FEDKFER2E 2024 £ 5 A, 31(5): 588-601

Journal of Fishery Sciences of China & fﬂa ‘i/l} i

DOI: 10.12264/JFSC2024-0015

ARESEER DX EE E KN EER RN

1,2 2 12 1 1 N 2 2 ey 1
BFEW S, BEMN, THEF, BF, T, £4F 1, TR
1. AEreoll KoK =246, 34k 2RI 430070;

2. ITRIGREHBHBERLAF, & T-M 511400

WE: H TR ESER RS KE 5 Y4 R D; X Bl (Ctenopharyngodon idella) =K MEfE . TERIE TE S & X
PUALRE I BRI, e HUR O (25.86+0.13) g YA 600 F&, SLEasr o 8 MALB (ML BE 3 A, HAHE 25
BB), HEHLATE] 24 4> 900 L (/KA P o AR SRR DM A i, T 2 AS/KF-(1000 TU/Kg F1 2000 TU/kg) i 4 4=
E Dy, BAYEAE Dy IKET, 03 ASKFE8I0.25 F1 50 me/ke) ERMREE, 7 AME 2 M4 R Dy KFET, B
T 25 mg/kg M-LKGRRREE, Bodl 8 FhaFAl. SFAESConianl, &M 8 . 8 MAbMAKkdr4h 1000D/Zn0
(10001U/kg VD; + 0 mg/kg ££). 1000D/ZnS25 (1000 IU/kg VD5 + 25 mg/kg -L/KBREREE) . 1000D/ZnM25 (1000 1U/kg VD5+
25 mg/kg BAFREE). 1000D/ZnM50 (1000 TU/kg VD; + 50 mg/kg T FREE) . 2000D/Zn0 (2000 TU/kg VD5 +0 mg/kg
). 2000D/ZnS25 (2000 IU/kg VD;+25 mg/kg -L/KERALEF) . 2000D/ZnM25 (2000 IU/kg VD; + 25 mg/kg H AR FE)
1 2000D/ZnM50 (2000 1U/kg VD;+50 mg/kg B TREF). L5 Won: (1) FRHEEKE 54846 R Dy S BAEH B &%
Wi B f0 19 TR (WG) . 1RBFZR B0(FCR) A1 #E 1 3 2% % (PER)(P<0.05) , 1000D/ZnM50 20 FCR 1%, PER &,
1000D/ZnM25 A L F 1000D/ZnS25 41, FCR & F#AK, PER 3 1 &(P<0.05). 2000D/ZnM25 4K WG & i
(P<0.05), 2000D/ZnM25 4 PER & 3 = F 2000D/ZnS25 4, FCR & #{ILF 2000D/ZnS25 41(P<0.05); (2) Tl Ah4r 5 4k
AR Dy MR A ARBOECES . Bk . BRI Y CAC HAE I (P>0.05), 2000 TU/kg 4k 2 Dy 41 H A il (4 k 45
A 3 T 1000 TU/Kg 4E2E % D32, ZnM25 F ZoM50 £ & fa il iR gk & 3 T Zn0 4, $ SR 5 E
SRR A K3 T3S 0, ZnMS0 28 %540 i (445 & 8 2T Zn0o F1 ZnM25 41(P<0.05); (3) falREK T 54k &
D; % B JIFE CAT . SOD . AKP Al LZM i1 05% W B fE7E 32 HARE AL, FER S5 4E4: R D, 1928 HAEH 05 LZM
(P<0.05), 2000D/ZnM25 £ % fh fif Ik i 44 A A B (CAT) . ALk AL AE(SOD) . sl : 1 A g (AKP) AV B i (LZM)
5 PR W35 5 TBR 2000D/ZnM50 £H AP A, MDA % 1 W 25 1K, 2000D/ZnM25 4448 Lt T 2000D/ZnS25 4H, CAT .
AKP fil LZM 752 i 1 (P<0.05), WFFT M, R PS4 E Dy BICE AR W3 o vt i A K P RE At
AAbBE T o ARUFFREMET, N 25 me/kg AEZIREEF 2000 1U/kg AIZEAEZ Ds B4 A5 A9 A K i & 1L ik
71, HEAWREAE AR . WRVRH R AR 7T R i AL T B TR R R
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X B W SRR A B e S, B RR LS H R
FoE, BFE T 5N E S, A5
Py e b 4 B A M i P AT AR RS
VEH, 225 %305k MM e mmt, 1y
TeHLRERRAR, R P o "R T 15 R Ge ik
e, Azl A TR T, AR
F RS, Ah, A PR W SRR,
AALAT LIANFERE TR, R IFA] LURR 78 A0 B Y 2 5
MR E IR, HAMEREE AU, kL
WMANEE ERS T2 EHEARKM
(Epinephelus fuscoguttatus 9xE. lanceolatus 3)W)
A KA AL B 1P, 7E #E4a (Ctenopharyngodon
idella) BFFEH, TAREPEES B 53 mg/ke R
AR E A DA B O AR AR, R
) JE B S RN 55.1 mg/kg!,

4R Dy — iR dE A R, BA kG
KK, e Pra Lat )y . So R e Fd i vk
P B I e ik K Dy et R 25t gk
1k, BEREAE T 20 i JE I 24 47 H1E o 2 BE AR
Hoishte:, sk [ A mEm ki, mk
FiEEGEAE R Dy 5 T T EGEIE (Eriocheir
sinensis) I EKAERE™ . AR IR INE A 16600
IU/kg #EH= R D; 3458 T 8§ fa (Pelteobagrus
Sfulvidraco) i il & S8 4E 1 (Edwardsiella ictaluri)i
RE ), 4R & TR M s i U
WEFEH, DARG B AR ARG N FE AR, R Y
FOB iR 2 Ds 95N 968.33~1005.00 TU/kg!!,
AR, BESHA R Dy fFTECHAEN,
94.89 mg/kg ¢ 5 16109 TU/kg 4k/f: & D; BUAZ HAE
PR 7B AR E AR TR |
Nrf2 HUA AT 530 B R SRR T, 4B R
Ds B 22 fift e £ 175 5 1 S AL B RN i T 1) 70
[ii3- 21

HETOT R FERE TR -4 ER D;
X2 SE R, 3 R DL T 5 3 T R A K g

SN AR IE o A v R e e TR K SR

12, 2022 4= A E] T 590 J7 7 AR RS LA
AT R, WD T PR A HLAEAE [T TE AL
BEVERIRICR, DAL B 5 442 3R D B FH A e
Koo AT R & B MUEALRE R, L)

R DR U M T 4E A R Dy FBE R AERL
Wetl, Sy mfagEpkl b A BV INBE 5 4R 42 R D S it
R

1 #MEEFE

1.1 EIgit

AHFFER 2x3 (24> VD3 /K F 3 87K )
F12x2 (24 VD3 7K F-F1 2 FEEJE )RR 2 %11, LA
T K. EKk DDGS. EARMEEHIFUNE K
FEATE, LSRR, Fodl 8 Aol
HON 33.43%, MR 4.50%M5E A . EHR
SCITAARLCR 1) TR R 4EE R D I INK 4 B
“} 1000 TU/kg 1 2000 TU/kg, A [F4EH: & D3 K F
T, a0, 25 F1 50 mg/kg HEERREE(Zn &
i 18.2%)5 25 mg/kg L KB R BE(Zn 7 & 22.3%),
PERYEAEZR Dy PR RILE 1, 454E % Dy H
IR R R A M BOR R BIA TR A Rl 4Rt Bk
MR S AR R BF K U3 24 B TR A R A
AP AL A A N 0 A JRRE 25 80 H T A TS
Wi E S, A HL-10 IRAWLBSIES, W
A AR B2 B RIE AR 3.5 mm (1 BUkE
TR, TSR AR . TR AE K G P
.
1.2 IR &EFEFREE

SCITE ) AR R AE BK =0 K R NI
WK RS T, S /KR ARGERK, 4R
BRI T B AR AR W R AR AR R AL
B, IR T R o MR, B R TR R AR K B R
SRR AL, IEEUSCIET, BT A IR GE L2t
PR BRI 6 S5 ¥ 1 24 b J5 FHK T UE T4 o (i FH LA
TRMAMSC YRt 2 A, dE N SRR, IR
RN RE 4L R Dy fer, BTG, 258
24 h, PRIEEREFIHAR IS, PILRAREE J(25.86+
0.13) g B H 1 600 &, BEHLIA 24 4 0.9 m® F57H
B S2g iyl 8 AN B, B 3 AEE, B
A 25 Bt Lyt sy 0 2 Wk, R0t EAE
8:00 Fl 16:00, F=4H 8 J& . FeulE], M5 —
KEEEWE, HAAANEHEE L, e Hif
o, SRJE S S N R Y 80% MRS
SOOI, AR LA A SR B B RS Sl O,
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Tab.1 Composition and nutrients levels of the experimental diets (dry matter)

4 1/ (e/ke)ingredients ’rﬁlﬂ 1 ﬁﬂ 2 ’fﬂﬂ 3 ’rﬁlﬂ 4 ’Eﬂﬂ 5 ’fﬂﬂ 6 ’rﬁlﬂ 7 ’Eﬂﬂ 8

dietl diet2 diet3 diet4 diet5 diet6 diet7 diet8
541 soybean meal 250 250 250 250 250 250 250 250
SEH rapeseed meal 400 400 400 400 400 400 400 400
TR T AR R ILAT DY) corn ddgs 50 50 50 50 50 50 50 50
FEKMEZEHH corn germ meal 30 30 30 30 30 30 30 30
/NF wheat 200 200 200 200 200 200 200 200
27l soybean oil 30 30 30 30 30 30 30 30
iR 445 Ca(H,PO,), 20 20 20 20 20 20 20 20
Y4 fk5 antioxidant 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
SALNBBH (50%) choline chloride 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
JC VDs 4 R R R 5 5 5 5 5 5 5 5
VD;-free vitamin premix"
Te LR R TR 10 10 10 10 10 10 10 10
zinc-free mineral premix?®
S Ak#h NacCl 2 2 2 2 2 2 2 2
N RES calcium propionate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
WO EF4E 2 microcrystalline cellulose 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
41 % Ds(1U/kg) vitamin Ds 1000 1000 1000 1000 2000 2000 2000 2000
AR 4%/ (mg/kg) ZnSO4-7TH,0 0 112.1 0 0 0 112.1 0 0
EAMRPE Zn-/(mg/kg) methionine 0 0 137.4 274.7 0 0 137.4 274.7
#3t total 1000 1000 1000 1000 1000 1000 1000 1000
B 3£ 7K nutrient levels
ML#E 1T crude protein 332.0 332.8 334.0 337.2 331.3 336.9 335.2 3353
MG crude lipid 43 41 44 46 46 47 47 46
FJK 43 ash 69 73 70 70 69 70 69 69
7k 43 moisture 83 84 87 79 81 89 88 87
#¥/(mg/kg) zinc 59 80 81 110 59 83 79 109
4k 1E & D,(1U/kg)Y vitamin D, 1090 1054 1102 1063 1987 2031 1922 2098

1. JC VD 4E4: ZWUR B (mg or TU/Kkg Rl 4EA: % A 2000 1U, 4E4: 3 B, 20 mg, 4E/E 2 B, 20 mg, 4i4:% Bs 10 mg, 4E/E % By,
0.01 mg, 4% C 150 mg, 4i2E% K; 2 mg, 4E4: K E 100 mg, MHHZ 100 mg, MR 5 mg, ZHAE5 50 mg, NLEE 200 mg, PZE 1 mg.
2. & Zn B Y R HUR RN (mg/kg fED: B 680 mg, &k 300 mg, 4% 15 mg, A 0.6 mg, £ 0.2 mg, A 5 mg, ] 3 mg. 3. ST

VD, ¥ BE S 500000 TU/g.

Notes: 1. VDs-free vitamin premix (mg or IU/kg diets): Vitamin A 2000 IU, Vitamin B; 20 mg, Vitamin B, 20 mg, Vitamin B¢ 10 mg, Vitamin
B> 0.01 mg, Vitamin C 150 mg, Vitamin K5 2 mg, Vitamin E 100 mg, niacin 100 mg, folic acid 5 mg, calcium pantothenate 50 mg, inositol
200 mg, biotin 1 mg. 2. Zinc-free mineral premix (mg/kg diets): Mg 680 mg, Fe 300 mg, Mn 15 mg, Se 0.6 mg, Co 0.2 mg, I 5 mg, Cu 3 mg.

3. The original concentration of VD5 was 500000 IU/g.

B R oK & R GLAR R 1/3, KRR AR
(27.6+2.3) C, pH fRFFE 7.0+0.4, HANET
6 mg/L, A< 0.05 mg/L, FIH/KPHIEE<S pg/L,
JEHE 12 h, BEEE 12 h,
1.3 H#mXRE

8 ISR LI A N T, A5 24 h, NPT
TP ECRAR Bk B 6 i W R Rk 3 i £

ABKSY . 2275 mg/L B MS-222 (R T A% IR
IR A BR S BRI, GTREHLAR 3 &k fh,
Mg ks R WIEE R M ER, HT
M7E HSI. VSI fl CF, BA~SLgaab BRATREHLIR 18
S0 (BT 6 5%), 11 mL — PR 5T 28 T B ¥ ik
KL, AR A IR BRI ECE T 2 mL TCHR
DT, BTEM 20 4 CUKEFE 24h,4 CTF
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4000 r/min #5.0> 10 min, YO8 M7 5L & T-80 Cik
56 T BTG 534 o B SE g AL FRZH BEALI 18 S5l
(BHEL 6 %) T oK b s A 3 IR, BT 2 mL
ToW TCRE WA RS CE T80 CukAR IR
17, DRS00 D1 B 3 Rl LB e, A4
S HB g J5 B AR, fRAFF-20 Cuk4E, H
T A AR T R
1.4 $EHRE
1.41 AMEFESNE FERAHEA .
FAG I . AH R 43 FK 43 e e 43 5| 2 B GB/T
6432-2018, GB/T 6433-2006, GB/T 6438-2007 1
GB/T 6435-2014, %7 millE 2 GB/T 13885-
2017 BB TR OIS, 44 R Dy & 2 E S|
GB/T 17818-2010 HImBGRAHEAIEE:, LU FEFRK
S ZEFET N AL SR I HE AR AT FR 2 w4
142 ARKEEMTEANX WRIEVHRIEE, &
KIRE , FRERAFEHREGF L, 1R WG,
FCR. PER Ml SR, I5JE&$E4R HSI, VSI Al
CFI19.

14 H R (weight gain, WG, %)=(W,—Wp)/W,x100

TARE 28 (feed conversion ratio, FCR)=F/(W~W;)

FH F B %K (protein efficiency ratio, PER, %)=
(W—=Wo)/(FxP)x100

A1 2R (survival rate, SR, %)=N,/Nyx100

JFAA LY (hepatosomatic index, HSI, %)=W;/Wx100

A HE (viscerosomatic index, VSI, %)=W,/Wx100

JIEL i £ (condition factor, CF, g/em®)=W/L*x100
Krh, N No 4330k S AR R AU SE 3 0] 1
B W, R Wy 4300 R 52 5 2K R b H£0 1) B
(2); W IR (g); L R0k K (cm); W, IR
(2); Wy, MK E (g); F A S AR E(); PN
TR 11 1 (%)
143 MREMETEREE EHOEMETES
#5% GB 5009.268-2016 1771k, K HI AL EHE &
S5 B R RSO GIE I o A I R 3 AR A R
Ja, HEBTFKEREMESIK, TFE MAES
ARSI B A A PR mI A, %2 A Cu Fe .Mn.,
Zn fl Ca I & &,
144 MELMERIER MG FHIESRE 4 C
UKFE ARG, HEAT RIS 00T o IFIEZHEZAZ 0.9%1Y

VKR TC TR AR PRER K BV 5, &840 Tk 43, K
WAFRBUF 4120 0.2 g, JIA 9 AR 0.9% 0K
TWARERIK, MANBEHITEIRK, £ 4 CTTF
2500 r/min &0 15 min, B3 3517 B 208 o U
S LT R A e A A e Rl AR S e i Tl
HFE L AL A (CAT) . AL B AL (SOD)
A (MDA) . Bl PE 85 fR B (AKP) A1 % B
(LZM) . il 5 BCA I e JHFEAE it vb 2 o 3 5
R & b AU AR Y TRRWF ST A AL, AR H
HEGAF S AR HED 2 D 4845 .
1.5 #HiEaE

ST ER  SPSS 27.0 B TSR 4T,
23 7 22T RNER AR e fe, X 2 DA 4
AR D3 M3 UK R ERR B (0.25 1 50 mg/kg
RN TR R T 2253 W (two-way ANOVA),
TP A= 2 Dy FIEEAKT- X B A [ 52, [R] A,
X2 A 4EAE 2R D Fil 2 PRI (25 mg/kg /Y
T 2 B R B 0 IR B ) 1 A7 XA 7 22 43 BT (two-
way ANOVA), TR 4EA: = D; MR # A
FI52IE,  FH Duncan X 5 HLA M, 24 P<0.05
N AR B 25 5 0 AW 98 r A Bl 4 LAF
PIEEPREZE (X £SD)FRIR -

2 HERE5SH
2.1 (EARIFRMEMELESE D; MEEEKMERE

H 3R 2 AT, TDRMERK S 5 4EA: 3R D X F A
) WG, FCR F1 PER HA & 3 52 HAEH (P<0.05),
Hrp 44 % D; B3E 3 WG (P<0.05), {HX} FCR
Ml PER S22 (P>0.05); 5K B &
FCR il PER (P<0.05), {HX} WG A g & (P>
0.05), BrJR 54k % Dy %F WG. FCR F1 PER 3¢
HAEHA B2 (P>0.05), H4i4: R D; B350
WG. FCR #il PER (P<0.05), 5FiE & 50 FCR
Fl PER (P<0.05), {HX} WG S0 A .2 (P>0.05).
TERLHR N 1000 TU/Kg O 4EA: R D; | AR E AR
BEST N 50 mg/kg R AL BE A FRAT S5 1 R
(P>0.05), AR AR, DL S AR i EE B AL
#(P<0.05), 25 mg/kg M2 R EF A AR R BF 4 2
B, FEA K FH 22 7R 53 (P>0.05), (HEEMR
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Tab. 2 Effects of dietary zinc and vitamin D; supplementation on growth performance of Ctenopharyngodon idella
n=3; x £SD
A P 47 3% /0 el 2 ) 2% /0 -
Dy(IU/kg) ¥%/(me/ke) Zn .Qﬁ /% kLR AL EHRACR Y%  AETH R %
vitamin Ds zinc source WG FCR PER SR
1000 0 518.92+6.32° 1.07£0.01° 279.49+1.43° 100%
25 HEZ M %F Zn-methionine  511.52+3.85° 1.05+0.00° 284.68+1.04° 100%
50 HEZM4F Zn-methionine  524.90+3.71° 1.03+0.01° 290.56+3.47 100%
2000 0 511.63£2.17° 1.04+0.01" 286.11%2.13° 100%
25 ERMRFE Zn-methionine  521.13+2.45° 1.03+0.00* 288.13+1.16™ 100%
50 W REE Zn-methionine  498.62+2.47¢ 1.08+0.00° 276.96+0.57° 100%
1000 25 TR %F zinc sulfate 511.14+1.31 1.07+0.00° 277.74+0.67° 100%
25 HEZ M %F Zn-methionine  511.52+3.85° 1.05+0.00° 284.68+1.04° 100%
2000 25 BB L zine sulfate 513.84+3.56 1.05+0.01° 283.60+2.03° 100%
25 ERMREE Zn-methionine  521.13+2.45° 1.03+0.00° 288.13+1.16 100%
VD; I R EE /K1) ERLN the main effect of VD3 and Zn-methionine levels
1000 518.45 1.05 284.91 100.00
2000 510.46 1.05 283.73 100.00
0 515.28 1.05 282.80 100.00
25 R 4F Zn-methionine 516.33 1.04 286.41 100.00
50 R 4F Zn-methionine 511.76 1.05 283.76 100.00
VD, FIEEJR ) 300 the main effect of VD5 and zinc source
1000 511.33° 1.06° 281.21° 100.00
2000 517.49° 1.04° 285.87 100.00
25 BiFREF zinc sulfate 512.49 1.06* 280.67° 100.00
25 HEZ M 4F Zn-methionine 516.33 1.04° 286.41° 100.00
WHZE 537 P{E P-value of two-way ANOVA
24 &K Ds vitamin D; <0.001 0.438 0.210 NS
R AR PE/KF- Zn-methionine level 0.131 0.045 0.017 NS
i Dy R AR B /KF vitamin D;xZn-methionine level <0.001 <0.001 <0.001 NS
MR KM P{H P-value of two-way ANOVA
4/ F D; vitamin D; 0.007 0.002 <0.001 NS
BEJR zine source 0.055 <0.001 <0.001 NS
Y & Dyx5EIE vitamin Dyxzinc source 0.079 0.256 0.154 NS

e [ —F S TG b AR Bk R AR R 3R 25 5 A8 1 3 (P>0.05), ARIFAREFR R 3 2 5 (P<0.05).

Note: The same column of data without superscripts or with the same letters indicates no significant difference (P>0.05), while different

letters indicate significant differences (P<0.05).

FEAL TR R B TR BE AL, R RACR
B TR L4 (P<0.05). T 41k b 4k 4= 2=
Ds FISS I 34024 2000 TU/Kg W, Gk 2 2R b
7Ky 25 mg/kg HYAL LA B SR A K (P<0.05),
FARTRE R, DL B B B 1 B RCR(P>0.05),
BAMREE S 1h 50 mg/kg WALFRZH, WA K
22, R R B R, B BRRCREAR(P<0.05),
TARER 25 mg/kg 7R 2R B AL M HL T IR — /K A

AL, MBI REEAM, EARSEER
(P<0.05).
2.2 EARFRMEMELEE D, MEERSER
A

HREFE 3 4551, BHE K- FngEA: 2 Ds X5
fi CF HA W 3#5¢ HAEH(P<0.05), {HX} HSI Fl
VSI 138 HAEFHA .3 (P>0.05) , Tl RHEE IR A4k A
% Dy WA E A L HAEH(P>0.05), 4%
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Tab.3 Effects of dietary zinc and vitamin D; supplementation on morphological indicators of Ctenopharyngodon idella
n=3; x £SD
4k E# Dy/(1U/kg) BE/(mg/kg) B JHFA /% JIEAAR LE /% N 1/ (g/em’)
vitamin D; Zn zinc source HSI VSI CF
1000 0 1.47£0.17 7.80+0.66 1.65+0.13
25 A MRPE Zn-methionine 1.47+0.30 7.79+0.65 1.74£0.10
50 E A RFE Zn-methionine 1.56+0.36 7.93+0.77 1.70+0.09
2000 0 1.60+0.26 7.74+0.79 1.77+0.08
25 A MRPE Zn-methionine 1.37£0.21 8.17+0.81 1.66+0.08
50 E A RFE Zn-methionine 1.47+£0.23 8.19+0.83 1.74+0.12
1000 25 WRAR4E zinc sulfate 1.52+0.24 8.31£0.92 1.74+0.08
25 A MRPE Zn-methionine 1.47+0.30 7.79+0.65 1.74£0.10
2000 25 TR FE zinc sulfate 1.46%0.20 7.58+1.01 1.74+0.10
25 E AR Zn-methionine 1.37+0.21 8.17+0.81 1.66+0.08
VD, FE B2 5K EBY 200 the main effect of VD5 and Zn-methionine levels
1000 1.50 7.84 1.70
2000 1.48 8.03 1.72
0 1.53 7.77 1.71
25 E A RPE Zn-methionine 1.42 7.98 1.70
50 2 MR EF Zn-methionine 1.52 8.06 1.72
VD; FIEEJR I ERL0 the main effect of VD3 and Zinc source
1000 1.49 8.05 1.74
2000 1.42 7.88 1.70
25 W2 ¢ zinc sulfate 1.49 7.95 1.74
25 E A RFE Zn-methionine 1.42 7.98 1.70
MR ZE M7 p L p-value of two-way ANOVA
24 &K Ds vitamin D; 0.781 0.347 0.313
E A MRFE/KF- Zn-methionine level 0.396 0.496 0.821
A & D<A RR B /K P vitamin Dy;xZn-methionine level 0.336 0.674 0.016
KUHZ 5341 p {8 p-value of two-way ANOVA
44 % Ds vitamin D; 0.334 0.552 0.198
BFJR zinc source 0.406 0.902 0.154
Akl R Dy SR vitamin Dyxzine source 0.777 0.061 0.211

Ds., HERAREEKEMEFIEXT HSI, VSI A1 CF ¥76
1 E R (P>0.05).,
2.3 fARPRMEMELER D, MEARERE
TEEENFIY

MR 4 s, TRMEE AT FIERR 5 484 R Ds
PR ARG R TR . B . BRI R
HAEH(P>0.05), Hrh4e R Dy 25 i {4k
FES I &, PEKOP B 50 e Bk R B i, B
5 S W Bk 1 B (P<0.05) . FERDRN 4 AR &
D; &34 94 1000 TU/kg F1 2000 TU/kg B, Hf
IR AR R B 5 i Bl 2 e ek R 2R B 1) 5 s 3

B (P<0.05),1000 TU/kg B 4EHE 2 D3 KT, &
AR P LE A AR i 2 v T IR AT R B R R 4
(P<0.05), 7¥ 2000 IU/kg 944K Dy KFET, &
AR B 2 A A 5 2 R A8 T R K T ) B T o 2
1 (P>0.05), AT RIKF- AR RRBF 4, 25 me/kg
14 7 S PR B A T 15 i 4 8 B TR (P>0.05) . T
AR INE] 50 me/kg IR0 & B 035 R
(P<0.05), #EE%EK D; %50 2000 IU/kg AYALFHLH
A RS B i E R T 1000 TU/kg Ab P
4 (P<0.05), KA AHH & & LR EHER
(P>0.05).
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Tab. 4 Effects of dietary zinc and vitamin D; supplementation on the contents of trace elements in carcass of grass carp

n=3; x £SD
gﬁ(ii D/ B /(mg/kg) BER #il/(mg/kg) #/(mg/kg) 4 /(mg/kg) BE/(mg/kg) 5/%
Vitamingzjg Zn zinc source Cu Fe Mn Zn Ca
1000 0 0.45+0.03 3.39£0.35¢ 0.25+0.03" 6.53+0.24° 0.12+0.01
25 2R %F Zn-methionine 0.46+0.03 3.91+£0.08"  0.23+0.05° 8.74+1.61% 0.13+0.02°
50 EHMFE Zn-methionine 0.49+0.03 4.06+0.10™  0.15+0.03° 9.36+1.04° 0.14+0.02
2000 0 0.47+0.02 3.88+0.16°  0.25+0.02° 5.69+0.14¢ 0.15+0.01
25 A MRFE Zn-methionine 0.48+0.02 4.28+0.12"  0.27+0.02° 8.51£1.19° 0.17+0.01°
50 AW %F Zn-methionine 0.45+0.03 4.35+0.29° 0.19+0.01° 10.57+0.72° 0.16+0.01
1000 25 R % Zinc sulfate 0.43+0.03 3.21£0.45° 0.24+0.01 7.96+0.22 0.14+0.03
25 2R %F Zn-methionine 0.46+0.03 3.91+0.08* 0.23+0.05 8.74+1.61 0.13+0.02°
2000 25 BRI zine sulfate 0.43+0.05 4.05£0.10°  0.24+0.02 8.01+0.67 0.16+0.01
25 EHEMFE Zn-methionine 0.48+0.02 4.28+0.12°  0.27+0.02 8.51+1.19 0.17+0.01°
VD, F1HE 2 R e /K 9 800 the main effect of VD5 and Zn-methionine levels
1000 0.47 3.79° 0.21 8.21 0.13°
2000 0.47 4.17° 0.24 8.26 0.16
0 0.46 3.63° 0.25° 6.11° 0.14
25 HEZ M 4F Zn-methionine 0.47 4.09° 0.25° 8.63° 0.15
50 R 4F Zn-methionine 0.47 4.21° 0.17° 9.96* 0.15
VD; FIEEJR ) 300 the main effect of VD5 and zinc source
1000 0.44 3.56° 0.24 8.35 0.13°
2000 0.46 4.16° 0.26 8.26 0.17°
25 BiFREE zinc sulfate 0.43 3.63 0.24 7.98 0.15
25 HEZ M 4F Zn-methionine 0.47 4.09 0.25 8.63 0.15
MR ZH1 P{H P-value of two-way ANOVA
4 % D; vitamin D; 0.959 0.002 0.106 0.921 0.002
E A M4 /KF Zn-methionine level 0.654 0.001 <0.001 <0.001 0.245
i A= K Dy R AMREEKF vitamin D;xZn-methionine level 0.204 0.722 0.340 0.217 0.780
WHZESr#T P{E P-value of two-way ANOVA
4/ & D; vitamin D, 0.561 0.003 0.267 0.887 0.016
BEIR zinc source 0.082 0.011 0.486 0.324 0.786
Hi R Dyx SR vitamin D;yxzine source 0.754 0.139 0.303 0.825 0.652

e [ —F S TG b AR Bk R AR R 3R 25 5 A8 1 3 (P>0.05), ARIFAREFR R 3 2 5 (P<0.05).

Note: The same column of data without superscripts or with the same letters indicates no significant difference (P>0.05), while different

letters indicate significant differences (P<0.05).

2.4 fEARPRMEEMELEER D, MEEMFAN
FE R A9 R M

H 3R 5 AT, TaDRHEE KT 5484 R Dy X ELff
ML7E CAT., SOD, AKP, MDA Fll LZM NF7EAL
HAEF(P>0.05), H:Hd CAT Hl MDA %2 3 5K 1)
W E R (P<0.05), TR 544 R D X &4
PRIFREIC S HARE I (P>0.05), Hp4EAE R Ds 3%
S CAT 75 4:(P<0.05), 1000 TU/kg 4k & D;

KT, £ 4 2 [ fg s M 25 5O 1B 35 (P>0.05),
AN 50 mg/kg B EE R A B EFR(IL T MDA & &
(P<0.05), T 4kl A= R Dy BB IS
2000 1U/kg B, fRDBFHE N 25 mg/kg 19 8 2 R 5F
W ERE T CAT iHitk, BEMI MDA &
(P<0.05), H. CAT F1 SOD i B A fie i {e, MDA
Eri A A, 5 ROV B R B 21 AH L 45 46 b
25N W3 (P>0.05),
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Tab.S Effects of dietary zinc and vitamin D3 supplementation on serum antioxidant capacity of grass carp
n=3; x £SD
4 % Dy/ FE/(mg/ke) LR i AL A ﬁ%%% Mﬁ%@mﬁ W V¥ TR il
(1U/kg) 7n Zinc source (UmL)  EAfLE#/(U/mL) FREA/100mL)  (nmol/mL) (U/mL)
vitamin Dj CAT SOD AKP MDA LZM
1000 0 0.96:0.28  24.20+0.74 22.15+5.44  10.08£1.02°  17.90+1.07
25 H % R %F Zn-methionine 1.110.40 25.66+2.83 22.20+2.18 9.43+0.92°  18.52+4.90
50  F B Zn-methionine 1.260.43 26.59+0.50 23.74+6.77 7.89+0.75°  20.99+6.50
2000 0 0.72+0.16°  23.34+2.96 22.98+0.98  10.98+0.98*  17.28+2.14
25 A REE Zn-methionine 1.96+0.39°  27.34+2.09 22.53+3.25 7.24£1.15°  22.2243.70
50 B2 REE Zn-methionine 1.52£0.43*  25.94+2.85 22.93+2.21 8.78£1.71"  22.84+4.66
1000 25 TiER4E Zinc sulfate 1.09£0.15  24.53+3.68 20.56+1.47 8.54+0.73  16.67+3.21
25 H %R %F Zn-methionine 1.11£0.40"  25.66+2.83 22.20+2.18 9.43£0.92  18.52+4.90
2000 25 BRI EE Zinc sulfate 1.34+0.52  24.80£1.56 22.12+1.97 8.62+1.49  19.1442.83
25 Z B Zn-methionine 1.96+£0.39°  27.34+2.09 22.53+3.25 7.24+1.15  22.22+3.70
VD, F1HE R e /K ) 800 the main effect of VD5 and Zn-methionine levels
1000 1.11 25.48 22.70 9.13 19.14
2000 1.40 25.54 22.81 9.00 20.78
0 0.84° 23.77 22.57 10.53* 17.59
25 HE R4 Zn-methionine 1.54° 26.51 22.37 8.33° 20.37
50 HE R4 Zn-methionine 1.39% 26.26 23.33 8.33° 21.91
VD; FIEEJR A F 20 the main effect of VD5 and Zinc source
1000 1.10° 25.10 21.38 8.98 17.59
2000 1.65° 26.07 22.33 7.93 20.68
25 BiFREE Zinc sulfate 1.21 24.67 21.34 8.58 17.90
25 HE R4 Zn-methionine 1.54 26.51 22.37 8.33 20.37
WK Z#1 P{H P-value of two-way ANOVA
4 % D; vitamin D; 0.114 0.960 0.952 0.803 0.425
AR /KT Zn-methionine level 0.014 0.105 0.908 0.007 0.241
i A=K Dy EHAREKF vitamin D;xZn-methionine level 0.069 0.565 0.937 0.054 0.683
WHZESr#t P{E P-value of two-way ANOVA
4/ & D; vitamin D, 0.040 0.543 0.500 0.138 0.191
BEIR zinc source 0.181 0.265 0.465 0.714 0.286
Ak R Dyx SR vitamin Dyxzine source 0.215 0.658 0.655 0.114 0.782

e =S TG b AR B R AR R 3R 25 5 A8 1 3 (P>0.05), ARIFREFR R 3 2 5 (P<0.05).

Note: The same column of data without superscripts or with the same letters indicates no significant difference (P>0.05), while different

letters indicate significant differences (P<0.05).

2.5 {EARRRMEMEEE D, EAFEER
FEFRHOR I

M 6 s, WRHEEKT 5485 Dy Xl
JiFE CAT. SOD. AKP F1 LZM i&PE R 377
TE3Z HAE 1 (P<0.05), X MDA &2 HAF A W%
(P>0.05), fABHRER 544 R D X LZM htER
A i 58 HAEHI(P<0.05) o BEAK V- 1 35 5200 4 il 17
FehR, SRR B CAT. AKP Hil LZM 19 3E PE,

Y1t Dy KOV B E S F A CAT . SOD. AKP
Ml LZM W36 PE, SKFm4EA R Dy B ERE T
SOD F1 AKP (36 14:(P<0.05), 1000 IU/kg 1Y 4=
£ Dy KFETF, K4¥ MDA & EmA EE
(P>0.05), TR EIN 50 mg/kg B & R4
CAT. SOD. AKP Hl LZM I&PE &5 TAGEM
PELL(P<0.05), 25 mg/kg iR 20 FIBR R B 2H
ZRA B EP>0.05), 124 2000 [U/kg HZEHE: %
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Tab. 6 Effects of dietary zinc and vitamin D3 supplementation on liver antioxidant capacity of grass carp
n=3; x £SD
4R b /(me/ke) TR i S R &’f%%ﬁﬂ% ﬂﬂiﬁ@iﬁﬁ%(@ [ A/
Ds/(1U/kg) 7n Zine source (U/mgprot)  fif§/(U/mgprot)  [GHL{i/gprot) (nmol/mgprot) (U/mgprot)
vitamin Dj CAT SOD AKP MDA LZM
1000 0 18.80£1.10%  46.80+1.59%  17.47+0.72° 0.95+0.09 0.82+0.06"
25 % %E Zn-methionine 20.44+1.82%¢  49.45+2.99%  19.77+1.32% 0.85+0.13 1.0940.14°
50 MR Zn-methionine 22.23+1.76*  51.05+£1.85%  22.23+2.43° 0.70+0.14 1.20£0.16"
2000 0 17.64+1.30°  4531+1.51°  17.94+2.02° 1.08+0.11° 0.81+0.14¢
25 A WR 4 Zn-methionine 26.39+1.16*  55.02£0.89°  26.61+1.53" 0.65+0.09° 1.5240.13°
50 A W4 Zn-methionine 24.36+1.47"  52.97+1.09™  26.83+1.65° 0.79+0.19° 1.41£0.15™
1000 25 W% Zinc sulfate 19.09+1.22 48.95+0.60 17.23+0.43¢ 0.89+0.16 1.11%0.10
25 H % %F Zn-methionine 20.44+1.82 49.45+£2.99*  19.77+1.32" 0.85+0.13 1.09+0.14
2000 25 BRREE Zine sulfate 19.08+3.82°  51.07+1.71 22.42+2.76° 1.00+0.21 0.93+0.12°
25 AR Zn-methionine 26.39+1.16  55.02£0.89°  26.61+1.53" 0.65+0.09 1.52+0.13*
VD, F1HE Z B2 BE /K B9 800 the main effect of VD5 and Zn-methionine levels
1000 20.49 49.10 19.82° 0.83 1.04
2000 22.80 51.10 23.79° 0.84 1.25
0 18.22° 46.05° 17.71° 1.02° 0.82°
25 HE R4 Zn-methionine 23.42° 52.24° 23.19° 0.75° 1.31°
50 HE R4 Zn-methionine 23.29° 52.01° 24.53° 0.75° 1.31°
VD; FIEEIR B F 2L the main effect of VD5 and Zinc source
1000 19.77 49.20° 18.50° 0.87 1.10
2000 22.73 53.05° 24.51° 0.83 1.23
25 WRFRFE Zinc sulfate 19.09° 50.01 19.82 0.94 1.02°
25 HEZ M4 Zn-methionine 23.42° 52.24 23.19 0.75 1.31°
WHZE5rHr P {E P-value of two-way ANOVA
4k & D; vitamin D, 0.006 0.035 <0.001 0.903 0.006
A MREE/KF- Zn-methionine level <0.001 <0.001 <0.001 0.005 <0.001
Y F D<A RRFEKF vitamin DyxZn-methionine level 0.004 0.017 0.021 0.094 0.044
WK ZE 5347 P {H P-value of two-way ANOVA
4k & D; vitamin D; 0.054 0.006 <0.001 0.631 0.104
BEIR Zine source 0.011 0.065 0.010 0.061 0.004
Yk R DyxBEJR vitamin DyxZinc source 0.053 0.136 0.432 0.119 0.003

T Al — S TG b AR Bl S B AR R 378 22 8 1835 (P>0.05), AR 3RS i35 25 7 (P<0.05).
Note: The same column of data without superscripts or with the same letters indicates no significant difference (P>0.05), while different
letters indicate significant differences (P<0.05).

D; KT, fAREEIN 25 mg/kg WEAREEL
CAT. SOD., AKP #l LZM %t 12 5, MDA
& B IR 2 PR (P<0.05), HE— 4 82 SR & R £ K
F3) 50 mg/kg, XHAANEEE A MDA & &0
BB (P>0.05), 25 mg/kg 1 R IREFLH CAT .
AKP Fl LZM {EPE 2 & T 25 mg/kg M BRRR FELH

(P<0.05).

3 Wit

3. ARHRRMENEER D; MEEEKMERE

AR

AR EE R W, REHFE 1000 712000 TU/Kg
(I 4EH: R Dy FArHI%M 5T 50 1 25 mg/kg & & FR
BE, PR T R P TR AR ROR, BRI
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BERE, HWER S 7 any A KYaE. A
KSCHR o, ARSI A AR R R &N
120.72 mg/kg B, B3k e 047 B 0 A K PR RE
T FACE T MG B EE A Kb B ]
¥, TEMCNER(Huso huso) WG H, TN 15 mg/kg
(1) 2 e R 8 L RRIR s A KR i R Y, o
WHAVYEAE R Dy i 1 ARG | R AR AT Sk
(Megalobrama amblycephala)(f)4: K- gt 1521 |
Mok Z 8l R 4E A R Dy BEAR T M
(Mylopharyngodon piceus)H R R

TEADTFE T, AU INEEBCE 35 JeHLeE iy b
PRAH, B R R BORAR AR B RCR, XA
MTCHLEEAR L, A R B i B s A IR
JBe R WAE AR A T, MM DNA F1 RNA (94 1L
V& o e B R U S ¢ e N
ZE RIS EESE, 7E 1000 A1 2000 1U/kg Fl4EHE &R
D3 KR, W 50 F1 25 mg/kg AR & B FE (0
AR AR IERE. AHGEINY, 4E4:FK D; fE
A AR SRR AR W B A WA, 3 ) B R e i
BRI AIRS Rk, T xR ek, %
A3 i Y 4E2E 2 D3 W] REA R TR AR BF I I
AHFFE KB, W 2000 TU/Kg 443 Ds, A
PR BF AL B2 ) A K R I e T S BRIk 5,
FWE T ZR TR IAEA R Dy RS VR R
PRI TR AR A, o T 4EAE R Dyl B
e ia IR HUA B RO RR S, s SR T e A
MAEF AT, 2000 1U/Kg 4E4E % Dy i T 85512
HAMRE, SFEEAEENTERR, R4
TORER] . P, ARDRHES N Y 8 2R B A 4
AR Dy AR T R R A KRR
3.2 fARPRMNENEER D, NEERERKE
TESENHIT

W TC R Z A — 5 WA EAE T, —Fhid
HEICE M AE S S BOU MR TR P
B vh o A TE A A Y e Bk A B s b, AR S B
BRI 84%~90%, e 11 255 I A B 65 S W i
HILRME RO . IERBESEd, mRHaS i
R B RE 78.28 mg/kg WIS T LAY
X (Litopenaeus vannamei) 45 FHLA B985 =

RO A LB R T T B2k e B B0 UL A R0 o
SR A B BRI ARG T /N BUBE AR A 1
SR AN, EEMEER Dy 1 TS
(Apostichopus japonicus)ABE k& P8 4R,
Read 5P BF 5T 26 B, A 60 4 B R0 04 25 R
Z AR EER RN X 5 A 1 B 25 FRAHAL,
TRHHR AR R Dy X AR T R A
HAER¥WARE , SR I b4 28U e
DU, XA AR AR e, I
i F IR L8 R AW, W AR s A 32
SRR EF R FE R, e SR T TE I T 1 s g G
Fo A, MU EF AL R R &, S5
B SRR DU G, FEAE SR IN I B R T e A2
& EmE AN, SRmMEARELSS SR
BT, HA MM B TIRE, VRN R WP,
PP & B R AN S 22 R T
FEPD FE 2000 TU/kg B4k R D; b4, 50
mg/kg [ AR PR T AR A 5 5
JE— MR IR TR, AER N Z B0 B
W R, AR A &R BT, v RBTER
1Y 4 J8 1 i R 48 T A AR B A AT R AR,
SRR T AR AR R UTRREY S A s
K5 iRk 2000 TU/kg (484 2 Ds i 548 17 o fa
A F 4k £ . 1,25-(OH),Ds /EH T° VDR 244k
A 2F g T X ) R AL, 3 sk FECRR 5 R R R R
KRR N RSP R B KT 1 e R
Ds A F TR G I, AR, AU
HWZINGEAER D M, KK mgEE R
D R T8k B, 4 A v % 4k 32 30 R A 1
Rt R4 R Dy ATRES S T ik
FERIIETT o SR, ASPFSE P EERI4EAE 2 D3 X B
I ] ) 5 i R M XA AS SR 5, TR R R I A
Er i EDRH R R AR AR 3 Dy IR Z5 B
R, AR RIS NS 0 B E R P 4EAE R Dy A A
FE . BERES TR
33 fARFRMENEEE D, WEERAMLE
pal:opAl

PERIAEA R Dy X PR LB RS 2 ¢
HwE DRSS, Wk 44.2 mg/kg 1YEE R
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FRE T ANLA AP DT
60 mg/kg HYA HLEERT PG TEE X 0T B4 B s P T 76
P B LA ICY 4t R Dy MR Il A4,
BN 0P AL AE A5 B B2 ARBESY
Hr, fRRHEE S 2 A R D Y 5E AR X B A LT B
AALBE R AN B3, HAKEMZEd: K D s
HAE B A FE CAT. SOD. AKP fl LZM
W, X AT RE R R 2 PR A R G DL g
B G0 Hm REE FR B AR B R0 R ) AN — BT 3
1000 TU/kg MI4EAE 2R D3 K, W0 50 me/kg 1
BRI A NTIE CAT, SOD, AKP il LZM 3
BT Zn0 41, {HA 4% i i G S5 FIE MDA 5
M AN S 3, R A KSF 424 2 Dy NIRRTt
AALBE IR THIEARBI R . {A7E 2000 1U/Kg W 4EA:
ED; T, IN25 mg/kg ) E A BREE &5 THF
It CAT. SOD. AKP Fl LZM HJi&EdE, IMiiF CAT
1 SOD HA e i fH, LS A IE MDA 45 A (A,
=L IMEZREA BE 5w, KRS
B THENTORE, X 52U AL . M
o F B R B, AR SR B R B A Y P A A,
D A U T SR 2 RE WL, B
() R R T P A 5 Rk, X5
Liu PRS0, 544K D; #AEE i
Nrf2 B s S 5538 1%, 1,25(0H),D;s 7E
¥ VDR 2ZMk, &HBETHEIEEEYE S VDR
MEAEH, W44 % Ds s (VDRE) Y
DNA 45 & 845, % VDR 454, ]
AeIL [ S T B AL I R 891 S SR AL BT
280 i 54k F Dy YA AT
REAAAE U RIAE T, Jhlm) 42 m AL AR S Ak e 1
T — A A N S AR AR R, A
(it PR 8 e B A B W A 114 53 R K 0,
I EERB S KRR T A Ak = 3 fa 2 i fe 3
A, 42 Dy /EHT VDR Z&{# SLC30A10
LR, $E T X ZnT10 S48 5 A B
B, HEmE AR, nThe R A 54k R Dy it
20 6 P B R S )RR U 9 4 5 T A AR S 1 S S il
PTG PE o BRI, Rk v 3 o Y SR R B R4 A R
D; A FlF R fafr A b ae ) AR S e, HER
SR LR R B A R T

4 BE

ARV T BN e 54 E R Dy X5
fo B K PERE . RRCE TR &R AbUE kR i
o, LIS

(1) fER e S Yk 2 Dy X R A A K
PERE DT WA AE S E RIS HAER . £ 1000 AT 2000
IU/kg MAEAZR Dy KFT, 40l#hsE 50 A1 25
mg/kg 18R R EF e I A #5155 11 1S H RN 2 1 oL
RO, BRI DR R B, BRI A
BRI LT K B ER B

(2) TRk RIS Y D, X Af ARG
WILRMN T EANFAELTAEN . (B 2000
IU/kg WMIZEAEZR D AR THANE TR, HEAMR
BEAH EE R B B A R TR A TOR, KSR
1) 25 22 R LA T 4 B DR

(3) TR KT Sk Z Dy X AR ST
SAALRE e B RS HAEH, FERMYEA K D;
158 B AR B 3 52 S R . WS 2000 TU/kg /Y
iR D A1 25 mg/kg AR BN AP A L
BE 1A B R BCEVE I, HUR A R B AN T R
BERCR AT o

ZE LR, ARSI, RSN 2000 TU/Kg
44 2 Dy Fl 25 mg/kg MR AFREER B0 4R K
PERE AP SA AL BE T AF e B U R VE T . B AR,
PRI 2000 TU/kg HY4EHE % Dy Al 25 mg/kg A
BREEA M TR, 4. BEAMAESHUIRN, B /KF 1 &
SRS T A DR . R RAK = A7l o 1 2 Al
B AE e Ds BTN, Ak 5
[V, 2 R 2 B A0 A% 8 O VR A e
MR
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Effects of dietary zinc and vitamin D; on growth and antioxidant
capacity of grass carp (Ctenopharyngodon idella)

HOU Yuntao"?, CHEN Jialin’, WANG Chunfang', CHENG Ke', WANG Wenlin’, YU Yongjiang>, WANG Jiqi'

1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2. Guangdong Haid Group Co., Ltd., Guangzhou 511400, China

Abstract: To study the interactive effects of different zinc sources and levels with vitamin D; on the growth
performance, carcass trace element content, and antioxidant capacity of grass carp (Ctenopharyngodon idella), 600
grass carp with a body mass of (25.86+0.13) g were selected. The experiment consisted of eight treatments (three
replicates per treatment, 25 fish per tank). Fish were randomly placed in 24 tanks with a volume of 900 L each. In
this study, two factors and two levels of dietary vitamin D; (1000 and 2000 IU/kg), together with three levels of
dietary zinc methionine (0, 25, and 50 mg/kg), were designed. Treatment with 25 mg/kg zinc sulfate heptahydrate
at two levels of dietary vitamin D;. Eight isonitrogenous and isolipidic diets were used in the 8-week growth trial.
The eight treatment groups were named 1000D/Zn0 (1000 IU/kgVD;+0 mg/kg =zinc), 1000D/ZnS25
(1000 IU/kgVD5+25 mg/kg zinc sulfate heptahydrate), 1000D/ZnM25 (1000 1U/kgVD;+25 mg/kg zinc methionine),
1000D/ZnM50 (1000 IU/kgVDs+50 mg/kg zinc methionine), 2000D/Zn0 (2000 IU/kgVD;+0 mg/kg zinc),
2000D/ZnS25 (2000 1U/kgVD;+25 mg/kg zinc sulfate heptahydrate), 2000D/ZnM25 (2000 1U/kgVD;+25 mg/kg
zinc methionine), and 2000D/ZnM50 (2000 1U/kgVDs+50 mg/kg zinc methionine), respectively. Results showed
that: (1) Dietary zinc levels and vitamin D5 had significant interaction effects on the weight gain rate (WG), feed
conversion ratio (FCR), and protein efficiency ratio (PER) of grass carp (P<0.05). The 1000D/ZnM50 group
exhibited the lowest FCR and the highest PER. Compared to the 1000D/ZnS25 group, the 1000D/ZnM25 group
showed a significant decrease in FCR and a significant increase in PER (P<0.05). The WG of the 2000D/ZnM25
group was significantly increased (P<0.05). The PER of the 2000D/ZnM25 group was significantly higher than
that of the 2000D/ZnS25 group, and the FCR was significantly lower than that of the 2000D/ZnS25 group
(P<0.05). (2) No interactive effects exist between dietary zinc and vitamin D; on copper, iron, manganese, zinc,
and calcium in the carcasses of grass carp (P>0.05). The iron and calcium contents of grass carp carcasses in the
2000 IU/kg vitamin D3 group were significantly higher than those in the 1000 IU/kg vitamin D3 group. The iron
content of grass carp carcasses in the ZnM25 and ZnM50 groups was significantly higher than in the Zn0 group.
The zinc content increased with the increase in methionine zinc levels. The manganese content of grass carp
carcasses in the ZnM50 group was significantly lower than that in the Zn0 and ZnM25 groups (P<0.05). (3)
Interactive effects exist between dietary zinc levels and vitamin D5 on the activities of catalase(CAT), superoxide
dismutase(SOD), AKP(alkaline phosphatase) and LZM(lysozyme) in the liver of grass carp. The interaction
between zinc sources and vitamin Dj; significantly affected LZM (P<0.05). The activities of CAT, SOD, AKP, and
LZM in the livers of grass carp in the 2000D/ZnM25 group were significantly higher than those in the other
groups, except for the 2000D/ZnM50 group, in which the MDA content was significantly reduced. Compared with
the 2000D/ZnS25 group, the activities of CAT, AKP and LZM in the 2000D/ZnM25 group were significantly
higher (P<0.05). These results indicated that the interactive effects of zinc and vitamin Djs in grass carp feed could
significantly improve the growth performance and antioxidant capacity of grass carp. Under the conditions of this
experiment, zinc methionine (25 mg/kg) and vitamin D3 (2000 IU/kg) were more conducive to the growth and
antioxidant capacity of grass carp, and zinc methionine was superior to zinc sulfate in terms of growth, feed
utilization, carcass trace element content, and antioxidant capacity.
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