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21 HIER WO A& B A W Bl ad 1t A i 2 15 5 I 1) 52 1
2K EPRKA MR RYER IR RMTT SRR
(AR RL 2 e AL st A B BRI T, B E R R R sese s, Jbat 100193)

M AR BEVTI 21 HR W 5 B T . W8 B v K R Be I IR 52 0

KH 2x3 WA el e, Anl Oz, Wgidl) FHEE (22, 24 A28 HiE)

K2 AT RN HEHL 6 5 ARIBLAHIL g R AT, B IR HL 6 S TR E Ny (6.140.2) kg
S, BENL N 2 4L, 0 9 s AT L2, B4 18 Sk, 0l T 22, 24 1 28 H S
JB5E, MEHAKIERE. MERA. s KRR 2REY]: 1D 28 HidH,

T 9T ZEL A4 1) A EE RT3 B IR B B AR TR LA (P<0.01). 2) ZH AN H X745 ) 2
Y 6 8 TR P 8 T v /RS S IR Rl kB m A B HAEA] (P<0.01); W@l =
W [Eig B s IR B A R 3 i T FLAL (P<0.01), M. RIS E A E /B s TR S
PR BT FLAL (P<0.01); WHFLL 28 HESH 12 B2 T i P2 /B B IR FE AR B 2 v T 22 A
24 HEEHS (P<0.01), 24 RS [H1 986w BEN R 2 T 22 HIR I (P<0.01). 3) 25
A H R X AT A8 () 2 I B A (DAO) TR BE L HAEM (P<0.05), Wrgidl =
W %5 DAO M B Z R T (P<0.05). 4) 250 A H #8152 i b i 1A 81 5
i Coccludin) ) mRNA ik & A 5 % 52 HAE I (P<0.01); 2 BR8N d H-1(Z0-1D
A FLH 2 IR occludin ) mRNA ik & A HEe A3t s e FEAR (P<0.05); 51
FLAAHEL, Wil 7 ZO-1. occludin 1 24 H I 25 % occludin ) mRNA £k &
A ER(P<0.05);24 HERI B EE ZO-1 () mRNA Rk &2 % & T 22 HEI (P<0.05).
5) AL AN H B XA 2 W B R R FE R F—a (TNF-a) ] mRNA ik &G R EZHAEM
(P<0.05); Wri4H 24 F128 H & 25 B B 5 TNF-off) mRNA ik 8 8 3% & T L 41(P<0.05),
AR A A Z-10 (IL-10) 1) mRNA iz 8 BE R THAL (P<0.05). [EIHEIE S
M F—-1p (IL-18) 1] mRNA KA HEE I K (P<0.05). £5 bRk, Wi

T4 22~28 HI il 5 7 8 T 1, T i 03 2 AR A 4 P e 240 JEL 1 85 A A B e e 2R

Wk Hi: 2017-11-27

EETH: EBRERRIERES (31501960); HE L EERERIHT TR (ASTIP-IAS07);
KHERFIEIE S (31672428)

PR B UK (1990—), 2, WARMEN, itotsed, WFHREsYE RS mER
29T . E-mail: xiabingcaas@126.com

SEEIEE: KEME, WP, AT UM, B-mail: zhanghongfu@caas.cn
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FIf) mRNA £k, 51EMEREALR BT T8I0 7 B A 50E SORL, B35 H 3
H,
KA Wity s WA, WiE@EEYE: mEiRG
I 7r35 . S828 SCHRBR RS : A R

T B AL SR RE T B IR) Ry 56 FES /e, AR ARG FRAE R T IBSRA =30, (P46 R
ST L O RS S 1 A A = A, —RRTE 21~35 HIRES I 95021, ST, 35 HEHT
TR TE B R B AR AE A, TADHR B VA B FLFE Dol D MR I T AR B, A fi e A 85832 2
K. Wi tEpEE LR HE S BNER . (IR TRSE, (P R AW R, 5l
EREE TR, HWIEAR. JBEMAEKEESE— RV W LR 510, Rk, d%
EIE P WT WIS TA], S BRI SR AR R, X T 456 AR U 2L

JIE AN BB SUE SR R B BT, Rk ) BB G A . T L™ S A
I8 ImE TS IR, SEURRIEGEREZ 1, SERE R KRB i@ i e,
AR R I B0 A SR (A 7= Mk B D 28 Th o BT T8 Th RS R B MU R PR A0 A0 A7 4 BT 4 et
(] B RE Rl . H ATAT S 2 TP E A RIWT g Hke (14~35 Hi) XHMPREAERKVERE. HILASE
IR T 1R ) S 29100, (B G T 0 J5 AT 4 i TR A R Th e R B U B b . ARIe B
FERFFC 21~28 HIRAF R IGIES . B3 R M40 7R B R A 21 R W)
ST SE B TE A AT RE M0, g4 B P ST T 16] L 61 5 9075 7 900 IS A5 4 s 32 ik
R
1 MRS TE
L1 iRk it 5 i R

K 2x3 WA F 56 AR E, 5 HALA. Wighd) FHE (22, 24 f128 H
kD N2 AT EE 6 BEARDUAHIE IR B, BN 10~12 ko 21 HERE, &
HIRE 6 SR E Y (6.120.2) kg HIFHE, BENLD N 2 A, ol Wil (FIRE &l
WEELALAAR ) R FLLE (T IR RARSEME € BE L) Wy A8 AR SR, & PR R BT
NF1) 5 LA TR — 550, LB 4R HRELE 30 °CZE A s F HIOK, SR AT@HAR 7 A, 45K 08:00
H116:00 1AV F K-SRI R LA AR . FERITAIRZ I NRC (2012) & FRbpifERCHI bkl &

TR AL 5~10 kg AR IS IR T 2, HALRE IR A& 1.



52
53 Table 1
WiH Items

J5 Kl Ingredients

R FEANERRAL S IR AT 564D
Composition and nutrient levels of the basal diet (air-dry basis)

4 Content

E°K Comn 57.00
4§ K. Full-fat soybean 6.00

M Soybean meal 20.00
1 Fish meal 5.00

FLiEF Whey powder 5.00

KM Soybean oil 1.00

y

BEFREES CaHPO4 0.50

3 NaCl 0.30

¥y Limestone 0.51

SALREHH Choline chloride 0.09

R B Eh R Lys » HCL 0.40

y

FEME Met 0.10

HEIR Thr 0.10

% B Glucose 1.50

HEHE Sugar 1.50

TR Kl Premix! 1.00

&1t Total 100.00
B IR/KF Nutrient levels?

HALEE DE/(MJ/kg) 14.44
HEH CP 20.68
R Lys 1.18

EER Met 0.37

5 Ca 0.70

%
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70

71

72
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74

75

76

77

78

79

38 AP 0.55

VPR R N AT T R At The premix provided the following per kg of the diet: VA 18
0001U, VDs;45001U, VE22.5mg, VK;4.5mg, VBi4.32mg, VB;12mg, VBs4.86mg,
VB120.03 mg, AL nicotinamide 41.58 mg, JZFR%5 calcium pantothenate 33.12 mg, Mg
folic acid 1.764 mg, “4¥JZ& biotin 0.48 mg, Fe 140 mg, Cu20mg, Zn 140 mg, Mn 40 mg,
10.5mg, Se 0.3 mg.

2B N B, A A9zU{E . DE was a calculated value, while the others were
measured values.
12 MR REE

ST 22, 24 K128 HESHS, (74825 & 12h Ja, MHATRIEFRRCR I, BFRPikE, #HE 1
h, 4000 r/min B0 J5H4 M27, -80 °CLRAT. THRE R —E RN, 5530 2 3k (L4l
FIWILE % 1 3k, R 6 kAR, HUNALSESS, HITFHERE /> s Aalfs, RETH
A A B W R S e, A3 I TRA R A B B K R e p e ), TR TEIELRIME, 4735 T 2 mL i&
R WRIERR G R 2-80 °CIRAF; BIHNZ) 1 em M A RIIGIAEE, RN 4%2% 5 F g [
i o
1.3 WEdabs 57
1.3.1 KRR

SR 22 A1 28 HERE AT AEFRE, THEAFRE ISP H I E GRS 28 0
BRI 12 ST RD . RIS R I R ARVS 100, THEIETS %

WEZR (%) =WIIINAFREIETE kB GRI8 R E = F AT %0 <100,

132 ks

K 18158 4 10 2= B A [ A B IR A VS S V) (3~4 pm), SRAJFAKE-HH4L (HED
getty, MR EE P, 6 BB T, Leica LAX B B IR0 42 . 101 198 6 oo
FNBE 5 IR LA € = AT
133 MRAER R ALl (DAO) JF{E

B B AL S AT 10% 443503 . LA i 18 4L 23 ) DAO W MR kR & (M

FEREY TR WE



80

81

82

&3

&4

&5

86

87

88

&9

90

1.3.4 B R ORI AR IA

2 i AN B 7 8 A RNA FIFRBICK R 7 £ (QIAGEN) , 3 F #3243 6 e i1 (Bio-drop)
5E & RNA 2RI . 2 A7 & (PrimeScript™ RT reagent kit with gDNA Eraser,
TaKaRa) #R{EAIR S A B cDNA. JNAR R 1%ZH SYBR® Premix Ex Taq™ 1277 & Ui B 45
Biill. 986 /8 PCR [N 25fF: 95 CHAEYE 30s; 95 CAME 10s; 60 CiRKIE(H 30 s,
3L 40 MIEFR; AR 2 P HIE S IO 8 /& PCR {X (Bio-Rad CFX 96) #AE U 47 .

FER A mRNA FRIE KA 288 k- 5, PAp-sh&EE (B-actin) ENNS L, 519 L&

2, WSRO A IR 7]

Table 2 Primer sequences information

£

Genes
p-HlzhEH
B-actin

PH /N 2R -1
Z0-1

ik
Occludin
HAAR-10
1L-10

JH A SE A T —a
TNF-a
HAANF-1B
IL-18
KR T-pI
TGF-B1

1.4 HHagir

®2 SIMIFSIER

Gl
Primer sequences (5' —3' )
F: GCGTAGCATTTGCTGCATGA
R: GCGTGTGTGTAACTAGGGGT
F: CTCCAGGCCCTTACCTTTCG
R: GGGGTAGGGGTCCTTCCTAT
F: CAGGTGCACCCTCCAGATTG
R: TATGTCGTTGCTGGGTGCAT
F: TCGGCCCAGTGAAGAGTTTC
R: GGAGTTCACGTGCTCCTTGA
F: TAAGGGCTGCCTTGGTTCAG
R: AGAGGTTCAGCGATGTAGCG
F: ATTCAGGGACCCTACCCTCTC
R: CTTCTCCACTGCCACGATGA
F: GTGGAAAGCGGCAACCAAAT

R: AGAGCAATACAGGTTCCGGC

PR

Produce size/bp

252

116

167

183

120

101

130
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98

99

100

101

102

103

104

105

K IMP 10.0 B AFo B, ARKVERERH IS0, HARTEbeRA 2x3 WA
TG adr, Tukey BT 2 EILE . P<0.05 AZEREE, P<0.01 NZERWEE.
2 4 R
2.1 21 HER Wi A48 A KAk BE 2

2 3 A, 2 AAFEPIE (g RED) TREZER (P>0.05). SHFLAMLL,
28 Hi (WiWJa 56 7 KD B, Wiy A7 8 it oK SRS 3 H 1 S AR 2 5 PR AR (P<0.01). I
DA REWT S 5 1~3 RIVIEE S THAA, ELEEER (P>0.05).

321 HER MR (75 A KRR IR R 1

Table 3 Effects of weaning at 21 days of age on growth performance of piglets

T H IR L2 W4 P1{H

Items Nursing group Weaning group P-value
WIE IBW/kg 7.02+0.19 6.98+0.37 0.928 7
K#E FBW/kg 9.324+0.344 7.2940.388 0.004 2
FYJHIGE ADG/g 327.67+31.654 44.38+12.968 <0.000 1

i [0 B VE 2%
W a3 1~3 RIRE % 0.93+0.93 4.63+3.02 0.268 7

Diarrhea rate after weaning 1 to 3 days/%
[FAT Bt B b AH [ B T B R ZE R AR E (P>0.05), AFE/INGFRERIRZEREE
(P<0.05), NAKEGFRFRERMEE (P<0.01).
In the same row, values with the same or no letter superscripts mean no significant difference
(P>0.05), while with different small letter superscripts mean significant difference (P<0.05), and

with different capital letter superscripts mean significant difference (P<0.01).

2.2 21 HEB W41 5% i 21 R 25 B 52
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106 1A, WAL R B . BRI, R 4 AR, WA R A

107 ZHESHEREZEETHAL (P<0.01). AHHAHE 2 mE SR EMEE S E/ R ESRER

108 HEFER
109 =gk

110 FR&EHE

=
JE&

/

RIERE H i 380z

HAEA (P<0.01), Wrihdlrt = gl s in Bk 2 2

ETIALA (P<0.01), WHFLAM
ST RRAR, TN ET RN, 22 HEER, Widhd i 2 i
HIRFLAMEE LB EZR (P>0.05); 24 128 HERK, Wil nt = ke 55 1R B

111 BEETWAL (P<0.01). Wrihd ) ik m /e w AR S F R T4 (P<0.01),

112 WFLAH 28 HIREF 2= Mok -6 & B /B 5 TR A 2 3%

113 HEAFRHBNLEEZEZSR (P>0.05),

f T 22 f1 24 HigES (P<0.01), Tk

114

115

116

117

TiH Items

I 7L2H

Nursing group

Wr2H

22[#
22 days of age

K1

240 #
24 days of age

28H#
28 days of age

21 Hs Wiy A1 4 2= ot 2 i

Fig.1 Effects of weaning at 21 days of age on jejunum morphology of piglets (40x)

F£ 4 21 HRW X B = AR TS

NS

Table 4 Effects of weaning at 21 days of age on jejunum morphology of piglets

H i

Days of age

22

24

28

22

Villus height/um

330.40

379.43

436.93

193.08

K B IR
Crypt depth/um
106.99¢P
119.078¢
86.74P

117.238¢

R B s IR
v/C
3.4
3.348
5.024

1.66%°



Weaning group 24 180.99 148.504 1.22¢®

28 180.40 138.76A8 1.31¢

3 Group

T FL4H Nursing group 382.264 104.268 3.864

Wi %4 Weaning group 184.828 134.834 1.408

Hi#% Days of age

22 Hi% 22 days of age 261.74 112.11B8 2.45%®

24 Hit 24 days of age 280.21 133.784 2.28b

28 Hiit 28 days of age 308.66 112.758 3.16°

SEM 28.03 5.16 0.33

P 1A P-value

205 Group <0.000 1 <0.000 1 <0.000 1

Hi#4 Days of age 0.256 9 0.000 2 0.0279

< Hk Groupxdays of age 0.1217 0.001 4 0.008 3
118 RS B AR RS F RS Z R AR E (P>0.05), ARVNGFRFRIRZE R BE
119 (P<0.05), ARKRGFREREAMEE (P<0.01). TEFA.
120 In the same column, values with the same or no letter superscripts mean no significant
121 difference (P>0.05), while with different small letter superscripts mean significant difference
122 (P<0.05), and with different capital letter superscripts mean significant difference (P<0.01). The
123 same as below.
124 H 1 2 PRI R i TS ARG . B3R 5 mTAN, S ANIR], 200 I e A4 B e
125 SHESEAWREZZLEAER (P<0.01), WAL BT mERE 2w T B4 (P<0.01),
126 WHFLA 24 HESHS KB E m AR & T 22 HESI (P<0.01), 11 W@ AE AN R H i it
127 EEFEER (P>0.05), Wil el ke s iR e 2 & T rl 4 (P<0.01), [Flfnke s iRE
128 B HES A iz @G in (P<0.05). W @h2H i) [0 i 9% 6 e B/ B 83 TR 6 A o 225 1 1 I L2
120 (P<0.01), 2 A fmoEE = /B8 S IR EEAEAN R H I B 3% 2 5+ (P>0.05).

130
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131
i FL
Nursing group
22 2408 28 [
22 days of age 24 days of age 28 days of age

132 B2 21 HE W 472 [l i % 2 1) 52
133 Fig.2 Effects of weaning at 21 days of age on ileum morphology of piglets (40x)
134 * 5021 HESW 474 Il A SO0 5 K5
135 Table 5 Effects of weaning at 21 days of age on ileum morphology of piglets

H i WEE R B3 VR BRI E IR
WiH Items

Days of age Villus height/pm Crypt depth/pum v/C

22 310.388 105.66 2.94A2
LA

24 384.364 110.43 3.534a
Nursing group

28 371.7048 115.44 3.2]4a

22 205.81¢ 117.68 1.665°
Wi

24 137.63¢2 135.32 1.22B0
Weaning group

28 183.69¢ 137.63 1.31B0
7 Group
L4 Nursing group 355.484 110.518 3.234
W54 Weaning group 175.718 130.214 1.388
Hi# Days of age
22 Hi¥¢ 22 days of age 258.11 111.67° 2.35



24 F#Y 24 days of age 260.99 122.88 2.28
28 Hi% 28 days of age 277.70 126.54 227
SEM 16.74 4.79 0.17
P14 P-value

A% Group <0.000 1 <0.000 1 <0.000 1
H# Days of age 0.459 3 0.0112 0.879 8
A< HE Groupxdays of age 0.000 8 0.377 8 0.002 3
136 2.3 21 HEERWT 074 M3 A7 3E &R DAO Ji5 P 520

137 M2 6 WIAN, A HEE XA 1) 2 I R B DAO TEPEA B & A HAEM (P<0.05), [

138 WAH T n K DAO WEEN B Z M T4 (P<0.01). 2 ZHAYIMIK DAO WEVELEAE H %

139 WERFEZER (P>0.05). WgidrEEEiEE DAO &M EE K TmMAL (P<0.05), H24

140  IE ARG DAO iEEAEAF H i L B2 %257 (P>0.05).

141 R 6 21 HESBr 74 MR A7 E R DAO I LIS
142 Table 6 Effects of weaning at 21 days of age on the activity of DAO in plasma and
143 intestinal mucosa of piglets
WA H#e
M3 Plasma/(U/L) 2 Mg Jejunum/(U/g) [bf% Heum/(U/g)
Items Days of age
22 7.33 5.36% 6.81
L ERE
24 7.07 5.62* 7.59
Nursing group
28 6.97 4.34abe 7.34
22 8.02 3.84¢ 6.44
WriJ5H
24 9.33 4.09b¢ 6.29
Weaning group
28 6.30 4.31b 6.44
2H3] Group
I FL,4L Nursing group 7.12 5.104 7.258
W52l Weaning group 7.88 4.088 6.39°

H#& Days of age



22 Hi# 22 days of age 7.68 4.60 6.63
24 Hi% 24 days of age 8.20 4.86 6.94
28 Hi% 28 days of age 6.63 4.33 6.89
SEM 0.76 0.30 0.45
P{H P-value
415 Group 0.226 9 0.000 2 0.027 8
H# Days of age 0.125 4 0.227 4 0.760 6
< Hk Groupxdays of age 0.169 0 0.025 5 0.591 6
144 2.4 21 HEWIERAT 5 18 R IR 5% 0EH R H mRNA RIA BRI
145 HHEE 3 A%, 20 HEg 3 SRR A8 8 E (occludin) Y mRNA FRi&&H 2

146  EXHAER (P<0.01), LA HEE occludin ) mRNA F£ik EFEE H® BT &G

147 B (P<0.05), WrdhdHAaAANFE HERN LE#EZS (P>0.05); S AMEL, Wighd 22 H

148 B AR occludin Y] mRNA FRiAEA T FEEA(P=0.05), 24 HE I 3 K (P<0.05).,

149  FGEE RSN R -1 (ZO-1) [f) mRNA Fik & H 8ot = s A& (P<0.05).

150  Wri4 [RGB ZO-1 A1 occludin ) mRNA FiE 52K T WAL (P<0.05), 24 HESK!H

151 %% ZO-1 B mRNA KA EEZE & T 22 HIRE (P<0.05).

152

<
Z
o
E
=
<

Relative

153

N

w 22 24

ZlHz0-1
Jejunum ZO-1

w 22 24

lallBz0o-1
Ileum ZO-1

28

28

= 4l
Group

[ __IREE o
Days of age

3 4l
Group
NSRS
Days of age

Aokt

mRN A
Relative expression of mRNA

Relative expression of mRNA

22 24 28 22 24
Il #/d Time

7 [fjOccludin

Jejunum Occludin

22 24

[l [F7Occludin
Heum Occludin

28

28

=W
415 = H & 0.0093

O 4l

Days of age
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156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

[ — 30 H Bt LA RN P REOR Z R E#E (P<0.05), MH[FEBL 7R ZRA
B3 (P>0.05), *%£) 2 A ZERTE (P<0.05). NARKWAL, WARERWEH. FTEF.

Value columns in the same item with different small letter superscripts mean significant
difference (P<0.05), while with the same or no letter superscripts mean no significant differences
(P>0.05). * means significant difference between two groups. N represents the nursing group, and
W represents the weaning group. The same as below.

B3 21 Hi Wl £ 2 i 8 5 i 55 0 3% 5 1 mRINA SRIK SR 5321
Fig.3 Effects of weaning at 21 days of age on mRNA expression of tight junction protein of
intestinal mucosa of piglets

2.5 21 HERWrisxd A7 48 i 1B R B4 R T mRNA 3235 & 1520

H 1 4 w5, AT S 2 i BB RSB T —a (TNF-0) 1) mRNA Rk &
ARFEZLHAAEM (P<0.05), WighdH 24 A1 28 HEH R TNF-aff] mRNA £k 8 &5
THFLA (P<0.05). WihH= R A4 FK-10 (L-10) ) mRNA ik & 5 KT
FLAL (P<0.05). HEXS 2 b LA ML IA 110 mRNA RIEETC W E W (P>0.05).

2.0 O Al

z ! =N
_% (.r‘?;lp % B W
HE s - —_ i ;
; Days of age 10 = AL = 1 & 00154
22 10 L8 ; ;

2 < = =7

£ £ : 0.5 i
2z 05 B i
£ 5 ] =

g oo e o 2 2 2

N 22 24 28 [ #&:/d Time
ZEIFIL-1p ZE A TNF-a

Jejunum IL-15 Jejunum TNF-o

15 3 4L 15 = 415

“ -

z Z
) % Group = a Group
- A g B |

: -g)Ja\gfol'aﬂe 43 -y

B 1.0 ) 2 G = 1.0 b Days of age

g £

Z 05 Z 05

£ 00 £ oo

N W 22 24 28 N W 22 24 28
“IHTGF- B ZEHIL-10
Jejunum TGE- B Jejunum IL-10

B4 21 HEWY A5 2 R 4R AT mRNA A & K

Fig.4 Effects of weaning at 21 days of age on mRNA expression of cytokines of jejunum
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图中纵坐标依次为：空肠黏膜闭锁小带蛋白(1 Jejunum mucosa ZO-1，空肠黏膜闭锁蛋白 Jejunum mucosa occludin，回肠黏膜闭锁小带蛋白(1 Ileum mucosa ZO-1，回肠黏膜闭锁蛋白 Ileum mucosa occludin。其余横纵坐标都删掉。
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白细胞介素(1β IL-1β，肿瘤坏死因子(α TNF-α，转化生长因子(β1 TGF-β1，白细胞介素(10
IL-10。其余横纵坐标都删掉。
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mucosa of piglets

HHE 5 v, 52 REANE], 20 A H R A4 B 1 B 40 B PR+ 1Y mRNA KA &
TRELZHAMEM (P>0.05). FHFE AR ZH-1p (IL-18) ] mRNA Fik&FEE H M
HEINT AR (P<0.05). 2 HRAFRAEE T8 mRNA RiLETLEZEZER (P>0.05),

z 4 a O 4l s 15 O 4l
% Group I~ Group
"z s - % -
) = Days of age :2 e 10 Days of age
%, g b z : 05
E g E ;;c
£ o - $ 00
NoOW 22 24 28 = N W 22 24 28
Il JIL-1p In| /5 TNF -0
lewm IL-1B [leum TNF-a
s 20 = 4 15
= Group O Ak
-j‘ % 15 |k R
®E Days of age 1.0
3 10
= 05
22 05
EZ
= WIRw 22 24 28 o
N W 22 24 28
ol I TGE- B Jel [IL-10
Ileum TGF- B Ileum IL-10

Bl5 21 HRWrgoxs A4 o]l B 4 i P -7 mRNA 238 & 52
Fig.5 Effects of weaning at 21 days of age on mRNA expression of cytokines of ileum
mucosa of piglets
39 @

FREEWERE MRS, BRI Z IR, MZEVIX RATRE, Wighnf BB
B LIS TIPSR RN LRE AL WERR Y, IRIEs A b
U 473 SR TTT 1120, 3 3 O 03 I T s SRR e R B G B M A . AR, 21
HES WA R TAFIE N, RICNIRE 2 TR, T HMERIK T 86.46%, Wig))55H
KA 16.67%MIEEFN, LERKVEREZ B E . piE Wy T E AL —.
AN [ 2 N B FR R B T I B, R EIR S TIRER B R R AP, BRI
A E SRR ARIG b, ARG 2 M i R B AR, A IREILR, R
BB IR, LR 21 HES W™ E e AR IE e SR E . WEREBRE, Wb T

IR, SRR A3 H 1Y S AR B B i B R R 2 —

[ T8 SR EAE AN E TR RS = BT, N ORTE b R A A T 1 T R B R
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白细胞介素(1β IL-1β，肿瘤坏死因子(α TNF-α，转化生长因子(β1 TGF-β1，白细胞介素(10
IL-10。。其余横纵坐标都删掉。
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Effects of Weaning at 21 Days of Age on Intestinal Morphology, Permeability and Mucosal
Barrier of Piglets
XIA Bing MENG Qingshi XIE Jingjing WU Weida FENG Xiaohui TANG Xiangfang
ZHANG Hongfu"
(State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of
Agricultural Sciences, Beijing 1001093, China)

Abstract: This experiment was conducted to investigate the effects of weaning at 21 days of age
on intestinal morphology, permeability and mucosal barrier of piglets. According to 2x3
double-factor completely randomized test design, groups (nursing group and weaning group) and
days of age (22, 24 and 28 days of age) as the two main factors. Healthy Yorkshire piglets with
similar body condition were selected from 6 litters, and 6 piglets with average body weight of
(6.1£0.2) kg were selected from each litter and assigned to 2 groups (nursing group and weaning
group) with 18 piglets per group. Piglets were slaughtered at 22, 24 and 28 days of age,
respectively, and growth performance, intestinal morphology, permeability and mucosal barrier
were measured. The results showed as follow: 1) the final body weight and average daily gain of
piglets in weaning group were significantly lower than that in nursing group at 28 days of age
(P<0.01). 2) There were significant interactions of group and days of age on crypt depth and the
ratio of villus height to crypt depth (V/C) of jejunum and villus height of ileum of piglets (P<0.01).
Crypt depth of jejunum and ileum in weaning group was significantly higher than that in nursing
group (P<0.01), and villus height and V/C of jejunum and ileum in weaning group were
significantly lower than that in nursing group (P<0.01). V/C of jejunum in nursing group at 28
days of age was significantly higher than that at 22 and 24 days of age (P<0.01), and villus height

of ileum at 24 days of age was significantly higher than that at 22 days of age (P<0.01). 3) There
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was significant interaction of group and days of age on the activity of diamine oxidase (DAO) of
jejunal mucosa of piglets (P<0.05), and the activity of DAO of jejunal and ileal mucosa in
weaning group was significantly lower than that of nursing group (P<0.05). 4) There was
significant interaction of group and days of age on the mRNA expression of occludin of jejunal
mucosa of piglets (P<0.01). The mRNA expression of occludin of jejunal mucosa in nursing group
and ZO-1 of jejunal mucosa increased first and then decreased with the increasing of days of age
(P<0.05). The mRNA expression of occludin of jejunal mucosa at 24 days of age and ZO-1 and
occludin of ileal mucosa in weaning group were significantly lower than that in nursing group
(P<0.05), and the mRNA expression of ZO-1 of ileal mucosa at 24 days of age was significantly
higher than that at 22 days of age (P<0.05). 5) There was significant interaction of group and days
of age on the mRNA expression of tumor necrosis factor-a (7NF-o) of jejunal mucosa of piglets
(P<0.05). The mRNA expression of TNF-o of jejunal mucosa at 24 and 28 days of age in weaning
group was significantly higher than that in nursing group (P<0.05), and the mRNA expression of
interleukin-10 (/L-10) of jejunal mucosa was significantly lower than that in nursing group
(P<0.05). The mRNA expression of interleukin-1p (/L-15) of ileal mucosa was decreased with the
increasing of days of age (P<0.05). In conclusion, the intestinal development of nursing piglets
becomes mature from 22 to 28 days of age, but weaning breaks the structure of intestinal epithelial
cell of piglets and mRNA expression of tight junction proteins, causes intestinal villus shorted and
fell off, intestinal permeability increased, inflammatory response and average daily gain
decreased.

Key words: weaning piglets; intestinal morphology; intestinal permeability; intestinal macosal

barrier



