR H F E¥ 5 T
ZnSO4 4 o Zny(OH)¢SO4. Zn-Gly. Zn-MHAZ 18 K % %134 & # 1% T ZnSO,4 . Zn-Gly. Zn-
MHA 41 JF i 5 — B 4 B § 2 % T ZnSO, %1 Zn,(OH)¢SO, 4., Zn-MHA 4 CuZn-SOD F1T-
SODEMH T X5 THAL M. 5ZnSO4 L, Zny(OH)SO,. Zn-GlyfuZn-MHA § ¥
ReTwmfd 42 EE,; Zn-GlyfeZn-MHAA 5 AL E & ¥ B T ZnSO,H
Zny(OH)sSO 4l o Zn-Gly4l % 3%k # B/ # & FefrMn4 & B % & TZnSO44 . #H4 T
ZnSO,, D3 & R Fuhif fiCuZn-SODA & K iF M 47 i, Zny(OH)¢SO,. Zn-GlyFuZn-
MHA 8 A8 % 4 4 % % A (RBV) 4 5] 5 119.15%. 110.90%, 118.43%. 113.58%F1122.45%.
130.84%. Bt % & ¥, 5ZnSO4MH L, ZnyOH) SOt % L F R EmH AR LI 4 &0y £ K&
ft, 1R AFAESODYE M, B A F FFety i ; Zn-GlyfZn-MHAR % % F# & 2 %
R E KR, RFFEREF, AW HEEETT HTE TR
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PR LMY, WIFh S SE IR 5 ) 5 R 4h A T B
H &R B (Zn-Gly) Fl 36 5L 8 2 R BE (Zn-MHA) B AT
TCFEHE  RAE /N WO e A
B XA R 5 [ Zny(OH) SO E b — R B BB R, H
AMEWE TR DU TSR, EWT
AR M LA M, BEr, A2
BR e BB 04 R FHAICR B A SR R o Y, I
I, A EEZnS0, 7TH,0 . ZnSO,-3Zn(OH),-
5H,0. C4HgN,0,Zn5CsH,NO(S,Zn, 4 5ictE
ZnSO,. Zny(OH),SO,. Zn-GlyMIZn-MHA, H#&
ANRVER IR X B 2R R A KR fE IR B E Ak fg
T BB AU UL R P oC R TR 52
5 750 2 Bk e I8 &) o 4RDR BT R 1Y G FRE
PRI

1 MRS T7E

1.1 LEHE

Z: IR A BEFA(E. coioides)" 5 BF 7 B & 1)
WF 5 25 5 DL A = i 3R, 2 SR inZnS 0,
Zn,(OH)¢SO,. Zn-GlyF1Zn-MHA, i Hl4%h 4 &
SRR I L g RDRE (R 1) o SEIRDRE T B SE PR Y =
A3 118.85, 116.92, 120.6641119.23 mg/kg.

12 FEBESIWE

ARSI a0 T VLR B AR,
IR T T 2RV R 2% 2R W) iE 5 B b ok U b v
P EL DRI FR 10 do AR 5 R UM 0 it
(11.00+0.12)g 2 Bk R M4 113602, BlHLIT
A4, HHINEL, BNEEI0E ., FRELRTE
12150.5 m’ A B A b AT, Rrgk8 . &R
8:00H117:00 47 R MM B M, IR IEH il
AT PR SZER R K 7(30.00£1.60) °C, &
30.00+2.00, ¥ fi# % =7.00 mg/L, pH 7.80~8.10,
A <0.03 mg/L,

1.3 HmRESNE

LEEEHRET, 240, SR ENEREY
Sy IR E . B E ARG R A,
S E N ARG S RVE THRA T, RIFET
—80 °CUKFIFRAF, FIT HFHEREE M4 s 53 K
2R M, WOLHT, by JE, PR T 4% N A
o, EHEHEY s SBGREM, SRR
PUR W MER, HZRWAK R whik, /N Bk
BUB T 5 T HE B LR E
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JHF J0E 4 480 AL 0 57 A B (Min-SOD) | 4l -8 4
A ALY B AL B (CuZn-SOD) . sl i 48 1k ¥y 5 L i
(T-SOD)Y I P4 LA B T T8 (MDA) % & ¥k H
oL AR ) AR 5 i 0 3R SR AT I (A i
KEFRY - 1510); W HEY) At s A A= 9
B A RS wH4E, FlH Leica DM 60005627 i
B IEATMEE, 439l A FH cellSens Standard 1.8
LAS 3. 83K k47 & Fndr i, B5k U] i B ALk
Hriosb o sE . WUZSEATING ;I H A B A 5
FRJE T % 31 3% 42 (Thermo ICAP-6000 series)l]
E A MEAT RV Fe . Cu, MnfIZnf) & i, F
FHEDTA & "Wl & Zn-MHAZL Fl bt b Zn ) &5
14 HELAR

1715 % (survival rate, SR, %)=N,/Ny*x100;

14 7% (weight gain rate, WGR, %)=(W,-
Wt W) Wex100;

) kL 2 %4 (feed coefficient rate, FCR)=F/(W,-
WotW1);

¥ 5 4 K ¥ (special growth rate, SGR, %/d)=
(InW-InW,)/tx100;

FEXT A W) 223U (relative bioavailability value,
RBV, %)=X,/X;x100.,
K N Nogi il o S 56 45 o R0 S 36 I 46 B 52 5
MR s W, Wodr il S5 55 45 oA S g T
TRETSC IR ) BT ie (g); WSt F b sk fa
ML (g); R SEER AT (d); FARE R T &
(©); X, HZn,(OH)SO,4H . Zn-Gly#H FlZn-MHA%
WEE, FIET-SODMEBEMEH Znd &, X\ Hh
ZnSO A H R | JFET-SODFIH HEH Zndr & .

1.5 #HFEAE

S 45 R 1 LAV B 47 1 2% (mean=SD) kK
Fon, FIHSPSS 18. 0%k {4 X B 47 5 [H %
Z0 0T, RN E W ZE L (LSD)#E T i o
Mr, WEMEKFEN0.05, P<0.05hER R,

2 HEHR

21 MR IR R IBE KM RERI R

Zn,(OH)(SO,4H . Zn-GlyZH F1Zn-MHAZH 2 |]
WGRMISGRA WL & 3 14 22 5+ (P>0.05), {H & 3%
55 T ZnS0,4H (P<0.05)(#2); Zny(OH)SO,. Zn-
Gly4l M1 Zn-MHAZ FCRIG i 3 1% 22 5% (P>0.05),
H#4 5 F KT ZnS0,441(P<0.05); 45412 [ SR
P2 7 (P>0.05),
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F1 EMARERRERKTE

Tab. 1 Composition and nutrition levels of basal diets %

%4> component ZnSO, Zn,(OH)(SO, Zn-Gly Zn-MHA
ERH4>  ingredient
#1443}  brown fishmeal' 40 40 40 40
2T M dehulled soybean meal 16.13 16.13 16.13 16.13
FKEEHR  corn gluten meal 5 5 5 5
INEL K wheat gluten meal 9 9 9 9
ik wheat flour 19 19 19 19
fajh  fish oil 4.49 4.49 4.49 4.49
KIZGPwENE  soy lecithin 3 3 3 3
iR — %% calcium monophosphate 1.5 1.5 1.5 1.5
Z 4 vitamin premix’ 0.5 0.5 0.5 0.5
ZY"  mineral premix’ 0.5 0.5 0.5 0.5
Ui antioxidants 0.05 0.05 0.05 0.05
V¢ vitamin-C 0.03 0.03 0.03 0.03
SALAETR  choline chloride 0.5 0.5 0.5 0.5
DL-ZE%# DL-methionine 0.3 0.3 0.3 0.3
it total 100 100 100 100
BEFHI/KFE  nutrition levels
HZEHA  crude protein 52.52 51.86 51.87 52.28
FARWT  crude lipid 10.21 10.96 10.88 11.21
JK5>  moisture 10.05 10.32 10.56 9.56
H#K 4> crude ash 11.24 11.52 10.97 10.42
FAREEKT/(mg/kg DM)  dietary zinc level 118.85 116.92 120.66 119.23

T L BEAARA AR HEE S EN673.00 kg, HUEN &8 487.0 ghkg: 2. FAEFRTURESE T ol EHEAE: 4E/E3KB, 25.00 mg, I
B, 45.00 mg, ZMB; 60.00 mg, MHEBs 200.00 mg, MHLIEELB, 20.00 mg, EHYIEB, 1.20 mg, 4i4:%B,, 0.1 mg, ALEE 800.00 mg, Mz
20.00 mg, #4EEEKA 32.00 mg, 4E4EE 120.00 mg, 442 ED, 5.00 mg, 4E4E KK, 10.00 mg; 3. § R FRE AT ro iR gt BRERsh
46.61 mg, BRERH 11.91 mg, FR%k 496.52 mg, IEANAZAN 0.73 mg, HULEREH 6.78 mg, SU4b%E 42.00 mg

Notes: 1. peruvian brown fishmeal: crude protein 673.00 g/kg, crude lipid 87.0 g/kg. 2. the vitamin premix provided the following for per kg of diet:
vitamin B; 25.00 mg, vitamin B, 45.00 mg, vitamin B3 60.00 mg, vitamin B5 200.00 mg, vitamin B¢ 20.00 mg, vitamin B, 1.20 mg, vitamin B}, 0.1 mg,
inositol 800.00 mg, folic acid 20.00 mg, vitamin A 32.00 mg, vitamin E 120.00 mg, vitamin D3 5.00 mg, vitamin K3 10.00 mg; 3. the mineral premix
provided the following for per kg of diet: manganese sulfate 46.61 mg, cupric sulfate 11.91 mg, ferric citrate 496.52 mg, sodium selenite 0.73 mg,

potassium iodate 6.78 mg, cobalt dichloride, 42.00 mg

2.2 MiHsERNE I LZBFIEMDAR = ffEs
ARSI

Zn-Gly4l M Zn-MHA4 IF lEMDA & & 5
ZnSO4 1 Zny(OH)sSO, 41 #1 e 22 57 . 3 (P<0.05),
T-SODF1CuZn-SODiF 4 ¥ 7E Zn-MHAZH 1k 3] i K
B, H5HAASAHM 2R B E(P<0.05)(#£3),
Zn-Gly4Hl fiZn-MHA4I MDA % & & # K T
ZnSO,4H M1 Zny(OH)¢SO,4 . Zny(OH)¢SO44H #1Zn-

Gly4] #1fYMn-SOD . CuZn-SODFIT-SODH i
7 T ZnS0,44 (P<0.05), Zn,(OH)¢SO,4 il Zn-
Gly#4l # 1y T-SOD M CuZn-SODH) L i, & 1k 24 57+
(P>0.05).

2.3 TUMSERX IR R IBRTE % B

Zn,(OH)¢SO, . Zn-GlyHIZn-MHAZH Rif Ji7 4 5
1 ¥ 5 ZnSO 2 A H 22 57 8 3 (P<0.05)(El 1), Zn-Gly
1 Zn-MHAZH 4% 5% 55 B K T ZnSO, 1 Zny(OH)4 SO,
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Tab.2 Effect of four dietary forms of zinc on growth performance in E. fuscoguttatusQ xE. lanceolatud
#15) WE /% B K F/(%/d) (L E S AFIEZE 1%
groups WGR SGR FCR SR
ZnSO, 361.86 +40.21° 2.89 +0.08° 1.27 £0.31° 93.33 +0.00
Zn,(OH)(SO, 453.83 £23.12° 3.17 £0.09° 0.90 £0.04" 90.00 £0.00
Zn-Gly 440.51 £11.02° 3.13£0.08" 0.96 £0.07* 90.00 =0.00
Zn-MHA 474.87 £32.95° 3.20+0.10° 0.87 £0.03* 96.67 £3.36

I A& REBE bR RS P REETE 7 R RS 2 R AR (P>0.05), ARG FREFIRZ R EEP<0.05); T
Notes: in the same column, values with small letter or no letter superscripts mean no significant difference (P>0.05), while different small letter
superscripts mean significant difference (P<0.05); the same below

=3 DRI IE A MDA S 2 MEEE 4RS00
Tab.3 Effect of four dietary forms of zinc on the content of MDA and enzymatic activity in

the liver in E. fuscoguttatus? *E. lanceolatud

2053 /% /(nmol/mg prot)  FBANLYIELEE/(Umg prot)  HAFH AL YISALER/ (U/mg prot) e A ALY AL ER/(U/mg prot)
groups MDA Mn-SOD CuZn-SOD T-SOD
ZnS0, 24.51+2.95" 68.83+5.49" 149.69+7.27" 217.53+4.79"
Zn,(OH)(SO, 22.84+3.97° 83.48+5 58" 179.47+2.49° 255.31+13.71°
Zn-Gly 13.64+2.00° 86.67+17.33° 167.51£16.25° 247.09+3.12°
Zn-MHA 11.23+1.84° 67.61+8.11° 195.85+11.21° 260.83+3.06°

H, HIFA R EP>0.05) (%4). Zny (OH)sSO,
L NLZ AR H AR 34 R i R, HLA05E %
T—ZEMWH(E1-b), 5ZnSO,HM I,
Zn,(OH)4SO4. Zn-Gly 1 Zn-MHAZH Hi i i) 4% 5%
T B S 4 5 (P<0.05), Zng(OH)¢SO,2H 7F £ &
A B e B TR B, X A B R T — o R,
Zny(OH) SO NUZ JE 1 1 25 i3 T HAYE 4H(P<0.05),
24 POMSERERXEIHR LB R A E M

Zn,(OH)(SO, . Zn-GlyF1Zn-MHAZH 58 5% =5 i
H5ZnSO M 2 7 8 % (P<0.05) (E2).
Zny(OH)sSO, A NL)Z JE B 5 H AR & 4 M L 22 55 b
F(P<0.05)(#5), 5ZnSO M, Zn(OH)SO,.
Zn-Gly M Zn-MHAZ ¥ & 35 48 5 T I 9 5% v B
(P<0.05), Zn,(OH)SO,ZH i JILJZ JE Ji 2 =

200 pm 200 pm

(c) (d)

1 MFSERNBIR B GRS L BB

(H.EZE, 10x)

S 7 Sk RN WUZ R, oW 7 Sk R R R, W
MU Sk RN R, BOS KRR AR 26 (a)

2L E]
ZnSO44 s (b) Zny(OH)sSO44H ; (c) Zn-Gly#l; (d) Zn-MHAZH, TH

Fig.1 Effect of four dietary forms of zinc on
histomorphology appearance of the foregut in
E. fuscoguttatusQ xE. lanceolatud (H.E stain, 10x)

The red double-headed arrow indicates muscle thickness; blue double-
headed arrow indicates plica width; yellow double-headed arrow indic-
ates plica height; the black arrows indicate intestinal plica partially dam-
aged; (a) group ZnSOy; (b) group Zny(OH)SOy,; (¢) group Zn-Gly;
(d) group Zn-MHA, the same below

http://www.scxuebao.cn

R (P<0.05), 42 [R5 BE S8 T o % 22 5
(P>0.05).

2.5 MFhSEEXBIREERELZE RN
Zn,(OH)(SO,. Zn-GlyH1Zn-MHAZ 4 5¥ = &
5ZnSO A H 2 5% W % (P<0.05) (& 3),
Zn,(OH) SO, Iy 4 B8 K M T — 5 B2 BE 1R e i
Zn-Gly. Zn-MHA4IAL)ZE E 5ZnS0,.
Zn,(OH)SO,ZH A L 25 57 i 2 (P<0.05), ZnSO,.
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Tab. 4

Effect of four dietary forms of zinc on histomorphology appearance of

the foregut in E. fuscoguttatusQ *E. lanceolatu’ pm

fats  index ZnSO,

Zn,(OH)¢S0,

Zn-Gly Zn-MHA

4E¥EE plica height 365.00 £1.43°

YT plica width 61.44 +5.75

HUZ)EE  muscle thickness 113.17 £4.80°

603.17 £71.73°
59.88 +4.40

148.97 £8.76"

545.90 £16.57° 557.99 +40.88"

64.20 +2.26 64.19 £4.26

113.45 £15.13° 124.88 +2.75°

200 pm 200 pm

(c) (d)

B2 WHFERNBHLBENEPHEEEHNTE
(HEZE, 10x)

Fig.2 Effect of four dietary forms of zinc on
histomorphology appearance of the midgut in
E. fuscoguttatusQ xE. lanceolatud
(H.E stain, 10%)

Zn-Gly . Zn-MHAZ %5 B8 & & 5 ZnSO 40 AH L 22
S .35 (P<0.05)(#6), Zny(OH)¢SO, 4 4B — &
W (&13-b), Zn,(OH)eSO,4 . Zn-GlyZH filZn-MHA
2 A% 5 i B 38 B 35 W T ZnS 0,41 (P<0.05), Zn-
GlyZH 1 Zn-MHAZH 45 5% 5 FE 2. % KT ZnSO,ZH Fil
Zn,(OH)sSOL 4, 4541 2 [h) 40 5% 55 i T ) 5 25 &
(P>0.05),

2.6 MOFPSERITBIKREZBT ¥ T RITRAIF M

Zn,(OH)¢SO,4H 1 Zn-Gly4 Fe s & 5 ZnSO, il
Zn-MHAZ A He 22 5 1. 25 (P<0.05).  Zny(OH)SO,
4. Zn-Gly# f1Zn-MHAZ Mn & &6 W 1 4 &
(P>0.05), H#EZn-GlyH ikl A, HS
ZnSO 41 Ik 2 & W 3% (P<0.05), Zn{ & 7£
ZnSO AR B i KA, H 83 5 T Zny(OH)4S0,.
Zn-GlyflZn-MHAZH (P<0.05), Zn-Gly#F1Zn-
MHA# 5Zn,(OH)(SO, 4 # Lt 2 5 W &
(P<0.05)(#:7). Zn,(OH)(SO,2H F1Zn-GlyZH Fe &5 1
B T H A& 4H(P<0.05), Zn-GlyZHMn g & &
Zn,(OH)(SO,4H F1Zn-MHAZH #H [t TG B & % 5
(P>0.05), {H& 2 & T ZnSO,4 (P<0.05),
ZnSO,41 . Zn-GlyZH M Zn-MHA Zn & 8 JC i %
2% 5 (P>0.05), {H¥ % 2 & T Zn,(OH)¢S0,41
(P<0.05), % 2 Z [ HE B Cufy &8 0 b 3 22 5+
(P>0.05).

2.7 HEXTEMZERNEE

PLZnSO, A X B, LI WGR N H §E wf,
Zny(OH)SO, . Zn-Gly 1 Zn-MHA P HH % A= 9 2 3%
B3 h119.15% ., 118.43%F1122.45%; LI CuZn-
SOD K HHE I, Zn,(OH4)SO,. Zn-GlyHiZn-
MHA B A1 X 2E ) 2 2t 20 91 110.90% .
113.58%M1130.84%; LLH HEH Znky H 5 B,
Zny(OHg)SO,4. Zn-GlyHlZn-MHA )+ % A= #2554
M E/NT100%, 435 480.07% . 96.19%F0
91.73%(538).

®5 NMERMBKREEFEL BN

Tab.5  Effect of four dietary forms of zinc on histomorphology appearance of the midgut in
E. fuscoguttatusQ xE. lanceolatu? pm
¥etr  index ZnSO, Zny(OH)(SO, Zn-Gly Zn-MHA

4YEEELIE  plica height 322.76+13.12°

YEETERE  plica width 63.01+4.41

AUZ/EE  muscle thickness 114.43+8.13"

429.98+45.91°
62.71£5.10

136.09+4.97°

361.18+22.38" 410.09+39.10™

62.28+7.19 63.81£5.55

111.50+8.06" 117.79+12.56"

http://www.scxuebao.cn
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0 E

200 um 200 pm

(c) (d)

B3 WMERNBHRLBNEERL T
(HEZE, 10x)
Fig. 3 Effect of four dietary forms of zinc on
histomorphology appearance of the hindgut in
E. fuscoguttatusQ xE. lanceolatud (H.E stain, 10x)

3 Wi
31 MR AEE KM

XA RIE 20 B AR A R U, —
Mk B, A HLRE R AR W R B S T I AL
TR S N 2 B TR A5 5 Zn-MHARE 1 5 48 =)
i (Cyprinus carpio)!'®! . A3 4 8L (Morone

chrysopsxM. saxatilis)!"" "'} T 38 F1 BRI H 2%
ARG 25 54381, 5 ZnSO41HM H, Zn-Gly Al
Zn-MHAZL B #3257 23R WGRHISGR,
FEfil TFCR, BEUGE TR MM A KR,
X 5 7 B A (Ctenopharyngodon idella)™ AT
(Oncorhynchus mykiss)™ I (A8 45 AL . 724
Pouk iy, B WO A B R G A 1) 2
AX, BEARBMGER, BUA A TR R, B
HEEMREFWREAMZE, BAEREN,
AE A% SE 1< 75 Ji 3 P 45F BA B9 IS E) L A T R Y IR
P9 5ZnSOMHH, Zng(OH)sSO,4H FEAE FF 41 BT
AR, XSEFHEY ERSREAR -8, 7
AL AT, FHZESRIER EEZES, H
5ZnSOMMLL, HARAHAFCRY WEFEAL, ¥
HFY D b B U5 22 2R e B TR R T 0 W L,
{HZn,(OH)(SO,. Zn-GlyFZn-MHAFRES i & F A%
FCR, [RIFEAEBE 55 X2 il (Ictalurus punctatus)™ I
RIS AT 2R A

3.2 M#HSERNIEZHREZBEAFIEMDAS =M/
SOD;E MR F2

TEA IR, 48 H R A T R ok A i
AL, AP AMDA, HA A .
MD A & fit 2 20 0 158 i oo A A 7 R AR B
MDA, A5 i A p e B i g, 20 52
EARUN Y Ul R NI 8 L 1 DU VAN O T

®6 MMMERNBHREERL BT

Tab. 6

Effect of four dietary forms of zinc on histomorphology appearance of

the hindgut in E. fuscoguttatus? xE. lanceolatu® pm

Btr  index ZnSO,

Zn,(OH),S0,

Zn-Gly Zn-MHA

AEERE plica height

YEEETERE  plica width

316.1+10.87°
62.79+1.73

HUZEE  muscle thickness 160.37+3.24"

433.37+47.42°

61.30+2.67

157.32+6.44°

373.91+15.24° 405.75+10.73"

64.93+£3.31 61.96+7.56

250.77+5.52° 254.32423.17°

R7T NHFRMNBREESHEST YT RRTRNOIMN

Tab.7  Effect of four dietary forms of zinc on mineral accumulation in vertebrae in
E. fuscoguttatus? xE. lanceolatud mg/kg
405 groups Cu Fe Mn Zn
ZnSO, 4.31+0.85 62.63+£1.99" 38.21+1.75" 116.99+6.24°
Zn,(OH)(SO, 4.43+0.92 79.60+7.62° 40.1243.77" 96.18+4.42°
Zn-Gly 5.73+1.32 90.920.62° 41.51£2.08° 112.53+7.98™
Zn-MHA 5.48+1.48 70.96+8.14° 40.31+0.99" 105.18+8.41°

http://www.scxuebao.cn
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%8 Zny(OH)SO,. Zn-GlyHl Zn-MHAHY
X EDERN
Tab. 8 Relative bioavailability value of Zn,(OH)SO,,
Zn-Gly and Zn-MHA

FIAEIR FRIR XS 2240 /%
item zinc source relative bioavailability
WE &% ZnSO,4 100.00
WGR
Zn4(OH)¢SO, 119.15
Zn-Gly 118.43
Zn-MHA 122.45
MEHHEE LS ZnSO, 100.00
/(U/mg prot)
CuZn-SOD Zn,(OH)4SO4 110.90
Zn-Gly 113.58
Zn-MHA 130.84
HHEEE(mg/ke) ZnSO, 100.00
vertebral Zn
Zny(OH)¢SO, 80.07
Zn-Gly 96.19
Zn-MHA 91.73

Zn,(OH)SO 1M & , Tk H &l Zn-Glysk Zn-
MHARE % i 3 F& K 2k g IE I It MDA Y &
W, RUIRINA HLEE AT DL R T bR T R A
WD BE YA A B TE ARG T ISR 4 R
WoR, SHHUEEMELL, RN Zo-Gly e
B o HL e N A RE T AP SRR RE 1, BRAKIT
EPMDARY & &, W HARLIE LTS .
SOD I ¥ 38 H J2& VT AL A X % 4 4038 B
Ae I FE bR P fE—EEE N, PLik
SODIE MMk, XGPSR RTH BRAE T iR, BB
U Ml sk LA SZ B A TGP AR AL S fili
SODMAHT & & wmi /b, R H L5, 0] LI
SURTZI NN F k=N C =18 8105 8 S S RS Y
T Ak e 23 SIS AN [ 2 0 A ke 2 4 5l v T
SODIE M A — BN E . ALREERE
N, SZnSO 4, BBk e IR R R i
Zn(OH)¢SO4. Zn-Glys{Zn-MHA 4 i 2 #2755
HFE FP T-SODAI CuZn-SODAY i M, Horf LU Zn-
MHAH BRI 0 3%, KW Zn-Glys Zn-MHARE
% A5 230 1 G B 22 K R IR IO v i 0 AL, AT
fEm A AR )y, X5 RAEPIRNR 4T A5
TE B e ¥ 4k 1 (Oreochromis niloticus xO. aureus) I
(0 52 36 485 AR AL o 7E i 1B b R 2 i R Ao AR
fr, T Met, LysHIGly BoA A5 iz 24009,

TRL R rb 8 i 2 2 R L 2 AL T 42 5 i A1 4 4
HMet & & BRI, A2 ALUAM I Lys, T#
IMetA) 23 e — 5 B B E 52 i B Lys iy ol B
Lysf o BRIV 2 5L 1R, g B35 42 = 75 fiL (Mylo-
pharyngodon piceus)%1 i Pt EALBEEHER, ML
Xf Lys iy e 352 BMetf 5200, T L Zn-Met)e: 5
i 3o 5 0 #1288 W WO Ly s 52 0 #8288 1 A BRPE RE
A FFRIE . ALRETIREIR, Zn-MHAZLHYT-
SOD M CuZn-SOD¥ & 3 &y T HAx341, wl g2
Zn-GlyZ1 " B Gy i 1 LT T Lysiy i, ik
AL IR NE =R i

3.3 M#SERXL IR RIBRE . BRI

B 2 AL . WS FR ) R
B, OWPRERM, AR Y R R o I 1 A T
U, SR, MR AR R i L R
[ 8 b bk, SRR T, I, piEh
A B v RE RN UL R R GE R OR A g B 1 Kk
AR MU ARSI SR B R, AR E
Zny(OH)¢SOy4. Zn-Glysl# Zn-MHAY RE M 1) 2 £
=N LN =0 7N E T 3 =0 SN E 71 =) &
. MZny(OH)SO M TIHIBEM AT, A
REARAr b PR P i i 4 5 . FE R, H8idh s
W B I BE 3 X i T A P AR R AR, 5
ZnSO4 M Zny(OH)¢SOLMH L, Zn-GlyFl1Zn-MHAK
VPR 22, DRI RE 8 3Rk A IR IS A R vk E B X A
MR . TE RZEBE(Scophthalmus maximus) '
BTSRRI, I WA A 8 TR Y B il A
G, T H SHW WA — B R, wE . @
JoRE T A B ELA RS A AR B T, R A S LB Ak
BEWMEM, WM R KL, (HEA
FRAERFAY LR HRFESE, RS AR7 T
Y & AR, HA B R AE RN, X AT R
EHTAMGEGHENZS IS8, A3,
AR BT ae 2 5 B, s R, Wik
TAREREER . 2Kk, 4B OC K R 3%
kTR ZL, PR AR E R e, TR
LRz ES TR A R R AR A, D S
Ji J2 B L 28 1 E ALY, A B kg
J5 W AN B AR AR 2 AR MO i R T, JE I L
JRIERE K, A2 B8 A0 Y Ik B AN i
o PE N 5 RE TR R Bl e S b AR A
VIAAOG, M 18 Wk 40 M 2 4 FH TR, 40 ¢
JiE #4 4k [HF-CCLS mRNAZ A, I HHFAECuZn-
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SODZ: [A] Il ] CCL5 mRNA AP, —# M H
YERRI L . ARSCEH, Zn-Gly4l F1Zn-MHA
H LR JEFE B2 5 T ZnSO,2H F1Zn,(OH)SO,, 4
A IFESTAALA EFE bR, BB Zny(OH)4SO,. Zn-
Gly Fl1Zn-MHAHJ fig 42 /=5 i I SODIF 14 2t i {47 5
1, {HZn,(OH)eSOLAL AT IEMDA 7 2 i 3% 15 T Zn-
GlyZH f1Zn-MHAZ , W] BE A& i F 76 $2 & bt
AALRE ST WA b, 2 6k 1 40 ke o
FERIEY, T Zny(OH)SOLLH I i L2 JE B i %1%
T Zn-GlyZl M1 Zn-MHA4L, 5 10K 240 i Fn ok B4 20
MWD, feefe J1iss , M3 2 Zny(OH)6SO,
I IEMDA R & .3 7t

3.4 MHMERNEZRLBEEESTHATERR
AL

STy o R AEDLR B8 A UTBLE RO
AFEM B, 2R Y TR Z B AF A 2L
HAEFHEY, ARSCH R Zny(OH)(SOH Z 41, HiAx
FABMEEZa) T HIA B EERR, Hp
ZnSO A 5 M %, M ZnSO 4 (I FeMMn i) 15 &
R AR T HAZH . ZofiMnZ [H 4478 W B 1935
YLK R, ZnMFess e P ik is 8 1 ) 45 & {0
M, IR HZn &M H Fe MUk, 5 Zn-MHAA
I, Zn-Gly R W W o8 HOf T8 e 18 2 iR 4(Z1P4)™
1M Z1P4[A] i} 52 B Zn M Fe Y52 M Y AR S g6 v
Zn-Gly B HME5 Fery i B 3% = T Zn-MHAZL,
AT RE S Fedlt 17 T ZIP4%; 12 # A mRNA ) £ ik,
A B T A HEE Zof Ui . ZnSO, 1) W i =
W T &8 B FHEEA1OMTH™, i
DMTI1Jf A& Z R Fely M, AL, BB
T NEF B 41 A B Cufy /A 4.31~5.73 mg/kg,
B T Rba A BE A DO MEE R Cul IE R A
(1.17 mg/kg), A[RVERIR 2 [H] 85K WA XA HE
Cuf Ui A W, (HCuF BB E R
F1.17 mg/kg. FE/NRIAHE S, ZnREWE Lt 4 )8
B AR AR, M4aEmEN S Cu A KR
FEHMBET, S5CusG, WM bR g i xT
Culty Wi, F I okt fo ™= A8 Ak Bl 3, R4 4l
JLREET, SAR SR 25 R FF . Reeves™7E Caco-
40 AT R B, Znfy 5535 R 43l Znifk
FERY BTk, WA, Cufd iz s R 2 4
RN . FEARSLE Zndk B 51T, Bk
A BEAR N Cul iz HOR 2 G L Zn kK, BHEH
FCu PIBUR S & BT, I HASFDIE 2 Zox)
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Cully #38 H R BT 2T, A 53—

3.5 HEXEMERNIEE

A BN AR R A= R BE (bioavailabil -
ity)”, 8 —MERRENWREE, BNmRIL
e SRS RR, AR LE SR N 38 A 5
BARE A, SR, BN E Znlh) WO
T RXER, B, #E R ZoS0, Sl K
S WA IE K Zn i) 2E W) 22 50N, FRZ AR AR
WA MNARSEIR S5 AT, ANFEFFREXT 2
Tk e IR A BE 0 WGREZ W i 2%, DA WGRN H 4
if, Znyg(OH)sSO,. Zn-GlyFl1Zn-MHA A X} 4 #)
2ERUMY 8 F ZnSO,. 11 CuZn-SODAE iy — Fli L
ZoN Y B B, A — o TR L REE LS Hh
S W 4 7K A= Bl W 6B R R LY R
W RM, LIZoSO N2 Y, LISODRITMH1E
FRES, Zn-MHAR A XA 9024500 R1312%, & T
ZnSO4, SALEEE R —8 ., K LIWGRAICuZn-
SODNy 4l i, 30 BE IR (14 A X A My 22 5 A0 ¥ /&
FZnS0,, FHHTEZn-MHAL k) 5 KMH, i
5 ZnsSOo, M, 2% kM mkE w
Zny(OH)¢SO4. Zn-Glysi Zn-MHAR R ty-, Hop
PAZn-MHA s, 24 DU HES Zn i PR 4
FrBF, Zng(OH)¢SO4. Zn-GlyAlZn-MHAFY#H %t 2
Y2 AR T ZnS0,, X5 Wedekind%5 “F1Do
Carmo25""E Je % % AE#4.(O. niloticus) I [ 5T 45
R—3.

iR, ALK . AR . B
BEBULEHEST Y TR, e
IS N Zn-Gly M1 Zn-MHARE 5 45 8 5 AL, fi 3F
Bk IR @R, I Zn,(OH)¢SO4RE I $2
B I A KR RE R IESODIE 1, 145
B Fef TR, E7E 7 I8 FE HEE 0 9 o Z DU
WA, HRNBENSIA 3 Zn-Glys Zn-MHA 2L
R, A5 ZnSOBURFI .
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Effects of four forms of zinc on growth performance, antioxidant capacity and
vertebrae mineral accumulation of juvenile hybrid grouper
(Epinephelus fuscoguttatus? x E. lanceolatu)d

YINBin', LIN Yitong', CHIShuyan', TAN Beiping'’, YAO Hongmei’, YAO Yajun’,
DONG Xiaohui ',  YANG Qihui ', LIU Hongyu', ZHANG Shuang '

(1. Laboratory of Aquatic Animal Nutrition and Feed, Guangdong Ocean University, Zhanjiang 524088, China;
2. South China Sea Bio-Resource Exploitation and Utilization Collaborative Innovation Center, Guangzhou 510006, China;
3. Changsha Xingjia Biotechnology Engineering Co.Ltd.Changsha 410128, China)

Abstract: This study was to investigate the effects of four forms of zinc on growth performance, antioxidant capa-
city, intestinal performance and vertebrae mineral accumulation of juvenile hybrid grouper (Epinephelus fuscogut-
tatus PxE. lanceolatud). The experimental diets were isonitrogenous and isolipidic diets by adding zinc sulfate
(ZnS0,), basic zinc sulfate [Zn,(OH)SO,], zinc glycine (Zn-Gly) and zinc hydroxymethionine (Zn-MHA), re-
spectively. The zinc content of the four diets was 118.85, 116.92, 120.66 and 119.23 mg/kg, respectively. Three
hundred and sixty individuals of grouper [initial average weight (11+0.12) g] were randomly divided into four
groups with three replicates at a stock density of thirty, and fed with test diets for 8 weeks. The results showed that
the weight gain rate and specific growth rate in Zny(OH)sSO,, Zn-Gly and Zn-MHA groups were significantly
higher than those in ZnSO, group. The feed coefficient rate of fish fed Zn,(OH)4SO,, Zn-Gly and Zn-MHA groups
were significantly lower than that fed ZnSO, group. The survival rate was no different among the four groups.
Hepatic malonaldehyde contents in Zn-Gly and Zn-MHA groups were significantly decreased compared with
ZnS0O, and Zny(OH)¢SO, groups. The activity of copper-zinc superoxide dismutase in the liver of fish fed with Zn-
MHA was significantly higher than that in other groups. Compared to ZnSO, group, plica heights of foregut and
midgut of fish fed with Zn,(OH)sSO,, Zn-Gly and Zn-MHA were significantly increased. The muscle thickness of
hindgut in the Zn-Gly and Zn-MHA groups was significantly higher than that in ZnSO, and Zn,(OH)4SO, groups.
Vertebrae iron and manganese contents in fish fed with Zn-Gly were significantly higher than those in ZnSO,
group. According to weight gain rate and hepatic copper-zinc superoxide dismutase contents, the relative bioavail-
ability values of Zny(OH)sSOy, Zn-Gly and Zn-MHA, compared to ZnSO,, were 119.15% and 110.90%, 118.43%
and 113.58%, 122.45% and 130.84%, respectively. In conclusion, in the aspects of growth performance, activity of
hepatic SOD and the iron accumulation in the vertebrae, Zn,(OH)sSO, is better than ZnSO,. However, Zn-Gly or
Zn-MHA as organic form of zinc can impove growth performance, oxidation resistance, and intestine develop-

ment compared to ZnSO,.

Key words: Epinephelus fuscoguttatusQ xE. lanceolatud; zinc sources; growth performance; antioxidant capacity;
intestine; mineral accumulation; relative bioavailability values
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