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ABSTRACT - A total of 244 cereal samples (oat, sorghum, adlay, and proso millet) were collected from fields to
examine the contamination of Fusarium mycotoxins in cereals during harvest season in 2017 and 2018. The contam-
ination levels of deoxynivalenol (DON), nivalenol (NIV), and zearalenone (ZEA) were analyzed individually by using
the immunoaffinity column clean-up method with ultra performance liquid chromatography, and fumonisins (FUM)
were analyzed by using the QUEChERS method with liquid chromatography-mass spectrometry. Highest level of NIV
contamination (120.0-3277.0 mg/kg) was observed in oat samples among the analyzed cereals. In the adlay samples,
DON contamination was the highest (maximum level 730.0 ng/kg). The proso millet samples had a high frequency of
detection of NIV and ZEA (61.5% and 57.9%, respectively), but the levels were low (average detection level of NIV,
75.6 ng/kg, for ZEA, 21.5 pg/kg). Among the cereal samples, sorghum had the highest contamination frequency of DON,
ZEA, and FUM, and the co-occurrence of Fusarium mycotoxin was 70.0%, which was higher than the average of 29.9%.
In order to safely manage Fusarium mycotoxin levels in cereals, continuous research on the development of contamination
prevention technologies together with monitoring of mycotoxin contamination is needed.
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Materials and Methods

A, 5, &7, 7130 FAA F7klA Aujstes
201733 20183 F=F 5k
Fusarium 42 LQEE Al A Ag 24739
Ay A5 A5@9R)olA F 88dS TN, Fre
TH 9UGsA), Y 9L19%), BE dFEH)IN =

608 FASAT, FRE A BG4 A% A

Table 1. List of cereals used for the monitoring of Fusarium mycotoxins

Region 2017 2018
Oat Gangjin 21 18
Jeongeup 25 (22)" 24
Sorghum Andong 0
Danyang 32 (22)
Youngwol 13 (10) 6
Adlay Hwasun 19 (15) 15
Jinan 21 (20) 15
Proso millet Andong 0 1
Jeju 0
Sinan 2 2
Younggwang 16 (9) 2
149 (121) 95
Total
244 (216)

Y No. of samples used for the analysis of zearalenone.
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Millipore AH(Bedford, MA, USA)e] ZTFAZZXE ©]
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(43:35:22, v/viv) FB,3} FB,= Water:ACN (50:50, v/v)]Z Al



gal|sle] EFENS ZA5 T DONZ NIVE 50, 100,
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HPLC Y LC-MS BMXA

DON, NIV, ZEA®] #4-& Ryu 529 EAWS s}
o 83}3ith. UPLC (Waters Acquity UPLC® H Class,
Waters, Singapore)E AHE-3lo EA3th. £4 A4
Acquity UPLC® BEH C18, 1.7 um, 2.1x100 nm (Waters,
Dublin, Ireland)Z AM-3F3 1, % 03 mL/min, A& F
A2 10 uL, EAAIZF 1029 5802 (isocratic) 2.2 &
A&tttk DONZ NIVe &2 Water:ACN:MeOH
(90:5:5, v/v/v) ©1&743 F87Z7](diode array detector,
DAD, 218 nm)E AH&-st] 35ttt ZEA 4§ °]&
F& Water:ACN:MeOH (43:35:22, viviv)°l 3L, B34S
7] (fluorescence detector, FLD, Ex=274 nm, Em=440 nm)Z
AZEA

FB,3} FB,2] #4248 Choi 529 #4HS sl 4=
Y31 tF. HPLC (Waters Corporation, 2695 separation
module, Milford, MA, USA)S} Mass detector (1100 MSD,
Agilent, Pal Alto, CA, USA)S A3 4 ZH e
Xselect SCH C18 3.5 um, 2.1x100 mm (Waters, Scotland,
UK)E AH&3llom A9 25= 40°CE A3 o
Ao 2= 0.1% formic acid & E(A)Y ACNB)S ©]&
slo] o3k 7ro] Fu) 27 (gradient) &2 14 3131 THO-3E
7+ 20% B; 3-1337F 30% B, 13-143° 30%-100% B, 14-
15%7F 100% B, 15-21%7F 20% B, & &A1 A7k 218).
Mass detector®] capillary®} extraction cone voltage= 3000
vel s50vE2 7zt 243 TE. Source  temperature 2}
desolvation temperature= 27z} 150°C, 400°C, Cone3}
desolvation gas®] §-4-& 50 L/hé}t 600 L/he g A3 &3t}
Mass spectrometer= ESI positive modeZ FB,< 722.7,
Cone (V) 56, FB,= 706.7, Cone (V) 5022 A3} SIM
modeZ 433 t).
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=2 ke em, ZEAS 20, 50, 100 ugkg 522 &
7hste] ke o 2 ettt 34g W dUEEd
ZH(relative standard deviation, RSD)E A|2Fste] Al %] <9
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Table 2. Recovery rates, limits of detection (LOD), and limits of quantification (LOQ) for the method used

. Spike level Recovery (%) = RSD"(%) LOD? LOQ?
Mycotoxin
(ng/L) Oat Sorghum Adlay Proso millet (ng/kg)  (ng/kg)
DON 200 70.9+4 .4 70.9+9.7 102.2+8.2 93.2+14.7
500 76.9+7.7 73.9+8.7 68.0£2.4 80.8+13.0 30.0 90.0
1000 116.1+14.7 79.9+6.3 78.4£5.6 77.1£1.9
NIV 200 75.0+4.2 70.1+1.0 103.6+10.6 74.3+8.4
500 73.2+5.5 97.4+10.6 74.5£3.2 71.0+£19.7 20.0 60.0
1000 96.5+18.5 93.2+6.4 94.9+8.9 87.6+£3.8
ZEA 50 89.1+2.4 95.8+17.2 93.5+1.1 85.9+1.6
100 90.4+4.4 91.6£5.2 90.9+1.6 98.3+£5.6 3.0 9.0
200 83.5+4.4 96.1+£5.9 82.6+4.9 93.9+6.1
FB, 200 83.244.7 80.1+5.1 94.5£9.4 101.1+0.0
500 82.9+1.9 101.1+3.6 94.3+18.1 95.2+5.5 10.0 30.0
1000 74.6+1.5 86.2+0.4 82.0+4.1 81.9+11.4
FB, 200 74.1+8.1 97.1+6.7 74.1+8.1 94.5+6.4
500 80.5+1.6 87.0+4.5 74.6£11.8 105.6+11.0 10.0 30.0
1000 79.84£3.6 106.6+4.4 81.0+2.8 89.8+8.1
UStandard deviation/mean value x 100.
JLimit of detection = signal to noise ratio (S/N) of 3.
YLimit of quantification = LOD x3.
o Foe 9 AUns Pl 4% 2 dgAs 2
ZrlEad Aol A& o 351 (signal/noise ratio)ES 7+
e Zb 3, 10 o]FLe= sl
e . - Results and Discussion
(B)
: 5 2T, T 2 I, =& W [EE
wEgole FrUe 2Ase) ARAL 44 A3t 2
HAGRYE 09994 ol e e AWAS epheict
SE— WY mae) B583 A% 0 AAAE Table 20] 1

O

Fig. 1. Chromatograms of blank oat sample spiked with NIV and
DON (A) and blank sorghum sample spiked with ZEA (B), FB,
(C), and FB, (D).

ERfALE 2 Al59] 3482 Aol 70.9-116.1%,
oA 70.1-106.6%, &FIA1 68.0-103.6%, 7174 71.0-
105.6%¢11.0 ™ ) EFHA=(RSD) 22t 1.6-18.5%, 0.4-
17.2%, 1.1-18.1%, 0.1-19.7%2 33t 0] t(Table 2).
DONS] HE&3H= 30 ugke, FHHAIE 90 ngkegel 9o,
NIVE ZHz} 20 pg/kg, 60 pgkegs eI ZEAS] 7
= 2 A= 22 3 pg/keot 9 pgkgellew, FB 3
FB,= 10 pg/kgdt 30 pghkgs WERHAT:. Z42He] =40
et Z2rtE WS Fig. 19 YeERITH

H3o IFoI5L 2FHY
2 AxAz 20179 20189 FF F 2448 A EY
Fusarium 525 F43 A3} 1348914 DON, NIV, ZEA,

FUM (FB,+FB,)°| &t 7l o]’d AZE=UAL 21d Bt 54.9%
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Fig. 2. Chromatograms of naturally contaminated oat sample with NIV and DON (A) and sorghum sample contaminated with ZEA (B),

FB, (C) and FB, (D).
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