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Abstract In this study, we investigated the occurrence of mycotoxigenic fungi and
mycotoxins in stored peanuts. Two types of peanuts, with and without shell, were
stored for 12 and 6 months, respectively and the kernels from each type of peanut
were collected and analyzed bimonthly. The stored peanuts were mainly
contaminated with Aspergillus, Penicillium, and Fusarium species along with at least
26 other genera. Fungal frequency increased exponentially to reach 79.1£20.3% at
12 months of storage for peanuts with shell, whereas it increased sharply to 100%
at 2 months for peanuts without shell. A. pseudoglaucus, A. chevalieri, and P,
citrinum were prevalent in peanuts with shell, whereas A. flavus, P. crustosum, and
P. polonicum were the most dominant species in peanuts without shell. Mycotoxin
analysis revealed that ochratoxin A was detected in only one sample without shell
(37.31 pg/kg), while aflatoxins were not detected. Fungal isolates known for
mycotoxin production were confirmed to be producing various levels of
mycotoxins in potato dextrose agar medium. Among the tested isolates (n=129),
59 (45.7%) produced aflatoxins (0.82-1,213.60 uxg/kg), ochratoxin A (39.35-237.20
ng/ke), patulin (1.21-803.76 mg/kg), or fumonisins (0.27-13.70 mg/kg). To our
knowledge, this is the first report on mycotoxin production by A. westerdiikiae,
A. niger, A. welwitschiae, A. tubingensis, and P. expansum isolates from Korean
peanuts. Overall, these results demonstrate the potential risk of not only aflatoxin
and ochratoxin A but also patulin and fumonisin contamination in stored peanuts.
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1. M2
GZ(Arachis hypogaea)e d|7F YAHZ| 9l FAlERZ Fof 2 ol FolA gz A
HiE]D Qo A& TFYUCEA HAFOR F3% FE F styo|ti(Hammons &,
2016). 52 84t BlsEity) 22 EXSAAL gefo] w11, JAHSEE, HEit &
gHo|=9} 7+ gAlst BEAL B2 oz wiel u|ugy 42 A8 AES T
3ta 9lo] 945t AlEAE G A UrHArya 5, 2016; Lim 5, 2017). B2 =2 94
1035


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2022.29.7.1035&domain=pdf&date_stamp=2022-12-30

Mycotoxigenic fungi and mycotoxins in stored peanuts

T02 0 £2 e 482 S, 995, 7
293, 9315, BIUIE 5 4580l 249, 15
I FREL 0]9_5]_,_ NTHParkd} Park, 2002).
G| BAA Huto] AA kA R FEo M 2
V&= A= A Aspergillus % 5730100 2 B4==
aflatoxin 54°|t}. Aflatoxin A. Havus?}t A. parasiticus
o 72 FgoloA BAAEE= 22 tHAHEER, U9, =9
o], 719, WY oA & I_Zlﬂr s=of gt fisiAd
o2 Qg Group 1 ¥YEZRZ EF, AL U= =4
E4o]t(Groopman &, 2008; Wu, 2014). Aflatoxine
-iﬁEr, 5, AAROIAETE ofye} A=, FYokAl 59 o
oﬁ} SAET 1 7ReEolA FE Al A E Tt Bankole
o, 2006; Cho 5, 2008; Klich, 2007; Romagnoli &
2007) £9], 95 ¢ I 7F34E2 aflatoxin 2F0] }
A HESHA EuEE AF F SPHE(Meneely 5, 2022),
THOIA = 4E GFT FFHE A 14%(4/2871), 17%
(2/172)°01A aflatoxin By 2@°] EiH(Park, 2006) ©]
Al A 1574 5 0.35%(Suh 5, 2007), B3
g2 47 314 F 3.2%% 167 3 87.5%(Choi &
2011), 1098 % 28.4%(Hong¥} Park, 2019), 1064 %
13%(Sung 5, 2021) ¥ B3 1 7FEof|A aflatoxin
HE AEI7E A%H02 HuEa Q.
oA B2 A7 SeE Al Qom, Tkt 7
4 F5E°] &%, A= ATHRDA, 2021). & &
8T FHZE 7HaHo] 1HAEo R ol AH[EI, A
A-E, AZAELZE o] &FHIL k. AT F ol A

#5 39 9354 1B T 58 0984 2
SqE1 got, 339 AF F 54 B8] L BYo|
EASL

H At= *—‘?—%} Ad7oltt. Aflatoxing =4 570l
Bolgh 204 F712 AdE BFolM BhE 7t
o] Fom o|F URE IEES A TRk
aflatoxin] 22 & Ut} olo] & AFA= GFe
A% 5 54 380l E 380154 2 AH 2ARE &9
A A 20 BT 54 TS RARHL, 54
T80l E FFol5A Y Haskd 5 = A%
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2. Mz o gy

2.1. AZHE L A =
zozoﬁ 109 1783 5ot A 9oA 2t Ba-2 24
< AASH] g2 ng3, 2AEE AAT dEFoE
%LTBPOJI Tttt BF AlEe 7% 20 kg EZdnzyg

ZW AdE #030}%4(13@ l(A)) A 2AL HEE ¢
ufsto] A%, 7k, weiE FYsks AR A% Xﬂ—%%}
Zsto] YAHAT, AdSE 75%), AABT, At 50%),
F2L(13T, AEE 75%), A2(21T, Atis ESOV)

Fig. 1. Peanut samples in polypropylene pack (A) and fungal
colonies grown from peanuts with shell (B) and without shell
(C) on PDA after 6 months of storage.
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(o

2 4R AY /I B SRS} gL 25/

&5 27(HOBO Pro v2, U23-002A, ONSET, Bourne,
MA, USA)JE °©]&sto] 147 F92 7|55t A% 7]
R WgF 127093 99F o7fEolslen, 27 dntct
A7t 1 ke) Al2E AYsto] T4 ol L FRolSL
Y A2 A4S

22 ZE0| 2T FA Y =4 ZEO 22/

=Ad AgE2 244 AA F 40 ol8stieH,
IFFL £ AA ol Vi AHgsigich BEL o
Z 27]0] 50 mL EZ2ZH tubel L}To1 1%
Zjold A4 LES o] 387F R A% T /Rk‘g./\g 2
AR ool & ofRo] 718 AASAL. &

A=Y FF2 streptomycin(600 zg/mL, Biosesang,

=) j&l'

Seongnam, Korea)o] 7} potato dextrose agar
(PDA, BD, Detroit, MI, USA) #ix|¢} dichloran-glycerol
(DG18, BD, Detroit, MI, USA) agar ®i&]ol| 2t} 50%
e i]ua}oﬂr:} wgo] XAE PDA 8iA]+= 25CofA 5¢
ot vijoF & Zggo] QPLEE RIS (Fig. 1(B) and
(0), DG18 HjA]= 25T oA 78 &< viF & Aspergillus
& 9 Penicillium % 578°] LUEE AT H780]
5(2019)3 Leslie?}t Summerell(2008)
o] 7l&3t WS et AAAT|F(Leica M205 C, Leica
Microsystems, Wetzlar, Germany)< ©]-83}o] e]s}
x4 57(4 m 2015 X/\}w o35 ].031;]. %]Eﬂom oz 57(4
H F3ol= 99 #3olM A 2 ZAE 43E loop
E*= needle 0|85t carnation leaf agar(Fusarium)
9 water agar(Aspergillus®t Penicillium) iAo A
Sttt o] @u|AstoA Wobd TRAE Adste] PDA
HiR o] A 25Co)A 597t sigstgint. EeE #5=

g E4 29 & + 54 9 7] EIH-80C)sIS ‘:}.

TF =< Samson

_L,H: X]J\ﬂ‘:'_o_]-xi
A SARE HEslo] EAEYTE Aspergillus L
Penicillium 4 #%°]+ internal transcribed spacer
region(/7S), beta-tubulin(B7), calmodulin(CaM)

AAE, Fusarium 4 ¥%5°]+= translation elongation
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factor 1A TEF-12) FRAAE, 11 9 & & F3ol=
ITS FAAE ol-&ste] 5785t tHGlass?t Donaldson,
1995; Hong &, 2006; O'Donnell &, 1998; White 5,
1990). Aspergillus flavus/ oryzael parasiticus 4=
et 54& fal aflatoxin A 8 HnorB-cypA)
E 7t B4t tHEhrlich &, 2004). £289 #43=
PDA Hjx]o| A FARE FHll Chi 5(2009)2] ®Wio] what
DNAE F&ol9tt. ZF v §-44= £0] primer setd}
TaKaRa Ex-Taq(TaKaRa Biomedical Inc., Shiga,
Japan)0 2 &% w2}t PCRE 434011, TEAE A
% DNA MEE ZAs9tt. ¥7]14 852 NCBI GenBank
BLAST®} Fusarium MLST database(http://fusarium.
mycobank.org)E °-&5t9] F714E 7t FAEE B7F6IA
t} E3h IV LEL BioEdit software(version 7.2.5)%
ol gsto] AMIE AHHstal, MEGA X software(version
10.0.5)2 AFFE Aottt 4 £ed5E52 d7IA
d FAE 2 AeS 2A98A 4L B9 585
2.4. X{& %Z9/ aflatoxinZ} ochratoxin A =41

G5 A=Y aflatoxind} ochratoxin A 42 Lee &
(2021)9] ®HZ ot HIZISHY AE VICAM AflaTest
9} OchraTest(VICAM, Milford, MA, USA)E ©o]-&5}o]
A5k, ultra-performance liquid chromatography
(UPLC, Waters Acquity UPLC H Class, Waters Corp.,
Milford, MA, USAE SYz2A0ZE A5t AFEAT}
Atk AR 3 gol 1 g NaCl¥ 15 mL F&8H(MeOH:
0.5% NaHCO3=7:3, v/v)< 75t 300 rpmollA] 1A17F
59 wHISHY] aflatoxin®}t ochratoxin AE FA] &3}
At ZF 7 mLe FE9Y2 28 mL phosphate buffered
saline(PBS, 1% tween 20 &-§) {H3} So5to] HAz]
shdol A FYotgth. 24 F¥2 3 mL PBS(10 mM)
ot 5 mL SRFE SAFoE A, AASL, 2 mL
Q A Azt Aflatoxin &
A2 AzxH &EEE 0.2 ml trifluoroacetic acidoll &t
2 & 0.8 mL acetonitrile(ACN)& 7}k 0.2 pm A&

gHZ #5191, ochratoxin A 42 &9 24
% % 1 mL 50% ACN(0.5% acetic acid &)of A
ZE ojzste] Ao ARESIGITE UPLC #4 &
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AL Lee 5(021)0] 7143 243} 5L Ao

2.5. 22| #T9 54 &5 TE

A% 5 GIoIA BE 54 58019 54 Y5 4
S 93l aflatoxin, ochratoxin A, patulin, fumonisin
2 WA= ACoR BIE A flavus, A parasiticus, A.
niger, A. ochraceus, A. tubingensis, A. welwitschiae,
A. westerdijkiae, P. crustosum, P. expansum, P.
polonicum #FFE AEE, A7EE 729 Adstid.
AR 13439 o= PDA B0l AZ5te] 25CoA 7
U7E Wi &, #APE ZokE HiAE Foke] 54 £42
SHRH

2 FFol 9ol /449 aflatoxind} ochratoxin A=
3T A £4% 58t B o R FE51o] AFRAs]
1, patulin® fumonisin &4 £42 QuEChERSH
(Lehotay &, 2005)2 ®Wgsto] &5ttt Patulin®t
fumonisine 3 g A2 3 mL %59 5 mL ACN
(0.1% formic acid /)& 7Fsto] 300 rpmolA 1At
wyFSEI 0.5 g NaCl#t 2 g MgSO4& H7tsto] &%
3,600 rpmollA 102 HilEEsto] SA] 2061t
285 A5 2 mL= 0.2 pm AR EHE oj3sto]
Aol AHgel5ic

Fumonisin £4< Choi §(2018)°] 7|&€% liquid

=
A
na

o2

L v o

chromatography-mass spectrometry(LC-MS)2] &4
Z227 5LsHA 23ste] 35k Patuline UPLC,
C18 Z™H(ACQUITY UPLC BEH C18, 2.1 mmx100
mm, 1.7 #m, Waters Corp., Milford, MA, USA)Z At
g3to] Alg FAF 10 pl, ¥4 0.3 ml/min, 90%
MeOH 581 A2 10% & ZAsHit 28 2%
+ 40T, PDA H&7] 2 276 nm= AHstH. 2z
=49] 3g, A5 9 FFMAl= Table 10 YR

31. XNE F &39 FE0 ¥ FZ0/|54L LY
ZF AR e@EE F2F5(13C/RH 75%), 9%
/g2(21TC/RH 50%), A1-(8T/RH 50%)
AR =02 E9THFig. 2(4). ol= AHEET w25
5, 257t 2255 80| HA0] Bta= e ¥
G A% 717 e F3780] LF=Tt AFH 07 FTTS}
of A% 127§¥€ & o 79.1£20.3%2] LAEE UERY
At Aspergillus & FFol= AAs] S7Fstt7t A%
1270d & 9=7F §439] F7l6te] Mg A5kl
(Fig. 2(B)). Penicillium & &%o|% A%} 7]17ko] doix]
of we} thi Frtete A= UEHIIL, B L¥E=
7.6127.2%RAHFig. 2(C)). I1HY Fusarium & HZol=
A% 717k T2 #s A9 gllen, Bt 3.2+2.1%

Table 1. Recovery, limits of detection (LOD) and limits of quantification (LOQ) for mycotoxins analyzed

Mycotoxins” Recovery?+RSD® (%) LOD (ug/kg) LOQ (ug/kg)
Spiked level 1 Spiked level 2

AFB; 94.2+0.4 84.0¢5.5 0.1 0.3

AFB, 94.840.5 85.1+4.7 0.07 0.22

AFG; 93.141.3 78.0£13.1 0.1 0.4

AFG, 86.9+1.0 71,9495 0.08 0.23

OTA 98.4+4.1 100.146.9 2 7

PAT 90.240.6 83.4+1.8 15

FB 94.2+5.3 715+7.2 7 20

FB, 92.147.5 83.8+8.5 7 20

DAFBs, By, Gi and Go, aflatoxin By, By, Gy and Gy OTA, ochratoxin A; PAT, patulin; FBy and FBy, fumonisin By and Ba.
IAFB; and Gi, 50 ug/kg (spiked level 1) and 100 ug/kg (spiked level 2); AFB, and Gz, 12.5 ug/kg and 25 ug/kg; OTA, 200 and 400 ug/kg; PAT:

1,000 and 2,000 ug/kg: FB; and FB,, 1,000 and 4,000 ug/kg.
9RSD, relative standard deviation (n=3 replicates).
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Fig. 2. Frequency of major fungal genera occurred in peanuts with shell during 12 months of storage. Total fungi (A), Aspergillus

species (B), Penicillium species (C) and Fusarium species (D).

9] QIEE YEMAHFig. 2(D)). Aflatoxing AJAsH=
A favuse TFF A% AR 1258 F 228(17.6%)2 A
F5olA 0.5£0.8%(2-12% H)Y LAEE, ochratoxin
AE A= AoR AR A niger, A welwitschiae,
A. westerdijkiae= 217(16.8%)29] AlEOA 0.3+0.8%
(2-4% Y LF=E YEUITE + 54 F38°] 1F
BE AR 7174 Aglo] A&E it (data not shown).

G5 A% AL 2709 & BE A 204 T
o] LA&7}t FA3] F7kste] oF 100%(99.5+0.9%)°1 ©f
2509, Penicillium % 5807t 7P $-A 5t tHFig.
3(A) and (O). ¥¥4, Aspergillus £3} Fusarium 4 5%
ol9] W QAEE 77 8.2+13.8%%} 4.3+6.7%= UEF
WHFig. 3(B) and (D). A. flavus= A& 478 & 1473
(29.8%)9] A=A 2.646.2%(1-28% H9)9] LAEE,
A. niger, A. welwitschiae, A. westerdijkiae= 127
(25.5%)9] A=A 0.4+1.1%(2-8% HH)Q LIAEE Y
BT o83 o], & 54 F3o] BF A7 7|71
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gHlol HEH U

g3 d8F %5 AY 5% Aspergillus &3}
Penicillium % 8017} &2 4L, A% 717to] 24
ojdsE YAEE FUFSIT I1Ey, HEFolA=
Aspergillus 40| 93835t91, ¥GFANXE Penicillium
& FHol7t 8 TR UEHTh A% 2710 S+
o], Aspergillus <, Fusarium 4 &%3°| Q@%E 2%
3ol Hs| dggolA 28] oY A UEHL,
Penicillium % F%°|% 4FFolA B LAE7} 13%
71 B4 YEbdh ol $=(Ding &, 2015), B2t
(Nakai &, 2008), "|[QFHChein 5, 2019) 52 g&°l
A Aspergillus &3} Penicillium 4 &%°17F 2 $4
Fog g Aatet dxgtth. E3h Ding 5(2015)
A} 717k0) FVTE Aspergillus £3}¢ Penicillium <5
=017t 716k, Xing 5(2016) Hggol v 4%
FoA Aspergillus &3+ Penicillium & #9019 L¥%=
7F 8 =A veth Basielt ol ggS 2EE
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Fig. 3. Frequency of major fungal genera occurred in peanuts without shell during 6 months of storage. Total fungi (A), Aspergillus

species (B), Penicillium species (C) and Fusarium species (D).

2 o] Qo] BF & AAY 20| WA= Bt
U W, dFFTE AHo| AAHE HHE 2o AH4
o7 L2E7] gl AR FAHM.

A% 5 B39 aflatoxind}t ochratoxin A 423}, &
G Al 13- A%, A% 670 2PflAet ochratoxin
A7} 37.31 pg/ke SEE AEEHUL, aflatoxine RE
AZoA AESEA AUt A flavus? aflatoxin A F
2 L= 30C(25-350), AEE 85%(83-95%)= &
A Ql=d(Abdel-Hadi 5, 2012; Ogundero, 1987), &
AT A% APRAL o] FFoHA 137] Wil AL
2 Hoh & AqtolA A% 71z 5 ZF Ao Bt
2% 9 B AHEE= 4.611.2C/73.5£5.4%(F% A
1), 8.8+3.7C/48.4+3.7%(AH2 #%11), 13.6£0.1T
/76.0£3.1%(F2d5 AR, 21.9+5.9C/45.6+£12.2%
(2 A% a)o]qdtt. Torres 5(2014)2 25-27C, A&

1040

= 70%0] A% Al 19 o) 54 Fwolo] 4HL WA
4 9lg Ao nusllth ol AL, BT A7) 44
2 4T, AYEE 40% olst7t AgstAqt, 10-15C2] A
£ AT AT A9, A SES 56-69% F
Aote AL ARSI AL 5, 2008; RDA, 2021).

3 2 If}'f‘ of= 0/ _’ﬂ/'O/ EfOF/('I

A% GgollA E2lE & 88979 FEol=
(34.9%), Penicilliunm(27.7%), Fusarium(22.8%) 3&°] $4
St (Fig. 4), 7L 9ol Talaromyces8.1%), Chaetomium
(1.3%), Emmia(1.0%), Clonostachys0.7%), Arthrinium,
Epicoccum, Humicola, Mucor, Neurospora, Trametes
& 5 307 &(genus)oll &dt= FFolE0l E= It
Aspergillus & &%°l+= A. pseudoglaucus, A. Havus,

Aspergillus

A. ruber, A. chevalieri, A. oryzae, A. montevidensis,

https://doi.org/10.11002/kjfp.2022.29.7.1035
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Fig. 4. Species diversity of Aspergillus and Penicillium isolates
from stored peanuts.

= 26%0| 5AE T, Penicillium &
P. crustosum, P. polonicum, P. citrinum, P.
26Z0] =AEA). Fusarium
& HBol= F oxysporum, F. solani, F. equiseti 5 10
Zo]| SAYU}. Aspergillus £9) 7%, HZoME A

ruber, A.

A. welwitschiae &
-J—JJJ—O]

brasilianum, P. solitum 5

pseudoglaucus, A. chevalieri, A.

LZ\:

section Aspergillus©l 4dk= F50°]
wol Bejd v, dG-golX= A flavus/A. oryzae, A.
niger/A. welwitschiae 5 section Flavi®t Nigricl 43t
£ FE0] & BIEA}. Penicillium 49 4% g%
oAM= P citrinum, P. brasilianume|, ¥GgolA= P
crustosum, P. polonicum, P. solitum, P. echinulatum
= $=°] EYEUH. °f
dgFolA Aspergillus®} Penicillium % &
| A flavus, A. niger, A. terreus, P. citrinums 5

5201909 Aaet fApstT Ty

montevidensis &

S section Fasciculata®ll £3h=
= A% F
7o

2 E&3%t Chein
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pyrosequencinge ©°]-&3t 9F2 mycobiome ¥4 Z
Hel= Zol7} SISih. F=9 A% BFoll M= Rhizopus,
Emericella, Clonostachys, Aspergillus < %5017t &
2 ™9, Aspergillus 4 &%ol= A Havus(0.12-
10.33%)9} A. penicillioides(0.26-31.59%)7}, Penicillium
&M= P georgiense’t 933t tHDing 5, 2015).
Xing 5(2016)9] A= 1GF(in-shell peanuts)
Rhizopus, Furotium, Wallemia 4°], ¥%3(peanut
S35k
=019 A%, ggI(12.1%)°N4+=
A. aculeatus, A. candidus, A. Havipes, A. flavus, A.

kernels) Rhizopus, Eurotium % &°3°]7}

tt. Aspergillus %

gracilis, A. niger, A. ochraceus, A. penicillioides &
o|, ¥FF(10.1%)A= A. aculeatus, A. ellipticus, A.
f]zmpes A. flavus, A. glaucus, A. niger 5°] 943t}

Halshglot.

3.3 A& &F 2279 54 &5
oo A BelE Aspergillus, Penicillium, Fusarium
Igo] = =4 A = FF £ 1847 At B4
o= AHotAHTable 2). A. favus ¥F+= 418 &
aflatoxin Bi2 AAsIE oM, 1% 228-L aflatoxin
B,, 1082 aflatoxin Gy, 28 aflatoxin G, & 7 A4
SFAAL, 1382 aflatoxin By, By, Gi, Go& 25 Ao
o}, Faflatoxin A3 Bt 326.738+441.944 pg/kg
oldt}. A. parasiticus dF+= 48 B5F aflatoxin B
G Aot e, Faflatoxin AT Hd 691.994+
265.381 pg/kgl R A flavus 4FRTT =% A
westerdijkiae #F 482 2% ochratoxin AS AJAI5}
o, FHF YFS 99.649+79.907 pg/kgelAtt. A
niger #5 13, A tubingensis 75 13, A. welwitschiae
*+F 48L& E%F fumonisin B & AASIIL, A
welwitschiae® fumonisin B, Ha AJFHFS 3.89+
3.723 mg/kgeIUHt. 1Y o]52 EF PDA iAol A]
ochratoxin AE AASHA] LU P expansum @5 4
AL "t 387.261+£383.215 mg/kg? patuling A4
5}t o] @ A ochraceus(n=1), P. crustosum(n=19),

P. polonicum(n=20) #FENX+ FZol5a7t HEE

41 oz 1P
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Table 2. Mycotoxin production of fungal isolates from stored peanuts

Species Mycotoxins” Number of positive (%) Min Max MeanSD?
A. flavus (n=41) AFB; 41 (100%) 0.02 1,179.91 289.28+443.06
AFB; 22 (53.7%) 0.16 186.32 53.03£57.75
AFG, 10 (24.4%) 0.01 356.83 36.80+£106.36
AFG; 2 (4.9%) 0.62 0.81 0.7210.10
AFs 41 (100%) 0.61 1,213.60 326.74+441.94
A. parasiticus (n=4) AFB; 4 (100%) 367.46 953.70 554.83+232.97
AFB, - - - -
AFGy 4 (100%) 71.64 195.61 137.17£47.76
AFG, - - - -
AFs 4 (100%) 504.59 1,149.32 692.00£265.38
A. westerdijjkiae (n=4) OTA 4 (100%) 39.35 237.20 99.65+79.91
A. niger (n=12) OTA - - - -
FB, - - - -
FB2 1 (8.3%) - 13.70 13.70
A. tubingensis (n=7) OTA - - - -
FBs - - - -
FB 1 (14.3%) - 513 513
A. welwitschiae (n=17) OTA - - - -
FB, - - - -
FB2 4 (23.5%) 0.27 8.98 3.89£3.72
P. expansum (n=4) PAT 4 (100%) 4.40 803.76 387.26£383.22
A. ochraceus (n=1) OTA - - - -
P. crustosum (n=19) PAT - - - -
P. polonicum (n=20) OTA - - - -
PAT - - - -

DAFBs, By, Gi and Go, aflatoxin By, By, Gi and Gy AFs, sum of AFBi, By, Gi and Gy OTA, ochratoxin A; PAT, patulin; FBy and FB,, fumonisin

B1 and By.
2AFs and OTA, ug/kg; PAT and FBy and FBa, mg/kg.
9~ not detected.

Al &t Weit Jong(1986)2 A. flavus 152 ATCC
(American Type Culture Collection) & w55 4
02 aflatoxin 5= EXotATE 7389 A flavus &
41%7} aflatoxing AJAISFII, 1% 85%= aflatoxin
Bi, 76%+ aflatoxin B,, 26%+ aflatoxin G G & A3
A5l aflatoxin By 7]1& 0.1-1,212.5 ug/kg 5= A
AotASS oIt} ES A parasiticus(2678)2] 85%
= 0.1-6,410 pg/keg =9 aflatoxin G A5
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Bl GFolA B9 A parasiticus w5+ 178 25
aflatoxin Bet GE B8% W, A Aavuse 5158 F
50%2] 349t aflatoxin BE AJAotAthMartins &,
2017). 2 9Joll S=poll A 221" A nigerd 72%, A.
welwitschiae®] 36.6%<= fumonisin B;E A5ttt
(Frisvad &, 2007; Susca 5, 2014). Frisvad 5(2011)&
A. niger 228779 54 YPsZ B7RE 2, 81%Y

#+%F7} fumonisin B, By, BeE AT, 17%=
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ochratoxin A, 10%+ fumonisin®} ochratoxin A &
Ao AT o As= FRlstkint. =W BFolA E2d
A. Aavuse 2% aflatoxing AJ/JSh BhH, QoA Ee
H o= 50%7FFTo]  aflatoxing  AYAJSIATE A
parasiticus w5+ Y AFEIET FARE P
EATh. A tubingensiss fumonising AJAJoHA] &= A
o7 d#A YO W (Frisvad 5, 2011; Onami &, 2018),
U A% gFollA 29 #5 180 AF A4 &
a4 9 £ 712 4,000 pg/ke) 149 fumonising A3
ot Ao=w FRl=gI

2 At 23 ngg dEF A F 545 Yok
J TgolY LAEE= Bt 5% HTH1-28% M)l
Fol5hes dHF AR 18-S AQdt BE A4
ot E3 B3-S HEE AHE 2% 8T, At
0%, AZ717to] Faa5 80| 20 RSkt o]
Z700A FZolEA QAT FAL = USS
ot 3HH, aflatoxin?} ochratoxin AE B0
patulin® fumonising AL 4= = ohFet 70| F
o] B4 v, A% BFoA9] patulin® fumonisin®]
gt =4 e AdAGg] et 71 RYEPo] I8Y o=
At E T

i

ft
i

i

1,
b

1

N

oo o me B2 o
m
rlo

)

2 Aol A% 8] B4 2] I FHo|S4
PRAYS AR FFY YB3 47 671, 12
MY Zot HAsIgom, 219 7HE0 g ABE A5
Bttt A W52 F2 Aspergillus, Penicillium,
Fusarium, Talaromyces 4 #%Ol&2 QL@{HIYL, 1
9] 264 oje] oI} TS|, gL ol @
QL A5Hoz Zlelel 1248 A T 791+
20.3%0] ol2 ¥, Yggel Ego] LAEE FAd 3
7¥ete] A% 271YE & 100%S YERich HgE

pseudoglaucus, A. chevalieri, P. citrinun®], &%
22} 5

o= o

o o

&l
2 A. flavus, P. crustosum, P. polonicum®| Z¥Z;

St A0=® YEiHH =4 #4247 d8F A= 1589
9+ ochratoxin A(37.31 pg/kg)7t AEE I, aflatoxin
< BE AlmoA HEEHA Lokth BFolA EeE 54

2

https://www.ekosfop.or.kr

TEZ AR AN F4E BT & e Rl
At T 12979 o 5 597(45.7%)2] w71 aflatoxin
(0.82-1,213.60 pg/kg), ochratoxin(39.35-237.20 ug/kg),
patulin(1.21-803.76 mg/kg) T+ fumonisin(0.27-13.70
mg/kgl= AU ol =W BFolA EYE A
westerdiikiae, A. niger, A. welwitschiae, A. tubingensis,
P. expansum #FE9 4 A0l gt Fx9] Hil
ojct. o] AFY A= A BFoNA aflatoxint
ochratoxin A g2 &2 patulin?} fumonisin 2 F2]

WA gEe At
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