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MEFAMTEE S REDFIF
XF 3G R TE 1 B ¢ B T B R 2R

BEsm kM, WKE BEE , ABE, KTH, 6K

MR KFHHEFRE, KX 430070

WE N TR A SRR I 2 (necrotic enteritis, NE) B9 fcA: 2380500, 21T 1 H i 817 458 120 2,
REHL AR 4 A AE B, JE 23 6 R (Control) ZH AR SEHE IS 2 (NE) 241 (FH G B 7=/ I RRAR TR IR s R AT X 27
NE #8) fr] PR LAl H AR FIUB5 1(Probl) 4 7EFE Al H R T 0.2 %6 B3ZE #3701 BBl 2(Prob2) 41 7E 5L Al H R
HHE N 0.2% MY AE B 3R] 25 3 56 45 14~16 K Probl 41\ Prob2 41 F1 NE 41 18 3% % 223 1 7= 3 JEMEM B ( Clos-
tridium perfringens, CP) , ¥RFELE TR S INAS [R] (A B0 2 AT B 52 i 26 0 o 590 e i g J B /1 o 24521t
7 : NE 2H P8 4R i I T Control 41, 13645 17 .23 K Probl 41 . Prob2 414 B 1 B 3 & T NE 2H (P<C0.05) . NE
2H RG2S g T B AR RV B AR 0 Beuss IR SR LU IAAIR A PR B 2 AT 1R 2 A il ) s TR 23
I LS e WERKE MR LT m T NEH ., NEARGSHE N T-SOD . T-AOC \AKP /& AT
Control 41 ; XI55 17 K Probl 41 . Prob2 41 RS %S B 5B T-AOC \AKP 3 P . 2 = T NE 41, Probl 41 XS =5
FHIE T-SOD 1% .28 5 T NE 41 ;3505656 23 K, Prob1 41 Prob2 41 A #9245 i Bh B T-SOD , T-AOC \AKP {& ¥ 5
TNEZ, %25 ; NEZ RG2S A MDA & 55 T Control 41 , 35045 17,23 X Probl 21 . Prob2 £ A X% %%
WA FIE MDA & i iR T NEZH ., NE 20 A B 18 B %5 1% 4685 11 CLDN1 . ZO0-2 2K K35 5 AR T Control 4, 7R
B 17 KA B2 5055 17 .23 K, Probl 41 Prob2 2H PI A8 73 B % % 45 8 11 CLDN1 . ZO-2 S ik 2 i
TNEA, {556 23 K Probl 41 \Prob2 4] ZO-1 HE ik i 0 3 5 T NE L. 55 R, H AR IR InAl & 28 fpT
P B I A kR0 mT LAOGE SR PR I RS I AR K R 48 R PSSR f RE O L B W18 B % 1 B B 1 SR TR 3R 56

S, FURS R SR B 2 5 0k 0] L XX IRBEE I R A 45 4 T B A
KR NG AFZFEAT A SRR RIEIES R 5 7 R A

mESZEE S852.3  XEFRIRED A

IR TEAE 7 46 (necrotic enteritis, NE) 52 i 72X,
SE WAL W (Clostridium perfringens, CP) 7 & 5| & 1)
— R L2 B U AE R FE 0 B e, 7 R IR AR
WHRFEA o« Boe TR IFFEMEN R B H 7
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ANEE 10 B a5 {5 IR (Control ) 4H . Tl B 1 (Probl)
41 B 2(Prob2) 4l IRFEM: I 48 (NE) 4 . X556
1~16 K Control ZH \NE ZH (A %15 M2 JEEfil H 412, Probl
2H PR ] MLy H AR RN AR A ) 1 5 1, Prob2 25 1A X
o) W RE il AR R B A 0 R 25 0 2 14~16 K,
Probl.Prob2 . NE 41 % H XS B CP(3X10° cfu/
d) ;IR EE 17~23 KA 4 A A e M Sl H b . 3
A AR 23 d

FEhl H KA 510 PN TRE I 1 32 BH 1E R AR 44
A BRAF] bk 2 Rk R AR B =200 R <<
6% MK Ir<<8% .85 0.6%~1.2% M BE=0.5% . &
fE410.2%~0.8% RAR AR =0.74 % JK5r<<
14% o GRS IR B th A2 rh ARl K AF SE Al 4 2
o FHL ST 6 2 3 B9 8 IR A, AT F TG GRAR R &
PR R 0 5 6 ) BA TR 15 958 2 3 <108 cfu/mL; B A e
A5 R0 H DU IR A A B 2 m R L A ol
FUAS IR 0.2% o SRR HIF 1 322040« A
FEEMIFF R (107 cfu/g) (2% B Py 2.5% A BLAN
86 PRERE ; 2k A5 500 2 35 AL A3 « A L ZE AT A
(10" cfu/g) B HARI K B =) (/NBK 20.79%6)
1.2 FERXFIRALE

FEAH A ALY LR (SOD) BBt E e
AEJ1 (T-AOC) BB R B (AKP) (N [ (MDA)
o0 32 ) 65 W R e AR ) AR W AT T s RNA
Isolater Total RNA Extraction Reagen. HiScript II Q
RT SuperMix for qPCR ( +gDNA wiper) . ChamQ
Universal SYBR qPCR Master Mix 14 [ B 5% i ME %8
YR R A EL,

B : ELX800 i b5 AL (BIO-TEK A #] )
Step One Plus ¢ /6 i PCRAX (3£ [E ABI/AH] ) ;Na-
no-300 i fi & 43 6 06 B TF (e B8 A 4% A FR
NCIDR
1.3 MEBHRRTE

1) RIS AA 5T 2 FI-F- 35 H B E I . Tialge 2
14,23 KX PR XS FR i I 71 55 F 34 H 4 5 (average
daily gain, ADG) .

2) WAL BEE . TR 17,23 %, B4
Rk PEZH BEHLAE I 10 RS AT & 5%, BY B g A 2
em T4 %0 HEE [ 5 A 5580, g XU A
BLHIVERL 4 pm Y) -, W IR ARE -2 (HE) Qe 5 f5
WLEE 45 20 PG i il 2H AU 25454 . % H] Nikon 80i 4=
Yrotr s U N v v M R A 1 S Al R gl i
X 23 g 98 B K ¥ (villus length, VL) Fi1 [ 5% 38 B
(crypt depth, CD) , 3T G0 R b . BEER 5 5K ) 7 ik
AriE , BOF YA

3) PR 23 i b Bt e A b B I o >R FH IR
A S ALY A (SOD) LB A kR J1 (T-
AOC) B 1 W B2 g (AKP) 36 ¥ . 9 — % (MDA)
T

4) R %5 figy BB A A R I R A I g o AR
P& Trizol B 3 BU iE 5 BE RNA , SR F B i 4006k
BEE I RNA W BRI 46 5 o SR 980 & RT-
PCR(qRT-PCR) A& 2% 2H PRI XS 25 figp B2 % i 4 1 ]
4% M (claudin, CLDN) -1 & /INA%E [ (zonula oc-
cludens, ZO) -1 F1 ZO-2 By JE K K1k . 2 OCHERL7 ]
it D,

F1 WHEEPCR3|Y

Table 1 Primers for fluorescent quantitative PCR

A Gene

#5149 Forward primer

TS 14 Reverse primer

Claudin-1(CLDN-1)
Zonula occluden-1(ZO-1)

Zonula occluden-2(Z0-2)

GTGTTCAGAGGCATCAGGTATC
GGAGTACGAGCAGTCAACATAC
GCGTCCCATCCTGAGAAATAC

GTCAGGTCAAACAGAGGTACAA
GAGGCGCACGATCTTCATAA
CTTGTTCACTCCCTTCCTCTTC

MR 2 e s iR G 43 A U R 2 RNA B3 5f
4 eDNA. qRT-PCRY AR (10 pL) : cDNA 24
0.5 pl., B FHESI #1145 0.2 pl., 2XchamQ Universal
SYBR qPCR Master Mix 5 pl.,ddH,0O 4.5 pl.,
TP 95 CHIASYE 5 ming 95 °C 555,56 “C 45s,3L40
AEFR 595 °C 15 50 R 2722 %415 CLDN-1,
Z0-1,Z0-2 3 H ) mRNA FIXF ik 5o
1.4 HEFHFITHW

# FHGE T4k SPSS 25.0 43518 , L One-way

ANOVA 347 Duncan’s 2 8 b4, 45 5 FH S 441 +
WRE2E" R, P<0.05 R REFEBE,

2 FHRE5HMH

21 HEFANEEAMEYHFINABERKE
BHIR

A2 2 20, IR A6 14 K, NE 20 /A XS4 5 i Al
SE-H) H 3 &AL T Control 4H{H JC i 3 22 5 (P>>0.05) ;
Prob1 £H PI XS 1A 5T 5 1 3% 5 T NE 2 (P<<0.05) , H ¥
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Table 2 Body weight and average daily gain of broilers
[5f1a] /d Time Fa47 Index Control Probl Prob2 NE
KB /g BW 131.83413.15b 137.40=+14.34ab 144.15417.45a 129.224-+12.22b
14
AT /g ADG 7.54+1.05b 7.2541.40b 8.624-1.28a 6.94-+1.44b
23 /g BW 282.882223.04hc 307.68+20.61a 292.68+14.03ab 270.16=20.95¢
T A E/g ADG 17.03242.52bc 20.28+1.07a 18.822.91b 15.06+2.36¢

AT R AR R E R RR 22 7 B3 (P<<0.05) , MRS B R R 2 7 A B3 (P>>0.05), TR, Note:Different letters in the same

column indicate significant difference (P<C0.05), while the same or no letters indicate no significant difference (P>>0.05), the same as below.

HIC# 5 (P>>0.05) 5 Prob2 £ A W {4 i & Al H 14 &
B E T NE4(P<<0.05) . iR 23 K, NE4 K
X A 5 4 A1 3 H 86 2 KT Control 41 (P<<
0.05) ; Prob1 £ I Prob2 41 [A X% 4 J5t 1t A1 H 384 5 35 |
T NE4(P<<0.05),
22 MEFAWNESESMEYHIFIXAEB=FEE
BEMRIF T

F 1 1] D, NE 2038 2 1 2% 7 T i 285 A2 iz AT
WARVESRFE , i 7% A% 15 (8 1D \H) , Control ZH A
PR BT AR WL 25 (B 1A E) i 5 17,23

K ,Probl 1 (& 1B.F) .Prob2 41 (K 1C .G ) [N X Jiz 18

Control Probl

¥ -

17d

SERTERE, JCH R AR

i 2% 31T, RIS 5 17,23 K NE 4 S %5 4 9%
BRI G B KT Control 41 (P<C0.05) , ik 5
%5 17 K NE 21 R A9 %5 iz B s VR 2 Bk 2 /51 T Control 41
(P<<0.05), 15555 23 Ko % 22 5% (P=>0.05) . ik
B6:45 17 .23 K, Probl . Prob2 A 25 I 45 & K JE 4K
e 5 2 T NE 41 (P<<0.05) , B8 5 17 K Probl 41
B o3 VR B 5 NE 20 6 i 2 25 5 (P=>0.05) , Prob2 41
W m% B B KT NE 41 (P<<0.05) , %5 23 kX
Probl ., Prob2 1 B2 & R 5 NE 41 & 8 # 2 &
(P>>0.05) .

g § \ i t \, % X »
7Y AN
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1 ABZEEHARREZTHA0X)

Fig.1 The histopathological lesions of jejunum of broilers (10 X)

®3 ABEHREENTL

Table 3 The mucosa changes of jejunum of broilers

] /d Time F 5 Index Control Probl Prob2 NE
WERKE/pm VL 517.64+4.01b 690.70+9.51a 558.06+22.57b 275.53+18.69¢
17 s R /pm CD 84.37+3.10b 99.82+6.81a 96.82+2.65ab 97.90+2.90a
B VL/CD 6.17+0.25a 6.74+0.47a 5.79+0.33a 2.82+0.20b
HEKSE/pm VL 650.20-25.63a 679.779.74a 672.36-13.22a 453.11412.38b
23 Wass R /um CD 115.67+9.14 120.16+5.39 116.98-4.40 112.77+4.09
Yk VL/CD 5.72+0.37a 5.70£0.25a 5.78+0.21a 4.034+0.13b

23 HEFAHBFESMEWHFIXNABEFE T-SOD., T-AOC., AKP jF 4 & & i T Control 4

IR R IEFRAI R0

(P<<0.05) ; Probl 41 43945 B 6 T-SOD ., T-AOC |

AT, G H 17 K NEA AW I8 AKP & 5 % 5 T NE 41 (P<<0.05) ; Prob2 41 A X4
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2 R T-SOD WG M T NEZ(H L i % 2 5%
(P>0.05), T-AOC AKP it &% 7 F NE 41 (P<<
0.05) ;B850 23 K, NE 4 A9 25 B 26 K T-SOD 1%
PE B K T Control 41 (P<<0.05) , NE 2H P 25 i
JEE T-AOC . AKP 3% MK T Control A{H TG i 3 22 &

(P<20.05) ; Probl 4H .Prob2 £H PAXY 23 I i T-SOD .
T-AOC,AKP #& ¥/ F NE 4, 2 73 K & (P>
0.05), I 17 .23 K, NE 2H N2 B MDA &
5 T Control 4, 1l Probl . Prob2 4H [A 3% 25 Jig &6 I
MDA & &L T NE 4, (B30 i 2% 2 5 (P>>0.05)

R4 ABZHFERENIER

Table 4 Antioxidant indexes of jejunum mucosa of broilers

ftiE] /d Time K45 Index Control Probl Prob2 NE
T-SOD/(U/mg) 298.82460.80a 351.37482.84a 142.26-40.94b 116.17412.24b
T-AOC/(mmol/L) 0.8540.03a 0.76-0.05ab 0.734-0.06ab 0.67-0.05b
1 AKP/(U/mg) 398.994-105.43a 492.774187.10a 291.87+46.70ab 186.41489.97b
MDA/(nmol/mg) 3.6740.67 4.624-0.91 3.97+£1.75 5.2140.38
T-SOD/(U/mg) 258.384-23.73a 197.88-+45.62b 196.75-+12.14b 183.63442.77b
0 T-AOC/(mmol/L) 0.5340.05 0.604-0.08 0.364-0.09 0.3540.07

AKP/(U/mg)
MDA/(nmol/mg)

564.13+£82.18
4.88+0.69

575.89+243.68
5.160.60

742.024223.44
4.40£1.06

536.31£216.88
6.49+1.90

24 MEFATESESHEDHIFIXABESHE
FEEEREREFRIENIID

5, KK 5 17 K, NE 41 A%
CLDN-1Fl ZO-2 J£ I 3 ik 5 1 2 (X T Control 4
(P<<0.05),ZO-1 H:H KA AR T Control H{H 22 7 A8
3 (P>0.05) ; Probl AW %S I ZO-1,20-2 F& 1 &
ik T NEA , Tl % 2 57 (P>0.05) ; Prob2 4H A XY

25 CLDN-1,Z0-1.Z0-2 3N 1555 T NE 41,
TR EXEF(P>0.05), 55 23 K, NE 4 R
CLDN-1.Z0-1,20-2 %Kik 5k T Control 41, J&
BEEF(P>0.05),20-1 3N FEE R R EKT Con
trol ZH (P<C0.05) ; Prob1 #H . Prob2 #H A X% =5 Jis CLDN-
1.Z0-2 3N REBE T NEYL, LW H £ 7 (P>
0.05),Z0-1 3 F ik B E & F NEA(P<<0.05).

RO ABTHRATEREREERIEE

Table 5 Expression of jejunum mucosal barrier gene in broilers

HF[E] /d Time LR Gene Control Probl Prob2 NE

CLDN-1 1.004+0.19a 0.3140.08b 0.3940.17b 0.324+0.13b

17 Z0-1 1.004+0.11 1.05+0.25 1.504+1.20 0.314+0.34

Z0-2 1.00+0.14a 0.324-0.25b 0.394-0.04b 0.2540.02b

CLDN-1 1.0040.37 1.34+0.77 1.5840.56 0.8440.16

23 Z0-1 1.00£0.22abc 1.11+0.60ab 0.69+0.17abc 0.4240.18¢

Z0-2 1.00+0.21 1.18+0.91 0.85+0.12 0.78+0.28

3 i SR ARl FEABESE T W R AT R

B & gk A L i mbi A R POk, 25 4R W
YRS AT R A SR U R T A
it g rh i A 2 B A

W HE LT, ARG CP 2> 51 fig 18 26 il 2
B, FEOS A KRR AR (RS AF5E Y
YR EE LRI NE 41809 18 T Rz 4 SR A8 , 2 Fif
il R 2R R TR A2 A5 A 0 i ) A ) A B 2 £ i 2 s
Af o AT XS B G CP J5 M5 2 PR AR, 53X 5 Grilli

A A AR T L S R X ) AR5 AN
i, [A] A CP 7 d J5 Probl 20 A XA i B B 27 T
Prob2 21, V8 JI AR R 2E A B Sk 32 B 43 1 A )
AT LABA S 038 B A NE W BERY A= KM RE 3 55
A0 T A 45 SRS, T BE AR i 5 mT L
T B3 pHAE B0 R R A A K

AN S LA E SR T R 32 L, SR
(VLMK s (CD) B VL/CD ik, 1R %/
i Wi WA fig i Y L A R AR R g e IR A 2
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A T R T DL AR v M O K R L
P EA K . AR T NE 41 808 5 45 B 48 81 H
WEKIE S R R B LU AR P A, 3 0 76 H R s
IR FE ZE AT TR 24 A 00 a0 T LA v PR XS 11 2
BKE S H Probl 41 A i 48 B K JF 5 T
Prob2 4 .

CLDN.ZO 285 iEHE A, B E R x4t
Felp bt b hpe 2 H 2, B W g iz
J B LR SRR AR SR AR S & B, NE
20 73 iz 9806 T oy 5 RS L B T DL AR PEIRBE B P A
i, 2 BH o 1 12 4 5 2 o a2 4 R o R R G R
PR DR 0 e R R EDIE 13X — o o ASHIF 9 fifi A A
LR FLRT TR G A W i R A s i 41 4 CLDNI
Z0-1.Z0-2 FH Rk 5AT P Fh i, Bt 1 W il 2 i
FrBR B EE T

MDA J& g i &6 ™4 , 1fii SOD & —Fhi A4k
VI, E IR SOD AT LATE BR A B i3, 1 g it 4
PRy S 100 L A I e ] R A 2 AT T o
FIHE = R XS 1Y SOD 1 M FEAIK MDA &t o 2 = Bl
PR BB AR RE 30 5 10 BB A3 VA 0 2 21 77 700 Il o 591 o
Al LAY /D i R B A i & A B R A e
MDA 4, [F I 25 SOD iR [8I, A SCilkiiR
B A B AR SR BT B A A
RV, DR AR FE BT T Probl 41KE A 55 2E AU FT
FRE YR i RIS 0 . 45 2R R W] CP A] 51 R X9 iz
IE N SOD i M Fn S b A ke 71 T-AOC iG PEREAIT,
MDA & T} 5 ; Probl #H . Prob2 2H PI XS 25 i B I T-
SOD i PEE TNE 4, MDA & R T NE4H ., i
BHAE FORR A R TS 5 25 A B 52 6 B2 E i 390 mT LA
2 15 XS (T B AL RE /7, Probl 41 A XS B AL BE 1 &
151 T Prob2 41 ] BE J2& DX A B 2F AT D FIARL 0K T
(PR R FH

el 2 #5 182 /iff (alkaline phosphatase , AKP) & 12
Gy A FHUALL L8 E W BRI /K S il , £ 2250 Al
U SR R 2L S AKP, A0 B B i IR i (in-
testinal alkaline phosphatase ,IAP)"' | TAP i &3k 1]
DI i B R i H R ZO0-1.20-2 %5k 5,
P i BRI AE . AR, Y CP R il B
i AKP 3% 7 F A% , Prob1 , Prob2 £H =% iz 2 I () AKP
TP T Ul B 2R A B A A R Rl B
3 R 25 W ) AP T DT 981 i 5 e 2R
SRS E SN

25 b, FORSUS IR R ZE AT B 2 A SR W R

AU R XS A R B I A B 1 K
FE AR A P R IR LA BT AL BE Ty, P b e 2 4
P S U Wl 300 1A R R S 4
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Preventive effect of Bacillus subtilis compound microbial
preparation on chicken necrotic enteritis
CHU Yuting,ZHU Yanghua, XIE Changqing, CHENG Guofu,
HU Xueying,ZHANG Wanpo,GU Changqin
College of Veterinary Medicine, Huazhong Agricultural University, Wuhan 430070, China
Abstract In order to find effective microecological preparations for preventing necrotic enteritis

(NE) in chickens in this study, a total of 120 one-day-old 817 chickens were randomly divided into four
treatment groups. Control group and NE group (broiler model of NE established by infecting with Clostrid-
ium perfringens type G ) were fed a basal diet. Probiotic group (Probl) was fed a basal diet supplemented
with 0.2% microbial agent 1, and probiotic group (Prob2) was fed a basal diet supplemented with 0.2%
microbial agent 2. On days 14 to 16, broilers in Probl, Prob2 and NE groups were treated with Clostridi-
um perfringens (CP) by continuous gavage. The preventive effects of the two different Bacillus subtilis
compound microbial preparations on NE of broilers were evaluated in the 23-day trial period. The results

showed that, on day 17, the body weight of broilers in the NE group was lower than that of the control
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group. However, broilers in the Probl and Prob2 groups had a higher body weight at the 17th and 23rd
days of the experiment compared to the NE group. The jejunal epithelial cells of broilers in the NE group
were necrotic and exfoliated , with a shorter villus, deeper crypt, and smaller villus length and villus crypt
ratio compared to the NE group treated with B. subtilis compound microbial preparation. The activities of
T-SOD, T-AOC and AKP in the jejunal mucosa of broilers in the NE group were lower than those in the
Control group. However, on day 17, the T-AOC and AKP activities in the jejunal mucosa of broilers in
the Probl and Prob2 groups were significantly higher than those in the NE group, and the T-SOD activity
of jejunal mucosa of broilers in Probl group was significantly higher than that in NE group. On day 23, the
activities of T-SOD, T-AOC and AKP in jejunal mucosa of broilers in the Probl and Prob2 groups were
higher than those in the NE group, and there were no significant differences. The content of MDA in jeju-
nal mucosa of broilers in the NE group was higher than that in the control group, and the content of MDA
in the Probl and Prob2 groups was lower than that in the NE group at the 17th and 23rd days. The gene
expressions of intestinal tight junction protein CLDN1 and ZO-2 in the NE group were lower than those in
the Control group, and there were significant differences on day 17 of the experiment. On the 17th and
23rd days of the experiment, expressions of the intestinal tight junction protein CLDN1I and ZO-2 genes in
the Probl and Prob2 groups were higher than those in the NE group, and the expressions of ZO-1 gene in
the Probl and Prob2 groups were significantly higher than those in the NE group. The results showed that
adding B. subtilis compound microbial preparation to the diet could improve the growth and development of
chickens with necrotizing enteritis, increase the antioxidant capacity and intestinal tight junction protein
gene expression of broilers, and B. subtilis compound microbial preparation 1 had a better preventive effect
on chicken necrotic enteritis.

Keywords chiken; Bacillus subtilis compound microbial preparation; necrotic enteritis; Clostridium

perfringens

WAEG A HT)



