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Fig. 1. Estimated DON Exposure Level from Final Wheat Products in Japan.
Bread 50% + noodle 50% indicates the estimated exposure to DON when people ingest bread and noodles equally as wheat products, being
calculated by using the following formula: DON exposure level with bread 50% + noodle 50% = (mean of DON retention in bread)/2 +

(mean of DON retention in noodles)/2.

rather the biological toxicity was significantly reduced.
This fact indicates the possibility that a new complex
produced in bread during cooking, such as a DON-
binding protein or DON-binding carbohydrate had less
cytotoxicity than DON itself. Many studies on the
reduction of DON in the baking process have demon-
strated that baking could not reduce the level of DON,
and the DON level was simply measured by chemical
analytical methods.'*' The present study is the first
report to show the possibility that the baking process
reduces the cytotoxicity of DON.

To estimate the risk of exposure to DON in Japan, we
calculated the total retention level of DON based on the
consumption of wheat products in Japan. A national
nutritional survey has shown that 50% of wheat was
consumed as bread and other 50% as noodles in Japan.'”
When the DON retention level in each final product
was assayed by a chemical or biological analysis, its
exposure level from the final wheat products consumed
in Japan was calculated as 69.5% by the chemical
analysis, 59.3% by the WST-8 assay and 60.6% by the
BrdU assay of the DON level in raw flour (Fig. 1).

In conclusion, this study is the first to report the DON
retention level at each cooking stage in noodles and
bread determined by a chemical analysis and bioassays.
The experiments with naturally contaminated wheat
flour revealed that boiling significantly reduced not only
the DON concentration, but also its cytotoxicity. In
contrast, baking maintained the DON concentration at
the same level as that of raw flour although reducing its

cytotoxicity. The risk of exposure to DON was esti-
mated 69.5% or less of the DON level in raw flour if -
people eat noodles and bread half and half as the final
wheat products, which reflects the current consumption
of final wheat products in Japan.
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ABSTRACT

We conducted a survey of aflatoxin By, By, Gy, and G,, ochratoxin A, and fumonisin B,, B, and Bj contamination in
various foods on the retail market in Japan in 2004 and 2005. The mycotoxins were analyzed by high-performance liquid
chromatography, liquid chromatography-mass spectrometry, or high-performance thin-layer chromatography. Aflatoxins were
detected in 10 of 21 peanut butter samples; the highest concentration of aflatoxin B, was 2.59 pg/kg. Aflatoxin contamination
was not found in corn products, corn, peanuts, buckwheat flour, dried buckwheat noodles, rice, or sesame oil. Ochratoxin A
was detected in oatmeal, wheat flour, rye, buckwheat flour, green coffee beans, roasted coffee beans, raisins, beer, and wine
but not in rice or corn products. Ochratoxin A concentrations in contaminated samples were below 0.8 pg/kg. Fumonisins
were detected in popcorn, frozen com, corn flakes, and com grits. The highest concentrations of fumonisins By, By, and B;
in these samples were 354.0, 94.0, and 64.0 ng /kg, respectively.

Mycotoxin contamination in agricultural products is a
significant threat to human health and results in enormous
economic losses from exclusion of contaminated products
from food and feed chains. Among numerous mycotoxins,
aflatoxins (AFs), ochratoxin A (OTA), and fumonisins are
of high priority for control because of their frequent and
worldwide distribution in agricultural products.

AFs are potent hepatotoxic and hepatocarcinogenic
compounds produced by Aspergillus flavus and Aspergillus
parasiticus. In Asia and Africa, human hepatic cancers and
acute fatal diseases, including hepatic lesions, have been
associated with consumption of foods heavily contaminated
with these toxins (4, 72). Commodities frequently contam-
inated include peanuts, tree nuts, spices, corn, rice, cotton-
seed, dry fruits, and copra (6). OTA is produced by Peni-
cillium verrucosum and various species of Aspergillus and
is regarded as the causal agent of endemic nephropathy and
urinary tract tumor in the Balkans (7). A variety of com-
modities are contaminated with OTA; relatively high levels
of contamination have been found in corn, rye, and coffee
(7). Fumonisins are produced by Fusarium verticillioides,
Fusarium proliferatum, and cther Fusarium species. Fu-
monisin contamination in corn has been observed in many
areas of the world (8), and an association between human
esophageal cancer and high concentrations of fumonisin in
corn has been reported in China and Africa (3, 19, 24).

* Author for correspondence. Tel: 81-3-3700-1141; Fax: 81-3-3700-9527,
E-mail: ykonishi @nihs.go.jp.

Although contamination of food with these mycotoxins
has been studied extensively in Europe and North America,
relatively little information has come from Asia. In Japan,
a survey of AF contamination has been conducted for a
variety of foods (I, 10, 20, 21), but data on OTA and fu-
monisin contamination in local and imported foods are very
limited (73, 18). In 2004 and 2005, we conducted a survey
of AF, OTA, and fumonisin contamination in various foods
collected from retail markets in Japan to evaluate the risk
to the health of Japanese consumers.

MATERIALS AND METHODS

Sampling, Rice and wheat samples were harvested in the
2004 fiscal year except for 2 samples of rice (2003 fiscal year)
were supplied from the Ministry of Agriculture, Forestry and
Fisheries. All other samples were purchased in a random manner
from local supermarkets and small retail shops in all parts of Japan
from the summer of 2004 to winter of 2005. Samples were stored
at 4°C until analysis.

Reagents. AFB;, AFB,, AFG,, AFG,, and OTA standards
were purchased from Sigma-Aldrich Co. (St. Louis, Mo.). Fu-
monisin B, (FB,) and FB, were purchased from CALBIOCHEM
(San Diego, Calif.), and FB; was from PROMEC Medical Re-
search Council (Tygerberg, South Africa). Methanol and aceto-
nitrile were high-performance liquid chromatography (HPLC)
grade. Water was purified in a Milli-Q system (Millipore Co.,
Bedford, Mass.). All other reagents were of the highest analytical
grade available.
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Standard solutions. Original standard solutions of AFB,
AFB,, AFG,, and AFG, were prepared in toluene-acetonitrile (9:
1), and a standard solution of OTA was prepared in toluene—acetic
acid (99:1). The conceniration was determined according to the
AOAC International method (23). An AF mixed stock solution (4
ug/ml for each toxin) and a OTA stock solution (1 wg/ml) was
prepared by dilution with acetonitrile and toluene—-acetic acid (99:
1), respectively. A fumonisin mixed stock solution (20 p.g/ml! for
each toxin) was prepared by dilution with acetonitrile-water (1:1).

Extraction and analysis of AFs. AFs in collected samples
were analyzed at five independent laboratories, Twenty-five grams
of finely ground sample (except for peanut butter and sesame seed
oil) was exiracted with 100 ml of methanol-water (8:2) and 5 g
of sodium chloride by shaking for 30 min. The extract was filtered
through no. 4 filter paper (Whatman, Clifton, N.J.). Ten milliliters
of filtered solution was diluted to 50 ml with phosphate-buffered
saline (PBS, pH 7.4) and filtered through a Whatman 934AH glass
microfiber filter. Twenty milliliters of filtered solution was loaded
onto an AflaTest P column (Vicam, Watertown, Mass.) at a flow
rate of 1 drop per s. After washing with PBS and then purified
water, the column was dried by pushing air into the column with
a syringe. AFs were eluted with acetonitrile into a silanized amber
vial (4.0 ml, Supelco, Bellefonte, Pa.). The eluate was evaporated
to dryness under a gentle stream of nitrogen gas at 40°C. For
trifluoroacetic acid (TFA) derivatization, the residue was treated
with 0.1 ml of TFA for 15 min, and 0.9 ml of injection solvent
(acetonitrile-water, 1:9) was added to the mixture. For photochem-
ical reactor derivatization, the residue was dissolved in 1.0 ml of
injection solvent and injected into the HPLC system, which con-
sisted of an LC-10AD pump, a SIL-10A autoinjector (100-ul
loop), a CTO-10AC column oven, an RF-10AXL fluorescence
detector (excitation, 360 nm; emission, 450 nm), a DGU-3A de-
gasser, 2 CBM-10A communication bus module, and a class LC-
10 chromatography data system (Simadzu, Kyoto, Japan). The an-
alytical column (4.6 mm by 250 mm by 5 um; Inertsil ODS-3V,
GL Sciences, Inc., Tokyo, Japan) was kept at 45°C with a mobile
phase of acetonitrile-methanol-water (1:3:6) at a flow rate of 1.0
ml/min for TFA derivatization or with acetonitrile-methanol-water
(2:3:5) at a flow rate of 0.7 ml/min for photochemical reactor
derivatization. The photochemical reactor for enhanced detection
consisted of a short-wave UV lamp and a knitted Teflon tube (0.25
mm by 20 m, Aura Industry Inc., New York) and was set between
the analytical column and the detector. The calibration curve was
prepared by plotting the peak height against the concentration of
AF standards. Quantification of each AF in sample solution was
performed by measuring the peak height at each retention time
and comparing these curves with a relevant calibration curve.

For peanut butter and sesame seed oil samples, the method
of Kamimura et al. (9) was used for analysis. A 10- or 20-g sam-
ple was extracted with 50 or 100 ml of chloroform. The extract
was loaded on florisil columns, from which AFs were eluted with
acetone-water (99:1). The eluate was evaporated to dryness under
reduced pressure, and the residue was dissolved in 200 pl of chlo-
roform. A 20-ul portion was evaporated to dryness and deriva-
tized with TFA for quantitative analysis by HPLC as described
above.

Extraction and analysis of OTA. OTA in collected samples
was analyzed at five independent laboratories with a standardized
analytical method. Each sample (except for raisins, beer, and wine)
was thoroughly mixed and ground to a fine powder. Raisins were
slurred with water (five parts raisins to four parts water, wt/wt) to
form a homogenous paste. Beer was degassed in an ultrasonic bath
for 30 min. Extraction solvents used in this survey were methanol-
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water (8:2) and 5 g of sodium chloride for corn, corn products,
rice, oatmeal, and buckwheat flour, acetonitrile-water (6:4) for
wheat and rye flour, and methanol-1% sodium bicarbonate (7:3)
for coffee and raisins. Twenty-five grams of sample (45 g of rai-
sins paste) was extracted in 100 ml (80 ml for raisins paste) of
extraction solvent by shaking for 30 min. The extract was filtered
through Whatman no. 4 paper. Ten milliliters of filtered solution
was diluted to 50 ml (100 ml for coffee) with PBS or with PBS
plus 0.01% Tween 20 (PBS-Tween) for coffee and raisin samples
and filtered through a Whatman 934AH glass microfiber filter.
Twenty milliliters of filtrate (40 ml for coffee) was loaded onto
an OchraTest column (Vicam) at a flow rate of 1 drop per s. The
column was washed with PBS (PBS-Tween for coffee and raisin
samples) and then with purified water. For beer and wine, 10 g of
sample solution was diluted with 10 ml of 1% polyethylene glycol
8000 plus 5% sodium bicarbonate and filtered through a Whatman
934AH glass microfiber filter. Ten milliliters of filtrate was loaded
onto the OchraTest column at a flow rate of 1 drop per s, and the
column was washed with 2.5% sodium chloride plus 0.5% sodium
bicarbonate followed by purified water. OTA was eluted into the
Silanized amber vial with three washes (1 ml each time) of meth-
anol-acetic acid (99:1). The eluate was evaporated to dryness un-
der a gentle stream of nitrogen gas at 40°C. The residue was
dissolved in 1.0 ml of injection solvent (acetonitrile—water—acetic
acid, 30:70:1) and injected into the HPLC system. The analytical
column (4.6 by 250 mm by 5 pm; Inertsil ODS-3V, GL Sciences)
was kept at 45°C with a mobile phase of acetonitrile-water—acetic
acid (55:43:2) at a flow rate of 1.0 mi/min. Standard OTA solu-
tions for HPLC or 100 ul of test sample solution were injected
into the HPLC system. The calibration curve was prepared by
plotting the peak height against the concentration of OTA stan-
dards. Quantification of OTA was performed with the same man-
ner used for the AF analysis.

Extraction and analysis of fumonisins. A 20-g sample was
weighed and extracted with 100 ml methanol-water (3:1) by shak-
ing for 15 min. The extract was filtered with Whatman no. 4 filter
paper and applied to Bond Elut LRC SAX cartridge (Varian, Palo
Alto, Calif.). The cartridge was conditioned with methanol and
then with methanol-water (3:1). The filtrate was applied to the
cartridge at a flow rate of 1 or 2 drops per s. The cartridge was
washed with methanol-water (3:1) and then methanol, and fu-
monisins were eluted with methanol-acetic acid (99:1). The eluate
was evaporated at ca. 40°C and dried under a nitrogen stream.
The residue was dissolved in 1 ml of acetonitrile-water (1:1),
mixed well, and filtered with a membrane filter, and 5 pl was
loaded onto a ZORBAX Eclipse XDB-C18 column (inside di-
ameter, 150 by 2.1 mm; Agilent, Palo Alto, Calif.) at 40°C for
liquid chromatography—mass spectrometry analysis. The mobile
phase was a binary gradient of solvent A (0.1% formic acid in
water) and solvent B (acetonitrile) programmed as follows: at 0
min, 25% B; at 5 min, 50% B; at 8 min, 50% B; at 10 min, 25%
B. The flow rate was set at 0.2 ml/min. Electrospray ionization
was used for ionization in the mass spectrometric analysis. The
capillary voltage and fragmenter voltage were set to 3 kV and 220
V, respectively. The nebulizer gas and drying gas were both ni-
trogen. The mass spectrometer was used in the selected ion mon-
itoring mode, detecting the positive ions [M + H]* of FB, (m/z
722), FB,, and FB;3 (m/z 706).

Confirmation of identity. The identities of AFB, and AFG,
in the sample were confirmed by the method based on the quench-
ing of their fluorescence in reversed-phase HPLC. AFB,; and
AFG, were detected as AFB,, and AFG,,, respectively, by pre-
column derivatization with TFA or in-line postcolumn derivati-



J. Food Prot., Vol. 69, No. 6

AFLATOXINS, OCHRATOXIN A, AND FUMONISINS IN RETAIL FOODS IN JAPAN

TABLE 1. Recovery of total aflatoxins from each spiked individual matrix

Spiked sample Recovery (%)
Commodity Concn (pg/kg) n AFB, AFB, AFG, AFG,
Raw corn 0.1 3 79.8 = 0.7 803 = 14 745 = 1.0 746 £ 1.1
5.0 3 83.7 £ 1.1 82.1 £ 1.2 76.0 = 0.9 756 £ 1.3
Canned corn 0.1 2 65.0 72.0 64.5 70.5
5.0 2 66.9 68.7 69.5 70.2
Rice 0.1 2 82.0 83.9 84.4 89.9
5.0 2 83.7 87.8 82.3 87.1
Peanuts with shells 0.1 6 65.0 = 10.8 85.0 = 12.3 66.0 = 16.2 85.0 = 20.0
5.0 6 80.0 = 59 105.0 = 5.9 102.5 = 2.9 993 = 15
Peanuts without shells 0.2 3 98.3 = 4.8 113.7 £ 3.5 88.3 = 33 91.8 = 83
5.0 3 944 + 04 99.1 = 1.8 98.5 = 1.1 97.7 £ 0.3
Peanut flour 0.1 3 89.0 = 0.8 90.2 = 1.0 80.1 = 1.5 822 + 1.1
5.0 3 893 £ 29 90.1 = 2.1 77.8 = 10.2 79.0 = 7.7
Buckwheat flour 0.1 3 78.1 = 1.3 78.6 £ 1.0 73.7 £ 4.1 82.7 = 1.1
5.0 3 68.7 + 0.8 75.6 = 0.3 740 = 1.6 80.3 = 0.8
Buckwheat dried noodles 0.1 3 728 + 34 84.2 = 0.6 77.6 + 1.4 86.3 = 0.5
5.0 3 72.7 £ 04 79.8 = 1.6 729 + 2.1 794 = 1.6
Popcorn grain 0.1 3 85.0 = 4.0 773 = 3.0 85.1 = 3.0 826 =20
5.0 2 67.6 72.8 84.8 84.7
Cornflakes 0.1 3 95.8 = 2.0 823 = 6.1 87.5 £ 5.0 85.1 = 4.1
5.0 2 78.8 75.4 779 79.3
Corn grits 0.1 3 88.1 = 2.8 86.3 = 3.0 88.7 £ 2.0 90.9 = 2.0
5.0 2 76.5 76.5 98.8 97.7
Peanut butter 0.2 3 983 = 114 79.0 + 6.7¢ 84.2 + 13.8¢ 101.2 £ 6.2
5.0 3 93.8 = 3.1 93.5 + 2.54 92.1 = 3.1¢ 923 =28
Sesame oil 0.2 2 90.6 102.8 76.7 98.0
5.0 2 103.7 107.2 75.5 84.0
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“For n = 3, values are expressed as mean = residual standard deviation. For n = 2, values are expressed as mean only.

5 Spiked dose was 0.1 pg/kg.
¢ Spiked dose was 0.3 pg/ke.
4 Spiked dose was 2.5 pg/kg.
¢ Spiked dose was 7.5 pg/kg.

zation of the photochemical reactor used in this survey. The dis-
appearance of the AFB, or AFG, peaks by non-TFA derivatization
confirmed the original presence of AFB, or AFG; in the sample.
The decrease of peak height for AFB, or AFG, with the photo-
chemical reactor UV lamp off confirmed the original presence of
AFB, or AFG,. For peanut butter and sesame oil, the positive
sample detected by HPLC analysis was spotted onto a silica gel
plate (Merck KGaA, Darmstadt, Germany) for high-performance
thin-layer chromatography.

The presence of OTA was confirmed by OTA-methyl ester
formation as follows. The remaining purified sample solution or
standard solution was evaporated to dryness, and 500 pl of boron
trifluoride methanol complex solution was added to the residue.
The mixture was heated at 60°C for 10 min and then evaporated
to dryness. The residue was dissolved in injection solvent and
injected into the HPLC system. The identity of OTA in the sample
was confirmed by the presence of an OTA-methyl ester peak at
delayed retention time and the disappearance of the OTA peak.

RESULTS AND DISCUSSION

The recoveries of each standard mycotoxin spiked to
the individual matrix are shown in Tables 1 through 3. The
recoveries of AFs from the matrix were 65.0 to 103.7% for
AFB|, 68.7 to 113.7% for AFB,, 64.5 to 102.5% for AFG,,
and 70.2 to 101.2% for AFG, (Table 1). The OTA recov-

eries were 60.4 to 107.9% (Table 2). The recoveries of fu-
monisins were 67.7 to 136.0% for FB,, 70.5 to 133.0% for
FB,, and 70.3 to 136.0% for FB;. The limit of quantifica-
tion was calculated by the signal-to-noise ratio as more than
10:1.

AF contamination was detected in 10 of 21 peanut but-
ter samples (Table 4). Six and 2 of the 10 positive samples
were imported and domestic products, respectively, but the
origin of the other two products was unknown. AFB,,
AFB,, AFG;, and AFG, were detected in four samples,
AFB, and AFB, were detected in three samples, and only
AFB,; was detected in the other three samples. AF was not
detected in corn, cornflakes, corn flour, corn grit, popcomn
grains, canned or frozen corn, peanuts with shell, peanuts
without shell, buckwheat flour, dried buckwheat noodle,
rice, or sesame oil (Table 4). These results indicate that
peanut butter sold in Japan is frequently contaminated with
AFs.

OTA was detected in oatmeal, wheat flour, rye, buck-
wheat flour, green coffee beans, roasted coffee beans, rai-
sins, beer, and wine but not in rice, cornflakes, corn grits,
popcorn grain, or canned or frozen corn (Table 5). Frequent
contamination was noted in raisins, beer, rye, and wine. All
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TABLE 2. Recovery of ochratoxin A from each spiked individual
matrix

J. Food Prot., Vol. 69, No. 6

TABLE 3. Recovery of fumonisins B;, B, and B; from each
spiked individual matrix

Spiked sample Recovery (%)°
Spiked sample
Commaodity Concn (pg/kg) n OTA recovery (%)° Commodity concn (pg/kg) FB, FB, FB,4
Canned corn 0.1 5 100.0 = 0.1 Raw corn 10 136.0 133.0 136.0
0.5 7 100.0 = 0.4 1,000 82.1 81.1 85.7
Rice 0.1 2 88.2 Canned corn 10 103.6 989 945
5.0 2 82.8 1,000 88.0 856 866
Rye 0.1 2 86.1 Buckwheat dried noodle 10 1245 1236 1203
5.0 2 87.3 1,000 82.8 84.1 96.4
Wheat flour 0.1 2 104.6 Popcorn grain 10 117.0 103.0 101.0
5.0 2 87.8 1,000 67.7 705 703
Oatmeal 0.1 3 90.0 = 11.1 Cornflakes 10 1129 79.1 71.9
5.0 3 89.2 = 2.6 1,000 92.6  75.7 78.6
Buckwheat flour 0.2 3 101.3 + 3.1 Corn soups 10 84.6 116.0 1013
5.0 3 912 = 1.2 1,000 1223 903 96.0
Popcorn grain 0.1 6 99.6 £ 9.6 Corn grits 1,000 707 714 733
5.0 6 100.0 = 0.3 Flattened barley 10 815 895 904
Cornflakes 0.1 6 833 = 8.6 1,000 779 727 739
5.0 6 99.9 = 04
Corn grits 0.1 6 100.0 + 0.1 9 Values are expressed as mean.
5.0 6 100.1 = 03
Raisins (5)(1) g gg; f ;57'8 contaminated rye and raisin samples were from imported
Wine 0:05 3 9 4:7 ; 4:9 products, whereas contaminated beer, buckwheat flour, and
50 3 1079 =+ 23 wine samples were from both imported and domestic prod-
Beer 0.01 3 984 + 2.8 ucts. Concentrations of OTA in wine of more than 1 pg/
0.5 3 975 + 0.5 kg have frequently been observed (7, 11), but the concen-
Green coffee beans 0.1 3 102.7 £ 194 tration in this study was less than 0.8 pg/kg.
5.0 3 80.6 = 3.4 Reports of OTA contamination in buckwheat are very
Roasted coffee beans 0.1 3 783 £ 11.5 limited. In a survey conducted in Germany in 1995 through
5.0 3 60.4 = 5.0

“For n = 3, values are expressed as mean = residual standard
deviation. For n = 2, values are expressed as mean only.

TABLE 4. Natural aflatoxins in retail foods, 2004 and 2005

1998, only 3 of 14 buckwheat samples were contaminated
at more than 0.01 pg/kg, with a maximum of 12.1 ug/kg
(7). In our study, buckwheat flour was very frequently con-
taminated with OTA, although its concentration was lower
than that reported in the German study, indicating the im-
portance of broadening the survey of OTA contamination
of domestic and imported buckwheat in Japan over succes-

Concen (pg/kg) in contaminated samples

No. of No. of Mean (range, no. of samples)
samples contaminated
Commodity analyzed samples AFB, AFB, AFG, AFG, LOQ“
Raw corn 10 0 — — — — 0.1
Frozen or canned corn 50 0 — — — — 0.1
Rice 53 0 — — — — 0.1
Peanuts with shells 30 0 — — — — 0.1
Peanuts without shells 30 0 — —_ —_— — 0.1
Peanut flour 10 0 —_— —_ —_— —_— 0.1
Buckwheat flour 12 0 _— — — — 0.1
Buckwheat dried noodle 39 0 —_ — — —— 0.1
Popcorn grain 10 0 — — _— — 0.1
Cornflakes 20 0 — — — — 0.1
Corn grits 10 0 — — —_ — 0.1
Peanut butter 21 10 1.07 0.27 0.40 0.21 0.1
(0.17-2.59, 10)  (0.16-0.52, 7)  (0.17-0.81, 4)  (0.12-0.46, 4)

Sesame oil 10 0 — — _— — 0.1

2 1LOQ, limit of quantification.
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TABLE 5. Natural ochratoxin A in retail food, 2004, and 2005
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No. of No. of Concen (pg/kg)
Commodity samples analyzed contaminated samples in contaminated samples LOQ (pg/kg)?
Frozen or canned corn 30 0 — 0.1
Rice 50 0 — 0.1
Rye 10 7 1.05 (0.28-2.59) 0.1
Wheat flour 50 24 0.20 (0.10-0.48) 0.1
Oatmeal 20 2 0.15 (0.13, 0.18) 0.1
Buckwheat flour 10 6 0.51 (0.16-1.79) 0.1
Popcorn grain 5 0 — 0.1
Cornflakes 20 0 — 0.1
Corn grits 5 0 — 0.1
Raisins 1T 7 1.54 (0.18-12.5) 0.1
Wine 10 6 0.34 (0.07-0.72) 0.05
Beer 20 12 0.02 (0.01-0.05) 0.01
Raw coffee 11 2 0.45 (0.14-0.76) 0.1
Roasted coffee 9 3 0.22 (0.11-0.33) 0.1

4 LOQ, limit of quantification.

sive years. Concentrations of OTA in other positive samples
were similar to or lower than those reported by many Eu-
ropean and American researchers (2, 6, 11, 14, 16, 22).

Fumonisins were detected in popcorn, frozen corn,
cornflakes, and corn grits but not in the other products (Ta-
ble 6). Popcorn and corn grits were the foods most fre-
quently contaminated food by fumonisins. The highest con-
centration among the corn products was found in popcorn,
with maximums of 354.0 pg/kg for FB,, 94.0 pg/kg for
FB,, and 64.0 pg/kg for FB;. However, concentrations in
these samples were relatively low compared with those re-
ported in other countries (8). All contaminated popcorn,
frozen corn, and corn grit samples were from imported
products, but contaminated cornflake samples were from
both imported and domestic products. In a recent study, no
contamination was found in domestic beer (18).

The origin of the materials used in the processed do-
mestic products was unknown, but raw materials such as
rice and raw corn were confirmed to be domestic products.
AFs have been detected in imported rice in Japan (70) but
have not been detected in domestic rice until recently (20),
and the presence of these toxins was confirmed in this

TABLE 6. Natural fumonisins in retail foods, 2004 and 2005

study. AFs were found in peanut butter, with maximums of
2.59, 0.52, 0.81, and 0.46 pg/kg for AFB;, AFB,, AFG,,
and AFG,, respectively. Although AF concentrations found
in peanut butter retailed in 1988 through 1992 in Japan (20)
were lower than those noted in this study, it was concluded
that some peanut butter products distributed in Japan may
continuously be contaminated with low concentrations of
AFs. In a survey in the Republic of Cyprus, 21 of 74 peanut
butter samples were positive for AF, with a maximum AFB,;
concentration of 73 pg/kg (5). Siame et al. (17) reported
that in Botswana the average AF concentration in peanut
butter was 23 pg/kg. In Sudan, heavy contamination of
peanut butter with AFs has been regarded as a risk factor
for hepatic cell cancer (15). Although risks to human health
from such low concentrations of AFs in peanut butter as
noted in this study may be very low, measures to reduce
further AF contamination are needed.
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Concn (ug/kg) in samples

No. of Mean (range, no. of samples)
No. of samples contaminated

Commodity analyzed samples FB, FB, FB; LOQe
Raw corn 18 0 — — — 10
Canned or frozen com 51 2 264 (16.8-36.0,2) 14.8(148, 1) — 10
Buckwheat dried noodle 30 0 — P : — 2.0
Popcorn grain 15 15 572 (5.0-354.0, 15) 16.9 (2.0-94.0, 14) 12.8 (2.0-64.0, 11) 2.0
Cornflake 30 9 27 (13-59, 9) — — 10
Com soups 29 0 —_ — — 10
Com grits 10 10 511 (17.8-73.8, 10) 21.1 (17.9-29.1, 10) 13.1 (8.9-18.0, 10) 2.0
Flattened barley 20 0 — — — 10

“1.0Q, limit of quantification.
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Development of a liquid chromatography/time-of-flight
mass spectrometric method for the simultaneous
determination of trichothecenes, zearalenone and
aflatoxins in foodstuffs
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A liquid chromatography/atmospheric pressure chemical ionization mass spectrometry (LC/APCI-
MS) method based on time-of-flight MS (TOFMS) with a real-time reference mass correction
technique was developed for the simultaneous determination of Fusarium mycotoxins (nivalenol,
deoxynivalenol, fusarenon X, 3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol, HT-2 toxin, T-2 toxin,
diacetoxyscirpenol, zearalenone) and Aspergillus mycotoxins (aflatoxin By, aflatoxin B,, aflatoxin Gy,
aflatoxin G,) in corn, wheat, cornflakes and biscuits. Samples were cleaned up with a MultiSep #226
column. Detection of the mycotoxins was carried out in exact mass chromatograms with a mass
window of 0.03 Th. Calibration curves were linear from 2 to 200ng - mL™" for trichothecenes and
zearalenone, and 0.2 to 20ng - mL™" for aflatoxins, by 20 L injection. The limits of detection ranged
from 0.1 to 6.1ng- g~ " in foodstuffs analyzed in this study. The LC/TOFMS method was found to be
suitable for the screening of multiple mycotoxins in foodstuffs rapidly and with high sensitivity, and
its performance was demonstrated for the confirmation for target mycotoxins. Copyright € 2006 John

Wiley & Sons, Ltd.

Many crops are susceptible to fungal attack not only in the
field, but also during storage. These fungi may produce a
toxic secondary metabolite, called a mycotoxin. Major
mycotoxins found in cereals are aflatoxins (AFs), ochratox-
ins, trichothecenes (TRs), fumonisins (FMs) and zearalenone
(ZEN). These mycotoxins frequently contaminate food
commodities simultaneously. Since Fusarium species can
produce a variable range of two or more toxins, such as TRs,
FMs and ZEN, the co-occurrence of several TRs and ZEN is a
problem in food safety.'™ The co-occurrence of Fusarium
toxins and Aspergillus mycotoxins such as AFs has also been
reported in food commodities.>®

Although these mycotoxins cause health problems in
humans as well as in animals at a sub-acute or acute dose, the
chronic effects at low levels of exposure are of great concern,
such as those affecting immunotoxicity and resulting in the
decrease of host resistance to infectious diseases and
cancer.””?

TRs are produced by Fusarium graminearum, F. culmorum,
F. sporotrichioides, F. equiseti, and F. poae and can be
characterized into four types (A-D). Among the four types,
type-A and type-B are known to be major Fusarium

*Correspondence to: H. Tanaka, Planning Division, All Nippon
Checkers Corporation, 3-4 Hatoba-cho, Chuo-ku, Kobe 650-0042,
Japan.

E-mail: hiroki.t@poem.ocn.ne.jp
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Corporation, 3-4 Hatoba-cho, Chuo-ku, Kobe 650-0042, Japan.

mycotoxins in contaminated foodstuffs and feed.'>*!%"!

The type-A group contains the highly toxic T-2 toxin (T-2),
HT-2 toxin (HT-2) and diacetoxyscirpenol (DAS) and type-B
contains nivalenol (NIV), deoxynivalenol (DON), fusarenon
X (FUS-X), 3-acetyldeoxynivalenol (3ADON) and 15-acet-
yldeoxynivalenol (15ADON).

ZEN is also produced by Fusarium species such as
F. graminearum and has been known to have estrogenic
effects.’? Having the capacity for binding to an estrogen
receptor, ZEN and its metabolites lead to alterations in the
reproductive tract and a variety of symptoms, such as
decreased fertility, or increased embryolethal resorptions in
pig and other animals may be observed. With respect to
carcinogenesis, it has been reported that long-term chronic
toxicity induced hepatocellular adenomas and pituitary
adenomas in mice,® although the International Agency for
Research in Cancer (JARC) concluded that there was limited
evidence in experimental animals.™

AFs are produced by mainly Aspergillus flavus and A.
parasiticus, and there are many analogs. Among these
analogs, the four aflatoxins, aflatoxin By (AFB,), aflatoxin
B, (AFB,), aflatoxin Gy (AFG,) and aflatoxin G, (AFG.,), are
commonly detected in both food and feed. These AFs are
potent carcinogens and were classified as human liver
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carcinogens by the TARC on the basis of epidemiological
evidence in 1993.'*'?

In order to assess exposure to these mycotoxins, it is
essential to develop a rapid and reliable method for the
simultaneous determination of co-occurring multiple myco-
toxins. However, there have been few reports of methods for
the simultaneous determination of more than one family of
mycotoxins. Driffield ¢t al’® have reported a liquid
chromatography/tandem mass spectrometry (LC/MS/MS)
method using electrospray ionization (ESI) for the detection
of NIV, DON, ZEN, ochratoxinA and AFB, in pig livers.
Berger et al.'” established an LC/ion trap method for the
quantitative detection of nine type-A and type-B TRs.
Recently, a liquid chromatography/atmospheric pressure
chemical ionization tandem mass spectrometry (LC/APCI-
MS/MS) method for the determination of seven TRs and
ZEN simultaneously was published.'® The LC/MS and LC/
MS/MS methods have been increasingly applied to multiple
mycotoxin analysis,

However, there are some problems in the simultaneous
analysis of multiple mycotoxins using LC/MS and LC/MS/
MS. When many compounds with different molecular
weights are detected simultaneously using a quadrupole
instrument, the demand for scanning over a wide mass range
will result in decreased sensitivity. Also, when selected ion
monitoring (SIM) with LC/MS or multiple reaction monitor-
ing (MRM) modes with LC/MS/MS are used to increase
sensitivity, there may be a poorer confirmation of identity
because full mass spectra have not been acquired.

Time-of-flight mass spectrometry (TOFMS) has the
capabi]ity, in contrast to quadrupole or ion trap instruments,
of detecting a wide mass range without losing significant
sensitivity. Furthermore, TOF instruments provide enhanced
full mass range spectra sensitivity and accuracy due to their
higher mass resolution.’” This also makes it possible to
distinguish among isobaric ions and increases confidence in
the identification of analytes by giving an estimate of the
elemental composition of each ion.”*? The information
obtained from TOF analysis has the additional advantage
that quantitation can be performed on any ion observed in
the acquired mass range.**** These properties of LC/TOFMS
analysis should be of great advantage for the screening of
foodstuffs containing multiple mycotoxins with different
molecular weights.

In this study we established a rapid and reliable method
utilizing LC/TOFMS analysis for the screening of the nine

Fusarium mycotoxins including ZEN and Aspergillus myco-

toxins in corn, wheat, cornflakes and biscuits simul-
taneously. In addition, the value of the higher mass
resolution of LC/TOFMS in routine analysis was demon-
strated by the confirmation of target mycotoxins by accurate
mass measurements.

EXPERIMENTAL

Chemicals

The mycotoxins, NIV, DON, FUS-X, 3ADON, 15ADON,
DAS, HT-2, T-2, ZEN, AFB;, AFB,, AFG, and AFG,, were
purchased from Sigma-Aldrich Japan (Tokyo, Japan). LC/
MS-grade methanol and reagent-grade ammonium acetate

Copyright { 2006 John Wiley & Sons, Ltd.
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were purchased from Wako Chemicals (Osaka, Japan). Pure
water was purified with a Milli-Q system (Millipore, Tokyo,
Japan). Purine and hexakis(1H,1H,3H-tetrafluoropentoxy)-
phosphazene mixture solutions as lock mass .compounds
were obtained from Agilent Technologies (Santa Clara, CA,
USA). The MultiSep™ cartridge column #226 (Romer Labs,
Inc., Union, MO, USA) was purchased from Showa Denko
Ltd. (Tokyo, Japan).

Liquid chromatography

An Agilent 1100 series LC system (Agilent Technologies,
Waldbronn, Germany), including a vacuum solvent degas-
sing unit, a binary high-pressure gradient pump, an
automatic sample injector, a column thermostat, and a
photodiode array, was used. LC separation was performed
on a 150 x 2.1 mm i.d. column packed with 3.5 um Zorbax
Eclipse XDB C18 (Agilent Technologies, Santa Clara, CA,
USA) at 40°C. The LC mobile phase was aqueous 10 mM
ammonijum acetate (A) and methanol (B). The initial gradient
condition was 90% A and 10% B changing linearly to 100% B
in 40min. After analysis, the column was equilibrated for
15min. The flow rate was 200 L -min™" and the injection
volume was 20 L.

Mass spectrometry

Mass spectrometry was performed using an Agilent 1100
series MSD TOF instrument equipped with an orthogonal
spray APCI source (Agilent Technologies, Santa Clara, CA,
USA). The nebulizer gas as well as drying gas (350°C) was
nitrogen generated from pressurized air by a Balston model
75-72 nitrogen generator (Balston, Haverhill, MA, USA). The
capillary voltage for ion transmission, fragmentor voltage for
in-source-fragmentation, and vaporizer temperature were all
optimized using the analytical column with mycotoxin
standard mixtures at 100ng-mL™". The nebulizer gas, the
drying gas, the capillary voltage, the fragmentor voltage and
the vaporizer temperature were set at 50 psi, 6L-min~',
4000V, 100V and 350°C, respectively. The skimer 1 and
entrance lens voltages in the ion source of the MSD TOF were
automatically optimized by a calibration standatd using the
calibrant delivery system at 0.1 mL - min "', and were set to 27
and 62V, respectively. The MSD TOF was operated in the
positive ion mode. Profiling mode mass spectra were
acquired over the scan range m/z 100-1000 with a spectral
acquisition rate of 0.89s per spectrum and the mass
resolution was from 3800 FWHM at m1/z 121 to 10000 FWHM
at mfz 922 in the lock mass solution. The calibration of the
spectral range was performed using an APCI calibrant
solution (Agilent Technologies, Santa Clara, CA, USA) and a
fifth-order non-linear calibration curve was usually adopted.
To perform the real-time lock mass correction, a lock mass
solution including purine (CsHsN; at m/z 121.050873,
10 pmol - L™ and hexakis(1H,1H,3H-tetrafluoropentoxy)-
phosphazene (CygHq3OgN3sP3Fs  at  mfz 922.009798,
2 pmol-L™") was infused using a syringe pump (Harvard
Apparatus Inc, Holliston, MA, USA) at a flew rate of
3 uL-min~". Quantitative analysis was performed using the
exact mass chromatograms of the base peak ions with a
0.03 Th window. As the mass chromatograms were extracted
from data that had been corrected by lock mass solution, the

Rapid Commuin. Mass Spectrom. 2006; 20: 1422-1428
DOI: 10.1002/rem



1424 H. Tanaka et al.

X10°
6.8

1
6.0 0
12

5.2

4.4 3

intensity (cps)

3.6

2.8

2.0

2 6 10 14 18 22 26 30 34 38
Retention time (min)

Figure 1. Total ion chromatogram obtained by LC/TOFMS of
mycotoxin standard mixture solution containing 1 wg-mL™" of
TRs and ZEN, and 0.1 MgmL‘1 of AFs. 1, NIV; 2, DON: 3,
FUS-X; 4, BADON; 5, 15ADON; 6, AFGy; 7, AFGy; 8, AFB5; 9,
AFB,; 10, DAS; 11, HT-2; 12, T-2; 13, ZEN.

fluctuations in m/z value (usually below 0.01 Th) during the
long-term period did not exceed this mass width.

Sample preparation
The four AF mixture standard solution at 1ug-mL™"' and
eight TRs and ZEN mixture standard solution at 10 g - mL™’
for stock and fortification experiments were dissolved in
acetonitrile. Then they were stored at 4°C in the dark until
use. For preparation of a mixed working standard solution,
an appropriate amount of individual stock standard was
evaporated to dryness at 40°C under a gentle stream of
nitrogen. The residue was dissolved in 1 mL of mobile phase.
The samples (corn, wheat, cornflasks, biscuits) were
obtained from a local retail store in Japan. For fortification
experiments, 10 L of each stock standard solution were
spiked into 10g of blank samples (:lng-g'] for AFs, and
10ng-g ' for TRs and ZEN) before extraction. Three
replicates of one level were prepared.

The extraction and cleanup for mycotoxins from samples
were carried out as follows. A total of 10 g of each sample was
weighed in a 50mL centrifuge tube. After adding 40mL
acetonitrile/water (85:15), the tube was shaken for 30 min on
an automatic shaker. The mixed solution was centrifuged for
Smin at 1410g, and then 10mL of the supernatant were
applied to a MultiSep #226 cartridge column for the cleanup.
The first 3mL of eluate was discarded, but the next 2mL
were collected and evaporated to dryness at 40°C under a
gentle stream of nitrogen. The residue was dissolved in
0.5 mL mobile phase.

RESULTS AND DISCUSSION

The development of the LC/TOFMS method

The separation of all mycotoxins (eight TRs, four AFs and
ZEN) was compared by using several reversed-phase
columns. Figure 1 shows the total ion chromatogram of
the mycotoxins obtained with the Zorbax Eclipse XDB C18
(150 x 2.1mm, 3.5pum) column, demonstrating that this
column and the condition used gave a good separation of
all the mycotoxins. Thus, this column was used throughout
this study.

Tonization of the mycotoxins was examined with ESI and
APCI in both positive and negative ion modes. The
concentration of each mycotoxin was MJ,g‘mLwl for the
nine Fusarium mycotoxins and 0.1ug-mL™" for the four
Aspergillus mycotoxins. It was found that APCI in positive
ion mode provided the optimum response for all the
Fusarium mycotoxins, and ESI in positive ion mode provided
slightly better signal intensity for the four AF compounds
than APCL Thus, APCI in positive ion mode was employed
to analyze the 13 mycotoxins studied simultaneously. The
combination of ammonium acetate and methanol was
employed as the mobile phase, because this gave a better
response in APCI for all the mycotoxins.

Mass measurement accuracy of mycotoxins
Achieving an accurate mass calibration was carried out by
using a solution of several compounds whose masses are

Table 1. Calculated accurate masses and mass errors of 13 mycotoxins

Formula

RMS mass error (ppm)*

Mycotoxin Observed base peak ion Calculated accurate mass 100ng-mL~’ 10ng-mL™’
NIV CisHaOy M+ NH-H,0l*" 312.14416 1.33 025
DON CisHa004 M+HI* 297.13326 212 132
FUS-X Ci7H2204 M +HI* 355.13874 0.71 —-1.81
3ADON CiyHz20; M+H* 339.14382 1.09 -0.38
15ADON Ci7H20; [M +NH,* 356.17037 ~1.91 -2.18
AFG, Cy7H 140, [M+H]" 331.08122 -1.29 —2.32
AFG;, Ci7H120; [M +HI* 329.06557 1.58 097
AFB, Cy7H1404 M +H] 315.08631 . -0.04 —-0.69
AFB, Ci7H;120¢ M+H]* 313.07066 -1.16 0.44
DAS CioHa60; [M + NH,J* 384.20167 -0.72 -0.98
HT-2 CaaHa204 [M + NH,J* 442.24354 0.12 -212
T-2 Ca4H3404 M+ NH,] 484.25410 ~0.43 —2.49
ZEN CyaH2204 M+HI" 319.15400 0.62 0.01

*RMS mass error was calculated on the basis of five replicates.

Copyright : 2006 John Wiley & Sons, Ltd.
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known with great accuracy to produce accurate mass
measurements. However, even the most minute changes
in energy applied to the ions can cause a noticeable mass
shift. Thus, real-time lock mass correction was used to cancel
out these factors. With this technique, two compounds of
known mass are introduced into the ion source at the same
time as the samples and the instrument software constantly
corrects the measured mass of the target unknown
compounds using the known masses as references.

In this study, a lock mass acetonitrile solution including
10 pmol-L™" purine and 2pmol-L™" hexakis(1H,1H,3H-
tetrafluoropentoxy)phosphazene was infused using a syr-

inge pump at a flow rate of 3uL- min~".

LC/TOFMS method for determination of mycotoxins 1425

Accuracy was evaluated on the measured mass in terms of
RMS mass error. For this purpose, standard solutions of
mycotoxins at 10 and 100 ng - mL ™" were analyzed five times.
Table 1 shows the formulae, the theoretical accurate mass of
the base peak ions and the RMS mass error of each
mycotoxin.

As shown in Table 1, the accurate mass measured by LC/
TOFMS of NIV was attributed to the [M + NH~H,Ol” ion
with a trueness of 1.33 ppm at 100 ng - mL ™. The use of high-
resolution TOFMS allowed identification of this ion whereas
this would not be possible with a low-resolution mass
spectrometer because the difference in the calculated
masses of [M +NH,-H,0I" and [M]* is only 0.02Th. The
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Figure 2. Exact mass chromatograms obtained by LC/TOFMS of mycotoxin in corn
extract containing 10ng-g~" of TRs and ZEN, and 1ng-mL™" of AFs. 1, NIV; 2,
DON; 3, FUS-X; 4, 3ADON; 5, 15ADON; 6, AFGy; 7, AFGy; 8, AFBy; 9, AFBy; 10,

DAS; 11, HT-2; 12, T-2; 13, ZEN.
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Table 2. RMS mass errors of 13 mycotoxins in foodstuffs

RMS mass error (ppm)®

Mycotoxin Wheat Biscuits Corn Cornflakes
NIV 2.32 1.03 2.34 2.49
DON 1.46 3.32 -1.50 -292
FUS-X 1.00 -3.20 —-0.68 0.15
3ADON 227 —2.44 -1.56 3.21
15ADON -0.22 -1.06 ~2.46 -1.34
AFG, -3.71 ~3.10 -0.39 4.32
AFG, 3.21 0.97 -1.15 0.36
AFB, 0.58 —-0.36 -0.68 ~3.51
AFB, -3.21 -2.12 -0.52 -2.43
DAS -0.21 —0.98 —0.46 -1.76
HT-2 -3.20 —-2.81 —3.26 —4.39
T2 ~2.49 —~1.46 —1.87 —-0.63
ZEN -0.01 0.01 —-0.31 1.23

“RMS mass error was calculated on the basis of three replicates.

RMS mass errors of all mycotoxins in this study were in the
range of ~2.49 to 2.12 ppm. These accurate masses greatly
increased the confidence in the correct assignment of the
compounds of interest.

Quantification of mycotoxins
LC/TOFMS has been applied for confirmatory analysis
mainly because of the well-known limitations, such as
narrow dynamic linear range, obtained with this type of
mass spectrometer. However, improvements in this instru-
mentation that have involved new digital sampling tech-
niques have overcome this drawback. Furthermore, the
increased resolving power can increase selectivity by
separating isobaric interferences from target ions of interest.
In this work, an exact mass chromatogram for each
mycotoxin was created with a 0.03Th mass window to
obtain maximum selectivity of LC/TOFMS for 13 mycotox-
ins.

Figure 2 shows the exact mass chromatograms of the
mycotoxins in the corn extract spiked with 10ng- g~1 of TRs

Table 3. Linearity of LC/TOFMS analysis for 13 mycotoxin
standards

Calibraion equation

Py

Mycotoxin y =ax* e

NIV y =693x 1.0000
DON y = 1890x 0.9999
FUS-X y = 1630x 0.9999
3ADON y =2870x 0.9996
15ADON y =769x 0.9997
AFG, y =4180x 0.9991
AFG, y =2930x 0.9995
AFB, y =15230x 0.9999
AFB, y = 9040x 0.9997
DAS y = 14320x 0.9998
HT-2 y =1008x 0.9998
T-2 y =4530x 0.9998
ZEN y =14320x 0.9999

*12is the correlation coefficient, x is the injected concentration in
ng-mL™" and y is the peak signal intensity.

Copyright @ 2006 John Wiley & Sons, Ltd.

and ZEN, and 1 ng-g“’ of AFs, because the matrix
compounds in corn were the most complex among the
foodstuffs used in this study.

To determine which column is suitable for cleanup in the
multiple mycotoxin analysis, MultiSep #227 and MultiSep
#226 columns were compared. Using MultiSep #227 the TRs
were purified, but AFs and ZEN were not (data not shown).
On the other hand, using MultiSep #226 there were some
peaks in the chromatograms of corn samples at the exact
mass chromatograms of FUS-X and 3ADON, but they did not
affect the quantitative analysis of these mycotoxins. Our
results are in agreement with those of Berthiller ef al., who
selected MycoSep #226 for the purification of TRs and ZEN
from maize.’®

The selectivity of each mycotoxin was assessed in each
foodstuff. Because interference from matrix compounds
might affect the mass accuracy and signal intensity of the
analyte, this matrix effect was evaluated for each mycotoxin
in all the matrices used in this study (corn, wheat, cornflakes
and biscuits) by comparing the exact mass chromatogram
and accurate mass of base peak ions obtained from standard
solutions in pure water and in the matrix extract. As shown
in Table 2, the mass error of each mycotoxin in all the
foodstuffs used in this study was within acceptable limits for
present purposes (within +5 ppm), and also reduction and
enhancement of the TOFMS responses were not observed for
the foodstuffs. These results suggest that there is an absence
of matrix effect in terms of signal intensity and mass accuracy
in our experimental conditions.

Calibration curves were created by using a mycotoxin
standard solution since there is no matrix effect on signal
intensity. To test the linearity of the calibration curves,
various concentrations of each mycotoxin ranging from 2 to
200 r\g'mL‘1 for TRs and ZEN, and 0.2 to 20 ng~mL'] for
AFs, were used. As shown in Table 3, calibration curves for
all the mycotoxins were linear over the working range.
Squared correlation coefficients (r*) were higher than 0.999
for the seven point calibration curves.

Method validation

To evaluate recoveries, the proposed method was applied to
the analysis of spiked samples of mycotoxin-free foodstuffs.
Each foodstuff was spiked at a final concentration of
10ng-g~' for TRs and ZEN, and 1ng-g~' for AFs. Mean
recovery of each mycotoxin in each foodstuff ranged from 71
to 133%, as shown in Table 4. At the same concentration,
within-laboratory repeatability was performed (n=>5) indi-
cating that relative standard deviations (RSDs) ranged from
2.1 to 7.1% (Table 4). .

The limits of detection (LODs) of each mycotoxin in
foodstuffs were determined by the signal corresponding to
three times the background noise on each mass chromato-
gram. The LODs of TRs, AFs and ZEN were in the range of
0.5-6.1,0.1-0.3 and 0.2-0.8ng-g~', respectively (Table 5).

Application of the LC/TOFMS method to
foodstuff samples

The LC/TOFMS method was applied in the quantitation and
confirmation of these mycotoxins in the foodstuffs under
investigation. As shown in Fig. 3, DON was identified in
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Table 4. Recovery of 13 mycotoxins in foodstuffs

Recovery® £ RSD (%)°

LC/TOFMS method for determination of mycotoxins 1427

Table 5. Limits of detection (LOD) for standard solution and
spiked foodstuffs

LOD (ng-g™"

Mycotoxin Wheat Biscuits Corn Cornflakes
NIV 76+ 43 82141 81439 88 4 6.2 Mycotoxin  Standard ~ Wheat  Biscuits Corn  Cornflakes
DON 132+£39 110£29 111+44 91+£51 NIV 23 3.8 59 2.4 6.1
FUS-X 118+5.2 121465 96+3.7 116 £5.8 DON 0.6 1.0 14 0.5 13
3ADON 117 £49 128£7.1 115+4.6 128 +52 FUS-X 05 14 0.9 2.9 33
15ADON 122439 113443 105+£29 129445 3ADON 12 3.6 12 4.9 4.1
AFG, 73+21 122437 132+£3.5 80£39 15ADON 15 17 1.4 2.1 27
AFG, 99+3.2 84427 91+£27 94x21 AFG, 0.1 0.1 0.1 0.1 02
AFB, 83+49 114+4.1 98 £3.7 89+42 AFG, 0.1 0.1 0.1 0.1 0.2
AFB; 84+£26 111444 105+3.5 112436 AFB, 0.1 0.1 0.1 0.1 02
DAS 111+£2.9 126 +3.1 133+3.6 108+3.9 AFB; 0.1 0.1 01 0.1 03
HT-2 128+3.8 115429 108 £2.3 91+£27 DAS 0.1 03 03 0.3 03
T-2 108 +2.7 115£3.1 115+3.6 105+£33 HT-2 05 0.6 05 0.9 0.6
ZEN 71441 89+£3.7 109447 81+45 T-2 02 02 0.2 0.2 0.2
“Recovery was calculated on the basis of three replicates. ZEN 0.2 0.7 0.6 0.8 0.7
PRSD was calculated on the basis of five replicates at 10ng- g"" for
TRs and ZEN, and 1ng- g_] for AFs within 1 day.
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Figure 3. Exact mass chromatogram (A) and full mass spectrum (B) of wheat sample

contaminated with 112ng-g~" of DON.

wheat samples. The calculated amount was 112ng- g™, and
the mass error of the protonated molecule (m/z 297.13360)
was only 1.12 ppm. This accurate mass enabled the unequi-
vocal confirmation of DON in any foodstuff.

CONCLUSIONS

The LC/TOEMS method developed in this study was
demonstrated to be a powerful rapid screening method for
13 mycotoxins in complex foodstuff matrices with higher
resolution. It was found that the condition using high-
resolution TOFMS with a 0.03Th window is suitable to

Copyright € 2006 John Wiley & Sons, Ltd.

obtain highly selective and simultaneous detection of
multiple mycotoxins in real food samples in a rapid and
reliable way. Further research is in progress to clarify which
foods and feeds are suitable for the determination of these
mycotoxins by LC/TOFMS, and also to validate the
application of the method in routine analysis.
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