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Abstract Zearalenone (ZEA) is an estrogenic mycotoxin mainly produced by Fusarium graminerum, a species which
colonizes a wide variety of cereals, including wheat, barley and processed products. A survey of ZEA contamination was
conducted on 141 dried confectioneries, 59 breads and rice cakes, 135 noodles and 101 other products, for a total of 432
commercial samples. Samples were analyzed by high performance liquid chromatography with fluorescence detection
(HPLC-FLD) after immunoaffinity clean-up and was confirmed by liquid chromatography tandem mass spectrometry (LC-
MS/MS). The limits of detection and quantification were 2.0 and 6.0 pg/kg, respectively. The recovery ranged from 80.2%
to 98.4% in the cereal based product. ZEA was detected in 38 samples (8.8% incidence), including 3 snack, 2 biscuit and
33 other cereal products. The ZEA contamination levels were in the range of 5.38-53.76 pg/kg. Finally, LC-MS/MS
analysis of the contaminated samples was conducted to confirm the detected ZEA, and all 38 samples showing ZEA by

HPLC-FLD were confirmed by LC-MS/MS.
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71-oA 2 SRYETHE). A YAT- 2 (International Agency
for Research on Cancer, IARC)= A= <A WMoz &
7 F Sl group 32 EFIIAAT AFH =2 Al FF
HE oiRE wiEEY dRe A, 33 dA SOl deEo] 2
EERUZF, F4h B T Ao #AHE A4S fdske A
o7 dHA JTH7-9). Lee 5(10)¢] B0 w2 A=

TEO iERAY TS Fu Ao DA U iER

A G FE ANZERAFEA = 39 AR dEglon
Ao 9d] EE T8l F FERAANA dEERZA
ZEES AAISkE Ao Ueyt. 28]a Al o] J2E

270 e FEAE TSR A HYHAZE S A3
Ao wwstel e WA JFsHel F71E3 o, A

Y=o FRHOZ estradiolZt FAFSH TEZ estrogen T-8-A|
<} o2 WEnlwd 28-S et 2 g2 thE 3
EH|wek E420 polychrorinated biphenol(PCB)3} bisphenol A
7tk oldl AN Ade=e AF ¢ AR F
S A 20 mgkg-Z 3L 200 mgkgl 2 AT 3L Qo
JECFA(The Joint FAO/WHO Export Committee on Food Addi-
tives)ollX= 82 Hd &8 <Y A3 F(provisional maximum
tolerable daily intake, PMTDI)S 0.5 mg/kg body weight/day =,
FH2 =75 A3)(EU Scientific committee for food)ol A&
0.2 mg/kg body weight/day > & A|<FaFATh(11,12).
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gollM 3 15 mgkg HAEHAINTT B3I om vt Scott(14)
S S5 1264 F 87HNA 5647 pgkg HES RIS
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S 30% HAEEW 2,000 ugkg) A FloAE Kim &
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Table 1. HPLC conditions for the determination of zearalenone
in cereal products

Parameters Operation conditions
Instrument HPLC (Shiseido SI-2)
Column Capcellpak C,; UG120 (3.0 mmx250 mm, 5 pum)
Mobile phase Acetonitrile: Methanol: Water = 10: 55: 35
Flow rate 0.5 mL/min
Fluorescence detector
Detector Ex. wavelength: 275 nm
Em. wavelength: 450 nm
Temperature 40°C
Injection volume 10 pL

=

o AR&-3F A= XFEF-S Sigma(St Louis, MO, USA)
AA FYsIH e, F& F EAo ARE-E acetonitrile, methanol
£ HPLCESZ Merck Co.Darmstadt, Germany) A|&2 ARE-3}
At Sodium chloride(Merck Co.), n-hexane(Merck) & 4] A}
48 BE A% Y Gule 57 ¥ 2 o] FEOE AN

HESY =H|
A& 5mgS acetonitrile 10mLol| o] ¥

2
=7} 5, 10, 25, 50, 75, 100 ng/mL7} ===
75% acetonitrileZ 3]A]ste] AFHE BFE AT ARSI
e 24
A5 AAE Immunoaffinity column(ZearalaTest, Watertown,
MA, USAYS Vicam@Z5H P AFEAE flske] 3023
pump, 3023 autoinjector 2] FF7HZ7]7} “2E HPLC
(Shiseido SI-2, Tokyo, Japan) ¥ ultra performance liquid chro-
matography(UPLC) ACQUITY™/Micromass Quattro Premier XE
API triple-quadrupole mass spectrometer(UPLC-MS/MS, Micro-

x|

Gl

Table 2. LC-MS/MS conditions for the confirmation of zearalenone in cereal products

Instrument Parameter Condition
Column ACQUITY UPLC™BEH C,, (Waters, 2.1 mmx50 mm, 1.7 um)
Mobile phase Solvent A (80%): 10 mM ammon.ium acetate .in water
Liquid chromatography Solvent B (20%): 10 mM ammonium acetate in acetonitrile
Flow rate 0.25 mL/min
Injection volume 10 pL.
Ionization mode ESI(-)
Capillary (kV) 3.0
Source temp. (°C) 120
MS/MS Desolvation temp. (°C) 300
LM/HM resolution 14.0/14.0
Ion energy 1.0
Entrance/ Exit 1/1
Precursor ion (m/z) 317
Product ion (m/z) 175,131,273
MRM mode Dwell time (s) 0.1
Con voltage (V) 45
Collision energy (eV) 25
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Table 3. Recoveries (n=5) of zearalenone from cereal products spiked with standard solution at the levels of 0.1, 0.5, 1.0, 5.0, and 10.0 ng/

mL, respectively

Measured level

Recoveries (%) + RSD (%)

(ng/kg) Snack Biscuit Bread Cake
5 86.2+1.46 88.7+6.40 82.5+3.41 81.74£3.29
25 91.2+1.69 90.2+1.89 80.24+2.54 83.9+1.72
50 93.1+£5.97 89.7+0.82 93.7+1.61 87.9+3.40
250 98.4+4.11 94.7+1.75 90.9+1.33 93.3+2.46
500 95.8+1.45 91.6+1.64 85.843.75 94.5+2.03

mass, Manchester, UK)E A5} Th Al&8217], &2 7]1(OMNI
International, Vernon, USA), ¥4%2]7], vacuum system 52
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Ho = ARSI

HPLC ¥ LC-MS/MS 8M=Z1

AL = HFEAE A3l fluorescence detector(Excitation 275
nm, Emission 450 nm)7} 721l Shiseido SI-2 A]|2HS A3}
o 42 Capeellpak C,; UGI120(3.0 mmx250 mm, 5pm), ©]&
242 acetonitrile:methanol:water(10:55:35, viv/v)ZE 4390
(Table 1). gt AL =o] HEH AEE LC-MSMSUPLC
ACQUITY™/Micromass Quattro Premier XE API triple-quadru-
pole mass spectrometer(Micromass, Manchester, UK))E ©]-&3}]
oA E-S 3T} ESI negative ion mode® A7 5}e] con volt-
age 45 collision energy 252 #43}%ith. HPLC ¥ UPLC-MS/
MS E4x71E acoksto] Table 22 UERHAT

4n g o
A ¥ ASSH, MEEHA

EEZ=8AL 510, 25, 50, 75, 100 ng/mL EE= ZA|8l] 7
FAE 73 A, ABAFRYE 0999 oo Fadh A4
< YeSdTh HE3H(limit of detection)= signal T noise H]
7b 3t 1Y W] sER S 8 FeHA(limit of quantification)
= LODx3Y W] sE= eto] 247t 2, 6 ugkeoldth & A

of|A] & AESH= Urraca 5(19)2] A& (3-6 pg/kg), Mateo
(20) 2 Jimenez9} Mateo(21)7} AIAEF 4 pgkeolyt 3 pg/kghth

e AEAE BA

Table 4. The incidence and levels of zearalenone in various cereal
products by HPLC/FLD

Incidence (positive/ Range of
Type of foods analysed samples) zearalenone
No. % levels (ug/kg)
Dried confectioneries
Snack 3/66 4.5 6.02-11.82
Biscuit 2/75 2.8 14.78-17.83
Total 5/141 35 6.02-17.83
Breads and Rice cakes
Loaf bread 0/13 - N.D."
Cake 0/10 - N.D.
Donut 0/5 - N.D.
Other bread 0/27 - N.D.
Rice cake 0/4 - N.D.
Total 0/59 - N.D.
Noodles
Dried noodle 0/39 - N.D.
Uncooked noodle 0/12 - N.D.
Cooked noodle 0/21 - N.D.
Fried noodle 0/43 - N.D.
Improved cooked noodle 0/20 - N.D.
Total 0/135 - N.D.
Other products
Wheat flour 0/9 - N.D.
Beer 0/6 - N.D.
Infusion tea® 14/34 41.1 6.38-53.76
Starch 2/6 333 5.559-8.56
Beverage 0/5 - N.D.
Sunshik 16/24 66.7 5.389-42.72
Breakfast cereal 0/5 - N.D.
Other 1/12 8.3 10.26
Total 33/101 33.7 5.38-53.76
Cereal products Total 38/432 8.8 5.38-53.76

UNot detected (below the quantitation limit)

JBarley tea, corn tea, etc.

9Sample amount and dilution factor were applied to calculate the
amount. The raw data before being processed were above the
instrumental LOQ.
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Fig. 1. HPLC/FLD chromatograms of zearalenone standard at 50 pg/kg (A) and biscuit sample contaminated with zearalenone at 38.98

ng/kg (B).
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Fig. 2. The MRM chromatograms of zearalenone standard solution at 50 pg/kg (A) and sunshik sample (B). Mass transitions include m/z

319273, 174.9, 131 for zearalenone.
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