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M E. KABRSAEARBIRFEFFAR T AN ARAFRNYFE R EFRR AR LS HiEA
DA BRI Ha, BIRIAKE(38.149.7) kg IR (FH 2~3 B5) ABA IR LA A 2
LF21 RS ASA, BUTAETL, BT RE SAs A ERXAMBARTY RM
60 mg/kgt) FLBR 4% R AMRBE S HRRESF, AR THEE A 22 mg/ke, 2 X4
RPHESEH A 82 mg/kg, KM 7d, BXHA5d, A TEHEFZWH 10 REALAFHAEN
% 30,60 Fo 100 KK 30 # bk ofe M) Z JEdkFF FFe 2 F b R f R &R A (Ig) Femie B T4 %,
AFELABHE 100 RFFTEFFREMEAL N EAFHEARHBER MBI Ig. 0
RAFAEE, SREAW.DFFZ0HE 10 R, HABRELSFHA LR G@BAZ (IL)-6 = IL-8
S EREZTRBRBARERARELSFHE(P<0.05), 2) 2 FHABE 30 X, FRARKELSFH
¥ 1eGAERHF S THARRELS4FH(P<0.05), L2FEAEH 60 X, FLER 400 & R BRH
LM AR ILA44ERES THRABRELSFM(P<0.05), FRBRELSHFH LR IL-61L-22 4
TREZTHRREARERBRESFA(P<0.05) , HRABELSFA LY [6C L EREH TEA
RS SE U RRFF (P<0.05), A FHABH 100 X, &AM bR MR T Ig 4 EH
EFREE(P>0.05), 3)BZ AT A mIBRERE REHE BRESEEMERLESE/
BHREREFZ7F(P>0.05), 4) FABRESFAFH RBRESFHE WA IL-6,1L-22,
IL-23 #o 1gG 4 R % & TARBR4AF4 (P<0.05) , HRBREASFUT MR IL-4 52 F 255 TH
BRAF L0 Fr iR R A4 4L (P<0.05) , R RMBE S AT MR 5 R LA KR EZEG A(slgA) 4
TEREES TRREAFHRARELSHFMH(P<0.05), BRARELSFHUH RABRELSEFHS WA
JE TL-4 IL-6 . 1L-23 IgM #= [gG 4% 2 % & TABR 441 ( P<0.05) , B R H 440 1 F5 L sTgA
S5FRED THREBEAAHRBRESHH(P<0.05), LERBREKAS B EEE IgM F= sIgA 53 2
& T HRMREASFL(P<0.05) . Wb I, k£ F AR F A & BB HE o fo H R S 4F 4k
W E A FRIR o JE Ao B 1 BB R 0% T A, LR RSN T H R A4
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FNHESF il NP 2 OC T 2 i 18 B9 5 e 2 RE I
DI N2 32 R R US N 7 2 i L Bz 40 T 4 8 9 45
ERRR I, BEAE 8 I 5 e D BE 7 T & 4% 22
PERIYY W] ok 3% J 18 B B ) RE, B AR B 3 T OB
PES BRSO RS AN R I T AR AR
A LA a3k 78 S AL B (Zn0) 15 LIk S O B
BERITHOR

LA, AT A R SEIRTT T A HLEE L
BETE S 4 8 W R N R AT S50 ORI
AELTOL X T IEHLEE A LA B A R
FIALZUR B | ST 1 37 A6 B A 1) MR SR AL B A
HAETRE A B (Zn-Met) A LLAS [7) 72 B2 b 2% fi 12
15,01 AR SRR A A BRI MR i S5 1 5 A L
PRI B R RS A PR A AU m A
B PYAR M (4 S A IO IR RE T R AR T R 3 T
Az B Y A0 AR SR BN

BIRTEARR T IS A HLEE XS < 3l ) gl &
T I T RE R W ) F 5T A A (R G R 39 1)
MR A A FLEE X QA R W 18 | R BE Y
SO R B UL ARGE . Ok FOELE St g A B, A
YEURES 80 REMIRIG 55 14 K AERERE ML h i
40 mg/kg R A TRE G 48, 8N T Wr 0413 =5
PR 285 S U2 B R 0 g B/ G B TR L TR I 4 v 1 B

FLo B iR R, A 0 5 W T AT R
B3R R SIS [ A 0500 5 R 25 = AR o 92
LR EHLUE S B R D RERI R, & 1E
IR YR I B 24 52 78 DR R B A b 1 5 SR R
WA

1 #MRlEFRZ*E
1.1 RIiEt

VEHUA T (38.1£9.7) kg AWK (55 2~3 i) 48
IR BCERI R L2 21 B BENLAY N 3 4, 4
TANEE,BANER 1 HFE, & A5 5ITE R R R
FIAR I 60 mg/kg MIBLIR %% (ZnSO, ) \FERAMRE &
BECREST RN 16% ) MTH R RREE A8 (Zn-Gly B & i
29%) , FERMER T RE S oM 22 mg/ke, 45 R 50 1R
WP RS =Y R 82 mg/kg, Hh BHERE G5
EAWEN 21, HEARBGEEGHE R 11,

T 2 BB NRC (2004 ) {E IR B £ 8 R 5
R AC ] a6 A R 4 AN R FR KL 1,
PRI 7 d, B3 45 d(EIRE 106 K 243G 45
W) o PR T WL BE A A AR AR (W] A AR AN
RS INEE | DL B B X i 2L 8 B 2 KOs A Kk
BRI, EFRHAEFSE 60 XIBrdh, 5 100 Kt
TSR, WAL B2 0 B 475 26 S )RR 21 i B 78 37K
TR 2,

F1 WBRARAMREFRKTE (RTFEM)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
WU H AR FF2H FRMRE A HaAmE A
Items ZnSO, group Zn-Met group Zn-Gly group
JEUB} Ingredients
T5¥EL Miscanthus sinensis 40.00 40.00 40.00
F K Comn 34.88 34.88 34.88
M1 Soybean meal 11.97 11.97 11.97
N ¥ Fat powder 4.49 4.49 4.49
KRG W45 8 H Soybean protein concentrate 5.25 5.25 5.25
WRIR 445 Ca(HCO,), 0.50 0.50 0.50
£ #} Limestone 0.84 0.84 0.84
il #L Premix" 1.67 1.67 1.67
£ #h NaCl 0.40 0.40 0.40
411 Total 100.00 100.00 100.00
32K F Nutrient levels®
fRi5HRE ME/ (MJ/kg) 13.30 13.69 13.02
T4 DM 91.79 91.79 91.79
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iH kAt EHEMRE SR HRAMRE G HA

Items ZnSO, group Zn-Met group Zn-Gly group

HLEE 5T CP 17.76 17.76 17.76

AW EE 2.50 2.50 2.50

R PEVE 47 48 ADF 29.30 29.30 29.30
P R 4 2T 4 NDF 45.42 45.42 45.42

HLIK S Ash 10.47 10.47 10.47

% Zn/(mg/kg) 82.00 82.00 82.00

1) BT HIRE S A One kg of premix contained the following: VA 100 000 IU, VD, 15 000 U, VE 300 IU,I (as potas-

sium iodide) 0.20 g,Se (as sodium selenite) 0.02 g,CuSO, -

[f] The same as Table 2,

5H,0 0.04 g,FeSO, + H,0 0.14 g,MnSO, - H,0 0.38 g, 72

2) RBHRE AR AR IEE = (B BE-28AE) x0.82, HiAA M SCI{E, % 2 [, ME was a calculated value'”’, ME=

(gross energy-energy in feces) x0.82, while the others were measured values. The same as Table 2.

x2 WIABFMENRFARARREFRKTE(XTFEM)

Table 2 Composition and nutrient levels of diets for lactating goats and weaning goats ( air-dry basis)

%

i H Items

WFL L Lactating goats

Wi 524 % Weaning goats

JE Bl Ingredients

TE¥E Miscanthus sinensis 40.00 40.00
oK Corn 34.66 10.02
K& Soybean meal 11.74 8.00
HE WKy Fat powder 4.49 10.93
K EHH H Soybean protein 5.03 19.27
FLiEH Whey powder 6.87
kiR 245 Ca(HCO,), 0.50 1.51
RS CaCo, 0.84 0.60
iRkl Premix" 2.34 2.00
& NaCl 0.40 0.80
41t Total 100.00 100.00
35K Nutrient levels”

R e ME/(MI/kg) 13.34 11.56
T4 DM 89.31 90.05
HE [ CP 11.08 14.10
FLEE T EE 1.06 2.87
FRMEVE 4 4k ADF 25.91 20.00
W PR 2T 48 NDF 42.91 37.60
KKy Ash 11.41 10.99
& Zn/(mg/kg) 20.00 5.00
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(NY/T 816—2004 ) " w1y 77 32 900 52 e v 8 55
Sy, AR 4 A sh Ao i A (PARR -
6400, 3E [E Parr Instrument 2y &) ) U &, F & A &
(CP) &k 4 A sl E 24X (KDY -9830, 1t
SUEGFR N B A BR A F] ) W, B s i (EE) &
R 4 | 3R 17 43 BT {X ( ANKOMXT15i, 3 [
ANKOM Technology 7+ wl ) W % , H ¥ ¥ % 4F 4k
( NDF) FIFRPEUE# £ 4E ( ADF) & Hi R ] H sh £ 4
AL (FT12, 15[ Gerhardt 23 ) MI5E .
14 HmBESERET

FEREE RIS 10 R IGEFE AR 9 30,60
F1100 K, F B2 RAAT [N £ /DU 2R
4 (EDTA-K,) ¥t & 7 ] M\ 0 # ik R 1 K 24
10 mL, % Jii # % 30 min,4 °C .3 000 r/min &5 .0>
15 min, I3, —20 CLRAEEH .

HEFERGRE 1 ecmx1 cm 23 g BRI A
o i B i B, AR R KT VRIS, LA 3 A 30 mL
A% AR IR B AR B O A T IR AR, T I 1 20 21
R MES, REE 2 ecmx2 cm FY S 7 B [E] iy
v B B, H 35 3% e U 6 I, 8 TE AN a4k
N RE R R T N —80 C UK AR AR AE, T T i &b
JE A e Bk AR 1 R AT R 1 A
1.5 3$EtRUE
1.5.1 I 2% 0 i 8 266 R v £ 28 BR R 10 R 400 L PR
a1

O3 WITEBE E AR 10 K % 2% 2E AR R AR
30,60 HI 100 2K X I 3 r 4 jg A+ [ (F 240 i A
F-2(IL-2) AN R -4(IL-4) A 4N -
6(IL-6) \H 4 I/ -22(IL-22) \H A R -23
(IL-23) [ FIAR e BRE H [ (B EH A(IgA) |
HIEERE 1 G(IgG) sk H M(IgM) | LA K
Ji 18 BB P 40 i P 7 (TL-4 TL-6  1L-22 1L-23) FlI
GEERRE A [ W A BBk 8 1 A (slgA) \1gG .
IgM ] & & 347 0 s, SR FH i 3K 4 98 g Bf 3 560
(ELISA) ¥ , i 55 & W B V175 W A 2 P R4 A7 PR
ONa], KGNS IRFE AR B O R B E HEAT I E
TE R bR AL B AR AR v i ERR IR 50 L, R AR &
FLHP S TRt S A B W 40 WL, SR 5 N0 AR 0 RE A
10 pL (PRSI AH BB 5 %) o KR S om T il
FRARFLIEEB , TR 51 J5 FH B AR I B A & 37 CHlRAE b
IR 30 min, YeFREHT, MAREFR LR 50 pL, £
I E AR A R AR AT 5 15 min J5 0
AL W, VL2 HIHE 450 nm 3K AR 7 I 4%

fLEYIOLIEE (OD) i, fii 2 Dy i 45 4 ( Infinite
M200 PRO, ¥ ] Tecan /A ) ) FEATI
1.5.2 JpiEHAY) VR LUE S 2 W5

¥ 23 iz #0181 g [ a2 R 48R /N AN it
5 mmx5 mm, J&E N 2 mm 47, SR 5K KA
75% .80% 90% . 100% ,100% ) Z, B 1 32 47 B 7K
WhH L EOBES TR (1) IRB IR ECE 2 h,
BATH P 2 R, AR 10 min, HEB W ;55
TEZHZRRA NS (1:1) 1B G WOR 2 #6470 v 457
B 1 h 5 ASRE A & T A e
MY RN ENT R EYIH 5 pm JB AR,
BUI R ETRBEARRZMNEE R L, RERH
INAME 2L gL L IR ) R J5 76 W s
T % 1B A 24U A, R UBE (Leica MD -
4000B , fi [ Leica Microsystems 2% F] ) W % Jf #A
R Bk D) R BEALEHL 3 NS PEF XT3 Ak 4L 5
LeicaQwin EIE AT R G #4773 8. MR Hi Motic
Images Plus 6.0 C/F #4700 & F1 355 /N 956 &
FE BB IREE GBS MR R IR,
1.6 HiEsbiE

HdE ) SPSS 18.0 B AR #EAT B 1 J7 22 0 B
(one-way ANOVA), Jf>k /] LSD #4722 & [
B g5 RS {E AR ME 1R (mean+SE) &, UL P<
0.05 K 22 5 i 2 VI B b o

2 &F R
21 ARPRAMARDEENFREERREMN
=AU
HI 2% 3 A0, ] R PP S AN [R] A R 6] 4 A B
FREELEELI(P>0.05),
22 ARBPFINARBEENSERFIES
FI0XRMBAMEFHEEKREASEN T
I35 4 AT AR ORBESE PP ETES 10 K, H 2 %
BRI -6 Al IL-8 & &8 i % & TR 4
ME BRI SFH (P<0.05) . 441 2 4] 1 3¢
IL-4 IL-10 IL-22 IL-23 IgA  IgG Fl IgM 7 & 2%
FABE(P>0.05),
23 ERBFARPAIANMABEENABLZE
MEREEMBMMEFHNEEREASENEN
M5 i, SRR AR SR 5 30 K ERARE S
PRI 1gG & it W 35 T HZARE S R4 (P<
0.05), 2 4 = [a] Ifil 3¢ IL-4 1L-6, IL-22 IL-23
IL-2 IgA Fl IgM S 2Z R AR E (P>0.05), &
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FHAERSE 60 K, MR MEZRESHAN B4 P<0.05) , 44 Z [\ Il 3 IL-2 1L-23  IgA
WIL-4 S EEHEHTHERESHH(P<0.05), MIgM HGEEZSAEFE(P>0.05), EFEHERE
EREREARAIMM IL-6 1L-22 FHBER TR 25 100 K, &4 2 0] 1 5 40 i P F0 e 5 3Rk 88 H
RPN H Z R G HE A (P<0.05) , HEARE S  SEHERARE(P>0.05),

BEAL I IR 1gG & i & TR AR E & a4 Rsi

®3 ARBPHEMAREFENITRGERRENM

Table 3 Effects of dietary different zinc sources on feed intake of pregnant goats kg/d
gE| MIRFA EERESHY  HEREARYA PA
Items ZnSO, group Zn-Met group Zn-Gly group P-value
T4 i K & Dry matter intake 1.30+0.17 1.26+0.11 1.29+0.16 0.922
M [ R & Crude protein intake 0.23+0.08 0.21£0.04 0.24£0.08 0.776
FLAG 15 % £ & Ether extract intake 0.03+0.01 0.04+0.01 0.04+0.01 0.461
FRMEVE AR iR B Acid detergent fiber intake 0.38+0.12 0.35+0.07 0.36+0.11 0.890
FpPEVE A 47 4 R £ 2 Neutral detergent fiber intake 0.59+0.19 0.55+0.11 0.59+0.18 0.915
LKAy R fr i Ash intake 0.14%0.44 0.13+0.26 0.14+0.37 0.989

TR ERE N EE, Ay it 8 E ., Dry matter intake was a measured value, while the others were calculated values.
AT B AR AN F/NG FHRR 225 538 (P<0.05) , MRS B8 F#R 2 F AR 8% (P>0.05), T#HIF, In the same
row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or no letter super-

scripts mean no significant difference ( P>0.05). The same as below.

x4 ARBPHFNARFENEIRGEFAE 10 ROFAREFNRERERDSENRM
Table 4 Effects of dietary different zinc sources on contents of cytokines and immunoglobulins in

plasma of pregnant goats on day 10 before delivery

WiH Ulivdaadi| EARE G A HAERE A FEH P1iH
Items ZnSO, group Zn-Met group Zn-Gly group P-value
M4/ % -2 IL-2/(pg/mL) 1 666.88+92.52 1711.31+285.81 1 782.95+129.96 0.874
M 40 i/ & -4 IL-4/ (pg/mL) 75.06£12.26 66.89+12.97 71.11+7.62 0.878
H 4% -6 IL-6/( pg/mL) 206.81+13.16° 170.53+9.72° 221.69+10.39° 0.024
H 4/~ 2 -8 IL-8/( pg/mL) 441.00+46.87" 401.70+40.33° 631.05+77.14° 0.032
FI 4014 % -10 IL-10/( pg/mL) 81.37+7.58 74.35+9.03 87.37+8.35 0.581
40 A 26 -22 TL-22/( pg/mL) 1123.52+125.76 1 066.01+307.69 1113.75+119.01 0.949
4 LA 28 -23 TL-23/( pg/mL) 293.96+49.78 306.54+59.12 297.94+32.72 0.983
HRERRE A IgA/ (ng/mL) 528.48+11.46 515.40+29.36 502.37+61.24 0.880
RIERRE I G IgG/ ( pg/mL) 213.68+5.13 206.16+26.26 242.52+46.54 0.512
RAERRE I M IgM/ (mg/mL) 3.09+0.34 2.26+0.26 2.50+0.43 0.264

®5 WHRGFEKRPIMARFENARBZENREFORARMEFNERIKESENZMN
Table 5 Effects of dietary different zinc sources of pregnant goats on contents of cytokines and

immunoglobulins in plasma of kid goats at different developmental stages

=] Ulivsaadi| EARE G A HaEmREE A P{H
Items ZnSO, group Zn-Met group Zn-Gly group P-value
% 30 X Day 30

(404 2 -2 IL-2/( pg/mL) 1 478.23+146.64 1 534.21£189.01 1 310.50+83.33 0.578

P40 A 2 -4 TL-4/ (pg/mL) 39.85+5.01 38.04+3.83 38.17+3.47 0.946
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i H R e HARE G A HRRESHH P1E
Items ZnSO, group Zn-Met group Zn-Gly group P-value
F4i i/ Z -6 IL-6/(pg/mL) 159.60+37.27 125.89+16.03 108.97+8.83 0.311
F 40 A 2 -23 TL-23/( pg/mL) 197.41£13.77 252.17+43.95 223.33+21.57 0.439
H 4 i/ % -22 1L-22/ ( pg/mL) 746.51%51.42 941.45+131.48 793.06+46.39 0.637
HREFRE I A IgA/ (pug/mL) 195.76+26.99 245.99+46.76 195.29+36.85 0.567
FPEFREH G 1gG/ (pug/mL) 252.27+10.88" 288.68+15.90° 239.16+8.66" 0.037
FPEFRE H M IgM/ (mg/mL) 1.63+0.15 1.79+0.20 1.37+0.11 0.182
% 60 X Day 60

F 404 % -2 IL-2/( pg/mL) 758.05+150.10 1 095.99+168.06 913.52+117.16 0.329
H 204 % -4 IL-4/ ( pg/mL) 43.81+3.51° 40.05+9.14* 31.63%1.24° 0.045
F 426 -6 TL-6/( pg/mL) 135.52£4.24° 175.57+22.88" 110.26+3.74° 0.003
FANiEA 2 -23 1L-23/( pg/mL) 210.05+11.67 275.40+35.70 220.26+11.98 0.067
4/ % -22 TL-22/ ( pg/mL) 895.66+105.79" 1 257.65+197.00* 734.31+33.77° 0.018
FREFRE H A IgA/ (pg/mL) 152.31+13.26 141.44+9.38 162.44+8.36 0.423
HIEERE M G 1gG/(pg/mL) 224.41+6.89" 219.98+8.00" 279.32+11.61° 0.001
FPEFRE H M IgM/ (mg/mL) 1.11+0.10 1.27+1.03 1.25+0.14 0.636
%5 100 X Day 100

H AN Z -2 IL-2/(pg/mL) 988.52+174.02 915.98+183.00 1 270.47+110.54 0.352
F 40 A % -4 TL-4/ ( pg/mL) 36.95+3.39 30.64+1.04 35.25+2.11 0.293
F 4/ % -6 IL-6/(pg/mL) 121.57+9.86 99.68+17.24 112.07+3.36 0.384
H 4 A 2 -23 TL-23/( pg/mL) 121.57+9.86 99.68+17.24 112.07+3.36 0.384
4N A 2 -22 TL-22/ ( pg/mL) 735.37+37.47 582.28+100.05 782.64+38.37 0.074
IR A TgA/ (ug/mL) 155.66+9.98 131.54+28.26 164.49+13.18 0.410
FRERREH G 1gG/ (pug/mL) 226.09+13.13 252.87+2.31 255.51+6.19 0.090
HPERRE I M IgM/ (mg/mL) 1.56+0.16 1.31+0.27 1.36+0.12 0.624

24 FIRBFEARDFINABERENEEXERE
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Table 6 Effects of dietary different zinc sources of pregnant goats on intestinal morphology of kid goats

W H TR B4 HAMREE G A HRRE A Pl PfH
Items ZnSO, group Zn-Met group Zn-Gly group P-value
ZE W Jejunum
HEEE Villus height/ wm 1 367.80+124.51 1 108.40+123.23 1 209.20£136.17 0.360
[ 53 R E Crypt depth/um 708.10+45.44 824.51+94.02 713.44£50.02 0.416
HWETEE Villus width/um 386.31+36.83 256.92+51.50 354.56+46.49 0.144
BB B/ REIRE V/C 1.95+0.20 1.36=0.11 1.68+0.07 0.081
[7)i7 Tleum
S TEEE Villus height/ um 888.37+36.16 817.80+53.39 927.70+£25.98 0.295
WSS EE Crypt depth/wm 585.25+27.47 529.98+21.15 644.75+15.84 0.083
ZEFEE Villus width/ um 307.32+19.85 248.92+18.22 292.52+25.35 0.249
SR/ BB IR V/C 1.59+0.13 1.57+0.04 1.44+0.07 0.733
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2.5 ERBERBAFIMAREFENEEHE
REREREQNEREFSENZNE

R 7 ATH AR S AN T ZRE S
PEAZS I B TIL-6 \IL-22 (IL-23 Fl IgG & it i 3
= TR (P<0.05) , H &R E & = I F
JETL-4 &5 0 25 S TR RBP4l A PR B A fr
(P<0.05) , R MRE A FEAL 2 IR sIgA & 7 i
EE TR e A H 2 RE G54 (P<0.05) , 4%

H2Z (B2 A2 1gM & &0 i 3% 2 5% (P>0.05)

FEAREA B AL H R B A B4 ] i 26
IL-4 IL-6 IL-23 IgM Fl IgG & 7t 1 25 = T B iR £
H(P<0.05) , HEAFRE A FEA M AR sIgA & &
S TR B AL H & IR 2 A Fr 4l ( P<0.05) ,
HEARE A A4 P A B BE 1gM Rl sIgA & 2 2
i T HEARE A A (P<0.05) . £ 4 [nl i) =5
FEIEIL-22 SRR FEZES(P>0.05),

®7T BERGFERDPIMARFENEZFHERERERESNAREFENZM

Table 7 Effects of dietary different zinc sources of pregnant goats on contents of immunoglobulins and

cytokines in intestinal mucosa of kid goats

Wi A [oiNLr = EARE A A HaEmE G P1A
Items ZnSO, group Zn-Met group Zn-Gly group P-value
ZEHE IR Jejunal mucosa

40l & -4 IL-4/ ( pg/g prot) 0.42+0.17° 0.48+0.21° 0.51+0.24* 0.020
H 4N/ 2 -6 IL-6/(png/g prot) 1.10£0.05" 1.31+0.05 1.27+0.42° 0.010
H 4 -22 IL-22/ (wg/g prot) 0.6820.09° 1.30+0.24° 0.96£0.15" <0.001
40 i % —23 TL-23/( wg/g prot) 0.73+0.17° 1.21+0.26" 1.31+0.27° <0.001
GREERE I M IgM/ (mg/g prot) 17.39+0.85 20.060.50 17.96+0.97 0.080
ST PR ER R 1 A sIgA/ (wg/g prot) 264.94+21.90° 366.20+11.64" 275.90£13.51° <0.001
HPEERE 11 G 1gG/ ( wg/g prot) 0.48+0.12° 1.03+0.17" 0.83+0.25" <0.001
[0] % %5 B Tleal mucosa

HA0f A2 -4 IL-4/ (pg/g prot) 0.49+0.26" 0.65+0.16" 0.61+0.25" <0.001
F 44 256 TIL-6/( ug/g prot) 1.28+0.04" 1.51+0.04° 1.48%0.07° 0.020
IS 2 -22 TL-22/( wg/g prot) 1.05+0.15 1.22+0.17 1.17+0.11 0.120
F 40 i % -23 IL-23/( wg/g prot) 1.14+0.16" 1.43+0.17* 1.54+0.19° <0.001
SERRE T M IgM/ (mg/g prot) 17.17+0.65° 25.35+1.26° 21.64+0.86" <0.001
ST REERE H A sIgA/(ug/g prot)  274.83+18.19° 396.23+24.91* 320.29+13.96" <0.001
RIEFREH G 1gG/ (pg/g prot) 0.77+0.18° 1.24+0.13" 1.11+0.23" <0.001
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Effects of Different Zinc Sources on Humoral Immunity of Goats and
Kid Goats and Intestinal Mucosal Morphology, Immune of Kid Goats

TIAN Lina'? YAN Qiongxian'® ZHENG Mengli' ZHOU Chuanshe"* TAN Zhiliang"*

(1. Institute of Subtropical Agriculture, Chinese Academy of Sciences, Key Laboratory of Agro-Ecological Processes in
Subtropical Region, National Engineering Laboratory for Pollution Control and Waste Ultilization in Livestock and
Poultry Production, Hunan Provincial Engineering Research Center for Healthy Livestock and Poultry
Production, Hunan Provincial Key Laboratory of Nutritional Physiology and Metabolic Process ,

Changsha 410125, China; 2. University of Chinese Academy of Sciences, Beijing 100094,

China; 3. Hunan Co-Innovation Center for Production Safety, Changsha 410128, China)

Abstract ;. This experiment was conducted to study the effects of dietary different zinc sources of pregnant goats
on humoral immunity of goats and kid goats and intestinal morphology, mucosal immune function of kid goats.
Twenty-one Xiangdong black goats with twin pregnancies, similar parity (the 2 to 3 fetus) and body weight
[ (38.1+9.7) kg ] were randomly divided into 3 groups with 7 replicates per group and 1 goat per replicate.
Goats in 3 groups were fed basal diets supplemented with 60 mg/kg zinc sulfate, methionine chelating zinc
(Zn-Met) and glycine chelating zinc ( Zn-Gly ), respectively. The zinc content of the basal diet was
22 mg/kg, and the zinc content of each experimental diet was 82 mg/kg. The pre-experimental period lasted
for 7 days, and the experimental period lasted for 45 days. The jugular veinal blood of pregnant goats at day 10
before birth, and newborn goats at days 30, 60 and 90 was collected, and measured the contents of immuno-

globulins (Ig) and cytokines in plasma of goats and kid goats. The kid goats were slaughtered at day 100 and
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the intestinal tissue were collected to determine the intestinal morphology and contents of Ig and cytokines in in-
testinal mucosa. The results showed as follows: 1) on day 10 of goats before delivery, the contents of interleu-
kin (IL)-6 and IL-8 in plasma of Zn-Gly group were significantly higher than those of zinc sulfate group and
Zn-Met group ( P<0.05). 2) On day 30 after kid goats’ birth, the plasma IgG content of Zn-Met group was
significantly higher than that of Zn-Gly group ( P<0.05). On day 60 after kid goats birth, the plasma IL-4 con-
tent of zinc sulfate group and Zn-Met group was significantly higher than that of Zn-Gly group ( P<0.05) , the
contents of IL-6 and IL-22 in plasma of Zn-Met group were significantly higher than those of zinc sulfate group
and Zn-Gly group ( P<0.05), and the plasma IgG content of Zn-Gly group was significantly higher than that
of sulfate group and Zn-Met group ( P<0.05). On day 100 after kid goats birth, there were no significant
differences on contents of cytokines and Ig in plasma among all groups ( P>0.05). 3) There were no signifi-
cant differences on villus width, villus height, crypt depth and villus height/crypt depth in jejunum and ileum
among all groups ( P>0.05). 4) The contents of IL-6, IL-22, IL-23 and IgG in jejunal mucosa of Zn-Met
group and Zn-Gly group were significantly higher than those of zinc sulfate group ( P<0.05) , the jejunal mu-
cosa IL-4 content of Zn-Gly group was significantly higher than that of zinc sulfate group and Zn-Met group
(P<0.05), and the jejunal mucosa secretory immunoglobulin A (sIgA) content of Zn-Met group was signifi-
cantly higher than that of zinc sulfate group and Zn-Gly group ( P<0.05). The contents of IL-4, IL-6, IL-23,
IgM and IgG in ileal mucosa of Zn-Met group and Zn-Gly group were significantly higher than those of zinc
sulfate group ( P<0.05), the ileal mucosa sIgA content of Zn-Met group was significantly higher than that of
zinc sulfate group and Zn-Gly group ( P<0.05), and the contents of IgM and sIgA in ileal mucosa of Zn-Met
group were significantly higher than those of Zn-Gly group ( P<0.05). In conclusion, dietary supplementation
of Zn-Met and Zn-Gly for pregnant goats can improve the humoral immunity and intestinal mucosal immune
function of kid goats, and the Zn-Met is better than Zn-Gly. [ Chinese Journal of Animal Nutrition, 2021, 33
(1) :359-369 ]
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