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By adopting a rapid and sensitive method for simultaneous detection of nivalenol (NIV), deoxynivalenol
(DON), fusarenon-X (FX), 3-acetyl deoxinivalenol (3ADON), HT-2 toxin (HT-2), T-2 toxin (T-2) and zearalenone
(ZEN), the natural occurrence of these mycotoxins in biscuits made of wheat (201 samples) in Japan was surveyed.
Samples were analyzed by LC/MS with atmospheric pressure photo ionization (APPI). Further confirmation was
performed by liquid chromatography/time of flight mass spectrometry (LC/TOFMS). The average contamination
of each Fusarium mycotoxin was 3.1, 23, 0.7, 0.1 and 4.2 ng/g for NIV, DON, HT-2, T-2 and ZEN, respectively.
Multiple toxins were observed in 120 samples while FX and 3ADON were not detected. The incidence of these
toxins was 41% for NIV, 98% for DON, 19% for HT-2, 11% for T-2 and 2% for ZEN. There were no significant
differences in the concentration and incidence between conventional biscuits made of wheat and biscuits made of
wheat for infants. This is the first report concerning the presence of NIV, DON, HT-2, T-2 and ZEN in biscuits in
Japan.
Key words —— Fusarium mycotoxin, contamination survey, LC/MS, LC/time of flight mass spectrometry, biscuit,
Japan

IINTRODUCTION
Trichothecene mycotoxins (TRs), such as nivalenol (NIV), deoxynivalenol (DON), fusarenonX (FX), 3-acetyl deoxynivalenol (3ADON), HT-2
toxin (HT-2) and T-2 toxin (T-2), belong to the secondary toxic metabolites produced by various filamentous fungi, such as Fusarium graminearum, F.
culmorum and F. sporotrichioides.
TRs exhibit a potent inhibitory activity toward
protein and DNA syntheses in eukaryotic cells, and
this biological activity is closely related to their
high lethality to animals, cellular damage to actively
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dividing cells, potent suppression of immunoresponses1, 2) and inhibition of protein synthesis.3, 4)
Zearalenone (ZEN) is an estrogenic metabolite
produced by Fusarium species such as F. graminearum, F. culmorum and F. crookwellense (F. cerealis), and causes hyperestrogenism in livestock.5, 6)
Co-contamination of Fusarium mycotoxins
(TRs and ZEN) occurs worldwide in agricultural
commodities and consumption of these has caused
several outbreaks of intoxication in human and
animal populations.7–12) With the development of
highly sensitive and simultaneous analytical methods, many reports regarding the co-contamination
of Fusarium mycotoxins in processed cereal foods
have been reported in Europe and North America,13–15) but relatively little work is available for
Asian countries despite these depending heavily on
imported wheat and wheat-derived products. Thus,
an accurate determination of processed food contaminated with these toxins is an urgent need for
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food supply.
The purpose of this study was to simultaneously
determine of TRs and ZEN based on a method established in a previous study.16) Furthermore, by using this method, we determined the incidence and
concentration of Fusarium mycotoxins in biscuits
made of wheat in Japan for the first time and to use
this information to evaluate the potential health risk
to Japanese consumers.

MATERIALS AND METHODS
Samples —— A total of 201 samples of biscuits
made of wheat were purchased from random local retail shops throughout Japan between the summer 2004 and summer 2006, including 110 of infant
food, 39 imported, 17 domestic and the remaining
of unknown origin. All samples were stored at 4◦ C
until analysis.
Chemicals and Reagents —— The standards for
NIV, DON, FX, 3ADON, HT-2, T-2 and ZEN were
obtained from Sigma-Aldrich Japan (Tokyo, Japan).
HPLC grade acetonitrile, HPLC grade methanol
and reagent grade ammonium acetate were obtained
from Wako Chemical (Osaka, Japan). Water was
purified with a Milli-Q system (Millipore, Tokyo,
Japan). MultiSep #226 columns (Romer Labs, Inc.,
Union, MO, U.S.A.) were purchased from Showa
Denko Limited (Tokyo, Japan). All other reagents
were of the highest analytical grade available.
LC/MS —— The LC/MS was performed using a
Shimadzu Model LC-2010CHT liquid chromatograph system (Shimadzu, Kyoto, Japan) including
a degassing unit, a binary gradient pump, an autoinjector, a column oven and a Shimadzu LCMS2010A mass spectrometer with atmospheric pressure photo ionization (APPI) capabilities. Liquid
chromatography (LC) separation was performed on

a 150 mm × 2.0 mm inside diameter (I.D.) column
packed with a 5 µm Shimadzu Shim-pack VP-ODS.
The LC mobile phase was a mixture of aqueous
10 mM ammonium acetate (A) and methanol (B).
The initial gradient condition was 90% A and 10%
B, and was equilibrated for 5 min. Then, solvent
B was changed linearly to 100% in 20 min, and
was held for 10 min. The flow rate was set at
0.1 ml/min. Further, acetone was added after the
diode array detector at a flow rate of 60 µl/min
via a tee by an isocratic pump (Agilent Technologies, Waldbronn, Germany). The column temperature was maintained at 40◦ C and the injection volume was 10 µl. MS experiments were performed
in the APPI mode. Nitrogen as the nebulizer gas
in the ion source was generated from pressurized
air by a SLP-07-S2 (ANEST IWATA Co., Yokohama, Japan). The following analytical conditions
for APPI were optimized by using an analytical column with the mixture standard of 7 Fusarium mycotoxins at 100 ng/ml. The probe voltage, probe
temperature, nebulizer gas, drying gas, curved desolvation line (CDL) voltage, CDL temperature,
block heater temperature, Q-array direct current
(DC) and Q-array radio frequency (RF) were set at
0 V, 200◦ C, 2.5 l/min, 0 MPa, 5 V, 150◦ C, 150◦ C,
5 V and 150 V, respectively. Acetone was used as
the dopant solvent. The quantitative analysis of each
Fusarium mycotoxin was carried out using the selected ion monitoring (SIM) mode of each base ion
peak at m/z 371 (NIV), 355 (DON), 413 (FX), 397
(3ADON), 483 (HT-2) and 317 (ZEN) in the negative mode and m/z 484 (T-2) in the positive mode,
respectively (Table 1).
LC/Time of Flight Mass Spectrometry (TOFMS) —— The LC/TOFMS instrument and condition for analysis of Fusarium mycotoxins were reported in an earlier paper.17)

Table 1. SIM for the Analysis of Target Analytes
Mycotoxins
NIV
DON
FX
3ADON
HT-2
T-2
ZEN

M.W.

a)

312
296
354
338
424
466
318

a) M.W. ; Molecular weight.

371
355
413
397
483
484
317

APPI
[M+CH3 COO]−
[M+CH3 COO]−
[M+CH3 COO]−
[M+CH3 COO]−
[M+CH3 COO]−
[M+NH4 ]+
[M]−

Ionization mode
APCI
371
[M+CH3 COO]−
355
[M+CH3 COO]−
413
[M+CH3 COO]−
339
[M+H]+
483
[M+CH3 COO]−
484
[M+NH4 ]+
317
[M]−

371
355
413
397
483
484
317

ESI
[M+CH3 COO]−
[M+CH3 COO]−
[M+CH3 COO]−
[M+CH3 COO]−
[M+CH3 COO]−
[M+NH4 ]+
[M]−
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Preparation of Standard Solution and Samples —— The mixture of TRs and ZEN standard solutions (10 µg/ml) for stock and fortification experiments were dissolved in acetonitrile and stored at
4◦ C in the dark until use. For preparation of a mixed
working standard solution, an appropriate amount
of individual stock standard solution was evaporated
to dryness at 40◦ C under a gentle stream of nitrogen. The residue was dissolved in 1 ml of aqueous
10 mM ammonium acetate/methanol (90/10). For
fortification experiments, 50 µl of the stock standard solution was spiked into 10 g of blank samples
(= 50 ng/g) before extraction. Three replicates for
each level were prepared.
Sample extraction and cleanup was carried out
as follows. Ten grams of each sample was weighed
in a 100 ml Erlenmeyer flask, suspended in 40 ml
acetonitrile/water (85/15) and shaken for 30 min.
The mixed solution was centrifuged for 5 min at
1410 g , and then 10 ml of the supernatant were applied to a MultiSep #226 cartridge column for the
cleanup. After discarding the first 3 ml of elutant,
the next 2 ml were collected and evaporated to dryness at 40◦ C under a gentle stream of nitrogen. The
residue was dissolved in 1.0 ml of aqueous 10 mM
ammonium acetate/methanol (90/10).
The analysis of TRs and ZEN was carried out
using primary screening with LC/MS, and confirmed with LC/TOFMS.

RESULTS AND DISCUSSION
Comparison of Ionization Techniques for LC/MS
Analysis
Ionization methods were compared: APPI, electrospray ionization (ESI) and atmospheric chemical
ionization (APCI) modes. The SIM of each Fusarium mycotoxin was evaluated in the scan mode (m/z
100–500) by direct injection of each Fusarium mycotoxin standard (1 µg/ml) without the use of an analytical column. The most sensitive ion differed depending on the mycotoxin, ionization, polarity, and
ammonium adduct ion ([M+NH4 ]+ ) and acetic acid
adduct ion ([M+CH3 COO]− ) (Table 1). In order to
achieve maximum sensitivity, the instrument detection limits (IDLs) were calculated when the peak
to peak signal-to-noise (S/N) ratio was 3 by injecting 10 µl of a mixture standard solution of TRs and
ZEN. As shown in Table 2, the APPI mode provided
the optimum intensity for NIV, DON and ZEN. Although the ESI mode showed the strongest intensity

Table 2. Instrument Detection Limits of Fusarium Mycotoxins by LC/MS
Mycotoxins
NIV
DON
FX
3ADON
HT-2
T-2
ZEN

Instrument detection limits a) (pg)
APPI
APCI
ESI
1.8
2.5
2.4
2.5
4.5
8.5
7.7
6.3
7.7
2.1
8.3
1.0
6.8
5.0
14
4.3
6.8
6.5
1.3
4.3
1.7

a) Instrument detection limits defined as S/N ratio = 3.
Injection volume of the standard solution was 10 µl.

of 3ADON, the effect of a sample matrix is possibly
high.16) A recent report describes the optimization
of NIV and DON detection using the APPI mode;16)
therefore, we used the APPI mode to analyze the 7
Fusarium mycotoxins in this study.
Matrix effects are a major problem for mycotoxin quantification by LC/MS. The sample matrix
may either enhance or suppress the ionization of
mycotoxins; however, the effects vary from sample
to sample ultimately affecting the quantitative performance of the LC/MS system. To evaluate matrix
effects, the concentration of 7 Fusarium mycotoxins ranging from 1 to 500 ng/ml in solvent standard
and spiked biscuit samples were analyzed. The calibration curves for both conditions showed good linearity with correlation coefficients (r2 ) above 0.999.
However, the slope of the linearity curve for ZEN in
the spiked biscuit matrix standard was about 89%
lower than the solvent standard (data not shown).
These results indicate that ZEN showed a matrix effect of ion suppression.
To evaluate recoveries, the proposed method
was applied to the analysis of biscuit samples spiked
with known concentrations of Fusarium mycotoxins. Samples were spiked at a final concentration of
50 ng/g for all 7 Fusarium mycotoxins. Quantification was carried out by the solvent standard and biscuit matrix matched standard. The mean recovery of
each Fusarium mycotoxin in spiked samples ranged
from 28 to 121% in the solvent standard and from 83
to 120% in the matrix matched standard (Table 3).
At the same concentration, the experiment was repeatable (n = 3) with relative standard deviations
(RSDs) ranging from 3.4 to 13% in solvent standard
and from 1.0 to 11% in matrix matched standard
(Table 3). Under these conditions, ZEN showed
a large matrix effect on ion suppression, because
ZEN is different structure to have the macrolide ring
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Table 3. Recoveries, Limits of Detection and Limits of Quantification of Fusarium Mycotoxins in Spiked Biscuits by LC/MS
Mycotoxins

Standard

NIV

Solvent
Matrix

Recovery a)
(%)
94
83

DON

Solvent
Matrix

105
104

FX

Solvent
Matrix

121
120

RSD a)
(%)
3.4
3.8
6.1
1.0
6.2
4.2

Limit of detection b)
(ng/g)

Limit of quantification b)
(ng/g)

1.4

4.7

0.9

3.0

1.2

4.1

3ADON

Solvent
Matrix

116
112

4.8
4.9

1.3

4.2

HT-2

Solvent
Matrix

115
115

0.6

2.0

T-2

Solvent
Matrix

116
113

9.2
8.9

0.1

0.3

ZEN

Solvent
Matrix

28
97

13
5.4

4.2

11
11

14

a) Recoveries and RSDs were calculated on the basis of three replicates at 50 ng/g. b) Limits of detection and limits of quantification
calculated by the biscuit matrix matched standard defined as S/N ratio = 3 and 10, respectively.

Table 4. Occurrence of Fusarium Mycotoxins in Biscuits
Mycotoxins
NIV
DON
HT-2
T-2
ZEN

Positive samples a)
(Incidence, %)
83 (41)
196 (98)
38 (19)
22 (11)
4 (2)

Range
(ng/g)
1.4– 35
0.9–791
0.6– 20
0.1– 6.0
4.2– 4.4

Mean b)
(ng/g)
3.1
23
0.7
0.1
4.2

a) Number of samples analyzed = 201. b) When the number of samples of under the limit of quantification is
> 60%, the concentration was calculated as follows. The value less than the limit of detection was calculated as the
detection limit. The value between the limit of detection and the limit of quantification was calculated as the limit
of quantification. When the number of samples of under the limit of quantification is < 60%, the concentration was
calculated as follows. The value under the limit of quantification was calculated as 1/2 of the limit of detection.

and is a low polar compound when compared with
the six other TRs, and is thus considered susceptible to matrix effects; therefore, the biscuit matrix
matched standard was used for the quantitation of
all 7 Fusarium mycotoxins throughout this study.
The limits of detection (LODs) and limits of
quantification (LOQs) of the TRs and ZEN in biscuits were determined by the signal corresponding
to three times and ten times the background noise on
each SIM chromatogram, respectively. The LODs
and LOQs of each Fusarium mycotoxin ranged
from 0.1 to 4.2 ng/g and from 0.3 to 14 ng/g, respectively (Table 3).
Analysis of TRs and ZEN in Biscuits Based on
Wheat
The developed method was applied in the quantitation of Fusarium mycotoxins in biscuits made of
wheat. The level of occurrence of Fusarium myco-

toxins in biscuits is represented in Table 4 and typical chromatograms of standard mixture and extracts
from naturally contaminated biscuit shown in Fig. 1.
Fusarium mycotoxins were quantified in 196 out of
the 201 samples with DON being the most commonly detected Fusarium mycotoxin in this study.
It was found in 98% of all samples at concentrations between 0.9 and 791 ng/g (mean = 23 ng/g). In
this study, 120 samples were co-contaminated with
two or more Fusarium mycotoxins. With the exception of two samples (NIV/HT-2 and HT-2/T-2), all
samples with multiple toxins also contained DON.
The co-contamination of two or more toxins detected in this study were found in 120 (incidence
= 60%) samples. In samples containing two toxins, DON was present in combination with each of
NIV, HT-2 and ZEN, and both NIV and DON occurred as the most frequent combination in 77 (incidence = 38%) samples. Of these, 99, 16, and 5
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Table 5. Occurrence of Fusarium Mycotoxins in Biscuits for Infants
Mycotoxins
NIV
DON
HT-2
T-2
ZEN

Positive samples a)
(Incidence, %)
37 (34)
98 (89)
25 (23)
13 (12)
1 (1)

Range
(ng/g)
1.4– 35
0.9–177
0.6– 11
0.1– 6.0
4.2

Mean b)
(ng/g)
3.0
17
1.4
0.4
—

a) Number of samples analyzed = 110. b) When the number of samples of under the limit of quantification is
> 60%, the concentration was calculated as follows. The value less than the limit of detection was calculated as the
detection limit. The value between the limit of detection and the limit of quantification was calculated as the limit
of quantification. When the number of samples of under the limit of quantification is < 60%, the concentration was
calculated as follows. The value under the limit of quantification was calculated as 1/2 of the limit of detection.

Fig. 1. Total Ion Chromatograms of (A) Fusarium Mycotoxins
Standard Mixture Solution at 50 ng/ml and (B) Naturally Contaminated Biscuit
(A) 1, NIV; 2, DON; 3, FX; 4, 3ADON; 5, HT-2; 6, T-2; 7,
ZEN. (B) 1, NIV (13 ng/g); 2, DON (22 ng/g); 5, HT-2 (4 ng/g); 6,
T-2 (1 ng/g).

samples contained 2, 3, and 4 toxins, respectively.
Triple toxin combinations were DON/HT-2/T-2 and
NIV/DON/ZEN while a combination of four toxins was NIV/DON/HT-2/T-2 (Fig. 1). In infant bis-

cuits the concentration of DON ranged from 0.9 to
177 ng/g (mean = 17 ng/g, Table 5).
NIV was found in 41% of the samples, ranging
from 1.4 to 35 ng/g (mean = 3.1 ng/g, Table 4).
HT-2 and T-2 were detected in 38 (incidence
= 19%) and 22 (incidence = 11%) samples, with
a maximum concentration of 20 ng/g (mean =
0.7 ng/g) and 6.0 ng/g (mean = 0.1 ng/g), respectively (Table 4). Both HT-2 and T-2 were observed
in infant products and occurred simultaneously in
one sample. Since the simultaneous occurrence of
HT-2 and T-2 is rare in Japan, we recommend continuation of this surveillance monitoring program.
The incidence (2%) and highest concentration (4.4 ng/g) of ZEN in the samples were lower
than those of the other six Fusarium mycotoxins
(Table 4).
In contrast, none of the samples analyzed were
found to contain FX and 3ADON above the LODs.
Biselli and Hummert reported the co-occurrence
of DON and T-2 in wheat-based products in
Europe.13) They showed that DON contamination
was high (maximum level = 2350 ng/g), but the
concentration of T-2 was lower than that in our
study (maximum level = 0.95 ng/g). Schollenberger
et al.18) showed that NIV, DON, HT-2, T-2 and ZEN
occurred in foodstuffs marketed in Germany with
DON the most commonly observed. The incidence
of HT-2 was higher than that of T-2, differences depending on the kind of sample, similarly to the incidence of NIV and ZEN. These results were similar to our present study. Recently, there have been
some reports in which NIV, DON, HT-2 and ZEN
were detected in infant products and conventional
wheat products.14, 15, 19, 20) Compared with these reports the maximum DON and HT-2 concentrations
were similar to our study of infant products. Although the occurrence of NIV and ZEN was confirmed in these reports, that of T-2 was not, and on
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this point it was different from our study of infant
products.
As shown in Tables 4 and 5, there were no great
differences in the incidence and concentration between conventional biscuits and biscuits for infants.
However, the risk will be greater for infants due to
body weight and intake when compared to adults.
It is difficult to assess the exposure of Fusarium mycotoxins under the present study because
the general information data regarding real consumption of biscuits by Japanese is limited. Therefore, continuous surveillance for contamination levels and an exposure assessment will be required to
avoid an unexpected risk of exposure to high concentrations of mycotoxins from now on.
In conclusion, we are the first to report the presence of NIV, DON, HT-2, T-2 and ZEN in biscuits marketed in Japan. It is suggested from our
study that biscuits are co-contaminated with several
Fusarium mycotoxins; therefore, there is a need for
continuous monitoring in order to evaluate their risk
to consumers. In addition, it should be taken into account that the risk of Fusarium mycotoxins may be
increased by co-occurrence with other mycotoxins,
as shown in this study. It is important to continue accumulating the occurrence data of mycotoxins from
food products in order to develop appropriate risk
assessment tools with the goal of reducing contamination levels in marketed commodities.
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