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14 XAesh 21 ROARFWBLEFRHETIEERKRET D ITREHE N H(Ppe<<0.05); A EAMRBERPIWELR
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KEBIW BN BREFEHE; MIATITRA; 25 Mk
hESESE  S835 XEHES 1007-4333(2019)01-0069-07 NEREER A

Effects of dietary supplementation with Bacillus coagulans on the
intestinal morphology., plasma antioxidation capacity and colonization
of Salmonella in the caecum of S. enteritidis infected laying hens

LIU Cong'. HUANG Shimeng', ZHAO Lihong', ZHANG Jianyun', JI Cheng', MA Qiugang'"
(College of Animal Science and Technology/State Key Laboratory of Animal Nutrition, China Agricultural University, Beijing 100193, China)

Abstract This study evaluated the effects of Bacillus coagulans (BC) on the intestinal morphology, plasma
antioxidation capacity, pro-inflammatory cytokines and colonization of caecum salmonella in S. enteritidis (SE)
infected laying hens. A total of 400 Salmonella-negative, healthy hens were randomly divided into 4 treatment groups
with 100 in each group, among which every two groups were allotted to same biosafety isolated sheds. Each group
consisted of 5 replicates with 20 hens per replicate. Different dietary treatments were. |, basal diet; I, basal diet +
oral Salmonella administration; Ill, basal diet +2.5x10" CFU/kg B. coagulans, IV, basal diet+ 2.5x10" CFU/kg
B. coagulans + oral Salmonella administration. All hens in Il and IV groups were orally challenged with Salmonella at

day 7 and day 8 after the initiation of experiment, whereas hens in other two groups were treated with the same amount
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of sterile PBS. The results showed that: 1) B. coagulans significantly increased (Pgs<C0.05) the duodenum villus
width and villus surface area. Meanwhile, B. coagulans significantly increased (Pg;<C0.05) the jejunum villus height
and VH. CD ratio. However, Salmonella significantly decreased ( Ps<C0.01) the jejunum crypt depth, villus width
and VH: CD ratio (Ps<C0.05). 2) B. coagulans significantly decreased ( Pg; < 0.05) the plasma of superoxide
dismutase (SOD) activity and malondialdehyde (MDA). Salmonella significantly increased (Pg<C0.05) SOD activity
and total antioxidant capacity (T-AOC). 3) During the post-SE-challenge period, B. coagulans significantly reduced
(Peg<C0.05) Salmonella copies at day 1, 14 and 21 post inoculation (dpi). Meanwhile, from dpi 1 to dpi 21, the
Salmonella copies in layers fed with B. coagulans was lower than ( Pe <0. 05) hens fed with basal diet. It is
concluded that B. coagulans can improve intestinal health, alleviate the oxidative stress caused by Salmonella

infection, reduce the colonization of Salmonella in caecum, relieve the stress of pathogenic infection and promote the

2019 4F 45 24 %

health of birds.
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[ 2 e d  Bak 5 KER . B ER 20
FURS X BRZH (T A0 T 2R ] M 5 ikt b, 38 3 2 T
ANV LD 78 HE il 1l MR 2.5 X 10" CFU/ kg BE 45
FHFF R . IE AR HORR 1 RS LIV 48X
FES T RS 8 RMEMM R ITIRE L mL/H, T .
1 20 98 i 45 5 19 G TR 6 1R 46 22 vl il (PBS) , 1) 77 3
J J5 J s HURE

X ok A3 X 2B e U8 5 L G BT[] 16 b,
JEHRAR 20 1x, [ shfa il XK. XS &5 R O R 7
18~27 C, M XF R BE 50 % ~ 90 % » 2 i) 71 & 38 JAL .
SR B TR RE B R WRORL 2 Y0, MRORE A AR 415 39 11 R
B LIS 2 BE OB RS RE DR AR, R
SR 1 G FL S S OK SR B R TROK.
1.2 (@&t

ISR H AR DL K-SR E 8RR, &% %
NRC(1994) 75 B A1 T [ « X 47 F2 AR e ) (NY / T33-
2004) , 55 G 5t 4L 15l AR EE XS 1 55 T 0 0 R
BHRACT HARA R EFRAKFERER 1. T Al
ZH ) VSR RS 5 T 4R IV 4 ) M A S b RS P R
210" CFU/g BE4: 2 A WA .
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Table 1 Composition and nutrition in the basal diet (air-dry basis)

JEUE fic bt/ %% BRI &

Ingredient Ratio Nutrient level® Content

F % Corn 65. 00 ML/ % CP 15.95

% % 5.4 De-hulled soybean meal 24. 25 B/ (M]/kg) ME 11. 25

fi# Limestone 8.20 5/ % Ca 3.79

Wik A4 CaHPO, 1.70 MW/ % TP 0.60

frih NaCl 0. 30 AR/ %0 NPP 0. 40

DL-% % ## DL-methionine 0.12 EAR 2P BEMR/ % D-Met+Cys 0.52

S MLMEFE Choline chloride 0.10 TABRRR +ITRAF R % 0.48
D-Met+ D-Cys

2 & £ 4 Multi-vitamins® 0.03 HRER/ % Met 0.25

HAWMEITEE Trace elements? 0. 30 AR R A BR/ % D-Met 0.23

AR/ % Lys 0.83

AR R/ %0 D-Lys 0.74

TE: VY RBURE N kg AARIEAE  E4E 3 A 1700 TU. 443 Dy 3 600 TUL4E2E R E 21 TUL 4EE R Ko 4.2 mg i 4R
Bi 3 mg. 4E4EH By 10. 2 mg, MR 0. 9 mg, {ZMRF5 15 mg, MR 45 mg, 4E4E K Be 5. 4 mg, 44 % By 0. 024 mg, LY HK
0.15 mg.® i JTC R WU R N 1 ke RS2 4 4 (BRIRH) 6. 8 mg. ¥k (MR W4 66 mg, $F 83 me. 4 (AR %)
80 mg, it (HLALE) 1 mg. Wi GEAGEREH) 0.3 mg. ORHAE N H . A E 7K P R e .

Note:?, the multi-vitamins premix provided the following per kg of diets: VA 1 700 IU, VD; 3 600 IU, VE 21 1U, VK;

4.2 mg, VB, 3 mg, VB; 10. 2 mg, folic acid 0. 9 mg, Ca-pantothenic acid 15 mg, nicotinic acid 45 mg, VB 5.4 mg,

VB, 0. 024 mg, biotin 0. 15 mg. @

, the trace elements premix provided the following per kg of diets: Cu (copper

sulfate) 6.8 mg, Fe (ferrous sulfate) 66 mg, Zn 83 mg, Mn (manganese sulfate) 80 mg. I (potassium iodide)

1 mg, Se (sodium selenite) 0.3 mg. @, ME is calculated value and the rest are measured values.

1.3 MREERRE
1.3.1 ##

A R oPCR A 5 A48 : QIAamp FE4H
DNA $2 B 7] & (75 B QIAgen 24 ®]) ., &0 #Hl
(3K15, Sigma) , B ¥k A%« HL UK Al CHEL Yk 4 JY-SPET,
FL KA R JY300C, b 3 7 & 7R J7 MUk i A5 A B
Al BEME RS R S8 (JY04S-3C, b 0 B 25 45 7 faL Uk
454 B2 7)) s NanoVue Plus (G 3 & 7 606 B
TR 95 Bl 0B R BE T LR, @ & PCR X
(Mx3000P, Stratagene), 5| ¥ 1 | & % ¥ £ &
(Invitrogen) 5 5 A IR 2 &l & A
1.3.2 XBREMALEHLRE

S A (I /S 7 S B N A
(CVCC3377) , g 7 v [ [ 58 15 B2 Ak A= 1T 7ol D
FHPL, WHEH 1 KB 7T KRB 14 XM 21
KO3 5 RAERE i, B A 2 Bl AL 6 8 14 B AH O 1 3K

X ARET 12 hy R GRS EE R A AT 3 i K
FE ELO O EYE W, — 20 CARAE . HE XS WY HUE
SLRET B MAE M B cm, 4% 2 B
WL 5E S RESCARAT . JOTR RS B W B BE 57 RO RAU 3
. —80 CTLRAF.
1.4 MERREAZE
1.4.1 HEMARBEFHN

1 AR AS 220K Uk i B VR L 0 1 2 A0 3
Ja o Hil B 3~5 pm WY R .4 HE GRARK — 4D
Pefd )5 706 BMUEE (40 X0 T 16 45 i 780 11 B (45
B GEMEE WERMEIEA . B4 B il
5 kYl REER YD R & ik 5 A T E AT 05
i, R ] Digilab [l —C EHME 53 7 545 &+ — 48
W s I W ok B R s R B NG B TR L 4% T 8
AR (PR R/ B s TR D Ak B ik
ELIE
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HEWIW R =2x X (HBIREE/2) X 4
BKE
1.4.2 f©H Ak

R A AL W B AR B (T-SOD) L I - % (MDA)
SRMBPA LA S (T-AOC) % A SpectraMax
M5 Z Iy e i bs A0 2 5 3 500 65 0 T e o A
TS .
1.4.3 EWRBETNTREAKLE

B 1 B A i A R QTAamp 25 4H DNA 42
a7 6 U WY 5 AT 4 B DNA, I HTAZ 2 ok 32
A B DNA e fig . —20 CLRAF& . & BB
DNA FE#E47 2 6 18I0 A2 498 B v il 4 7+ 5545 Il
B a2 b BB BRI T T IR A HE DU
1.5 HRALIE 547

I RO SR ] Excel #0805 245 % DL
PR ERIR W T IR R T8 VLB log X U
Fon B RR AT SPSS 18. 0 B b, R GLM £
AR B R 4T 43 A1 . PR N EE 38 56 2R T Duncun B
BT 2 E L L P<<0. 05 F1 P<<0.01 43 54k N
25 5 0 3 R 2 S A 3 PR T AR O

2 EHRE5HMH

2.1 REFHAFENBLBRPITREES+Z

i EHAERESHEE

AR S 05 205 24 6L AT TR 0T B U v T I P 2 XY
T AR W 0 A B 0 AL U8 A Y R A I R L R
2. MFTZHRM U TT IR 554 2R A i sc B
VTG 42 35 P 22 53 (Pspocpe 0. 05) 5 U0 1] BB X 41
U S R AN 23 (P =>0. 05) 5 IS JINEE 45 2F i1
FETE AT LA S 35 3800 % 6 58 B2 L 980 W W TR R (P <<
0.05),

Xt 23 W U0 1T TG T 5 08 45 2 AR B X B s TR
JEEA ] 35 28 BAE T (Pspoepe <<0. 01) 5 ¥ 17 IR P M
B35 AR R 5 B (Pse<<0. 05) , B 3 AR 4L B 98
(Psg<C0. 05) 34 g% & K/ B ss UR JEE HL B (P <<
0. 05) 5 U JINEE 25 25 f0FF 14 0 2 38 i 9% B B Fi gk &
KB/ B8 VR B A (P <<0. 05)

2.2 REFHEARENBLEBERDTREESME

mMAENKFERF M

H AR S 0 5 285 28 6L AT TR 0T R e v T I T 2 R
I3 T A8 KT 1 52 M 0 S 245 A DL 3 3. X T M
AR A A W AL B (T-SOD) L TR % (MDA) %
HORLAHEALEE S (T-AOC) , Vb 1] IR B 5 B 45 4 11

T TR X6) 6 S Ak ) B AL B A 35 58 BAE FH (Pspoone <<
0. 05) 5 V011 FR P AT I 2 385 o i 2% e 420 Ak 4y 5 Ak il A
MBLAALEE 11 (Pse<<0. 05) s TN BE 4SS 2 f A i B 3&
o I i 2 v 4 A 0 I T R TN R 1Y B (P <<
0.05),
2.3 REFATEMNBELEHRDPITREEBER

DITIKEEHE MR

FURR T 945 0 55 205 2 10 T o SR e 0 1) B B 2 X
I3 W v 11 EC TR R AR 1 5% e 0 5 4R L3R 4. 3K
BEJG AR 1 K ES 14 KA 21 K eSS 2R 14T B v] LA
AR E W v T R 5 DL (P <<0. 05)
MICFE G 1 21 KBRS, BESG 28 J AT P T 25 %
REXSE WU T IR 5 DB (Pre<<0. 05)

3 wWiSsR

o T8 TE 25 19 52 B AN A BILAA 3 146 516 R ) o i
S5 AR SR AT F W A AR R PRAIE SRR
FRI o o8 i AL A e Tk A5 1. B RS
Y S5 A NG 23 T HL R R B B TR
JBE I S0 I b A5 R 07 /DN i 9 A W i B B ) 24
bR

PG ARAE R B AR eP S T B 4 2 F R
SN ARG /N 8 v R S ARG 8 TR EE L R W BB 25 2F
TR RE B R NI LB R E . B R o
FUAE AW HORR F R o B fg B T AT LA R e
U TR ARG 23 i 8 v 52 P ik U 1] R A
Qe | K W45 309 5 8 IR W BOIH AL R RE T . AS BT
TR BEL ZF AT 3 S v ) IR A =5 W s HA
B SLHAR A AR TC 5 25 5 VD T) TR R g
2 AR S T BB T BE L AR T B4 2 ST T K
T A8 1 98B T R R W e T AR L I 3 R N 4B
KEMBMBRKE/ RS HRE L. EROEFER G
WIBELS ZF AUAT T LA B e E B R 7 . 2 i
flt - i U0 1) EC BRI G 5 | A 1) i T8 L 38

PLiE  T-AOC, SOD I MDA % & J2& [ B #L
PR AL T RE Y B 2245 b5 T-AOC J2 M i ML 57T 4
T RE R £5 5 PEAE AR SWEHIL AR XoF A0 ok 38 i) A £
RE ) R LI B AR B 5 SOD J2 i 57 PR T Bk
A H R A BT AL 2 L S A AR S
BB s MDA J2 R B S AR 64 7 4
FCE A e T LR N oo A A A T T 42 S I 2 i
BUGRREE o S A T 5| i 8 9 40 R R
L I AL AL R
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Table 3

Effects of dietary supplementation with Bacillus coagulans on the plasma

antioxidation capacity in laying hens infected by caccum Salmonella enteritidis

ARG

T VR P {H P-value
HH Uninfected Infected bl
Item SEM
I H [[[ IV PSF PI%(‘ PSE/BL‘
ALY AL/ (U/mL) SOD 667.14 a 626.08 b 677.81a 677.91a 6.86 <0.01 <C0.05 0.04
N ./ (nmol/mL) MDA 4.10 3.06 3.53 2.94 0.17 0.20 <C0.01 0.20
Myt fkeE S/ (U/mL) T-AOC/ 5.28 5.65 6.01 6.43 0.17 0.03  0.21  0.40

R4 BEFAMEMNBEBRDITREESER D IREEEN M

Table 4 Effects of dietary supplementation with Bacillus coagulans on Salmonella

colonization in laying hens infected by caecum S. enteritidis

Yo Ja K/ d X R ZH g A2 TR S I 4 r AR Py
DPI Control group Probiotics group SEM P-value
0 10.79 a 6.32 b 2. 86 <C0.05
7 6.32 5.91 0. 54 0. 49
14 7.74 a 5.27 b 1.32 0.03
21 12.76 a 7.07 b 3.25 0.02
-1 Average 8.92 a 6.28 b 1.61 0.01

M A6 A5 F 5% 3 W IR0 958 245 2F TR 4T B T 3
58 SOD F1 CAT i o, 32 F ALK i 1 S fL BE 1. A
1M AR LR S 52 AL ¥ . Rajput 5% & B,
TE 28 24 0 GRDRRE H S RS B 2 FRAT B L A S S AR 0 I
HH SOD.T-AOC & ¥, s MR B A AL RE 1. A
IR I0 G S 2 WY, BE 45 2R AFF B S YD 1T IC B R i 3
SOD B4 3 5¢ HAE M HXF MDA, T-AOC & i #
Ze5t . VDT ER TR YL m] 5 | JE B X 11 42010 L 8 3 5 oS
INEELS ZF FFF 1 2503% SOD Al T-AOC 1 1, i L 14
R AL =) MDA W 350800 . & i B AL 3 05

PR TE L 75 %0 B N IR VD 1] ER TR e 9 191 S
P ERH TG &R WA R AT 39 %
R KBATEE HIEMEY X R A 2T
BeRasE s BB ) YL VD I QTR . 51 & 4 B R Ge g
R o Al B BLAE X SR VD) R B AN 2 BN ACE AR
BB IR BRI L Wl ok R ME . B 5% R B 55 A 1
A S FE i T R R BRI B R AL IR
AN AT A T IR AR B A K B R BT DA 1S AT 25 1
W45 V- g T8 R RS A o RS BB R B

PNV IR S BIE 9 45 R A 6 B S 0 95 45 2 90
TR AT D RS ATG PR X Ji 38 N VD 1) TQ TR Bt . 6 45 28 f AT

PR AR S — ol i A T T ST 0 M fRlAE W X 4
G i 1 A AT B3 O B . AU 2 R SR
Bl BRI IR R S 1 K5 14 KL 5R
21 R UA B A 215 B B H R ES B 45 25 AT i nl
BEFERE A b 1T RS DR X U0 B
S5 ZFJAT I AT AR TH XS B BRVD 1T IR Y RE T . 2k
W RUE Y X R SR T E RS YU fE

AT A BRI R TG v T G i L S T e 2
ZF AT T AT 5 SR ALK B AL RE ) R ARUIR B LR
P) MDA 54, G fif B AL 55 BRI I vb T I
R DL A B v 1) R B A R R A X
F L UGE I IERERE . I S B R b T
FQTA - IS I BELS 2 f AT o o i 1 H B 2 L 0
ST E SRR AL
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