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ABSTRACT - Ochratoxin A and aflatoxin may be detected from naturally fermented foods due to the contami-
nation of the mycotoxin-producing molds or un-prudential use of the mycotoxin producing starter strains during the
fermentation. This study was carried out to analyze the production of ochratoxin A and aflatoxin under the various
environmental conditions. For the experiment, the effects of different temperature, culture media, and fermentation
time on the production of ochratoxin A by Aspergillus usamii KFRI 999 and 4. awamori KFRI 983 were analyzed.
Additionally, the production of aflatoxin was assessed under the various temperature, initial pH, fermentation time and
culture media during fermentation by A. flavus KACC 41403 and 4. oryzae KACC 46471. The levels of ochratoxin A
and aflatoxin were analyzed by HPLC. The result showed that the production of mycotoxin was greatly affected by
the fermentation temperature. 4. oryzae KACC 46471 did not produce aflatoxin. All of the mycotoxin producing
strains showed the highest level of mycotoxin at 30°C. 4. awamori KFRI 983 showed the lowest level of ochratoxin
A in PDA media among the experimental medium. The results of the present study may be useful for the reduction of

ochratoxin A and aflatoxin in various foods.
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Materials and Methods

AHg 25

AHEE #FES T2 F AL (KFRE: Gyeonggi-do)}
FHAYEL3Y (KACC: Gyeonggi-do)llA AlF=ITE OTA
AN FFZE Aspergillus usamii KFRI 999 (4. 999)9} A.
awamori KFRI 983 (4. 983)5 AFE-3IATHY. AF A4F o
FRE Aspergillus flavus KACC 41403 (4. 41403)°] A}
L9 or &4 URFOZE= Aspergillus oryzae KACC
46471 (4. 46471y ARESIATHO. 919 #7523 A&
Sl A FPFTH AEFAEATHANAN B 2 +F5
£ A&

HIX] M= 3 Y =4

Ochratoxin A H] %= potato dextrose agar (PDA)
(Difco™, Detroit, MI, USA), czapek yeast extract agar
(CYA), HIF& AFE-3IATE CYAE 119 S/l K,PO,
1 g, czapek concentrate 10 ml, yeast extract 5g, sucrose
30 g, agar 15 g& S TH?. Czapek concentrate= 100 ml<]
£l NaNO, 30 g, KCI 5g, MgSO,-7H,0 5 g, FeSO,7H,0
0.1 g& AT, F(soybean, glycine max)> 7] F3 el
Al FUARS Fufste] Aolx Bt wFE =
Ed 8 Iy "7ldA Eetsta 524 AP sk
ZAHENRL 1.00 x 10° spores/gS &3} 15°C, 30°C,
40°Ce] ©71H o2 104, 204, 3047k vigstdct.

Aflatoxin ¥ ol = potato dextrose broth (PDB) (Difco™,
Detroit, MI, USA), czapek yeast extract broth (CYB), soy-
bean milk (SBM)E A&3ITE CYB= CYAHR|A|AIA agar
£ AJstal Azt SBME ¥ £ & E5te]
ARESIA T 2F4 92 1 N NaOH (Samchun, Pyeongtaek
city, Gyeonggi-do, Korea), 5 N NaOH, 1 N citric acid
(Samchun)ell €3] pH 4.0, pH 6.0, pH 8.02 A3t}
ZA HAEAL 6.00 x 10° sporesE HE3AL & wjk

71014 stk 2% 15°C, 30°C, 40°C 2™ 150
rpmol|A] 57120 2 wjesigith. 109, 209, 3047 vl
sttt

Zol =4 32

Ochratoxin A= 3% HA| AZwlE 13 (HPLC)%}
Ao s AHE o838 FESATY. A" AEE
cell strainer (BD Biosciences, Bedford, MA, USA)E w2
A A, T3] &8 (water-acetonitrile (Duksan Pure
Chemeicals Co. Ltd., Korea) (40:60, v/v))2} 43¢ 100 ml
MzrEeaAet v gutE o] &3l SR S§Eka T
Z3¥ A|SE Whatman no.4 filter paper (Whatman Inter-
national Ltd., Maidstone, England)Z o3}l t). o 7}l
5 mlE phosphate-buffered saline (PBS; pH 7.5)Z 50 ml7}
HEE 3|5k 84N> Whatman GF/A glass filter
paper (Whatman)E ©]-83}] ©J3}-8}32 OchraTest WB column
(Vicam Co., Milford, MA, USA)°ll 1%°] 1drop2] &=
FHAAT. AHE 10mle] S/FFE AL 1mle
methanoldl] =oiA FZEskdth. -] SH3AZ 1 mle
methanol 50°CollA €8] Ax=A AT Ax F 1ml9
acetonitrile-water-acetic acid (99:99:2, v/v/v)ell =©]3L 0.2
um pore size membrane filter2 343}t

Aflatoxin® FZ3}3 HPLCE FF A3 THO. A7
o} Fako] FZ-g ¥ (Methanol, 0.1% NaCl)S F7}te] 58
7+ 9slsdth. %98 Whatman no.4 filter paperol] &3}
SIal 1% tween 2022 44)) 3143513t} 8493t & Whatman
GF/A glass filter paperZ 33}tk 20 mle] &3l -S
Wy X3} ZHH(AflaTest WB, Vicam Co.)oll 129 1
dropd] £=2 FIAZC ZHE S 10mle] SHRTZ MFH
I3 3 mle] acetonitrileZ aflatoxing F&3I9 . FEES
50°CoNA &3] AZAIZI 3 trifluoroacetic acid 200 ulE
HA7bste] QhaellA 15:7F WA 153 F 800 pl
acetonitrile-water (20:80, v/v)&H-& F7lsATh HF Al
% 0.45 pm pore size membrane filter2 35t HPLC
Ao ARg-sHAA T

Ochratoxin A%} aflatoxin?] J M

T30l 54 A4S 93 Polaris C18 column (250 mm
long, 4.6 mm inside diameter, 5 um particle size; Agilent
Technologies)¥} Ultimate 3000 HPLC systems (Thermo
Fisher Scientific, Waltham, MA)E A}&-3}i T},

Ochratoxin AE 20 ple] A|RE FYU3I o]lsdoz2E
acetonitrile-water-acetic acid (99:99:2, v/v/v)°|™ 1 ml/min
o] £x= 15%7F E¥FAT}. Ochratoxin A% &=
% ZZ7](fluorescence detector)E AH8-3} % TH333 nm
excitation, 460 nm emission). AFE-¥ OTA EFEZL Sigma
Chemical Co. (St. Louis, MO) oA T3t}
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Aflatoxin G,, G, B,, B, £F& 2 (25 ug/ml)> Trilogy
Analytical Laboratory (Washington, MO)?IIA -3t} o]
& d(acetonitrile-water (25:75, v/v))Z 1 ml/min®] £E==
ZHFAT AEE 20 s FASAAL D3 AE71(360 nm
excitation, 450 nm emission)s A3t 2587F AE3SIT).

FAXE

EA|E24] & Statistical Package for the Social Science
(SPSS, Ver. 22.0, SPSS Inc., Chicago, IL, USA) & A}-&
sttt ZF wiA], &5, g 717, pHZRe] #EdS Thet
3}7] $135ke] Kuskal-Wallis testS ©]-83t93 @5 749
H]= Mann-Whitney U testZ A4 3FA T patel 0.05 H
Tl AE FoFEo 2 AT 7k fo3 <l
zFo]7} 918 W= Mann-Whitney U testS Bonferroni X
Aot AFE A8kt

s 2oz A ATHp <0.05). 4. 9999} 4. 983
30°ColA vl gFS o 7P B2 4o OTAZE A4ts]
ATk 15°CE} 40°Coll A o] Aabe] Zpole= 4. 983004+
FolskA] %o 4. 9995 S W= 15°CelA]
ik OTAL] o] 40°ColA] A4kE OTAS] FHTE #
o)A BATE Ml 717k T #F BEFolA OTAS] A
el frejm st G mx]A] et WX E thE2A &}
RS Ae dol wet 2 FFe] v 4. 995
i ke A9 Hix o] FFE OTA Ak #93 xpo|=
HolA] kot 4. 9838 wiFe 73-9-= PDAOA] AJAk
H OTAS] o] CYASt W|FoAe] OTA Aitgol H]a)
fFe)H oz UHA Yesth webr] A Ao ofshH 4.
999°] 4.983 Hrt} 2% © Rz JIFS wgton uj
A Z2A e 4. 9830] F3FS Wttt

OTAY] 745 7]1E9] AFo A= yeast extract sucrose

flo tlo

agar (YES)$} CYAS] w<kallS wf 20-25°C7F 2] A
A 2ER HAEROM Y, A nigers AT HETE A
TFoME a7b 0.92Y W 15°C okl BT, 28
a ol w2t OTAS] HA A4 2Ev Hite A7t
AT

Results and Discussion

HjFZE212] Helo] W2 JFo| 54 3L Bl

A. 999¢}F 4. 9835 2%, vy 717k A& et
vl %3} TH(Table 1, Table 2). PDA Hj A oA 30°Coll A 10 A. 41403, A. 464712] ¥ A= Table 33} Table 40
Az gl W 3104+ 182 pghke® 7P =L s B YERHSITE HPLCE o837 w4 A3 4. 464712 o™
Atk ZZAM = aflatoxing AAFSIA] ethe AL 113

=
HPLC ¥4 A3} 2% Z7°] ochratoxin AJ2FFol| Th(data not shown). 7}F& =2 AF A4FES pH 8.09]
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Table 1. Median and range of OTA produced in the various temperature and medium (pg/kg)

Temperature Medium

15°C 30°C 40°C PDA CYA meju

OTA 0.5* 40.93° 0.02° 0.05¢ 0.36° 0.92¢
(0.01-17.29) (0.92-310.36) (0.01-23.01) (0.01-310.36) (0.01-230.38) (0.01-32.55)

4,999 0.05° 53.30° 0.0.2° 0.77¢ 0.49¢ 0.63¢

' (0.01-1.89) (0.92-310.36) (0.01-0.63) (0.01-310.36) (0.01-58.14) (32.55)

4,983 0.02° 10.92° 0.34° 0.02¢ 0.36° 9.68¢
) (0.01-17.29) (2.44-230.38) (0.01-23.01) (0.01-63.32) (0.01-230.38) (0.01-23.01)

*b<Difference on the same row among the temperature. Different letter corresponds to statistically significant differences. (p < 0.05)
deDifference on the same row among the medium. Different letter corresponds to statistically significant differences. (p < 0.05)

Table 2. Median and range of OTA fermented on 10, 20 and 30 days by different strains (pg/kg)

Days .
Strains
10d 20d 30d

OTA 0.28° 0.36° 0.497 0.49
(0.01-310.36) (0.01-225.32) (0.01-230.38) (0.01-310.36)

4,999 0.63° 0.02° 0.05° 0.49°
’ (0.01-310.36) (0.01-180.26) (0.01-174.80) (0.01-310.36)

a a a b

4,983 0.28 10.92 1.29 1.29

(0.01-138.52) (0.01-225.32) (0.01-230.38) (0.01-230.38)

“Difference on the same row among the days. Different letter corresponds to statistically significant differences. (p < 0.05)
®Difference on the same row among the strains. Different letter corresponds to statistically significant differences. (p < 0.05)
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Table 3. Median and range of AF produced from various medium

and in fermentation time (ng/ml)

Temperature Days"
15°C 30°C 40°C 10d 20d 30d
¢ AF 0.8" 191.5° 0.0° 0.25 1.3 6.0
(0.1-1,130.5) (1.2-1,874.8) (0.0-0.1) (0.0-1,654.3) (0.0-1,799.0)  (0.0-1,874.9)
AFB 0.9% 191.5° 0.0° 0.23 1.1 4.8
! (0.1-1,072.2) (1.2-1,874.9) (0.0-0.1) (0.0-1,653.3) (0.0-1,798.4)  (0.0-1,874.9)
AFB 0.0* 3.0° 0.0° 0.0 0.0 0.1
2 (0.0-109.0) (0.0-37.6) (0.0-0.0) (0.0-109.0) (0.0-58.2) (0.0-28.0)

*beDifference on the same row among the temperature. Different letter corresponds to statistically significant differences. (p < 0.05)

"No statistic difference by days.

Table 4. Median and range of AF produced from various medium

and initial pH by 4. 41403 (ng/ml)

Medium" pH?
PDB CYB SBM pH 4.0 pH 6.0 pH 8.0
¢ AF 6.1 0.5 0.9 1.3 0.2 1.3
(0.0-503.1) (0.0-1,875.0) (0.0-932.4) 0.0-1312.6)  (0.0-1,732.0)  (0.0-1,875.0)
AFB 4.8 0.5 0.8 1.2 0.2 1.1
! (0.0-478.5) (0.0-1,874.9) (0.0-895.6) (0.0-1287.0)  (0.0-1,845.0)  (0.0-1,874.9)
AFB 0.1 0.0 0.0 0.1 0.0 0.1
2 (0.0-24.6) (0.0-109.0) (0.0-37.6) (0.0-109.0) (00-37.6) (0.0-58.2)

YNo statistic difference by medium.
PNo statistic difference by pH.

CYBoIA 30°Ce] &x= 3047+ HH%P%& u’ﬂ 1,874.9 +
280.2 ng/ml°] T}, 15°ColA 714 o] AZHAS wle
pH 8.0¢] CYBOIA 2047} vf k3t 1,072.2i9.0 ng/mle] A
o 40°Coll A= pH 4.02] PDBOA 102 7+ wiekst 0.1 +
0.0 ng/mlo] St}

A 41403 2% =4S
ztol7F AN ¥ 717kl pH &7, wiA €]
oA = 214l x}OlE Holx| ettt £ 21
™ AFB,, AFB, 25 30°ColA 714 o] HE=Aoh
15°Ce} 40°Col Al AAFSE AF ol AE f9F¢l 2ol &
Ho] AF AARFS 15°C7F 7 RIAIZ %o 1 v
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0.98¢ o 30°C7F HA == HAFUL HEH % QE
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Fig. 1. Result of ochratoxin A from meju in different temperature
and incubation time.
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Fig. 2. Aflatoxin B, produced from SBM in various environments.

o] WEEA] FEate AlRE 1070 2 5 30°ColA
Hj gt 1E7} SNZE 7P Bem vy 2= 15°C]
A W= ATk pHE S pH 4.0, pH 6.00] zHz} 3714,
pH 8.0914 47]2] A 87} 7|%S F58A] £ttt wl
& 71704 109 370, 202 270, 30 SR 8=
2 A 414039 2FEATHE 30°ColA 304 7F i SEHA

HN

S w7t 7P st B S givk 30°Col A Wkt A
FEIME pH, WF 717kl <]k F2]#Ql fol= jlAtt.
AlF @31 HAEE OTAZ ID-LC/MS/MSE |83}

A A AEFS 0.1 pgkgoldtd ot 7H oA
Z3 9] A9 7-21 pgkel A4S JeERNATP. ¥
57FA] F57ol Aspergillus parasiticuss &3t 15Y
7R wjFe A FolA 7Y B2 AFB©] AitE =
AESE BAYD. A flavus 4 455 108 7F 48 2=
oF FRoNA v W S et BIFoM e HAL
1,100 mg/kg®l AFB,°l, #nreA= FHIL 680 mgkg
AFB,°] AAFE AT A= AT}, B ochratoxin Aw
=5 HFE 5 Y] FE 2,240A 3 20379014 ochratoxin

A7} HAEA O 471%0] 20 pgkgs AATHO. U

Eé_&

FR7EEEANA ] AFB,9] e 7]
AL BALSIAT, 1 9]
011:de] ¥l w=w "]%Ql J= =, IF 7t
s 13% 50882101] % AF7}
Zet d = 257101 AT
T3 o2 AFollA 7Pl A3 a;&oﬂ*ﬂ 0.6-42.2 pg/
kg9l t AF7} A& HATE Bax Qo). olzaly) s
MM FE5E= Fol TFHE o= 7.9-500 pg/kg
AFB 7} AZH AT, B zlolA OTAY &S HAtst
Aed oid, T, FF, AFAA AR AlFA
Ochratoxin A7} AZ =A™ A&, B+, 5olA A=z
g AFoAM e HEHA Fob I tFT SHIdFE
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7155 7H Ao e Fo7t a-Enh
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