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Natural Occurrence of Mycotoxin and Fungi in Korean Rice
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Inspection of deteriorated rices in Korea for fungal occurrence revealed that Aspergillus was the most
frequently observed genus and some isolates of the Aspergillus spp. turned out to produce aflatoxin. Diverse
fungal genera including Fusarium, Aspergillus, Penicillium, or Alternaria spp. were observed in most of the
rice samples. Aflatoxin occurred infrequently and the levels of aflatoxin present in the rice samples were
lower than regulatory limit but Fusarium toxins such as deoxynivalenol, nivalenol, zearalenone, and
fumonisin occurred frequently. In rice processing complexes, fungal and mycotoxin contamination of rice
decreased by milling process, resulting in the lowest level of mycotoxin and fungi in polished rice. Currently, it
appears that Korean rice and milled by-products need a safety control for Fusarium toxins rather than

aflatoxin.
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Table 1. Mycotoxins occurring in cereals

Mycotoxin Produced by Chemical structure
Aflatoxin B, Asp ergzl{z{sﬂ avus
A. parasiticus etc.
Ochratoxin A Aspergillus ochraceus etc.
Cl
o o%,onO
O)J\/\)LOH OH OH
A~AA AN A
Fumonisin Gibberella fujikuroi species complex o NH,
Deoxynivalenol Gibberella zeae species complex
Nivalenol Gibberella zeae species complex
OH O CHj;
(0)
Zearalenone Gibberella zeae species complex

HO

= B oluet H AAIA R HFEE] HIEFO

‘Jr H ol 73 BANIETE AH o2 g vol i A
T7F H27HA 2slA] X3 thLee 5, 1985; Kumar 5,
2008). H-2>FF0| 2| Gibberella fujikuroi FEFA|l &
ste 59 Af, FRUA 5o 545 AisiH F=
Frol A WA oA = AL 7E TR B

AAstE F FFol|Ql Aspergillus®t Penicillium 4

92
I FH3 JTHKim 5, 2012). A, Fusarium 219 524
=

ol 7k AAISHE S4:9l o}ETEN S F2 ol
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Seluete] Aujegelr e Bl mvjsitt. ey ¢
gluiet HAn| 2R ofEetEAl Al 22 3 54
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=L Aol dAshe el ™ A= 19704 =
A win)o] WA sh= Fgo]] o] HE AL
2 FEH(Cho 5, 1972). o] AFAE HFA F
A3 2749 HAnZRE 29+ e, /M
SotA BEE FFO|Z Aspergillus amstelodami, A.
chevaliers 5°] VF2™ Penicillium 2] F%°|= S|
ZA8t9 ). E3| P islandicum, P lanosum 5°] -3}
Ao P islandicum &1N% A. flavus, A. ochraceus, A.
Sfumigatus “5°] H]E & NS T #EE o] FgolEi
o WA7FAS AlAbsaith o] = Kim# Cho(1974) &
HAE AR 6278 Akt 919k FAME AAE A
o olE2 WArM T A flavus &5 757E V]

o WEF F ohEBREA Yol E 2ASSI 2

A3, AL #F5 BV ofEEEAlS Ao A4
H fFEA F olEetEAl Bo Ao M =% &
3] A. flavus var. columnarise 1 ppmol] Gl thFe] =
25 AR TH(Chung, 1975; Lee$}t Lee, 1974). o= =
Witk Hol = ofFekEAle] A F eS HoFe A
WA F5hd A7 Aok 3 197734 wWn)e] A%
Ao A= 26°CAA 457+ A3t A3 Aspergillus 25

=3go|7t 7 KA A& UTHHa &5, 1979). I
Woll Al =k 198914 & 59X = F4A 0] TF
58 Aspergillus 57} 2= ATH F 809 & o
F T 29F A ZHE TLC &4 A3 ol ZgtE4l +
A 23to] AFEG O ofFetEAle] HEHA = %2
TH(Chung 5, 1989). AW ¢] 1S FFololA FHod
= A+E 78] A=EHAY. 19783 = P islandicum
of o]gt MU= |uteoskyrin®] Aol EILE AT} Min
1982y AFL Bt AME FeR 29 =80l
£ 8- s =t S8 ERA Aspergillus < 1157

Penicillium < 5% o= Alternaria 2 Curvularia < 2+

XN oo

<, Trichothecium roseum, Nigrospora sphaerica, Rhizopus

nigricans, Fusarium spp., Mucor spp., Helminthosporium
spp., Gliocladiopsis spp. 5°] Wl TX3S gelst3ith
ol UEH xHd H3E=E Fol A flavust A
candidusZ X v ol - 3= A ruberSt A. sydowiiS}
tan, dgsd A g FFo] Fol SAFTAL
ST 198794 A4k R oA 85 m) o] A
& F A "HAu XM= A flavus7t 7 =& R
2 BAEHJT o] 9 A terreus, A. fumigatus 5 752
Aspergillus®}y P funiclosum 5 5% 2] Penicillium -3 °)
7F MEujo] folo 7 W IEJTHKim¥} Lee, 1989).

HAW 7} opbd ARE f-55<1 ol WA sl o] E
3809 52T AFE TEHAUG. AT 5T
< AFHOE FHst] AN 4

3, 45%°] A E7F hgeh FEold S HE Ao
7V 2dRET =2 F2 P citrinum3} A, candidus©-
2 747 27%9F 26%2] S HE&S HATHPark &, 2004).
ek A Fgole] QA& THOE BH Aspergillus
0] 88%, Aspergillus®] SFAMURl Eurotium 4-°] 19%,
Penicillium 4:°] 53%ZA] Aspergillus 2] 9 H=7}
Penicillium % Ht} 82 =2 292 YePt. Fusarium
& FAM= E proliferaum®] 7V =2 HIEE e
3 9O =F Alternaria, Rhizopus, Mucor & 0] 2.H
2o WE=2  Chaetomium, Cladosporium  herbarum,
Emericella nidulans (A. nidulans), Geotrichum candidum,
Phoma, Scopulariopsis, Trichoderma 4 %5°] HZF AT}
nE A el AgEel vet Wn S x9s =Y
AEE gl B AR el ElHk 200592006
Ask o} wim] 118 ] Q7S AN A3, Aspergillus
&} Penicillium % =8°] 9 Bacillus®} Pectobacterium
9] Aol 71 RI™stA #2EHH(Oh 5, 2007). ©]
= AFS FFA Mg 22 MR S F30)
o] FF/7T Aspergillus$t Penicillium < A% o|2t=
9] Az gt 200734 Blo] Tl Al

%o

Fwl, ZAw, AAv], o) 20001582 Aol M 4]
o4

il

N

%o LATEES AR A3, HA #3o]
AW AA 21%2 7P =R, A H](15.7%),
(15%), W1 (2.2%)2] o2 dopdthLee 5, 2011).
v} Wule] 739 Aspergillus®t Penicillium <5
AR 7 7 E=9k ot x| mlel Mafjm] o] 75
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FFolRl FE graminearums XT38 Fusarium % =
YA =7 7H =kt o] @) Alternaria, Chaetomium,
Cladosporium, Curvularia, Mucor, Neurospora, Rhizopus,
Trichoderma, Trichothecium & &38°]E°] FZF UL o]
= 7150l wRE vl Al FEelEe] TR 2
Al h2A] ST} 2009990 = PIFE A 2 gl A ALk
He B 7Y A9 BRI A)S ez @
A FgolE A=, f19 At fAFSHA BlollA
Aspergillus, Fusarium, Penicillium, Alternaria < 38°]7}
TS SIS = UL 7Hgol XBE = Aspergillus
o} Penicillium % %019 LENET} ZolA= A3
##e 4= dATH(Son 5, 2011). ©] & Myrothecium
F3olel e¥o] HE=E WHE FUA4E v Fo]
Myrothecium 580|540 QY9E 7ol A7 A
ot RS A EERE F 3559 F3o|7t
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Table 2. List of fungal genera appeared in rice and its milling by-products*

Observed frequency

Fungal genera

More than 1%

Alternaria, Aspergillus, Dreschlera, Fusarium, Nigrospora, Penicillium

Acremoniella, Acreomonium, Bipolaris, Botrytis, Candida, Chaetomium, Cladosporium, Colletotrichum,

Less than 1%

Curvularia, Epicoccum, Genicularia, Geotrichum, Gliomastix, Gloeocercospora, Monilinia, Moniliella,

Mucor, Myrothecium, Neurospora, Oidiodendron, Paecilomyces, Phialophora, Phoma, Phomopsis,
Pyricularia, Rhizoctonia, Rhizopus, Stemphyllium

*Adapted from Son et al. (2011).
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= SAEA X3k FFol(AA Bl 30%
ol H7HAl A wf m ol WA stE FF ol M
(mycofloray= -7~ T8t A & 5 UTH(Table 2).

A AAHSE WA 7HE EA7E He a%3cle
Aspergillus %011, o] F o}Ze 5418 WA= 4. flavus,
A. parasiticus, A. niger, A. ochraceus 5-°] W} Wu| 5
of vl th(Reddy 5, 2008). @ o]Alo}, Sl WE
', elAlgo}, v 5o ol WAshs #gole] TR
= Aspergillus %:2] oFE21E2 A L Hliﬁﬁ Fusarium,
Penicillium, Alternaria & S22 oA BI1H A3}
A mycofloras HAFUT}. Bl =2] 7%, ¥ o} win] o]
mycofloras A A3} WollM= Alternaria, Colletotrichum,
Curvularia, Fusarium, Phoma spp. 5 XE3+%°]9 94
o] I wba wnld M= AspergillusSt Penicillium 2
AggFol7t F2 299 AL & F UATKPitt &
1994). oF=3lE L,k ¥ 2] mycoflorat ¢]2k Tr*POP E‘r
(Broggi®} Molto, 2001). B&}&d o= ol 6
12704, 24709 F<F AESR HE 283 & FAHER]
9A, W7k, W) Alg 908 o2 RE Fgolo HAS F
A8t th(Lima &, 2000). &2 F30]e] F/H= Lee
S(2011)°] B3 A3 FAbskelow Mwe] 9 ¢Eo]
7 Rk v, A S0 = Folxlon ofFetEAl
A 7Hs F380] TolM= A flavusSt A. candidus7t 7t
A =2 N ST Bg 2 e A flavus T
°] 52.6%7} B groupgl olZEAl AHsS 7L
Atk A= 75 AAu el $Hste FBelEE 4
flavus, A. candidus, A. fumigatus, A. nidulans —-4
Aspergillus <°] F8 =00, v vltn] 5 &fF0]
A EA S Fgo] WA o] FrtgTA Halsiith
(Kumar -5, 2008).
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0|3 L BZO|S A0 Xpol il
WA FF W Fusarium SF33°0)549 SIS
1985'd Lee 5ol ol 2, ¥, Yo} ol AHgo=
Bygglon, ojm & ¥3Ex] Aokl 1992 7

719} ALdA G oA FEe 1568 tdeE FEY
2 BAS 2 A3 AAAEL] 5.1%% 8- oA F
2 99 ng/g®] AZEE A THChung Kim, 1995). 1995d4F
/}g- o 7]_;11 150 ;G O ﬂ]/\]-og Z/\].tf]— 7:5,]. uﬂu] 60;‘4
T 244, 9 3080 F 274, B4 308 F 19502 R
B Fruyio] 7tz Hit 41, 42, 18nglg FEE A&
ATHKIm 5, 1998).

=Uat o] o} ZEEAl 2H-2 1989 XS HIALES
t}. Kang 5(1989)y 1988} 1989 de] 433k & A5
2HE ZH7F H 4.1 ng/gH 43ng/g FE9 oFEEEA
AEsA Tk 28y 19953 42343 & 207 o 2 H-E]
ofZetEAlo] HEEHA %‘S&E}(Shon =, 1997). A&
o f55< 200234 & 88 EA%H A, 6%2] Al
FollA H 43 ng/ge] olZEAlo] HEF A tH(Park
5, 2004). 22 AEZRE FRUYZ, gSAEEE, U
=, AFEE 5 FL Fusarium 49 OE!'_E}E"]
(ochratoxin A)E 37 AEEom, o] F Uy sol
A 462 ng/g AEE AT} 20053 FE 2006139 7 3
ool A9 A7 7" F 2"o] vSA U =9, 7d
o] A |=of 2FHN o, Ht A& 22 74 ng/
g, 22ng/g FECIATHOk &, 2007). ¥r A5 147
Z 602 RE dSA U so] A 284 ng/g T

2

N,

rr o

2 AEHAU

2007 F-E] 2008 Atolol] Al dZ<l é—;h% EikalEd sy
6283} 444S BA3 A3 HIEAM%_LHI > % Alﬁﬂ
8.1%, &1l AR 13.6%4 AZFHNoH, Alde=

2ol 5.8%, drl2] 14.0%°]A] 7&%%01] 2} %%%CL
Wu| el v B Fusasrium 8] % Oﬂ 00,31‘401 9l
2 & 5 JAJTHKFDA, 2009). 2} HAE HHWX &
vl A e =] 79 6 ng/g, AlZH =9 % 2.5 ng/g
2 EF 92 o A THEAE 19988 Ude
2 ZAR A3 AR 16%014 Ay Ee] Hit
3.4 ng/gd] TEE AEH7IE ATHOkK &, 2009). gHA
1ol AlESF o2 20074 Wule} Fu A EAM= HS
AU so] AEEA 2t (Chun?t Chung, 2007). ©]
He Ay FFY FFol5a A AFEt =
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Abd AlES] A7 Y, H 9] Foll wet detE
5 98-8 AARE Lee S5(2010)S 7t 588 200913 4F
HE oz gSAYdeE ]‘E’z =, Agde, 5
yale] zApAutay-g i/\}ﬂ"jﬁ‘r % 3244 AE S 133
oA AFE=0] HEFHJI(7.9-172.9 ng/g) ElSAIUT
A= UdeEs, FRYAS 71 1389 AlRolA v
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(dloly w23,
Lee 5(2011)& m|FEgA g Ao A <
7HEEAES WSO Z Fusarium J—-’*OI ﬁé’:P/]
=2 AT 200734 HE u
Aw], wiw] AR5 HsollA Zt 50@1 XM T3t vl&
AU s, iy s, Algdee AdEls 2450
ot 9] "FAE F 47<1U19Jr Asjule] @ o] Hmle} u
v ET wokom FX|uo] Fg BE AE7F U s
LAHEA ADE =] LHEE 98%A L TS A
=9 QHES 4%ATh AAn Y] g 549 2HE
o] HleAYLEE 68%, ULHE 94%, A 2= 80%
TFEoE woow HU SHFTEE HAvHEG =3t
Anle] A9, SAE@-27%)°1H A LFFEHLEE
569 ng/g)°l AWt AAfu| Tt wigkom, wWnje] A9
S0 AlE F & 1R re] Uitz 2 9E AL
2 vebgth oleh 2 As 2007 SuiAk e Bl
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oo Zgo|EA AEEL
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Table 3. Maximum mycotoxin limits in foods*

SR Fgole} FgolEh 265

ANz ¥Ws] RaEy glow, A AAA Oi 7+ A
7t He Hae ofFEkERlelth /1] - w9 win|
12004 2] A& F 67.8%7} o}=e}=4 B 1 F=ol A
AtHReddy, 2008). T=+2] HrA R 36@2iTE%t 4%
Fo olEFEtEAle] BT HEHIJSH(Liu &, 2006), 2=
g Z7telA = W ET A o} Fe}EAle] e dgEo] T
=7 #Z = AthBandara 5, 1991). 200213 A & o] A
= O T/ 45 T 2L 2ANS A3 o aEE
Aejy FRUZ 52 AEHA] @Ry ofFgEale
EU9| 318715312 nglg) ©13F o2 HEF E}(Reddy
5, 2008). YEolME 19983 B Fo] T3 F $233)
HolA HlSAUEE s, Udd= 5o &% tH(Tanaka
5, 2007). Q1= AAm|FoAM = olE2tEAl B Gy,
AT, olFgEAY A T SFEQ] ZH g ant
EA] 2Bl (sterigmatocystin), A E&]d (citrinin)°] ¥ HE
H AL v = okEFetEAlo] HAEEH A tH(Kumar 5,
2008).

TR ol o 24
2 % win| o} HAnjo M= Aspergillus <5
S AGFFole] AN Y3 viHh =9dt) 18
U A AAIR SR HlolA FAI7F HAL e obEetEAl
S oA AA| Ay M=) ule- A3 e HSE
= 1 SHAY AEEA] Fe W, Fusarium 53°)=
258 v B LE9E AeE BRIHT 3
HIS 93t Fusarium 580|549 29 & 51”449]
&R olstol ARt =4t m]=2] 73S Fusarium +8°]
US| QA=A 9o, ol&eE4l R} Fusarium
LAYAE Sk A o] AlFe AA
shd H2 7]—?—‘55} TOoE <l AEHe] B E
FAlolaL A ArBol7t g5

E AL Qo] ofEEtEAl A Tt

©

Mycotoxin Target food Maximum limit
Aflatoxin B, Grain & its processed food Not more than 10 pg/kg
Ochratoxin A Wheat, barley & rye Not more than 5 pg/kg
Fumonisin Corn processed food Not more than 2 mg/kg
(containing more than 50% of corn) (as a sum of B;and B,)
Deoxynivalenol Grain Not more than 1 mg/kg
Zearalenone Grain Not more than 200 pg/kg

*Selected from the standards set by Korea Food & Drug Administration (2012).
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