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The purpose of this study was to investigate the aflatoxin B; binding of lactic acid bacteria (LAB) isolated from
Korean traditional soybean paste and to evaluate the effect of incubation conditions and physico-chemical factors on
the binding ability of LAB to this mutagen. The amount of aflatoxin B; bound by Enterococcus faecium DJ22,
Lactobacillus fermentum DJ35, Lactobacillus rhamnosus DJ42, and Lactobacillus pentosus DJ47 was strain specific
with the percent bound ranging from 19.3% to 52.1% However, Enterococcus faecalis DJ14, Lactobacillus panis
DJ29, and Pediococcus halophilus DJ50 strains did not exhibit any of the binding ability to aflatoxin B;. For most
strains, the binding ability was significantly affected by the environmental conditions such as the aflatoxin B, level,
incubation time and temperature, and the initial cell count of LAB. The stability of the aflatoxin Bi-bacteria
complexes was significantly more unstable after washing. In addition, the binding stability between viable and
nonviable cells was not statistically significant. Treatment with heating, acidic pH, a-amylase, protease, lysozyme, or
sodium metaperiodate caused a significant (P<0.05) decrease in aflatoxin B; binding for the tested strains,
suggesting that carbohydrates or proteins in the cell walls may be involved in aflatoxin B; binding ability. Since the
aflatoxin B; binding of LAB was significantly reduced (P<0.05) by the pretreatment of the urea, the binding force
observed in this study may have resulted from hydrophobic interaction.
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A= SAHO|E HZt 7Pt AGA| 2 AL e, 718, |
o9 oA & 2o] T (Reye syndrome) 5 U247 AHE
el g FEEATH g8 #y ohlgt s3E Hr|2 Qg
gt FAY EHE 254 Erh(Eaton and Callanger,
1994). ojzigt Aol Yho] Ao FHE %% DNAY| Wo|
o &Aoo = sl A, SN EsST 22 W =Y
4 A% 5 U =, Holdof gt f-47] ®lol= i
gre] sl M R4 HEY 4 YUrhFearon and
Vogelstein, 1990). Aflatoxin< ol = ofj-$- QHA3lo] 714E A2
who 2 B4} B7] ofei gl A F7HA LeiA e 2
52 Ajejo] ol FESh e B} deh &4, Fol A,
23} 2.9 @ The] 3] ARl ofFt T A S0l EAAC]
o] Aof3}7] P th(Galvvano et al., 2001).
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o L AHE SHHO|UE AAT EAHO| S JAT Et
oflz}t 22 A%k GA|Z F4]& JASk=t] aTHo|gh= B
7} Qlth(Ferguson, 1994). fAREL aflatoxin B2 H| &3} S
Fo] z8]1H4 = 2HA31= heterocyclic amines, benzo(a)pyrene,
nitroso Z}HE 2 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide (AF2)
Y Aol HrEA thgt A|A &7t B = ${rh(Lankaputhra
and Shah, 1998; Sreekumar and Hosono, 1998; Lo et al., 2002).
Probiotic Lactobacillus <& aflatoxin A4S A af|gto 2 A
ere] 48 54 Asfste] o TS JAIsts AR
&2 A lth(Karunaratne et al., 1990). Probiotic -FAMF-S A}k
oy SEY] 77l o|2E FEE nAEEA FARE T
Sk 845 JAISHL, R 54 A7, i Wl o
A S £ol= Ao R HE T thBurns and Rowland,
2000). FAFl g F=Av ol Foaate] et oA Y
F2 oFA HE A2 FUARE, AR E1E Hiel o5 &
ARF9] tAREEY] Q& SRl LS A AT AR dA
QltH(Hirayama and Rafter, 1999). T3t -G-Ab#2] A|32H 1o
Ed¥ol S SN A FEAHO FAE U= AeR B
TE glom, e o] JEL EAHo Y Ada S84}
o] 83 92 3 (Wollowski et al., 1999). Lactobacilli®}
bifidobacteria+= aflatoxin B;2}+2] Ao o8] o] S AAt
= Ao 7 YA =d|(El-Nezami et al., 1998b), 015 A|EH |
ZA)5l= thd-F2) peptidoglycano]] o HE aflatoxine ZAHA|
ZIttal B 1] Qitk(Lahtinen et al., 2004). 0|2} Z+& Aglof 9]
3 aflatoxin By AA AUZL ol@ mabolut Baze] Top
& 2% So Belx wpde] o8 Uehdri okeiA ot
(Pizzolitto et al., 2011). Watx] F=dHo] AL U3st=
probiotic -FANFS AEME 2 ARESe] 22 YR AIE, Alo]A8
BHEA 9 A7 754AE TY A=z o] & A dH &
AL AN ZN 2HF9] A o 9 A7-E A7
= E22 & 5 U2 A0 BER AgH o2 o &g 717} =
2 Ao 2 d A= HGomes and Malcata, 1999).

2 dFAe 48 SFeERY Eed fA g
aflatoxin B, 2] 23 A =S HPLCE o] &3}lo] BAFo2H 3
SdHo| =2 dolH 112} St} EST aflatoxin B19] B&, A|E
sfe] WS A7 8 LI, 27] A|Eo] WE ARG ¥lLate
Tk, Ea, pH U FEAE B ZsEd At
aflatoxin B, ol that Akt A2 Aol v|A)= FFS 4
m 2gkth of&d, aflatoxin Bi-3AME B3| 9] Ag ot A a}
A= of A3t aflatoxin By %& 7335
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A 23 2

At 7Hg oA Alzste] 18 oY s/ E A7 1152 735}
EaAo g 2F3t A& 45 g& phosphate buffer saline (PBS,
pH 7.0) 450 mlE E§3t 5 283 £47](Waring Product
Division, USA)Z o]-83}o] shafahsict. AIE-8o4e 471 514
HoZ 5]43}o] Lactobacilli MRS Agar (Difco Co., USA) 3§

R o] =tste] 37°CoflA] 48417 ujdet & HF A FAE
T ERUE 2 7ES &4 B3}t 20% glycerol (v/v) Wojl B
st A Aol AHESHTE B 5= MRS agar AFHBY
A Aol A 33] Al wjfste] B4 ¥ v aflatoxin B; o]l
i3 2% Ao AT

A8 32F d
AetE] #5= API 50CH 2-2 API 20 Strep kit (bioMérieux

Co., France)E o] &3} g Eill'5S RAFSHETE 16S rRNA
sequencing 3}7] ¢J3l A¥ #F= PBS (pH 7.0)o] F-8A|A
100°C oA 10427F 7FE 3 F 4E2](12,000%g, 104, 4TC)35}od

2 AS5N-S DNA template2 ARE-5F9 1, 518F (5-CCAGC
AGCCGCGGTAATACG-3"2} 800R (5'-TACCAGGGTATCT
AATCC-3') primerg AR5} 16S rRNA A X} polymerase
chain reaction (PCR, Bio-Rad Laboratories Ltd., Canada) S =
FEZXH T PCRZ 97C oA 587 E B4 F 94TColA 18,
54°Col| A 30z, 72CollA] 1489 TFE 303 ghE3E & 72°C o
Al 487 AFNEE AASHRL, SEHE DNA= A795S
Z3 band= &<13 T QIA quick PCR kit (QIAGEN, USA)E
AAISIATE BAAES sequencingste] RAE F7AEL
GenBank (http://www.ncbi.nlm.nih.gov/)2] database®} H] gt
& BLASTN program (version 2.0.8., Altschul ez al., 1990) 2.2
FE/dS ANt S ERlEtt

HH=Z40f 2 QAR MIZQ} aflatoxin Bi2| Z3E}2d
AE F5E MRS brotho]] g3t 37C ol 4] 244171 vkt

=, S AHET(7,000%g, 204, 4T)dte] Az} vk A5
HE Fejelgict A|2Z+= PBS (pH 7.0) 2.2 23] Al&sta 2F 4=
1.0x10'° CFU/mlZ 245154tk Aflatoxin B benzene-acetonitrile
(97:3, v/v)oll =544 1000 mg/L2] ‘s-of W& &, Fr2m=2 YellA|
80C, 1087 71485t 2ullE 3]dkA]7]| 2L aflatoxin B;-2 methanol
of| BAAFE AR AlEe] Aol tisth aflatoxin B, F%=2] F
S A E 7] 93, aflatoxin B2 PBS (pH 7.0)2 ARE5}e]
2.5,5,10 2 20 pg/mlQ] HE2 A3 2o 1.5 mlE AE A
E(1.0%10'° CFU/mI) 2} 37C ol A] 24417t HESAI7] & E00] 35
o mE fANF AlZete] Z3HES SIS Aflatoxin B3t
AT Azl gt o] tigh viFAlze] FarS Loty $3l,
Sk HJ%(1.0x10"° CFU/ml):= PBS (pH 7.0)01A A2t &
aflatoxin By €(5 pg/L) 1.5 mlof| A7}51e] 71 A vortexing gt
50| 37°Col|A] 12, 24, 48 L 72A17F vljfste] HjFA|IZe) e Z
A FRISHITE Aflatoxin B, 3t 5-4ht All329] A2 ol thgh vl
F2w o] YIS BIE] Y, SARF HIZ(1.0x10" CFU/mI)
= PBS (pH 7.0)Z A|A3t & aflatoxin B; &H(5 pg/L) 1.5 mlo]|
Z3lste] 71 A vortexingt Fof 4, 25 9 37°C |4 24417 2
g ujofste] il e A Belstgitt. Aflatoxin B,
3t G4k Mz o] ZeE ol tigh Alzae] 3RS 2ARE| 8,
LA A ESE mIY 107, 10°, 10° © 1002 247 2 A8t A=
£ aflatoxin B €H(5 pug/ml) 1.5 ml F7}ste] 37°CollA] 24417k
HjFste] fAb Al EZro] w2 A S Felaksich



QAR M|EZe} aflatoxin Bi2| A QFM
AR A|229} aflatoxin By E31419] HIE4E &

af) HjF A M| AT 3 2hEdte AT S ST FAE Al
#(1.0x10"° CFU/ml)¥= PBS (pH 7.0) 2 A 23t 5 A=A The
aflatoxin By £9(5 pg/L) 1.5 mlo] H7}5te] 7PHA vortexing
3 0] 37°C ol 4 244174 Bttt Aflatoxin B, -} et
A|3E= Milli-Q water (1.5 ml)o]] FEFA]A <F 1527t vortexing
T F 2o A 1027 #HA] sk A4E2(7,000%g, 204, 4TC)
sfo] e AMSOLS HPLCR ARHES S4aioich Wik + %
33] Aot} AgelS EATe 24 aflatoxin B2k A|Zo] 2
S eIttt

Aflatoxin Bi2| Z&l=ol| FeS DIxl= 2SN x2| =

Aflatoxin Byol] thgt §ARF Al £ A FkZ nX|&
gelslela Ae) 208 Slshy] 98, $AHE A vorole
YAIEE(7,000%g, 208, 4T)3to] 83t Ak A E(1.0%10"
CFU/m1)E- 80 C o] 4] 30, 100 C o] A 202 & 121 C oA 15&
7H7HE AT AF WA A ek B A SIES SE
7} vortexing gt th2 aflatoxin By £94(5 pg/ml)3} 37°C of| 4] 24
AIZE HFAIA A S48t E3 pHO| F3FE AR
7] 93, glycine-HCI buffer (pH 3.0), acetate buffer (pH 4.02}
5.0) 9 phosphate buffer (pH 6.02} 7.0) 100 mM Ujo]] -F-AkF
MZE A1 F aflatoxin By &H(5 pg/ml)d} 37°Cof|A] 24
Az A A 2EEE S5 24 IS AHET)
3, AAE2te] Qol AE PHE(1.0x10" CFU/mD)E
a-amylase (50 mM sodium acetate, pH 6.0), protease (50 mM
Tris-HCI, pH 7.5), lipase (50 mM Tris-HCI, pH 7.5), lysozyme
(50 mM sodium phosphate, pH 8.8) &-o]] AEFA|A 37T of| A
2A17E B3 HEEAIRL 2 100C ol A 587 7HEsto] fas W&
A A1) T aflatoxin By €-H(5 pg/ml) @} 37°C of| 4| 24A)7F 1l
WA AT ZARBIGTE T, SARFe] Al Y- E(1.0x10"
CFU/ml)-2 50 mM NaCl, MgCl, & 8 M urea 20| z+z} 37}
3}l aflatoxin By (5 pg/ml)T} 37 C oA 24 A7t vl ksl
t}. Alt}7} sodium metaperiodate (50 mM)+= 37C ol 4] 24AX]7F
it & vl B =5 ethylene glycol TH&-& Ho|=g
metaperiodate S o} 3FE T ZH2Fe] 2 A o)l A] vl ot uljofol-2
HAEE](7,000<g, 204, 4 C)3to] Al JHES 3|4=51aL PBS
(pH 7.0)Z 23] A2 T aflatoxin B, Z+S] A3 Z 4t

QAR MIZHol| ChSt aflatoxin B ZEH

QAFFO] A|ZE-2 GopalT Reilly (1995)<] B o] ula} &
v|3l T} &, SAkE A ES 1.0x10'° CFU/mIo| @3] PBS (pH
7.0)0] FEAIZ] A F3-ol-g A4 E2](7,000%g, 20+, 4C)3t
of 42 JAH ANlZ= PBS (pH 7.0)0 FHAIZH: o5 ¥+
E SollA 102 HH o2 25wt S8t la, Al o422 9
A22(1,000%g, 102, 4 C)}ko] A A3} T} ©] 5 MRS agar 3
HufR]of] =kste] 37 Cofl A v wf A2 9 F4)S I8t
of ANl27} g HASS SRS A2 gaES 4ToA
15,000%g9] &&= 2587 Y4Eeste] 345t YAES 15

Aflatoxin By ol| thgt fA4kt] 23 255

mM NaClZ 23], 50 mM Tris-hydroxymethyl-aminomethane
hydrochloride 2 A& gt th2 10 mM PBS (pH 7.0)¢]] FEA|H
t} 50 pg/ml RNase?} DNase-& A 7}ska 37 Cof| A 90&71 vl
FstaL, 15,000%g, 2587F HiEelste] dojzl Alzd &2
PBS (pH 7.0)2 thA] A& st th2- sodium dodecylsulfate (SDS,
20 g/L)2 AstaL AlszutE A AsE7] 18l 70C oA 2417t 7+
A2 sttt SDS &S AATH7] 18l o= 21| PBS (pH 7.0)
© 2 NFsta AHET JAENA AlZHE Ao aflatoxin

B3] 3YHS 235qch

HPLCOl| 2|st aflatoxin B2 =X

Z4z7e] 2o A frikt A8} aflatoxin By 84S w3t
& UAEE|(7,000%g, 208, 4C)3te] ozl AL 345}
of Alz2=RE £ aflatoxin B9 g5 SAsIA o] &
AlZ+= El-Nezami 5(1998b)9] HI'H-& X ¥HEP3s}e] HPLC
(Shimadzu, Japan)©] ODS Spheri-5 Brownlee C;s column
(220%4.6 mm, 5 pm; Perkin Elmer) 2.2 EX35}¢gc}t. HPLC
systemo]= dual-pump model 400 solvent delivery system,
model 980 programmable fluorescence detector 2 Rheodyne
injector 2.2 LA E At Detector?] o7 T3} 365 nm, B ok
2+ 418 nmoj|A] ©]FARE water/acetonitrile/methanol (6:3:1, v:v:v)
= ARESHA AL, 452 1.0 ml/min & 2 o] AT A& FUF
250 plo 2 BRI, HE AIZHE 2k 9580 2 Sy fAHE
Ajazof] B2t aflatoxin B1 9] AT (%)< the Alof whet A4
3t A& (%) = [1-(A &9 aflatoxin By peak A3 [ |2
9] aflatoxin By peak H2])] x 100.

Az

% 33] 2A35lo] A& kS SPSS (version 12.0) program 2]
Student’s t-test& F3f P<0.059|4 =49t AL A%
= 7t F9A QA Aol & Felsk)

AT @

SAE AFoRRY F 759 HAtE Adste] & Eals
9 16S 1RNA G7|AE &4& 53 533 A= Table 137}
Zt} DI14 #5= glycerol, D-glucose, D-fructose, D-mannose,
cellobiose, maltose, saccharose 5-2 E3l5H 4= 913 21}, D-arabinose,
inuline 5-& B3 4= glo] & Bl A} Enterococcus &2
2 3Ro1E|Qith EA]4L 16S rRNA 7149 B4 A3} Enterococcus
faecalis JCM 5803 w52] RNA wjE3} 99.8% LA}t
DJ22 w#+= galactose, D-glucose, D-fructose, D-maltose, melibiose,
trehalose 52 E3& 4= 2199 HHH, D-arabinose, D-mannose,
cellobiose, saccharose, inuline, D-raffinose 52 &35t 4= §lo]
API kit Ao A= Enterococcus £ 2.2 3FQ1E]9 91}, 16S tRNA
G718 B4 Aol A= Enterococcus faecium d5Z T
=it} DI29 #3+= galactose, D-glucose, D-fructose, maltose,
lactose, melibiose, D-raffinose 52 Eag 4 9" vhH,
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Table 1. Identification of lactic acid bacteria isolated from Korean traditional soybean paste by API kit and 16S rRNA sequencing

Genotypic identification

Strain ~ Phenotypic identification — - — Identification
Related strain in NCBI (Accession No.) Similarity (%)

DJ14 Enterococcus ssp. E. faecalis JCM 5803 (AB012212) 99.8 E. faecalis
DJ22 Enterococcus ssp. E. faecium ATCC 19434 (DQ411813) 98.2 E. faecium
DJ29 L. fermentum L. panis DSM 6035 (X94230) 97.8 L. panis
DJ35 L. fermentum L. fermentum NBRC 3956 (AP008937) 99.6 L. fermentum
DJ42 L. rhamnosus L. rhamnosus JCM 1136 (D16552) 99.9 L. rhamnosus
DJ47 L. plantarum L. pentosus JCM 1558 (D79211) 99.9 L. pentosus
DJ50 P. pentosaceus P. halophilus 1AM 1676 (D88668) 99.2 P halophilus

Table 2. Effect of aflatoxin B, level, incubation time and temperature, and bacterial cell counts on aflatoxin B, binding by lactic acid bacteria

isolated from Korean traditional soybean paste

Aflatoxin B, level®

Incubation time*

Incubation temperatured Bacterial cell counts®

Strain Control* (ug/ml) (©) (CFU/ml)
25 10 20 12 72 4 25 107 10° 10°
E. faecalis DI14 ND ND ND ND ND ND ND ND ND ND ND
E. faeciumDI22  37.71.8 36.1£2.4 392433 35623 19.9+2.3* 269+2.4* 24.0:£2.1%  15.1£12%  194+1.9%  223+14% 273+1.9% 30.0+1.8*
L. panis DI29 ND ND ND ND ND ND ND ND ND ND ND
L. fermentum DI35 312434 251+1.9% 299+14 30.542.0 32.642.0 294421 26.9+1.9*  19.9+2.3* 274423 281422 272419 32.0+1.7

L. rhamnosus DJA2  52.1£1.8 40.0£2.7% 49.1£2.9 50.1£1.9 454+1.7* 49.8+3.4

L. pentosus DJ47 ~ 19.3£2.0 10.4+0.9* 20.9+1.9 18.4+0.8 18.9£1.5
P, halophilus DJ50 ND ND ND ND ND

52.7+3.1 56.7+2.4 54.0£02.3  33.442.9% 357+2.4* 42.2+1.9*
20.1+1.4  16.0£1.7*  10.6+0.8* 16.0£1.7*  11.6x1.4* 12.2+1.8* 17.3£1.3
ND ND ND ND ND ND

10

Bacterlal pellets (1.0x10"" CFU/ml) were suspended in 1.5 ml of aflatoxin By solution (5 pg/ml) and incubated for 24 h at 37°C.

10

® Bacterial pellets (1.0x10"" CFU/ml) were suspended in 1.5 ml of aflatoxin By solution (2.5, 10 or 20 pg/ml) and incubated for 24 h at 37°C.

N Bacterlal pellets (1.0x10"

10

CFU/ml) were suspended in 1.5 ml of aflatoxin By solution (5 wg/ml) and incubated for 12, 48, or 72 h at 37°C.

¢ Bacterial pellets (1.0x10 CFU/ml) were suspended in 1.5 ml of aflatoxin By solution (5 tg/ml) and incubated for 24 h at 4 or 25C.
¢ Bacterial pellets (1.0x107, 10%, or 10° CFU/ml) were suspended in 1.5 ml of aflatoxin B; solution (5 pg/ml) and incubated for 24 h at 37°C.

"Not detected.
Data are means+standard deviation (SD) from triplicate determinations.
* Significantly differ (P<0.05) from the control group by Student’s t-test.

1:01:!

RIS L

E‘I‘BA

B QJJ- Lactobactllus Sfermentum 2 2 Q1 F

A2}, 16S rRNA 7| G E438t A3} Lactobacillus panis
DSM 60352} g7|vj<do] 97.8% UX|5tgith DI3S #5+=
galactose, D-glucose, D-fructose, maltose, melibiose, D-raffinose
= o B3 2 9lgd by

g

amygdaline, cellobiose, gluconate

5o B35t 4= glglon g2 of B Solst Aw} L. fermentum
o 2 3olE|gj o1} 16S rRNA ‘37] Ag BA4T) L fermentum
NBRC 39562} 7|8 0] 99.6% LA|SIT) DI42 w5 galactose,
D-glucose, D-fructose, maltose, lactose, melibiose, D-raffinose,
2 B3le 4~ 9I%E vhH, amygdaline, cellobiose,
=0 B3t 4= Qile v 2 o B A} Lactobacillus
rhamnosus= Q1 =90, 16S tRNA G7|A<E B4 A} L.
rhamnosus=2 EAE|Qch D47 4F=

D-fructose, D-mannose, mannitol, cellobiose, lactose, maltose

o%ongtl—

gluconate 5

= galactose, D-glucose,

3} 31, amygdaline, inuline, D-raffinose 5 &-3al|&t
- ‘341\?1—9‘31 3 B35 A= Lactobacillus plantarum 2.2 1}
A7 B Lactobacillus pentosus ICM 1558 5=}
E2A54(99.9%)2 E itk DI50 5= L-arabinose, D-xylose,

galactose, salicin, maltose, lactose 5= H3[& 4= AR 2L,

T 2 4 e

B350l A= Pediococcus pentosaceus® Q1= o1}, 16S
RNA 24 A3} Pediococcus halophilus2 FX =] ith. whahA
H A oA "o 2R E BeE §AMES E. faecalis DI14, E.
Sfaecium DJ22, L. panis DJ29, L. fermentum DJ35, L. rhamnosus
DJ42, L. pentosus DI47, Y P. halophilus DJ502.2 s} th

HAolA Belge nlEL F2 YIA #2224 Yoo 5
(19990l oJstd, f2vet As Bl e thdst Bacillus
spp., Micrococcus Iylae 2 Cellulomonas flavigena 50| T2
EE ATk skGich ESF Lim 5(2006)2 B0 2R E 3ef
A8 JEM = Lactobacillus cellobiosus7} 22 E vf 9l o,
Cui 5(2012)0]| k=9, F=2| X5 L& O =HE P. halophilus
aEo0] L-F o7 et o, 11 Qo= L. panis, L. pentosus,
Lactobacillus vaccinostercus 2 Lactobacillus collinoides S-©]

w2 = oAl RSt

Aflatoxin B; Sk, HIZA|Zt U 229 x7| Z40 U2
AR MiEZeto| A

Aflatoxin B, 2} fAt 2] 2 o] tjgt 49| 5=, §hEA]
2%, 7] NES0 YS AmE Fik= Table 291 72



t}. FA oA Bl 729 At £ E. faecalis DI14, L. panis
DJ29 9 P. halophilus DI50 w5+ aflatoxin B;o] tjgt A%
2 YEMYA] &t SHARE E. faecium DI22, L. fermentum
DIJ35, L. rhamnosus DJ42 Y L. pentosus DJ47 #4-FE2] A&
421.0x10" CFU/ml%:= aflatoxin B, 5 pug/ml2} 37°C o]l A 24A]7F
"R 7] = E9t 19.3-52.1% A X2 aflatoxin B; 23 a3
ehfolch Ag 45 5 aflatoxin B9 tit L. rhamnosus
DJ429] AgEo| 52.1% 2 7V =4 e o H, L. pentosus
DI477} 71 2 7k Btk E. faecium DI229] AgHLS
aflatoxin B19] =0 FFS x| LJAT, L fermentum
DJ35, L. rhamnosus DJ42 Y L. pentosus DJ47 4F52 2%
22 aflatoxin B;2] HX7} 2.5 pg/mlQl Z-L-of= 5 pg/ml Bk
frolatA F3EeLk(P<0.05), 103} 20 pg/migl 790l =tz
o & ZpolE HolA] gtrh viFATte] 2 nX = IF
£ A B A3} E. faecium DI22%E aflatoxin 5 ug/mle} 37°C of
A 24017 iR A7} 12, 48 F& 72417 Hjeket ATt
O =UTHP<0.05). L. fermentum DJ35%} L. pentosus
DJ47 T45F29] 7%, 12, 24 W 48A]7F v} o3t 9o += aflatoxin
B ol gt Ao 2 ztol7t g1l o, 72A17F s o
L 238 AgE o] AAETh AR L. rhamnosus DI42=
24X 7t B Al 12A12F Boh A o] o w3k 72417 v kg
< T} v 20 E KA HFLEY TS 24}
St A1}, aflatoxin B9 )3t E. faecium DI22%} L. pentosus
DJ479] AgE-L2 37C71 23 =2 A 4T2F 25 C oA ik
S g}t §oJ5HA =/UTHP<0.05). L. fermentum DI35=
4T g o F-oobA IR, 25C 2} 37T ol A v
= H|23 259 A¢ES B9l ¥, L rhamnosus DJ42+=
ik o] BAglel 4% 2FEE Uitk 3, E
faecium DJ228} L. rhamnosus DI429] N|3E:7} Z71844-5
aflatoxin B, °f| o3t 2§22 =4 Yelth L pentosus DI47
o] F2-= 10° CFU/mIY u] Ag o] 10’7} 10° CFU/mlE T} g
Egor}, 10° CFUmISH: §23t xtol7} ¢iich 2y
aflatoxin B,9]| T3t L. fermentum DI359] ZAE 22 A|E49
ke ke W bR AT hE el

Peltonen 5-(2001)2] X 110o]] wk= /, aflatoxin B, o]] tjgt -4
o) Agee FEol ujet ks eldke ), Lactobacillus
22 17.3-59.7%, Bifidobacterium 42 18.0-48.7%, Lactococcus
£:2.5.6-41.1% 9] aflatoxin B12 Al Z o] ZSAF T o|AH #
24 aflatoxin Biol gt A% $-918 Tol7t e ol
£ Algubc AEEs AEs 220k 42 2] geel A
2 BUsIHty. Lactobacillus amylovorus CSCC51979}F L.
rhamnosus Lc Y= aflatoxin B, 97} &3 2B g Aglso]
T2AZE BRAe= 50% ol AFEE FAISHIL, WAz
Z7V4E L. amylovorus CSCC 51609] 2382 AAF o2
Z7V8= AgS HEth El-Nezami 5(1998b)o] <314, L.
rhamnosus GG 2 Lc 7054FS5L YA S aflatoxin BiS
80% ol ARAIRL, T2At S¢ele =2 ddES /A8t
Gkl Buskgit. E3 A Z4=7} aflatoxin B, 2] AJA ¢ Gk
& A Ao vtehd 27] #4527} 2-5x10° CFU/mI o] 44
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o] aflatoxin B;-& 9F 13-50% A A= 1L, L. rhamnosus GG}t
Lc 705 Zz+e] Ag<4=7} 2x10" CFU/mIQ] 7<-o]l= aflatoxin
B2 99%9} 87% AAT 4= Atk stk 18] aflatoxin
B 22 g2 roE FFS Wol 37C oA 7P 52 2
TS YeR Tk st Aflatoxin B9 5=71 S7HE
E AAE S td ST oW, SRl @ 2fo]
L ofgltlar 3}th El-Nezami 5(1998a)2 aflatoxin B2
=7t Z71EE Nl=o A8H aflatoxin B, 2] 2 A9 o
AsHA FA = ATk =T, o= Aotgles A= A7) Hol
A &"o]| 93] aflatoxin Bi7} A AlS] A2 1448 2
AR = Aeg =4k 5HAIRE, Lee 5(2003)2 Al
Az F90ol 9l aflatoxin B, 9] &7 5245 A2} A3
28-5H= aflatoxin B, 9] A3 &= F7HE ATk B alshglt.
upabx| o)Ak AILE 2 9FstH, aflatoxin B¢ tfgt g-AkF2
22 F5ith 593t Afo] & Hol=t] o]« aflatoxin B, ]
AdEE Az 1271 27] gZ] AR P7Ey, 4
9 T, TREAIZ 2 259 7] M|l 24 5o v 27 et
A I aflatoxin Bi& AFA|7|= &9 AE= o Zfo|7t 952
& 4= A

Aflatoxin Bi0f| CHSt R4EF MZES| ZE=o| FE2 OXl=
Sz X2 =A

Aflatoxin B 3} §-AF Al 32 2] Ao gt 714E, &4, pH,
F40]L, urea Y sodium metaperiodate 2] %3S At E A1}
+ Table 33} Zrt}. Aflatoxin Bof| )38t E. faecium DI229] 2
22 80T oA 308 AEdt Ao HAEA §dgton,
100C o)/ide] 2=oflA 7HE3t A --olle FskA Fa= At
(P<0.05). E3l lipaseofl= F3S 2HA] YA TE, a-amylase,
protease R lysozyme A 2|3t 7--ofli= ol vls] A= o]
FYoHA A=A A WA= 49 pHolA = 23
o] FYsIHA o, pH 4.0 oJsloll A= FosHA W2 2 B4
TH(P<0.05). 18]3L NaCl, urea ¥ sodium metaperiodate®] 2]
A A2 A HAEUES AT L. fermentum
DJ359] =T A3EL 31.243.4% JAE 2 UEGEY 121T
ol A 1522] 7+E X 2]¢} pH 3.0-7.09] oA = =9
AR ArEo] AEES [FASFAT EZ a-amylase, lipase,
protease, urea Y sodium metaperiodate * 2] Aloli= ZEE 0|
e ZAaEgeY, fo3 Tk =52 ot spARt
lysozyme 2] A 2]o] o)A th=tof vlaf & 50% HE=o] &4
o] ZAE L, NaClat MgCLol| oJsiA = -2 Hro] A%
o) AT THP<0.05). L. rhamnosus DJ42= 80C of| A 30&
7He Aoz 2| st e, 71E AY 220 2
TE A= o] AA|SHA @A ATt Lysozyme, urea & sodium
metaperiodate] 2o oJs| A A o] FostA FAE U
(P<0.05). 3Kt pH 3.0-7.0 H$Jo X2} a-amylase, lipase,
protease ¥ 402 Ao M= ZFHL vlwd HAsich
Aflatoxin B;o]] i3t L. pentosus DJ472] AL Fof ufj-$ ¢t
Aot} 121 Col A= A9 w3gle B8-S FAISH kATt
lipaseES A ]t amylase, protease ¥ lysozymeo] &J3l4 Agt
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Table 3. Effect of physic-chemical treatments on aflatoxin B, binding by lactic acid bacteria isolated from Korean traditional soybean paste

Physico-chemical treatment Strain
E. faecium DJ22 L. fermentum DJ35 L. rhamnosus DJ42 L. pentosus DJ47
Control” 37.7+1.8 31.243.4 52.1+1.8 19.3£2.0
80°C, 30 min 36.9+1.7 29.9+1.4 50.042.2 20.8+1.4
Heating 100°C, 20 min 30.0£2.4* 28.5+1.2 45.7+3.6* 18.1£1.7
121°C, 15 min 21.1+2.2% 32.142.1 26.2+2.1% 19.7+2.5
a-Amylase 14.4+1.9* 29.2+1.5 50.843.4 12.4+1.1*
Lipase 36.9+2.9 28.8+1.7 51.6+1.1 20.2+1.7
Enzyme
Protease 20.0+3.8%* 27.9+1.8 50.242.3 13.3£2.0*
Lysozyme 18.4£3.1% 16.6£1.7* 20.8+1.4* 8.44+0.9%*
3.0 19.6+1.7* 30.8+1.2 54.8+2.6 9.4+2.0*
4.0 26.4+3.1%* 28.1+2.4 51.9+1.4 9.6+1.3*
pH 5.0 34.5£1.2 32.2+1.6 53.4+1.6 12.5+1.1%
6.0 36.0+1.6 29.8+1.7 53.442.0 14.7+1.6*
7.0 37.8£2.3 31.9+1.6 53.3+1.5 19.2+1.5
Metal ion NaCl 21.9+2.5% 20.3+£2.5% 53.0£2.5 18.8+2.7
MgCls 35.6+2.7 24.6+1.8%* 50.3+1.7 20.142.5
Urea 17.0+1.7* 28.4+2.4 34.8+1.3% 17.1+£2.3
Sodium metaperiodate 11.941.5% 29.4+2.1 28.4+1.0%* 12.9+£1.2%

" Bacterial pellets (1.0x 10" CFU/ml) were suspended in 1.5 ml of aflatoxin By solution (5 j1g/ml) and incubated for 24 h at 37°C.

Data are means+SD from triplicate determinations.
* Significantly differ (P<0.05) from the control group by Student’s t-test.

Fo] §oJakA BAHCl, pH 3.0-6.0 Ao]9] A4 ol A
223 A=t} Sodium metaperiodate 2o = $-2]&
TWSHA AaE o), F40l 23 uread] 3= HHHE FF
< X FUTt.

El-Nezami 5(1998a)0] w-2H, a7 © 2 aflatoxin B
AT A AT b A AT Aol AR L 2
2 ohjekm siglom, AEE B A7 B2 - st
A7} Al aflatoxin B; 2322 $H3HA] T2 A7) &
Acty B st 3|8 718 A g7 Al aflatoxin B, 2
TS A o2 S7HRITAL shod 2 Ao}t Zjol7} Ik
7}E A|]x= polysaccahride@} peptide 2-> T4 Ato]of] maillard
reaction AbES FATHAY S WS SRR E40
9] A31HS ASHAZ 4= Q) 2 (Haskard et al., 2001), aflatoxin By
of tfgt ARotg= AIER} 121°C ol 2087} 71 A2 E. faecium
M74¢} EF031 o529] F4 A3l Foaniet Zo|7t ¢l
il gFgthTopcu et al., 2010). Aflatoxin B o] tgt 7} g o] At
A2 E L rhamnosus GGA|Z2] AR o] AaHA| gh= A2
aflatoxin B, 0] A2 9] thAlabgof| Ealj== A o] ofvzhe A&
UFERUod, 3t ol 2fat 42| 2lo] Aol AlEES] A
£ HSR7 AU 2 A2 AR o) leEE S 2H aflatoxin B,
o] Agrst 4= Q1A Fota 3} tH(Haskard et al., 2000). E3F
autoclaving2 A 2] Tl A u} §4:0] M-S s o]t
12 Aute 2= 7FetA AFE aflatoxin Bix {2412 5=
etk 519 ch(Haskard ef al., 2001).

A, A2 polysaccharides?] glycosidic 2 9135t o
FAES A7 A S Abe] 9] amide AEE FHIAIA

Hepo| 2o} otu|ieAbg S Aty 1222 4 HIe
petidoglycan 25 o1& = Ql3, HZ9| HAF 25 &
AAZ = ek Aldto] AlZH 0| peptidoglycan - oH-g]
FAT L R FE B2 pHoA = AZH9 FA7 Fasx
nAAFGo] S EHA A2 F5F F7HAIZIA Aot At
A A Tl A e} 228 Bflsto 2 Algtol 23t aflatoxin B,
9] Ak A 4= ItiHaskard et al., 2001). 121}, Haskard
5(2001) AHg =78}0]| A= Al H o] w1 E]o] polysaccharide
of peptidoglycansh 22 HEH ARo] JeFE ul4 o] 2
FES UE $ 1o, aflatoxin Bi2 A Z o] £AIE o] A
Eoko] 74 HRS)E A7) AT 5 o] B pH B0l
T ol Hars A%l 7Fesittal sk¢lth ¥, W& pH €9
oA 545 © A At A2 aflatoxin B2t FAE &
A A Aol A=A Atololl =2A7o] s Aozt st
S th(Haskard et al., 2000).

Haskard 5-(2000)-2 aflatoxin B;of| T3t L. rhamnosus GGA|
29| A2 pH 2.5-8.5 9ol A AL HBtER| ggfeng
o|59 AF AATE TSR] G2 & F UNL, ol
2ol A 873 sl A= f4btell 23t aflatoxin B,9] 2% &
= vebd Ao 2 714381 L rhamnosus GGE pronase E
2 A7t H¢- 0|59 aflatoxin B, o] gt 2E2S 5-2J5H
AsfetF OB R o= E4 Ao o] HofF-E oJu]gitt
3 3F§13, lipase A 2]+= aflatoxin B2 Ao F3= AY
F2] ko B 2 lipoteichoic acidQ} -2 X2 AAEL Al
Bl = HAoZ B¢}t Ureax anti-hydrophobic
agent 24| AR 236kl Tl A HAJAIZ SR aflatoxin
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Table 4. Effect of washes on aflatoxin B; binding by viable cell and non-viable cell of lactic acid bacteria from Korean traditional soybean paste

Viable cell” Non-viable cell®
Strain Washing frequency (times) Washing frequency (times)
Control 1 2 3 Control® 1 2 3
E. faecium DJ22 37.7+1.8 32.5+1.1* 29.5+1.9%* 30.3£2.6%  30.0+2.4 25.4+1.7* 24.31.7* 20.32.3*
L. fermentum DJ35 31.243.4 29.8+1.7 21.9+1.6* 18.1+1.6%  28.5+1.2 23.5+£2.1% 20.43.2%* 14.91.6*
L. rhamnosus DJ42 52.1+1.8 50.5+1.9 48.242.0%* 45.4+1.7%  45.7£3.6 42.9+1.2 40.12.5% 37.51.6*
L. pentosus DJAT7 19.3£2.0 17.9+1.2 14.541.1* 11.7+1.2% 18.1£1.7 14.74£2.2% 11.5+1.5% 10.9+1.5%

*Viable cell pellets with bound aflatoxin were washed by suspending in 1.5 ml of PBS containing no aflatoxin B; and incubated for 10 min at 37°C.
® After heating at 100°C for 20 min, non-viable cell pellets with bound aflatoxin B; were washed by suspending in 1.5 ml of PBS containing no aflatoxin B1 and incubated

for 10 min at 37°C.

© Viable or non-viable cell pellets were suspended in 1.5 ml of aflatoxin By solution (5 pg/ml) and incubated for 24 h at 37°C.

Data are means+SD from triplicate determinations.
* Significantly differ (P<0.05) from the control group by Student’s t-test.

B o]l thgt L. rhamnosus GGA| 2] Ag}els FASH oAl
Ak BOsigEd), ol a4y AEAT] §AHE AZ}
aflatoxin By Ato]o]l ZH8-gtth= Z-& 2Ju|gict. g1, periodate
+ aldehyde®} carbon acid group®]] tj$t cis OH groups®] Ak}t
£ #'45t aflatoxin B, o] e 4kt ] 2SS FaAFHL
B2, o] aflatoxin By Zg)| Alat AlZ9] g AJE0] Tst=
A& ou| gl shglct

H4°] 22 amino acid pyrolyzateof] t et ikt o] A=
A gtk AM2 ofn] W2 Ao A greF oL, 171 ol
o thgt FF2 53] A ickar &2)A Qlth. Haskard 5-(2000)-
aflatoxin B9 T3} L. rhamnosus GG2] ZEE L Na* 17} %]
onth Ca 27} ool ol o3 Sos Wolrky sttt
Aflatoxin B, 2] B-dicarbonyl ¥X o] st F<0]29] a0
9)3]| aflatoxin B, 2] ZE2 A=, F&0]-22 27|= E4A|
9] oA Ao F3ES mX= Ao E 42A UrHMorotomi and
Mutai, 1986; Orrhage et al., 1994).

w24 aflatoxin Bi 27| 4kt Al 44882
7hgolu &4, pH E F&0]20] &J3f Y+ ot =AL} HP =
o aflatoxin Bl tiet Ao HAaHE= ACE AL &
3], At Alz2o]| lysozymeS A 2]t -9 AlZ o] E3f = o]
aflatoxin B, o] thgt ZgHo] AAsHA A4aEE & 4= AL,
a-amylase, protease 2 sodium metaperiodate 2] %] 2]of| 2] 2
o] TaEE A& & 1 aflatoxin Bi&} A== 22 Al
Zdo] EAsl= Folut BA S A& 4= it A1HH
o2 fAREY Al 729 57 - 38R A 2 w2
Lol F9gt Zpol7t §loem, I Foll A= urea A Zof oJsf 2
3lelo] ZAEE Ao R Hol Y4B S AFL aflatoxin B 9} 4
S B AR ol Ao 24,

Aflatoxin B2} R4k MiZo| ZFH kg

Aflatoxin B, o] th3t f-ikat o] AHS Al & Slpo] what 27
sto] A% S 1R A= Table 49} Atk E. faecium
DJ228] Aobgli= AlZ e 100C ol 4] 2083F 7HE A 23t A| 29
2% S Blad oFstA ekt 13] AR = ti2TtE
t} {ol5HA AU Aol L. fermentum DI35 A|3E2]

A2 AF 134 o= vl g HYstgl et 23]9 33 A3
FE o= 20| @AsHA AAE A} AT 7HE A
gk A22] A3 13] AlAFE wjoll =t vls) 525t
Al A= QTHP<0.05). L. rhamnosus DJ422] Aro}Qli= A|3E 9]
AL 52.1%0]3 74E A3t AL AFAL 45.7%H
o] ZHzt A1 134 = A= o] H|ay PFstA FA =R
23] AP o= 29 A= Er) oF 4% o4 A
=t L. pentosus DI4T 2] AoQl= A2 9] AvE2 A3 23]
e fYotA A= e 7HE Ag Al 282 13]
AEPE "oz dizFo v|s] FASHA FaEHUCE=R
aflatoxin Byo] ogh SAHEES) A% SEAL thas ekt 1
et

Peltonen 5(2001)9] ®11o]] wt2®™, L. amylovorus CSCC
51609 FHE ARG 27k 28 aflatoxin B, 2]
Fe BAI Z715t0] 5 58] AHT A 270 o 04.4%
9] aflatoxin B;o] |-2|=At}t. L. amylovorus CSCC 51972}
Lactobacillus LC 52 |z v|&| Z+zF 74.29} 27.8% A%}
W ofo] FAHAL, 531 Al T AP Fe 27 17.4%9
2% HE GARU G ARl we g
-aflatoxin B; B3H| 21 g S35 aflatoxin B2 4L Z7}E
Aok sto] 2 Aot FARHA YEhstth Haskard 5(2000)-2
L. rhamnosus GG} aflatoxin B, 2] B3-H| 2 X F aflatoxin B
o] fEEl= AL o|F Ato|9 Ajto| e HIFRHATY T
28 w2l Ao 2 Mgstact.

3HH, E. faecium M74%} EF031 &7 E3AE AT
aflatoxin Bio] A 3] A& o] Y3f| 2% FEHJ L, T o]F A
Holl= HlwF HPstA |AHATHL St THTopeu et al.,
2010). Haskard 5(2001)9]] w2, aflatoxin B, o thgt Ao}l
= Al 9 7t 4 A2 E A2 AgE2 v nF gt
FAERL, 121ColA 9] 7EA )¢}t 250 Mg NZze &
2 53] | A3t 2te aflatoxin Bi& 2ES &5 4 okl st
Aot fAF Al 22} aflatoxin By Abo]2] B2 7t 20|, B
A9 A A7l o5, A @ SF 2 QEsHA Aol
St 2}o]7} Qltkar B 118}t Niderkorn 5(2009)9] €514, 1
w5} fARE B2 = peptidoglycan & - ofn]
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Fig. 1. Aflatoxin B, binding of the whole cells () and cell wall
fractions (/") obtained from the tested strains. Bars represent means
of triplicate assays and error bars represent SD.

Ak A o] o3 2 Beka Bl gl

Aflatoxin B0l CHSt FAk7 M| A

AR Az o] A3t aflatoxin B, 9] & 33t 23t
= Fig. 13} ). AolQl= E. faecium DI22° &Jsf A3HE &2
37.741.8%°]1, A|ZHoll=33.3+2.9% A=t L fermentum
DI352] Aolgl Ao} Ay Z}7hof 23+ aflatoxin B, o)
OFL 31.2+3.4%9} 26.2+4.9% 2 BRI=QQt}. L. rhamnosus DI42
9 Mz e of] £ afltoxin B, 9] -2 4holg)= Al A9
oF 82%°] 23t} Afloxin Bo] ojgt AolQle L. pentosus
DJ47 M|229] AdE2 19.3%¢] H|a| A|zeo] Add ¢
16.0+2.5% 02 Z4E|o] on] R uH AuoA &3l #3537
v o, F32 aflatoxin B2] Ao Z}o]7} Yelts A
& Az 7o) Ao] TR Aoz 2},

Peltonen 5(2001)-& -S40l 23t aflatoxin By A A H|#H Y
EF2 F2 Al Aol A2y /437880l aflatoxin B
AsAZ o 2 vebdcls 2 gk vl ¢ich Haskard 5(2001)
o oJ5tH, fARFS Al £ T/d/d=l aflatoxin Bio] A%t
Hohar s¢lem, Haskard 5(2000)> golut &#d 5 L.
rhamnosus GG A|3EE Q] Eo|st A Ro| utild 7L aflatoxin
Bioll thgt A o] FAEIThAL shglow, W2 A2 EE0]
aflatoxin By Agtol| TAgitial stgict. ¥ S X F7HA] Al Al
30| 93t aflatoxin B, 9] A HAUEZE S HWEAA
QEQIAITE, A3z 9] thgdRe) peptidoglycan B THHAL- aflatoxin
Bi& v RS T 5453 A= Tojshe 8 4480l
THLahtinen et al., 2004). A3 A|Z L wfj Agto] ojHrja= A
ot Al 7137 52 A} A|azute] g /dEo]) aflatoxin
Bi7} 2% = Q=S =9 thal &2 A Itk (Orrhage et al.,
1994). Atk aflatoxin By-& Al A Z2} FakA Aakska Al
of sulof) 294 EASH VAT vl TG A5l )9 At
=cka 2438131 QQth(Haskard et al., 2001; Peltonen et al., 2001).
Lactobacillus gasseri®] H|3E8 thd<7+= amino acid pyrolyzateS

AFA 7= AE 7L glon, e A= 54 A
293t 98-S gkt 23t Hf QItk(Orrhage et al., 1994). &
Akt 3} Saccharomyces cerevisiae E.52 H|3E0]| T3l aflatoxin By
of Zghe B2l T2l o3 AL o] Apolos 22 o
o w2 9, SadYel a4 Agol FEUGT &
H A th(Pizzolitto et al., 2011).

2 A0 AR §ARRe 217Fe] A|0) 3248 affatoxin By
FFOlA 2 80% oS AlZH ol F2PA]7|H, ool At}
3 & uj, o] =< 2% 7148, A4, pH Y sodium metaperiodate
of FEFE Wgteng Azd o EAsts Folut dEido
2 aflatoxin Bio] ZgE& & == Aok

oAfe] ATHE AoFSH, aflatoxin B,o] EA] 7R o] e
Al Zolt ARl ot EE FAaAI7|7] | Fiel g 2
FeIL Fa ARG 2T R Aol faAREY A
72} ol o)z el Sduol W o AL 4N 5 9
of Sl AR RE 2R S0} A7E ekt 83 Ao
2 7|t} dE 2 E4E 7R HAREE A4S
o oloRE ARe 2 ol alo] AATTHA A ATES T2
A MEAD 5 QL BR o|F A2 7|54 2AEA &E-
AA7E B8 Ao BRTT) wer A A AT B2 §
At A} 549 BA7E LS A Yol HFEErH
238 a7 Qg Faflargo] YA = Qe uE A3 o &
A3}= aflatoxin B, 9] &-&Z 3 AAE Y8, 547 A4S W
o T4 7] Aol fakt N7t I 5S ZFAA AE5HA
sz ool & Holch. WebA & o TR Ay BAEA0] A%
Ho|| n)x= FFS HHE T T3 Y oAz gk F4t
5] Hatelg Bletel Sat el g 4 A
B AT @A) WY Folek

b e
= o

2 dAFoAe 48 BFeERY Eod -S4l 9%
aflatoxin B, 9] 2% A=E wig=de wet S48, £
3tekA A 2|2710] aflatoxin B o] thgh -f-4kat A|3Z2] Agteof vl
= GRS A Bk} Enterococcus faecium DI22, Lactobacillus
Sfermentum DI35, Lactobacillus rhamnosus DJ42 2 Lactobacillus
pentosus DI47= 19.3-52.1% A =9 aflatoxin B; A% a15
Uehfe] Fgoll Wt A=) Alol7t USiek SRR E. faecalis
DI14, Lactobacillus panis DJ29 L Pediococcus halophilus DI50
o= aflatoxin B o] Tt 23S UehiA] §Skct Aflatoxin B
of gt fikte] A A 549 T, WHeARE
9 250t 27] Al24 T v 2o whet 23t 2ol 7t )
it Aflatoxin B, 2] 22 A& 3= ulal Fx|5HA] A
SHRaL, s Aolgle A9 7HE A2k AlZofA] vls:
A YEhtth 7FE, A pH, o-amylase, protease, lysozyme
52 sodium metaperiodate®] Zj2jo] &Jsf Agte o] {251
Fa® Ao woh 2 Amue] EAsHe Golut thulo]
aflatoxin B;o] ZEE M, urea®] #2]o] Ja) Aol Wol|
A& 0|5 Apololiz 24y Ao] AEoHE Aoz 2T,
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