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EAFN A A, AMREBAMREFEAG LM, [F%] FhEE5T SHILBRFR 3 HRTRTFA
FAT A SRR, MABAMNOAERBAR., PTRENAREARENS, NEIFRNITHE R
FEEMERL, FINIRA ARG A A Mg ast, [£R) ZARIUBRE > %5574 FRIAFH RI.
& TEIATE R2. M3 HE R3. B EIATE R4 i@ L HA RS; 3HFRFA NS 544
ANFEHFIRFE Y. HEFRFE Y2 AR FIAFEH Y3. NREA T S LM TARR2 AR H AF
K, ¥4 2-10 h AxrseA KA, 1824 h AFEE I, 348 24 h B 3LEL B A= oF 04T 1 09 75 B 439 1%
FAE 1074 10° CFU/ML, RiEAKIBE A 37.0°C. LB H EALRY TR FITHEE, F0
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Biological properties and functions of five strains of lactic acid
bacteria and three strains of Bacillus

LUO Chengying”'”?, HE Xiu*""*, XU Meiyu"?, LIN Lianbing "

1 Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500,
Yunnan, China

2 Engineering Research Center for Replacement Technology of Feed Antibiotics of Yunnan College,
Kunming 650500, Yunnan, China

Abstract: [Background] Lactic acid bacteria (LAB) and Bacillus are commonly used probiotics
in production, with different growth characteristics. It is essential to understand the biological
characteristics of different strains. [Objective] To study the biological characteristics of the
strains, develop and utilize the strains in a reasonable way, and ensure the safety of strain
application in production. [Methods] After activation, five strains of LAB and three strains of
Bacillus were identified. Their morphology was observed, and the growth curve, acid
production, and optimal growth conditions of the strains were investigated. Furthermore, the
antimicrobial activity, enzyme production, probiotic properties, and safety of the strains were
measured. [Results] The strains R1-R5 of LAB were identified as Lactobacillus casei,
L. paracasei, L. farcimini, L. futsaii, and L. salivarius, respectively. The strains Y1-Y3 of
Bacillus were identified as B. velezensis, B. subtilis, and B. licheniformis, respectively. The
eight strains presented different morphological structures but all were rod-shaped and entered
the logarithmic growth stage and platform stage after being cultured for 2—10 h and 18-24 h,
respectively. After incubation for 24 h, LAB and Bacillus maintained the viable counts at 10
and 10° CFU/mL, respectively, and the optimal growth at 37.0 °C. LAB had strong
acid-producing ability and antimicrobial activity, and Bacillus had strong enzyme production.
All the strains demonstrated strong tolerance in artificial gastric juice, no hemolytic activity, no
virulence gene, and moderate sensitivity to antibiotics. Among them, L. salivarius carried
tetracycline resistance genes, while it was moderately sensitive to tetracycline. [Conclusion]
The eight strains of bacteria have fast growth and reproduction. LAB have strong acid-producing
ability and antimicrobial activity, and Bacillus has strong enzyme-producing performance. With
good probiotic properties and safety in vitro, the 8 strains can be applied in production.
Keywords: lactic acid bacteria; Bacillus; growth characteristics; biological function; probiotics
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RS P RE R K E Wl N R IR, B 4
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PegE, (A TRUENSEA, ERmER

TESN YA R 5% B R AR , 5 SR 24 200 B PR AN BT
W, S EEM A @R, B 2020427 1 H
VN R f S A= R TR /i E AV T
PeHT A RSN T R PR R 4
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S a T ] KA ThiA R RO,
ek sz B AT AL .

FLER I (lactic acid bacteria, LAB)/&—2KAE
FI R B KA A P77 A2 R FLIR Y AR 22 IR P
B, JE4ERF s LA R A R AR
WS 5N, B hiE bR R 5T
ok, HA RN PUERRE P tksh, B E
AR A RAERE S JERERE S RER A
TE s AEPEPEN 71, FLERWXT pH. NaCl F1fiH
TR ER IR R 320, X it
O i (A AR PR N P =5 A O W A el
FLRR T H W T H R R A, AMURESE
WRHR R A B &, IR T I R R R
SEA DAL = DR BT, R MR O R R A W 1 TR
FECRUE S ({2

ZEF AT T (Bacillus sp.) & —JE R At Ty
WA F P 24 R PHE T, T2 TR
FIFREE R . W U 5 R I 2R AT R A
R PURTEENE; e RARAERIH. 4500
TEDARE-r . A0 I oA AR S LA S ) 55 )
REI), He 25U OV7E a) K v % A 55 2 A0 AT 14 [
R TAFSEIETE 22, [RIIT U MLAA S AE I Iy A el %
J B W BE - Zou SEU GBI 5T 2R W AE fR R Hh R
Tk 2 2R A T BB VR Y Sl T R, s+
68 W 0T AR A AR S0 e i 5 1, AR AR 4 i
KTk, I ESORRE . 1LAh, ZEFr
A E— AP A OB, A2 B Tl (il 25
BEIT . VRN GTE Tl 55 i A g NS

i A2 TR RE A HE U0 T AR Z Al AR B
AR AR A fe 5, ABRRR A )2 15 PR
TRESE M 2 SEPRAE PR, DR O e O 4 R bk
SN B E AT . A DAE Y TR A1 3G 1
ER BT 5 RILBR A 3 BRZFFUAT IR, #)
AR T 8 MR BIESHRHE . A 2 2
RESTSEAE W2 el a5 i kL A e

2y K TS (B LA

1 MR5r%

1.1 #8
1.1.1 &E

I 8 RIAMR AL R 7 S
WA ERE ATCC 6538, KmFTFH CMCC (B)
44102 YPI'TEGHE CMCC (B) 50094, | Z gl
IR A R A R G DS8 438 T fmiat™.
1.1.2 EFEMEEIRT. U

FHE W Im AR SR AR AL, F S A
B LB KSR ZLRR 4N 14 5 7% 3L (de Man,
Rogosa and Sharp, MRS} 5:, | R DA
WIRHE A BR AR AR : () 1 g, Bifk
BI(KY) 2 g, ZEMWA/K 300 mL; 7= 45 [ B0 s 1% 95
B2 B K BRSO Oy e s 7V O
B RS A AR S P e 5 AT A R
TR IR IS BRI ik EL s N T
WS AR RSP ik mehl s AT BiRS R
S RN i

0.22 pm JEME, Kt B L & A IR A
Al ANE S AR BO &, RARAE R b
TOARAF; 10 FibiE R atfr, wS A
YR A RA A

fEIR R IR, Dl — R AR A R A A
H2E B, Zeiss Al BRI, LmHisN—
IXER) 5 PCR AL IR SN EE G AR 20 W R 4L
Bio-Rad /A7l .

1.2 EMHRWWEEREDFFN
1.2.1 EHENEE

B B TR 5 ARFLER A A 3 Ak
ZEHIAT T, 76 MRS F1 LB [FAks 33 3L e ki £k,
8T 37.0 °C P EEFE 12 he SEUAE K
P 2 AT D RIS 5 BB B R I SRR AT, 49 Sl B
FXINEAY 5 mL RS SR, 37.0 °C. 150 r/min
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PG ISR 24 h, AR A T L DR 2 $E BGAR &
Ui W5 4370 $2 BUAH 7 DNA

i #5149 27F (5'-AGAGTTTGATCCT
GGCTCAG-3")#1 1492R (5-GGYTACCTTGTTA
CGACTT-3")% 43 B B R MR 4T 16S rRNA JE[H
P, PCR WA Z (20 pLl): 2xTaq Master Mix
10 pL, B 1 pL, b, FUHE5I4(10 pmol/L)
% 1puL, ddH,0 7 uL., PCR %544 : 94 °C 1 min;
94°C 50, 56°C45s, 72°C 1 min, 30 M ;
72 °C 10 min; 4 °C{#7#!"', B 5 uL #Y PCR ™~
WITE 1.5% 0 B BE WEEE I F UK T Rl 25387, IR
PCR j=¥ik 24 TAY TR RMABRA
AN E S P41, 45 R AE GenBank HiEA
BLAST X4 #7 o
1.2.2 EHRMESENE

FE D PR HOCPL R TR AN SR AT TR T, 430l
TE MRS F1 LB [{AEFREREIZL, FHET
37.0 °CEiFEA I REFF 24 he 0 R E A L
ARKIIEAR . BRI/, A, B20 pL #
HATIR A, BE G A S R A2 1 min,
FZEIR K P, BT 5 FDOG2E B3 (100%) i
FTIE S ME A B IC % o
1.2.3 HEFkEIRIFEETENE

¥ 8 BRIF AT TG AL, DA rh—RR 1R
HARRTA , HU 100 L TR IR A T X0 L g ] 44 15
FRELW, HCE 10 min, FICHERIEIEL R (H
% 8 mm)s il HRWIR N, & & WAL+
TN I A SRR LSRR B T 37.0 °C
TR B FRA R R SR 24 h, MR E KRS HEA
AHEEYE, DARRIN B 5] o ds 7 3 AR R s 3L
AR R A .
1.2.4 BEHREEKBIZNE

W LR TR AN ZE AT I 4 4R T MRS Al
LB WA R; 3534, 37.0 °C . 150 r/min 537 24 h,
B2 h HURBER, DAWIARSE IR AR X B,

5E ODeoo IWIEME, B4l 3 A~EE, 2Hl Ktk
ARl
1.2.5 BRI EERE SN E

Fie 1%l OIS A A TR R 50 3 T
X7 ) MRS 1 LB W {445 573 ,37.0 °C 150 t/min
Fi9% 24 h, B2 h BURERW, W€ pH(E. 4
3ANEE,
1.2.6 EHFHREEKEENE

Fie 1% 42 i B E 0 Ak TR R 53 01 4 el
FXFNL A MRS F1 LB i A2 5, & T A
IR (25.0.30.0.35.0.37.0 £1140.0 °C) . 150 r/min
K53 24 h, WIE ODgoo MIMROGAE, #:2H 3 NEKE .
1.3 EHREEIZEINEENE
1.3.1 HIEM RN E

K FH AR AR 2 8 BRI BUR MK
FRER . VDT TERTA . 4 v €0 3 2 3K TR AR 2 IR A
FRIVER, DL RS a RN BHPEXT IR, T
TR 25 TR KA Sy BR P X B
1.3.2 FEgMERERYNE

FEER BRI . R TR A e 2 R
i gk R AR B SR R 3R 1T, BB T 37.0 °CHE 97 24 h,
R, WEREHIEHRE, HR<R
TR 5 A B BB B KN, DATRAL 7= 8 S o

FEVE R AL . R B 0 ) A T TE R
R S A R R R AT, B T 37.0 °CHEFR 24 h,
R, A = PR i 2 28 55 1A
MR R BLE R, S RO % A E
BN, DLTTAL 7 JE by i 1 o

PR YE R T DU TR R ) e
LR U R T AR SRR, BB T 37.0°C
iR 24 h, RERHETE, A 10 mg/mL KR 2L
VI, Yt 10-15 min J5EIFE, A 1 mol/L
NaCl &, 15 min J5EI58, WESH % 6 B2 &
BB B R, R RO 2 1A ¥ 3 B B A KD
LA 7= £ 2 2 Wl 5 1 o
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1.3.3  EFRAIMNEEE M E

FR P T 2L, W 108 I 1 PR VR B AR
B REFR(S MRILIR A 3 AR 20K 18 43 I TR & B
F) G MR LL S% MR i AN T B )
W, F 37.0 °CEEE R SF 3 h 4 h Bi R4S A,
B 100 puL WEAKSEA TRE BERG R, 7E MRS F1 LB [&
REEFRIE BTG, BIE T 37.0 °CHE S 24 h,
FI A 25 T BOE T BSOS TS AL, IR
BAFIE R
MR A7 T 5 (%)=1gN,/1gN,>x 100
A NCHEN T B R 5355 W06 TR
N, g R 28 1 1 T b BT 9 3% B 5 (CFU/mL) .
1.4 BEHREINREMNE
1.4.1 JAEM

AR 00 AT P TR S VR 43 ) R R B P T R AR
WM B R R B K TH , BT 37.0 °)C R 53R,

#z1 WMHEERMSHEREYTHESI
Table 1

WRZE T Vi o] L2 75 A 325 B P s IR, DS i I
M4 B (0 R A BR A ATCC 6538 SN B X IR
1.4.2 #AERE

B AF A A TS 1L, B 100 uL 405 & 4R
55 mL 2 BATRAE 57 2L (FLIR 1/ ] MRS #5533
B, FFATEE LB 855 5)IR ), FLARARRE
FRELRM . J AR W TRy R R, &
F37.0 °CFH55% 24 h 5 MEL AR A FIA G
PTERE , FFEE TR B B (D) RN #e R IR IR
S 5 = b 46 B 58 BT (Clinical and Laboratory
Standards Institude, CLSI) CLSI M100-S26 i)
FRIEHIE N BU(S) . () AIT 25 (R),
143 THAEREMSHERNRIE

Tiif 24 B AR ) B 5 015 8 3R 1.
Sl AT AY TREEE) G ARAAE
Mo DAFSTEAR DNA AR MR, i 24 2L

Primer amplification of drug resistance gene and virulence gene

5| ¥4 FR Primers name  5|#)JF %) Primer sequence (5'—3') 7= Product length (bp)

gnrA TCAGCAAGAGGATTTCTCA 627
GGCAGCACTATTACTCCCA

tetM GTGGACAAAGGTACAACGAG 406
CGGTAAAGTTCGTCACACAC

StrA CTTGGTGATAACGGCAATTC 548
CCAATCGCAGATAGAAGGC

Aac(6')-aph(2") CCAAGAGCAATAAGGGCATACC 675
ACCCTCAAAAACTGTTGTTGC

sulll CCTGTTTCGTCCGACACAGA 435
GAAGCGCAGCCGCAATTCAT

vanB ACCCTGTCTTTGTGAAGCCGGCAC 457
CAAAAAAAGATCAACACGAGCAAGCCC

gelE TATGACAATGCTTTTTGGGAT 234
AGATGCACCCGAAATAATATA

hyl ACAGAAGAGCTGCAGGAAATG 276
GACTGACGTCCAAGTTTCCAA

asal CCAGCCAACTATGGCGGAATC 529
CCTGTCGCAAGATCGACTGTA

esp TTGCTAATGCCTAGTCCACGACC 933
GCGTCAACACTTGCATTGCCGAA

cylA TGGA TGATAGTGATAGGAAGT 517
TCTACAGTAAATCTTTCGTCA

ace AAAGTAGAATTAGATCCACAC 320
TCTATCACATTCGGTTGCG
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BAEEMSIWERT, XHIERE R BT
PCR ¥, VIGARZSM 121, PCR ¥4
1.2% B M AR 06 J2 Pl R ARG 0 245 27, o ™ 388 1 T 24 Ik
A58 anrA (MEETRZS) . tetM (TUIRERZS).
strA (88 %K), Aac(6)-aph(2”) (JRKEEK).
sul 11 (B B O S i) Al vanB (1 8 R) . BF
JTIREH 510 gelE (7 HLAMEE) . hyl (77 Jfa4b
Bi) . asal (BEMHEHD). esp ("KIHEM). cylA
(S IMAE I ace (BRI
1.5 #HIBELIE

A A A B X 3 IRAE R A
DS ebR e 22 S B, 4% SPSS 25.0P7 4k
WA BAR ST 43HT, R GraphPad Prism 87"
il

2 EREG5M

21 EHHDEELEESER

B Fe 45 B fF GenBank %W 4% JZE A1) A
BLAST *F 4074 4 16S rRNA JE [F 551 #E 47 AH 1L
PEEEXT, Z5RNEE 2 B, HbRFLERIE, i
Sy alan 4 R1-RS, 20 5% 0 0 T B FLAF A
AT RFLFF I . AT . AR ST o8 A ek
WL IR s 3 PR IR 4 5l 44 Y1-Y3,
W T8 S DL ST ZEFRRT TR . Al R 2 6 TR A A

®2 EMHOBETE

ZEHLFF T .
22 EHBES

FRAE T 75 A6 B 2 3 b i AR K1 O B i i
¥, i 1 AR 2 iR, BRI TR A RRIE A
AHIF ., RI-R2. R4-R5: FOHE. N5t
W R TR RR AR, B TR,
OB SRR, o R AR 3V HAR
“4(0.840.15) mm, R2 FE¥% B A% 4(1.0£0.06) mm,
R4 HV&EZ K (1.3£0.15) mm, R5 WK HZEN
(0.5+0.06) mm. R3: fESCIR AR, TEHR
RN, DT 2EMR, REWA
ZANRETE—E, HEREZEH(1.140.15) mm.
Y1-Y2: FLAGETE, DA, P EE
SRR, DGR T REEREE, Y1 AR,
VEBEAAR(2.340.30) mm; Y2 HEFRR, BEEE
#4(2.0£0.06) mm, Y3: BEVE A€, FAAE
DGR W T3k FAEK, BIEE T
R, KPR, W% ERHN(1.8+0.15) mm.
2.3 EREIRFEME

FRRIA] AOFE PP Qn R 3 o, 5 0 R i 4R
F T BB 48 7 B 0 A 1 D 27 X 8 7R TR GRS PR
M, BER A E RN HIZ . B 3 4 A-G 439
PLRI. R2, R3. R4, R5. Y1 I Y2/ HEm
Wo HLL R AENIE/RTERH(E 3A), Ha 7 B

Table 2 Isolation and identification of strains

T Ak NTIEE AHARL GenBank %35
Strains Molecular identification Similarity (%) GenBank accession No.
R1 % ZLFF 5 Lacticaseibacillus case 99.11 NR113333.1

R2 B TS FF & Lacticaseibacillus paracasei 98.26 NR113337.1

R3 %I B Companilactobacillus farciminis 98.93 NR114398.1

R4 &3 FLFF B Companilactobacillus futsaii 98.27 NR117937.1

RS MV LA Ligilactobacillus salivarius 99.23 MT611902.1

Y1 U133 2E A0 4T 4 Bacillus velezensis 99.71 MT271915.1

Y2 A ZE AT E Bacillus subtilis 98.85 NR112116.2

Y3 Hi A ZE AT IE Bacillus licheniformis 99.22 NR118996.1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



178 WA

FIER

Microbiol. China

1 EHBERXIZLE A-H: FEFR1I, R2, R3, R4, R5, Y1. Y2 fl Y3

Figure 1

Plate scribing diagram of strain. A—H: Strain R1, R2, R3, R4, R5, Y1, Y2 and Y3, respectively.

2 EHRBEMEE

WA SRR, fE 3A R XRER S 1R 1 g
A ARATRE Rl ALK, 30 R1 5HA
7 HRRTCAEPUEA . W B, M 3B-3G H Al
RN ERZ M Rem G AR, OHPUEM. 45
R, 8 BRI Z M H A BT AR, AT L
HF 555
24 EHBEKHZ

SR K AR H Y ODgoo 1 LI 4, 8 #k

A-H: WP RI. R2, R3, R4, R5, Y1. Y2 Al Y3
Figure 2 Microstructure of strain. A—H: Strain R1, R2, R3, R4, R5, Y1, Y2 and Y3, respectively.

PIITE 2-10 h AXTEUE R BT, 1824 h WfE
W, B AARHR B TR (LR TR T AT
10° CFU/mL , 2 98 FF B 76 B 5038 O] 45 78
10° CFU/mL). PRI ) B RRAE TR A 15 571
A K AN R R B R 55 9 HL AR A
FaE W TS BB TRLRR IS , M T R A
PIXTBUE KRR . IH RS . 5557 24 h e 4%
BRI OD oo {ELFN T XiF 17 B4 76 B B0 L 36 3.
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3 EREMERIER A DLRIHIERE, HARNENE. B: L R2 MR E, HAR RIS, C:
PLR3 NHE/RB , HAR TR, D: DL R4 WHERE, HACHRHIE. B: LIRS i, HA AR
W.F: LAY R8I, HARARFINTE. G: LA Y2 N8R H, Y3 RIS

Figure 3 Antagonism between strains. A: R1 as the indicator and the rest as the bacteria to be tested. B: R2
as the indicator and the rest as the bacteria to be tested. C: R3 as the indicator and the rest as the bacteria to

be tested. D: R4 as the indicator and the rest as the bacteria to be tested. E: R5 as the indicator and the rest as
the bacteria to be tested. F: Y1 as the indicator and the rest as the bacteria to be tested. G: Y2 as the indicator

and Y3 as the bacteria to be tested.

OOO\_r 1 1 1 1 1 1 0‘00\_l 1 1 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h) Time (h)

El4 EREEKEZ A FUREA KL B: FATEERMZ. Ra: 5 RILRERG 75 @

W Ym: 3 BREFFOAT IR G 35575 0 A
Figure 4  Strain growth curve. A: LAB growth curve. B: Bacillus growth curve. R,: The bacterial solution after
mixed cultivation of 5 strains of LAB; Y,,: The bacterial solution after mixed cultivation of 3 strains of Bacillus.
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3 155 24 h EHKRAY ODgoo 1B X 3T BB FEE 2
Table 3 ODg value of the strain cultured for 24 h and
the corresponding number of live bacteria

WKk ODgoo T AL
Strains Number of viable bacteria (CFU/mL)
R1 1.642+0.860 2.18x10°
R2 1.569+0.540 2.49x10°
R3 1.629+0.670 2.61x10°
R4 1.731£0.790 2.58x10°
RS 1.478+0.630 2.50x10°
Y1 1.708+£0.840 1.79x10°
Y2 1.599+0.950 1.45x10°
Y3 1.788+0.340 1.20x10%

2.5 BEHRAIER AR

SRR TE A KSR pH (HAR LR H N
Kl S s . bR FLRR A A WA A, pHAE
BWREAR, 18 hjFHABTRE, S4KML
) A A — B o TR LR T e 4 1) pH 7E 3.5-3.8
ZIal, PERRAE IR 2 RS F Ryo ZREALFF IR
AR, HpHA LT, Y1 AR
H pH A B @3
26 EMHREEKERE

AR BE R AR A KGO AN A 6 FrR,
FEARFRE T, FRERAE R AME, 78
37.0 °C F 5720}, 8 #REA ) ODgoo 1ELIE F 55 5 o
R, #%E 37.0 °C/E 8 FR B il A K IR .
2.7 HEHBIEYIEFINRE
2.7.1 IEMEERNNELS R

M 4 FIE 7 AT, 5 BRFLIR X4 B (0
HAERIE . VIR . KA R LG i
HIVE RO BT, I B AR AT 16 mm,
Hrh Ttk R4 i) 4 v €0 25 BR R N A 00 7 e
KN 26 mm, 3 BRZFFEAT BB IC B A 0 T
WOR . FMRFLRR HIR S5 355 WM & A & sl
Kt JE FR A MRCE .
2.7.2 FFERMHRERUIELE R

D)% W e B AR TR VR AR B AE 2R 7

A 70
6.5
6.0
55
Z 50
45
4.0
35
3.0

AN Y IR N NN NN B
10 12 14 16 18 20 22 24

Time (h)

o -
N -
N
o=
oo -

= Y2

6.8

6.6

[T T N
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)

5 EHRBIERRE Run: 5 HRALBRETR &1
FRIG IR ; Ym: 3 BRZFRFT IRITR & 85 5% 5 I R
Figure 5 Acid-producing capacity of the strain. Ry
The bacterial solution after mixed cultivation of 5

strains of LAB; Y,: The bacterial solution after
mixed cultivation of 3 strains of Bacillus.

- R1 <—R5
20r ®mR2 e Yl
-©-R3 & Y2

ODNH}

Poblb it L
25.0 30.0 35.0 37.0  40.0
Temperature (°C)

& 6 AELEE TEKEY ODgo &
Figure 6 ODgoy values of strains at different
temperatures.
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* 4 ABRERIDEIR

Table 4 Bacteriostatic effect of lactic acid bacteria

Wk F T B8l 1Y H 4% Diameter of bacteriostatic ring (mm)
Strains No. Saphylococcus aureus Salmonella paratyphi B Escherichia coli CMCC (B)  Shigella castellani
ATCC 6538 CMCC (B) 50094 44102 DS8
R1 2240.0 16+2.8 18+0.4 18+0.4
R2 23+0.4 17+0.4 19+1.4 20+0.7
R3 22+40.4 16+0.7 1842.8 16+1.4
R4 26+0.0 19+0.7 20+0.4 21+0.7
RS 22+0.7 16+1.4 19+0.7 18+0.4
R 24+0.7 22+0.0 224+0.4 23+0.0
Ru 21+0.4 14+0.7 15+£0.0 15+0.7
PC 66+1.2 59+0.4 55£1.0 56+0.0
NC 0 0 0 0
Ys 0 0 0 0
Y 0 0 0 0

Rg: 5 BRFLIRE B IR G2 1111 IR G AT R 5 BRFLRETR G HSRG R PC: FAYEXS IR NC: BITEXS I
Yoo 3 BRZFIEAT I 2 B HE IR 5 PR LIRS TEG Yo 3 MR HIR SRR NRER. TR

Ry: 5 strains of LAB were cultured separately and mixed in a 1:1:1:1:1 mixture of bacterial solution; R,: The bacterial liquid after
mixed cultivation of 5 strains of LAB; PC: Positive control; NC: Negative control. Y: The mixture of 3 strains of Bacillus
cultured separately in a 1:1:1 ratio; Y,,: The bacterial liquid after mixed cultivation of 3 strains of Bacillus. The same below.

Shigella castellani  Staphylococcus aureus Salmonella paratyphi B Escherichia coli

7 EHRRHIEMR AL E. [ EWICE DS8; B, F. J N4 EMABKE ATCC 6538; C. G. K
FSTTIREE B CMCC (B) 50094; D. H. L A KI## Escherichia coli CMCC (B) 44102

Figure 7 Bacteriostatic effect of strain. A, E and I are Shigella castellani DS8; B, F and J are
Saphylococcus aureus ATCC 6538; C, G and K are Salmonella paratyphi B CMCC (B) 50094; D, H and L
are Escherichia coli CMCC (B) 44102.
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BB, AFE 5 RN 8 W, 5 ARFLER A AL
RABE; 3 BREFAAT R B ARG ECR, H
A ARSR A by Bl L R 4T 4 A A AE
J1. =ROTEERE R Y1>Y2>Y3, HFH
3 AR TE A B BE ) deoi , JLUCR ) A
FIET 4 2 1 o
2.7.3 EHRBVFINEEMNELLER

RETE T ALl 5 FH Y 5 A2 T 252 1
W B B A pH BB, R AEA IR
pH B0 B B AT R UL 6. /\ BRI 1E
Wi b A B YT 52 BE ST, A7 RARAE 98%
DL, FUIR TR A I bE B TR MR A 16 R, ak
104%, T 25 AT TR 5 A FU B TR R A3

*®5 ERETEEMERE

Table 5 Enzyme production performance of strain

Wk WEREEE EAEE LU R TG

Strains No. Amylase Protease Cellulase
activity activity activity

Y1 5.0+0.2 2.2+0.3 5.0+0.5

Y2 4.240.1 2.0+0.3 1.4+0.3

Y3 3.3+0.4 1.3+£0.3 3.3+0.5

R1-R5 - -

7 I 1 LA 375 W) P S 34 A R R AT AR Y LU B 0K
—: JCME T

Enzyme-producing activity is expressed as the ratio of the
average diameter of the transparent circle to the average
diameter of the bacterium; —: No enzymatic activity.

E 8 =#RFEITE~EAKER A EHE
WfRIE. B: IR ARIE. C. 27 iR NV ik 1l

Figure 8 Hydrolysis circle of enzyme produced by
3 Bacillus strains. A: Amylase dissolving circle. B:

Protease dissolving circle. C: Cellulase dissolving
circle.

x6 EHREALRBRFHINZEE

Table 6 Tolerance of strains in simulated gastrointestinal
fluid (%)

Bk 3 h BB RS %)

Strains 3 h simulated gastric

4 h BERUG R (FTE %)
4 h simulated intestinal

juice (survival rate) fluid (survival rate)

pH2.0 pH3.0 pH4.0 pH6.8

R1 87.90 91.38 98.67 100.00
R2 80.48 90.90 98.76  99.37
R4 43.34 85.37 97.56  99.86
R3 42.56 86.78 98.81 99.79
RS 49.34 87.70 99.77  100.00
Y1 83.78 99.38 99.52  100.00
Y2 58.03 84.48 96.51 98.52
Y3 61.54 9450 97.77  99.38
R 61.86 97.21 99.11 104.80

Yo 55.84 93.05 99.48 9536

Ru: S HRARBEIRGEEFE N Yo 3 HRFMATHEIR
GG MTER

R,,: The bacterial solution after mixed cultivation of 5 strains
of lactic acid bacteria; Y,: The bacterial solution after
mixed cultivation of 3 strains of Bacillus.

fik. 7EANIF pH ME W, 8 BRIETE pH iy 4.0
7% b , HCh pH 3.0, pH 2.0 BT
Rk, HArE pH hy 2.0 BH0E R, Hik
R1. R2 F Y1 BFFTE FARIR =ik 80%LA 5 7
pH 3.0 Al pH 4.0 B H WP, Toit e m ik Ei
B TR AR B AR 1 i 57 R
2.8 BEHHIEIINREMNESL
2.8.1 AMMEENEER

J\BR TR 75 LRSI AN ] 9 Fif /s, DA N (4%
A EREE ATCC 6538)1F Ay ¥ I 6 P4 A6 ) )
FREXT R, 8 #REA#S L MAEM . R1-R4 V%
FE R LGOI 1M 35 B 5 55 -t AR KRIE R
4/, MFERE RS, Y1-Y3 W93 75 76 NG 5 5%
B EARKRE, WEEKASHE, \KRE
T JE B s R oAb, JER ImAE .
2.8.2 HEAIRER

TF 5 TR PR T 47 A 2 1) SRR 32 2 TN TR P
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9 T EEHRRAILMENER A1 258 HEXTI . Ak R1. R2, R3, R4, R5, Y1, Y2 fl Y3
Figure 9 Hemolysis test plate of different strains. A—H: Postive control, strain R1, R2, R3, R4, RS, Y1, Y2

and Y3, respectively.

LAk BE bR . /R 2 BI%F 10 il &
()RR B E AR, X 10 Rt 2 Z AR
HRERUER LA T (B0 PR P ELAREBAE 10 mm DA |).
B DA AR X AS TR B A 28 00 BOR R B 3 f TR
6], T 8 MR B FEAT R . 2R R
TR 7,
2.83 MWHERMFZAERERNKRNER

Xt 8 R P HEATAH O I B ) Sk PR 24 5k
DAL AR B2 W USRI, T R bR
ISR A A 25 e, Wl 10 PR, BRTA
RS HA T PUFR 2 JE K] tetM (406 bp)sh , Hofd 1%
R X5 A G 0 380 AH G g it 25 A g S PR R

25 W U A ) 4 SR T 24 5 DR R ) 4 SR
le—ﬁo

3 WREER

it A T T S 3 R S W M 1 N A A AP
M T PR A, TR D I R A A
AR Z 9 FF R R R, 7 ik bk R4
(1) i A PRI 2T R AT B 1) A e B il
o YA I G 1 T A G A A ) L R T T
PRV R 2R AT IR R P 1 97, ORI AR A
RBEAE R MR A S8 R T ZR BERE
WA A RO AR AL AR S ARHPIR B, 8 BT
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x®7T TREHRIABLRER

Table 7 Results of drug sensitivity test of strains

#id & Antibiotic R1 R2 R3 R4 R5 Y1 Y2 Y3
PY¥R 2 Tetracycline S S S S I I I S
WP 2 Norfloxacin I I I I S S S S
HEFEE Streptomycin I I I I I S S S
PR K% ZE Gentamicin I I | I 1 S S S
Ji 785 & Vancomycin I I I I S S S S
g S I S S S S S S
Paediatric compound sulfamethoxazole tablets

At IE Ceftazidime I I I I I I S I
R MM il Furazolidone I I I I I I I I
Tifh i 5 7%k Sulfafurazole S S I I I S S S
BT 55 7§ Ak Amoxicillin S S S S S S S S

S: s 1. v U
S: Sensitive; I: Intermediary sensitivity.

BIFE 2-10 h X AR R, R 20 1) TR VR I R
B, BRI ST Hh LR B (8 h E A $i:
KM FIZF AT B (6 b ifF A BRI Rl B Pk
SEFE T e, & F R . FLIR A
FFF B AERE 55 24 h BHE AR T 10° CFU/mL A
10° CFU/mL, HAEBHIEREEE, MAHER
YERBIRE T RAFA et 56 0F . HMRFLIR AR K
fH 2 pH{E N 3.5-3.8, FPRRAE J100 T 5K £ 3k
PV ST B LR T o ASHIF ST R I 2E AT 1R
ARl f e pH (W FFE, B 3 MREEAFFEA
T iRRe 1, PR SACH T EEREA OC. AR
PRV AE KSR BER AR , 8 BREATE 20.0-40.0 °C
FHREA K, 37.0 °CFE £ ODeoo (51 -
T 8 MR A B AE K BAHAR ), AW
FRPE R

S OHERE . WITKRE . KIBFFEM
MR RN H WA BOR T, R e
PEBE LLS B PT A R AR AR, al kb R it 2

PR AF IR P BRI s I A AR B0, 5 BRFLRR
BRI BT SCR B, 410 1 B EAR AR T 16 mm,

Horp R4 0] 4 €0 5 28 BR AT S A 00 T L e K
26 mm, A FEKHE RS HS LR
VR ROR o 2R HA 7 5 8 B R
Ky BEE PER B RRDY, 3 RRZERAT I HAA AR
FEVER I . AR RE . Hid,
FPE Y1 077 Bigae )y o, (HA KB A9 2¢ pH fix
ik, 4EFF7E 6.8 Acfy, RUIWEHRA 7 HEMERE S
AR pH (EAHIG . £ 25 )0 A= W ds pi A
JEil % B AWM SRR A ETEET, 8 R H
TeAEBUE, ol DLSph slOTR 5 45 0 O Tl Ak 2
I

i} 52 5 W W e ) A2 4t 2B TR R B Y — > E 2
FEFRCY, \BRHTE pH 6.8 BN T P 1A 15 %
HBTE 98%LA I, 7EANF pH B W H, pH 4.0
I AF G i i , LR pH 3.0, pH 2.0 B AATE
R, Hoh7E pH 2.0 A B P, Bikk R,
R2 Fl Y1 PUAAIE AR IR =35 80%LA I, 3RHH 8 Bk
W EN T B W BB 5 e i A2 05 SR R 52
RE1. WIMZE A r=AERY | Xtk A ek
S A TG 245 35 DR R 7 25 DR R 2 TP A W 7 15 2
VR E R R . WINER A A S B )

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



THE F | ARABREM=HIFRTENEIFH MG 185

if 25 1 [H] Resistance gene
A bp MY 1 2 3 4 5 6 7 8 bp B bp MY 1 2

L8]
-y
wn
(=)}
~J
oo

bp

H#EJ1BEIR Virulence gene
G bp MY 12345678 bp Hb MY 12345678 bp

517

10 TZHEEFSZHEEM PCRIIBLR  M: DL2000 DNA Marker, Y: BIPEXTHR, 1-8 43¢
# Y1, Y2. Y3, RI. R2, R3, R4 fil R5. A-F: gnrA. tetM. strA. Aac(6')-aph(2”). Sul II Il vanB
1 PCR P #1458, G-L: gelE. hyl, asal., esp. cylA Fil ace [) PCR 4 3 4%

Figure 10 PCR amplification results of drug resistance gene and virulence gene. M: DL2000 DNA Marker,
Y: Negative control, 1-8 represent Y1, Y2, Y3, R1, R2, R3, R4, and RS, respectively. A—F: PCR
amplification results for gnrA, tetM, strA, Aac(6')-aph(2”), Sul II, and vanB, respectively. G—L: PCR
amplification results for gelE, hyl, asal, esp, cylA, and ace.
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A cylA M5, 8 PRIAIIJLH MAEN], BICH I
BRI AT DN R Rk, ATRIINE 8 Bk
B HA —E et B WX A FSTA R
A BN BRIEPR RS AP JCAHXT N 4 it 24 5 (K]
RiIK, P RGP BB AR I 45 2R Tirf 25 5L (A
R g B —2, Horb, Bbk RS HoA TR DY ER
RAE tetM 13RI, EAEXS PUBR R A 245 e 2
AR P RE ORI TR R A A U B R T 2 5
N, ARAESE PR R P RB K, R AR RS
TE JC R AIE T8 X B 36 K i R A8 B R4y
RHORE, BRI 25 5 N G f7 e 2 e B 22 HUAh
B, AR 24 BE DA AE T 4 AR T b R S i AR R
A KAE M, 3R] 8 RRIGHS LA —E I 35 42
PEA Lk, Al A S

ARG BT T I R RIS I IR 5 pREL
BRIA M 3 BRZFFAT R 1 AR A e, Bk 1 7L
PR TR 114 411 T R A 2 AU BT A7 BSOR , TESE
T 8 MR A HA BRI Z A8, WHRA—%E
g AR PE R ZE 2, A Z )5 TR K B BN
Lo ARPRE AT 24 114 2 P A A SR Al K

REFERENCES

[1] BISHT R, SAXENA P. Antibiotic abuse: post-antibiotic
apocalypse, superbugs and superfoods[J]. Current
Science, 2019, 116(7): 1055-1056.

(2] EHH, VPR, Rl ES ST AT S R A T i
PRER S XS] P S R (R, 2021, 23(9): 3-3, 5.
WANG LL, XU JX. Challenges and countermeasures
faced by aquaculture after the implementation of feed
“anti-resistance order”[J]. China Animal Health, 2021,
23(9): 3-3, 5 (in Chinese).

[3] HILL C, GUARNER F, REID G, GIBSON GR,
MERENSTEIN DJ, POT B, MORELLI L, CANANI
RB, FLINT HJ, SALMINEN S, CALDER PC,
SANDERS ME. The

Association for probiotics and prebiotics consensus

International  Scientific
statement on the scope and appropriate use of the term
probiotic[J]. Nature Reviews Gastroenterology &
Hepatology, 2014, 11(8): 506-514.

[4] fifE, b, SRETE, B, SIREF. /R

FEXG A RN B ESEERE )], BT B EE, 2021,
53(11): 129-134.

JIAN ZH, SUN S, DOU TF, GE CR, JIA JJ. Advances
in the application of probiotics in chicken production[J].
Animal Husbandry & Veterinary Medicine, 2021,
53(11): 129-134 (in Chinese).

[5] HPE, sRams, R, FHER, £ S

PR T 4 03 8 M5 08 KR W) R RN (0], sh B 3R
2, 2022, 34(7): 4737-4749.
WEI QX, ZHANG JP, LIANG YC, TANG LQ, WANG
P. Isolation, identification and biological characteristics
evaluation of lactic acid bacteria for silage[J]. Chinese
Journal of Animal Nutrition, 2022, 34(7): 4737-4749
(in Chinese).

[6] GALANO M, VAN DEN DUNGEN MW, VAN RIJ T,
ABBAS HE. Safety evaluation of food enzymes
produced by a safe strain lineage of Bacillus subtilis[J].
Regulatory Toxicology and Pharmacology, 2021, 126:
105030.

(7] ##. #i A2 WTE 7 B B b i N HTE (D). & &,
2022, 33(1): 41-42.

YANG L. Study on the application of probiotics in
animal husbandry[J]. Livestock and Poultry Industry,
2022, 33(1): 41-42 (in Chinese).

[8] TIAN XJ, CHEN H, LIU H, CHEN JH. Recent
advances in lactic acid production by lactic acid
bacteria[J]. Applied Biochemistry and Biotechnology,
2021, 193(12): 4151-4171.

[91 PETER SB, QIAO ZN, GODSPOWER HN, AJEJE SB,
XU MIJ, ZHANG X, YANG TW, RAO ZM.
Biotechnological
application of Pediococcus and lactic acid bacteria: the

innovations and  therapeutic

next-generation  microorganism[J].  Frontiers in
Bioengineering and Biotechnology, 2022, 9: 802031.

[I0]JAVED GA, ARSHAD N, MUNIR A, KHAN SY,
RASHEED S, HUSSAIN I. Signature probiotic and
pharmacological attributes of lactic acid bacteria
isolated from human breast milk[J]. International Dairy
Journal, 2022, 127: 105297.

[[1]PRABHURAJESHWAR C, CHANDRAKANTH RK.
Probiotic potential of Lactobacilli with antagonistic
activity against pathogenic strains: an in vitro validation
for the production of inhibitory
Biomedical Journal, 2017, 40(5): 270-283.

[12] LUBECK M, LUBECK PS. Application of lactic acid
bacteria in green biorefineries[J]. FEMS Microbiology
Letters, 2019, 366(3): fnz024.

[13] R, RBAE, P EEH, 05, i, P,

substances[J].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



THRE F | ARABENZMHFETRNEFEERIEE 187

FERE, WNER, RUKW], K8, 49505, EEA. ZF
LT TR R B T 3 A A SR B v o, TR A 5 i T 7],
B2 4R, 2021, 55(11): 77-85.

CAO SW, YU CH, LUO XQ, WEI S, JIANG SQ,
DENG ZX, WANG YQ, HUANG LX, TANG CM, LI
MZ, LI FF, WANG GL. Research progress on
characteristics of Bacillus and its application in animal
ecological breeding[J]. Chinese Journal of Veterinary
Drug, 2021, 55(11): 77-85 (in Chinese).

[14] 5KF2E, BRER, TG, HHM, L35, mkE,

FEFk2, MAHMOUD M, TKARRG. 15 25 ZF FELAT X f
FARKGHUR IR BB ERET]. KR, 2022,
41(2): 325-335.
ZHANG YR, CHEN YK, YU MN, LEI XY, WANG JJ,
GAO YS, WANG QJ, MAHMOUD M, ZHANG DM.
Research progress on effect of probiotic Bacillus on
fish growth and disease resistance[J]. Fisheries Science,
2022, 41(2): 325-335 (in Chinese).

[15] YANG JJ, ZHAN K, ZHANG MH. Effects of the use of
a combination of two Bacillus species on performance,
egg quality, small intestinal mucosal morphology, and
cecal microbiota profile in aging laying hens[J].
Probiotics and Antimicrobial Proteins, 2020, 12(1):
204-213.

[16] HE YY, MAO CX, WEN H, CHEN ZY, LAI T, LI LY,
LU W, WU HD. Influence of ad libitum feeding of
piglets with Bacillus subtilis fermented liquid feed on
gut flora, luminal contents and health[J]. Scientific
Reports, 2017, 7: 44553.

[17] ZOU XY, ZHANG M, TU WJ, ZHANG Q, JIN ML,
FANG RD, JIANG S. Bacillus subtilis inhibits
intestinal inflammation and oxidative stress by
regulating gut flora and related metabolites in laying
hens[J]. Animal: an International Journal of Animal
Bioscience, 2022, 16(3): 100474.

[18] CONTESINI FJ, MELO RR, SATO HH. An overview
of Bacillus proteases: from production to application[J].
Critical Reviews in Biotechnology, 2018, 38(3):
321-334.

[19] fal 75, XBAES:, FUg, sREUBE, MRiEls, Xdesk. —Htm
PR A B T W K 1) 4 29 6 B AR W2 R P[], T
YRR IE R, 2021, 48(9): 3165-3175.
HE X, DENG ZY, WANG F, ZHANG QL, LIN LB,
DENG XY. Isolation and biological characterization of
a  bacteriophage infecting Shigella flexneri[J].
Microbiology China, 2021, 48(9): 3165-3175 (in
Chinese).

[20] F1K 3R, 52, =Mk, ARvEos, Wi, REEZ. 4 MREF

FEFF TR 1 43 29 %8 5 A W 2 R A M (0], T IR A0l
Bl 2018, 46(2): 112-115.

SHI SQ, JIANG W, YUAN L, QI KZ, TU J, SONG XJ.
Isolation, identification and biological characteristics
analysis of four Bacillus strains[J]. Jiangsu Agricultural
Sciences, 2018, 46(2): 112-115 (in Chinese).

1] AL IS, & ek, B{/AEF, FHEL.L, B, I,

o3 R, AR 7 TE R T IR PR ) 7 8 2 K
PERFSE[T]. TERHITST, 2021, 44(19): 80-84.
DU DX, ZHAO LM, JIA SX, DONG HX, LI W, LI YX,
HE WL, CAO PH. Screening and identification of the
amylase producing strain and research on its enzymatic
characterization[J]. Feed Research, 2021, 44(19): 80-84
(in Chinese).

[22] BRVFEE, J7Hls, HFET. 2F 24 22 A B 0 0 ok A0 8% 3
FAFR AR AR, 2021, 37(2): 127-136.
CHEN SY, LAO YT, XIE M. Screening of cellulose
degrading Dbacteria and optimization of culture
conditions[J]. Wuyi Science Journal, 2021, 37(2):
127-136 (in Chinese).

[23] £ W, AEmAR, BXENEE, FEINZAR, EAEm, &% &

20T s LA B L BDLTH AL IR T b A AL BE BB FE(D).
rfr [ A AR 2R, 2006, 18(6): 424-426.
XU YG, CUI LC, ZHAO LL, TANG LJ, XIA CL, LI
YJ. Studies on the survival properties of recombinant
Lactobacillus casei 393 in imitative gastrointestinal
environments[J]. Chinese Journal of Microecology,
2006, 18(6): 424-426 (in Chinese).

[24] ¥, SPAMH, SIEH). 3 BRFLFF ARSI LR

FEEPERERIDIFE[I]. P IEELAL Tk, 2005, 33(5): 15-17.

XIN L, GUO BH, WU ZJ. Studies on the survival

properties of three lactobacillus strains in imitative

gastroenteric environments[J]. China Dairy Industry,

2005, 33(5): 15-17 (in Chinese).

XMy, B, ppheiR, B A AR E A

AT RS T[] B AFRS IF R, 2006, 27(3):

110-111.

LIU DM, LI L, YANG XQ, LIANG SZ. Determination

of the antimicrobial activity of probiotic by Oxford

[25

—

plate assay system[J]. Food Research and Development,
2006, 27(3): 110-111 (in Chinese).

[26] Performance Standards for Antimicrobial Susceptibility
Testing, 26th edition: CLSI M100-S26[S]. Clinical And
Laboratory Standards Institute.

[271 BEZZAOUHA A, BOUAMRA A, AMMIMER A, BEN
ABDELAZIZ A. Non-parametric tests on SPSS to
compare two or more means on matched samples[J]. La
Tunisie Medicale, 2020, 98(12): 932-941.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



188 WA

FiE Rk

Microbiol. China

[28] MITTEER DR, GREER BD, RANDALL KR, BRIGGS
AM. Further
technicians to input data and graph using GraphPad

evaluation of teaching behavior

Prism[J]. Behavior Analysis: Research and Practice,
2020, 20(2): 81-93.

[29] MM, TRAAM, FEH, SIL0E2, £48, KK, IhE.

6 FR ZF AT R 1 40 29 5 AR W12 R D], VLR AR
Bl 2021, 49(13): 157-161.
TIAN ZH, XU SG, DONG Y, HU HX, WANG W,
DONG T, SUN A. Isolation, identification and
biological characteristics of six Bacillus strains[J].
Jiangsu Agricultural Sciences, 2021, 49(13): 157-161
(in Chinese).

[30]LILLY DM, STILLWELL RH. Probiotics: growth-
promoting factors produced by microorganisms[J].
Science, 1965, 147(3659): 747-748.

[31] MARTEAU P, MINEKUS M, HAVENAAR R, HUIS
IN°T VELD JHJ. Survival of lactic acid bacteria in a
dynamic model of the stomach and small intestine:
validation and the effects of bile[J]. Journal of Dairy
Science, 1997, 80(6): 1031-1037.

[32] EXyuE. A% OFICFLAT I A9 0 08 | R PEAT 5 S 0
DY M Hl AL KA A -2 A8 3, 2016.
WANG QL. Screening, characterization and application
of Lactobacillus reuteri from pigs[D].
Master’s Thesis of Gansu Agricultural University, 2016
(in Chinese).

[33] 5Kk7E, AEmAe, T PRI, BN, )R I AR A Y
OrEE S AR E DRI )], R IR OB R, 2020,
47(6): 1921-1933.

ZHANG Z, ZHENG RC, FANG QL, HUANG WI.
Isolation, identification and biological characteristics of

Lanzhou:

probiotics from swine origin in Guangxi[J]. China
Animal Husbandry & Veterinary Medicine, 2020, 47(6):
1921-1933 (in Chinese).

[34] sk £ 3k, HIEH, SRR, KL, BB, 50
BT Al O RFLIRR B0 4 2 S E )] BEHLE
Ht, 2022, 30(1): 38-45.
ZHANG YL, YANG HJ, LI CC, ZHANG FF, MA CH.
Isolation and identification of lactic acid bacterium
strain from Broussonetia papyrifera silage[J]. Acta
Agrestia Sinica, 2022, 30(1): 38-45 (in Chinese).

[35] WANG WL, GANZLE M. Toward rational selection
criteria for selection of probiotics in pigs[J]. Advances
in Applied Microbiology, 2019: 83-112.

[36] VAZQUEZ JA, GONZALEZ MP, MURADO MA.
Effects of lactic acid bacteria cultures on pathogenic
microbiota  from  fish[J]. = Aquaculture, 2005,
245(1/2/3/4): 149-161.

371 BREESY, XU, HBTv, WM, R, LEE. %

RNRRAT W AW X 5 5 MR AR I A DLk il
WEFE[N]. P E AR, 2018, 37(1): 69-73.
CHEN GF, LIU Y, SHAN CQ, FENG LL, SONG F,
JIANG GT. Biological
Propionibacterium freudenreichii and antagonism tests
of five probiotics[J]. China Brewing, 2018, 37(1):
69-73 (in Chinese).

[38]RAMOS CL, THORSEN L, SCHWAN RF,
JESPERSEN L. Strain-specific probiotics properties of
Lactobacillus fermentum, Lactobacillus plantarum and
Lactobacillus brevis isolates from Brazilian food
products[J]. Food Microbiology, 2013, 36(1): 22-29.

[39] B, AELr, wMif, x|/, e, B,
BRSO K T 5 DL SR BT 2 A TR A A e A AT
M. BEah S &EE T, 2022, 48(18): 95-100.
HUANG ZS, REN H, HUANG WJ, LIU SY, XIE ZS,
ZHONG XF, HUANG GD. In vitro safety evaluation of
Bacillus velezensis from glutinous rice wine[J]. Food
and Fermentation Industries, 2022, 48(18): 95-100 (in
Chinese).

[40] SANDERS ME, AKKERMANS LMA, HALLER D,
HAMMERMAN C, HEIMBACH JT, HORMANNSPERGER
G, HUYS G. Safety assessment of probiotics for human
use[J]. Gut Microbes, 2010, 1(3): 164-185.

(41770500, F4Epd, skAtmE, XBJeq, £, bk bk
A2 ) FH K ELTRT A 0 8 0 5 FLIR T R X L By
BT R[] WU AL A i, 2021, 33(7):
1283-1291.

JIANG YH, XIN WG, ZHANG QL, DENG XY,
WANG F, LIN LB. Isolation and identification of fungi
from mildewed feed corn and study on anti-mildew and

characteristics of

antifungal effects of lactobacillin[J]. Acta Agriculturae
Zhejiangensis, 2021, 33(7): 1283-1291 (in Chinese).
[42] B3, Sk, XI5, ZER. AR RHERE SC-Y112
BRI 25 A M e e e MEREIN[D]. SRk, 2021, 42(11):
154-160.
LUO Q, ZHANG M, LIU Q, LUO F. Evaluation of in
vitro probiotic and safety properties of Enterococcus
faecium SC-Y112 producing bacteriocin[J]. Food
Science, 2021, 42(11): 154-160 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


