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Natural Occurrence of Fusarium Mycotoxins in Cereals

Yin-Won Lee and Jin-Cheol Kim
Department of Agricultural Biology and Research Center for New Biomaterials
in Agriculture. Seoul National University, Suwon 441-744, Korea

ABSTRACT — Species of the genus Fusarium are worldwide in their distribution. They are sapro-
phytes as soil inhabitants and parasites of cultivated plants. Some isolates of certain species
are capable of producing mycotoxins. Mycotoxicoses, including moldy corn toxicosis, alimentary
toxic aleukia, fusariotoxicosis, and red mold disease are known to be associated with trichothe-
cene-producing fungi. Historically severe epidemic of cereal scab occurred in the southern part
of Korea in 1963. The epidemic caused a social problem because of not only heavy economic
losses but also mycotoxicoses to humans and farm animals. However the toxic principles were
remained unknown until some publications in 1980’ s indicated that trichothecenes and zearale-
none were major mycotoxins in Korean cereals contaminated with Fusarium species. New myco-
toxins, the fumonisins, produced by Fusarium moniliforme have been found to be associated
with human and animal diseases such as leukoencephalomalacia in horses, pulmonary edema
in swine and esophageal cancer in humans. High concentrations of fumonisins have been detected
in corn samples from high esophageal cancer risk areas of South Africa and China. Thus fumeo-
nisins have been implicated in the etiology of human esophageal cancer in those high incidence
countries. Recently increase of imported cereals from foreign countries demands to assess the
safety of mycotoxins in Korea. The informations on the natural occurrence of mycotoxins are
needed to solve the toxicological problems in humans and farm animals associated with the
consumption of moldy cereals.
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Fig. 1. Fate of toxic metabolites produced by fungi.

g DAL 7HA T o)n] AEe] TAGA N FFol
E45S QA7) ol TR FFe) 2
2998 QAo wetade de) YA ot =3
xAZFo) e FHF M F LEEHE A=
goi} oln] it HAEL Ao g k)
w5 AEe] Y8yt 49 2995w sFFex
2AH A ofx &g}, E3) wekAd ] Aflatoxin}
Fusarium&< 2314 4A3=l= Trichothecene s}
Zearalenone(ZEA) So] B ¥ A<l og} & 4= ik

Selels 198035 FEo| FiiFe] FEI
Z7)sted 19909 ol FollE &5, U, F ST X
T35 TE49lo] FHo R 309EE 23t gl

o gezw FEe fowel FHE Ao d4
e, olel ujel 4t TERTH SIS U
A7} hFe B8] £UFEY FPo) Fh e

o] g A EAZ} AaEejor & AHe|ch £
ZA | A B A &8 WAk Fusarium=2
o] 2d¥&y FAYHE ANstaat gk

i
hu

et ¥ Sy af

Fusarium%-7F9] 712 57E <38 oy
5] S0 AT BE AT EFEA A2
Eoa XA 2FE Wk 59 ol wFel
dd.oz g2o) obrlslo] ghk. m)3 W Auhdo}
o) 5+2) Fusarium A7+ el(International Toxic
Fusarium Reference Collection)® F4lo2 F3]
5o] & AFAHE F§ste] BdEH® Table 1
ol Ao} 7re] Sporotrichiella section®] F. sporotri-

Mo mr e

The Korean Journal of Food Hygiene, Vol. 8 No. 2



Table 1. Mycotoxicosis of human and

$25

animal caused by Fusarium species

Section

Species

Human and/or animal diseases

Eupionnotes
Spicarioides
Archnites
Sporotrichiella

Roseum
Arthrosporiella
Gibbosum

Discolor
Lateritium
Liseola
Elegans

Martiella &
Ventricosum

E. sporotrichioides
(F. chlamydosporum)
F. poae

F. semitectum

F. equiseti

F. culmorum
F. graninearum

F. moniliforme

F. oxysporum
F. solam

Alimentary toxic aleukia(ATA), Moldy corn toxicosis
(Onyalai)

ATA, Moldy corn toxicosis

Degnala disease

Degnala disease, Tibial dyschondroplasia(Kashin-Beck Disease),
Leukemia

Estrogenic syndrome, Feed refusal & emetic syndromes
Estrogenic syndrome, Feed refusal & emetic syndromes
Scabby grain intoxication

Equine leukoencephalomalasia, Abnormal bone development,
Human esophageal cancer, Moldy sweet potato toxicosis
Moldy sweet potato toxicosis, Kashin-Beck Disease

Moldy sweet potato toxicosis(Androgenic syndrome)

chioides <} F. poae, Discolor section®) F. culmorum,
F. sambucinum, F. graminearum, Gibbosum sec-
tion®} F. equiseti, Liseola section®) F. moniliforme
%ol F8 H29 AdFeE Rusy ik
Aa}H o2 FusariumEdo] F=Elgvin @]
e Ql&el 9] FE5EMe Table 19 el

Fusarium =227} dpgAsted Ql&o 558 2
A AabH AL vla, 2ol dE S5 Ao

glufetel 4] glolE 5= glom FZ Ldz)dfel A
A gel fejuubel A 19633 wh-A|sbel 4}
ol He FFelwer Wil 40-80% F¥e] 3
2ER o] Heo] gE AFEE AEN A2
ALg-3le] alEoll A3 T55E Zalste] 2 ©Alel
2 ALs)Ael EA7F # o) vk Fusarium S
% Trichothecene#] F%°] E4E5& 197000 ¥+
Hhol] mgdo] ol Ampelld R Hrhe=
al5e] FA wel FAH A EAE of7]d u)
k. Y Fusarium %49t 35239 A4 &
PAHow Adnt Ao IAE Y ASshe

A Alre A7 9ok 198749 6-79el A=
FRA LA Bpel| A Fge)rl eoidl WERE Az
ol 7]21%t S522] ¥ ¥ Trichothecened &
Fo] Haol o7t fAgeR FEFE AR
AFT Hz AR # 9 ok =27 A2 55
ANHE Fusarium %527} 2] FEZ2] dqlolake
At 7t B s ]l

FusariumB%0] E49| ¥} MAs

Fusarium =2+ TrichotheceneAl ¢} ZEAA 9] &
o] FFL o|F1 alvh AF7A Rusx qle
Trichothecened| #§E& BaF=EAE E3tsld
oF 10009F el @t gloat FEef &3]
A3tE F82 F4+= deoxynivalenol(DON), nivale-
nol(NIV), T-2 toxin S22 F=l5e] glony o) 53}
£3] ZEAe] §4 A5 ZHE=HcH(Fig. 2).
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Fig. 2. Structure of deoxynivalenol(A), nivalenol(B),
T-2 toxin(C), and zearalenone(D).
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Table 2. Natural occurrence of trichothecenes and
ZEA in corn from Kangwon province

Mycotoxins*  No. (%) of Mean(range) level
positives (ng/g) in positives
DON 30(65.2) 310(29-2752)
3-ADON 0 (0.0 ND®
15-ADON 12(26.1) 297(22-1726)
3,15-DADON 0 (0.0 ND
NIV 16(34.8) 77(6-366)
4-ANIV 5(10.9) 55(23-139)
4,15-DANIV 7(15.2) 29(17-51)
ZEA 8(17.4) 151(4-388)

* The trichothecenes were quantified by GC-MS with
selected ion monitoring and ZEA was quantified by
HPLC with a fluorescence detector.

"ND, not detected.

Table 3. Natural occurrence of trichothecenes and
ZEA in barley from the southern part of
Korea

No. (%) of
positives

Mean(range) level
(ng/g) in positives

170(25-1051)

Mycotoxins®

DON 35(89.7)

3-ADON 7(17.9) 65(13-168)
15-ADON 0 (0.0) ND*
3,15-DADON 0 (0.0) ND
NIV 37(94.9) 1011(39-6892)
4-ANIV 17(43.6) 25(12-71)
4,15-DANIV 5(12.8) 22(15-28)

ZEA 20(51.3) 287(40-1416)

2The trichothecenes were quantified by GC-MS with
selected ion monitoring and ZEA was quantified by
HPLC with a fluorescence detector.

®ND, not detected.
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Table 4. Production of mycotoxins by Fusarium gra-
minearum isolates from corn

S27

Table 5. Production of mycotoxins by Fusarium gra-
minearum isolates from barley

Mycotoxins  No. (%) of Mean(range) level Mycotoxins  No. (%) of Mean(range) level
positives (ng/g)* in positives positives (ng/g)* in positives
DON 33(64.7) 170(trace-2,699) DON 1 (1.6) 841
3-ADON 4 (7.8) 31(1.5-55) 3-ADON 1 (16) 830
15-ADON 17(33.3) 10(3.2-59) 15-ADON 0 (0.0) 0
NIV 11(21.6) 5.2(0.2-13) NIV 42(71.2) 43(0.9-416)
4-ANIV 7(13.7) 5.4(1.0-11) 4-ANIV 36(61.0) 25(0.9-352)

ZEA 32(62.7) 71(trace to 431)

ZEA 29(49.2) 74(trace-1117)

4 The trichothecenes were quantified by capillary-GC
with a flame ionization detector and ZEA was quan-
tified by HPLC with a fluorescence detector.
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“The trichothecenes were quantified by capillary-GC
with a flame ionization detector and ZEA was quan-
tified by HPLC with a fluorescence detector.
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Table 6. Fumonisin levels in feeds associated with outhreaks of equine leukoencephalomalacia

Fumonisins(ng/g) (mean level, range)

Source No of Samples
FB; FB,
South Africa 1 8850 3000
USA 14 7700(1300-27000) 3100(100-12800)
USA, Arizona 3 72000(37000-122000) 12000(2000-23000)
Brazil 21 8900(0-38500) 2850(0-11800)

Fusarium=S2-2| A

Fusarium=-2-9] Al disire 1985 o] %
Qe el g2 A7E =a olck?® Tricho-
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AE8 vl ZE WS 1,000 ppb, HFAEL
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A3 3}e] 0 w2198 Fymonisin B, ©] 99| % B,, B; 9
FEAE Fe, F459ck FBio) 732% o9
ulE o) W7l Alternaria alternata f. sp. lycoper-
sicio] A she 71:Eold 42 A sl AL-to-
xin®3} o) 9 f-Apslcl FB, 2 dolixa]s}l Transkei
ARG F3d4A Linxian#W 5 AHe] 4
Tof oz} Heigle] o] % A zok chukz]edg)
E3) F moniliforme. 2 $9% &
4> Fol) 1,2,3-tricarboxylic acid(Fumonisins®] 7}
SR A =EHe] o]l A Sppr
R Ego] ¥WuEgrt® w3l Pieter Y& B
A, v]F P golzelsl Feolld LEM3 Haisi
250 4] Fumonising& =43k A3} o] & AR E0|
FB,3} FB,Z A&A 29dse] slcka Hsisdch
(Table 6). w2l 22 AlFo e FB9 levele)
100,000 ppb& 'ge1.vd FB,9] level= 20,000 ppb
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= 2123 2] moldy corng %8t Fumonisins&
A vlngk A Alxeke] wAuiw sl 22 29
moldy corne] #® E=2 F5% Fumonisinse] £
ods)e] Adrki RisteirKTable 7).
?ﬂﬂi %3t LinxianA]%We] 2] wokslzjpub g 71-2E0)
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Fusarium spp.
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Table 7. Fumonisin levels in ‘moldy’ corn from opposing esophageal cancer(EC) areas in Transkei

No of Fumonisins(ng/g) (mean level, range)
Area Year
Samples FB1 FBZ
Low EC 1985 12 6520(460-18900) 2500(150-6750)
Low EC 1989 7 4050(110-11340) 1090(0-3700)
High EC 1985 12 23900(3450-46900) 7550(900-16300)
High EC 1989 6 53740(3020-117520) 13680(750-22960)

deomV Luo $P% o] xdozbE AT &
g Z0o] Trichothecene S A AR 4%
qre] =& ulgE dojvhe A Yo eyt e
H]&- g AlEcto] wAal= 2|odol ula]l DON 15-
ADON® #eko} foA oAl Erii siglch o]
A= FusariumE43 A2 obiAye] 71 A7}
alcke RS vepds SAlof a4 253 Fumo-
nisins®} ¥4 Trichothecene mycotoxin® 4| %%
ol 7103 75 AE AlARRICL

F. equiseti®] N2R ZA(TDP-1)

kg7l o] S8 8 Adz, ey F)el
UAA F2 HxTE9 ‘%7 tdFz A e o)
Exlog sk wolidFd: ATATUETAS
(Tibial dyschondroplasia, TD)ol2} £-a]-$-r 197031
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N ol Mz el 384 Osteochondrosiset
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org} ~ 7152 U H)ZNE FelF F oequiseti 2l
w ok 2 HE] broilerstel] wis] o] HW& dol=
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2, FZ2ARL sl k. B® 2 9 mycotoxinol A+
2 5 oggdw FHATES Welishs A2 typed
mycotoxinelzt & - glvh

o] Bale zhellzabstel A 73t 3 kg wAs)
7] wjFoll(excited wavelength 384 nm, emission
wavelength 450 nm) HPLC9} TLCell A 7 A&
s 9lom ¥ QinpIe] A TD7F doint 3ol 4
g atzel o] AUt 4-59 ug/kgo R A 2%
glo} qlohar Haslglch?

gk Algdol]l glolA] OsteoarthritisZ A4 ezl

Kashin-Beck disease(Urov disease) 2354 4]
wl2jolxiu(vlo| 28, o}EH, FRATH), FIF
Balul &7, A EA 53 SeE
G Bl A el go] Fir WY —‘% of7}sph,
Foprle] W o1 o|Fe] FAAY] HHfE 1A
£} o] F4lE TDeh= olEAE AR 35
Hx wro] 917 W&ol Mirocha %-& Fusarochro-
manone®] Fe 7pEAE A A AR

Kashin-Beck disease®] figlol thisjrle= A8k
of EAl=lo] gl FHEAN HuiF HEolwke
M3} w)ekels B3] Selen WFojeks A, 1ely
mycotoxind{F-olekz A Fol Uk Fe) AS
£ &g FAog s #EkO uh gl
Fi g FA0R s #@kdde 53 9
w85 Jehliglen], ®E ARkE niRo A

g whxlshe Zlo] 7hsldnh™ Fo sty
& wge £ Sae] 29 e Fusa-
rium3-, 53| F. oxysporumol] elo] Uk A
Zhe}ar, o) o] AFulFE-S Ne} ratel] Hodsle
o] W& 25kt a}gte] mycotoxicosisel]l I+
o}3}3 gl TDP-19} simdo] »Ieixch
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Hemorrhagic factors

Fusarium<w+3} ol&o] AR HAso o
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refusal, #ZF3+%, 7-E, skin necrosis, #|2F, A4
Z1e) 43 W AAb 5% dolny aEy 75
ZFE 2ol el HHel ddldl dsire »E T-29
diacetoxyscirpenole] ol A& FAtol Mo FEz
& Ay o A kds EERE Fdch
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3 & 152 Norwayd] zjodofix Realg & F
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