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MUA ST RE B SRt B | AR IR 28 45 A FHR
A, RIBEH AR DLJCHREE 0 IR A4 ( SPF) 4 X8 S F
FEXT G R B WG TR LT TR 7E T By 15t 9 VE 45 W R &
A= AR T SR HILA , 25 2R 3 B, v R 2L AT T AT A
T LA T I 48 Y % (IL) -8 i IL-10 A9 &
St 057 R i A X U5t g 1k 5 W R I R A RN R g
1M1 336 — 1 FH AT BE 238 3 Toll KESZ 4K 2/86kE b 1
FHt it 88 (TLR2/MyD88) {5 = & 3 3 J 447 I
T KRS s R Y FLAT R P-8 BA 2
Ff AN K TR X AR K PR R T B TR S % 5 D) fE
it . AR SE & SR ARDRR RN AR 4 FUAT B IM113
AL 21 H & RS+ 48 g IL-10 FIL-12 1)
FIh YEIN A2 H W P ) 18] g S 1 Y 5 5 BR AR
A(sIgA) Tt A1 21 H S R rY 3 Q4% 45 £k, i —
A5 B (1) 23 Wtz S 2H RN TE WA ) FLAT T IML13
Gefig TR TR R 5| A i T AR I R G P
A [ A S e 3 i AN B AR e
Al AN 77K 118 i T A IS == s s )
J i A fE

INFCIE I 98 52 W 7 SRR T 5 | kS 1 5 DL
GGG, S IR FE M I 28 vl B8 5 BOS R 2
FET M8k IR FEE i 48 S 300 4 i 3 T b W Wi T
RERFAR, P E R M A P2 25 . Wang %50 R BLL G
FUFFIE BY15 1] 34 5 PR 39 B S AL BE 1 DA B fo 93 Bk
B (Ig) JIL-2 AR A & &, Rl 7 w7 3 Ji #b
FEARFLFF A BY 15 R 3458 i3 s | 8 i ik 21 i
75 10 I R TR0 3K B 1 i R B R Li O ST
N, WE R FLAT TR AT Ao A {1 52 Jak % PR X 14 Jig 3
RSy AR R AN F mRNA ik, 8400 7 /Mg 3L
FF TR A B0, 28 T 2l 35 i T £t B, BRI PR XS 3R 36 1
TR WIFET- R BACET W 5T K B, AR as
R T FLAT T Bl R 45 2F AT D A X s e A AL R 3
FEE AR TR TR RS 194 B T Tl A LA DR VR

PRk EAE D —Fh LR C )z N H T RS
Az LA 4 % g T TR A ) | i T TR R AR
ARG AR B EEE Y, Wu 57 R BRIk
PR 11181 42 = (A X - 35 H 1S 5 77 78 500 5 2000, 1
T (2x10° CFU/Kg) B iz Bk T8 X 401 i G 32 An 44
WA W S B REOVE D AR A i — 20 S i R
A 3 e 5 i 6 PR R R T A R T M TR A R
RHMEE G g8 o 28 | T AR R0k 8 7 A< AR T 15
B, BF5E & B, R BRI 200 mg/kg
PR i K TR RE S 3 B v IV R S AR A R

(T-AOC) S 4+ O H Bk AL ( GSH-Px ) 1 7k,
FEARIN B (MDA ) & &, RIUEE /= AW Bt A L i o
W R e B, IR R kR
BH iR R B BR A T I 2 R v K AT R TR A XY
A PR B, $2 5 IV e 8 AH DG AR 5K, el F W A
B REbE, Wang 251 BF 58 2 0 1A 0 PR iz BR 1A
BRSBTS i w8 A
B AR ARXT B ZEHT TR 8 IR A QR - 8 [
R AR X =E B A T R B 3N T s R
A TR AR G S B v T i A W R B
BRI M D T B A HE

1.2 FAAFHE

ZERLFF R R T AR B B AR L B B
AT RL3 0 Z2 i i A A0 A, B R ) 45 A TR A T
S, Cao %51 S BILA U A 2E AT B 1T B3 1A Y
PRIGE BN 21 H 0% 25T 04 @ e B 2K A s 1 4H
Xt AR A 2R 45 R o, Hel s T E I E R
FH I =B, 2R IR RS 1 2 1 3% 1
WO PR VP T TG OmpC B 41 5 2E il FT 7 SEIL
X RS A R R L P T T T R R Y S )
SR AL R AT I SE1 H A S 2
FFTER 168 HH IR AR, BEA RCIE HE R A9 4 K 42
e W 3 7 A B O P YT RN i G A R
P& 155 o 1 TR R AR PR R

PN A IF T SR M AR 2 AT B BE
& 1 1095 A e H A A5 fh A il RS TR (LZM)
IGPE BEAC MDA & i, 528 RIS M HBUR
fE. WFFEIN R, b A 28 A AT T 32 22 J2 i 2o 38
TERUEY X ZR R 0 2 J5E BE TR T A X6 3 B A 14 hn
RAVHT TR T AR R = B2 08 T B a2 I s A RS AR 4
PEREN® S Xu %17 5# 1 Tlumina MiSeq I 5 4 A
KR, A ZEF00FT B 32 W 0 Wk R A TR i 3L R
B FLERTE AUFT B S 2 BR R AT R B
IG5 1 TSR A S B S A G R I R A ps3 =
DRI AR IR ST i R A9 & A2, Zhao %5 [ BE
UESE A ZE AT B H2 0] DL i 42 & B g | I3 A0
JHEIE BT S AR B P, R BT T3 P Rk ek
BB TR AS 35 A R 1k 7 e BRAR T Ak &
S HIRIEE I R A & A,

Zhen %5V BIEFE T A AR RE 45 2E FRAT T Ah 72
ST 46 V0 1T EC B RS A AR P VR D, &5 R oK
BELELF AT B A AN 78 T LZM mRNA 23k K
FORRJEH 17T R), FIH T THFE -y mRNA &
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S 32 4%

PROK R S5 55 7 M 17 K [ i S 7 0 Ik
Fowlicidin-2 mRNA kK (YL JF4 7 K) A
BN B A AR I VD 1D LG B A 0 i R
2% HH ] W 05 2 00 R TR N PR RS V0 1T G T Y R
TP A, Wu S50 % B, 38 s 1) U AR R R
IR 2 25 FEAT TR 1T LAV IR B0 B 4% 5| A 11 384 o
B BB ARV 4 W R, IF BT RE AR Fowli-
cidin-2 mRNA FRIK7K V30, 2% 1 1 18 B e 25
My, E— e T A M R T slgA & B A
WERR BRI 1, 358 T 25 I LZM mRNA i3k, Jf
T T AR IR TR AE B W U I T Al A
12 o WFFE A AR R R 0 458 445 2F #0051 38 o s 2 AL
PRSP 3 FN AR E B I, — 8 B B b s T O
WX KRR
1.3 E6#4H

A EREEKILESILM S EHE A, b
WA Fh (22) #5226 B 25 A 5 2B FRME BRI AP Y
I AR o S AR R IR AR R R I A 26
Az T R0 AT AS [ R B B v R 1 AR PR RE ek
WS ERE B S g A i IR EGE T B R
FE TR RE W RS B 2R 00 A R 3R L DL in
1 000 mg/kght He oA 1:2:1:1 (Al 55 28 460 4T B : R
T < 0 R L AT B - L RUBE AT 1 ) 18 42 45 25 A T 1l 571
ROR Bl FERER AN 0.1% 158 & 25 B B ) (i
MY FLFT T LP, B A BR PP A 55 28 AL AT
B7348 TR H Cb e hk B S H R 32 | ih B I
HEEFRY ARG IR AL ) v] 82 /5 XS AE KPR, 2L
26 TR Ji7p A T AR Ot P XS I R 9 ER B I R R
HESEMNAEY slgA &= FBRME N HRE S
HAECRIE T 20 g/t BRER B AT B R Y, Mg SCHE
SRR KB, AE A R AT A 28 A A (PR ORLIE,
FEOE FLERAT T S5 BR A A XU AT T | FLIR AT 14 |
FEBEER T AN DL EC B BE 3 20 ) X AT XS i N 2
Y AN e 2 FE PR G B 3 RE (] TR R e A 2
PR E R = B RN b R A2 R A
SRFHEH Y B38|, R HE 906 1 A K, DT VS 76 Hb 5%
PRGS04 K PR B . Chang 28 (8 A
FSEAORE TR | T FLAT R e R 2L L R A
T A TR 700 ) M PR A 5 SR e B G AT LG Ao 0F )
P ARG T R BRI i S # R B, MK
K IR B 0 T A% B S A T Ok R A o AR I IR
RAE,

2 FALFH

FLAL T BE 05 K5 i i FL Ak, DT A 455 3 PR RS
XoF LRI B B4 W AL R o 0 5 Ak, 4 B A PR RE
A AR BRI R B AR AR R A A )T A R A
FHFLAL R BIF 57 32 22 4 v o IR 7 1R R 8% R 28 L Ak
o AERPIRPEFLAE S, BT BR AL B A KR FL
PR FA 38 PTG i T Tt %) 356 12, DA R AR 1 2L B8
FLAIE L, Lai 287 9EA0 T 3 W AR TF R e R3S L
Y 25 SR 2 B RS I 60 AT 80 mg/kg 1Y iH
TR REAA A R = i T 1Y 1R I e RS 2 1 T T
P T B A KR RE B SRR, BFSSAE 2 4
A 12 7KOF AR AR R I BE T R X PR AR K 1 R AR
AR A2, A IR AR FE AR TR T 4R R 21 H A
K 42 H 8 R A ROR I 3 IR AR T ek
2 LT A E RS AR 2, Lai %0V 974N T 5 71
S IR TR S T 2 5 ) PR XD 1 ik B 3 e 3 S WF O
HA G I PSR | IV B 20 20 B 2 48 A % B0, T8
400 mg/kg A IE TR AN 52 1) PR XS (%) il BRI O, 1
HE 2 FLAL TR o] e B 7 A i B 7 16 A H 8] 2 7 2
Y, TR 2 5 2L BE RO B 82 i, JHE e 925 1 B9 i
A RA R a3 @ e 2R S AR W 1))
il T R R B 37 ) DG 7 1 AR S B g R
WA R S Il i v 0 S e v XS B AR R LR
BRAILR Uk 2% J8 5 5 pH BIREAIG, BB A B, R
k& SRR TR AN 200 mg/kg K I MLBENE B3
PR G V- 34 H 4G R R AROREEE L, e o AR 4
B, IEBE AR M LA BRI

3 ER{EF

Tk R AL A Ry e &, T TS e JC R BR B TR
N H 55 35 0, AN [6] R Ak 57 3 A0 R v | 4
AEHLER AN AR R, A3k 30 00 4 )l FHASCR 4 L2
B E N R &R, Yang 55T BT
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Bl sTgA & &, AR E ST T A
IR FLIR | R A 15 2% R 4 A LR & U IR Ak 741
X RIXGINIE ST E W EY X R R, 72K
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4.1 HEZH
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B M MR 2 ) 45 O 2 AT Y
0277 Th R 2 B8 % A0S ARG IV A 38 A L AR A, 1
sRHPUAL T BE . JE IR A S AT R T K
27 (FEA RS MM R 5 Y) B
FE T 21 H IR RATS AN TE LZM 35 P R
TR0, H B IR E T 42 B A0 B 1 1 3k &
F o 1 8 250 3% 45 e H K o 4201k 9 i
PR, BERAL T 42 H IS RAFA 0 L MDA & &,
SR IR S 5 0 IR 4L R R K BELLA L, 7R
817 PIXG LR AK H I N & K 1F A 2 11 IR, 7T DA Sk
ERE S FOT Y AR R 4R BRI R 48 5,
FREAL TR A2 H R R B 4R i R
HORLER 5T R BE B WL FR RK 40 & i, e T
X PR 0T, T e B AR A Ik R 2 B e T
DLZR A 18 in B A 4 A X R LYV IgA R IgM %
i, i AL E g (CAT) | B A 1k B B Ak i
(T-SOD) i 4 Iz T-AOC ; 2k 1 [ A IfiL 75 MDA | Ifil
AN g = N el N i o S AN 1
(RBC) $at'™ | T LE % 500F T 1% 48 05 7 AR
ARHS (B AR 1:2 F ks i) 7T 32 5 A 39 F
Yy H 38 o S G e A R A, BN T 1eG L 1gM Al
IL-2 i, HOBT e s o AR R o 35 e .

BRAY I ( FEZA R B A G W R A

NSRS ) HLA T Al 45k | SO P
Wi A6 1 [ Re A D R, W ST IR SE AR N 3.5 ~
4.5 g/kg A& AR A i B4 TR AR T b /N i v B SR
P20 R A A % IR 1 2 A 56 T (Nrf2) 4 478
AR DGR TR 8 5 MR R e A D 0 i L 25 W T R
BT [0 g v B T R T 8 i s i
28 I H K A P i 5 PR Ren ZEUT IR MY
TARAT M (GL) FHAR A5 22 B (EGB) X PRI XS 35
FRANBE A H RS2, 45 1 B , S50 E4LH He,
EGB 4 # AR I HE A B 78 2R AR o2
M Roc iR RN AR AR H AR AR
MR AL R 5 B bR 2 kit e i, A
i 11 2R 0 31 Ak 2 L ELTH A R B EGB 1Y i &
LRPENE M, T GL £ Pk Hh 3 n T ORLR 7 L 5 A
i BRI | 2 R RN B R 1) 22 UL TH A
R AL T A 20 R 28 00 1k R 0 BN e R
ARk 5 GL 418 b, EGB AU i ik 3 42
VMR R E R AR AR AR
RPN | 21 A R RS 2R 1 3R UL T 1 2% I
R, W 1Y Bl I om K 43 0 60,0 F
0.8 g/kg, BRI IA N, B E AR A
M2 HLY) ( GBE ) %48 Ji A 0o L 240 i 2 A 4 it 25
P, REREAR 3% 0 40 M A= K, 50 wg/mL GBE H
AWt 3 AR T A 2 BE AR 5 A IR RE A A
O WLAR = A A AL 0475, GBE W] A R0 2% fiff 1V i
JIF S S AL I AR A0 A0 A0 R T, B HVE R AL
Al fE 5 GBE fig 34 Jn 40 Ma 9 40k 52 & 1 72
(Hsp72) [k, T4 3 207 et A T 4 it 4
PR BGTE EA C
4.2 15l

A Tl 2 DR 9 A 2 08 B R B R — 2
J5 B MR AR, R 1 A A Y 32 By
LHEBE IR A Y A B 28 5 1 5 2 19 B 5 R
A6 G . HE Y0 T AR A8 T BRI N 1) Al
5, EEYURALR T EE, R I i B A I i
FEVAl7 R IO R B AR HE T AR W Ay W S T RE L 5K
P R T RS (R EERE ) LT &R
(TF&B) P FEAEI (FFm ) 76 R E 69 1
BR ZE SRR RIS I 400 me/kg TAEEAG AT
DLSE e AR 1 A VR RE 2 5 TR B ) T AL
REEARG o 20 HE I 5 1R AR VS N 400 mg/kg T ARG I
03 AT B AR A A S B L A R R
i AR N 400 mg/kg A TR I 4R o R AL
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S 32 4%

JRAY i, SRS AR TVESL 200 mg/kg AR H]
I E P XS 21 H i A FVEDR AR B2 T s
U7 2 5 R T Ak 2 e A1 P 9 25 00 K B R R
BRI A S T, PR R, A
[F] %5 S 7K - AR rP S 0ORS il mT DA v PR XS A R
S H R B R SF 3 H B AR A R TR
oA R 5 7 7K ST R S XoF PR X 7 £ 2 R A AH X
AR WE A AP TRAEP
G RSN 50 me/kg /\ SR AT DUAE— 5
FREE 45 = /0N o AR R B R e e R R,
TR A 2RO T LA FH 238 e PR RS 2 PR A
4.3 %iE

FE ) 22 BEAE S TR s Jn 350 % 38 8 2L AT fe 928 1
W B i S 2 Ay Diae, H B A B
RIE /N A2 sl P o A= bR 5 3t i sk B 4%
o, o I 2 M 8 £, Li % 7 Fl
ISR TN 1% B R 24 (APS) Al AR A
RS RGIE TLRA {75538 % J AH 5G40 L PR 7 1 P 8 3%
T 2 A5 H 05 S T, oA T A PRI X T A A A K
e ERIES, AR MR R TR o-
40 i PR 715 5 % S 30 7 1 (IFNa-SOCS1) {55
FHOC I PN B 2R 1 32 B Ho 88 F I, b A% A T8 458 280
H SOCSI Ji3 g+ H B4k Bz HoAth JLAS SR 42 A+
)a sh FIX Bl s B i T &4, Wu 5050 15
WL APS ARG A A7 RS PR, B2 T T A0 I (U R il
IR J TR B PO ) R 4 A o L Tl AR A b H Rt
ALY RS TE M X T 1eG  IgM Al TgA & &, PRI
MDA i, R v #4408 APS, AL BRI S
APS Xif BB e ( CPM) Ak B PR X0 A= K fi R G0 58
IR R, 45 F R W, 2 F APS ¥ fiE I % CPM
P B S M,y AL APS A AP
G ERE S, W v 48 A AT LIAE S — Fl oA R0 5 3
RHEE APS G U 1 35 DT A R R T
Al 25 4 R DX S 2 H BG EE RRACRL L, S s
XA R RE , HLo g E i 4 = i e S A
e Aot A B Tt A R R A A il O 1 ok 1
e HB AR RE T, st A A R R
4.4 FHH

Bk, O SR IR G0, S B D -1k i SR b
i -2, 1 AR R A A — 2R AR IR R R
G, BMAEARF B, 5 WA AR
PEFURRE , H 5 H A 5 AR TR sk 4R AR oI, HA R
HEE IR T B s e R R 3 IR i A TR

A PSR 1 IIRE . 0 T LR AT R K
FHAT L3 T 22U R A TR A0OBLISE T BT 1) 50, 42 e I
TH IgG A IgA 1Y & =, FEAR 1A i FE o K A
BB A pH AR T P R AR Y Xia 25OV
WFEINN 78 B 010 M v 8 0 6 K3 23 5% ) PR AT XS
BIRYFIEAL, BEE U L. johnsonii A1 XU FT B
( B. gallinarum F B. pullorum) 7] 24 By T v ik H:
FURXT A K Mg iy T E 2 e, RSN RS R, 48
KR EL SRS P[] T, 28 5 2% s gk 1) 5 o AR
Al REAE HIAE W AE S R G pH W28 AR5 1) L-
0 2R [ A % R 5191, Song %1% L SPF
G R FE X G UE L 0.25% 1% 0.50% % 3 1l BEA 25
T 1B e DI RE .

HoAth 22 W5 0 W 55 0 A 45« S0HE K M 2 0
G PE VAT D AR 5 AR T 22 B 3 Ao 8 9 PR AR T
PRI 5 RE S I A A1 T A o A S L A
S0 22 8 X A A S 5 T AT 4N A 3 A T
PR I A DR T AR R A AR A Y
o0 DA R R 20 0 ( B R A H 8 S ) XA
KAERE B S E BE AR G D RE A R e oo
4.5 HiEHRERIY

255 TR R ) MR R R 2R ( 0 P A A G I e PR 1 )
A A AR T e R B L R AR X A 4R
B RERE T R R (W) 4G 1 s R ik
PERE PUE A R B LR AR T H
Sl L AR TR 5 g/ L S AN KR (A
B e N 0 FSR R A ) T 4 LA Y 1gG
B i Y0 Ah JE i 9k B A A R R R AR e K At
FALYIEETEVE | PR MDA &8 (R YRR
B AT A0 ) PR Re £ R e MR | A 1 PR A I B S
I O 0 P ) 5 B AN AR 2 A TR K T I
T TR XSS 1 O A, B R s RO vk TG
FEBCT B, TE 5 0 SR 2O R -# R & &
5,2 W sIgA & T %, claudin-1 1'% %8 3% $2 7R
F1-1(Z0-1) % [ # ik K F T+, L& TNF-o Fl
IL-6 & (R EAKF T ™ Cui 557 PRAR T 1 H
TS T it X6 R X A R P i T AR & T3 AT o Jo A
it JUL AR A e R P A S ), 55 SR e B BR R I 1 R
hFEHE N T KL C18:2 . C18:3n-3,C20:4 %L R
TR AR DT R 1Y) & i P2 T T-AOC | BV AL
AT 2 D6 T IR et 41 W i 0 e, 3 T R 1 T 4
X PR 22 AN AR D7 R 5 i, 4 T AR A RS e 1k el
VA5t 2 W B AR U N4 o 1.56% , E AR B I
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1 000 mg/ kgt =B AT I8 F0 N7 18 5z i 1 8 |
ORGP = o gl N R =S YR D R e Y VAT O]
JULPARY it J5T R A R 285 1 £ TT 52 ), X6 UL A 5 S5
SR AT R 2 PR Sk 2 el 25 T UL PR %) G AR R A
J3t7T  Chen N BFSE AN A, 1 000 mg/kg i 3%
Bl T B E O RS R AR K B /AL S
A5 25 ¥ 1 (IGF1/mTOR ) i J& /v 5 14 i L B
T [ L4055 X 1 2B ( MEF2B) .mTOR L5k
K7 1(MyoD1) | R FE T H2 i3 Mg UL &

5 I 4

] PR G T 1 0 PR X — e ) S hn ) ) 4 5
T TP AR A W S AR O RN 55 A R R AR T
PRI 53, TEAR Y S LR B i iF 52 v, v L
24 MR o bl A K, I K 2 R 4 v R X
PR S S e A AL DI B IR Y o OC T TR XSG 3 AN
T A2 T OB 5 D B 2 SR AR A A DR S n 7 BB
Bl R G2 il 7 RTE R T L B T R I R TR
VD 1Y IR B At S0 T BCREASE Y 1) RAE

KHR 53 5T 1 2PT PRRS — Rk s n 741) %) A 5
HBAS LM [F] 4 1) Jgy 1 At R AH 2L AR 45 AL il i 75
REERINT . PUIbLAMPBI B R sh 8 35 SRR I
FARHIF R AT N — B3 T E 7R R M RGN 18
fEE AR OCHIE 5T, I 48 1 i 1 1 R 1 O3 A o, R
BT HTE AR | 58 ) ) B B R S A Ak 2
B R FRE B TR W X R I B A B Y T
{H 32 R T 52 ) iz 3 il RE DR 2R W 2R 1, AR B AL
152 2=, 0 7 2 AN BE X 1 18 il R UE AT AL LUK
YA — DR s A A RS TR 5 O ik
MFBrm H@fedt, S ar RS AYE
B BOCIERAE TS D a5 R A R
Fe AR Tk 09 K N, (H el B SE B 2 AT IR A
R IR ST, UL A5 B B 04 8 45 i 3l (8 B 1)
AT By (X B2 0 EE ) D AR A — %
Tl RS N300 AV T DL BRI 2 38 75 A T 280

AR R B 38 45 ik B 28 06 T H 3P TR i 18]
5D 8 06 P W AR R RS R R R W 5 H b
Z R E X J7 A 5T A A HGE . IR E SR
SRR TR R D e S SR B E e D
T 0 R, AR 2E RS i R AR K R
Pt o LA ek A A SR RN AR 7 M B A T Y i Ak AU 5
¥ e IR

Yk 2 ] 28 g 3 f B , R 0 O R — AR

FRVB LRl T 5% 55 0T %2, 38 20 B T BIF 58 TR EE
BORTTHE) W (8, B ) e B DRl 25 5 R B H ™
A AIE R, FHE S 3R] 2D ARG 7 Ml it R T AR S

SE

[ 1] XUBEHE, AR FMIEBH 55 V8 IR FLAT 75 0By 4E X
Wt PR I 9 4 e b B T R EHLR [0 ] o [
£ 2475 ,2018,54(3) :3-6, 10.

(2] XM, Bail, B, S A FLFTH P-8 X #ii
PR AIXG A P PR RE L LIRCA A P 8 W 25 K e 0 D g
RS [ 1] P EZE & ,2020,42(2) :59-63.

[3] WUSR,LIUY L,DUAN Y L, et al.Intestinal toxici-
ty of deoxynivalenol is limited by supplementation
with Lactobacillus plantarum JM113 and consequen-
tially altered gut microbiota in broiler chickens[J].
Journal of Animal Science and Biotechnology, 2018,
9.74.

[ 4] YANG X,LIANG S S,GUO F S, et al.Gut microbiota
mediates the protective role of Lactobacillus plantarum
in ameliorating deoxynivalenol-induced apoptosis and
intestinal inflammation of broiler chickens[ J].Poultry
Science,2020,99( 5) :2395-2406.

[ 5] WANG H S,NI X Q,QING X D, et al.Probiotic Lac-
tobacillus johnsonii BS15 improves blood parameters
related to immunity in broilers experimentally infected
with subclinical necrotic enteritis[ J | . Frontiers in Mi-
crobiology,2018,9.49.

[6] LIZ,WANG W W, LIU D,et al.Effects of Lactoba-
cillus acidophilus on the growth performance and in-
testinal health of broilers challenged with Clostridium
perfringens[ J] .Journal of Animal Physiology and An-
imal Nutrition,2018,9.25.

[ 7] HAL,SKITAT iRkt 55 R IEFLAT I FEESS 210 4T
TR 7 R T S e PR RS A I R R i T ek
PRZIE [ 1], o [ & R R 2019, 46 (10) £ 2927 -
2936.

[8] WUY Y,ZHEN W R,GENG Y Q, et al.Effects of
dietary Enterococcus faecium NCIMB 11181 supple-
mentation on growth performance and cellular and hu-
moral immune responses in broiler chickens[ J].Poul-
try Science,2019,98(1) :150—163.

[9] WUY Y,ZHEN W R,GENG Y Q,et al.Pretreatment
with probiotic Enterococcus faecium NCIMB 11181 a-
meliorates necrotic enteritis-induced intestinal barrier
injury in broiler chickens|[ J].Scientific Reports,2019,
9.10256.

[10]  BARSY, A, TR, %5 DRI ERE X AA AXG I 7



4598

3 W E I

32 &

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

FATME BT S AL DI RE RO 52w [ 7] vh W & B0 R
2018,45(8) :2182-2189.

HOW R TR A5 R I BR O K T TR R
PAIXE A A RE | LT A AL 38 b F T T R 245 4 1 52
W[ 3] F O BE 24, 2018,49(5) :962-970.
WANG W W ,CAI H Y,ZHANG A R, et al. Entero-
coccus faecium modulates the gut microbiota of broil-
ers and enhances phosphorus absorption and utilization
[J].Animals,2020,10(7) :1232.

CAO G T,ZHAN X A,ZHANG L L, et al. Modula-
tion of broilers’ caecal microflora and metabolites in
response to a potential probiotic Bacillus amyloliquefa-
ciens[ J].Journal of Animal Physiology and Animal
Nutrition,2018,102(2) :e909-¢917.

BAELR , TR WIIER, 4F . LA 2R FUAT E SEL
XF S A K P BE L M T8 T A T 3 P N T R B R R
[J].3h¥°8 #2441, 2018,30(4) :1582-1591.
INRTC 2230 AR, 55 22 B R I A 2 FL T T %
PRIXE A KA RE | ¥ T A AL DI RE i 18 T A W S
et B 1R B i [ ] 3h 8 IR 2441, 2018,
30(8) :3176—3183.

CHEN Y C,YU Y H.Bacillus licheniformis-fermented
products improve growth performance and the fecal
microbiota community in broilers[ J ].Poultry Science,
2020,99(3) :1432-1443.

XU S,LIN Y C,ZENG D, et al.Bacillus licheniformis
normalize the ileum microbiota of chickens infected
with necrotic enteritis[ J . Scientific Reports, 2018, 8
1744.

ZHAO Y,ZENG D,WANG H S, et al.Dietary probi-
otic Bacillus licheniformis H2 enhanced growth per-
formance , morphology of small intestine and liver, and
antioxidant capacity of broiler chickens against Clos-
tridium perfringens-induced subclinical necrotic enteri-
tis[ J].Probiotics and Antimicrobial Proteins,2019,12
(3):883-895,doi:10.1007/s12602—-019-09597-8.
ZHEN W R,SHAO Y J,GONG X Y, et al.Effect of
dietary Bacillus coagulans supplementation on growth
performance and immune responses of broiler chickens
challenged by Salmonella enteritidis [ J].Poultry Sci-
ence,2018,97(8) :2654—2666.

WU Y Y,SHAO Y J,SONG B C, et al.Effects of Ba-
cillus coagulans supplementation on the growth per-
formance and gut health of broiler chickens with Clos-
tridium perfringens-induced necrotic enteritis[ J | .Jour-

nal of Animal Science and Biotechnology,2018,9:9.
F L MR, AR5, S REAS 2F FAT T X R

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

PRI X A K B B I Y 8 AR S [ T Bh )8 R 2
##,2020,32(5) :2148-2157.

WESCHD, 227 KR L A Ak AR TR R R AR K
PERE B 2 MERE AN AEFR AR 1 SE R [ T ). Bh W R
#2,2018,30(1) :360-367.

WCH, 22, B, 55 G Ak A T R AT RS 3R
Ay ZEIAN 2 I AE AR AR RN i 18 R 25 1 52
W[ 3. B 3R 3R ,2018,30(4) : 1495-1503.

TR BRIk, 5775 Mk, 28 52 & Rk 2550 4R T
AL ZXT ARG LE AR RE | i G T R R A S P RE Y

SN[ ] E A U R, 2018,45(8) :2219-2226.
Mg SCHE T F, Wk sy, 45 52 4 AR O 4R /N i
TEAAE WA X R A2 [ 1/0L ] R 3 A4l K
272442 ,2020:1-10.(2020-03-09) [ 2020-08-12].
http.//kns. net/kcms/detail/32. 1148. s.
20200308.1544.002. html.

CHANG J,WANG T,WANG P, et al.Compound pro-

biotics alleviating aflatoxin B, and zearalenone toxic

cnki.

effects on broiler production performance and gut mi-
crobiota[ J ] .Ecotoxicology and Environmental Safety,
2020,194:110420.

SARIE , XNTTAE AN [R) FL AR TR X 1A 3G A A 52 P e
R T] . b E & A&, 2018,54(7) :117-119,
124.

SR PR A X5, A SR AN R K- is H
R A HG B = PR RE B 77 o AR R RS [ ] A &
B EE 2019,41(6) :4-7.

LAI W Q,HUANG W G,DONG B, et al. Effects of
dietary supplemental bile acids on performance, car-
cass characteristics , serum lipid metabolites and intesti-
nal enzyme activities of broiler chickens[ J]. Poultry
Science ,2018,97(1) :196—-202.

GE X K,WANG A A,YING Z X, et al.Effects of di-
ets with different energy and bile acids levels on
growth performance and lipid metabolism in broilers
[ J].Poultry Science,2018,98(2) :887-895.

LAIW Q,CAO A Z,L1J T,et al.Effect of high dose
of bile acids supplementation in broiler feed on growth
performance, clinical blood metabolites, and organ de-
velopment[ J ] . Journal of Applied Poultry Research,
2018,27(4) :532-539.

HUANG J, YANG D D, GAO S D, et al. Effects of
soy-lecithin on lipid metabolism and hepatic expres-
sion of lipogenic genes in broiler chickens|[J].Live-
stock Science,2008,118(1/2) :53-60.

EAFAE AN I L AR OB B E 5 ARG A 7
NEFH[T] .5k Tk ,2019,40(13) :12-18.



10 3

Mo A FRIE] P A XS — SR ARDEH A N R F e ot

4599

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

W], A AR A R TR B I B X A A
JESEPEREFNPA i BRAG 2R [ T]. P [ X &, 2018, 40
(5):29-32.

SRk BTG PR 2 AR LI LB AR X 1R Y
R AR BE | M 3 T A i B N 7 D0 RR B4 2 i
[J]. 78Tl ,2018,39(22) :33-38.

YANG X,XIN H L, YANG C B, et al.Impact of es-
sential oils and organic acids on the growth perform-
ance, digestive functions and immunity of broiler
chickens[ J].Animal Nutrition,2018,4(4) :388—-393.
YANG X,LIU Y L,YAN F, et al.Effects of encapsu-
lated organic acids and essential oils on intestinal bar-
rier , microbial count, and bacterial metabolites in broil-
er chickens[ J].Poultry Science,2019,98(7) :2858—
2865.

TERS, EAARE, R 22, 5 R A BB AL X PG/
ESME AN X R[] P EEE,
2020,42(2) :52-58.

WwEH K%, i, 5 LRI E S IR A
FIRXG A KRR SR 20 AR 3 48 b RS 25
TR BRI [ J/OL ] 3 )8 37 £ 41, 2020 1-12.
(2020-08-07) [ 2020—08—12 ] . http://kns. cnki.net/
kems/detail/11.5461.S.20200806.1706.008. html.
PR, B0l it 77 2R G A0 9 0 5 TR AL 00 X 1 39 2
KAYEREFIIAIE K& R [ 1] K& ,2019,41
(21) :37-40.

B, RS, IV A5 RN A X IR A
PA AR R BT SA AL DI RERY 2R [ 7] BURH 27
GE2F il ,2018,32(3) :10-16.

JEV R A, B i, e ST S 2 4 2 6 R R G
MBS FEFR S [ 1] R Tl , 2018,39(4) .
46-49.

SRR, Sk, EARRE, A A R R 2 11 IR ORI
R LE PPERE ST bR B PR ST s e [0 Th A
PrEpE 2018,45(11) :3104-3111.

YANG L,QIAO Y J,LIU G,et al.Effects of dietary
supplementation with leonurine hydrochloride on
growth performance ,immune response, antioxidant ca-
pacity and blood parameters in male broiler chicks
[ J].Journal of Applied Animal Research, 2018, 46
(1) :1490-1495.

d U, AT, BB, 25 AR R X A XS AR K PERE AL A
PEUIRERIREMA [T ]. K& ,2018,40(5) :33-36.
NIU Y,ZHANG J F, WAN X L, et al.Effect of fer-
mented Ginkgo biloba leaves on nutrient utilisation , in-
testinal digestive function and antioxidant capacity in

broilers [ J ]. British Poultry Science, 2019, 60 (1) :

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

47-55.

REN X J,YANG Z B,DING X, et al.Effects of Gink-
go biloba leaves ( Ginkgo biloba) and Ginkgo biloba
extract on nutrient and energy utilization of broilers
[ J].Poultry Science,2018,97(4) :1342—1351.
PRI, B, A AR A i S B ) A0
O JULA D A A A0 0 B DR AP PR T AIE S [ 0] o R 3
HPE,2018,45(1) :100-105.

SRABTE S BRI, A5 HORRLS INAS [RDRG T % 1A X
A RMERE TR AT AL A BL PR 23 35 5 B2 [T ]
R, 2018(10) :61-66.

Sesdtss WM, SkA T INRERE XS A XE A KM RE 3Ry
FIFHER K A BT 2w [ 3], T e 4, 2018(18) 33—
37.

KA, T KA KA, S AR E TR K HRR s
TR0 RS A KM RE RS E B H A
R MR AE AR AR B9 2w [ T 7. v [ 4 %), 2018 (18) -
18-22.

T s, 22T, A5\ A A B T R 151 X PR
M3 e E SR 3 R AR s [ 1] b [ 3 R
7%,2018,54(2) :80-86.

T AN HTETE S5 SR ORT I B 58 X Y 3
IR R [ T] 4R Tk, 2018,39(21) .
48-51.

LIY L,LEI X Y, YIN Z C, et al. Transgenerational
effects of paternal dietary Astragalus polysaccharides
on spleen immunity of broilers[ J ].International Jour-
nal of Biological Macromolecules,2018,115:90-97.
LI YL,LEI X Y,GUO W et al. Transgenerational en-
dotoxin tolerance-like effect caused by paternal dietary
Astragalus polysaccharides in broilers’ jejunum [ J].
International Journal of Biological Macromolecules,
2018,111:769-779.

WU S J. Effect of dietary Astragalus membranaceus
polysaccharide on the growth performance and immu-
nity of juvenile broilers[ J].Poultry Science,2018,97
(10) :3489-3493.

LI S,REN L N,ZHU X D, et al. Imnmunomodulatory
effect of v-irradiated Astragalus polysaccharides on
immunosuppressed broilers [ J ]. Animal Science Jour-
nal,2019,90(1) ;117-127.

TR, B RT3, 55 S W E N P XS A K
BE PLELDhBER R [ 7] & O I, 2018, 45
(3):705-711.

SRR, S LV A S5 R - ROK B
X817 PR A KPR RE | f s 4% T 48 KO Y o B9 32
Wi [T R, 2018,45(4) :933-939.



4600 ;oW oE R Rk 32 &

[60] WU X Z,WEN Z G,HUA J L.Effects of dietary in- [70] AURAE, BB, W EAR IR X RIS A K PERE
clusion of Lactobacillus and inulin on growth perform- TR 38 A A1 AR R B2 [ D). A [ A R 2019
ance, gut microbiota, nutrient utilization, and immune (12) :49-52.
parameters in broilers [ J ]. Poultry Science, 2019, 98 (71] VORKER , Z58F BT RE & B E MG E N A S
(10) :4656—4663. X817 RIS A R BE L B 481k 1 B 2 B BE Y R R

[61] XIA Y,KONG J,ZHANG G B, et al.Effects of dieta- [J/OL]. 3 35 2F 4R , 2020 1-8. (2020-06—10)
ry inulin supplementation on the composition and dy- [ 2020—08—14 ] .http://kns.cnki. net/kems/detail /11.
namics of cecal microbiota and growth-related parame- 5461.5.20200610.1358.012.html.
ters in broiler chickens[ J].Poultry Science, 2019, 98 [72] EB,XIFE AT KEEY T KA 558 D BE A I
(12) :6942-6953. WA AL RERSE IR [ T ] DR 9T, 2018 (3) £ 20—

[62] LIUH Y,HOU R,YANG G Q,et al.In vitro effects 23.
of inulin and soya bean oligosaccharide on skatole pro- [73] BREBKSR, 5B, H 7 55 Qe AR B X 2 e H R A
duction and the intestinal microbiota in broilers[ J]. AE [ B AR Ay S [T, A [ B Rk, 2018, 54
Journal of Animal Physiology and Animal Nutrition, (2):93-98.

2018,102(3) :706—716. [74] ZHANG M,KOU J,WU Y J,et al.Dietary genistein

[63] SONG J,LI1 Q H,LI P, et al. The effects of inulin on supplementation improves intestinal mucosal barrier
the mucosal morphology and immune status of specific function in Escherichia coli O78-challenged broilers
pathogen-free chickens[ J ].Poultry Science, 2018, 97 [J].The Journal of Nutritional Biochemistry, 2020,
(11) :3938-3946. 77.108267.

[64] ZHANG P, SHI B, LI T, et al. Inmunomodulatory [75] CUI'Y M, WANG J,LU W, et al. Effect of dietary
effect of Artemisia argyi polysaccharide on peripheral supplementation with Moringa oleifera leaf on per-
blood leucocyte of broiler chickens| J | .Journal of Ani- formance , meat quality ,and oxidative stability of meat
mal Physiology and Animal Nutrition,2018,102(4) ; in broilers[ J ]. Poultry Science, 2018,97(8) :2836—
939-946. 2844.

[65] SONG Y Y,ZHANG R L,WANG H M, et al.Protec- [76] WEN C,CHEN Y P,LENG Z X, et al.Dietary betaine
tive effect of Agaricus blazei polysaccharide against improves meat quality and oxidative status of broilers
cadmium-induced damage on the testis of chicken[ J]. under heat stress[ J ].Journal of the Science of Food
Biological Trace Element Research, 2018, 184 (2) : and Agriculture ,2019,99(2) :620—-623.

491-500. [77] CHEN R,WEN C,GU Y F, et al.Dietary betaine sup-

[66] EE, Mk, XUHE, 55 5] 000 2 08 % 4k 38 3= F A e 18 plementation improves meat quality of transported
PREIEEM [ T] ARMIESE ,2018(4) :31-33. broilers through altering muscle anaerobic glycolysis

[67] FEBRF, B 22 B 2T AR A 7= B RN G and antioxidant capacity[ J ].Journal of the Science of
UIRERY IR [ T]. 4Rk, 2018(18) 148-52. Food and Agriculture,,2020,100(6) :2656—2663

[68] THIR, P, F A5 55 B2 BT A A K [78] CHEN R,ZHUANG S,CHEN Y P, et al. Betaine im-
PEREAN B S ERE R [ 1] B #R0IL ,2020,4(2) . proves the growth performance and muscle growth of
34-36,39. partridge shank broiler chickens via altering myogenic

[69] ZEIR4E, 285 FRARNT 55 KFE RN AA PIXS Tyt gene expression and insulin-like growth factor-1 signa-

HAERKETIRZW )] ZROBHE 2 B2 4, 2018,
32(4) :20-24.

ling pathway [ J ]. Poultry Science, 2018, 97 (12) .
4297-4305.



10 HH ¥ JREE R E P R — DR I S T 0 R 4601

Research Advances in Common Feed Additives of
White Feather Broilers in China

YANG Xin' YANG Xiaojun' LI Shaoyu”* GUO Yuming’
(1. College of Animal Science and Technology, Northwest A& University, Yangling 712100, China; 2. Institute of Animal
Husbandry and Veterinary Science, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China;
3. State Key Laboratory of Animal Nutrition, College of Animal Science and Technology,
China Agricultural University, Beijing 100193, China)

Abstract : White feather broilers are characterized as growth speed, high feed conversion rate, and high muscle
protein content. White feather broilers occupy an important place in the Chinese supply of meat. In a post-anti-
biotic era, common feed additives play a more and more important role in improving the quality of animal
products and performance, keeping animal health, and saving feed costs etc. This paper summarized the recent
progress in the research and application of common feed additives on white feather broilers, such as probiotics,
emulsifier, acidulant, herbs, essential oils, polysaccharides, and other plant extracts, in order to promote
healthy development of white feather broilers production. [ Chinese Journal of Animal Nutrition, 2020, 32
(10) :4592-4601 ]

Key words: common feed additives; white feather broiler; research advance

# Corresponding author, professor, E-mail: 1sy9617 @ aliyun.com ( )%’H: Z —fffF F;Z'J: %)



