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1.1 Wit 5RFER

T FR R0 T FE A R e AT, R HL
120 Sk B N (62.90+2.37) kg 1Y “ Fhx K x
KR” ZTeHRNEER, Atk 172, Bl R 3 4>
HHBHASANERE, BNEE 8 KK, MEA(A
2H) fr] MR IR AR, 1B 4H (B L C 4) 43 1A it 1]

F AR I 100 F1 200 mg/kg BS, iAW 7 d, IFix
W63 d, 15 LR 1R M 2% NRC (2012) ¥ 5

Frt ZBC ], A BB IRACE LR 1, it il s
35 O 7 W O G 5 e P AT R Y Ao, G

H 21 H RGN B R, 28 H IS R 5 o IR
(4 JAJG 2 WARPBE) o 5o 10 [ 1) 77 45 B 440 R
AT, B B SR RAROK, B R S#E 1T 1 RS 550 B,
PRI S X

®1 ERiARAMREFRKE (RTFEM)

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

JEUB} Ingredients & & Content

F K Nutrient levels? %1 Content

F K Corn 74.00
%k Wheat bran 5.00
K tH Soybean meal 16.00
WM =45 CaHPO, 1.20
£ %) Limestone 0.70
3k NaCl 0.40
T2l Soybean oil 0.70
ikt Premix" 2.00
A1t Total 100.00

1L AE DE/(MI/kg) 13.64
HLEEH T CP 14.50
=R Lys 0.92
HRAR Met 0.30
5 Ca 0.62
AR AP 0.34
BB TP 0.55
FERZ R +F B AR Met+Cys 0.59
2R Thr 0.70
R Trp 0.18

DR KL & T 50 4 K42 i The premix provided the following per kg of the diet; VA 2 512 IU, VB,, 17.6 wg, VD,
1 200 IU, VE 34 1U, VK, 1.5 mg, #% # % lactoflavin 2.5 mg, iZ & pantothenic acid 6.8 mg, #HZ niacin 20.3 mg, S fLLHH cho-

line chloride 351 mg,Cu (as copper sulfate pentahydrate) 20 mg,Fe (as ferrous sulfate monohydrate) 50 mg,Mn ( as manganese

sulfate) 10 mg,Zn (as zinc sulfate) 50 mg,I (as potassium iodide) 0.3 mg,Se (as sodium selenite) 0.3 mg,
B IR Rt E{E, The nutrient levels were all calculated values.

1.2 iR

I BS b b1 O A b A B 7 24 1
i B0, TG &L= 1%x10" CFU/ g,
1.3 HmX&E

R g i 5, LLE & S B AL I 2 k4%
(A 1/2) CRIMAETZEE 12 h, ARKOK, H
kR LT ZPrEEE b, 3 000 r/min & O
10 min43 B 113, —20 C KA PR A7, FH T 00 5 1 3K
A A RN B E A bR UGS o ORT & HE M A BT
10 mLis K 308, -80 CTIkF A, T
S TR TR 22 5 06 25 R, A 4 B AL R R 6 Sk
PR A A3 (A4S N 12, B4R 208k
Bl sk) 418 k4, 2 HE 24 h it IT RS, SR
0.5 h N BURIZESS & Ab 75 S K L2 100 g,-20 C

KA ZRAE , T ILA N B 2 & e .

1.4 MmEAEKIERR

I 3% A= Ak F8 b ok FH 3

i WA AR R 4 A

Sl AE A BT A B e 22 300 G AR e R )
UL HERAE M i 2K b 8 (ALB) (BREE
(GLB) , & #E 1 (TP) \JK & (UREA) | & JIH [ iz
(TCHO) #i%j B (GLU) \H i =W5 (TG) & & M
BT PR it ( ALP) 43 H % 2l ( AST) WM
1.5 mERANAEEER

K R&D 24wl Az 7= 1 Tl 156 G 9 W B 3k 56
( ELISA) i & 5 MB~-530 i br {3 I 5 1l 3¢ o 93
BRE M A(IgA) IR E N G(1gG) sk E
M(IgM) & & S 5 BU ik (CSFV) Fl R R B¢
ik (PCV) KF- K WLIA H N2 & i, LA
I RS 10% 42 503K
1.6 FEEREFFHENSEHNNE

B FEAERE S AR (200+10) mg H T2 mLE

LA ) e BROSE fE L [ 41 DNA $2 B R &
(DP328, KARA LB A R A R BB 54T DNA
el HE R 53 6 1T ( NanoDrop ND—2000
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UV) #:1] DNA 3% B, 2 SCik [ 7] $2 8509 B2 i AR &
W R, R 926 1 PCR RF & (Y,
F#E ) 47566 E B PCR. 59K H Primers 3 {4

weit, i LA T AE WA BRAY R R, 519 51 L
R 2, R 27T H RO B AR R

x2 31MF5

Table 2 Primer sequences

GenBank & 5% 5 8% 3Ciik

il 519)% 5 .

. . L o GenBank accession
Bacteria Primer sequences (5'—3")

No. or reference

ST F:CGGCAACGAGCGCAACCC '8]
Total bacterial R:CCATTGTAGCACGTGTGTAGCC
B R AT F:GTGATGAAGGCTTTCGGGTCG 7375491
Bacillus megaterium R:CGGCTGCTGGCACGTAGTTAG ’
XU T F:GCAACGCGAAGAACCTTACCT AB697147.1
Bifidobacterium R:CTTGACCCAACATCATGACA ’
FLRR A F:AGCGAACAGGATTAGATACCC AB680529.1
Lactobacillus R.GATGGCACTAGATGTCAAGACC e
IR F:GAGTGGCGGACGGGTGAGTA AF332600.1
Salmonella R: TGGGCACATCTATGGCAAG o ’
PR JENER F.:AAAGATGGCATCATCATTCAAC (9]
Clostridium perfringens R: TACCGTCATTATCTTCCCCAAA
KIGHF F.GTGTAGCGGTGAAATGCGTAG HF936924. 1
Escherichia R: TCAAGGGCACAACCTCCAAG ’

1.7 HESITSSH

K HI SAS 9.2 it AT BRI &R Oy 22 03 Hr
(one-way ANOVA) Jf- LA Duncan G172 HE L
B R OPEE R EZE” 2R, H P<0.05 RIR
2SR E ,P<0.01 FREFWBE,

2 &% B
2.1 BSBE®EIMEENIBRHEM

H 3 A, SXT R (A ) M, B .C 4T
BHEIIE ALP 5 P4 W 2 B K (P<0.01) ;B 410
¥ GLB & & B F R (P<0.05) , M3 ALB & &
BERE (P<0.05); 4 41 8] 1l 3 UREA, TG,
TCHO .GLU TP & & fll AST i& ¥ L & £ F
(P>0.05) .
2.2 BSXEEHIME REIERA N

H 4 AT, S5 X AL AR L, C 4LIE &4 M 2%
IgA Ml PCV KA 8 3 41 /5 ( P<0.01) , 4541
B8] IfiL 3% IgG . IgM & & Fl CSFV /K- 70 . 2 24 5
(P>0.05) ,
23 BSHmMEFMAANFRANSESEHHM

1 2% 5 FIAT AR R S BS X AR 8 Il 2K AN

LA R & B TE R m (P>0.05)
24 BSXEEREEFHHEANSEMNZMN

H % 6 AT, SXTREAIAH L, B, C 4285 rh X
I AT R ARG 5 £ 1 35 B2 R (P<0.05) s B A ZEfE rh
EL R ZF AT B A 3 & & 4R = (P<0.05) ;C 4
FEAF 7R JE TR MR B A R A R A i S BRI (P <
0.01) ;15 H VP T'TIRTE (P =0.090) Fl K7 #F 16
(P=0.097) [ AR 55 2 XA BRI a3

3 it g
3.1 BS XEE¥E ML ELIBEROEME

F &M h ALP 1 AST 1% 7 2 2 e AILAAK BT
FEA: BRALAEAR B0 A B A, PG SR AR B ST AR
T AR 2SI 50 AT AT 5 0L R ALP 36 1 B R
% ; Forte 2" B 5T 436 , g BR FLAT 8 A1 BS OTR A
YIAT AR AR XS I3 AST W% M s A 5% B, 76
TR SN BS X IfLIE o AST A1 ALP 935 ¥ 0 i
TR KR R A B I A RO —
AR 45 BRI TR0 BS REML I AR 0 B 4% 1
I ALP IGPE, M XT AST 36 M H1 UG 8.3 52, 5 A
LA R A R AR A, SR AR5 3
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Table 3 Effects of BS on plasma biochemical indices of finishing pigs

W H 215! Groups P

Items A B C P-value
W ER A ALP/(U/L) 172.71£77.16* 88.86+17.70% 91.7£23.06"° <0.001
JR%Z UREA/(mmol/L) 3.33£0.76 3.77£1.23 4.10£1.05 0.258
Hil =% TG/ ( mmol/L) 0.34+0.06 0.34+0.07 0.35+0.13 0.918
S JIH [ B TCHO/ ( mmol/L) 2.18+0.29 2.26+0.25 2.21+0.34 0.817
%% GLU/ (mmol/L) 4.61£0.54 4.59£1.25 4.82+0.86 0.831
A ERE B AST/(U/L) 38.12£5.26 38.63£8.93 34.32£8.29 0.405
#EH GLB/(g/L) 39.70£4.42" 33.22+4.15" 35.00+6.54™ 0.030
H#H ALB/(g/L) 34.15+3.68" 38.28+3.00° 35.76+2.95" 0.033
MEA TP/(g/L) 73.93+3.26 71.19+3.61 71.72+4.65 0.276

FATEAR B AR T B RN FRERR ZRA B (P>0.05) , AF/NE FERRZER BF (P<0.05) , ARIKEF

BRI (P<0.01) . &I,

In the same row, values with no letter or the same small letter superscripts mean no significant difference ( P>0.05) , while

with different small letter superscripts mean significant difference ( P<0.05) , and with different capital letter superscripts mean ex-

tremely significant difference ( P<0.01). The same as below.

x4 BSMIBBEHMR GZEIEIREIZNT

Table 4 Effect of BS on plasma immune indices of finishing pigs wg/mL
WiH 2H %] Groups P
Items A B C P-value
HPEFREE A IgA 35.23+2.08%° 35.60+2.42"° 38.38+2.26™ 0.008
HIERRE M G IgG 210.52+12.61 206.37+29.40 220.67+17.40 0.310
RIEEREA M [gM 63.49+3.84 64.83+5.61 62.32+4.72 0.523
IR PR CSFV 77.05+3.39 75.98+6.21 79.54+4.51 0.264
B AR PR PCV 71.05+6.53" 74.27+6.72% 82.88+6.77™ 0.002
x5 BSHEEEOEMIATAEELSEMZIT
Table 5 Effects of BS on endotoxin content in plasma and muscle of finishing pigs ng/L
WA 205 Groups P
Items A B C P-value
1fiL%% Plasma 165.90£11.65 153.57£13.46 163.03+14.39 0.128
LA Muscle 47.17+2.19 42.82+3.27 44.71+3.85 0.121

AL I B ALB 5 4 9 g R S e 1T HE &
JE BT RE J) /Y 3R 55, UREA 75 &9 = IR i 1
HUAREE A AR . ARBFFE R, B9 100 me/ke
BS &3 f& = MK ALB %, H 1l 3 UREA
TR AR RS R BS BRI e
JIEF % M 1) 1 5 B AR O T B A OB AR
Fi, 05 B R R A o 0 1 4 R A — 2L

GLB LA G 8 2% B 77 A, AR N A 76 5 S8 4L
SR S B 237 4 K GLB IH Kl , Al
Yok LI TN 100 mg/kg BS i 3 FEARK I 3¢
GLB & &, H# I 200 mg/kg BS 5% FEZH A b,
WA —E TR B BRI 5, B0 iR R S in BS
B R AL AR G 5 Bk s ) g el 20 A ok s B AR A
T OE AR WM 2, W 100 mg/kg BS 5 M
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200 mg/kg BSHE, Hii ¥ # GLB & & Ry fik{H 2
SRR, M ALB FEKEHHEESF B #H, W

HEH BS IS e A B W P — 2 HLAR R AL P
A TR Ktk — 20 BT 5B

x6 BSHIEFEEFAFENIENZME

Table 6 Effects of BS on relative content in fecal flora of finishing pigs

S| 2% Groups P18

Items A B C P-value
FLRATE Lactobacillus 1.00+0.00 1.84%1.05 1.45+0.85 0.272
WUFFE Bifidobacterium 1.00%0.00" 2.03+0.79" 2.02+1.03* 0.049
H KEZFHFT B Bacillus megaterium 1.00%0.00" 2.61£0.98" 1.34+1.11° 0.027
WITERE Salmonella 1.00+0.00 0.98+0.47 0.57+0.28 0.090
KWFFE Escherichia 1.00%0.00 1.22+0.54 0.65+0.38 0.097
PR IEEAR A Clostridium perfringens 1.00+0.00* 0.88+0.22* 0.61x0.16* 0.006

3.2 BSXEE®EERIBEIRHNT T
MR N R RE BRI B2 A 1gM  1gG Ml IgA,
W AR AR R AN 0.3% F1 0.5% 1Y) BS,
FEINNTG H 1gG F IgA HI &, AR 45 %
B, G FP RN 200 mg/kg BS 35 12 v IR B85 1L
W TgA S a M 1gG S SR A B E, HE
PR AT fiE AR < TgM 2 A 928 0 285 v de L A A B Jek g
BRI AAREREEHN ) 196 0 F BEAE ] FEEIAM
TR G, 0T BH - AR R $T 5 2F 7 6 IS iE A2 41
S ARV WL % T B B o s R = R VRN
IgM G b & e R B 4 i 7, 1gG R e
T RE, ik, BS ¥ 1gG 5 IgM & & 28 L %A
SN, 1 IgA SRR S e i) EE iR, FE SR
R S P S B B LR 2R AT B R VR . BS B
FHATEZE IR, I A S EL 41 20 B 40 i sl ok S e b
G e 1gAT ) BS gAY Wi s it AE
Jo 38 Ak B B B G A A e R AR T R 0 B E N
FHOGHR LAl 2 4 38 T B Itk L 40 i 45 i, 1 2
JEE ST 43 WA AR Tg A AL 2K v TgA oA 3 i, AT
WOE DL i 18 5 R 5 5 B 180 3R 40, 3K 31 3 s LA
TREHLEE
TR R T3] B0 95 1 T S SORE RE 7 A S e
il 51 I R sk & IR, — B R
G E K E T ARG 8 R E KBk,
HATOCT BS X L B 48 5 5 A5 9495 B 47T 4 119 5
Wi BfF 5 4 L0 (B IR 45 R BS HA
PEWRPEMIRCR T sk i £, Z Ak
AR (BS WERRFLIT R S5 ) BB = W 9341 4% CSFV
K, SR MR e D fiE . Liu 5 AR 58 & B, 1A
AN BS C-3102 X 25 16 7 39 1L 375 8 3k %

JREEPLIAR K- JC B R, (H R % BS C-3102 ¥
T B 3G IN , I0 T 8 O R T AOK O B T
B, AW RS Liu 552 057 45 B2, 16 1]
FAE AN 100 mg/kg BS X B & 4 I 3% b Ak sk
S N 3 ER N 200 mg/kg BS W, Al 43
FE I PCV K, HFE—ERE & T
K CSFV K ¥, HAEFHPLE — 75 1f 7T fig & BS
VB T 0k B B0 D 45 5 7 1, AR 0 A S Ik EL 4 40
1, B T B bk B A B, 3SR X T 4 M AR s 4t
JEUAY G 8 25, BT HLIAR KO 5 58— i ] fiE 2
BS 38 1 98 5 40 it X 3% R AR A b R R A TR B
G, IR F R i e b ik ™= A ik 548 & e
REWGSRAE Y
33 BSHWEEEMEMIAFTHNSESEN
=AU

R R PR R 205, 2 55 =% TG B 1 4 i
B ) — R 43, U TE AR BT T AR a N T
BE SR A0 A B > s 3 P D e A
I 2 N 18 B W REIR A 0 rh B AR Y
WEER TR L Stm EEARAFEES, &
SR S M T8 2535040 0 g 3 J5F B ) fi 1Y) J9
W R ERAE I KR, TE NS 2 M e 1N T
RETN A5 i BB P 73— fE (MDA) 7 it i 3%
Thim . RATENG Z 0 e b BCIRAS T, IiE N IR
it ALY = s £ | o T BRI I N ™ i
P, WA S50 B BEAIR LPS, s LA S F2 0k
O, PR TR I A /R 2 a0 ko e B, T T
F AN 7 ZEART T iR S 2 A s 2 B S
BT IR AR 2 7 L 4B R (IL) —8 mRNA
Fk T S B Pt R I IL-10 mRNA 3R
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ke REAR, A b, 5% B4 A [, B
100 mg/kg BSXF Il 3% AL H N 3 R & A AR
¥, BS 1EH T Wi, i i ol 35 B 38 Ak W o
7 B e T A8 R B B W D i 8N e D TR A
O R R T T R AR R TR,
3.4 BSXEEREFRFHMEXNSENHM

PR IR TR H AT I PR A i DL — B S Pk
WHW R —EST TS SBRMNE WS
R Y B AL e v B B I IR T A R
g & X IR A v B E R 4 Pt %, Jayaraman
VI GT R, BS REME N B e R IR T 5 |k
() PRAT G IR BENE R %, B2 w5 TR A7 3 i 3 ik B 7K F
AR ST K B, R AR N BS BB NE E
J A rhOSUBE AT PR AR X % o, S 0 100 mg/kg BS
AE 1 & B8 BOOR ZF 46 AT A X & &=,
200 mg/kg BSH I 25 R A 77 A< 3 AR 1R AH X 7
X5 Li 45 g A AR — 3, R AT g
J&= BS N A, YA H A, AR &
ARORA R B, A 15 IR AR, £ 1F BUEL T 7 A
FLIRFT TR 55 A7 7 IR 80 O A 286 2% 1D 8 AW o o
JETENIE N = A HLIRR , AR i 38 N pH, 9 A
ER MR R X TR AR R A 100 mg/kg
BS 1 3 4& = B OK ZF 4604 3R X B = A
200 mg/kg BSHI A & 19I5 R Al 68 BS & 0 &
X, BERZEMFFEA BS [FJE T 75 A, HohhE
FAL, #RHN 100 mg/kg BS 7E 7 i R A & ¢ E
KEZEFAT R A K B WA 520, fH R in 200 mg/kg
BF BSAER I, HI TE RFAFEERE
B, HAR i RS G E—20 R B 5T ANIE

J3 A1 BS XA gy 3 K FF B D T G
BIRE 5% 45 B R R — 2, Guo %% Fll Maneewan
SEUOTRIEFE RS Y, BS LU i T K AT B RN
VDI IR TR T, AT T35 i T8 P 58 R R A 25 4, %
RIETE R, (A W5 R, BS X IEE #4718
KT R AP T G TR 40 O A A 7 AR
Borp, 5 x5 BAHAH LE, 4R P ES 0 200 mg/kg BS
XL E R ZEE VD 1T R AR AT AR X & = A
FRfkiass, HIEKH TG BS ZEAF 5 LRk 1
AR RED ARG E R E RS %, H
LR £ WHLRE S AL N A S X Bl TR
FE A, AR HRACR AN 2. 5380, £ XF BS
I 2 AT A AR TR 1) AF X B T VD 1T EQ TR
IR BAFF R A 83 0 BARJE A 8 75 F— 2

HIBE TR
4 % it

TR R ES in BS Al 7E — 2 F2 B b Al DLk 3% IR
B AL AR, 18 5w ALK %58 T RE, 4k g iE
g
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Effects of Bacillus subtilis on Plasma Biochemical and Immune
Indices and Fecal Microflora of Finishing Pigs

HE Changging' ZHU Jin'® KUANG Youhua' CHEN Jifa’ QU Xiangyong' ™
GUO Songchang' JINLIN Kuanhe®* ZHOU Xuebin®
(1. Hunan Co-Innovation Center of Animal Production Safety, College of Animal Science and Technology
Hunan Agricultural University, Changsha 410128, China; 2. Asahi Calpis Wellness ( Shanghai) Co., Ltd.
Shanghai 200233, China; 3. Shanghai Naseco Products Company, Shanghai 201700, China)

Abstract; The aim of this study was to investigate the effects of Bacillus subtilis (BS) on plasma biochemical
and immune indices and fecal microflora of finishing pigs. A total of 120 DurocxLandracexY orkshire crossbred
finishing pigs with an average body weight of (62.90+2.37) kg were randomly divided into 3 groups with 5
replicates per group and 8 pigs per replicate. The control group ( group A) was fed a basal diet, and the experi-
mental groups ( groups B and C) were fed the basal diets supplemented with 100 and 200 mg/kg BS, receptiv-
ity. The preparation period was 7 days and formal experiment period was 63 days. The results showed as fol-
lows: 1) compared with the control group, the plasma alkaline phosphatase activity of finishing pigs in groups
B and C was extremely significantly decreased ( P<0.01) ; the plasma globulin content of finishing pigs in
group B was significantly decreased ( P<0.05) and the plasma albumin content was significantly increased ( P<
0.05). 2) The plasma immunoglobulin A content and porcine circovirus antibody level of finishing pigs in
group C were extremely significantly higher than those in control group ( P<0.01). 3) The addition of Bacillus
subtilis in diets had no significant effect on the endotoxin content in plasma and muscle of finishing pigs ( P>
0.05). 4) Compared with the control group, the relative content of Bifidobacteria in faeces of finishing pigs in
groups B and C was significantly increased ( P<0.05) , the relative content of Bacillus megaterium in faeces of
finishing pigs in group B was significantly increased ( P<0.05) , and the relative content of Clostridium perfrin-
gens in faeces of finishing pigs in group C was extremely significantly decreased ( P<0.01). It can be seen that
adding BS to diet can improve metabolism, enhance immune function and optimize intestinal flora of finishing
pigs to a certain extent.[ Chinese Journal of Animal Nutrition, 2019, 31(7) :3260-3267 ]

Key words: Bacillus subtilis; finishing pigs; plasma biochemical indices; plasma immune indices; fecal mi-
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