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Abstract This study was designed to determine the
residual trichothecene mycotoxins in cereal samples. The
optimal solvent for extraction was 84% (v/v) aqueous
acetonitrile with 1% (v/v) formic acid. The best performing
clean-up method was dispersive-solid phase with a mixture
octadecyl silica and primary-secondary amine. The recov-
eries for the studied mycotoxins ranged from 83.3 to
92.8%. The methodology was successfully applied for
monitoring 100 cereal samples obtained from a Korean
market. The bean sample were found to be co-contamina-
tion with deoxynivalenol and HT-2 toxin. Deoxynivalenol
possessed the highest detection freauency (4/100) and
amount (727.38 ng/kg) among the trichothecene myco-
toxins. The hazard index was less than 1.0 for all the
observed mycotoxins in all cereal samples except one
white rice sample (1.2681). This results indicated that
periodic risk assessments of trichothecene mycotoxin
through cereal intake are necessary for the health and
safety.
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Introduction

Mycotoxins are secondary toxic substances produced by
mold during the storage, processing, and distribution of
food. Mycotoxins affect growth, impair immune function,
and cause cytotoxicity, carcinogenicity, and mutations in
humans and animals (Agriopoulou et al., 2020; Wen et al.,
2016). The diversity of the trichothecene group (types A,
B, C, and D) stems from the number and position of
hydroxylation at the basic trichothecene nucleus. Notably,
epoxidation of C-9 and C-10 of some macrocyclic tri-
chothecenes can increase the toxicity in mammalian sys-
tems (Wu et al, 2013). Trichothecene A compounds
include neosolaniol (NEO), diacetoxyscirpenol (DAS),
HT-2 toxin (HT-2), and T-2 toxin (T-2); type B compounds
include nivalenol (NIV), deoxynivalenol (DON),
3-acetyldeoxynivalenol (3-AcDON), 15-acetyldeoxyni-
valenol (15-AcDON), and fusarenon-X (FUS-X) (Agri-
opoulou et al., 2020; Ostry et al., 2020). There is also a
type D (including verrucarol, VER), but this type is rarely
found in food and feed.

Cereals such as wheat, barley, corn, and nuts often
contain trichothecene mycotoxins. In recent years, con-
tamination by trichothecene mycotoxins has been reported
in various cereals and cereal commodities worldwide
(Lanza et al., 2019; Lee et al., 2021; Mishra et al., 2013;
Ostry et al., 2020). An investigation of DON, T-2, and HT-
2 in cereal-based foods and beer in Czech Republic indi-
cated that the DON levels were below 72.4 ng/g, and the
combined levels of T-2 and HT-2 ranged from 0.3 to
15.5 ng/g (Ostry et al., 2020). Another reported that the
incidence of DON was 40% (20/50) in wheat, 24% (6/25)
in maize, and 16% (4/25) in barley in India (Mishra et al.,
2013). Therefore, some places, including the EU and USA,
have established MLs for individual trichothecene
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mycotoxins in food and feed (European Commission, 2005,
FAO, 2004).

Examples of methods used to detect mycotoxins to
ensure food safety are enzyme-linked immunosorbent
assay, HPLC, GC, and LC with MS (Rahmani et al., 2009).
Notably, LC-tandem MS (LC-MS/MS) has been increas-
ingly used for the accurate quantitative analysis of myco-
toxins in food (Agriopoulou et al., 2020). The accurate
detection of target components requires appropriate
extraction, clean-up, and analysis technologies for the
samples. In the extraction step, high cost, long preparation
and analysis times, and matrix effects reduce the efficiency
of the analysis. QUEChERS (quick, easy, cheap, effective,
rugged, and safe) is an extraction method applied to
overcome these issues in analysis using LC-MS/MS
(Azaiez et al., 2014). In the clean-up step, IACs and MFCs
column have been demonstrated to effectively remove
unwanted interfering matrix of the sample extracts for
mycotoxin analysis (Iha et al., 2017; Khayoon et al., 2010).

Cereals are a major dietary source worldwide. This
means that cereals contaminated with trichothecene
mycotoxins pose a widespread risk to food safety. Never-
theless, available data on trichothecene mycotoxins other
than DON, HT-2, and T-2 are insufficient. Therefore,
the aim of this study is to confirm the contamination levels
of trichothecene mycotoxin in cereals from South Korea to
protect consumers from the potential health and safety risks
associated with cereal consumption.

Materials and methods
Chemicals and materials

Analytical standards of NIV, DON, 3-AcDON,
15-AcDON, FUS-X, NEO, HT-2, VER, and DAS were
purchased from Sigma-Aldrich (St. Louis, MO, USA), and
T-2 was obtained from Biopure (Buchs, Switzerland).
Analytical grade anhydrous magnesium sulfate (MgSQOy,),
sodium chloride, sodium citrate tribasic, sodium hydrogen
citrate sesquihydrate, and formic acid (FA; purity > 98%)
were purchased from Sigma-Aldrich. The end-capped C;g
sorbent and primary-secondary amine (PSA) sorbent were
obtained from Agilent Technologies (Santa Clara, CA,
USA). Myco 6-in-1 immunoaffinity columns (IACs) were
purchased from VICAM (Milford, MA, USA). MultiSep®
226 AflaZon+ multifunctional columns (MFCs) were
purchased from Romer Labs GmbH (Gernsheim, Ger-
many). Analytical HPLC grade water, methanol, and ace-
tonitrile (ACN) were purchased from J. T. Baker
(Phillipsburg, NJ, USA).
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Sample collection

A total of 100 cereal samples were purchased from dif-
ferent local markets in Korea. Representative cereal types
were selected, including white rice, black rice, barley,
proso millet, sorghum, foxtail millet, beans, oats, adlay
millet, and corn. The samples were ground using a labo-
ratory blender (DA700G; Daesung Artlon Co. Ltd., Seoul,
Korea) for 3 min and were immediately dispensed into
polyethylene bags. Each sample was packaged in aliquots
of 500 g and stored at 4 °C until further use.

Extraction procedure

Trichothecene mycotoxin was extracted using a QuE-
ChERS method described by Kim et al. (2017) with
modifications. Specifically, ground sample (4 g) was
weighed in a 50 mL-conical tube along with MgSO, (4 g),
sodium chloride (1 g), sodium citrate tribasic (1 g), sodium
hydrogen citrate sesquihydrate (0.5 g), water (20 mL), and
84% (v/v) aqueous ACN with 0.1% (v/v) FA (20 mL). The
mixture was shaken for 15 min. Then, the tubes were
centrifuged at 925 x g for 10 min at 4 °C using a CR22N
high-speed refrigerated centrifuge (Hitachi Koki Co., Ltd.,
Tokyo, Japan). The supernatant (ACN phase) was trans-
ferred into a dispersive solid-phase extraction (d-SPE)
tube.

Clean-up procedure

The extract was purified using three clean-up methods: an
TIAC column (A), an MFC column (B), and a d-SPE (C).
Clean-up method A involved loading 5 mL of the QuE-
ChERS extracts into IACs. The columns were washed with
5 mL of water. After drying the columns with gentle air-
flow, the QUEChERS extracts were eluted with 5 mL of
ACN. The eluates were evaporated to dryness under a
stream of N, at 50 °C, and the residues were re-dissolved
in 1 mL of 20% (v/v) aqueous ACN. Clean-up method B
involved loading the QUEChERS extract mixture (5 mL
extract, 1 mL water, and 60 pL. FA) into each of the MFCs
and eluting with 4 mL. ACN. The eluates were evaporated
to dryness under a stream of N, at 50 °C, and the residues
were re-dissolved in 0.5 mL water containing 0.1% (v/v)
FA. Clean-up method C involved transferring 4 mL of
QuEChERS extract into each of the d-SPE tubes containing
600 mg MgSO,, 200 mg C;g, and 400 mg PSA, before
immediately vortexing for 1 min. The mixtures were then
centrifuged at 925 x g for 10 min at 4 °C. Subsequently,
1 mL of each supernatant was transferred to a 1.5 mL-
micro tube. The final extracts were filtered through a
0.22 pum nylon syringe filter (Millipore, Burlington, MA,
USA) and analyzed by LC-MS/MS.
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LC-MS/MS analytical method

Trichothecene mycotoxins were detected and quantified
using an UPLC system (Agilent infinity 1200 LC; Agilent
Technologies) with MS (4000 QTRAP; AB SCIEX,
Darmstadt, Germany). The trichothecene mycotoxins were
ionized in positive and negative electrospray ionization
modes and analyzed using multiple reaction monitoring
with the following parameters: ion spray voltage: 5,500 V
in positive mode and —4,500 V in negative mode; curtain
gas pressure: 30 psi (N,); ion source gas-1 pressure: 50 psi;
ion source gas-2 pressure: 50 psi; source temperature:
550 °C; the collision activated dissociation gas: medium.
Analyst 1.5 software (Applied Bio systems) was used to
identify and optimize the precursor ions, product ions,
declustering potential, entrance potential, collision energy,
and collision cell exit potential for trichothecene myco-
toxins (Table 1). A Cadenza CW-C;g column (50 mm x
2 mm, i.d., 3 um; Imtakt, Kyoto, Japan) was used for
chromatographic separation, and the column temperature
was maintained at 30 °C. Gradient elution was performed
with a mobile phase consisting of 0.1% (v/v) FA in water

(solvent A) and 0.1% (v/v) FA in ACN (solvent B). The
gradient conditions were 100% A (0 min), 90% A (1 min),
20% A (6 min), 100% A (6.5 min), and 100% A (10 min).
The flow rate was 300 pL/min, and the injection volume
was 5.0 pL (Fig. 1).

Method validation

The new LC-MS/MS analytical method for the determi-
nation of trichothecene mycotoxins in cereal was validated
to determine the limits of detection (LOD), limits of
quantification (LOQ), linearity, accuracy, and precision
according to the ICH/2005/Q2/R1 guidelines (ICH, 2005).
To evaluate the linearity of the matrix-matched calibration
curves, a mixed standard solution of 10 mycotoxins was
diluted to six different concentrations (0.5-150 ng/mL).
The LODs and LOQs were calculated as 3.3 and 10 times
the standard deviation of the response divided by the gra-
dient of the calibration curve, respectively. The accuracy
was estimated by analyzing blank samples (white rice)
spiked with standard solutions at three concentrations (low,
middle, and high), and then identifying the recovery rate.

Table 1 LC-MS/MS parameters for the selected trichothecene mycotoxins in cereal

Clean-up method ~ Mycotoxins Abbreviations  Precursor Ion  Product Ton DP* (V) EP® (V) CE° (V) CXP%(V)
(m/z) (m/z)
A Nivalenol NIV 357.1 281.0 Q —-50.0 —10.0 —18.0 —13.0
2028 € —-50.0 —10.0 —24.0 —11.0
Deoxynivalenol DON 297.2 249.1 @ 50.0 10.0 15.0 12.0
231.0 € 50.0 10.0 15.0 12.0
3-Acetyldeoxynivalenol 3-AcDON 339.3 231.1 % 70.92 4.88 16.88 3.21
2132°¢ 78.99 7.85 20.29 2.94
15-Acetyldeoxynivalenol ~ 15-AcDON 339.1 261.1 2 50.0 10.0 20.0 10.0
137.1 € 50.0 10.0 20.0 10.0
Fusarenon X FUS-X 355.3 1752 2 23.93 6.28 36.97 11.91
247.0 € 54.06 4.23 12.44 16.4
B Neosolaniol NEO 400.2 2152 ° 66.3 4.05 20.81 12.07
185.1 € 68.85 4.95 30.92 9.87
Diacetoxyscirpenol DAS 384.3 105.1 @ 72.83 4.58 58.82 4.01
306.9 € 77.88 4.11 17.19 6.27
HT-2 toxin HT-2 447.3 345.0 @ 98.67 9.98 27.37 21.87
285.4 € 94.98 9.9 29.49 15.86
T-2 toxin T-2 484.4 2153 ° 72.62 5.58 27.92 12.16
185.2 € 76.09 5.57 30.72 10.0
C Verrucarol VER 267.2 231.0 @ 52.88 8.88 15.3 4.38
249.2 € 51.13 8.99 13.66 5.99

In Product Ion column, Superscript Q and C, quantification ion and confirmation ion, respectively

""dDP, declustering potential; EP, entrance potential; CE, collision energy; CXP, collision cell exit potential
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Fig. 1 LC-MS/MS chromatogram of 10 trichothecene mycotoxins in positive (A) and negative mode (B)

Precision was measured by analyzing blank samples that
were spiked at low, medium, and high concentrations on
the inter- and intra-day, and expressed as the relative
standard deviation (RSD, %). In addition, the matrix effects
were investigated using matrix-matched solvent calibration
curves and solvent calibration curves (Eq. 1). Matrix-
matched calibration was prepared using blank samples,
spiked in the same range of concentration as for the solvent
(ACN) calibration.

Matrix effect(%)

:<1

Slope of matrix — matched calibration curve % 100
Slope of solvent calibration curve

(1)

Estimation of exposure and risk assessment

Estimated exposure was calculated using the contamination
levels for individual mycotoxins and cereal intake data
from the Korea Health Industry Development Institute
(KHIDI, 2021). The average body weight (bw) of Korean
men aged 25 to 39 years is 75.7 kg according to the Korean
Statistical Informational Service (KOSIS, 2021) (Eq. 2).

@ Springer

Estimated exposure(ug/kgbw /day)
__ Contamination levels(ug/kg) x Intake of cereal(kg/day/person)
N Adult body weight(kg/person)

(2)
The non-carcinogenic risk to health was assessed for
each mycotoxin in terms of the hazard quotient (HQ) and

hazard index (HI) (Reffstrup et al., 2010). HQ and HI were
calculated using the following equations (Eq. 3 and 4):

HQ = Estimated exposure /TDI, (3)

HI = Sum of the HQs for individual cereal my cotoxins
(4)

The HQ for each mycotoxin in the cereal is determined
by dividing the estimated (detected) exposure by a tolera-
ble daily intakes (TDI) (Feron et al., 2004). The HQs are
then combined to produce a hazard index. The HI was
applied for mixtures of compounds without interactions
(Reffstrup et al., 2010). The European food safety authority
(EFSA) published TDIs for DONs (1.0 pg/kg bw/day),
DAS (0.65 pg/kg bw/day), and T-2 (0.1 pg/kg bw/day)
(EFSA, 2011, 2017, 2018).
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Results and discussion
Optimization of extraction and clean-up procedure

The extraction solvent was optimized in order to minimize
the matrix effects of the extracted samples and improve the
extraction efficiency of the method. All trichothecene
mycotoxins dissolve well in methanol and ACN, but DON
dissolves well in water and polar solvents. According to
previous study, 84% (v/v) aqueous ACN can be used as an
extraction solvent for the simultaneous extraction of DON
(Abramovic et al., 2005). Thus, the efficiencies of solvent
systems containing 0, 1, 5, and 10% (v/v) FA with 100%
ACN and 84% (v/v) aqueous ACN, were evaluated by
spiking blank rice samples with trichothecene mycotoxins
to achieve a concentration of 100 pg/kg.

Figure 2A show that the recoveries of all trichothecene
mycotoxins extracted with 1% (v/v) FA in 84% (v/v)
aqueous ACN were satisfactory and ranged between 70 and
120%. In addition, the extraction efficiencies of analyses
using 84% (v/v) aqueous ACN were superior to those using
100% ACN. The addition of more than 5% (v/v) FA
reduced the recovery rate. These results indicate that the
addition of water and a small amount of FA are beneficial
for mycotoxin extraction. The aqueous ACN (80%, v/v)

(A) 84% aqueous ACN
<70%
10 7 m 70-120%
mm >120%
5 5

Concentration of formic acid (%)

5 1

0

0
The count of mycotoxins

©

IAC MFC

Fig. 2 Comparison of the recovery range distribution (< 70%,
between 70 and 120%, and > 120%) of trichothecene mycotoxins.
(A) various concentrations of formic acid in 84% (v/v) aqueous

with 1% (v/v) FA provided better extraction recovery than
80% (v/v) aqueous methanol with 1% (v/v) acetic acid for
mycotoxins in food samples (Zhou et al., 2018). Form these
results, aqueous ACN acidified with FA is most suitable for
the extraction of multiple trichothecene mycotoxins from
cereals.

The clean-up methods following extraction with 84% (v/
v) aqueous ACN with 1% (v/v) FA are shown in Fig. 2B.
The d-SPE clean-up procedure achieved the desired
recovery rate (70-100%) and a higher recovery of tri-
chothecene mycotoxins than that of the other clean-up
methods tested. In contrast, the recovery rate of the IAC
and MFC procedures was over 120% from half of the tri-
chothecene mycotoxins. Thus, an extraction solvent con-
taining 84% (v/v) aqueous ACN with 1% (v/v) FA and a
d-SPE purification method were selected for the extraction
of trichothecene mycotoxins.

Method validation

Uncontaminated white rice was confirmed to contain no
mycotoxins in the preliminary test. Validation tests were
evaluated with uncontaminated white rice. The linear
range, LOD, LOQ, and matrix effect for each type of tri-
chothecene mycotoxin are shown in Table 2. The linear

A
=

100% ACN
<70%
- 70-120%

mm >120%
{ :

0 5 10
The count of mycotoxins

5 4

0 3

Concentration of formic acid (%)

<70%
mm 70-120%
mm >120%

O

d-SPE

acetonitrile; (B) various concentrations of formic acid in absolute
acetonitrile; (C) three clean-up procedures
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Table 2 Concentration range (ug/kg) of calibration curves for analysis of trichothecene mycotoxins in cereal, with corresponding LODs, LOQs,

and matrix effects

Analyte Linear range (ng/mL) Correlation coefficient (r2) LOD?* (ng/kg) LOQb (pg/kg) Matrix effect (%)
NIV 3.125-100 1.000 1.41 4.28 11.6
DON 4.69-150 0.999 2.22 6.72 2.7
3-AcDON 1.0-32.0 0.999 0.13 0.40 52
15-AcDON 1.0-32.0 1.000 0.19 0.56 8.1
FUS-X 4.69-150 0.999 3.56 10.80 11.9
NEO 0.5-16.0 0.999 0.45 1.38 11.1
DAS 0.5-16.0 0.999 0.27 0.83 10.2
HT-2 3.125-100 1.000 0.41 1.23 14.6
T-2 3.125-100 0.999 1.37 4.16 12.2
VER 0.5-16.0 1.000 0.30 0.91 -0.7

“LOD, limit of detection
*LOQ, limit of quantification

regression coefficients of all calibration curves exhibited a
good correlation (r2 > 0.999). The LODs and LOQs were
in the ranges of 0.13-3.56 and 0.40-10.80 pg/kg, respec-
tively. The LODs and LOQs of DON, FUS-X, and HT-2
were lower than those in the reported methods for toxin
analysis in cereal syrups (Arroyo-Manzanares et al., 2015).
The matrix effects were between —0.7 and 14.6% for all
the mycotoxins, and these were compensated by using
matrix-matched calibration. According to the acceptance
criteria, the slope ratio (matrix/solvent) should be 0% for a
method with no matrix effects, while matrix effects of >
0% and < 0% indicate ionization enhancement and ion-
ization suppression, respectively (Zhou et al. 2017).

The accuracy and precision of the analytical method
were evaluated by determining the recoveries and RSDs
from blank samples (white rice) spiked at three different
concentration levels (Table 3). The recovery values of all
trichothecene mycotoxins ranged between 83.3% (15-
AcDON) and 92.8% (T-2). The intra-day (n = 3) and inter-
day precision (n = 9) of the method were in the RSD range
of 0.5-12.6% and lower than 15%. Other studies have
demonstrated recovery rates of NIV, DON, 3-AcDON, and
15-AcDON between 83.2% and 114.1% when analyzing
maize samples using an LC-MS/MS (Ye et al., 2018).
These results prove that our analytical method is appro-
priate for the identification and quantification of tri-
chothecene mycotoxins in cereals.

Occurrence of trichothecene mycotoxins
A total of 100 cereal samples were analyzed using an
optimized and validated method. Among them, seven cer-

eal samples were positive for trichothecene mycotoxins
(Table 4). DON had the highest detection frequency and
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ranged from 226.63 to 727.38 pg/kg. Nevertheless, moni-
toring results not exceed the admissible maximum level of
DON (1,000 pg/kg) recommended by the human food.

Mycotoxins 3-AcDON and 15-AcDON are the main
acetylated derivatives of DON. In this study, only one
proso millet sample was found to contain 15-AcDON
(293.69 ng/kg). FUS-X, DAS, and T-2 contaminations
were quantified in one out of cereal samples (431.11,
146.11, and 253.18 pg/kg, respectively). NIV, 3-AcDON,
NEO, HT-2, and VER were not found in any of the sam-
ples. Here, trichothecene mycotoxins exhibit co-contami-
nation that DON and T-2 was observed in imported from
China bean sample. Co-contaminations should be noted
because DON and T-2 is more hazardous than T-2 alone
(Friend et al., 1992).

The detection frequency of trichothecene mycotoxins
was low in the samples domestically in Korean cereal
samples monitored in this study (7/100). One factor that
affects trichothecene mycotoxins in cereals is the climate.
Because of the temperate climate in South Korea (latitude:
37° N and longitude: 128° E), the rate of mycotoxin
detection in cereals is lower than that in countries with a
subtropical climate. (Zinedine et al., 2006). In contrast,
Brazil (latitude: 10° S and longitude: 55° W) is one of the
subtropical country and had a detection rate of the most
prevalent mycotoxins (AcDON, ZEA, HT-2, and beau-
vericin) of over 70% in 2014 and 2015 (Moreira et al.,
2020). When targeting aflatoxin B;, a representative
mycotoxin, the 42 °C climate change due to global
warming demonstrably increased the risk of aflatoxin in
Europe, including central and southern Spain, southern
Italy, Greece, northern and southeastern Portugal, Bulgaria,
Albania, Cyprus, and European Turkey (Battilani et al.,
2016). This indicates that climate change may affect the
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Table 3 Method validation

data for trichothecene Analyte Concentration (ng/mL) RSD? (%) Recovery (%)
mycotoxins in cereal by LC- Intra-day (n = 3) Inter-day (n = 9)
MS/MS analysis
NIV 100.0 35 5.0 92.8 +3.3°
25.0 6.1 6.5 89.7 +£ 59
6.25 5.7 6.5 85.8 £ 6.8
DON 150.0 33 6.0 87.0 + 6.7
37.5 0.5 4.1 86.6 + 3.2
9.38 6.0 10.2 91.2 £ 5.1
3-AcDON 32.0 2.6 3.0 913+ 14
8.0 9.2 6.5 92.6 £ 5.0
2.0 5.7 6.9 88.8 + 2.8
15-AcDON 32.0 3.1 32 89.2 + 6.8
8.0 4.9 4.2 833+ 29
2.0 6.00 5.8 88.0 + 74
FUS-X 150.0 2.5 4.9 87.5 £ 1.1
37.5 3.6 53 909 £+ 3.3
9.38 1.4 4.0 91.7 £ 2.7
NEO 16.0 1.2 1.6 915+ 1.6
4.0 6.1 5.7 913 £ 6.7
1.0 1.3 6.1 839+ 13
DAS 16.0 2.0 5.7 894 £ 45
4.0 23 34 86.8 + 3.1
1.0 9.1 12.6 91.7 £ 44
HT-2 100.0 1.3 1.7 89.9 + 2.0
25.0 2.7 34 925+ 54
6.25 6.8 6.3 90.7 £ 1.3
T-2 100.0 4.1 5.6 928 £ 2.5
25.0 2.8 2.9 903 £ 1.8
6.25 6.0 4.8 912 £ 34
VER 16.0 1.5 4.2 893+ 1.3
4.0 2.0 23 919 £ 1.9
1.0 7.1 7.2 88.7 + 7.4

“RSD, relative standard deviation

Values are shown means = standard deviation of triplicate

detection frequency of trichothecene mycotoxins in cereals.
Moreover, there are no established regulations for some of
the trichothecene mycotoxins detected in this study (15-
AcDON, FUS-X, and DAS). Therefore, continuous moni-
toring of trichothecene mycotoxins in cereals is necessary
to mitigate the effects of rapid climate change and
imported products, rather than established regulations.

Assessment of health risk

The health risk assessment was performed using TDI, the
national consumption data and the concentration levels of
detected trichothecene mycotoxins (DON, 15-AcDON,
FUS-X, DAS and T2) in cereal samples. The exposure
assessment, HQs, and HI associated with each detected

mycotoxin in cereals are summarized in Table 4. Adult
exposure to the five mycotoxins was calculated to be
between 0.0002 and 0.8350 pg/kg bw/day through the
consumption of cereals. Exposure levels of all mycotoxin
were below the TDI.

The HI was determined by summing the HQs for
mycotoxins. The HIs ranged from 0.0026 to 1.2681 for
adults. The HI values were less than 1.0 for all the observed
mycotoxins in all cereal samples except white rice. The
high HQ and HI values of white rice are attributed to its
relatively high consumption compared to other cereals.
However, DON and DAS toxins in white rice were
detected in only one sample each. Therefore, the results in
Table 4 do not mean that the risk index (e.g. HI) of all
commercially available white rice is high on average. In
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Table 4 Contamination level, exposure, hazard quotient, and hazard index of mycotoxins through consumption of cereals
Cereals Country  Detection frequency ~ Mycotoxin ~ Contamination — TDI* Exposure” HQ® HI
(consumption) level (pg/kg) (ug/kg bw/day)  (pg/kg bw/day)
White rice Korea 1 DON 458.42 1.0 0.8350 0.8350  1.2681
(145.86 g/day)

China 1 DAS 146.11 0.65 0.2815 0.4331
Bean China 1 DON 727.38 1.0 0.0006 0.0006  0.0026
(0.06 g/day)

T-2 253.18 0.1 0.0002 0.0020

Barley Korea 1 FUS-X 293.69 1.0 0.0228 0.0228  0.0228
(5.88 g/day)
Proso millet Korea 1 15-AcDON  431.11 1.0 0.0032 0.0325  0.0325
(0.57 g/day)
Corn Korea 1 DON 321.10 1.0 0.0121 0.0121  0.0207
(2.86 g/day)

China 1 DON 226.63 1.0 0.0086 0.0086

*TDI, Tolerable daily intake

Estimated exposure = contamination level (ug/kg) x consumption (g/day)/weight of person (74.8 kg; Korean men aged 25 to 39)

‘HQ, Hazard quotient = estimated exposure/TDI

dHI, Hazard index = sum of the HQs for individual cereal of mycotoxins

addition, the samples monitored here were not reflected the
years of production and storage conditions. The mycotoxin
concentration in rice is affected by storage period and
conditions (Tang et al., 2019). Therefore, mycotoxins can
be detected in large quantities in some samples.

Table 4 indicated the possibility of unintentional expo-
sure to mycotoxins in cereals, although at a low frequency.
However, these results were obtained from raw kernels
without considering the usual pretreatment process such as
washing and cooking. The process of soaking and washing
in water can effectively remove substances including
damaged kernels, fine material, and dust with a lot of
mycotoxins (Adebo et al., 2021; Karlovsky et al., 2016).
Moreover, the process of cooking, heating, or steaming are
reduced mycotoxins in cereal by 34-70% (Karlovsky et al.,
2016). Nevertheless, the health risks posed by the daily
intake of mycotoxins through cereals should not be over-
looked, and continuous contamination surveys of myco-
toxins are required to protect consumers from the risk
caused by exposure to mycotoxins.

This study aimed to confirm the contaminations from 10
trichothecene mycotoxin species in cereals from South
Korean markets using the QUEChERS extraction combined
with LC-MS/MS. QuEChERS extraction using 84% (v/v)
aqueous ACN containing 1% (v/v) FA. The best perform-
ing clean-up method was d-SPE with a mixture C;g and
PSA. The developed method demonstrated good selectiv-
ity, accuracy, and precision for the analysis of

@ Springer

trichothecene mycotoxins in cereals. The frequency of
detection of trichothecene mycotoxins in cereals was low
(7/100), but the admissible HI was exceeded (1.2681) in
one white rice sample. This is the value of the raw kernel
without taking into account the storage period and storage
conditions. Nevertheless, periodic risk assessments of tri-
chothecene mycotoxin through cereal intake are necessary
for the health and safety of Korean consumers.
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