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To detect Fusarium mycotoxins, grain samples were collected from 32 rice fields all over the country and from
19 maize fields in eastern and midland provinces in Korea in 2009. Maize contamination with Fusarium
species (54.9%) was higher than in rice (8.2%). Using Fusarium species specific PCR primer sets (Fgl6 and
VERT), 58 and 354 of total 506 isolates from maize samples were putatively identified as F. graminearum
(11.5%) and E verticillioides (70.0%), respectively. From rice samples, 276 of 315 isolates (87.8%) were
putatively identified as F. graminearum but FE verticillioides was not identified. LC or LC-MS analysis of the
samples revealed that fumonisin was the most commonly detected mycotoxin in maize samples but its level
was below the regulation limit. Only two maize samples were contaminated with deoxynivalenol and
zearalenone at the levels above the regulation limit. In rice samples, contamination with zearalenone was
common but the levels were below the regulation limit. This study showed that most of the Korean maize and
rice samples collected in 2009 were contaminated with Fusarium mycotoxins but the levels were below the
Korean regulations for deoxynivalenol, fumonisin and zearalenone.
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NE A FFo|B5AZEE Aspergillus©ll 23] WA=
aflatoxin (AF)2} Fusarium®l 2]8l4] A== trichothecenes
AlE 2] deoxynivalenol (DON)Z} nivalenol (NIV), zearalenone
(ZEA), fumonisins (FB) 5°| St}
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Desjardins 5(2008)°] 2Jall 2004 W|Ze] 25004 NIV
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ENXN = Fusarium =25 V%3 aflatoxin B,(AFB),
ochratoxin A(OTA)2| 4125 ©do] B u} gtk (Ayalew
=, 2006). oMol E Yang 5(2008)] ©JEIA F3e]
BEE 7Z98l= Fusarium JAHE0] X|9FH o2 2oz}
nom, o]2 Qe AAPEE FAE TE ZOR ot
=20 BRHJT. FHUTNME Fusariumdl] €3+ =
28] Ao gk 2 /‘}34]7} l‘if’—ﬂ‘ﬂ‘:} A o
2 Fusarium®l 2]+ HtAo] AJPH 19873 4=+
2o 79, 19893 3+H B Oﬂ/ﬂ Ho} trlchothecenes
9 ZEA©| %o] HAEE A (Park Lee, 1990), 19973
gy oy SoME AT S5 v trlchothecenes,
ZEA 2 FBY 9%0] 4718t%lthSohn £, 1999). H <]
735, 19992001 FR-A A FHE A FeA] NIV
A #5571 AT R tHLee 5, 2004). LEF
of 200234t Wl ME Fusarium 54> %9t olu2}l FB,,
OTA, AFB, 5% M AEHAchPark 5, 2005).
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O]E“] o|Fol= FE FE9 7haEel gk FFolmA
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FAARA] Fdth. 2 ol 7R H e
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A EAA. 200955 =ro] B A A9 (325 7h
S5 FAAR] % E(15l‘7})91r FHHEE(4E7hHlA
zfzk A —’F’Sfﬂﬁi‘:} EAXNEES X T F %
< 37] A7EA] 4°Cel] BAsEAT

Fusarium®| #%). Fusariums F33}7] 8] S5
(30g)¢t H(10g) AEE 1% sodium hypochloriteol] 2+
7F FA st W AAST BH AnE GEdES A
T2 23] Al F EaE oA3RoA EVE AAT
T 105718 PDA(streptomycin 600 ug/m/l)ell X]/d3}$3Th.
T2 25°C 7)o 5L7F vl kst & FusariumS 2
oA }E = 7S PDAY| AuiFstAnt. EElE - water
agaroll HEst] BRI E HAEA #2 54
#2s7] e Fhdleo]A Y SR (CLA; Leslie}
Summerell, 2006)2t PDAE AR&-3to] 124]17+8] 4 =71
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ANA TUZF Wi Fof]l AAFE 4T B PR EAL
Nl o Mzt wiAFHe] MAa Y T 5SS
Attty o] ZAIFHE  The Fusarium laboratory
manual(Leslie®} Summerell, 2006)3} B2 - E3}o] 1}
Ao 2 F graminearum™} F verticillioides=. %3} AT},

PCR 3¢l 213 Fusarium®) 53.

o =
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i 1= e

22 ¥ Fusarium

& CMHEIA O] HEE] 3U7 v FALE 54 Ax
A AT 7A%E Zgo] FAAIE v d & CTAB buffer

(Proctor 5, 1995)5 ©]-8-3}%] genomic DNAS F&3%
t}. E graminearum3}; F verticillioidesS S°|4 2.2 &4
371 18l Fgl6(Nicholson 5, 1998)2} VERT(da Silva %,
2007) primer setE 77} AM&-3FITE PCR 27 ¥ WHS-
< Yun 5200001 oJ3l A WRES wFsle] FYad).
A|£9°]  Fusarium wmycotoxin AL ZF  FA
Trichothecenes(DON=} NIV)2] #4412 AOAC W (AOAC
International, 1990)S =&} th. et S B A
g 7} 5g2 85% acetonitrile 20 m/Z FE3F & FE
(8m/)ES MultiSep #227 column(ROMER Labs, Mo,
USA)ell ¢Jal o=}, ZAlstdth 2 F 4miE 555
o] 1 m/E A&l & 7]7]A o ARE-shadtt. HEgh
ZEA3} FB(FB,, FB,, FB;)<> QuEChERS% (Zachariasova
T, 201002 Farste] FEeIT 525 fdl AR
5gol @71 50 m/ FE 0.1% formic acid® 713 &
5 15m/} acetonitrile 20 m/E ¥ 3L 3E7F WHSA] AT
F2 N2 NaCl 1 g3} anhydrous MgSO, 4 g& #7lst
WZE RESAIZ & Al ]'/J\—l—— I 2mlE 5
ato] o] 1 mpell A &3ligk § 717134 ol AR&-st3AT.
412 Agilent HPLC 1100 serles(Agllent USA)E AHE
5t DON 2 NIVe] o4 &ull= =, acetonitrile,
methanolE 90:5:5 (viviZ E&s)1A ALgFlom, 240
At ZH L& SB-Aq C18(4.6 x 150 mm 5 um, Agilnet,
UsA)elslth. H&7]= Dioded array detector(DAD'
Agilent, USA)E AH&-319 3 olu HEI4-L 220 nmS
t}. FB9} ZEAQ] o]5 &vl= 0.5% formic acid’} 7+
7} 2718 E3} acetonitrile2] gradient systemS AR5}
o, 42 Sepax HPC18(2) ZH (2.1 x 150 mm 3 um,
sepax tech, USA)¥} #HZ7| 2 Mass detector(1100 MSD,
Agilent USA)E At&-3t3th FB 44 &
modeE AME-3FR L, ZEA E4o&
AF8-3}59 tH(Zachariasova 5, 2001).
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Table 1. Fusarium spp. contamination rate (%) in cereal samples
Maize Rice
Province Fusarium F E other Fusarium F other
spp. graminearum®  verticillioides* Fusarium spp. graminearum* Fusarium

Gangwon 56.5 8.1 73.7 18.2 2.9 83.3 16.7
Gyeonggi 9.3 923 7.7
Chungbuk 38.6 58.8 17.6 23.6 52 100.0 0.0
Chungnam 15.8 87.2 12.8
Gyeongbuk 11.0 82.6 17.4
Gyeongnam 5.0 75.0 25.0
Jeonbuk 9.8 89.3 10.7
Jeonnam 6.7 92.9 7.1

Average 54.9 11.5 70.0 18.5 8.2 87.8 4.0
*Putatively identified by PCR with species-specific primer sets.
(n=32) AHA A 2N E 20099 A BAA Fusarium - (A) Trichothecenes (DON, NIV)
T AR A3 Wol| vls SolM Fusariumell €] ™
g Qo] AZgt Aor SRIHAT. S5 A5 A o
T Ao} FEAYGNA bzt 56.5%2F 38.6%°] Fusarium
oABE BT W, ¥ AR Fusarim SHEES A : NIV (5.78 min) PO (10-14 min)
FHoR W gaelR o, FdAgo] 158%E e . / /
Aol H&] Fusarium S FE°] v =4 YeEldt u | \
(Table 1). R

21 Fusariums ZYZF E graminearunc} F. verticillioides RS AT S R T MMM MM
2 4 F Ut 5ol primer AHgele] 24 G A3, (B) Zearalenone
SpollAl FEE 5067 5 589 F graminearum
(11.5%)9} 354732) F verticillioides(70.0%)7} %42 - «—ZEA(6.83 min)
t} E3] AHFoRE FHELE A FE(58.8%)7F =2 -
A E5(8.1%)°ll Y13l E graminearum®l 2]t L HE°] ¢ -
= 82l HAOoU, F verticillioides®| 23 L HEL
MR AAEe] ART37%)904 | B S1= =
we] A, wEE 3154F F 2767 F(87.8%) 7 F - W
graminearum® 2 FFE O, (N AXOE F graminearum MY M DM MM MM D DM MM M
ol o3t QABL 75% o|HO T L 9AES RATL (C) Fumonisins
a3y S5 A5 A= @l F verticillioides= _ <«—FB1(13.11 min)
RI=A] ket

ol’Fel Fusarium®l &3t Q9= ZAF 2 PCR 5484 - FBs (20.85 min)
7 Fusariom 2 G& 83 NAH o2 $HFo] TE - FB2 (26.50 min)
Zol gelx et Wel A Fusarium L HE-S A9 % @
O 7 T Zo|7t UUA T S5 Azl HE LHE - LMLLJU
o] w¥tow F2lE Fusariums< W F graminearum e

o2 FAFEJY. Sge 9] Ao vEA X9
O 2 Fusarium®l| 213+ QHE L 2 A9HE Fusarium® =+
Fo 924 Jeiuth Adeet SHEE, F x99 &

T AE8d LA Fusarium & 7FL=E AGolM= F
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Fig. 1. Chromatograms of naturally contaminated maize and rice
sample. (A) LC chromatogram of trichothecenes recoded by
DAD. (B and C) LC-MS chromatograms of zearalenone and
fumonisins recorded by SIM, respectively.
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QoM F graminearum FRHATFEC] 3%
Aok ol $HFEY] Aol= A 22 wet
AZE T Fusarium 5250 S/ Aol Ut g
Ol5 Fusarium HTE° & 42 o & AT
A T2 T8l HEHOE AAH o & Zlolth 59
Gibberella fujikuroi species complex 2]t member®l F
verticillioides 73 vTE5-2 732 complex®] TFE member
Sl E proliferatum)3} % E-°] primerdl] 23+ PCR %
FoJRgto g o] g 7397 FF AUth(unpublished
data).

Fusarium 33301548 A, 35 AlE U &
A 7t FFO|EAZE F graminearum®] A=
DON, NIV, ZEAS} F verticillioides®] 733}= FB (FB,,
FB,, FB;& U2 AT 242te] =459 HPLC
243 NIVSF DONS 5.8%3} 10.1%0 217 A&
3, ZEAE 6.8%, FB,, FB,, FB;2 13.1, 26.5, 20.8%-9]
7}7} AZ = Ak(Fig. 1).

% 197 S5 A7 45 DONS 570, NIVE 270,
ZEA= 570 AlEolA AZE AT DONol HEE A&

Z 2709 Al B (GW-cTae, GW-c10e)7} $-2l1}2te] DON
71ZA(1 mgkg)s ZHste AS=E R1H St ZEAO]
AEE /M9 A7 FolME 370 (GW-c10e, GW-c12, CC-
c3e)e] AlEIA 7152 (200 ngkg) S Z38he =471 7
ZF A 53] 3 7] AlE(GW-c10e)°l141 DON, NIV,
ZEA7} 2% AZE9 oW, DONF ZEAE 7|EAE %=
Fats Ao 2 Uehgth FB2 A4S 19712 A& F 13
el AlZEolA FBO] AEENIL, GW-cTbe AlEA 3,092
pgke= 7HE B2 o] HEHAOY UlFE9 Alse}
7R 2 7]1FX] (4 mg/kg) BTl TH(Table 2). B A
9] A9 DON NIVZF zHzt 8t 7lje] A|ZeA], ZEA
7} 1370 9] Al5elX AZEAARY, S5 A5l H]F)
EF 7|EA] ngto]Qit), H|E WA FB A 4571 &
AEA] ERAITE, S 7 A|FZ(RIL-9e)oll A FB7} AEE]
NI 5] o= 98 FByt FBET o] AE
= A THTable 3). B ollA FBE 20021 d4F Wmjolja] Ak
AZE Aol dsden oy FBS AAste #52U F
proliferatum®] ¥ A S2FE AES=JTH(Park 5, 2005).

ol Aol FE ANE W Fusarium 293 Fusarium 2
o] Ak A A3}, 200934 ) L2591 B A

Table 2. Natural occurrence of Fusarium mycotoxins in maize samples

Natural occurrence (ug/kg)

Province Samples

DON NIV ZEA FB, FB, FB;
GW-cl b - - 24.1 - -
GW-c2 - - - 41.2 - -
GW-c3e - - - 523 - -
GW-c4e - - - - - -
GW-c5 - - - 41.7 - -
GW-c6 - - - 63.8 - -
GW-c7ae 1530 - 159.4 1010.9 35.8 -
Gangwon (15%)  GW-c7be 261 - 13.5 3091.8 624.1 582.1
GW-c8e - - - - - -
GW-c9 - - - - - -
GW-cl0e 2667 1364 385.9 144.8 51 52.6
GW-clle - - - 46.9 - -
GW-c12 741 - 232 166.7 23 28.9
GW-c13 - - - 47.7 - -
GW-cl4 - - - 40.1 - -
CC-cl - - - - - -
CC-2 452 387 - - - -
Chungbuk (4)
CC-c3 - - 256.4 - - -
CC-c4 - - - 33.1 - -

*No. of samples.
"Not detected.
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Table 3. Natural occurrence of Fusarium mycotoxins in rice samples
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Province

Samples

Natural occurrence (ug/kg)

DON NIV ZEA FB, FB, FB;
Gangwon (4")  RGW-1e S - - - - .
RGW-2 - - - - - -
RGW-3 - - 18.5 - - -
RGW-4e - - - - - -
Gyeonggi (8) RGG-1 - - - - - -
RGG-2 - - - - - -
RGG-3 - - 39.8 - - -
RGG-4e - - 37.9 - - -
RGG-5 - - - - - -
RGG-6e - - - - - -
RGG-7e - - 116.3 - - -
RGG-8e - - - - - -
Chungbuk (2)  RCC-3e - - - - - -
RCC-4e - - - - - -
Chungnam (4) RCC-le - - - - - -
RCC-2 - 133 - - - -
RCC-5e - - 7.9 - - -
RCC-6e - - 8.4 - - -
Jeonbuk (7) RJL-1e - - 83 - - -
RJL-2 - - - - - -
RJL-3 - - 172.9 - - -
RJL-6e - - 39.5 - - -
RJL-7e - - 68 - - -
RJL-8e - - - - - -
RJL-9¢ - - - 535.6 2234.5 633.3
Jeonnam (2) RIL-4e - - - - - -
RJL-5 122 - 455 - - -
Gyeongnam (3) RGS-le - - - - -
RGS-2 - - 8.5 - - -
RGS-3 - - 109.3 - - -
Gyeongbuk (2) RGS-4 - - - - - -
RGS-5¢ - - - - - -
*No. of samples.
"Not detected.
RN Fusarium 990 Wa] SOl Fat B /] Bol W] fRe] 53] T2 48] AS0] o) /e
F2] N g AET o & FEA R A& o I 3971 2 201092 Fusarium¥y 35 ¥ oy}
FFol A tiF) e FEdol & |= S A= Fusarium 54> 2.99°] 200930 vla] 424 &= & A
ol& Fusarium®l °13+ ¥ DAl Faldr=(2009d)] W] o2 ofHnt wepA ZFRist] mE FEoled U
MY Ae] Be Aow 458 & vk 2y B4 Shd A Y, Bels] s FF A%
of AR B o mE 2o AL 7IFHste] dFe A B o] FaEoloF & ot
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