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(1. AR A K2Rl 5 R 2B, W/ & & LA = RIAHE O, K1 4101282 EFELERAF],
ZINEF 1L60611 ;3. il & A R F, LI 201199)

B OE. ARBREEARTREFIAA(BS) R AE(MMT) A EAEXT = &8 A = ik I
D EA R Ao FEE R B AR B R X Hm, KA 2x2 X EF AKX, 248
%1% BS(0.0.5 g/kg) MMT(0.0.5 g/kg) & =% EAkE, 4 360 R 20 F#EE¥ T 205
Bl KA A AE(FH6NEL, HFAETL 15 R), 2R RA MR (AT Ba) b n+
0.5 g/kg BS(BS #1) H#442+0.5 ¢/kg MMT(MMT 41) K #4942+0.5 g/kg MMT+0.5 g/kg
BS(MMT+BS 48) , TREXM 7d, ERX#B70d, ERET7:1) 5Btk &Rma = &8 =
BRI B ERFH(P<0.05) ;MMT 284/ MMT+BS 28 B = &% % % %32 5 (P<0.05) ; MMT+BS 21
HE R EBIL(P<0.05), 2)WBR TR MBS RERST THR AAEH AT FAEG RO
F LA A & (P<0.05) ;BS 0= MMT+BS 207t & 2 WA A £ R F & T B4 (P<0.05), 3)5
St RBAAAR P | B 4 RS B FE R RO BR PR 4532 Ak 1 mRNA AKX EH R F R & (P<
0.05) ;BS 2 MMT ZAF %F = &3 = i 250 AL H B 45 4535 Bk 2 sk R B 435 B4k 1
mRNA % ik B8 2 F % (P<0.05), W I, AR P £ 7 e BS A= MMT & =% B F 3 4
WG RN TR ERD TR AR TR e BS sL 5% 5 7 BB AR T RS B
HLE G TR Ao it B 0 R LA R AR P SR R R e BS A2 MMT & = % 5 R ¥ 445 LE = &8
FERLARE R A BRI Bk 1 AW e Rk

KR, MEFOHE ZH A2 Sk oy AWA A E Ry HEHK SRS

hE %S .S831 XHkFRIZAD A X EHE:1006-267X(2018)09-3693-09

SR A K KB A4 7= MBS 575
A AT DG, T HL 5 X 5% 43 1 T8 b TR 1 fig
BB OC AT R, T A R Bl X ) R R 4 T
AR ) B AR R P il R Y g X sh i
BOCHE, Pk, BGE S W I 18 fd | B = kR
FH 2 3 WO i B & R T I A9 2 KU, A R 2
T 5 ( Bacillus subtilis ,BS) S = N T 1Z 1
A RIS IR 2 — B AT LA A i 18 TR | A

Y75 B #3:2018-02-06

LB I A B SR ALK S g T A R 3R 43 R
W, SR S A PR RE Y L S (mont-
morillonite, MMT) J&—F KRB REFR IR EL 0™ W, B
R 1 B - s 4 | W B R B e AR Sh W
EPWHEESER EeE MEALTER, BE
FERAF I 1 18 Z5 5, © 4 IE 55 7T 035 3 ) s
R B HET, 2T MMT X4 1 37 23 A FH 5% i
AR 258 1 AR — 80, R T it — R, e

ESTB . W7 & 24k i R A1E o0& W% 4 (CICAPS) ;91 HE £l k24 PB4 AR5 H (13098)
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HFE B S AR 5 5 B e T AL T — R IH
AR5 B R /N 43 1 0 5, B #h i 38 PR D 1Y e 2
RN N R S RN A I I v N A e
AR IE BRI TR Wl 2 O HE 2 BS M
MMT J2& 7538 1o 8 775 1 36 B8 5% 43 i 18 IR i R ik
SRR IR A WO, (AR T . 30, Rl 7
Wr 475 1 B9 & R, W8 R LA B R MMIT B H
XT3 TR R | A o R B I T A R 4 R R
KAEREAE G T X & sl FH T X 20K 28
A= A MMT 7 2 37 38 {5 A 02 F 5% 43 78 1L i
WA 1 AT e B PR IR VR, T A sl R B
ey A PERE . R, FRATTHEDY BS A1 MMT X H
AR AT R T B2 5 AR AR IR A R s 7 R
AR, BT, B4R 5CT BS il MMT Hl7E
FEENG A PR N B A R 2 MGE BT
Z AR VR B 5 i R HiiE . % Tk, AR
B 7EHRTT BS MMT K H 5 A X 2 2 08 A 7= M
I 57 2 WA H R A 18 5 53 75 18 0 56 P 3k 1)
SR JF LA BS H MMT J2 75 B B {78 1, A
10 H A 7 G A 7 o R R AR A AR

1 #MR5FZE
1.1 Re A4

BS WS TG HE(=1x10" CFU/g, MMT
T A B B A5 R MMT>70% , 0
EIK A AR ES15% , HAWT ¥c £ <15%
1.2 Wit 5RFER

AR T 2017 48 7 H 21 H & 2017 4F 10 A
7 HTEWI P A SRR R MR B A BR S w47, R

FH 2x2 XA B AL 5 3, 3 0% 40 58 BS
(0.0.5 g/kg) .MMT (0.0.5 g/kg) & — & HAE,
PEFE 360 H 29 JAIRE R % Sk 72 0 | BEHL 7
MAH(BHANER, BAEE 15 H), 451
MRS Al e AR (% A ) JEREIRIRR+0.5 g/kg BS(BS
) FEAER+0.5 ¢/kg MMT (MMT 4)  FEfliH
Ki+0.5 g/kg MMT+0.5 g/kg BS(MMT+BS 41)
I 7 d, B 70 d, WO A 4L S 5 —
o] DR LA AR g DR 6 X B A T LS, I B s ] 4
R, A A ENHH REE[(116.61 +
0.45) g,P=0.603] J=HEHK[ (95.72+0.48) % ,P=
0.955 ] fMIEE] (59.90+0.21) g,P=0.689] 2= F A
B W AR R S5 (SR SRR E) (NY/T
33—2004) H- 45 A = S PR EC I, 2 AR S B FR K
ULER 1, FE AR O LIS ERR RS Y
BS 1 MMT &S 2 B al R b B s 1R A0, 7
BC il MMT+BS 413 55 1) # B, 564 75 19 BS A1
MMT F5HR A1 G BB GRS T ARl RRR

PRENSRH L R 3 EB U SR B 3
RS 51 ANEE, 4400 58 PR IE 43 A6 78
B TR B, R 2 KRR 2
W, B RSk 2 R, &4 R 1R SR A B
SR RIS 1~ 5 JEAS S TR B A X B 4 )
H9(27.06+2.27) T, (77.39+6.13) % ; IXE 55 6~
10 i X &5 6 B2 AH W B 43 A R (24003 £
2.40) C . (77.07+6.21) %, 7F=HEW A H K& X
K, AF HOGIRETE] A 16 h, @ 2R 6IRFIA TG AR
54 B HIEENGE 1O, B X 5 55 255 1 1 2
W ERRR 3 diEFE 1 K,

®1 ERAMRAMREFKT (RTFEM)

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %
JE#l Ingredients # & Content B K Nutrient levels® &t Content
E K Corn 64 it BE ME/ (MJ/kg) 11.25
1 Soybean meal 24 HEH CP 16.94
£ %) Limestone 8 AR Lys 0.94
BERR A4S CaHPO, EAEMR+FEIATR Met+Cys 0.55
WiIE Kl Premix" 3 4 Ca 3.51
4t Total 100 AR AP 0.34

D RN AT T A AR $E ffE The premix provided the following per kg of the diet: VA 7 500 IU, VD, 3 000 IU, VE 20 IU,
VK, 2 mg, VB, 1.98 mg, VB, 4.98 mg, VB, 4.98 mg, VB, 0.02 mg, 488 nicotinic acid 30 mg,Z 4 pantothenate 15 mg, M iR
folic acid 0.78 mg, 4= ¥ % biotin 0.2 mg, lHHH choline 400 mg, Fe (as ferrous sulfate) 75 mg,Cu (as copper sulfate) 10 mg, Se
(as sodium selenite) 0.3 mg,Zn (as zinc sulfate) 70 mg,Mn (as manganese sulfate) 60 mg,I (as potassium iodide) 1 mg,Ca 3.3 g,

P 1.05 g,NaCl 3.5 g,

DB K T EAE . Nutrient levels were calculated values.
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1.3 ®iiEtRE7HE
1.3.1 A== PkEnE

ERXREW N, BHICRSA(ELZ T
) 7= A R O 7 B AR AR Y XS 4, R
i1 RREE, THESITTMAREYHRE R
(ADFI) =% P &EE RHELL, H = EEN
1.3.2  FR5FR WA H R

RBHA I #E1T 3 d(IXF 3 66 .67.68 K) , K
FHRNTEETE R, BAEE R 1 A5
MERIFR 7RG 8 T R T A R A, B R R A
W 2~3 K, A HRE oK, IRk 228
Ferb PR AR RN K S SE 2, 2R ST BT 10%
IR E K 3 d AR R ZERE ST IR A1 8 T
88 AR, —20 TUKFATRAT .

WS T 65 CHT EHEE,R5T
IR T B, H st 40 B 0, AR ERE,
TR IR 40 HIfi . 2880F 5 DR AR ST bRl
BT P m B A . S REkmse " By ik
JE RN ZEfE b Yy o ML B BE & CHLIE DT |
FEFIBE A & B, S GB/T 23742—2009 I 5E
HAZEE P ER R AT Ko & i, R R WA FH %
HEAKXWT .

FFF WA (%)= 100-100% ( Z&fFi
FFE oS w A AR P ER R ANV K A B ) / (il
R K S xR RS 8) |
1.3.3  WAFENRIR /3 #5415 #/k mRNA FKik it

RIEEE G, NEAEE P REPLEEER 1 HXG,
J& S Je T T B2 B O B e, FH K R
AR K AR A wh PR R 2 B BE N AW, K R AR B
R/ANDFERZS G 1~2 o, IS fE 4ty v B
A AR TR 32 [F 5L 56 % 5 F-80 C KA RAF .

fifi I Trizol ¥ #2025 I 2 B 5 RNA, I &
FIAZ RN A2 [ (ND=-2000 UV, 2228 K/, £ 1)
11 % B B 458 B FiL Kk KGRI ¢ 8 I It
Je R G Sl R & (R AR, KO8 ) R kil 4%
cDNA, Jf DL H: i #50  fiff 1 2¢Ot 2 it PCR i 1) £
(R4, KiE) 2 BHE UL A5 317 2¢ 6 &= PCR
PG, 9Ot E it PCR X h CFX96 # ({114, 3¢
), MK & A 10 pL:SYBR 5 pL, F{iE51 4
0.4 pL, FHF51 % 0.4 pL, cDNA 1 uL, B 78 K
(dH,0)3.2 uL, KW 95 C 30 5;95 C 5,
60 C 40 s,39 MEH ; 7E 65~95 CTL 1At h <L
PLB-WL8h & F (B-actin) S Z WAL, 51 #) R H]
Primers #5831, i A TAEYA R A G,
51975 W% 2, H B F mRNA 2 ik &k H
27T

®2 SIMFIIER

Table 2 Information of primer sequences

HN GIE a2l GenBank & 555
Genes Primer sequences (5'—3") GenBank accession No.
B-MLzh A 3% : GAGAAATTGTGCGTGACATCA NM.205518.1
B-actin T it : CCTGAACCTCTCATTGCCA e
IR B AR % . TACGCATACTGTCACCATCA NM-204365
PepTl T % . TCCTGAGAACGGACTGTAAT

PER LR 2 2k 1 . ATTTGGTGCTCGTGTTCCT NM-001145490
CAT1 T . TTGTAAATGTCCCGTTCAGTC

ISP E R A i 21 % . GGCTGTGATCTCCTTCTG AT236003
SGLTI1 T i : AGGGATGCCAACATGACTGA

Gy Wb s Ak 2 . CATCTTCTTCATTGTTCCTGAGAC XM-417596
GLUT2 T i : CAAATCCATCATCTGTTCCACA

e 5 R e 35 2R 1A 4 % . ATACCTCTGGCACTACGGGAAT KMLA15504
FATPA4 N : CATACATCACATCATCGGGTCT o

1.4 ¥IEFRITS5SH
K FH SAS 9.2 Gt i 84 Hp ) — i 2k 1 AR AR
(GLM) F2FF#E17 XA Z 4307, 31 Duncan [k

T2 B, 45RO ALE & FrifEiR (SEM)
Fon, H P<0.05 RARZEF R E,0.05<P<0.10 £
AN SRy =0 S I =E T
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2.1 BS.MMT EHEEEXNF=EBEFEEERIRIN
FH % 3 FIAL, 5% B AT Eb , 458 in 4 7= 25 3

PR R S (P<0.05) ; MMT 2H 1l MMT +

BSAHM™HE RN BHEFRE(P<0.05);

MMT +BS 21 K} 25 b 4 % B8 2 A BS 41 & 3% % %

(P<0.05) ;4 41 [a] ADFI 4t V& 5 FlF- Y4 7 1 14 2%
SARE(P>0.05), ERV /PR, R T
TN BS BEREE TR A E R (P<0.05) ;
TR A MMT S 2542 5 12 M H P~ E
(P<0.05) , B FFEAL TRHE L (P<0.05) , A 215
T EEM S (P=0.090) ; BS Fl MMT & {E %}
PG A PR RE T E W (P>0.05)

&3 BSMMT K EEEXN=EGEERER I
Table 3 Effects of BS, MMT and their interaction on performance of laying hens

b AR 5 Jfﬂjg F%K BHE L HEEE T EE ﬁE/ﬂ?:IK

BS/(g/kg) MMT/( g/kg) K& Laying Feed to Daily .egg Aver.age egg Mortality and
ADFI/g rate/ % egg rate production/g weight/g cull rate/ %

0 0 118.97 94.33" 2.088" 57.00° 60.46 3.34

0.5 0 120.07 95.94* 2.073" 58.00% 60.46 2.22

0 0.5 119.83 96.03" 2.053"™ 58.40° 60.80 0.00

0.5 0.5 120.13 96.57° 2.032° 59.15° 61.26 2.22

SEM 0.27 0.56 0.007 0.24 0.17 0.75

P {g P-value 0.412 0.028 0.020 0.006 0.276 0.480

FE RN 43T Main effect analysis

Hili 2SR I 0 119.40 95.18" 2.071 57.70° 60.62 1.67

BS 0.5 120.10 96.26" 2.053 58.58" 60.86 2.22

SMWAT 0 119.52 95.13" 2.081° 57.50" 60.45 2.78

MMT 0.5 119.98 96.30" 2.043° 58.78" 61.03 1.11

P {H P-value

i B ZE AT = BS 0.204 0.048 0.146 0.030 0.467 0.717

A MMT 0.403 0.026 0.005 0.003 0.090 0.283

giiﬁﬁ;@ xRt 0.463 0.337 0.786 0.747 0.520 0.283

IF) 51 B Hl AR AN [F) /N SRR 0R 22 5 1 3 (P<0.05)  ARIRIE 7 B 3ROR 22 5 R 3 (P>0.05) . TR,

In the same column, values with different small letter superscripts mean significant difference ( P<0.05), while with the

same or no letter superscripts mean no significant difference ( P>0.05). The same as below.

22 BS\MMT REEBEMEXNFFEBHES RN
RIEEL:0EA

H 2 4 T %0, BS 21 AL g i 28 00 A1) % A
MMT HAH & EH#(P=0.083) ; 5% B4 M
Et, BS 2 F1 MMT+BS 41 g & % ML) R 5 35 12
7 (P<0.05) ; BS 20 Il MMT+BS 4 H 25 11 i & 0
FIFR S = F X R4, HE R AN EFH(P>0.05),
TR AT B R s BS ERR S T T
[T KE B 7 | B e RORE 2 R RO R R (P<
0.05) ; MMT MMT #1 BS H.{E X7 808 5 43 26 WL
R Y5 0 i 3 52 ( P>0.05)

23 BS\MMT REEBEXN=EBFEHEFS
HEF A mRNA Rix =820

Hi 2% 5 Al 41, MMT+BS 20 7= 85 3% 23 i 3 T )
k76 %5 i 55 iz 3 K 2 ( GLUT2 ) mRNA 55 ik 7 #¢
MMT HA 4 & B (P=0.072) ; 5 X% 20 AH
LU, U 0 20 7 B X 25 gy 266 FR i M 2 5 R B s 3K
& 1(CAT1) mRNA Fik & W E & (P<0.05) .
FRN AT AT W TR S N BS X R i B AR
KR8 AR mRNA Rk 8370 B E % W (P>
0.05) ;AR 7RI MMT % b T 7= &0 5 &
i CAT1 mRNA £ik & (P<0.05) ; BS #l MMT H.
VEXT P50 I B GLUT2 Fil CAT1 mRNA ik &
A B3R (P<0.05)
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F4 BS.MMT REBEEXN~FZBHFSRAF AR

Table 4 Effects of BS, MMT and their interaction on apparent utilization of nutrients of laying hens %
i B 2 AT T S R/ 15 0z KR 5y LI 7 g ML 5
BS/(g/kg) MMT/ (g/kg) DM Ca P Ash EE Energy CP
0 0 52.62 37.54 41.79 34.29 56.65 60.36" 50.95
0.5 0 57.07 37.12 42.33 28.05 64.67 70.76" 56.39
0 0.5 49.55 43.11 37.58 36.79 52.46 59.96" 48.05
0.5 0.5 58.08 40.32 40.31 33.29 60.33 70.71° 57.20
SEM 1.60 2.30 2.11 2.15 1.78 1.66 1.68
P {H P-value 0.204 0.800 0.883 0.544 0.083 0.008 0.162
FERR 43T Main effect analysis
il B 2 SR TR 0 51.09° 40.32 39.45 35.66 54.55" 60.16" 49.50"
BS 0.5 57.57° 38.72 41.23 30.67 62.50" 70.73" 56.80"
A 0 54.85 37.33 42.09 30.89 60.66 65.56 53.67
MMT 0.5 53.82 41.72 39.07 35.04 56.39 65.33 52.63
P {8 P-value
A ZEFATIE BS 0.047 0.743 0.699 0.269 0.024 <0.001 0.033
A MMT 0.741 0.372 0.517 0.380 0.203 0.935 0.747
AT XS AT . .
BSXMMT 0.513 0.808 0.813 0.758 0.982 0.946 0.567

*5 BS.MMT REEMEWN~ZBZHHBEFDHEZHAE mRNA RiZEH N
Table 5 Effects of BS, MMT and their interaction on mRNA expression levels of nutrient
transporters in intestinal mucosa of laying hens
AL s Pk
BS/(o/kg) MMT/( g/kg) B 2 skl Hisdikl  HiEdika B 1
GLUT2 SGLT1 CAT1 FATPA PepT1

0 0 1.00 1.00 1.00° 1.00 1.00
0.5 0 0.81 0.93 2.27" 0.82 1.22
0 0.5 0.68 1.05 2.59" 1.01 0.96
0.5 0.5 1.28 0.58 2.27* 1.33 1.06
SEM 0.09 0.12 0.22 0.11 0.15
P {g P-value 0.072 0.574 0.033 0.401 0.944
FE RN 43T Main effect analysis
il B 2 AR 1 0 0.84 1.02 1.79 1.00 0.99
BS 0.5 1.03 0.77 2.27 1.08 1.14
WA 0 0.91 0.96 1.63° 0.91 1.11
MMT 0.5 0.95 0.83 2.43" 1.19 1.02
P {E P-value
i ZEATH BS 0.189 0.313 0.219 0.734 0.628
i MMT 0.644 0.575 0.046 0.219 0.759
i AT RS G 0.019 0.431 0.046 0.258 0.851

BSXMMT
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31 BS.MMT RHEEEX=EBE = MHEK
=AU

AR IS &I, AR TR A I MMT G425 77 83
(= R H P BRATEL R LG i s R ST
R AR — 3, AR b AR R
MMT X} 4 i 45 35 43 1 2 UL ) FH SR 34 6 W 36 52
i), 4878 MMT AT BEA 2 38 1 2 1 55 43 10 314 1 W i
1T A3 7 B XS ) A 7= P BE Y A TR 4 i 3 A F
FER W, MMT B8 3850 1 7= B0 1 Bt S0 Ak AN B 28
Uife, BAR T s s PN ER SR, KE ThH
EE MBI A ) Bk, FATA I MMT
U P AR A P B Y R DR AT R S L A b g gk
R i HLAR R KA 56, BT, 6T BS X
FEER NG A 7R BB IR B BF 5T 45 e AR R — 3L, {H R
Tk WL RE MO P S Y I A 7 PEfE . Guo 4T
Hl Zhang %7 AR GE |, BS AN 52 0 7R R Y Y 7R 4R
R OF-YE FHOH ADFL, {H 2RI L 5 17 Ribeiro
I R KR TR AR N BS J5 7R A Y 7R R R
m T 2.63%, HmEwER 1 3.96% , (HEHE
TR EAA, AR LB, AR SN BS 2 R
BTN R R MR E R R
LA ADFI JC i 520, Al g0 ik & 91, 1l R v
NI BS B TP NS X A AR T R
it RO 2 1 5 A 2 LR I 2R, U BH BS 15 i 2
HEARDRR % 43 169 T 1 W2 WS T o 5 7 R R 1 AR 7
A8, DA LiRER s B 22 5 AT B T XS Y 4
FEHT B B A S5 a0 F I DA K BS AR
I FERZE AT ek, A0 5 WSt T
BS I MMT 7£ 7= 849 I 09 B R0, 45 &1,
MMT+BS 4= &% H Em MY EEN T
BS 41F1 MMT 2H , HOBHEE LE I 21K T X HE 28 A BS
4, VB R AT AR AR AR AR e MR, 2R
[, Cao 251" H3H , MMT -8 R FLAT I &2 & W) W AT
AR KM ROR B B A T SRR I MMT 5% 8 iR
FUFF B . MMT Al 25 28 3 B9 B VEMLH AT gE 4n T .
MMT 3l 35k 4 BRI R P 38 40 1 2 25 AR 7R T
AT, {1 25 2 PR o ol M 5 A ) Ok, T B
Sh 25 AR B BT A G P 4 3R B 4R I B
B MMT 1] 231 AL 38 P9 48 J | 9 A 2 1 £ 7
B, HReWS 5 LE ZEE E 2S G (R AR
R PR B84 0 R TR R R ) B3 18 B R i G B

JET AT AR R T AN 2 A R A T, &
AR ISR , MMT 1] WG i B G 3% 0, ik s
TR B ) AR T 55 A TR A e
Gy Henmas AR DAL, 5 AR TR MMT BeR BAT —
FE PRI GRS — 20 BT, LA VR AL 6 75 R
AHLBF5E s 55 4b, L MMT 24K [ 5 BS, #il %
MMT-BS & &9, 5 fUHAE FHRCR T REAE T =3
fAT ER A P ER A  (EAS O UE R
32 BSSMMT REEMEXNTTEBHEL RN
EES:0EA

5% 2 01, BS ] 4 16 WA IR 1 | 2T 2 %l A O
oy Tt 5 22 Pl G 2%, 4D 70 3h W PN TR G OR R0
BS AEMSAE VT 10 Bl () 4300, 4 15 i 3 v 3 Ak g A
TOREBE R I B A BS i Rk 3 s i 1B
A, L R S R R IR W S
Aok E i B b e ALY S 25 B BS WA A £
PR A2 U T8 10 I 1 R o3 B 28 B 25 S5 42
HESR5 1 T b 5 W, H8 v R R A 1 R R
AARI & B, R RN BS AE A5 4R i 7 A X R
FR T4 S LA D | B TR FORE 2 P % 2 LR
RO S ARG ARG L
RIS AR — B, #OCEY R oY & B, TR
I 0.5% 5% 1.0% ) MMT A 5% 0 45 4= fa b v
Y B A £F dE A HLY S AR R i i
2.5% Lk 1) MMT i 15 33 43 09 1 10 38 5 35 B A1
2R AR W GE, A XY R R PR I 0. 1% 1Y 28 4
MMT A0 T4 5 | A o FUHLER 13 5 B9 28 001
R OMEIN 0.2% LA B 28 MMT J&5 37 43 3 0 A
AL, LR o R0, I I8 KK F 1)
MMT AN 52 Wi T AR % 43 1) R 23R AR 50 1 25 SR
WESE T X —4516 . MMT H R m UK, £ o fi &
TCHUAL , BLAT AR 5 1) W B R RR  FE R 1B h T BB
A SRl i =AU B i 1 D I i S N 1 R T |
FRIEZE R, 3 3 B BE K ol s P 3 i B, vl
R T 32 40T Ak e, (R i = A I MMT
SRR AR S 43, HLHGE 37 43 04 W B R A 2%
s, HE 0 B I 5% 0 B R R I Ah, AR 56 8 K
B, 5 s i MMT A B, MMT A1 BS B 3%
PEm T RER AR A R T 9 MR 7 AR 2
P15 1) 2 IR 3t A J9T 38 87 5 SR 1, MMT 1 BS
B s i BS M LA RBL A3, =&
156 ORI 1 AR RR 35 40 R R 2 75 HLA B R VE ik A
fritt— 2T
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33 BSSMMT REEBEXN=EBFEHEFS
HEHEERRENZMm

WIS B A BRI IR 28 B s A K Rk R A=
AT ) = KI5, BN 8 A 5 7 2 AE
3B e T — RS B AR R s 5 /K
BOREFIRR W5 R 4 /N oy T W T, P Eh i AR 2
TRV G FBE v A 1 e i 28 A B o A I V70 B AL AL
AR T, DR, 5542 3R 10 1E F Rk Xt T 3h
YA R CEZE, AR &M, BS MMT A
FA¥RE L= E A A B IK CATI mRNA £k,
FHCHIAA #2758 GLUT2 mRNA £k r#3, 3
ZHHAEX CAT1 I GLUT2 mRNA Fikiaf W
SN, 8 BS A MMT B R ] 34 53 i 38 X6 itk =
SETR TN 2 W5 W s Be T, A R T B v R R R A
R R, AR5, B AR MMT+BS 41 T4 %
Al d FIOML 2R 1 B A 2R LR SR 2 v A 4 B
BS Fll MMT X} 45 5% 43 B 2 R FH R 35 oK 7= A I 3
S HAE M . sk N 37 43 AR Y i A% A X &2
Z= RV BS A MMT B FHAR 98 17 g 8 e ) e 352 43
(AW, B 22 (1) 37 43 BE A% 1 A ALV AIG 2R AL 1R
AR R, (AR 52 B vponT 8 32 3 Al &R 5%
i) , 805 43 1 R FH R 1 A BH 8 4 5 Ak, AR
W FEAUIE NI S KSR 20 R T 3% 43 e i AR 5
PRI A 36 1 0, 5k DRI B s K Rk 5 e R
UK B RIK T BEAA A — o 22 57, AWFSE
TR 55 1B AR AL PR e 3K 1) 45 SR8 T A B A UK P
HEATINUE . B b R A R e is A Y 2R A 22 1
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Effects of Bacillus subtilis, Montmorillonite and Their Interaction on
Performance, Apparent Utilization of Nutrients, and
Gene Expression of Nutrient Transporters in Intestinal
Mucosa of Laying Hens
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(1. Hunan Co-Innovation Center of Animal Production Safety, College of Animal Science and Technology, Hunan
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Abstract: This study was conducted to evaluate the effects of Bacillus subtilis ( BS), montmorillonite
(MMT) and their interaction on performance, the apparent utilization of nutrients, and the gene expression of
nutrient transporters in intestinal mucosa of laying hens. The trial used a 2x2 factorial random design, the main
effects were BS (0 and 0.5 g/kg), MMT (0 and 0.5 g/kg) , and the interaction between them, respectively.
A total of 360 healthy 29-week-old Lohmann pink hens were randomly arranged into 4 groups with 6 replicates
per group and 15 hens in each replicate, and the hens in those 4 groups were fed a basal diet ( control group) ,
the basal diet+0.5 g/kg BS (group BS) , the basal diet+0.5 g/kg MMT ( group MMT) , and the basal diet+
0.5 g/kg MMT+0.5 g/kg BS ( group MMT+BS) , respectively. The adjustment period lasted for 7 days, and
the experimental period lasted for 70 days. The results showed as follows: 1) compared with the control
group, the laying rate of hens in addition groups was significantly increased ( P<0.05) , and daily egg produc-
tion of hens in groups MMT and MMT+BS was significantly increased ( P<0.05) , and feed to egg rate of the
group MMT+BS was significantly decreased ( P<0.05). 2) Diet supplemented with BS significantly increased
the apparent utilization of dry mater, ether extract, crude protein and energy ( P<0.05). The apparent utiliza-
tion of energy in groups BS and MMT+BS was significantly higher than that in control group (P<0.05). 3)
Compared with the control group, the mRNA expression level of cationic amino acid transporter 1 ( CAT1) in
jejunal mucosa of laying hens in addition groups was significantly up-regulated ( P<0.05). There was a signifi-
cant interaction between BS and MMT on the mRNA expression levels of facilitative glucose transporter 2
(GLUT2) and CAT1 ( P<0.05). In conclusion, single or combined addition of BS and MMT all can improve
the laying rate and daily egg production of laying hens; addition of BS can improve the apparent utilization of
dry mater, ether extract, crude protein and energy of laying hens; single or combined addition of BS and MMT
all can up-regulate the expression of CATI in intestinal mucosa of laying hens. [ Chinese Journal of Animal
Nutrition, 2018, 30(9) :3693-3701 |

Key words: Bacillus subtilis; montmorillonite; performance; apparent utilization of nutrients; nutrient trans-

porters; laying hens
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