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Ochratoxin A (OTA) that is one of mycotoxins produced
mainly by Aspergillus spp. is a common contaminant of stored
grains and poses health hazards to human and livestock. The
aim of this study is to explore the ability of isolated bacteria
Bacillus subtilis AF13 and Streptomyces shenzhenensis YR226
to inhibit growth and OTA production of 3 ochratoxigenic
Aspergillus strains. The antifungal activity against mycelial
growth and sporulation of Aspergillus strains was examined by
coculture with AF13 and YR226 on potato dextrose agar plate.
AF13 and YR226 reduced 77.58 and 78.48% of fungal colony
radius, respectively, and both strains inhibited fungal sporulation
up to 99% in 10 days of incubation. YR226 also reduced more
than 91% of spore germination of 3 fungal strains. When
Aspergillus strains were cocultured with AF13 or YR226 in
yeast extract sucrose medium, mycelial growth and OTA
production decreased in all three fungal strains. In particular,
AF13 completely inhibited the mycelial growth of 4. alutaceus
and inhibited its OTA production by 99%, and YR226 also
reduced mycelial growth and toxin production up to 99%,
respectively. Antimicrobial substances produced by AF13 and
YR226 included siderophore, chitinase, protease, f-1,3-glucanase
and biosurfactant. These results suggest that AF13 and YR226
can be used in a biological method to prevent valuable crops
against mycotoxigenic fungi, and therefore decrease economic
damage in agriculture and feed industry.
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A1 Sdx(mycotoxins)}i= A el of3) AV E= 2

AdirpbERA 245 Y 2RSS Tt Ao R
L=

(Bosco and Mollea, 2012), £3] aflatoxin, ochratoxin, fumonisin
SOl ZEAI7FE AL Qlek 15 ochratoxin A, BHCE] S| =
ZANSHH, Aspergillus <(Aspegillus ochraceus, A. carbonarius
) Penicillium < Penicillium verrucosum 5) 0 2]} AJA
H 4= Ql=t|(Zhong et al., 2014), £3] ochratoxin A (OTA)=
i, Z3ok e B, Au], W AR S T oheft
A1 o WAL A Y @ go] A% 1l Itk (Birzele et al.,
2000; Fazekas ef al., 2002). OTA= 33t o g B2 & e}
W, &= QLA A =4, 718 7, Hiok 54, MY
54, 7 =4 A EAES HolaL, Gofl g loloj A o
w21 Q1 2] o} 7k ol = Al A E A] gh=tH Wangikar et al.,
2005). o]of =+A| & A+~ 7] (International Agency for Research
on Cancer)2 OTAE 9S4 715 E4 240 2 =319
O H(IARC, 1993), -2 ue} E5F A AT 4] 7|5 g5t
A1 Z 3} = AREO) A 0.5~20 pg/kg ©15F2 TFAIEEAL ITHKFDA,
2017).
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OTAE Alojst 714 ATHA13] -2 OTA 414
S AIske] A AR A 2] OTA A4S LA
Aeksliz Zolwl, 1 5 58 nAES olgsto] AL
2 AT SIS Ao $eh 0 = 75T Xiong
etal.,2017). £3] Bacillus &2 552 ThFst =4S
A/dsto] A 2 A A Q] EAJ-E e ch(Pérez-Garcia
et al., 2011). Streptomyces <= nystatin 22 321+ Y=
2-& 23Fsfo] Whe 22} thARAE-S A Al 51 (Brautaset et al.,
2000), ThFat Aspergillus %S A5 g SAJ0] 13
%l v} It Thenmozhi et al., 2013). o] Aol A=Kl a8
Z|Q10TA A7d X3t A OTA A7 AAIE $1all, =FAI
ol A &2l Aot oF5=2] OTA 237 Aspergillus spp.©ofl gk
2357 AFE 9 OTA A4 oAs-S 2A e,
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OTA 4y Zi7 R T dd| Mz 25

OTA 23150l A=T71719 B 22 5 o= 3=
| A& B 24 E|(Korea Culture Center of Microoganisms) ]| 4]
HoFake OTA XA R Aspergillus awamori KCCM 32316,
Aspergillus fresenii KCCM 60465 ! Aspergillus alutaceus
KCCM 60421)0] tigt F2lot5= AT 1 5 Xt
A% Aol 7M=& T o5 A E ST o5 ©l
1] OTA A &350 =thal ¥ 1% Bacillus subtilis AF133}
Streptomyces shenzhenensis YR226°]| %] ™(Choi and Song,
2019), o] 5 55 02 of el AP HALHATH
255 ufjoFof o]-8-% vl X|+= nutrient agar (NA), potato dextrose
agar (PDA) (Difco Lab) @ 15% yeast extract sucrose (15%
YES) (yeast extract 20 g, sucrose 150 g, MgS04 0.5 g, 5F
1L, pH6.5)0] Atk 2152 PDA HiZ| ol A] uje)atod(7<, 30°C),
RS 0.05% (v/v) Tween 80 20 6 2 3]14=3}31 Neubauer
chamber (Paul Merienfeld GmbH & Co.)E ©]-83}0] Al4=3
of ARGkt

oyl DS

(ML — Y o)

o

Agar spot assay: 331350 972 245 §15) 45
agar spot assay+ Sangmanee 2} Hongpattarakere (2014)2] W
MS Tl Sastlnh. Al ok Al F] vl e
B3¢ A|(Shimadzu UV-1700)2 0]-83819] ODgoed 1.02
2 X A5}J(AF13T} YR226 A4 2421 7.45 x 10" 24 1.57

x 10° CFU/ml) ul 2] 20} 5 %ol 5 u1#) 2] 3 wfjokslolo.
(48471, 37°C), R eto] FAd = A] 92 739 2] 12071714
v eFstaiTt. eto] A uiA] floll X2 FF ZAL FE
£ 10 spores/ml 2 93 0.8%2] 3Hd o] 385 10 m12] PDA
HjA| S Fo] 23] 3, viFsEATH30°C, 120A17h). Al o+
O Kot A} 32| A/ O] Aol o {2 b5 st
Atk

A A D A Y A S A Kt A 22} AY
/d Asfiof gt A F=2] A= Veras 5(2016) 2] HH S
B2 gG7Fstoith o5 Al ai et HA R E A E2](1,900
x g 30, 4°C; UNION 5KR, Hanil Science)d}o] 3|4 3,
0.85% NaCloj| A& sto] o]-g5F3ATh. 2 Al AH2 15
ml 9] | 4| 2 PDA 2} 4] o Petri dishof] F-o] w31 ¥, 5%
of| "t paper disc (A5 5 mm) S &2 L Ko LA} AEFH
(106 spores/ml) 10 ul& paper discol] HE3} ) ) 27E= A
ot §lo] FYs 2702 853 a1, HE B ulA]=25°C
of| A 10 F2F vekab 2t F ko] §hg-& 24 A1 7tmfc} &
Asto] Xt A Al E AT EE o v =] of| A A2}
W Z7-2] ZAE 15 ml2] Tween 80 (0.05%, v/v) 2N 0 2 3]
~3}31 Neubauer chamber & 0]-8-5}0] Al4=3}0] 32X} A4 #|
o= gFatlch

FZA dro} A A|): %5t A} ot A sfjof thgk A
=5 2AF5H7] 18] Veras 5(2016) 2] WS 47
3lolck 800 pl<] 15% YES HiZ| 7} 271 1.5 ml 0] A
o] 2 A AEFH(10° spores/ml) 100 pl2} Al
(10" CFU/ml) 100 plS H7}stg.0o0, 2= A
T 41 0.85% NaCl 8942 100 pl d7}61o] 43851 ch
A= 25°Cof| A 24 A1 7E F9F v &F & 322} ot A =
A7 (x400) 0= ksl ). Holko] Z o] 7} axjo
I AV off, Tropgk A 0 & 7heehelar, ZF AR
A& ZAF 100705 ¥aste] 22} Hobg-S A4S T
AR R] | A Ft B Fi = H3E A <] o A Xt
AT} E4 H e S}l thgt A F52] 3= El-Gendy
©F Marth (1981)9] W& =7 5Fo] AFSFAL, 4 A1
Xiong 5(2017) 2] ®'H-& = 5to] Brstoict HatH 15%
YES Hj 2] 45 mlo]] A] A5t =2 Z 2} FeFo(10° spores/ml)
1%} Al B 2F(10” CFU/mI) 10%S S-A| o] 3819 oH
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Al 5AZE I RH200 rpm, F27)SF oW, 2447 T2 &
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OTA &2 918l zH vl % 50 ml 18 Zfj 7] of EaL
100 m12] chloroform< & B TH204, 300 spm). 2
B & chloroform2 flat bottom flask 2 25 A ©orom, o]
TS 23] wHESHI T 21 2% 587 & chloroform& &
= ZHkA] 7] 21(55°C), 70% methanol (v/v)S A 7}510] 2|83
A7l 3, A A] ZE|(Hyundai micro, 0.2 um, hydrophobic) &
o] 1}5}oq high performance liquid chromatography (HPLC;
Younglin, YL9100 HPLC System)= Symmetry C18 column
(150 x 4.6 mm) (Waters Co.)& ©]-&35}o] EAI5}A Tt E4] 0
o] &3t o] T4 E/ oM EUO| E-/24H99:99:2, viv)olH,
column oven?] &%= 30°C, Al& Y220 ul, 521
ml/min® 2 3}o] §3F HZ7|(FLD; Agilent Technologies,
1260 Infinity, 333 nm excitation, 460 nm emission)-2- ©]-8-5}¢

B2t A5 A4S OTA #5252 (Cayman Chemical
Co.) 2 ZrAJ3le] OTAE A%t

ol
A

=
Siderophore: Chrome azurol S (CAS) agar Bl %] of] well-2 %]

= Hj Y AT 70 plE F-S F- ujoFske(30°C, o =44, 48
A7 £ 2 =3 319] 34 -7 siderophore A&
ZAFSFA EH(Schwyn and Neilands, 1987). =242 913 24
AZbatet wieF AFEHE pH 2002 B &, 579 ethyl
acetate 2 AE5IA T 5-7]AF 5 ml2} Hathway -8-28 5 m1 2] vt
-9(30 min, 2}27) T B354 A Shimadzu UV-1700, Shimadzu
Co.)2E OD7pp2 =743}9 21, dihydroxy benzoic acidE ©]

gato] BETAE 245 A eelAckNagarajkumar ef al,

0!

||

2004).
Chitinase: +5=2] chitinase A5 colloidal chitinS A
Blo2 i A 5 4 siel0) e

o FA] 2 AP EA] ST AT A2 basal salt vl

Z] o =5 vieste] 2]t A5 500 plofl 1% colloidal
chitino] H7}gl QARG ESF 2h29H(50 mM, pH 7) 500 ul& &
o] HEG-AIAH(1h, 37°C) DNS 845 71t 7 A3l A=
@] N-acetylglucosamine 2] 55 ODs7s 2 245}t Nagpure
and Gupta, 2013). &4 &4 1 U2 6027 mIg 1 pmol &) AF
B8 et Tl opo 2 Folstgc.
Protease: -5 2% skim milk agar (Difco Lab.)o]| 4 vljoF
sto] X2t = EH U2 protease YA o] 5 Fhehslgich
Protease -4 ZALS Q5] 24 A7 vch 5= vl oF A0S 3]
=510 1% gellatino] $H5-% Q14AFAE-2H5-H(50 mM, pH 6.8)
T} 121 h, 30°C) 5= 15% trichloroacetic acid &4 © &2 HF-$-

=32l Al Alssd Al3E

= SAAZEE 15 A4 5ho] 452 2] ODaso 5745t
o] 225 0.01 S7HA17]= Bal 45 1 UR A Ysigitt
(Maria Fedatto et al., 2006).
B-1,3-Glucanase: Peptone-bouillon-yeast agar (Difco Lab.)l| o
22 g4 ok & PA4E det 2 BUE Bl pe13-
glucanase ] A4S BITHalgl 0 1 o] 2 BT & AeEAFL Al
AlSFE T o vl oF AR 450 plo] 7] 2 & laminaran< 1%
H7}sto] HH--A17] (10 min, 40°C), DNS 22 200 pl= 3
7¥8to] 100°Coll A 3E2F WRG-Al 7] AL W Zato] Whg-5 Fa Al
Atk Al &2 ODsso= &4 3}3’_ A 49 4L 1% laminaran
& o]gato] 40°Col A 1 PR ES
8401 UR AosI4 E]{Marcello etal., 2010).
ARGRE: 7w F5N) ARNBYL 24 9
3l 2ol oy A5 Holme] U7 A HA LA 2
231 31(Rodrigues et al., 2006), i %F A5l o] FHA -2
EWAE A(Model 514-B2, Itoh Seisakuso)E ©]-8-5}0] LB
w22} ] Ak o7 AATEHE A ey B A ] 1] 2
21517 918 Hjof AFS o] pHE 2.00.2 B gsto] Fafel
ethyl acetate 2 FE3}31 71=5ubsle] =2 AT 5= A
FE thin layer chromatography plate (silica gel 60, 70~230
mesh; Merck)of| & & &}o] o]5Ak(chloroform : methanol :
glacial acetic acid = 65 : 15 : 2, v/v) ©. & Z7}| & ninhydrini}
bromothymol blue A]2F© & Z+z7} ekl 2 ) 2|6} 271 & A8}
$337(Sharma and Saharan, 2014), & Z7]+= o|%5-A}K chloroform :
methanol : water =65 : 15: 2, v/v) 2. & Z7}] & orcinol A]2FS
2 JASte] 21 9] AL A5 tH(Nayak ef al., 2009).

mmol 2] glucose &

orL:L

SH =4
HE AYE 35] dhEalgon, A EAS SPSS v. 24.0
(IBM SASS statistics 24, USA) = o|-&3}o] =85}l ch 312
s ol s ol Al ittt 2 2l Abolof] SAIE o= -2
3} x}o]= Independent two-sample t-test & E3f] ZAFSIS T}
T Ao tisf] p<0.05 o FA 2 = F-ofjh 2ol 7k 3
oha g

s
Zot 9 o

OTA &Y Ti# AW Mz &

OTA £3]| o= A8 Y3t Coumarin HJ R & o|-8-5}o] T}oF
gt &4 9] EoF A|Rol| A E2]H 717§ 2] 1+5+(Choi and Song,



Inhibition of ochratoxigenic Aspergillus spp. by isolated bacteria « 229

2019) & OTA A3/ Zlatol tigt Frlatsol 7H -3t
FE=AF133 YR2260| it} =5
Slod &2 16S rRNA §-Z A} 7] 4] &€ -8 1)<+ NCBI database
o] 525 #3:9} vlaL Al, 22} Bacillus subtilis DSM10%
Streptomyces shenzhenensis 1721152} 99.0%2] AF5AS 1
Aok A #5220] 7|4 g-L 72 MN3057692F MN305738
2 GenBanke|| 5555111, 5= AAEALAEH(KCTO)
7SR THKCTC18741P W KCTC18742P).

fr
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i
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27 2y

A A U IR} WA A Agar spot assay o] 4] OTA A4
Aol thgh X B3-S ERIgh Eal 5ol o sfl s A]
ol 3t AR} A A Aol S 2 AT AFI3 7

F= ) 20 ¥|5HS] A. alutaceus KCCM 604212} A. fresenii
KCCM 60465 0] oA} RS- 7121 77.58%2}63.19% A 3115153
om, ZA WAL 717} 87.98%%199.96% AT YR226
FHE 0|2} RAIEM £ ] AL AL 20] ula)
Z¥7} 78.48%2} 75.82%, EA}F AYAS 7H2 98.69%2} 99.96%
A F N Table 1). ©)+= AF131} 5 321 Bacillus subtilis
CW14 F57FOTA A/ K9] A A 30.00% | gt
AR 22 A7}S) O w(Shietal., 2014), Bacillus sp.©] OTA
A R4+ A. carbonarius 2] EAF 241-8-20.80% A3 2
R} g 9-& o) 9 th(Veras et al., 2016). A. awamori KCCM
323169) 75 FAL A A= elkAIh @Ae] o] A
S =] A] kT s A Kt o] R Ao Rt 54 A
I l8o] HarE v} Ql=d|(Brodhagen and Keller, 2006),
AF131} YR226 5= A. awamori KCCM 323162] A3A-2
AASFA] AT, ZAF LS AR A o= Kol X4t 5
a2 S AT 5 S A= 7|k

ZA ol JA||: AF13 5= OTA A3 24t 352 322} o}
= izl HI3l 45% o)/ A o, YR226 = 4.

Table 1. Inhibiting effect of AF13 and YR226 on mycelial growth and
sporulation of ochratoxigenic Aspergillus strains

fresenii KCCM 60465 2] 3EA} Wrol=5 tf Lo v &) Z]th 99%
o} |5t tH(Table 2). AF13 #5350} YR226 F27} =4 A)
d Ztof ;2 Hrof A sfjof| o A2 0]l 0w, o= Bacillus
sp.7} Aspergillus sp. UCO2A 2] 322} Wo}2 24 5] A 8fjshch
= ARt W8 A o, thE 352 Aspergillus sp. 2]
SEA}Hrol oA A ket FAFSEA Y 3-8 7S LB TH Veras
et al.,2016). Z12J 31 322} Wrolo] § WA Q] A dfl= XI+to]
L7115 A XA, AE sH5S HaA v A+ 23S R
HF2ISE 4> Q) tH(Cavaglieri et al., 2005).

A Al Z) o A Rt A Z4 F= W3} OTA A4/ Xt

A w5 AF133F YR226% YES v A]of] A FE5to] 5
HjQF A, 2 0] AL R S5 B 1.023~1.082 go] 3L
oo AAE OTAE= A. alutaceus KCCM60421, A. awaori
KCCM323161} 4 fresenii KCCM60465 B %Fo| A ZF2}393.72
£2.32,5.95+0.429} 137.16 = 0.66 pg/Lo| otk #a] o] 7l
o AR 2 S OTA F e 270 Hsto] =2
7 oA STk, AF13 2 359] A1) AT A 97%
o) ANEHA.C.5, OTA 1= 0] o]l 2 99% 7t
A AZITE YR226 = 350) Mt AR 73% oA ol A}
QAL X5t 252 OTA AB/d5 100% 7541 ZATH Table 3). 3%

Table 2. Inhibiting effect of AF13 and YR226 on spore germination of
ochratoxigenic Aspergillus strains

Toxigenic Strain Spore germination
Aspergillus spp. inhibition (%)
A. awamori AF13 4545 +4,63*
KCCM32316 YR226 91.04 + 2.59%*
A alutaceus AF13 4541 £ 11.21%
KCCM60421 YR226 94,12 + 4,24
A. fresenii AF13 56.57 + 5.82*
KCCM60465 YR226 99.48 + 0.52%%*

* significant at p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001

Table 3. Inhibition of growth and toxin production of Aspergillus strains
with simultaneous inoculation of strains AF13 and YR226 in 15% YES
medium (30°C, 200 rpm, 120 h)

Toxigenic Strain Mycelial growth Sporulation Toxigenic Strain Inhibition of OTA decrease
Aspergillus spp. reduction (%) inhibition (%) Aspergillus spp. fungal growth (%) (%)

A awamori AF13 0.00 + 0.00 50.01 £ 0.02%%* A awamori AF13 97.82+0.01% 71.90 £ 0.57*
KCCM32316 YR226 0.00 +0.33 75.08 £ 0.03%** KCCM32316 YR226 73.36 + 0.04* 100.00 = 0.07***
A alutaceus AF13  77.58£0.17*%%  87.98+(.03%** A alutaceus AF13  100.00 + 0.00% 99.4] + (.81
KCCM60421 YR226 ~ 78.48+ 1.04%** 9869+ 0.0]%** KCCM60421 YR226 99.35+0.01* 99.80 + 0.45%%*
A. fresenii AF13  63.19+0.17** 99.96 + 0.00%* A. fresenii AF13 99.84 + 0.00% 96.86 + 2.20
KCCM60465 YR226  75.82+0.33%*% 9996+ 0.00%* KCCM60465 YR226 82.60 = 0.03***  100.00 = 0.05

** significant at p < 0.01; *** significant at p < 0.001

* significant at p < 0.05; *** significant at p <0.001
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O] Zatoll sl S Z50] 7H B Q1 YR226 wH5-2] 73
o Hjok 5 & ] 2|t 393.71 ug/Le] OTAE AAshH= 4.
alutaceus KCCM 604212 A9 w52} 5] HE A, 0.80
ng/L7HA] ZH A ZI Tk AF1332FYR226 w55 352 OTA 3]
A= YERE 7] o Eol(Choi and Song, 2019), Z2] A%
S Asfslo] Ea AYALE A A|SlaL, AR AP E A EAS
aItH oz Bajsh= 2l o2 Bolt} 31A] 9k Zhu 5(2014)2
FAHA S22 OTA A4 ol T3t 3F2ld-50] v x| &
Ao A= mapao] AT, AA) 2HEof 2-8-515E Holl= 3
o] Zaskqithal Huskqih opuf of g 2H4 2Qlo]
%1\% Ao 2 A E Y, ufebA AF1337} YR226 o5
ez gt &7 D asi

i) 01r
b

Mo oA OO{'
i

2
%
%

Xl

o
rA
b

=
Siderophore: Siderophore = 3}7 of]| Z#)|3}= 4 o| &3} At
st 7S A A ¥ ?JI_—J YA}

& AsiAlZI kAL
A 9lth(Husen, 2003). AF133} YR226 w52] vljoF Af
o & CAS agar W 7] o] - wellol] &7} A] =3-S 343}
siderophore AJAFS e Gk AF13 1} YR226 9] sidero-

)
—
(=
(=]

(A)

~
W

50

25

Siderophore production (UM

0 24 48 72
Times (h)

phore JAE 2A31Y = F F5F X7 ook 48 A 7F & 2zt
35.49} 96.7 M2 T RARS: HSITH(Fig. 1A). o)1= Nagarajkuma
5(2004)0] R 113} 147) Pseudomonas fluorescens w-F2]
siderophore AJAFFH T} B =2 Aato|ct 53] 147)] o

71 R AEEFo] A2 PIMDU12 w522} YR226 +1<72] 51der0ph0re
AMAEFS oF 324 oA} 2}o] 7} Ut

Chitinase: 214+ A|3EH 2] Z=AJELQ] chitin2 £-38}|5}-= chitinase
= TFR e e At Ale1d 4= 9lo.v(Parani et al.,
2011), E3tchitinase S A= n| AP E-L2 OTA A A9
AR A& 4= 91tk AF133} YR226 o+ colloidal chitin
A7 104 790 o A] 2k o] Fek ato] 4 E o]
5 9] chitinase AJAHS EHRIBIGICE 0|3 2447 7|2
f B 2T AT AFI3 5 ok 724 7ol 1.92
U/ml, YR226 #F= 1ok 96 A| 7t 3201 2.09 U/ml2] X o] &-A]
= YEH Ith(Fig. 2B). ©]+= Bl ¥ 24 A7} chitinase 2| 2+
S YeRH Zymomonas sp. 2] 1.68 U/mlE ) 212} 142} 24%
] =kS1(Ong et al., 2017), Rahmawati 5(2016)©] 2|3+
265425(1.46 U/ml)9} 315425(0.46 U/ml) @] o] 4= o) &
1 -8 Afolt).

C)
~
)
(95)
(=]

1

Chitinase activity (U/ml
[\
o

—
(=]

o
o

0 24 48 72 96 120
Time (h)

Fig. 1. Catecholate siderophore (A) and chitinase (B) production by strains B. subtilis AF13 (O) and S. shenzhenensis YR226 (<).

A _ 3

Protease production (U)

0 24 48 72 96
Time (h)

(B) 80
£

B 60 F
[}
&
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. 20 F
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J¢;

0 24 48 72 96
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Fig. 2. Protease (A) and f-1,3-glucanase (B) production by B. subtilis AF13 (O) during 96 h.
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Protease: A<t w557} AYAFSH= protease 7| LA} @Ho} A8 5
14 S A4S YEF A L(Dunne et al., 2000), ==
Fts2 A peptide 7ol ES A/ ske] ot =
e} QIth(Nagarajkumar et al., 2004). 2% skim milk agar
of| AF133} YR226-5 €41 =gt & uljF 24 A 7F qhof] AF13
FHHof| Erdglo] Tz o] protease TS ERI%H T AF139]
protease A/d-& ST, vieF 7241710 4.1 UR 713
=9}t K(Fig. 2A). ©| = Xylella fastidiousa 2] B4 1} S-AF5HH
(Maria Fedatto et al., 2006), Stenotrophomonas maltophilia
W8I1A1Z} W8IMI +#522] 0.8 W 0.8 U2] Edrc} w3kt
(Dunne et al., 2000). Bacillus <5 M|t-2 A 3 2] protease 2] I
= AR 2 Aef A Q) o m(Pant et al., 2015), B. subtilis AF13
o] A1k} protease 7} =4 A/ Xt WAISh= A= 4
172l o} 7154o] 7] e,

B-1.3-Glucanase: p-1,3-Glucanase = 2o A3 0] = Q AJE
Q] B-1,3-glucan2 H-3}|3}= A ZA] chitinase 2} $HA| A+
A ool %2 5F I 5k-S- Stci(Fridlender ef al., 1993). Peptone-
bouillon-yeast agarE ©]-83F B-1,3-glucanase 4 A} A
YR226 v == T 7F B A] QEQEAL AF13 g =1
o= T8 7} & /d = o] AF13 o= ¥F2] B-1,3-glucanase 43
4to] SRQ1 = Qlek. A wF Al Al vl &F 48 A1 7HA o] 68.4 U/ml 2]
o A4 B UEhd & A 43| G4k ick(Fig. 2B).
Trichoderma asperellum T002] Z|t] &AJ o] ¢F0.6 U/mlG ¢l
Zo]| v]3fj(da Silva Aires et al., 2012) AF13 w5+= 2F 1004}
o &2 B-1,3-glucanase T4 e STt

ARG EZ: H LG mBE Ao Sl whet =
<+ 3 AR AEAHEd S 4 o] 53 WL QITH(Banat
etal.,2010). v Fo] Ailtel= AW EE-2 SetA UL
QAR RS 5, w2 ARel A e HeHd T A
L2 714 a1 )t (Kretschmer et al., 1982). AF131} YR226
FO MG AT BF AR5 WA HEg e AU ES B
Rom, iF 5o S S5 Al 2719]63.7 mN/m<
AF13 5= v 9F 48 4] 7o) 35.3 mN/m =, YR226 w5+ 1]
F 120417k 37.0 mN/m 2 ZH2=A| Zi T, o] 5] BAkst= 7|
HEHMI =40 J& TLCE A=, TLC & T
o G AjoFo = HAEEYS W) AF1T v} o2 ninhydrin )
bromothymol A]oFof oFAJHES-S- H 9 © 1] YR226 HjjofoH-&
orcinol, ninhydrin 2! bromothymol A]9F H=of & %] i},
=53], Nayak 5(2009)©] A7} 27102 TLC 28] A] YR226 3=
Z&9)| A Pseudoxanthomonas sp. PNK-04 7} AJAFsl+=monor-
hamnolipid ©] RfZ}7} 5Lt 275 B ow, g TLC &
3& Sl mo] Rt S 2AFA| Rk A A B

N

o

ot |
ro
o o

O
e o
4 o

<

LERsTh £ g o] @]of|, thamnolipid= A4, 34l
4 8 o) e 2= A0 2 el ok Stanghellin
and Miller, 1997). T3} blood agaro|| Al+F #-F2 A1 vjFs}
& W AF13 ool A -8 & /o] Uehsteh(Z 2} vl A A).
B. subtilis ATCC 213327} 234 1= AHEAJE-2 2l surfactin
o] 88 &AJo] Qlttal B 1% Q) =1|(Das et al., 2008), AF13
T surfactin] A 7HsAd o] 2ok 3R YFAF133} Y226
7 AYeLE eket B R AHe A o] s 3

714jQl o] @ sl

5 2

Ochratoxin A (OTA)= 2 Aspergillus7} A3 A= A+
50 st A% B2o) Eok LA BAR 7} 150
A7%e sk ek & A9 =242 22 Alwt?] Bacillus
subtilis AF133} Streptomyces shenzhenensis YR2262] OTA
A Aspergillus 5o Tt A7 OTA A4 Aals =
Ato|t}. OTA A Al at52 <A AT 3221 /g of Tigh
PRS- 7P ol A AF 133} YR226 17212 5-5H]
oFo] olal] ZALE| Itk AF13 2} YR226-2 109 HHoF % 215 3

= 4
& 99%7HA] A5kt YR226-> 3 A X+t +F
AFol e 91% o)A ZFA A FATh. Yeast extract sucrose
" RO A Aspergillus?} AF13 = YR226 75 SA| Ul
S 1) Al 5 A BF A A OTA AAo] 72
3t} 3] AF13-2 4. alutaceus 2] F-AHA| AAE 23] A
a5kl OTA A/d-2 99% A=Al F 0w, YR226-2- wFAHA] A8
A3} E A AAS 99% 712 A SIS AT AF133} YR2260] A
A 5= A& A o= siderophore, chitinase, protease, -
1,3-glucanase 2} biosurfactant 7} 3ZHE| T}, o] Au}= AF133}
YR2260] 4xA87d Xgt S 27 71 Q= FAHES Hos)
=S o R o8 4= qlom, teba] Fat ALR
Atdoll A AAA gsiE Al 4 & Aolch
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