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x4k PHOUTHAPANE V2, fE&'"
(1. ZERN I SR SRR, =/ B 650201; 2. ERIERMIE W SAK™ R, Zht T4 6644)

WE: [ HW ] iR 4 AT (Bacillus coagulans) X 15 18 37 55 A X A= 11 BE K i 38 48 BRE A4 52 ) .
[ 7732 ] # 320 H 28 Hid AA ARG Jg BT BEZH [RI# 9640, normal temperature, NT, (22+1) C]. Btk
STRAZH (BN iRH, high temperature, HT, (34+1) °C] 13 MAIG4], NT FI HT 4R MEEaE AR ; 3 MR 4H
16 HT 2H 258 H R b 28 JIER I 0.2x107, 1.0x107 F1 5.0x107 CFU/g BEZ5 AT, 48938 HT-BCy,. HT-
BC,, M1 HT-BCso #H. [45% ] 5 NT AL, HT HRXH Y HEERE ., FHHRER. W8 EE
. HERERERE . 25 BEFLRRFT RN ZLRR AT TR B0 KA FF IR S0 B & RIS (P<0.05), #IE LRIZ
R B N (P<0.05). 5 HT XA, HT-BC, o Ml HT-BCs o 4L AXSHEH HIE R . 408
R . LT B AT B N (P<0.05), HT-BCs o 4H A9 Y23 i B0 8 R AT o 4k o 2
ik (P<0.05). [ 45t ] miRFREE AT, a) FHEESS ZE AT A rI 3 2k 44 i T8 T 25 % D A T Al 184 i 0 i bR
B, MTTE—ERERE L ikse T AL K PERE
KRR BEAS TEIAT I PORY; ARRPERE; iEMEEE; SR
FE 5SS S831.42 SRR A TEHRE: 1004-390X (2023) 04—0573—-07

Effects of Dietary Supplemented Probiotics Bacillus coagulans on
Intestinal Health of Broiler Chickens under High Temperature

XIAO Mingxia', ZHAO Ping', WANG Xueyan', YUAN Lihong', BAI Huayi',
LI Qihua', PHOUTHAPANE V>, CHENG Zhibin'

(1. Faculty of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, China;
2. Department of Livestock and Fisheries, Ministry of Agriculture and Forestry of Laos, Vientiane 6644, Laos)

Abstract: [ Purpose] To study the effects of Bacillus coagulans on the growth performance and in-
testinal health of broilers bred under high temperature. [ Methods ] A total of 320 28-day-old AA
broiler chickens were divided into five groups: positive control group was the normal temperature
group [NT, (22+1) “C], negative control group was the high temperature group [HT, (34+1) “C], and
three test groups. NT and HT groups were fed with basic diet; three test groups added B. coagulans
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with 0.2x107, 1.0x107, 5.0x10" CFU/g to the basic diet of HT group, respectively, recording HT-
BC,,, HT-BC, , and HT-BCs, group, respectively. [ Results] Compared with NT group broilers,
the average daily gain (ADQ), average daily feed intake, jejunal villus height, villus height/crypt
depth, number of Lactobacillus (N ) and N} /number of Escherichia coli (Ng) in jejunal chyme of HT
group broilers were significantly decreased (P<0.05), while the feed intake/gain and N in jejunal
chyme were significantly increased (P<0.05). Compared with HT group broilers, the ADG, jejunal
villus height/crypt depth, jejunal N;/Ng of HT-BC, ; and HT-BCs, group broilers were significantly
increased (P<0.05), while Ng in jejunal chyme of HT-BCs, group broilers were significantly de-
creased (P<0.05). [ Conclusion ] Dietary supplementation of B. coagulans improves the growth per-
formance and intestinal health of broilers chickens under high temperature, by maintaining intestinal
morphology and microflora balance.

Keywords: Bacillus coagulans; broiler chicken; growth performance; intestinal health; high temperature
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W SRS ERNGHERERE, FERAN
BT A M B R EEEL, T ERER T ARG
AR PEREN Y KPR 8 F 25 28 TR
IR RS A KA AN R e, IR
A HT A s o A 5 A TR R A AR AT TR
(Bacillus coagulans) F] V& 52 ML E AL 1455 F1 2 hE
RN, PR —E R L s SR SR A T A
AR PERES, BLAh, RAFBIIIRAE B2, 2
AR o s B e RE, AN HGE . RS
ZEAOUAT B 2R TR SR A XS iz 18 TR M R
XA R MERR I LT 2 ", SR, 14 ik
IV I ) FH B8 455 25 FRLAT B8 X6 v Y SR A PR S W T T 2
ARG ARIE . BT, 7ERT AT ) LA
b AHESEAEARRR T A AN [R50 R A4S 2E FAT
B, SR IR 2 2R TR i 1B T 28 R i 1 TR
FER A, M T8 (a5 ) FR R T B 45 2 AT o8
OB R R TR RS AR KRR R AT REMILI , eSS
ZEAOAT BRI AEFRAE A 7 v 0 i R R 22 AR

1 ST

1.1 ez e Hor A

TE 320 H 28 HiZ N (AA) A FEHL
3R 5 FHMEXT R A R4 (normal tempera-
ture, NT), FI4XT R4 H R4 (high temperat-
ure, HT), BHA: RPN R 2H A RS 349 ] WL AS 55 05k
LR R R SRR s 3 AN AL 7E HT 413k
fill 40 BIANFE 0.2x107, 1.0x107 1 5.0x10” CFU/g
BELS ZEAUFTRR, 43 ic i HT-BCy,. HT-BC, , F
HT-BCs, 4. #48 Mk, WAHEE 8 HRAN,

i) FH 3% 235 2 AT T 1 RSV 2 500 12 CFU/g, T
FRgm 5 YNAU 5517, FASTRAZH Hil 450
1.2 5T

LR R AR A I B TR K TS (O IR AR
#E ) (NY/T 33—2004) If-45 5 2 8 ARG ) R 5
Prms LBl (2 1), ERMERHPASAEER. 1k
A . TR FH 25 AR TR RNR fb R SR D g
)15 | P SR N A IR IR b T S S N e iKY
PRI INABELS 2R AP B, ORIAILIE B A iR i
R 80 C.,
1.3 TFRE

I 2 Al KA 7 2 [RIR AR AS &
56 . NT 241X 4 RAR FRAE (22+1) C 4,
4 4~ HT XS4 KA FETE (34+1) C Xy, &
F R B I AR . ISR SR, B
TN 158, BEK xTExE N 140 cmx70 cmx
32 em. RS IAEIA A B HREFIKOK, 24 hot
M, g AL 14 d,
1.4 WEFEPR
141 AKMRE

AP DL EE S RAL, I 5
28 HFN 42 Hid R & . I B ME sk &
i, ECPHRE R P H IR AR E L,
142 HpiRE

KB IR T R EE 0.01 <€), T 28 H
PG I B0 3 () B IR (RTog), FHiC SR MIAR 5
242 B P ORI R — B bR XS R R R
(RTy)o BANEERM 1 KIS, RTyg FoRik
AW A BB IRE . RT,, 2m 42 d W E W
B, RINHEIRE 14 d B E B IRE 2 ART,
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R 1 EARARERREFKE (KTFEA)
Tab. 1 Composition and nutrient levels of the
basal diet (air-dry basis)

J5UR} ingredients £ 8/% content

FK comn 59.60
T H soybean meal 30.40
K soybean oil 4.60
£ %7 limestone 1.35
TR EAS dicalcium phosphate 1.45
L-#i %R £h 2 £ L-lysine hydrochloride 0.10
DL-%# %% DL-methionine 0.15
L-77% R L-threonine 0.09
frh salt 0.26
AL premix 2.00

/K nutrient levels

RRE/(MIT-kg ") metabolic energy 12.75
#HEE /% crude protein 19.07
#5/% calcium 0.94
J2Ti%/% total phosphorus 0.65
FREIR/% lysine 1.02
% R /% methionine 0.43
EZ R+ R/% methionine + cystine 0.76
&R /Y% threonine 0.73
% R /% tryptophan 0.22

e 1) TURE T o0 AR AL 4E2E3A 10 000 1U, 4E/EHD,
3000 1U, #42FE 251U, 48E &K 2.00 mg, #4E4:%B, 2.00 mg, 4
£ 2B, 6.00 mg, 4E4%B;4.00 mg, M 1.00 mg, HER 40.00 mg,
2R 11.00mg, A4 0.15mg, % 80.00mg, #18.00mg, £ 75.00 mg,
fifi 0.30 mg, it 0.35 mg, %i 100.00 mg, AHAK 800.00 mg: 2) fLiTAE
NS, AR

Note: 1) The premix provided the following per kilogram of diets: VA
10 000 IU, VD; 3 000 IU, VE 25 IU, VK 2.00 mg, VB, 2.00 mg, VB,
6.00 mg, VB4 4.00 mg, folic acid 1.00 mg, nicotinic acid 40.00 mg, D-
pantothenic acid 11.00 mg, biotin 0.15 mg, Fe 80.00 mg, Cu 8.00 mg, Zn
75.00 mg, Se 0.30 mg, I 0.35 mg, Mn 100.00 mg, choline 800.00 mg;
2) metabolic energy was the calculated value, and the others were the
measured values.

143 JHiERAs

RV EE DAY 1 20, s
HH 3~4 cm T 4% ZRHEEPRE, JFRHBA
F— 2L e R NDE SR B S R . BRESIREE S T
{8, BHAREAEI RS %30k [13],
1.4.4 JI& R B0 pH {8

B I BE, R0 43 ARG I 245
IR . KA LRI 0 R A,
LSBT B ERR, I RS %
Wk [13]. RH pH 3 (HI99163, MAYIRAEALZRL
A BRA FD) Kz s B BE pH (.

1.5 HEgr5 00

IRIGHE K SPSS 21.0 #fF kAT 58t Fi s
Mr, FFiEAT 5 AN AL PR [E) 0 53 2R T 22 93 B F
Duncan’s Z & H# .

2 FER50H

2.1 A RS A A AT T N R R B P RS A K R
5

ME2H. 5 NTHRNSHEL, HT 4R
X7 ¥ H OB T T4 H R 2 W AR
(P<0.05), TkHE Lk i 5 (P<0.05); 5 HT 41
RS [, HT-BC, o Fil HT-BCs o 41 A 1 F- 15
H 38 B i 460 (P<0.05), HT-BC,,. HT-BC,,
Fl HT-BCs o 2 P XS 1) 8} 5 L 43 31 B AIG 1.82% .
6.82% F1 5.91% (P>0.05),

R2 MRAREFATENSEFRERGE KIEENFNT
Tab. 2 Effects of dietary supplemented probiotics Bacillus
coagulans on the growth performance of broiler
chickens under high temperature

bR CPERIE R P H R TR/ BHE L

treatments average daily gain average daily feed intake feed intake/gain

NT 80.95+3.41 a 158.82+10.12 a 1.96+0.08 b
HT 64.10+3.82 ¢ 140.324+4.89 b 2.20+0.16 a
HT-BCy,  66.83+3.91 be 143.98+6.61 b 2.16+0.10 a
HT-BC,y  69.74+3.56 b 143.07+7.56 b 2.050.11 ab
HT-BCsy  70.73+3.57 b 146.73£12.84 b 2.07+0.12 ab
Pf P-value  <0.001 0.012 0.016

W NT.HIR4L, HT. miR4l: -BCy,. -BC, (HI-BCs o7 BTN
0.2x107\ 1.0x10"H15.0x107 CFU/ght 45 £ HIFF 4 FZIA R /NG 5
BN R B3 (P<0.05); T

Note: NT. normal temperature group, HT. high temperature group; -BC ,,
-BC, ( and -BC;s , were supplemented with 0.2x107, 1.0x107 and 5.0x
10’ CFU/g B. coagulans, respectively; in the same column, values with
different lowercase letters indicate significant difference (P<0.05); the
same as below.

2.2 A RS AT T T e R B A XS iR
1) 5]

& 3AA. 5 NTHRSHE, HT 4R
X9 H 42 d B IR EE (RT,,) A E i E 2% (ART)
BETHE (P<0.05); 5 HT 4HAXSAHEL, HT-BC,,.
HT-BC, , 1 HT-BCs o 1A RT4, A1 ART i3
F&AK (P<0.05); HT-BC, , Al HT-BCs o £ 4 39 A1y
RT,, il ART KT HT-BCy, ARG,
2.3 T FH R AE SR AT B 0 R IR B S A T AS 1
Al

HE 1A : 5 NTHRAMHEE, HT 4N
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B 4k e 7| T ot S 1500 a
*3 ARREFETENSEFERSERRENI |
Tab. 3 Effects of dietary supplemented probiotics £ = 1400 t
B. coagulans on the rectal temperature of it\:; 1350
broiler chickens under high temperature T i o 1300
W= 1250
AH treatments RTy RT,, ART F* 1200}
1150 +
NT 40.88+0.17a  4132+0.15d  0.430.10d 1100
NT HT HT- 13.CUz HT- BC,OHT BC,,
HT 41.01+0.13a 42.86+0.31 a 1.86+0.33 a
HT-BC,, 40.94:024a  42.48£025b  1.54+0.18 b ZO [
5 L
HT-BC, 4 40.84+0.19a 41.87+£0.29 ¢ 1.03+0.24 ¢ s - 220 |
HT-BCs, 40884035  41.95£033c  1.07+0.22¢ 4§ 2215
o
% 2 210 +
P{# P-value 0.646 <0.001 <0.001 5 S 205
1: RT,g 28 dELIRE: RTy,. 42 dELZIRE: ART. 28%142 dHIEL 8 ° Hl
E%E. 195

Note: RT,g. the rectal temperature of 28 days; RTy,. the rectal temperature
of 42 days; ART. the rectal temperature difference between 28 days and
42 days.

X 1) 23 B 9% v B RN 4 1 R /R RS TR B B R
fi% (P<0.05); 5 HT 41 A A4 tt HT-BC, , 4114
X9 025 i 98 6 e B RN R /R TR R s T
5 (P<0.05), HT-BCs, zﬂmxt%ﬁ’uéﬂz%%r“ I SSEARE
J& W THER (P<0.05), {H HT-BC,, H A2
SRR IC 2221k (P>0.05),
2.4 il G 2 TRORT TR X v R R PRI X i T T
N pH {E fr 5200

& 4m 0. 5 NTHRAMHLE, HT 4R
X142 fi B BEFLRRAT T BRI FLRR AT B Ky KA A
R E FEAR (P<0.05), 1 K AT 1 K0 I 25 4
(P<0.05); 5 HT L AXSHH L, HT-BCso 41 A%
IR A B 5 PR (P<0.05), HT-BC,,. HT-
BC, o Al HT-BCs o 41 PIXS (1) FLIRAT o 530/ K AT 1A
Hdh AN (P<0.05); HT-BCy,. HT-BC,, #ll
HT-BCs o 2H RIS 125 i B BE B 245 2R AT TR LR i

—_
O
(=}

HT HT 13.CUZ HT- BClO HT-BC,,

IIIl

NT HT HT-BC,, HT-BC,, HT-BC;,
Qb

treatments

1k
villus height/crypt depth

S = N W kA L N3

e NT. W4, HT. &Eii4l; -BCy,. -BC, o FI-BCs, 20 50 EAN
0.2x107, 1.0x10" F1 5.0x10" CFU/g ¥¢45 25 AT 24 ; A E/NE 74
FIRESF B (P<0.05),

Note: NT. normal temperature group, HT. high temperature group; -BC ,,
-BC, and -BCs indicate added 0.2x107, 1.0x10” and 5.0x10" CFU/g B.
coagulans, respectively; different lowercase letters indicate significant dif-
ference (P<0.05).

1 ARREFRTEN SR ARSI SN
Fig. 1 Effects of dietary supplemented probiotics Bacillus
coagulans on the jejunum morphology of broiler

chickens under high temperature

x4 ARREFETENSEFERB=HER K pH ERNFIT
Tab. 4 Effects of dietary supplemented probiotics B. coagulans on the intestinal flora and pH value of
broiler chickens under high temperature

b ¥ FLRRAT R KIGHT w5 NN B R 2 pHIA
treatments No. of Lactobacillus (N) No. of Escherichia coli (Ng) LB No. of B. coagulans pH value

NT 7.46+0.26 a 4.7240.20 b 1.5840.04 a ND 5.78+0.19a
HT 6.70+£0.19 b 5.06+0.12 a 1.33+0.05 ¢ ND 5.75+0.17a
HT-BC, 7.02+0.57 b 4.93+0.30 ab 1.43+0.12 b 5.5140.19 ¢ 5.74+0.41a
HT-BC, 7.09+0.26 ab 4.86+0.15 ab 1.46+0.08 b 5.75+0.12 b 5.75+0.16a
HT-BCs, 7.10+0.17 ab 4.66+0.33 b 1.53+0.10 ab 6.09+0.15 a 5.69+0.24a
PfH P-value 0.013 0.049 <0.001 <0.001 0.979

#: ND. REME]
Note: ND. not detected.
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FHEI R (P<0.05), B NT Al HT £H N X 1)
23 Wy AR B ZE AT I . eAh, S AR
XS H92E i pH (BTG B 3 25 5% (P>0.05).
3 Wit
3.0 FH S A AT T N v TR SR XS AR Kk R
g Al

ARG EIR IR ] B BRI ARG A K
PERE, X 5RTABFSE BEE RS g AR 4
4°F, HT-BC,, il HT-BCs o, ZH A A By - 14 H 14
RS HT 41N 435 S 2E 10 8.80% A1 10.35%,
) FH B 45 2R AT PR = R R A R WS A K PR e
A —E P EEIE, JUHRE H I i —45
br, SR MAERS YRR, AT
GEMIR : AAGEEL AT TR . AR AT AR
VLT PR 45 Z2 i) FH 25 A TR B T8 PRI RS F A B
Lt K H 34 Bt S AR KPR R AR A A AN W R B el
FERS, X AT RE S50 FH 25 AR IR S L it DL
FORB A K o RIEAR I A K Re g 25 &
SHT, TEREEALNERT, MRt . &
FRI U 5 ZE AT TR T B A AT A 8 R R
TEPEHE . GE RXG R,  SEImEE S I A
X6y 14
3.2 S SR AT T v R A XS B iR
g Al

B R R B R 2 b S L T — i s ]
DI FRFEE B IR TRIEACE T RS AILAA = SRR IR
B, H TV Dy REPEARDEHAS I 7 e R 3G AR
W PR VE RCRS D, ARG R . SRR
BT 5 R XS AR A, 5 ARIEA T HA N T AH
b, ARIORT BN XS B B IR R, AR A
XS IA, X SHAMRGE"" %, 5 HT 1A
XL, HT-BCy,. HT-BC, . HT-BCs, ZHAMAYH
IR 2203 5 B A 17.20% . 44.62% Fi1 42.47%,
FEUR IR T v 700 i ()R 2 ZE AT R A R T RN A
55 F AR ARTE RS . ALUWONG 5 M55 38
ERATF 32 C ERAE T, 785 H R A AN
R ] E R IS . HUMAM Z6USR A
TR AR R 5 K B . IO SR B T A AR TS
T ) FLAT 3 FT  2 FEAR A XS ) B IR . AL-
FATAFTAH %:"g 22~35 H % Hubbard /A X /Y
FEAb FAR R ER N 2.3x10° CFU/g M B 2FH0 AT 1 (4

Mriakly, HE IR ] B R 0.93%. ZEELL
ARSI R S 0 P 5 AR TR R A AR A
PO RS AR T, HAEHRCR 5 45 AL HAp
BV,
3.3 TR kS SE AT B 6] R IR RS A TE T A
aj=A1|

JiB TS e A R L B A 35 . 1
AL TR HOE, SIBAEEE . R
FERNGE = /B s R A R B IR SR bR, W HE
L b, S5 W fip T A A AR L 1 R IR SR R A
T, RAGHLAE L A TR TRCE, AR I AE
s T B E HE i AL, T AR R A
i85 1 N A7 N1 e 7 ) R OB T IR TN
MBS E R T, A ER AR A
S E AR, T R S8 R TR B U
NP AR R IR E T RIS A R, X 5T
NAFFELE R 25,

AR EH: 5 HT A RXSH L, HT-BC,,
ZH NS 10 23 B 8 B 2 P NN T 2 B s TR )
ETFE 9.97% H1 18.89%, HT-BCs o 2H N HY
WERE/RRERERET S 13.17%. SESE
FNGY R e B /BB TR EE RS AN RAE 1 i | e 2
MaThaerMK A, [R] I 2 R A i W AT R 38
A R T PRIXS RS TR Al . R, A
F 5 M TE I 25 0 R 285 R 55 TR 38 1) 2B K M B A
5. AN, HT-BC, , #il HT-BCs o, 4 A 1) %5
WEREMBERES NT AR ZE AR,
PEIR A2 L A0 A ) RS AT RAE R
RsR T HARER, MIEIE BB E I F R
o DA LSEREEA R . 1R RS 2R AT A 5L
FEAR T iR IRl 25 N XS i idss, e — 2
TR Lok 1 s Rk, AR T R A K
[N
3.4 A RS B FRT T T e 7 B A X i T T
1 pH {EHI5MH

RN mR IR AR T RIS A8 TR R
i, JLHOEMIEA FERPEE, KW RN
RHIEE b R A EAEREFEAE ], BB
Y IER PR T X — B A g, B
P RERE PEAY v TR IR 5 TR X iz T i B 110 B R dE
AFFREER R S RIS AT i 2 R A XS i i
FLERFF R (A 2 B AR . W E TS RIBFF
(A EW) WA, X 5R RS R -5,
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CL A 1 FH i 2 TR S A I PRI XS I T R 1
BRI T RSN E— R A B AT IR . A EL
Ao . MR ZEAIAT IR B & i A T TRRI A REAS ]
PR HI S XS I e RS . ABDELQADER
SECE AL HOAR TR A e FHAG R 2F AT R, TR
B A RN S B B R L, R
PR G2 i K i 1R R BB 3 n . AL i L
PR T DAL FDORUSE T P () 50 A e 3 . AR 5%
~: 5 HT A WAH L, HT-BCy,. HT-BC,, I
HT-BCs o 20 RIS 25 i £ B8 h FLIR AT 18T A £k it Tt i
EARA, (BB TR B L 2R AT B S I
i, 3 AR 2 A XS 7S 1B oK I T B AR
ETRREEE, UHTERIE AT, AR g
S5 ZE AT R AT S A R T T A, X
S ) PR BRE G 2 AR R R I AT L (R B
R ELENRZ — KERIMIGEIREIEY . %
S5 ZF UM IR RE RS W B IR A A B AN 1] IR 55
Wi EEAFER"Y; O MR R .
IR SIS T ) I BE4SS 2R AT o B A i i 1
A DA R i 1 R R 2

AHIRGE T ORI T IE P RS ZE AT R AL
i, 458 %8 HT-BCy,. HT-BC,, #ll HT-BCs,
2 PRIX 23 g £ B v AR BRE S ZFAAT T 43 il ik 3.23x
10°, 5.62x10° 1 1.23x10° CFU/g, X5 3 MR
2 RG2S i KIAT AR AR B S A0, ©F
WEE I eSS 2P AAT RRHG 7 A A i A rhe g3
WAL KA (30 Pt A 1 AR IR DI RE 3 1
R A 58 25 87« R v 7)o ) B 285 27
FEA R TR B R . B9z e

RIS ZF AT 12 7] 53 Wb LR AR B AR 55 1)
REVEIM IR B bR AR, A BFSCHED . I TR
A 2 1 R S5 25 AT B R M 18 B R VR FH AL
Z PO KGN A R pH R S L T R
T A Y B T AR R 2 — o SR, ASBRSE S
R ERFREAM T 3 MR A NS E
BERY) pH (E 5 FHPERIFAYEX A 2 F A% . &
BX —Z5 R T BRI G . He—, Al B
—, AR JR T 2 e pH A, KRSk
WA Wi pHAE ; H =, & B pH {ERI Y
TIHERZ, WHERAGRREREMTKE, §
iz . WA RRR T S5 53 0, S ORE I S 1) B[]
o P, RGP R TSRS, 2 AT B A 1 4%
KA BIR S pH HAAL A SE A 15 f5 2216

4 g

R IR AT, A FH RS 2 AT R E o
710 B 25 B TR0 398 55 PR X i 3 i R R L
FE—E R LG T XS AR MERE,  ELRSE
ZESFAFFE RN 1.0x107 F1 5.0x107 CFU/g I}
MR VR R . WIFT 25 5 A i R B4 25 1
FFRRPRAL TRl 22K
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