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Abstract: In order to develop new anti-mold agents and reduce the effect of mildew on the quality and safety
during storage, transportation, and circulation of cereals, oils and foods, microorganisms with strong anti-mold
activity were screened in this study. Bacteriostasis method was applied and Fusarium graminearum was
taken as indicator. Morphological observation, biochemical characterization and 16S rDNA gene sequences
alignment were used to identify the strains. The anti-mold bioactive substances were analyzed in different
temperatures, pH, and proteinase K treatment. After primary screening, 33 strains with strong inhibitory
activity against F. graminearum were obtained. Seven strains were selected after secondary screening and
classified as Bacillus. Through the analysis of bioactive substances, the anti-mold effects of the seven strains

were not of high temperature and strong acid or base resistant, or obviously influenced by proteinase K
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treatment. It indicated that the bioactive substances were peptides. Finally, the strain ASAG 62 had good

inhibitory effect on common molds (Penicillium flavum, Aspergillus Niger, Aspergillus ochre, Aspergillus

flavus and F. graminearum).

Key words: anti-mold activity; Bacillus, screening; Fusarium graminearum; cereals, oils and foods;

antimicrobial peptide
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( Streptomyces). #ffItTFEJE ( Bacillus) | R
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K% )& (Trichoderma) 217,

AT R B Al HL2E AT R ( Bacillus subtilis )
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YE R, AN mB R . JRYT R R A Pk
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TERG B ZF AT R R DE R ZF AL AT I ( Bacillus
amyloliquefaciens ) . %5 45 % ffd #F & ( Bacillus
atrophaeus ), #i4< 27 ffd 4 75 ( Bacillus licheniformis ).
J/NZEFFTE (Bacillus pumilus) %5, Hi= k1)

T ) B AR 45 H AR )6 BGRAR AL 2E Ve B AT X )
R AR AR IR AR G B e IR IR AR A R 12
£ LY R 1 B0 T T L B R A A T
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INEE, T BRI M DA Y, A5 BB AR T
B ) T BREFHUAT IR, B0 20 0 TR P BT R R
AT G 45 5 Ry T 5 2 00 I R St T R R R U
1 #RlER=E
1.1 R
1.1.1  Hifh

T 07 TR P JHE DL AR /R B T I O R
fitt 55 JRy Bk 27 T 5 e i 228 R DR
1.1.2 I3

M7 EE R 5L (LB #5394k ) - R H K 10 g/L,
T REIR Y 5 g/L, NaCl 10 g/L, 115 °C K4 25 min;

g AR M B MR 85 97 B ( PDA R BE 57
B AR IR 10 g/L, HIZIHE 20 g/L, 121 °C
K 25 min,
1.2 REWHE
1.2.1 R IR

WG FMRIEF T LB WMURR IR, #
Pl 1%0, 30 °C. 200 r/min FE 155 o

BRREE SR IEALES 5% 24 h 4R T LB UK
Rt HER R 1%0, 30 °C. 200 r/min B % .
1.2.2 B G PEiE

RAS S T T HLCE T PDA B ARSE A ],
30 °CHi3% 24 ho Vi EAEFRBIICE 3~4 AN BIE I
YR, UEACATE N 10 pL REIAE AL S 30 CCHEFE
AR 48~72 h g, SREUT o738 SO E 7 B
Rl EL A . LABITA P AR KT 30 mm 8 Ry B 4K
Sk, LIPDEE R EAR AL F 20~30 mm Z[H]H]E K
Biee s R4, DI E B2 T 10~20 mm Z
B0 8 S B R ROR 55, AP B B4R/ F 10 mm
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1.23.2 ARV EEE R HLIR ZE AT R
AE R G A T AR A B S
1.2.3.3  16S rDNA FERHJFHLXT )7 25
X LAY HE ARG B L (NCBL) Mty
Blast FLX}, Ffli ] MEGAS.1 #f4F, REUARIED:
( Neighbor-Joining 1 ) WH# RGE L BW, W HEHE
K 5 bootstrap ¥ .
1.2.4  MEEIEHIE

R AFTHLEE, 5 B R A 8l 00 TR o R T
MR RE], 30 °CHEFE 24 h, HARRE R (KEkihE
Aspergullus glaucus. % A. flavus, 52 il %
Aspergillus candidus. fEilli# A. nige. # il A.
ochraceus. % Penicillium sp. fll ;=35 & & P.
Chrysogenum ) 8% 1 T- I e B 204 107 cfu/mL J
M 100 pL ¥4 THTFLFAR o 5 B 4 000 r/min
B0 10 min, [A LA 100 pL 3RS HE
HE IR, 30 CHiFR. ARG FE 48~72 h
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1.2.5  BEFEIH RN B R 1 1 A% 52 e
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HIA 900 pL F 1WA 100 uL 10 mg/mL & B K,
37 °CALFE 60 min, X HEA R 22 AL B |35 A LA
AR AL B 2R A K T ARARPE . B 10 mL
W RIS pH = 2. 4. 6. 10, 12, 30 °C
FE 1 h J&5 4 000 r/min &0 10 min, B F R
7 pH £ 8.6, 1 0.22 um JEFRITIE, X HE AR
5 pH AR FIH R

1.3 HEBEBHWH

FyE b #ER F Origin 2018, Mega5.1, Excel
SRR HEAT 53T o
2 ZBRERWH
21 BB RIGE

XA ARRSE . HER . ZmiEsk
AR FH b 398 S R B IR A Y 364 BRANTA
PEAT B BRI e ( LR 1) & 1 w0, 3E 50%
(0 R R B B B T, L B AR KT 20 mm
MITRAR b7 38.47%. H4 R By 255 PESR Y 33 PRIA
PEAT A2 0 90 U S5 8 HURE PE 45 v ELRSUE 1Y 7 RR A
%539 ASAG 62, ASAG 112, ASAG 2ME6,
ASAG 2MF8 . ASAG 2MD10, ASAG M6 I ASAG
M9,

®1 BERUEEKGR
Tablel Strainsscreening of anti-mold activity

Bidsis e W A /mm BH /R e 451 /%
o <10 175 48.08

5 10~20 49 13.46

h 20~30 107 29.40

Ci >30 33 9.07

Bt 364 100.00

22 EMEE

BTk B RRTE LB FA L8535 24 h JRHIEES
WE 1 iR, ASAG 62 W& EA% 2 mm 247, I
TEEAK KD, il ; ASAG 112 BH RN, H
B~1.5 mm 247, AN, BAHE LA
AR ™M ; ASAG M6, ASAG M9 Fl ASAG
2MD10 JEASMIE, W% H4% 2~3 mm, HZIEMW
M, HGA IR, FRR A ARG
ASAG 2MF8 Hi % 542 2~3 mm, AN, %
TASGH A ZW, % A DV RE S8tk R
ASAG 2ME6 #7% A% 1~1.5 mm, HEA ik,
FMACH A FER . 76 10100 15 T WL 7 ¥R A2
HFEFFTE

SR FH A HL I3 2R A0 187 48 o R &kt 7 MR i
TTHEAC RN %578, B4 RN 2 s . 7 BRIE 1)
%ID #3100, TIHKRT 0.4, AR XA
PR DR 28 Ry ol B e A 2 AT IR . X E A
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ASAG62 ASAGI112 ASAGM6 ASAGM9 ASAG2MF8 ASAG2MD10 ASAG2ME6
E1 EEES (A) MERES (10x100 1, B)
Fig.1 Colony morphology (A) and microscopic morphology (10x100 times, B)
F2 HEURHETEHER
Table2 Identification results of biochemical reactions
SIE ARG i/} % ASAG 62/ASAG 2MD10 ASAG M6/ASAG M9 ASAG 2ME6 ASAG 112 ASAG 2MF8
DXYL D-A B + + + + -
MEL D-# — Bl + - - + -
RAF D-HiFH + + - + -
AMD TEH + + + - -
GLYG i + + + - -
%ID 94.7 98.9 98.2 99.6 99.8
T 0.51 0.52 0.5 0.42 0.4

TReAFIH D-AWE . D-% 0% . D-HiTHE. W&k
SR,

it — W E R, #5 7 Bk 165 rtDNA JF5
2 Blast X o g5 EoR, HA5 0USEW 2E AT #
( Bacillus velezensis ). % ZF #1114 ( Bacillus
siamensis ). fiff V€K 2 A6 FT B 45 25 AT B TR
Query covery i5E] 99%LA o PEBCEFHIFF 5 g AR
XEHREERZERER, SRER, % 7 Wik
5 DS 2R IR . R 2R R AR IR — 43 3
b, SRUER AT R B 2R AT A A )
R EGE (DL 2), DS ZE AR B 9 45 M e
H53 5 FLFT TR LA A0 7R 0 AL T DA A 2 A U
FHFFH IR R4, T 2016 4£f1 Dunlap 25!
WE HAE AN B Ay 2 T R i oy et . % ZRTRFF
B A TE I ZEAUAT IR, T 2010 4R RIS N 2L
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2.3 EFEAEXEE RN

R KM AT . 7 BREAERS SR 17 h
Jo HEARTEOW , 29~41 h I B bk Uk B A B R R
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2MD10 A KB, BRI B T 1537 29 h iR K

{E H. ODgoo 75 T 3.0; ASAG M9, ASAG 2MES6 .
ASAG 2MF8 FIX} 2518 , 553% 41 h ODgoo fie i, He
1 ASAG 2ME6 5 ASAG 2MF8 [ bk ik B HH X 45
/N, ODgoo KT 2.5 (1K 3A ), DIRAHET]H Aie
Py IO 7 N i B e b R s
R BHE AT BOU 5 0 R ROCR W10, R
R B KA S, RO AR e, Bk
KRR S% 48 h I R WG T B 2 555 (181 3B ),
24 BEHIRBARRFELEENNELR

7 ks B R 0 M DR PR 1 3 VRCR A T LA
8 P B b WA I A TR & S0, 3k 3 PR,
7 AR TR I R A SR 1 ot RN R A 8k D T o
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ASAG 2MD10 X B % . A4 T T 140 i 250K 5
I, W EA24 94 19.0 mm H 35.0 mm; ASAG
62 Xf /B A . R At i E R
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Bacillus licheniformis ATCC 14580 (X60ASAG623)
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—
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B2 BH®RSFAMFERBREXENK 16SDNA BRRELEH
Fig.2 Phylogenetic tree based on 16S rRNA gene sequences of the screening strains and type strains of Bacillus sp.

Bacillus oryziterrae ZYK (JX03165)
Bacillus boroniphilus T-15Z (AB198719)
Bacillus vietnamensis NBRC 101237 (AB681418)
Bacillus aquaemaris TF-12 (AF483 ASAG625)
93 [Bacillus shackletonii LMG 18435 (AJ250318)
Bacillus acidicola 105-2 (AF547209)
Bacillus rhizosphaerae SC-N012 (FJ233848)

Bacillus pseudofirmus DSM 8715 (X76439)

4 40 [CJ17h 8290 [148h
02240 B 41h B 72h
— 62 35
—— M9 r %
3| —2ME6 30l %
— M6 = EE %% £ S
—— 2MF8 25 % m } | %
.|~ E 25¢ I A Pl
S22t > 2MD10 @ 20 2
) " o
815
Ir 10
0 C 1 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 ASAG ASAG ASAG ASAG ASAG ASAG ASAG
Bt E]/h M6 M9 2ME6 62 2MF8 112 2MDI0
LNER S B 3R [E] 0 AR 4R T R A A ROR
B3 iEFEEXREEENZm
Fig.3 Effect of culturetime on bacteriostasis of F. graminearum
* 3 MHEBEHKWNERLESEAIMEIRR
Table3 Inhibition effect of screening strains on common molds mm
M5 s THER Rl HE IRk it it & Pk RS TE
ASAG M6 + 16.5£1.1 15.5£1.3 13.0+1.1 19.0£1.0 14.0£1.9 - 28.0+£2.2
ASAG 62 + 19.5+1.2 19.5£1.5 15.0+1.1 23.0+1.1 19.5+1.1 15.0+0.4 31.0+£1.9
ASAG 2MF8 + 15.0+0.8 14.5+0.7 15.5+1.3 18.0+1.2 14.5£1.5 11.5+0.5 27.0+£0.7
ASAG 2MDI10 + 18.0+0.4 16.5+£0.5 19.0t£1.6 22.0+0.9 16.5+0.3 12.5+£0.5 35.0+2.1
ASAG M9 + 15.5+1.7 15.5+0.3 16.0+1.3 18.0+1.4 12.5+0.7 - 28.0£2.0
ASAG 2ME6 + 18.9+1.2 16.5£0.3 14.0+0.5 25.0+1.4 12.0+£0.3 11.5£0.2 30.5+1.7
ASAG 112 + 16.0£0.3 17.5+1.4 10.0£0.2 23.0+1.2 11.5+£0.4 12.5+0.4 26.0+£2.1
W T REAeMmEl, - MmO .
Note: “+”is for complete inhibition, “ — " is for no inhibition effect.
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Fig.4 Effect of different treatment (A Proteinase K, B Temperature, C pH) on anti-mold activity
3 z:’n:i/lé in rats and urinary tract carcinoma in humans; mechanistic
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