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ABSTRACT - This study was carried out to assess the safety of cereals and their products (20 species, 205 sam-
ples) distributed in Gyeonggi province by analyzing contamination levels such as exposure frequency of Aflatoxins
and Deoxynivalenol (DON). Aflatoxins were detected in 16 (8%) samples in total with a range of 0.01~27.88 ng/kg,
including 3 of 9 bake flour (33%), 2 of 6 dried corn (33%), 3 of 12 frying flour (25%) and 2 of 11 sorghum (18%).
DON was found in 56 (27%) samples including 11 of 13 adlay (85%), 6 of 8 wheat (75%), 6 of 10 processed corn for
popcorn (60%), 6 of 11 sorghum (55%) and 7 of 16 barley (44%) with a range of 2.2~754.4 ng/kg. In particular, both
Aflatoxins and DON were detected in 8 samples (2 millet, 2 wheat, 1 sorghum, 1 adlay, 1 dried corn, 1 bake flour)
simultaneously. As a result of this study, we found that an adult is exposed to Aflatoxins of 0.80 (x) 10~ ug/kg b.w./
day and DON of 0.18 pg/kg b.w./day. The quantity of exposure to DON amounted to 18.5 percentage level compared
with PMTDI 1 pg/kg b.w./day suggested on JECFA, therefore we can assess that the possibility of health risks by
intake cereals distributed in Gyeonggi province is low. However the concentration of Aflatoxins in one dried corn was
27.88 ng/kg which was over the maximum residue limits (MRL) suggested on internal and external level, the moni-
toring about mycotoxin should be conducted on continuously.
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Table 1. Analysis condition for aflatoxins by HPLC-FLD

Parameter Condition
Capcellpak UG-120 C18
Column (4.2 x 220 mm, 5 pm)
Detector Fluorescence detector
Ex 360 nm, Em 450 nm
Flow rate 1.0 mL/min
Injection vol. 10 uL
Mobile phase Acetonitrile/Water 20/80 (v/v)

Table 2. Analysis condition for aflatoxins by LC-MS/MS

Parameter Condition
Column Xterra® MS C18 (2.1 x 150 mm, 3.5 um)
Flow rate 200 pL/min
Injection vol- 10 1L
ume
IS(Ion spray +4500.00
voltage)
Time ~ IOWRE 00 B(%)
(uL/min) ¢ ’
Init. 200 90 10
2.0 200 90 10
. 14.0 200 20 80
Mobile phase ¢, 200 20 80
17.0 200 90 10
20.0 200 90 10
* A =100% Water
* B =100% Acetonitrile
lonization ESI +
mode
Capillary 330°C
temperature

Sheath gas 40.00
Aux gas 10.00

SRM detection
Parent mass Productions Collision Pol Name

(m/z) (m/z) energy(V)

312.96 241.01 37 + B1
312.96 269.04 30 + B1
314.97 258.98 26 + B2
314.97 287.06 27 + B2
328.94 243.01 26 + Gl
328.94 311.04 21 + Gl
330.95 313.07 24 + G2
330.95 245.03 14 + G2

Eopaaol AL FAE Dot 8N (1% NaCl H7}
# 70% MeOH) 100 mLE 7}slal, #2712 1,200 rpm~
1,500 rpm &E2 207 423 & AHA = o Fstd
o} o 10 mLE 100 mL Z&t2=30) #Hel2, 1% tween
20 &9 30 mLE 7Fst] 59 42 F FEAdfAHA
2 A3k AL FEQ02 Y FE2 20mLE GA|
& Ao FYst] 29 1 S 2HA] Se FEE
FIATNAL, = 10mLE F2AIZ = Z9 ol ol e
THE 93] A ASIAL, acetonitrile 3 mLE &A1 ZTh
SENS 50°CAAM AATFHINZ XA FHF=E
trifluoroacetic acid 0.2 mLE 7}38led o] &2 oA 15
7+ WA Al A Acetonitrile/water (20/80, v/v) £
0.8 mLE 7}sle] &3181aL, 0.45 um syringe filterZ o3}
g AL AFEH o= 3Tt

AFd A4S g 23892 aflatoxin Bl, B2, Gl
2 G2 Z}7Z} 1 mge acetonitrile®] =< Z}z} 25 mLZ 3}
o] aflatoxin stock solution® 2 3} T} Aflatoxin stock
solutiong acetonitrile® 3] 3s}o] z}z} 4 ug/mlL7t =%
SHRELA S =AY F HFEE7F 05, 1.0, 5.0, 10.0,
30.0 ng/mL7t H=5 A A4S Qs SFETEAS

ZA| kA

Z 24 F, LC-MSMSE AHgste] HF 2l 7
7] BA%ZAL Table 1~29F 7o},
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H AU E 242 AF3429(10.6.1.6 HSA WS
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1,500 rpm £E= 2027+ #Aselt). o] & A EE]
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ste] FEldfrod AR R AAg QS FEA O R STt
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e fFEH02 §FEATIA, 2 Wl Hol A= &9
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U= 0.45 um syringe filter2 <3731} AJg-gH o2 T},
gAY L E E5E-2 F SmgS FE3] o} aceto-
nitrile®l] =] S0mLeZ 3 NS FFUN(100 ug/mL)>
2 3}, 17% acetonitrile©-2 3]241514] 500, 1,000, 1,500,
2,000, 2,500 ng/mLe] T2 HHFA 2HAHL 93 XF§
NS A AT
A ydes #4e 2582

PDAE 4 & LC-MSMSE AHg3ste] 25 Bklslair),

X

tlo m of
N
o

tlo

A%
2>
i)
ofo
12
o
jan
=
oy
Q



The Safety Assessment of Aflatoxins and Deoxynivalenol in Cereals and Their Products 161
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s - B A A2 T /HE FT 5 FAE ol & 100mLE 7}ata, HEEE7F 500,

O}ga}%ﬁﬂr o]&-A] ]maﬂ—‘coﬂ & A& (limits of 1,000, 1,500, 2,000, 2,500 pg/kge] HEE HSA Ut s
detection, LOD)9} % #F3H (limits of quantification, LOQ) BEFZENS 47 Hrket F 208 A= WA F A7) WS
= ICH (International Conference on Harmonisation)®l] 4] AUdeE EEe wel 33 whE-sle] AT
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Table 3. Analysis condition for DON by HPLC-PDA .
Parameter Condition
Capcellpak UG-120 C18 N
(4.6 x 250 mm, 5 pm) ° : : T
Detector Photo Diode Array 220 nm = -
Flow rate 1.0 mL/min S (©)
Injection vol. 20 pL - i -
Mobile phase Acetonitrile/Water 17/83 (v/v) . .2

x 8 ¥ & & & i

Column

fla

Table 4. Analysis condition for DON by LC-MS/MS J« i

Parameter Condition

Column UK-C18 (2 x 75 mm, 3 um)
Flow rate 250 pL/min

Fig. 1. Representative HPLC chromatogram of aflatoxins ((A):
standard 10 pg/kg, (B): dried corn sample 27.88 pg/kg, (C): dried
corn blank).

Injection
volume S KL
IS(lon spray 3500.00
voltage)
. Flow rate o 0 2 2
Time (uL/min) A(%) B(%) ©
Init. 250 90 10
4.0 250 5 95 i
Mobile phase 4.5 250 5 95
5.0 250 90 10 (Bf)
7.0 250 90 10 )
* A =100% Water . I ﬂ : :
* B =100% Acetonitrile \/\[\)U\ﬁ j\ ’
Tonization ESI - PN SR S 1| S 0 VO S SR SNDS g S S
mode
Capillary 330°C
temperature 5
Sheath gas 40.00 T©)
Aux gas 10.00 i N S S S L
SRM detection ¥ T E *
Parent mass Productions Collision Pol Name IO FNORRUN SO PR SO SO SN
(m/z) (m/z) energy(V) 5
295.07 247.19 14 - DON Fig. 2. Representative HPLC chromatogram of DON ((A): standard

295.07 265.19 14 - DON 1,500 pg/kg, (B): adlay sample 317.0 pg/kg, (C): adlay blank).
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oFETEAIF HlSAI T ] EAEY] fFEads A

=3t A= Table 5~67 72Th.
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olZe}E41e] HETHA 9 B FeAl= 242 0.006~0.019
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Fig. 3. Sample calibration curve of aflatoxin B1, B2, G1 and G2
by HPLC-FLD.
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Fig. 4. Sample calibration curve of DON by HPLC-PDA.

pg/kgot 0.021~0.064 pg/kgol AL, vlSAUEH =2 A&
A9 3= 500~2,500 pgkg FEW ol zHzt
1.6 ng/kget 5.4 ug/kgol ATh.

+&

olZe}EAlY] 34L& 0.5~30 pg/kege FEE S0l 3
3] gHE AYe A3 748~111.6% oAt obZeHEAl
B2¢} o}FE el G2ollA thar v 3hs VFERASITE. RSD
2 Yehd A3AL 1.0~5.1% ©]dth tlSA g =g

Table 5. Determination of recoveries, reproducibility, limit of
detection and limit of quantification in blank rice samples spiked
with aflatoxins

Myco- Splked. Mean LOD LOQ
toxins concentration recovery RSD (%) (ugke) (ugke)
(ng/kg) (%)
0.5 80.0 43
1.0 85.0 32
AFBI1 5.0 110.3 1.5 0.006 0.021
10.0 111.6 1.7
30.0 95.7 24
0.5 83.6 2.3
1.0 84.4 4.0
AFB2 5.0 84.3 3.0 0.011 0.037
10.0 81.3 2.7
30.0 88.1 3.6
0.5 77.2 1.0
1.0 87.3 5.1
AFGl1 5.0 97.5 24 0.015 0.050
10.0 100.3 3.0
30.0 88.8 3.4
0.5 80.2 3.6
1.0 84.7 43
AFG2 5.0 76.5 43 0.019 0.064
10.0 74.8 3.9
30.0 79.0 4.9

RSD (%): relative standard deviation (n = 3)
AFBI1: aflatoxin B1, AFB2: aflatoxin B2, AFG1: aflatoxin G1,
AFG2: aflatoxin G2

Table 6. Determination of recoveries, reproducibility, limit of detec-
tion and limit of quantification in blank rice samples spiked with
DON

Spiked Mean
Mycotoxin concentration recovery RSD (%) (::g?l]?g ) (Eg?l?g )
(ng/kg) (%)
500 101.3 1.6
1,000 96.2 1.2
DON 1,500 98.2 2.2 1.6 5.4
2,000 98.2 1.6
2,500 97.9 1.5

RSD (%): relative standard deviation (n = 3)
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Fig. 5. LC-MS/MS spectrum of aflatoxins in ESI positive mode ((A): standard 10 pg/kg, (B): dried corn sample 27.88 ng/kg).

[RRBRSINe (X ZEA CRABASIOG TR (it
T e
¢ ™ «
5 1w [
* w® w
v i ¥ -
[l f “
W ol ‘
i 1w
i i h
1 i |
iy iy |
i ¥ |
Y " \
. " P,
KOWON D28 UA2UBAUENSHORURUDTGEDORUKD  URUBNT24E 0D 04D NTYHIUCUOUTYSTTO0EUY
™ P
e i
u us w m
w vem " v
» an N am
¥ i ¥ 5
asen s
L vt M et
™ I "
i Iy
ix i
!l- gb i
iy iy |
¥ bl |
¥ I“ i {
4 " -
e ey ey R R e o i
EVEOEQNEIAENAANEYNIOQUGEIRATTOONKD R T R e
e b
m i
m @ n e
"w wA L e
L} | am Y A
. | m o m
e, ot
L 'l wsste ¥ avenn
W I we Y s
i | i
i I‘ ix
sl- gl-
iy iy
] | ]
* - ]
NENENTZAEEARUG00ENEIUQUGOdTYIDELbY 0

R T
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8] &2 500~2,500 pgkg F=H oA 338 wE AEs
A 96.2~101.3% ©IArh. AFFS 1.2~2.2% = ERSiTH

2 AFeA Adeggt e FuXs AEHTHE 9 oF
2 E39993](Codex Committee on Food Additives and
Contaminants, CCFAC)S|A] B SA Yy s&A ol s
A A8+ A5 715 (performance criteria)S! 358 60~110%
(100~500 pg/kg E2), 70~120% (500 pg/kg % s =)}
RSDr 20% ©]3t5 RHEskath™.

Millet 2116,13%

*Detection
rate (W

Frying flour : 312,25%
s°rghum 2/11, 18%

119, 11%

Roasted grain powder

Bake flour 319, 33%

Wheat 118, 13%

Powdered malt 1/8,13%

Dried com 2/6, 33%

./'
T

0% 5% 10%15%20%25%30%35%

Fig. 7. Percentage of aflatoxins in Cereals and their products.

AFAAM HAEH ofZEE2Y dSA YT =S LC-
MS/MSE AHE-ste] €151 2™, Fig. 5~6°] WAL

A7 frEAdo] ATE 7 EAYES ol&ste IR ¥
I 7FEE 205 20570 Al E EA3 A4S Table 7~891
Yehl it ZolZat=Ale 2057 A8 F 1671Q0F
9%) ANER%)NIM HAEHNL, AZH A5 L9H=
0.01~27.88 ugkg ©lATh oFZetEAle] AEE ANEe A
285 670 T 27 (33%), FH7HE 91 T 34(33%), F
A7V 127 F 37(25%), 7 1173 5 27(18%), 2 8
A F 12(13%), 717 1671 5 27(13%), Q715 871 &
14(13%), "7 94 F 14(11%) &% 134 £ 14
(8%)°] ATH(Fig. 7).
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Table 7. Incidence and range of total aflatoxins levels in cereals and their products

Incidence Range of aflatoxins levels® (ng/kg) Average®
Sample
No % AFGl AFBI1 AFG2 AFB2 AFs (ng/ke)
Millet 2/16 13 0.01~0.15 0.02 0.02 0.01~0.18 0.10
Wheat 1/8 13 0.02 0.02 0.02
Buckwheat 0/7 0
Barley 0/16 0
Sorghum 2/11 18 0.18 0.06~0.22 0.04 0.01 0.22~0.30 0.26
Rice 0/14 0
Corn 0/4 0
Adlay 1/13 8 0.02 0.02 0.02
Glutinous rice 0/8 0
Hulled rice 0/11 0
Parched rice 0/12 0
Roasted grain powder 1/9 11 0.01 0.01 0.01
Bake flour 3/9 33 0.05 0.02~0.07 0.02 0.01 0.02~0.13 0.06
Powdered malt 1/8 13 0.02 0.02 0.02
Dried corn 2/6 33 0.01~19.94  0.04~5.44 1.93 0.57 0.05~27.88 13.97
Cereal flakes 0/9 0
Canned corn 0/8 0
Wheat flour 0/14 0
Frying flour 3/12 25 0.06~0.30 0.02 0.02 0.12
Popcorn for corn 0/10 0
Total 16/205 8 0.01~19.94  0.01~5.44  0.02~1.93  0.01~0.57 0.01~27.88 1.83
No: Number of positive samples/Number of samples analyzed
AFBI1: aflatoxin B1, AFB2: aflatoxin B2, AFG1: aflatoxin G1, AFG2: aflatoxin G2, AFS: total aflatoxin
a: in positive samples
Table 8. Incidence and range of deoxynivalenol levels in cereals and their products
Sample Incidence Range of deoxynivalenol Average® Aflatoxins
No % levels® (ug/kg) (ng/kg) co-occurrence
Millet 6/16 38 7.5~422.0 10.6 2
Wheat 6/8 75 7.5~94.9 52 2
Buckwheat 1/7 11 20.0 20.0
Barley 7/16 44 7.5~202.9 80.6
Sorghum 6/11 55 45.0~202.4 119.4 1
Rice 0/14 0
Corn 0/4 0
Adlay 11/13 85 60.0~754.4 204.9 1
Glutinous rice 2/8 25 39.7~110.0 74.9
Hulled rice 0/11 0
Parched rice 0/12 0
Roasted grain powder 1/9 11 112.5 112.5
Bake flour 2/9 22 137.5~147.5 142.5 1
Powdered malt 1/8 13 27.5 27.5
Dried corn 2/6 33 167.4~380.0 273.7 1
Cereal flakes 2/9 22 37.4~47.8 42.6
Canned corn 0/8 0
Wheat flour 3/14 21 54.9~181.8 97.8
Frying flour 0/12 0
Popcorn for corn 6/10 60 2.2~175.8 73.7
Total 56/205 27 2.2~754.4 115.1 8

No: Number of positive samples/Number of samples analyzed

a: in positive samples
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Fig. 8. Percentage of DON in cereals and their products.
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