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1.5 HEFHEEIERNE

AR RR R bR AR T R P H R E R P
B R L ETER IR I TR, R
Tl 1 3 R S8 2R 0 k2 0 A FE 16000 X 36 45 2 Ui
AT BOTFR BT, T R DA RSP 4 4
it X H R D SR R AR S PR FE i T
) H R, B H CRIR R RS 1R %) 3 H R
T/ W E R, TS S 7S I A bR
OARBIE A AKREH TS s @ IE R IEH R
EH ., TIiRE 20 d BF, 2 BEULEE ., IF G011 X B I TS
AN TR T R (Y0) = 4TI VS XY B/ R A B
<100 % SETTHR (V) = B 1 10 P 4 A6 T X 8/
0 1A PN AN B <100 %%,
1.6 MiEERNE

IV F8 bR A 46 P9 B 2 AR RAE B IL-1 MR
SiE R TL-10, R MR BG 45 R GR I 20 &L 43
SIS 2 L g5 AR TR A = R AL BE AL 9 HAS (R
3 H/HEED Ay R M HE S B AEE W 3 A
FEGTR A —RE, 3831 3 Oy MV FE . SR AT R Il
f 7 2, B AR SRAE L 3~4 mL, 1 2 T A 1 ik
b AR E T 37 CHEHEM 1 h 5.4 CHE 2 h,
4°C 3 000 r/min B0 15 min, 5 W& 2% W B 375 4>
B, 2 BRI R & 0 B A X Y EE R R A0 i A T S
FE bR IEATIN A2

=1

1.7 BFiEREINEENE

IDL7/BLIN Y Aol ) b LN Rt B U P
F 3 W occludin, ZO-1 Fl JAMFA 41 . K 5
20 d, o3 iRl 4 L 25 AR TR AL LRI B LI 9 X
AT 3 FD LR B A UG K 4
ANEER 3 MRS, it 3 R dh . R
UKL 5 R A K ST BIAT R IR R L G AR B H
W » DI 5 11 5 28 A4k 3 em 2247 1 E W Ak BY B4
B2y 0.1 g Aoy Ci: 2GR AL 1A X 7 B AR R —
FO B AT B sample protector (Ff 1 RNA
PR R ff ) Y TR R B 2 21, R 1 mL TRIzol i 7
Foor SRR I RNA, K2 HUE RNA ] NanoDrop
2000 I W L AN 4 RE X A5 A EOR L IEAT R SO
cDNA, # I8 Prime Script™ RT reagent Kit with
gDNA Eraser %t ] 45 5¢ Wi, L cDNA by i fx,
GAPDH iy A Z . Fl l1 ¢ )t 5 it PCR Kl occlu-
din.ZO-1 fl JAMFA mRNA Ry EE &, 56E &
PCR M5 2 H:95 °C BB HE 30 5595 “CAEHE20 s,
60 °C 20 5,72 °C 10 s,40 I 5, % fif il 2 359 A
65 ‘C iz I+ 2 95 °C . [ i M & R4 #2 B SYBR
GLORLUE W 0 4 AE U 0, B &R B T AE 20
pLo BB B ¥ 4% 2 22 rkit 0. 519
B4R E i % HTPF Primer Express 56 i, B
I SEILER 1,

WKILEE PCR5IH

Table 1 Primers for fluorescent quantitative PCR

F A Gene S Accession No. S5 (5'-3") Primer sequences (5'-3") FBEK/N/bp Product size
F.:GGAAAGTCATCCCTGAGCTGAAT
; D NM_204305.
GAPDH NM_204305. 1 R:GGCAGGTCAGGTCAACAACA 90
cludin NM 205128, 1 F:ATCGCCTCCATCGTCTACATC 9
occtudan SR R:GCTGCACATGGCCAACAAG ‘
F: TGGGCCTCACGGACTAAAAT
_ M 413773, 4
2071 XM_418773. 4 R:GTTTGCTCCAACAAGATAGTTTGG 118
TAMA EF 102433, 1 F:GAAAACCAACCCGTGGACAT 9
- o R:GGAAGAGCCCTTCTGGAACTT ’
F:GCCTGATAGGAAAACATGTCATG
EGF NM_001001292. 1 103

R:ACAAAAGCAAACAGGCCCTTT

PR GE e T, REMEE ML S5
HHERESREERE, 0 EEARKE T EFG /Y
FHFRIRELN . RE LIRAFEXS I H M B 41
1 em” CRE HOXG SR AR I A X 7 B R — 30, & T
TS 4 0 B AR R B AR W b [ L 2B L P e L B
KB AR R RN 4 pm) S0P BR S
AT H A HE 48, ] H A& Nikon DS-Fil 44y
J6oE BB I 45 & NIS-Elements (= 1 Wi 2% @ &

SCA BT R G AT S U AT B N R SR ALY
W5E 10 HE 56 % 200 B 1Y 45 6w B2 CVHD FRR o R 2
(CD), 38 5 WU iH A A HA W BME .
Kl & 4 41 h EFG mRNA 87K, 40 B 5
Bl Bk DR B KIS HILE 1.
1.8 HIESH
R KE FH Excel 2003 #4F 40 28 4b #U5 |, #H
SPSS 18. 0 ¥ A i# 17 G2 it 20 #r. F M One way
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ANOVA.LSD #1722 7 B & MR ML & . iR
B 25 R LS M £ bR fE 2 (Mean+=SD) o, R
& 4% F GraphPad Prism 5 #f44il 5¢ i .

2 #RE55Hm

21 HEFHEAEMNANMEBETERENZN
FXG PR O H R B P E T AR R

R (GE 2D EW . SERAM, S A RAE - E

R H R &Y & TR Ty B T 2.60%

(P<C0.05),2.91% (P>>0.05)F1 0. 96% (P>
0. 05) HFE A 35 3] % IR ALK - BHEE Ly I, 45 41
Z M 2ZFARE(P>0.05),

WS B 16 R0 AL L XS R R R AR T R 45 R
(R 2D WK, 5 & A AH L, 45 A2 TR 4 0 IR VS SR AT
T 36.70% , AR ) 5 AL A 7K 5 X EE 0 R 7
s f A WA <A< S A ST 5 . =
H<gSAEWA <SR, BT W, B ES A
T2 T TR RE A A5 B R X 1 A R RE

R2 HEFEFENAEHESERERNZT

Table 2 Effects of Bacillus subtilis on growth performance of heat stress-induced laying hens

I gE| [l 7 A A Al EiRdl

Ttems High temperature group Probiotics group Room temperature group
P F /% Egg production rate 80.7040. 03a 82.8040.03b 85.9640. 05¢
P H R B /g Average daily feed intake 88.10=£6. 25a 90.66=+9. 49a 102.00=%1.51b
-4 e /g Average egg weight 52.184+2.62a 52.68=+1.15a 58.01+1.31b
B/ % Feed-egg ratio 2.09+0.17 2.07+0.23 2.05+0. 14
ME¥5 % / % Diarrhoea rate 63.02 (242/384) 39. 89 (158/396) 34,37 (11/32)
X AR/ % Broken egg ratio 0. 40 0.25 0. 30
BETZH/ % Mortality 2.30 1.30 0. 00

F . FAEIERARNG FREFRRZ RSB E(P<0.05), FA., Note: In the same row,the values with different small letters indicate

significant difference (P<C0.05). The same as below.

2.2 FHEZFROH B X R M E G % 1S AR A9 52 I

M 3 AR, 5 ER AL H , 25 AR R A R = IR
AT T N EE R K F A BRI 37, 4126 (P>>0. 05)
1 58. 50 % (P<<0. 05) s 1L-1 7K 43 Bl A% 20. 98 %
(P<C0. 05) fl 32. 66 % (P<C0. 05) ; IL-10 7K 3F- 43 1]
Fhi 41, 05% (P=>0. 05) Fll 312. 96 % (P<C0. 05),
S5 W] bR 2 M AT TR AT B AIR I0LTE N 7 R R
RAE K F IL-1 & &, Fb P 0E B IL-10 & &,

AT BE A 50035 5 B AN B A0 T
23 WHEFRTEXNANFELZEREN RN
YRR BT B 1 SR, S e AL A L R i
TR B ZF AT TR AR RS B A AP occludin
M ZO-1 mRNA FikKF, Hrf ZO-1 AT
EFHSERAKFE X JAM-A B FRIBEITCZE MW,
25 b IR 2N B ZE AT 1A R S R SR A U AR XS
14 i T8 40 F B

F 3 HHEZFROH B X IR B E 3G M % S AR A R
Table 3 Effects of Bacillus subtilis on blood indices of heat stress-induced laying hens
SYE| TR 4 i AR R 41 ERTE
Items High temperature group Probiotics group Room temperature group
W& % /(EU/mL) Endotoxin 1. 4740, 24a 0.92-+0. 23ab 0.61+0.10b

F A% 1/ (pg/mL) 1L-1
F4iE A& 10/ (pg/mL) 11-10

190.07412. 28a
3.24%1.15a

150.19412. 99b
4.57%2.04a

128.00£8. 00b
13.38£3.95b

O 4 High temperature

A
b
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Effects of Bacillus subtilis on mRNA expressing levels of cecal tight junction of heat stress-induced laying hens
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JE L 8 R T 240 L 9 2 L W T B[
AEMRER IR (B 2A FH K ARR) 5 18] RA 7Y 25
JRUAT T ) 2 X8 B 2 235 ) U AR X A - A i B A
P MU 7 5915 B0 (& 2B) 5T % il T 19 805 1 16 20 6
LR SE R L GE B BB B Gl 18T 2C B L ik
PREALE) . R 4 S, 5 RAA L, £ R

A

100 pm

AMERAH B ERS TEMSEREM VH/CD
(P<0. 05), {H £ 41 Ab B8 XF [ 53 18 6 W 25 5% il
(P>>0.05),

HE— 25K % 25 A I B B 2 L EGF
mRNA R BIE, 450 WO #5 4E WAl e % Ll
B4l 2 EGF mRNA f % 35 &8 (P << 0. 05,
Bl 3D, &5 BT IR L U8 02 R 2 AT TR i T 3 B

C

100 pm 100 pm

2 HEFEAENANAESEHRSEENZN

Fig.2 Effects of Bacillus subtilis on the cecal morphological structure of heat stress-induced laying hens

x4 HEFHRFENANBECSERRAEBESHZME

Table 4 Effects of Bacillus subtilis on the cecal morphology of heat stress-induced laying hens

I gE| =Rk
Items High temperature group

it A B 2

Probiotics group

FEifd

Room temperature group

ﬁ%%]ﬁ/gm Villus height 115. 34=414. 44a

B ss B/ pm Crypt depth 69.0045.17
YEHE/ B EE VH/CD 1.6740.11a

133.61419.45b 135.62413. 94b

68.5747.91 64.3547.40

1.95+0.17b 2.1240.17¢

O 4 High temperature
_ S35 A4 Probiotics
BZ 4l Room temperature —

B

b

EGFmRNAJKF
mRNA level of EGF

243 Group

3 BEFEAEXMNANSEEEH
EF EGF mRNA ik 7k F 8y &

Fig.3 Effects of Bacillus subtilis on mRNA expressing

levels of cecal EGF of heat stress-induced laying hens
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BERKA 1.5 m, AP RBHAH 3~4 em K, {H 50
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2%,

WFoE R B, S AE AR 21~30 CHM & T+
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5 Zhou S Y HF 5T 45 R —F,

g5 bRk, H OB RS % A R 2 IR
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Effects of Bacillus subtilis HDRaBS1 on alleviating
heat stress of laying hens

ZHANG Panwang' YAN Tao' WANG Xiliang'
KUANG Shichang? ZHOU Zutao' XIAO Yuncai'

1. State Key Laboratory of Agricultural Microbiology/
College of Veterinary Medicine , Huazhong Agricultural University ,Wuhan 430070,China;
2. Wuhan Huada Real Science & Technology Co. sLtd sWuhan 430070 ,China

Abstract Eight hundred sixty eight Hy-Line Brown laying hens about 280 d old with similar egg
production rate,were randomly divided into high temperature group (33 ‘C),probiotics group (Bacillus
subtilis +33 C) and room temperature group (26 ‘C). The experiment was conducted for 20 d to investi-
gate the feasibility and mechanism of B. subtilis HDRaBS]1 on alleviating animal heat stress. The results
showed that the egg production rate,average daily feed intake and average egg weight of the probiotics
group increased by 2. 60% (P<C0.05),2.91% (P>>0.05) and 0. 96% (P>>0.05) ,respectively,compared
with the high temperature group,but were less than those of the room temperature group. In addition,
the diarrhea rate and broken egg ratio of the probiotics group were reduced, serum endotoxin and IL-
lwere reduced by 37.41% (P>>0.05) and 20. 98% (P<C0.05),while IL-10 expression was increased by
41.05% (P>>0. 05) than those of the high temperature group. Moreover,in the probiotics group, the
mRNA expression of many genes in the cecum,including the tight junction occludin,ZO-1 and JAM-A ,
and the mucosa repair gene of EGF were significantly up-regulated (P<C0. 05),intestinal villus height
(P<C0. 05) was improved,while no pronounced variation of the crypt depth was observed (P>>0. 05).
Therefore, adding B. subtilis HDRaBS1 could effectively alleviate the symptoms of heat stress-induced
laying hens.

Keywords Bacillus subtilis; heat stress; laying hen; endotoxin; cecum; growth performance; in-

terleukin

(R APHF)



