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B A TG K A AR TR N AR AR TR A T, LR
RIEZ B EEN — R E A MRS,

2 AESHIFIX RS FE R RN
2.1 WESHFNRESFEWERENZN

Ji 755 B I i A, 5 ) B 5E A 2 B B L A9 R
REFNGAA YRR BE (I 1) o 18 W) B 5 2 1 e
WIREEZ [RIAY 5 1 BB 2, MR EEI)Z W b &
11 it) ( intestinal epithelial cell, IEC) il 4 fits [8] £ %
TR A A, 2 BT B 3% 2 DA T g 381) 66 AR T Ry R
% JE 4% (tight junction) | i fif i 4% (adherence junc-
tion) | #r ki ( desmosome ) Fl 4% Pt % 4% ( gap junc-
tion) , B IEHIE QMR B EEAM LML, B

B 1 FE A AT M (Occludin) | & 25 H
(Claudin) F1 3% % %5 Bff 43 ¥ (junctional adhesion
molecule , JAM ) 3 Ff 52 4 ) i85 [ 8 AN A 5 /N IR 2
1 ( zonula occludens, ZO) %5, % X & 1, kX F
Claudin-1, Claudin-2, Claudin-3, Claudin-5,
Claudin-16 ,.ZO-1 1 ZO-2 V) }¢ Occludin % i B 5%
Bz a2 U+ 48 = B g e S 4
o ok 2 I fi 3 g B 1 S R L IR
J¥ (villus height) |55 ¥R & (crypt depth) DL K 456
1 5 BRUes R ) L (villus height/crypt depth,
V/C) . B m BB, B TR B RN
XPE SR B0 R R, A TR E A K

B,

. — . - Intestinal
ARk < Intestinal lumen - o ” e microbiota
Stirred mucus . Antgmicrobial peptides
layer @« *+ * ,Digestive enzymes
2 FRE < Unstirred mucus —
layer
Epithelium
3 i {
Lamina propria Tratr;lscellulzlt Paracellular
?- . wPathway s pathway
Cytokines Cytokines
Chemokines Chemokines
Proteases
Immunoglobulins Cytokines
Proteases
sy ( aia °®
- Innate and @ @ .“/. e~ {0 .O. o ¥ .
aptive immunit; e - ~
s {1 Y \ e
B lymphocyte P lcaesina Dendlrlitic Mast cell 2 SR
ce
@ iR Neurotransmitters Nervous system
( \
N p Smooth muscle
\. T lymphocyte Macrophage Eosinophil

Intestinal lumen : 1% % ; Stirred mucus layer: /M )2 ; Unstirred mucus layer: N %6 7% JZ ; Epithelium ; - 7 il ifd ; Water and e-

lectrolytes ; 7K I FL fi# Jiii ; Apical junctional complex ; 5% % # & & & ; Desmosome ; #f K7 ; Lamina propria: [& £ )2 ; Cytokines ; Zi
Jit2 Kl -F ; Chemokines : # 1k [Fl - ; Proteases : 2 [ [iff ; Inmunoglobulins : 62 Bk 2 [ ; Innate and adaptive immunity ; 55 K 6 58 Flid
MM s B lymphocyte : B ¥k EL 41 fitd ; Plasma cell : 25 B TR 41 Jifd ; Dendritic cell : ¥4 28R 41 JItd ; Mast cell; I K4l ; T lympho-
cyte: T I L 41 Y ; Macrophage ; FL 1% 41 fifd ; Eosinophil ; & B2 1 ki 4 itd ; Goblet cell ; # R 4H i ; Transcellular pathway ; (5 ) 2 fifd
18 % ; Neurotransmitters ; #f 2235 Jifi ; Intestinal microbiota ; 718 & B ; Antomicrobial peptides : 71 5 Jik ; Digestive enzymes ; {4 fL [ ;
Microvilli: 4% T ; M cell . T8 4% 24 Jf ; Paracellular pathway ; 40 ifd 5% 18 % ; IEL . % i [ 52 P9 3k B 40 ifd intraepithelial lympho-
cyte ; Enterocyte : 7 41 /It ; Nervous system : #1 22 22 4% ; Smooth muscle ; *F-# Il ; Intestinal microbiota : JIf B i £ ¥ IX &

1 BRIRREEN

Structure of intestinal mucosal barrier!®

Fig.1

Y PEGE B S B M E A A . Xu Y KB
TR HR IR AN 200 mg/kg HE4E 2 AT B BN T ARG

2.1 1 g AR ROV 5K S g T ) B B 1 5 )
KA FEUESE, 45 4 B A M T 4Edr K & W iE
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T A8 V/C, fETE N 2 AR TR R R A R 5 3
+ =38 =B V/C, 4EFE %8 Y PR 5
ASERENE . Jiang A& HRGE , AR A N 25 A= T RE
UIATE /= AD Ul e =) 7 I 77 o S = [ 5
B 37 (yeast culture, YC) J& 18 7E ¢ & T 20 5% MH 4%
il R AR R A BB IR 3 E 2t A IR A
KB I R AR AR . R TR ES I 0.3% YC
Ja, E X i b R % % % H Occludin
Claudin-1F35 s 8, gbsh, FLIR A %) 7L 2%
EHA R AE SO, wEo 2R B, 16 2L R T
JEFLAS i A+ 8 B o B v/C
AR SR AR SE RS AR FR I T T R AR T AN LR
T, 5 5 R 0 RS T L RS i TE P S A B e | X
GELTT LSRR R T IR T A T i —— T R,
AR T8 L K 20 B 38 5, OF A B T A E FL R
WAAE I PRIAES | E 1T AR5 A 5 o8 BT, fR F
it B e 3%, 5 LA o 45 SR AR AL, i A A
[ 5 15 DR PP S 0 Ry B2 AR TR S A AR e T L
RSB SR = B BRAR T B s TR RSB R
FEL, U Ity 5 2 960 FF A1 R 08 () 422 412 10F 2L 29 7 1 4%
BWAT P& H IO T B AR,

% A= P I R e A5 18 52 R 3 TR A1 AL DR 2R T i A
. ST s WS A () b 288 B RG E 2F A AT
DA RS 18 5 8% U 39 Bk HU 1 AR XS 2 g 8 B )
P, Al X 25 i v B2 B 45 3 2 (junctional ad-
hesion molecule 2, JAM 2) Fll Occludin % ik & F+
B BB SR E I A KA,
NS R & BT S 450, AR E W R BE
o BE AR 2R T AR N | B s i TR ARG I - B 2
M5 A BN S BN 25 AR TR R 7 A 21
HE R+ 48 o B m RGN, 7 H s R XS (a1 i
V/C Tt iR 7 H R E g B T Occludin 1)
mRNA KA 5, 45 3 0E W 15 A= 1R e 8 A7 3 2% i
A X i A ) R i B SR TR T Jiang
SEUOTIRAE 25 AR TR AE A% 18 B DR AR BT 30 1
X 7 18 DI RE A7 4, 38 A 98 15 38 55 B 1 mRNA
HR R 23R TE I AR R 40 6 A o3 Ak 38 hn AR LR 4
MR, o —Fh i REAR , 4 AR T ok 4 2
Jo B 7K P B A Ok i B A 48 R, TS 52 i 3B 9
HBEREIAGAGY  HAh AR A 2 R I Al 2%
fitt g 2 B (lipopolysaccharides , LPS) Xt A %9 i i &
BRI 7, B2 B, ARDRR TP S 0 A R 2E AR AT T
AT S LPS 1 PRI 1) i 18 55 %8 i 1 4 1 ) ]

KBTI, K miE R R REE R,
2.1.2 g Az TO R 5K 8 i T B B 1 5 )

A K25 A TC B 9T R Z B8R BLAE A [ b 26 Y
SEBE AN 4T 4k 55 B ( cello-oligosaccharide, COS) | %
A TN 44 K 5 X T i 16 A9 20, Song % HF
F R YE SIS N T RS B EAV/C,
— KT T2 E—F &, BRI AT X XY
()25 B % 6 v BE RN V/C 7= AR BRI R Y A
o3 3 3k B A2 R AR XS 1 12 4 52 I e 5k 286 M 47 92 ok
PRI 5 | S 1 g T 0 1, A e B Sk ek B — 4
W R R o E g B E I R
W7~ 1 4k i 4 = R R P R R R
TR R G R iy T 5 R D RE, DT R A X i 1
B A A B T R A IR R AHE, 25
WEGEEM V/C 2L, + =Ry EE
SRR
2.1.3 G Tox K& 18 Yy B B A 5 k)

fit A TR A 25 2R DTS I AR A &7 A AP 1Y
ROR AR B B, LA AR LB 2%
A TR R 28 S 2H B 1) B A T AT A ARG i PR N K
X PR i A 1 R R B 07, 4R R 2 B o B e
1 V/C FHE, 25 s s 20 i e BT ( trans-epi-
thelium electrical resistant, TER ) i F} /& , TER J& iF
Wl b Bz e e 5 B I FE A, fE— € YE L N, TER
MK, KW i b R B R e SR P AR, Wu S0
FERI, WA T A A A oo (ISR A0E R H A A 25
MAMRIREGY) J5 , RE A 501E 2 #0530y
WS+ 45 I Al in I 28 52 4
22 HAESHFNKREHERRIENZI

7 FH G Ik B RE 2H 21 ( gut-associated lymphoid
tissue , GALT) Bl 4 3% Jo B, 43 b 2H 283 P 9k B2 4 2
KHUHE T8 A i BE v (%) 3k T8 40 1, i 2 6 456 T 4R
B R EL 25 0 i 2R bk B 2 K B /N B A ST Ik T 8
0, 5 RS TR A S B T R R A
J2 B 1 B A PN 1R 5 bk L A0 i | RS 50K 40 B
MERAHMISE (1 1) . GALT AJ L4y i 22 B 4t g 1A
T, WF LK (interferon , IFN) 4R 7 H 3 X - ( col-
ony stimulating factor, CSF) . [1 41 i /* & (interleu-
kin, IL) | I 9% ¥& € Kl F (tumor necrosis factor,
TNF) &, B ITRE A% 25 FE MG I AR JT 98 19 i 18 26 R 1)
BRETIRE o W b R A0 M3 ok A R TR 2 1A
a0 Toll #£ 3Z 1K ( Toll-like receptors, TLR) #1 NOD
¥ 3Z /& (NOD-like receptor, NLR) 55, # 7% 4% 5% 5%
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[AF—kB ( nuclear factor kappa-B,NF-«kB ) FIfi¢ 5334
JELE Ak 2 F % B ( mitogen-activated protein kinase ,
MAPK ) 45 e G R 2
2.2.1 g AR BN SR8 i s D RE A RE iRl

Ji7 3 T B 58 R O 40 L 7 25 i A A BB A i
JiE S e D RE . WFSEUE I, 45 AR TR OE O B
oM, 3G i 18 b B2 N bk B 48 B (intraepithelial
lymphocyte, IEL ) 7= A= 1% 21 Jifd X 5 1 4 28 BK B
(immunoglobulins, Ig) ( JGHZ IgA) SR HG 55 1718 0
PEVERE'™ . MBS YIS, AT E H 1gA
BHPE A AR 3 22 LR T S I b A 2 AT
( Bacillus licheniformis) J5i , %539 iz i Hp A R 20 it 19
B 3 om, 19l i A B TEL #5018 it
Zhang %5 RFST R AR AN YC S5, A
AR RN A W v i B~ A R AT IR R R R A
R AT B B i T 0% D) RE . Munyaka S
W T YC XF IR iz 3 4 5 D B8 HY 52 ), 435 2R 3R
B, A XS i 38 TLRA IL-12 IL-10 I IFN-y % ik
T, RN 200 mg/kg HEEE 2 A F S,
PATAS+ 48 I IPN-o, TLR3 I €5 2298 43 1k
AH & 3 A = 5 ( melanoma differentiation-associated
gene-5, MDA-5) [ /K4 5, A I B G e BREEH A
( secreted immunoglobulin, sIgA ) FH P4 41 B Y %k &
b E A

PR P b 78 2 AE T AT LA 5 5 4 5 AH DG B ]
IR, M ZERAT VT LB S i LPS 51
() PR gy 38 458 47, DT B i 6 2R 1 (mucin 2,
MUC2) W335, UL RAE RAEAR ST 48w B8 15 %
H AR MUC2 /) mRNA ik, Chen %" Hfiif
TEARL U N A 2 AR AT T AT R AR R XS g A
TLRA . MyD88 . NF-kB p65. IL-18 Fl TNF-a HJ
mRNAZ 35 /K-, #E W 7] §E i@ if TLR4 , MyD88 ,
NF-«kB 15 5 % 41 il £ 4 P 48 ff P R i, i
A il il g R R et
2.2.2 i A2 O K8 8 G5 D RE Y 5E k)

i A= OB R IR AR L, 7R Y R B, S
1 e 132 325 A T T 422 30 98 15 s 240 i ) sz 1 A
5 8 W R ( short-chain fatty acid, SCFA) ¥ =4, A
MR R RGN AR LR & iE A A
P IS A AR D ) AR 4K R SCFA 3 Z2 1
F 8 G SN A AR T S T e it
R Koy s PR A B PR 09 3 0k R I T A
[0 AR

2.2.3  FHETUR RN K& I IE G S RE AR

H 2 S 5 25 A T AT A T v PR RO
T A XS 4 fiz 3 e BE T B, Ashraf 45U I 4]
RSN H 5% SE0E RN £ A T TR B s T AN
PR TEL R 40 A 0 250 S o A
23 WESHAMNREBERFENZMN

B 36 T 1 2 B L 1% 25 28 Mg 1 R R A ) 2 T
B A e R (B 1) o 3 A W e B i A
HAETHEEHENAEIRSMEEEE, &
UL 18 AT 75 DA 3 B A 1 3L R AR SLEE AT TR A
AFEEUKBIFRMDTTRER I Z W, &M
HUER 2, AR T HIER IS SR
3 A 2 WE A R R T
2.3.1 gt AR BN 5K 8 1 1 TR A RS i)

)RR TR VS N £ 2E TR RE % L 42 B0 () 422 52 ) %
Bl iE A f WA F T N ECE M 8 R Y
R % i felp E @ e . BFoE R, Ak 5L 28 41
FETE A AR ™ 3 8 B3 AT 3 pHL RN 20 2090 i 44
S HE RS M B A DG Y S g R GE, DA 4t 457 i 1
AR LLARS R B 5E X 5, 6 S A8 4R s
Al B ZF AT TR AR 2 AR LAY B W b K AT e
B T B = LR AT T A B, DT 4 4 3L A% i
DRAETA0 A 250 kE 4 i 266 R 32 210 I TR 8 R =
F AR, Yang 250G ) MR A AT
ZEAEAT B S R 1S 0 PR X g 3 v LR TR RN RUEL AT
T AR D KA AU T IR ) B0 4R+
B R Z e B0 BUR TR IR E | 48 = 1 1
PEDIRE . Al R ZEAOFT TR EL A 4R = PR i T R A
A& —4E 44 75 %1 ( Shannon-wiener index ) F1E H , 22 BH
Ji i rp A B 2 BE PR T Forte 25 RAE , 18
PR LA T IR R 2 AR AT T 3K 5 fel 23 52 i i 1 7k
A, AR A 75 T AR B A E T Y
FETG . MMEZEAAT A EXS B I h i A (1
FEOE FLER AT 3 FNOBUECAT 1) 19 8 7 i, KB AT
BRI T] ECBR M B0 B AT, Rawski 28 HIE
TR s AR W A F R, TR
PP — 28 DAY 25 4 T, Zhan 51 R ST R T,
TRPRR A I T R AR T T 3 N A H I UL R B Y
o, W BRI R AT o A B, HEI X 2 T
TR E I B S A K i SCFA, 59 J A4
T 4 fi T % T PO R 57 S DR A B
2.3.2 g Az Ok 58 i 1 TR RE N RE )

K W 9CIE 52, 2 2B Se AU ) T 1 8 A
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T PP B B 3 AT 4R A O Y ——
SCFA 1 &5tk , il 1 O 47 9 38 fe € . Cengiz 451
WEFE T HF2E 14 d 1) IR 4 A T HEXS i 3 T A 10 52
e, PRI 55 7 K A B, 4 XS i 38 vh K0 A 7 4L
> FLRR EECR RN, R ER B RR £R (poly-
mannuronate , PM ) J2& — Ff M\ 1 355 4 358 43 525 ok
MBERR SR, DO N BB A T 1y 25 £ JC ., Bl Al
HRH PM SN 1 i , XS i 38 b R AT B A
WD IR AR N, o =T, B iE NS
B0 pH FEAK, A ALPHAT T A EW M EM™ 1t
Ab,Li SV T GRDR RS 5 S 0 AT LA Y Y
X W TR R 2R, 4 I LR T R, BRI K AT T
B, R RAE X B X i 18 EL A AR R AR Y
2.3.3 G TOX K& 18 TR A R e

B A O T i T R R VR R B AR I AR 2
A i A | BRI A 7 T, AT S B4 4
JW 3 A AP DRR P S A R 2 AR TR R 4G
W TR A il 7 S FRAR 65~ 75 JA IS B8 349 g 18 K
FFER A 2500, 386 0 0CE: FF B 0 7L R e Al
P AP SR S W R0 e 28 A TR A Y & AR T ]
(LY 7B =R SN 77K S R R AN iR i A e
2 T (Y A5 A 1 T . Mookiah S5 il i
WING AT, 21 H % P fiz 18 20 R T 1 3T
A AT 1 8 S I, R A T ) B s

3 NESRE

FURT, 5% T I A= 25 4 500 £ 2K & 97 Bl 9 1o
TS E BARAR Rk, R 2kl 17 A
PR 45 A T 45 2R JT FLE AR TR R AR R AR
SCHP T B S B IRAE 25 R RE S MUDR 5 X & 45
A R e B AR I T8 G e I RE 4R R A
DX 2 AR ARG S LA R 0 450 R 14 915 A I WSO % f56 )
P45 2277 TR 22 85 g 1 RO A5 i T8 7Y 34 455
g , TTH o 2K & 19 A2 7 PR RE , A R T R & 574
B e JRE RN 28 5 A ) B o AR, Al A 2 A 5
TE G & S 5RO 1 A SURATI A7 A JRy BRAE 1l 4
Xt Tt 2B B 00 AR S A B B TR R, I E 45
BN TR A AR AR 25 R0 A 5K 1 i R 4 AR
P70 B B T 475 75 AN R skt 345 5l
IS PR BRSNS 2 1 2 3817 D0 A B A B2 i (R A=
ZRENETT AT 75 PR AR 5 AR 25 1 500 0 5 & ol 1)
et n] Z Rl KR E TS AR A Al 5 28 AUAT BR
FURRTE (AR TEME S b xF T oA 2550 B R = A

BIHTED  BLAh, BRXG WG Sh, 755 A8 F 48 2 L A9 ot
TR RNSE A TE . AR AR R R 5 TAE LG J5
T PRI S 22 AN W IR, Xt T 3 9y il Aol ) 22 JBCEE T
ZREAL, DI D A 25 500 00 T 2K 8 ol e it 4
T ARk 27 BRI KA
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Research Progress on Effects of Microecological Agents on
Intestinal Health of Poultry

WEN Jiashu' HU Caihong' CUI Shihao® DONG Xinyang'”
(1. Key Laboratory of Animal Feed and Nutrition of Zhejiang Province, Institute of Feed Science, College of
Animal Sciences, Zhejiang University, Hangzhou 310058, China; 2. Zhongnan Bai Grassland
Group Co., Lid., Huzhou 313300, China)

Abstract; Recently, domestic and foreign scholars have paid much attention to the development and applica-
tion of microecological agents. Intestine is an important organ for the digestion and absorption of nutrients in
poultry. Intestinal health is closely related to the performance of poultry. Microecological agent is a type of no
resistance, environmentally friendly and non-toxic feed addictive, which contains probiotics, prebiotics and
synbiotics. Their effects on poultry are to maintain intestinal health, promote the digestion and absorption of nu-
trients and improve product quality of poultry. Therefore, this paper reviewed the domestic and foreign research
progress on the effects of microecological agents on poultry intestinal physical barrier, intestinal immune func-
tion and intestinal microflora, in order to provide reference for the development and wide application of micro-
ecological agents in husbandry.[ Chinese Journal of Animal Nutrition, 2021, 33(4) .1851-1858 ]
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