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it A BRI IS B B R EA A BES B7Lk v AR DR BT AR A AR e A A
KN, ZEHAT I (Bacillus ) & — 2 RFRIR , 0] F o R ZF AT TR X AR 22 A8 T BT/ A T 32 1k
T I8 2 Y B 22 QPR T, — e i FL sh Y e RE LI T rp oA RO b DR 355 1k 1 358 R 4 A T
VR NFNSh P 0 4 A2 R ZRAAF AR By R MUE R B R — e
WA AMCE I A R, R HLZF AR 2R Rl Al R i — B i 2R W R EORTE, BRI
Tiif 52 J&) B PR 52 e ) e D 3G 5, BB DR AIE 25 FeL AT 7 It [Fi) 5 T £ ity v 0 B9 100 28 JE A T 1 2 2R Rt H T 2
Az it &AL pH AL B I 2 ik /Mam AARZHE5E, AEi e b & SURAT 40 B A BRI
KA g AR I, 28 AT B WS e 4R b [i] B A 1T Ml A< 2F 468 #F 7 PUFSTP35  (Bacillus
KBS SRR TR R ZEIRAT R S AERIBT Licheniformis PUFSTP35)U MK 435 1 B A
WY B RE S A KA B OK Hoie IR A H L 2E W TE g A R 09 DL S i ZF J AT 7 DU 14 (Bacillus
BB ZEAT R RS B B . PLEIL velezensis DU14)™M | FE i 0 ¥ v & I HAT P& 1L
TRt 196 1 5 928 R s ) AH O L DR 3R A A5 B A PE A B AT BUF K 1 R A A 5 ZF A 1 P229
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1 #REFE
1.1 #R5iHF

BRI T4 BN T AS TR AR 32 T 3 (kT[]
3~6 M H ). LB FREE AR IR I B F R
RESR YD BIR AU B R A R A IR TEAT 2
A B LM B S0, T R AR A R
Al 22 [CYL(n & SOXTAE Z2vhilk (R 2 Ml At
TR E AR A RS F] 4w A 514 Ezup
FE 2020 P JE R 40 DNA $l #2308 & . DNA Maker
il Taq PCR Master Mix, [VEA4E T AY) T2
I EBRA @A BTR T HER SLhER YR
ARV E EHE A, iR T A LR I
A BRAE el dral, Rt E A RA
Al KMFF R | 4 v (07 % 3K 1A R A S 06 = (R 77
ANHFFTE | B 57 i R TR Ry A S 56 28 DA K 7
HOrES ORI A A RO | T A A BRI AR
S5 50 DA R AL AR R b A B DR A

Br SRR BC ) < ol RBERR L3 IR A (AR R 4R
By 5.0 g AR 5.0 g BERFRIUY) 2.5 ¢ RO
B 1.0 g Bl 15.0 g JHNEFL 10.0 g, BB K 1.0 L,
121 °C, KW 15 min) ; 7 f5 H ol =T B g A8 il
BEFe sk (F BRI 5.0 g HA N 5.0 g BERER
By 2.5 ¢ ROMEE 1.0 g iR 15.0 ¢ H =T
P& iR/ A 90 10.0 mL, JE 7K 1.0 L, 121 °C, K 1§
15 min),
12 EE5EE

BagMixer400 ¥ Jii 4% , 7 [E Interscience 2\ A ;
LRH-250A #AAb¥: 346, Bl fERHEA R
Al o UK S ZERK By, iR LRI
SW-CJ-2FD @ TAEG I W IR N L 3 5 1
AR A R ] ;Thermo Sorvall Legend Micro21R
B MERE O, £ EFERCHIRBE LA
MS105DU HL 7534 K-, Fi -E A4 8 —FE 4] 2 2
A] s PHS-25CW pH it, FifE M ds A R Al
PCR 1%, 7% Eppendorf /A 7] ; DYY-8C #I i Jk 1%,
A — W AR AR A H) ;GelDoc XR+4: H 3
BEME AR R 58, 5 1 Bio-Rad A,
1.3 iREAH*
1.3.1  ZERAFR MM B A RRIRE TR
B 10 g B850 T 7% 90 mL TCH/K B E R4S, 35 5

LB 120 s J5 , B RE 5 R FE |, 45 3L 100 pl. 43
SR AT T % AN [A) 5T £ 43 %k NaCl (0% ,8% ,10%,
12%) 1) LB ~F-#z , 30 CHH'E 15 5% 48 h, M LB V4R
PR VR B LB WA IR T FEARF] SRR
TR TR, AR BRI 2 R A 2% ER Y 0 X R R A
PE— 2 0 e A A3, 5 2l b 19 TR AR T —-80 CIR AT,
#H

132 WHMEE MH3lYw27F (5 - A-
GAGTTTGATCCTGGCTCAG-3") FI 1492R (5'-
GGTTACCTTGTTACGACTT-3")/EN | FiF514
XTANTA 9 16 sDNA 3 R E 470 J I 4R 4 I )5 25
S U AN ST SR AR DNA $2 B0 5] 6 41
U B TR AR DNA RS, #9250 pL 3 1Ak R
(1 pL. DNA BT 25 pl BRI, L FiFs | 9 4%
2 uL.20 pl. dd H0), ¥ 38 5144 .95 °C .30 s;58
°C.30s,72 °C.90 5,35 KAGH ;72 °C .5 min, KH
DNA Byt i i 556 g L Uk 4T 3 J5 1% PCR 7= 9 it 17
Y5 AIE , X 4l 4k 5 PCR ARSI P (LA 1), il ad
NCBI %4k % i) BLASTn T. B 3EA7 % e 43 0, 738
it MEGA 7.0 5 R LB

1.3.3 ZEEIE LT O T IR AR M AN
it A1 B 15 8 A BE T3, 2 % Zhang S5 UST5 3 R 1
U, H 1 mL X B SRS W T 4 C
10 000 r/min &5.0> 10 min, FEA5 A4 0 40 i 52 Uk
FH0.45 pum Jo R UE R UE L 2 B 150 L inA
A= AR AT AL A e R LT ARORI T I =T R T/
MRS i % 7% e | JC R K VR B X B, B 37 C s
FRAA R RESR 24 b il WS K ik BB 7= A DRI TR A
B LA AN B RN 1D G e

1.3.4 MMEBEHNE LKBHE., &WOHE
BRUA ANBIFT R B AR A A B b | o A A Bk 0
P R JE T I RE ZE AT I BIOY NiERE , B %
Rasiya SFU 73 , I FH A0 EEAR ST M 7 36 1F T 43
B TR AR TC A AR ORI IR R ) . e A T
12 #45% (Scanning electron microscopy, SEM )%
LA 990 B RE 7 TR Rk %) G 200 A B BT Ak B s B
E 2 T A

1.3.5  PUB ARSI MR 2 4545 o e Ak
G i HE R Bt 8 XS M (WK 1),k H PCR J7
TR BT 43 5 1 ZF R 1R B 1A K RE
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Table 1 PCR primers used in the detection of antimicrobial peptide encoding gene

HE P2 314 A5 (5°-3") GRS R ¥ ¥R B K Elbp
CERIF ATCATAAAGGTGCGAACAAGA Rk & & A R A KR 188
EMTIR AAGATCAACCGAATGCAACTG
EMIF GACAAGAGAAATTTCTACGAGCAAGTACAAT "Ruk %4 M B AR 635
EMIR GCAGCCTTCCAATTACTCCTTCTGCCACAGT
BACCFIF GAAGGACACGGCAGAGAGTC HHHZEHEDAR 875
BACCIR CGCTGATGACTGTTCATGCT
FENDIF TTTGGCAGCAGGAGAAGTTT FRELRA 964
FENDIR GCTGTCCGTTCTGCTTTTTC
ituDF ATGAACAATCTTGCCTTTTTA FREEEALR 1203
ituDR TTATTTTAAAATCCGCAATT
sfpF ATGAAGATTTACGGAATTTA AEERE A REAR 675
sfpR TTATAAAAGCTCTTCGTACG
subF CAAAGTTCGATGATTTCGATTTGGATGT HENEE G BHLR 566
subtilinR GCAGTTACAAGTTAGTGTTTGAAGGAA
subsinF CGCGCAAGTAGTCGATTTCTAACA HIEHE R G#HLAR 734
subsinR CGCGCAAGTAGTCGATTTCTAACA

1.3.6  HiAERBUEMENE R0 B Ok
N2 JIT 43 5 DA AR O B A 3 I BRI . SRR R
(ABE NTHER whER UARE KRHDAE,
WD R ) R A 50 we/mL, AR 57 B P
BRI RN A3 ot oA ZOR O R R
FRER 3 2%
1.3.7 MR E R BT 23 B 0 TR RR 7E = 1 Bt
g BXgk, BT R BT sk (B 1 o B o L
PE B % IR ) o BAT B e AN IR il B el
)R A oy B rE,
1.3.8  HRERME 17 DE 43 85 10 T Ak
1 H BRERE ST, 2% Gupta P J7 ¥ M1 1B
OB BT S B TR MR TE LB AR B FR R P R R 16~
18 h, B.O UM 1A H PBS 28 vh i Uk % 5 8T
BIF I IHH ODgone & 0.5, 7E 37 CH5 37 8 h, il &
600 nm ZEWOCEE(E . H O REFRL AKX (1)IHHE .
H 242 (%)=[(OD 4y,—0Dyg,)/OD 4,]x100 (1)
1.3.9  XFERFIAHER At S22 PR Sy 7 T bR
X R FUAR R it 52 P | 4 2 1% 85 3% 5 1 TR AR 5%
FEAh i 4y R 2= 5 AR pH {H (3.0,4.0,5.0) F
ASTA) B B R (0%,0.2% ,0.3% ,0.4% ) LB i
TREEFREL N 96 FLtk 78 37 C T 15 9% 24 h, H &

I 3l A K il 22 20 B AR I 4 600 nm Ak I 5 AN [F]
ST B RR R A A LR

1.3.10  XBLE Il T A2 ae 1l Sy T
SE oY B AR XTI E I TN Z e, 5%
Shinde %51 75 vk IF R AR B, W 2ok 7 35 5% (19 7
B BRTE 3 000 r/min B0 10 min, SEFE K, T
W PBS ZEmift (pH 7.2) UEW 2 IRER EFR RIS
e, 5 mL A # R K B E AR S HL 1.0 mL A&
WA AMIMA 9.0 mL TR MBI A THB® (% 1%
B AW, pH 2.0)H,37 CF 3%, 0 Blic kvl
MALEEFE 3 h J5 i A, BE S O TS WAk
RS B A A ARG pE B S 1.0 mL |
BRI 9.0 mL JCIHE B T (%
0.2% R (i, 1.2%4- 1 )pH 8.0) 1,37 CF
Br AR A3 il s A LRGSR 3 h S BTG AL, AE
A0 8 YRRVSE 0L I Y B B 11 2 6L KT TR A7 0 R 4

K (2)11H5 .

IR (%) =16 W s /T W ECH 54 )X
100 (2)
1.3.11 B LRE I E b 1 5k BT 73 B i Ak

M EACRE 1, 0 o I3k 4% 0 B T ik I8 S G 4
MO B O . A0 B R B A AR 1, 1- R -
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2-=AHFEEE (DPPH) 5% A M3 A0 1 bRk
DPPH 7 5% 58 77 B 00 5 21 43 3] B ok 13 355 % 1 45 4
TR R I R T L Y /AN N R B 1 T R R
(I 1 mL 1% 1 mL 0.2 mmol/L. DPPH Z Fii%
W, 2T R SV 30 min, M ETE 517 nm 4b
T OEIE (AL) o 25 FAXTEECR T 1 mL PBS 28 oft
W (0.01 mol/L,pH 7.2) HAR, STl W o' B2 {8
(A,). DPPH BR300 (3) 115 .

DPPH {5 Fr # (%)=(1-A4 ~A,)x100 (3)

FH HEEBRAR M P 43 EL 1 mL
PBS(pH 7.4).0.5 mL 0.25 mmol/L 4B & AE % .
0.5 mL 2.5 mmol/L i g WK% W 0.5 mL F i (X
HEZH in AAH R B PBS W), IRA A 0.5
mL 20 mmol/L. H,0, 7£ 37°C F JZ % 60 min, {£
536 nm 2 E RO . 2 H B SEIERRAE 1A K
(4)1H5E.

B2 H AR R (%) =[(A,-Ay) ] (A~A)) ]
100 (4)

B1 AZEMETHIBEEKRNES
Fig.1 Morphology of the isolated strains under

light microscope

22 FEFFHESH

ZF AT B — T LR A S 2 4%l il 288 114 B 22
SR RS R A 1) B 1A TR A T o T A T
R R L T A 23 A R XU ) S A 5 A TR
BT ZE AR R A i A T Al P B gR AR AR
A HE 2 1R 7 A T AR O3 Al B, T A
a5 /0 b B AR A B AL s i 3R 2 —
TE M RIE T . A6 70 5 10 4% 2F UAT 1 Bl

K A A A— BICEREES | 25 LR
HEZH W ot

1.3.12 Gt Bl fE 3 0, 4R
KHx +s Fox, i SPSS 22.0 AT EIE I Ge it

oA,

2 HR5HSH
21 FRAEMFEMERE

T R Z AR s th 2k 6 %
T R BB, 2R 22 R A B L
RS AT IR 22 QPR (1), i 70 25 B Bk
HAMERRR I, 753 B 73 8 8%~10% I i1 #k
PUIEH AR K, NCBI S0 128 00 B R AT L 9f:
A 0T (WL 2) , Z55RIESE Y11 N BE by
ZEAUAT I (B, amyloliquefaciens ) , Y12 D1 3 1t 25
AT (B. velezensis), Y13 Al B 28 0 41 & (B.
subtilis ), Y32 NP AR ZF fUFF1E (B. safensis) ,BI6Y
RIS RE ZE AT IR (B, cereus)

Y12

Bacillus velezensis strain FZB42

YIl

Bacillus velezensis strain CBMB205

Bacillus amyloliquefaciens strain NBRC 15535
Bacillus amyloliquefaciens strain MPA 1034
Bacillus amyloliquefaciens strain BCRC 11601
Y13

Bacillus subtilis strain DSM 10

Bacillus subtilis strain JCM 1465

Bacillus subtilis strain NBRC 13719

Bacillus subtilis strain IAM 12118
Y32
Bacillus safensis strain NBRC 100820
Bacillus safensis FO-36b
Bacillus cereus strain IAM 12605

Bacillus cereus strain CCM 2010
24 Bacillus cereus strain NBRC 15305

16 Bacillus cereus strain JCM 2152

3 BIGY

0.020

B2 HBEEKSHEXFRAEZEXROELH
Fig.2 The phylogenetic tree shows the relationship

between the isolates and other Bacillus spp.

PRI 2 FT7R 5 BRZF FUFT T 2 0] 75 i g L F- Al
AIH S =T PR I 1 A 3 1 ™= A W e K gk 181, SR
A TR) B AR (AR ) 7 A B 68 RN AN ], g A
A7 A R I U A R, T i RE ) AN ()
BRI R ) A7 7 22 5, SRR 2 J AT B BIOY )7 R
e A0 ) BE D e 5 o A TR BRI AN L2500 i
HICHE T B E 3, AT 2 figp 25 86 S 8 I T R T , A E 20
NGRS
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Table 2 Enzyme producing abilities of the isolates

X R B & 89 MEH F AT MEMFIRAMFE A5 AT W AE o AT M F A
KRR Y11 Y12 Y13 Y32 Bl6Y
JiE R U -F + ++ + + +
o = T BB R A + ++ + + +
HEAE o T # - - - - -
TE = KRR EARAE O mm LLR 5+ KA P BLARAE 10~15 mm++: K BB ELARAE 15 mm DAL,
2.3 MERFED il B AR 3 B,
5 Bk ZF AT TR Y JC 200 i B IO i 75 TR Y 410
®3 SEEKRI A EHEREMGER
Table 3 Antibacterial activities of the isolates against indicator strains
A4 B A 4% /mm
e | R FIATE NRMFRAE  AEFRAE YK BATE AT RATE
Y11 Y12 Y13 Y32 Bl6Y
X AT @ 13.75 £ 0.17 13.26 +0.45 - - -
EREHHRA 30.20 £ 0.38 28.72£0.22 13.17 £ 0.17 16.92 + 0.40 12.97 £ 0.01
FHAHE 13.20 = 1.85 12.28 £ 1.23 13.93 £ 0.07 - 13.82 £ 0.03
CEREE S ) 17.45 £ 0.47 17.53 £3.09 16.73 £ 0.02 1432 £0.13 15.75 £ 0.04
LERAKR 22.60 +0.19 24.35 £ 0.00 15.61 =012 17.32 +0.05 15.14 +0.16
o R B - - - _ _

5 H3F J0 4 BIOY - -

IF5T % B TE A ZEFRAT 1R Y 11 0 DL 38 2 40
FETR Y 12 X T 18 456 14 36 7 B A 300 B 30O 4t
THE 3 R B R, KT B | 4 5 608 4 Bk
B NS 8 A A R RN D A A ER A
ANTR] PO B0 4, R 4 0 0 2 Bk T 1 0 i £ FH
e T B ELAR 30 mm 22 A5 A0 00 18 P HL v AR
%5 BR A FI D 5 A 2 BR O A VE R AT YL,
VUSIERT 2R FF B Y12 AR I A AN [R) R 36 v 43
B, MR A AR VE R 2R AT T Y 11 RN DL ST 2R A
FEBE Y 12w (R St X1 VR R TR ) 400 0 e 7 0 )
A A ER N S B R A ERE A K, T B AL
R TR RT 7K 7 it B85 DL R e s s 5 6 TR S R 25 0 A
B BIOY JCH0 I AE F , 156 B 25 f60 AT B F 200 B 19 10 pR
WORFETE 25

ST BN B R AL, DR UE R 2
FOAT B Y 11 XF 5 A 4 28 BR PR (P 2% ER B 7 ) AN
BFT R (55 22 QB T8 ) 19 1 FH o 481 0 7 6 B
ZEAUAT PR Y 11 JIC 4 M 45 BB 4 AT 2% TR 28 1 5%
M), 1 L e 4 SR LI 3

e, RAEPITBZS b, MESTEE
B3 MEMFAAE Y1 THMRNALERH
BERFEHKE (A)FMANTHE (B)AEESHBRRE
Fig.3 The morphology of Staphylococcus saprophyticus (A)

and Acinetobacter. sp (B) after cell free supernatant

of B. amyloliquefaciens Y11 treatment observed by SEM

PR AR R, IR HORES T A 40 Bk
B AN Bl FT T 20 0 9 o2 R FE B SR
FH A UE A 28 FLAT T Y11 1Y JC 40 4 OB A B S
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2 1) 5 R (B 1 52 B IR TR AR ZE A5 AN R
HP AN () R B A TH 8 Rl 11 A 9 5 3 1D 400 it 4%
o BRI IR 2 3 A B P 0 o it e, e AN A
FE T

1 A TE Y 2 LA B T IR R B
P XoF Bl 3 B A TR AR 2 5 7 A BT T JIROR T T S 2 A
HEAT R, 235 2R S0k v 25 FLAT B Y 11, DL 3t
AT A Y12 R R AT A Y13 VD AR 2 AT
Y32 X 4 PR TE 675 bp Bif it (R 7% M & sur-
factin & A EE R R B0 B W40 (F 4 LLTE R
ZFAFFE Y11 B, R PCR A I 455 ) , E 5
H A 3K surfactin 1Y A] GEVE . Surfactin J& 4345 7
A E R R 1 T IR BR 256 7K e A1 R0 i I T2 5 it 7K ks 141
AW RPN K, AIRTE MY surfactin AT AR A H
sk I E9PERT, T LABH 1k 40 5 7 B G 4 B R0 G
B, 41 <h 2 0 4 5 ) R B, A R A Ay il — K B T £
FUAGH) A% — o W DR WS FF 25 /T 18 BI6Y
ANHA R 15 BB IR 65 L
24 PERSHEMESN

VEM 1T 53 18 2 AT R X 6 AR R A iUk
PE(ILER 4) o A TR0 5808 3R KR BUR% i DE Ky
ZEAOAT A Y11, DUSRET 2R FAT I Y12 A 52 A AT
P Y13 IR AT IR Y32 0 e R DU R A
TRV B ke R, X R R SR B P

M 1 2 3 456 7 8

5000 bp
3000 bp
2000 bp
1500 bp
1000 bp

750 bp

500 bp «—675 bp

250 bp
100 bp

M. DNA marker; kil 1~8. 43 SIREARF 519 ML B4
f& ¥ & CERI1F 1 EMTIF .EMIF il ME1R5 BACCFIF A
BACCIR .FENDIF #l FENDIR .ituDF A1 ituDR sfpF # sfpR .
subF FI subtilinR ,subsinF F1 sunsinR ,

B4 MEMFEAAE Y1 REREERNER

Fig.4 Detection result of the antibacterial peptide
encoding gene of B. amyloliquefaciens Y11

R 5 U BF 2EAAT B BIOY X 7 iy 85 28 R b 2
ARG, W9 I 2 AT TR R PR 2H N B A AR 2
o T 24 6 DR 20 A TR BTt A A A R A
I (Bacillus licheniformis ) 7 P31 — 26 25 J0 F B8
LA TV TR e 8 — TR AL 1) A R S B A Tl
AR R IN car, SR, X BB Pk 5L AR 25
KRR, IR 260 NS F 3 Py i) 4g e 1
TS AE 0 XUB B A 3236 43 2 A 5 R 2F A AT T
BIOY i Jii it 1 Ak R K P 2 110 v B M v, ANl
BAER 5 A A

R4 HEEHRNRERHERN

Table 4 Antibiotic susceptibilities of the isolates

AHER E A EEE AL FF W E RAYE R E
fREH FIAE Y11 R MS S S S MS
NEHFIIE YI2 R MS S S S MS

HEFAFE Y13 R MS S S S S
WA AT Y32 R MS S S S MS
WM 3F J84F B BIOY R R S MS MS R
R RBUEGMS. U S, BUK
25 AL 4,

Xt i 0 1 B J LR ZE AT TR A 1k . A R AR
AR R ER (5 32 AN T8 W 08 77 3% R
Pra R OLEE 5, b 8 IR 1 2 A0 T R 2 75
A2 it AR T B ME B — T R B 2 S R b
FFE 5B, BR T M AE ZF AT R BIOY 78 I 355 |
s B RIS, e o B ZE AT B O y L,
Ud B BRI R 25 J AT TR BIOY b & T bk 24 AR X 42

F 3l R A e 1 9 /NS B AR 5 /N e A
MU G i Re S, AT Bl 5 AR R E i 1 e AR, AR
WFSE & B0 DL SR i 2R JRAT B Y12, il o 2F A AT 7
Y13 FIvb 4 2E AT Y32 (9 A sh R ERE B,
1 30% LA I, ff VB ZE A AT T Y11 (9 1 SRR
5550 25% , BEFEZEAEAT I BIOY 19 H R 4L J)
55, A AR R SR T O Rl 0 2R AT TR A SRR
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A RE - B B] 9 25 S ORI A 6,

P 1R R A it 52 0 2 3 B R P TR R
AR VB A 25 28 R A T BV AR AR, AT 2
W AT BE A AT 3 i 0 T AR E TR R AR A
I R A TR AE RO, kA
T F 1 A IE R R A — a2 R T 32 1 AR KRl pH
L 11 AL R JIEL R e 2 149 T v 32 BN [ 2 1 il

D52 45 2R AT B e N T8 B i A7 06 3R, &5
FRI, AEEZEAFE Y13 AT B R TS
A M 95.3% , X i pH (B A B0 1Y T 52
P RN DS 2R AT 1R Y 12 A 8 A 2E TR AT 1R

Y11, V04 ZF 0 FF B Y32, 7736 % 50 51 R 72.6%
69.5%F1 58.3%; k)5 3 h A T 7 W % i 4b 32
J5 VO AE ZEAFT R Y32 OIS R e M 85.1% , 1
UMM ZE AT B Y13 A S M 2R AT Y11, 0
FMT ZFAT I Y12, FEIE 5518 65.9% ,60.1%
H150.8% 5 UFESEHE MRS T8 Bl EA — 2
MBS RE ZE AT I BIOY X A T8 B i A0 4706 R A
X He B BRI , 1 40% 25 A7 o H ok MR 6 v 3 5
) —Fh SR PEEUR B, X B TR AR A5 R A
— R LR T B R TS Y U S B0 i KRS
P

R5 NEERBEESMYE

Table 5 Probiotic characteristics of the isolates

bR MR FIME NEMFRFE REFRHFE WA RATH M F AR
Y11 Y12 Y13 Y32 BI6Y
Y Pk y o y y o y B 7% s
BRE % 25.0 329 333 33.6 12.5
BR W 2 + + + + +
fle 3w 2 + + + + +
AL H "B EFI% 69.5 72.6 95.3 58.3 46.4
A TR B E% 60.1 50.8 65.9 85.1 39.8
o+ T2,

ARG 3 B T 4 PR 25 R TR 1% I 4 B
O 4R N S R AT DPPH R H B AR
THERAE ST, S RIS BRBE N AR R X 5 H il
LM RAIAT 56 (W3R 6) . 5 R ZFAFT B4 1 JC 40 Al 2
O 5 40 i N A 9 % DPPH 34 4 %5 55 19 15 4 18
L HE AR EA DPPH WHERAE S . 5 MRAEMFT

FR TR AT F2 1 H 3 R R AE 209%0~30% , AT E S
X FE ) H A R B A DR G A i 4 BOORT 2 A
F ) T B R v TR, AN A AN B A
A B REE S, HPUE A Y 5
F LAk

*6 FHmATE DPPHMEEHAEFREE
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Screening and Probiotic Characteristics of Shrimp Paste Originated Bacillus spp.

Tan Xigian, Wang Dan, Cheng Xiaoxiao, Li Xuepeng, Li Jianrong
(College of Food Science and Technology/Institute of Marine Science and Technology, Bohai University,
Jinzhou 121013, Liaoning)

Abstract Five Bacillus strains were isolated from the traditional homemade shrimp paste, and were identified as Bacil-
lus amyloliquefaciens Y11, Bacillus velezensis Y12, Bacillus subtilis Y13, Bacillus safensis Y32, and Bacillus cereus
BI6Y. All five strains could grow normally at 10% NaCl concentration, had different protease and lipase and antibacterial
substances production capacities. Among them, Bacillus cereus BI6Y has B—hemolysis and is insensitive to chlorampheni-
col, vancomycin and norfloxacin, hence is not suitable for a probiotic. The other four Bacillus strains are ry—hemolytic,
insensitive to chloramphenicol, with a self-aggregation rate between 25% and 35%, and tolerant to acid and bile salts;
they were found to secrete surfactin and could survive after treatment with artificial gastrointestinal fluid, the strain that
had the highest survival rate in artificial gastric juice (pH 2.0) was found to be B. subtilis Y13 (95.3%), and in artifi-
cial intestinal juice it was B. safensis Y32 (85.1%). The bacterial cell, cell-free supernatant, and cellular contents had
different antioxidant activities, and the cell -free supernatant could scavenge 1,1 —diphenyl -2 —trinitrophenylhydrazine
(DPPH) and hydroxyl radicals simultaneously, the scavenging rate is between 40% and 60%. The results of the study
showed that in addition to B. cereus BIOY, B. amyloliquefaciens Y11, B. velezensis Y12, B. subtilis Y13, B. safensis
Y32 have certain safety and probiotic properties, hence could be used as potential probiotics, which would provide a
theoretical basis for the development of Bacillus. spp—based probiotic products.

Keywords Bacillus; probiotics; probiotic characteristics; antioxidant; shrimp paste



