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R LE G [R] I 3 E 70 3 22 o 3 AL i 02 2 5 SR )
JORC 4T P T AL, TS AR Y S B e SR E TR RE , 2K
G HLAGEFE T ik BS HAA B RBUAERM
FORTE Sy, 5T R, A G AR Fp 2 o 8 0 A e 2
FFF R AT LS i sh W AR K PR AR, OGE I iE TR
AR R (e SR S B AL W, £ sh AL
PR Ge i ae ) R R — R B B TS S 1Y
BN IR, BT R 1Y) 22 T A g AL 22 AR
fit o (HUR A 2 AR B LR T WA 4 L 1 R 2
RIFA—2, HHRET BA BT R GE)
e Bt — R, L, A B 1R BE ST A
FRAFF B2 AU 7T A 38008 BT W3 A7 AR I RE L
TE PR A R2 MR, O 4 5 A 45 B ok P A R 2F 7
FF 3 B B

1 #RER=E
1.1 iRy

R 2 A AT TR R < Al R 2F AT TR T A =
5.0x10° CFU/g, M1 KA am Bl 22 i ah A7 FR 2> | 42
fit, PUAER. HME R, AN 0 5 EHN 50%; &
BHR AME T E 15% , YT E ™,

1.2 R EIREEIT

RIS EH 21 Hig MK K (DLY) W75 72
3k, R BE ML XA 3 30 3 T, 4% 7R 5 A 3 M1
(AR [) S 0 BE AL 4> A 4 4H, B X B 4 (CON 4) |
PiAE R A (ANT 4H) Bidk R +A 2P A W 4l
(ANT+BS 4) M s ZEfFF 4l (BS 4) , &£ 45
SR LR AR R | LAt IR +100 mg/kg A R
(50%) +300 mg/kg 4 % K (15%) 5 Al 1] #R +
50 mg/kg M # K (50%) +150 mg/kg 4 8 &
(15%) +20 mg/kg At B ZF 70 AT T, 25 Ailf 7] AR +
20 mg/kghi R AT IR, B 6 N ERE BN ER
3 3H, IR 49 d,
1.3 RABRARRAFEE

J Al A KL R B OK - ELOMI AL KL, 2 B8 NRC
(2012)7~11 kg 11~25 kg BB s 35 7 i,
SRR A B E SR K LR 1, AR AE 1]
Ak K 2F B ) 7 SR W 5T T B0 BT L AT B
EREERIAE 25 ~26 T, A X8 B 45 6l 17E 50% ~
80% , T A ¥4 L H B R & RIROK , % B X 18 & 47
FIH9F 28 5 (T FH T 22 W2 A7 T 25, DR 45 Bl 4 3 XL
A,

®1 ERAMRARMREFKT (KT EM)

Table 1

Composition and nutrient levels of basal diets ( air-dry basis) %

i H Items

% 1~14 X Days 1 tol4

% 15~49 X Days 15 to 49

JE#l Ingredients

FEK Corn (CP 7.8%)

4k E K Extruded corn (CP 7.8%)

% [ B Peeling soybean meal (44.2%)
4k K& Extruded soybean

KT W45 1 Soy protein concentrate
il.3% % (¥ Plasma protein powder

B O 8 Imported fish meal (CP 62.5% )
FLiE# Whey powder (3%)

KM Soybean oil

HEME Sucrose

£ ¥} Limestone

R %5 CaHPO,

S LB Choline chloride

&1k NaCl

L-# b 23k L-Lys - HCI (78.0%)
DL-TEH R DL-Met (99.0%)

e ZHIR AL Vitamin premix”

W4 IR AL Mineral premix”

A711 Total

EFEKF Nutrient levels®

TH1LAE DE/(MJ/kg)

30.00 32.00
27.00 30.00
13.00 16.00
8.40 7.80
3.00 2.00
2.50 1.00
3.00 2.00
7.00 3.00
2.00 2.10
2.00 2.00
0.65 0.62
0.30 0.31
0.15 0.15
0.40 0.40
0.27 0.29
0.08 0.08
0.05 0.05
0.20 0.20
100.00 100.00
14..69 14.64
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i H Items

% 1~14 K Days 1 tol4 % 15~49 K Days 15 to 49

FLEE BT CP 19.01 18.04
£5 Ca 0.61 0.53
S TP 0.55 0.49
AR AP 0.36 0.29
Al AL Z R DLys 1.35 1.23
AIVH AL AR DMet 0.39 0.37
A AL R 22 DThr 0.80 0.73
A AL 2R DTry 0.23 0.21

1) 4 E KRB A AT e fA AR 24t The vitamin premix provided the following per kilogram of diets;: VA 8 000 IU, VD,
2 000 IU, VE 25.0 IU, VK, 1.2 mg, VB, 2.5 mg, VB, 6.5 mg, VB, 10.0 mg, VB, 50.0 pg, ¥ % biotin 0.15 mg, "R folic
acid 1.0 mg, D—{Z & D-pantothenic acid 20.0 mg,{HF& nicotinic acid 45.0 mg,,

2) B B R R B T 58 4] AR $2 it The mineral premix provided the following per kilogram of diets: Fe 100 mg, Cu
100 mg,Zn 100 mg,Mn 4 mg,I1 0.3 mg,Se 0.35 mg,

3) B IRIKE M1 E . Nutrient levels were calculated values.

1.4 HmHRESLE

TGS 49 KA MR, A 4 HAS 12 hy
R 50 KX I A 1 g0 A7 4 24T PR E O il o)
ANEE N SR E R iz A R E B AT
IEFRIC, Y B S RET 8B (1 cm) | &
(3 cm) AE% (2 cm) 4140, A= BRER K 184 5 i
A 4% Z W Wh W RE+ 218 2 W
FRIEAE L RN 45 1 B T 1 BEAE i WA R T
—80 T KA IRAFTFI
1.5 KWIEIRKR %
1.5.1 AKMEAE

TR 1,15 .50 KX I A L5 A1 58 217 FR
HIfd sk, e 18] DUE &2 ok B 10 s B H SR
i, Tt A B BeE- 34 H R B i (average daily
feed intake, ADFI) ¥ ¥ H 1% # ( average daily
gain, ADG) FIlRl 5 L ( feed/gain ,F/G) ,
1.5.2 B ssi

By 4% 22 R P 2 T 0+ 48 25
[l iz B o ) B U0 e, Bl S R AT R OR R - AL
(HE) Je (0 i /K B 5 )5 76 2 30 F 1 7 Bk
4, i H Image-pro plus 6.0 A4 DL 40 £5Fr R Ao
TN & 45 1 B 9% B &1 B (villous height, VH) Fl &
BRI (crypt depth, CD) , FF it H 40 B & /B
WIEZ(VH/CD) ,
1.5.3 [ A

oA B0 R By BORLAE kb o TR 43 53]

SEAS TR AR BRE N 2R SR F 92 2 e T I (IR
BRI X5 A A AHE DB AT I 2 | 3 5 A v fh 2
AT TS B W W A7 585 25 W A E W v i K AT
(E.coli) FL.BRFFH ( Lactobacillus) IH11 G ( Sal-
monella) FUNUE KT & ( Bifidobacterium) WU
1.5.4  Jpif R R e

RIS 73 I IR BEBR 1 A (STgA) Mgtk S %
W B g ( ELISA ) 12050 & (W 3 b5 wpk 24 Y Rt
FoA R ED) WE -+ =48 s 2s B SIgA 1y
T,
1.6 HESI+SHH

5 Excel 2010 X} it A i 56 B s #4790 25 52
i1, f# H SPSS 20.0 %t it 4K £ 1 [ one-way ANO-
VA FEFFHEAT BN R 5 22 3 0, i A 8is DL - 1
(H+brifEiR” 8, P<0.05 N R B F,0.05<P<
0.10 NA BFEFBEH,

2 GBREHW
2.1 WHEFHRTETHDFEEKEEOTIE
R 2 Al a5 1~ 14 K, &4
ADFI ADG 1 F/G ¥ & 25 (P>0.05) ; 7Eik
5 15~49 K, % 4l16] ADFI ADG il F/G ¥ JC i
FEXESF(P>0.05), XK 4 W, 4 4 5 ADFI fil
ADG T i 3 % 5 (P>0.05) ; 5§ CON AL, 1L
ANT 41 F/G B3 FE{%(P<0.05) ,
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Table 2 Effects of B. subtilis on growth performance of weaned piglets

i I 7 P T LM WREE
ZERUAT R 4 FrRd

Items CON group ANT group P-value
ANT+BS group BS group

%5 1~14 K Days 1 to 14

WILR PR Initial body weight/kg 7.41+0.10 7.41+0.10 7.41+0.10 7.41+0.09 1.000

2R {KFEH Final body weight/kg 9.20£0.22 9.52+0.15 9.42+0.23 9.24+0.12 0.591

34 H R ADFL/ (g/d) 258.10£14.10  284.04+8.90 262.58+14.01 251.34+9.38 0.267

S HIEE ADG/(g/d) 127.52+13.52  150.44+8.99 143.11%11.57 130.56+11.56 0.474

BEHL F/G 2.11x0.19 1.92+0.12 1.85£0.05 1.98+0.13 0.542

%5 15~49 K Days 15 to 49

LK R E Final body weight/kg 23.86+0.86  25.44+0.56 24.71£0.85 24.140.85 0.533

) H R &8 ADFI/(g/d) 788.63+38.62  822.83+31.02 786.23+52.81 790.87+16.73 0.885

Y HEE ADG/(g/d) 419.42+26.38  461.79+17.62 428.42+29.50 425.90+9.54 0.545

R E L F/G 1.88+0.04 1.7820.01 1.84+0.03 1.86+0.02 0.058

% 1~49 K Days 1 to 49
X H R B ADFL/(g/d) 637.05+28.66  668.89+22.95
X H I E ADG/(g/d) 336.02+19.39 372.83+13.67 346.91+22.54 357.51+9.03 0.448
BlE Y F/G 1.90+0.03" 1.79+0.02° 1.84+0.02" 1.87+0.02 0.038
RIATEHE B AR A /NG FhE R 22 5 B35 ( P<0.05) , AB R F R B F R HR R 2 A B3 (P>0.05) , F#E[A,

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

636.62+39.93 636.72+13.74 0.804

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

22 HEFAFENNNFEBERSEGY FH2E(P>0.05) ;5 CON 4 A [, ANT 41  ANT+

=AU BS 41 F1 BS 41 [l i 1 B B O R A3 0 R T
23 Al 40, &4+ 48 25 mmi 10.16% .14.98% 18.10% , 4 &5 B E R H(P=
WEME RERE JESE/ RESRESLE  0.084),

*3 WEFEITE 70 BRFEBERSEMNZN
Table 3 Effects of B. subtilis on intestinal morphology of 70-day-old piglets

e %4 e I WA
ZERUAT B 4 T 21

Items CON group ANT group P-value
ANT+BS group BS group

+—3%/% Duodenum

SEEE VH/ um 462.93+18.37  402.34%20.99  474.73+58.87 443.06£40.92  0.558

F IR E CD/pm 138.95+4.71  135.19+9.89 142.43+11.55 136.76+11.92 0.959

SR/ RS IRE VH/CD 3.35£0.16 3.06£0.27 3.31£0.17 3.40£0.42 0.817

Z5 % Jejunum

TR E VH/ um 436.70+46.23  477.03%23.55  527.84+41.80 506.05+21.56  0.312

FeUs RIS CD/ wm 135.75+6.19  129.95+4.78 143.03+14.53 135.90+7.40 0.789

YT/ R TR 3.21+0.28 3.72+0.30 3.77+0.27 3.78+0.27 0.421

[81f% Tleum

YESE VH/um 364.53+47.16 334.38+14.54  338.57+32.75 346.86+18.76  0.906

FRas % CD/wm 141.18+6.13  126.84+2.92 120.03+10.03 115.63+6.95 0.084

9 R R 2.62+0.37 2.6420.13 2.83+0.19 3.04£0.18 0.575
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#4750, 5 CON A, ANT 40 . ANT+
BS ZHF1 BS 415 7 WU AT B 0 8 T
(P<0.05) , 1 RAF R | FLER AT B AT B 1 4L

BB EXER(P>0.05), H ANT+BS 41 BS 1 5
ANT A E W& WG LR & 25 (P>0.05)
BB S b RIGHE FLRRAFE T RTE AL
R AR B R 2 T . 25 5 (P>0.05)

F4 HEFAFET 70 HRFESHMEHEHENZN

Table 4 Effects of B. subtilis on microflora in cecum and colon of 70-day-old piglets lg(CFU/g)
5 H % L pugy  CERAE WA
ZERUAT R 4 Frd
Items CON group ANT group P-value
ANT+BS group BS group
B H#s Caecum
KIGHF# E. coli 8.39+0.15 8.34+0.10 8.34+0.14 8.45+0.22 0.954
FLERFF & Lactobacillus 6.39+0.22 6.58+0.19 6.91+0.15 7.03+0.28 0.161
UWITIRE Salmonella 4.50+0.17 4.59+0.12 4.64+0.16 4.55+0.28 0.958
WA E Bifidobacterium 7.13+0.06" 7.86+0.24° 7.84£0.07° 7.91+0.37° 0.046
2517 Colon
KT HE E. coli 8.22+0.25 8.16+0.11 8.03+0.15 8.30+0.14 0.724
FLEATE Lactobacillus 6.92+0.26 6.88+0.35 6.41+0.32 7.31+0.40 0.327
YWITERE Salmonella 4.81+0.18 4.49+0.17 4.65+0.23 4.78+0.13 0.588
WA E Bifidobacterium 6.79+0.24 6.85+0.13 6.86+0.12 7.17+0.20 0.446

24 HMEFEAFEXNBNFRE T _IEENSEH
FhREth SIgA S 2R

H % 5 Al A dlm - 38 B A SIgA 1
SHEILBEER(P>0.05); 5CONAH L, HAb

3 W SIgA B9 & & B  (P<0.05) ,
HANT+BS 5 BS 2zl LW #H 2% (P>
0.05) ,{H¥) 8 FK T ANT 41 ( P<0.05) .

®5 HEFETEN 70 BRFE BB =HEED SigA SEH M
Table 5 Effects of B. subtilis on content of SIgA in duodenum and

jejunum mucosa of 70-day-old piglets g/ g prot
, PULE R Al A il v 25 4
TiH ORI AR I o PE
ZFAUFF A w4
Items CON group ANT group P-value
ANT+BS group BS group
+ 458 Duodenum 5.72+0.39 5.39+0.32 6.16+0.34 5.76x0.22 0.443
25 [ Jejunum 9.81+0.96° 17.46+1.58" 12.84+0.44" 12.83+1.10° 0.001

3 %W 8
3.1 WHEFAFENEHHFEEREENZT
R B 5T e B, s ) AR Hh S i — 1Y
it 2B PR 580 AT DA 2 ) 9 A K PR E RS 24T
HITAE R AOME T, 7 DL 0% 45 28 WA 28 JR AT I L XL
BEFFIA FLRRAT A5 SR AE 92 B i A 7 i
Hh F TR R ZE R BRI A B R AN [ i
PRI IS B 4RI —E, ERFHEN 1

RIHF T Es SRR, 528 O RALA L, B AR v s
Jn 250 g/t (1) Ak L ZE 96 FT B R 05 B A = 4.0
10” CFU/g) 1] DA & 3 & =5 Wi W3 47 5% 09 oK 5 f
ADG, H B % 5 Thid £ 40,5 ADFI fil F/G Tt
FER . BT RSET R IR I T 45 R R AR
AR I 0. 2% B AG B ZE 96 FF R (= 2.0 %
10" CFU/g) W] DL & 35 £2& = W 0% A7 4 /9 oK
ADG ADFI,{HH: F/G 5%} BB AH LG W 5 2 7
JIRRAE iR F 5% 45 SR L AR P s A 1.5,
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2.0 g/kg M)Ak w0 ZE G FF B Hl R (= 2.0 x
10° CFU/g) ] LA i 2542 = W 436 K 52 L ADG, I
ZIEMR /G, {HXF ADFI G B #5200, AR5 A o
FEEERFW AR AR AN 20 mg/kg 2 AR
TR W 5 A7 A A A KR RE TE W R, O B S
P E R B R S TEH . ARE S5 A
AR FE 45 SR 25 5 X AT RE 55 A B 2E AT
a i R R R
32 HEFHATEMHGFEMIESEHN
=AU

/NI SR ST Ak 5 RO 3R W Y
Yl , /N 10 986 w5 B S R s R R R N
X E IR T A S RO SR g8 R S
BB TR BE U /N, T 3G /N 5 78 35 W 5 1 4% il
B, B8 R R T AL S ol RE T A
WFFE 2 BH  FRDRR v 8 I A 5 25 AT B mT LA 32 /1
BTN LT . ABEEP IR 5T 45 R &
BH B A AT 101 T oA 0 2 JFF 7 RIGP16 P ViR
(TE B BCH 1.0x10° CFU/mL) A L4 % 3 14 fin 5] iz
OY T R A AT [ i e R R, At =
5l 0 6 0 B/ B s IR . Lee 26 9356 25
W AR AN 4.5 g/ke BORG B AE FLRT K B2
PynT LA I 25 T A5 N B 1 % R B R AR
1R B/ B TR AT IR I BIF 5 45 SR 3 B AR
TR 20 mg/kg Al B ZEI6 T 1R ] )0 B R A 0
SR 32 L R 3 3 BRI [ i 1 s TR R, T A )
UCERIEL SR  ME B RN,
3.3 RS E X BT 047 5 B 1 A 0 RO B N

R GIR €A RN 7B R St /Y W I =]
i A BRI A A ) ERCE BEn, DT fE S I
WA R A . RO IS N BE A% 52 B T 1106
P, FLRE Bl A7 5 W 38 S0 W AR AT 1Y 25 E
DR B, R 2E AT TR — e o IR AR
PRI, 6 T T R M1 A A 05 e A U AR, R A
BT R L BRAT A RUBERT T S A 25 PR AU G AR
o, ] G Athg S B 1) A K 2 TR IE 3l 4 4k R
Rt A A TS P R g R W R b S A
Yy FUFT TR IR B ZE ST TR A &2 2 A TR R D AT DA
WG E B S5 B K B R B 5 £
VA 25 B OSUBEFF B ALRRAT A A 2R K . Hu 260 ff
T W, BRI 2 x 107, 4 x 107, 20 x
10° CFU/kg MA, FZF T I KN-42 7] L i 5 R AR
FERE A T R FF R B, b 3 1 I FL R AT A

Mg, B3 2 E A e, AR50 19 i 5T
SESLFI AR R R 20 mg/kg A ZE AT B I
FAT LS = W 0 A7 5 B W v SUBE AT B A B A
FEY B EEFEAER, S AERZBRAH TR
EES,
3.4 HEFHATEX W TF B ER R B SigA
SENHIE

SIgA TE M i T % DAk b & 4 6 =2 AE
T Ao 2 R P R N AR AR TR R
5 R M Z R 25 &, G HE 5 0 R R R
AT 181 2 7 55 Jr 2D I A 00, 52 30 X6 AL A 1
G g2 R STgA J2: i i il S s Th BB 0 &
B AR 2 —, MR ZE AT B E AN S, B
TH2 20 i 7= A 40 it IR, 4K 3405 B 40, ik %o
PERRE M (Ig) A | IgG  IgM S5 1A % fo i | 38 3 ik 2
S JE P A T b 4 B e e R A0, AT G s AL AR 1Y
BREDIRE™ . Rajput %0 AR I 45 R R W, A
ZEFUFT TR B10 AT LA =y R 25 i A el fiz i SIgA
i, Z AU RE g A5 R R W A R P s
0.1 g/kg Z-AFF B H17) (1.0x10° CFU/kg) 7] )t
HRE TG B H SIgA & &, 1 E
HARBEIRE, ARG BT 25 S R 0 R AR PR
I 20 mg/ kg Ak B ZE LR G ] 70 AT DA Ao 3 =
WG 2SI Bh s b STgA 0 1ok 2 & i 1 f0 %%
ifig.

4 & B

ARG 55T, AR AR AN IR R ZE A AT B AT
DL 5 BT 05 A7 5 P 18 4544, 35 i 18 N A 45 TR 1Y
o /N R e D RE 38 B B b AE
R IYRCR, I HoAG R ZEAAT R S P RICH S
EEECEEIR (AN

SE
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Effects of Bacillus subtilis on Growth Performance, Intestinal
Morphology, Mucosal Immune and Microflora
Number of Weaned Piglets

XING Shuaibing' CHEN Daiwen' YU Bing' LUAN Chao® HE Jun' HUANG Zhiqing'
MAO Xiangbing' ZHENG Ping' LUO Junqiu' LUO Yuheng' YU Jie'"
(1. Key Laboratory of Animal Disease-Resistance and Nutrition of Ministry of Education, Key Laboratory of Animal Disease-
Resistance and Nutrition of Sichuan Province, College of Institute of Animal Nutrition ,
Sichuan Agricultural University, Chengdu 611130, China; 2. Adisseo Life
Science ( Shanghai) Co., Ltd., Shanghai 201200, China)

Abstract; This experiment was conducted to investigate the effects of adding Bacillus subtilis to replace antibi-
otics on growth performance and intestinal health of weaned piglets. A total of 72 healthy 21-day-old DLY
weaned piglets were randomly allotted 4 groups with 6 replicates per group and 3 piglets per replicate. The four
groups were CON group, ANT group, ANT+BS group and BS group, respectively. The trial lasted for 49
days. The results showed as follows: 1) there was no significantly difference in average daily gain ( ADG) and
average daily feed intake ( ADFI) among groups ( P>0.05); compared with the CON group, feed/gain
(F/G) in ANT group was significantly decreased ( P<0.05). 2) There was no significantly difference in vil-
lous height, crypt depth and villous height /crypt depth ( VH/CD) of duodenum, jejunum and ileum among
groups (P>0.05) ; compared with the CON group, the crypt depth of ileum in ANT group, ANT+BS group
and BS group decreased by 10.16%, 14.98% and 18.10%, and with a tendency for significant differences
(P=0.084). 3) Compared with the CON group, the number of Bifidobacteria in cecum in ANT+BS group
and BS group was significantly increased ( P<0.05), and there was no significantly difference compared with
ANT group (P>0.05). 4) The secreted immunoglobulin A ( SIgA) content in jejunum mucosa in ANT+BS
group and BS group was significantly increased ( P<0.05) , but was significantly lower than that in ANT group
(P<0.05). In summary, B. subtilis can improve the intestinal structure of weaned piglets, increase the number
of beneficial bacteria in the intestinal tract, improve the immune function of intestinal mucosa, and achieve the
effect of partial substitution of antibiotics, and there is no synergistic or antagonistic effect between B. subtilis
and antibiotics. [ Chinese Journal of Animal Nutrition, 2020, 32(5) :2066-2073 |

Key words: B. subtilis; weaned piglets; growth performance; intestinal morphology; intestinal flora; intesti-

nal immune
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