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Abstract An ultra-performance liquid chromatography
(UPLC®) method has been developed for the simultaneous
determination of deoxynivalenol (DON) and nivalenol (NIV)
in wheat. Ground sample was extracted with water and the
filtered extract was cleaned up through an immunoaffinity
column containing a monoclonal antibody specific for DON
and NIV. Toxins were separated and quantified by UPLC®
with photodiode-array detector (λ=220 nm) in less than 3min.
Mean recoveries from blank wheat samples spiked with DON
and NIV at levels of 100–2,000 μg/kg (each toxin) ranged
from 85 to 95 % for DON and from 81 to 88 % for NIV, with
relative standard deviations less than 7 %. Similar recoveries
were observed from spiked samples when methanol/water
(80:20, v/v) was used as extraction solvent. However, by using
a wheat sample naturally contaminated with DON and NIV,
the one-way analysis of variance (Student–Newman–Keuls
test) between different extraction solvents and modes showed
that water extraction provided a significant increase (P<
0.001) in toxin concentrations (mean values of six replicate
analyses) with respect to methanol/water (80:20, v/v). No
significant difference was observed between shaking
(60 min) and blending (3 min). The limit of detection (LOD)
of the method was 30 μg/kg for DON and 20 μg/kg for NIV
(signal-to-noise ratio 3:1). The immunoaffinity columns
showed saturation of DON/NIV binding sites at levels higher
than 2,000 ng in blank wheat extracts spiked with the
corresponding amount of mycotoxin, as single mycotoxin or

sum of DON and NIV. The range of applicability of the
method was from LOD to 4,000 μg/kg, as single mycotoxin
or sum of DON and NIV in wheat. The analyses of 20
naturally contaminated wheat samples showed DON contam-
ination in all analyzed samples at level ranging from 30 to
2,700 μg/kg. NIV was detected in two samples at negligible
toxin levels (up to 46 μg/kg). This is the first UPLC® method
using immunoaffinity column cleanup for the simultaneous
and sensitive determination of DON and NIV in wheat.
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Introduction

Deoxynivalenol (DON) and nivalenol (NIV), two type B
trichothecenes produced mainly by Fusarium graminearum
and Fusarium culmorum (NIV is produced also by Fusarium
poae and Fusarium crookwellense), are common natural co-
occurring contaminants of wheat and other small cereals in
temperate regions of America, Europe, and Asia (Placinta
et al. 1999; Turner 2010). Incidence and levels of contami-
nation vary depending on the geographic origin, environ-
mental conditions, fungal inoculum, and plant stress. DON
contamination is generally more frequent than NIV. In the
European Union, within an ad hoc Scientific Cooperation
(SCOOP) project aimed to evaluate the risk of exposure to
Fusarium toxins by the population of EU members states, it
was shown that 57 % of 11,022 cereal samples, including
wheat, maize, barley, oats, and rye, were contaminated with
DON and 16 % of 4,166 samples were contaminated with
NIV. Similar contamination percentages were found for
wheat with levels of contamination higher for DON (up to
50,000 μg/kg, mean level of 205 μg/kg) than NIV (up to

M. Pascale (*) :G. Panzarini :A. Visconti
Institute of Sciences of Food Production (ISPA), National Research
Council of Italy (CNR), via G. Amendola 122/O,
70126 Bari, Italy
e-mail: michelangelo.pascale@ispa.cnr.it

S. Powers
VICAM, AWaters Business, 34 Maple Street,
Milford, MA 01757, USA

Food Anal. Methods (2014) 7:555–562
DOI 10.1007/s12161-013-9653-1



440 μg/kg, mean level of 24 μg/kg) (SCOOP 2003; Turner
2010). Cases in which NIV levels were higher than DON
have been observed in Japanese wheat (Tanaka et al. 1988).
The Joint FAO/WHO Expert Committee on Food Additives
(JECFA) carried out a more global assessment of DON, but
not of NIV, confirming that DON was a common contami-
nant worldwide of cereals and their derivative products
(Bulder et al. 2011).

Toxicologic studies on animals showed that both these
mycotoxins inhibit DNA, RNA, and protein synthesis and
cause neurotoxic and immunotoxic effects in mammals.
Acute exposure to DON and NIV induces emesis in pigs,
whereas chronic exposure can cause growth retardation and
immunotoxicity (Pestka 2010). Potential human health con-
cerns of DON have been reviewed by Pestka and Smolinski
(2005). In particular, data from Chinese epidemiological
studies strongly suggest that DON causes gastrointestinal
symptoms and vomiting in humans; however, most of wheat
and barley samples from families reporting disorders were
also contaminated by NIV (Li et al. 1999, 2002). In order to
protect human and animal health, at least 37 countries have
established regulatory limits or guidance levels for DON in
foods and feeds (van Egmond and Jonker 2004), whereas no
guidelines or regulatory limits have been set for NIV, al-
though this mycotoxin frequently contaminates cereals and
commonly co-occurs with DON (Placinta et al. 1999; Tanaka
et al. 1988; Turner 2010). However, based on risk assess-
ment studies, the Scientific Committee on Food of the
European Commission has established a temporary tolerable
daily intake (t-TDI) of 0.7 μg/kg b.w. per day for NIV and a
TDI of 1 μg/kg b.w. per day for DON (SCF 2002).
Therefore, the development of sensitive, rapid, and reliable
methods for determining simultaneously DON and NIV in
cereals, in particular wheat, is a high priority in order to
properly assess and prevent the possible risk of exposure to
both mycotoxins for humans and animals.

Different methods have been proposed for the determina-
tion of DON and NIV in cereals (Lattanzio et al. 2009;
Meneely et al. 2011). Screening methods, including immu-
nochemical assays such as enzyme-linked immunosorbent
assays (ELISAs), fluorescence polarization immunoassays
(FPIAs), lateral flow devices (LFDs), or surface plasmon
resonance (SPR)-based biosensor assays have been devel-
oped for the determination of DON alone (Lattanzio et al.
2009; Meneely et al. 2011), whereas no immunoassay spe-
cific for NIV has been yet developed. Recently, Maragos
et al. developed a monoclonal antibody that cross-reacts with
both NIV and DON (Maragos et al. 2006) that was used for
developing a SPR immunoassay for rapid detection of the
sum of DON and NIV in wheat (Kadota et al. 2010).

With respect to traditional methods, gas-chromatographic
(GC) methods based on electron-capture detection (ECD) and
mass spectrometric (MS) detection after multifunctional

MycoSep column cleanup have been widely used for quanti-
tative and simultaneous determination of both type B (includ-
ing DON and NIV) and type A trichothecenes after derivati-
zation with specific labeling reagents. However, these meth-
ods have been shown to suffer from poor accuracy and preci-
sion of the measurements. The main problem derived from
matrix interferences that induced enhancement of the tricho-
thecene response (Krska et al. 2001; Petterson and Langseth
2002). High-performance liquid chromatographic methods
(HPLC) with UVor diode array detection are commonly used
for the determination of DON in cereals and derivative prod-
ucts. Moreover, HPLC methods based on immunoaffinity
column (IAC) cleanup and UV detection have been validated
by interlaboratory studies (MacDonald et al. 2005; Neumann
et al. 2009) and adopted as European standards for the deter-
mination of DON in cereals (grain and flour), cereal products,
and cereal-based foods for infants and young children (CEN
2010). HPLC/UV methods for the simultaneous determina-
tion of DON and NIV in cereals and food products using
MycoSep column cleanup are unreliable due to low sensitivity
and matrix interferences. Recently, a new multifunctional
cleanup column (Autoprep MF-T 1500, Showa Denko K.K.,
Japan) has been used in a Japanese interlaboratory study for
the simultaneous determination of DON and NIV in wheat.
Although the study showed good results in terms of recoveries
and precision, the worldwide provision of these multifunc-
tional columns may prove problematic (Aoyama et al. 2012).
Since HPLC with fluorescence detection (FLD) allow both
high sensitivity and good selectivity, coumarin-3-carbonyl
chloride has been proposed as derivatizing reagent for the
analysis of type A and type B trichothecenes. The limit of this
method was the low conversion rate for NIV due to the
presence of a high number of hydroxylated groups that gave
rise to incomplete and unreproducible derivatization
(Dall’Asta et al. 2004; Mateo et al. 2001). Recently, a
HPLC/FLD method with on-line chemical post-column de-
rivatization (reaction with sodium hydroxide, methyl acetoa-
cetate, and ammonium acetate) has been developed for the
simultaneous determination of DON and NIV in cereals after
solid phase extraction (SPE) cleanup. The method ensured
high sensitivity and reproducibility of results (Muscarella
et al. 2012). To date, LC-MS/MS is the most widely used
method for multi-mycotoxin determination, including type B
trichothecenes, due to its high sensitivity and due to the fact
that extracts do not require derivatization. However, LC-MS
equipments are very expensive and require skilled personnel
for their use (Kadota et al. 2011; Lattanzio et al. 2008; Plattner
and Maragos 2003; Toth et al. 2011).

The demand of high samples throughput in a short time
has recently given rise to fast liquid chromatography that
uses innovative instrumentation and column technology
(particle size <2 μm). This new technology allows to speed
up the chromatographic run compared to conventional liquid
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chromatography, while improving chromatographic efficien-
cy and resolution. Several applications have been reported
either using UVor fluorescence detection, although most of
the applications in food analysis uses mass spectrometric
detection in order to guarantee confirmation of the target
analyte (Núñez et al. 2012).

The aim of this work was to develop a sensitive, accurate,
and reliable method for the simultaneous determination of
DON and NIV in unprocessed wheat using a new commer-
cial immunoaffinity column containing a monoclonal anti-
body specific for DON and NIV for extract cleanup and
ultra-performance liquid chromatography (UPLC®) with
photodiode array (PDA) for toxin detection. Performances
and validation of the UPLC®-PDA method are discussed.

Materials and Methods

Chemicals and Materials

Acetonitrile and methanol (HPLC grade) were purchased
from Carlo Erba Reagents (Milan, Italy). Ultrapure water
was produced by a Milli-Q system (Millipore, Bedford, MA,
USA). Deoxynivalenol (lot no. 040M4062, purity ≥98%) and
nivalenol (lot no. 073K4054, purity ≥98 %) analytical stan-
dard grade were purchased from Sigma-Aldrich (Milan, Italy).
DON-NIV™ WB immunoaffinity columns were provided
from VICAM, AWaters Business (Milford, MA, USA); glass
microfibre filters (Whatman GF/A), and paper filters
(Whatman No. 4) from Whatman (Maidstone, UK). Wheat
flour reference material (European Reference Material
ERM®-BC600) was purchased from BAM Federal Institute
for Materials Research and Testing (Berlin, Germany).

Wheat sample used for protocol optimization was
obtained by thoroughly mixing a durum wheat sample natu-
rally contaminated with DON at levels of 4,000 μg/kg with a
durum wheat sample inoculated with a toxigenic strain of F.
poae (ITEM 9211 from the ISPA-CNR culture collection,
www.ispa.cnr.it/Collection) and incubated for 10 days at
25 °C. The strain was previously demonstrated to produce
NIV in vitro when grown on autoclaved wheat (Somma et al.
2010).

Naturally contaminated samples of durum wheat from
Northern Italy were provided by the Agricultural Research
Council—Research Unit for Cereal Quality (CRA-QCE),
Rome, Italy.

Preparation of Standard Solutions

Individual DON and NIV stock solutions at the concentra-
tion of approximately 25 μg/mLwere prepared by dissolving
DON and NIV solid commercial toxins in acetonitrile
(HPLC grade). The exact concentrations of the stock

solutions were spectrophotometrically determined by using
molar absorption coefficients of 6,805 and 6,955 L/mol cm
for DON and NIV, respectively (Krska et al. 2007).

Mixed DON and NIV standard solutions (100 μg/mL
each) for spiking purposes were prepared by mixing and
diluting adequate amounts of the stock solutions with aceto-
nitrile. Standard solutions for UPLC® calibration curve
(range 0.1 to 5 μg/mL) were prepared by re-dissolving
aliquots of the 100 μg/mL solution in acetonitrile, previously
evaporated to dryness under nitrogen stream, with water/
methanol (85:15, v/v).

Apparatus

The apparatus consisted of a Waters Acquity UPLC® system
(Milford, MA, USA) equipped with a binary solvent man-
ager, a sample manager, a column heater, and a photodiode-
array (PDA) detector. The chromatographic separation was
performed isocratically on an Acquity UPLC® BEH C18
column (2.1×100 mm, 1.7 μm) preceded by an Acquity
UPLC® in-line filter (0.2 μm) with a mobile phase of water/-
methanol (85:15, v/v) at a flow rate of 0.4 mL/min. After
toxin elution, methanol was increased to 80 % in 0.5 min and
kept constant for 2.0 min to clean the column, then returned
to the initial conditions in 0.5 min. The column was equili-
brated for 2 min prior to the next sample injection.

The column was kept at a temperature of 35 °C; the
detector was set at 220-nm wavelength (sampling rate of
10 Hz). Data acquisition and instrument control were per-
formed by the Empower™ 2 Software (Waters).

Sample Extraction and Cleanup

Twenty-five grams of wheat finely ground (particle size
≤1.0 mm) by a Cyclone sample mill (PBI International,
Milan, Italy) after addition of 100 mL of water were
extracted by shaking at 250 rpm for 60 min (KS 4000i,
IKA Werke GmbH & Co. KG., Staufen, Germany). The
extract was filtered twice through filter paper (Whatman
no. 4) and glass microfiber filter (Whatman GF/A). Two
milliliters of the filtered extract (equivalent to 0.5 g sample)
were passed through the immunoaffinity column at a flow
rate of about 1 drop/s; subsequently, the column was washed
with 10 mL of distilled water (2×5 mL) at a flow rate of 1–
2 drops/s. DON and NIV were eluted from the column with
methanol (2×0.75 mL) at a flow rate of 1 drop/s. Cleaned up
extract was collected in a 4-mL screw cap vial and dried
under air stream at 50 °C in a heating block. The dried
residue was reconstituted with 250 μL of water/methanol
(85:15, v/v) and 10 μL were injected into the UPLC® appa-
ratus by full loop injection system.

The following procedure was followed when methanol/
water was used as extraction solvent. Twenty-five grams of
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ground wheat were extracted with 100 mL methanol/water
(80:20, v/v) by shaking at 250 rpm for 60 min. The mixture
extract was filtered through filter paper (Whatman no. 4),
then 10 ml of filtrate were collected and mixed with 40 mL of
distilled water. The diluted extract was filtered through a
glass microfibre filter (Whatman GF/A) and the filtrate col-
lected. Ten milliliters of filtrate (equivalent to 0.5 g sample)
were passed through the immunoaffinity column at a flow
rate of about 1 drop/s. Washing step, toxin elution, and
UPLC® analysis were carried out as reported above.

Immunoaffinity Column Capacity

The capacity of the immunoaffinity column was determined
for both DON and NIV by comparing the amount of toxin
added to the immunoaffinity column with the respective
bound amount. Different amounts of DON and NIV, from
500 to 4,000 ng, were added as single mycotoxin or sum
(mass ratio of 50:50, w/w) by loading onto the immunoaf-
finity column 2 mL of extract of blank wheat spiked with the
corresponding amount of DON and NIV.

In-House Method Validation

Recovery experiments were performed in quadruplicate by
spiking blank wheat samples with DON and NIVat levels of
100, 500, 1,000, 1,750, and 2,000 μg/kg of each toxin.
Spiked samples were left 1 h at room temperature to allow
solvent evaporation prior to extraction with water.

The trueness of the method was determined by analyzing a
wheat flour certified referencematerial (ERM®-BC600) contain-
ing 102 μg/kg of DON (uncertainty 11 μg/kg) and 1,000 μg/kg
of NIV (uncertainty 130 μg/kg) on five different days.

Statistical Analysis

Toxin concentrations of a naturally contaminated sample
determined by using different extraction solvents and modes
were processed by one-way analysis of variance (ANOVA)

at P=0.001 to indicate statistically significant differences
between means (Student-Newman-Keuls test). The Sigma
Plot® 11 statistical software (Systat Software Inc, London,
UK) was used.

The comparison of the measured DON and NIV values of
the certified reference material with the certified values was
performed according to the procedure described in
“Comparison of a measurement result with the certified val-
ue”, ERMApplication Note 1, January 2010 (http://www.erm-
crm.org). The procedure is described here in brief: (1) calculate
the absolute difference between mean measured value and the
certified value (Δm); (2) combine measurement uncertainty
(umeas) with the uncertainty of the certified value (uCRM): uΔ=
(u2meas+u

2
CRM)

1/2; (3) calculate the expanded uncertainty
(UΔ) from the combined uncertainty (uΔ) using a coverage
factor of two (k=2), corresponding to a confidence interval of
approximately 95 %. If Δm≤UΔ then there is no significant
difference between the measurement result and the certified
value, at a confidence level of about 95 %.

Results and Discussion

Optimization of the Method

Significant improvements in terms of sensitivity, resolution,
and speed can be achieved by ultra-high-performance liquid
chromatographic systems with respect to traditional HPLC.
The availability of new IACs containing an antibody specific
for DON and NIV led us to investigate the use of an UPLC®-
PDA system and IAC cleanup of extracts for developing a
rapid and sensitive method for the simultaneous determina-
tion of DON and NIVat levels naturally occurring in wheat.

Since the presence of low levels of acetonitrile in the
extraction solvent can cause denaturation of the IAC antibody,
water, and the mixture methanol-water (80:20, v/v) were cho-
sen as extraction solvents. Preliminary recovery experiments
(three replicates) at 1,000 μg/kg spiking level of each toxin
showed no significant difference at P<0.001 (SNK test)

Table 1 Statistical comparison between different extraction conditions (modes and solvents) for deoxynivalenol (DON) and nivalenol (NIV) from a
naturally contaminated wheat sample

Extraction conditions DON NIV

Mean (μg/kg) RSD (%) Mean (μg/kg) RSD (%)

Blending (water, 3 min) 663 a 1.0 491 a 1.0

Shaking (water, 1 h) 673 a 2.3 501 a 1.6

Blending (methanol/water 80:20, 3 min) 384 b 5.8 334 b 4.3

Shaking (methanol/water 80:20, 1 h) 449 c 2.6 411 c 3.1

Values followed by the same letter in the same column are not significantly different at P<0.001 according to the Student–Newman–Keuls test

RSD relative standard deviation (n=6)
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between mean recoveries obtained with water (DON 93.9 %,
relative standard deviation (RSD) 2.9 %; NIV 89.0 %, CV

3.6 %) and methanol–water (DON 92.0 %, RSD 2.1 %; NIV
87.6 %, CV 2.3 %) as extraction solvent. On the contrary, the
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Fig. 1 UPLC®-PDA chromatograms of wheat samples: a blank sample
(<20 μg/kg NIVand <30 μg/kg DON), b sample spiked with 1,750 μg/
kg of NIV and 1,750 μg/kg of DON, c certified reference material

ERM®-BC600 (NIV found 1,124 μg/kg; DON found 98 μg/kg). Chro-
matographic conditions are reported in “Apparatus” section
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comparison between different extraction solvents and modes
by using a wheat sample obtained by thoroughly mixing a
durum wheat sample naturally contaminated by DON with a
durum wheat sample inoculated with a toxigenic strain of
F. poae showed that water extraction provided a significant
increase in DON and NIV concentrations (P<0.001, mean
values of 6 replicate analyses) with respect to methanol/water
(80:20, v/v). No significant difference was observed between
shaking (1 h) and blending (3 min) when water was used
(Table 1). A similar result was obtained by analyzing the
certified reference material ERM®-BC600 (certified values:
102±11 μg/kg for DON, 1,000±130 μg/kg for NIV).
Extraction with water provided a significant increase of
DON and NIV values (DON=110±3 μg/kg, NIV=1,082±
38 μg/kg, n=6) with respect to the mixture methanol/water
(DON=49±9 μg/kg, NIV=605±17 μg/kg, n=6). The use of
water as the best extraction solvent in terms of DON recover-
ies was recently reported also by Muscarella et al. (2012);
however, authors carried out their experiments only with
spiked samples. Our experiments, carried out with spiked
samples, naturally contaminated samples and wheat reference
material, clearly show that the use of naturally contaminated
samples and/or certified reference materials is essential to
demonstrate the effectiveness of the extraction solvent and
the accuracy of a new method. Recovery experiments based
only on spiked samples could lead to wrong conclusions.

In the optimized conditions, limits of detection of the
method, based on a signal-to-noise ratio of 3, were 30 and
20 μg/kg for DON and NIV, respectively. Although limits of
detection (LODs) of the optimized method are two times
lower than those reported by Muscarella et al. (2012) (i.e.,
14 μg/kg for DON and 11 μg/kg for NIV), the limit of
quantification (LOQ) of the proposed method for DON (i.e.,
100 μg/kg) fulfill the performance criteria established by the
European Committee for Standardization (CEN) for the ac-
ceptance of the quantification limit for single-laboratory-
validated method for the determination of mycotoxins (CEN
2010), i.e., for levels higher or equal to 100 μg/kg LOQ
should be equal or less than 1/5×maximum legal limit (that
are 1,750 μg/kg for unprocessed durum wheat or 1,250 μg/kg
for unprocessed cereals other than durum wheat). A similar
comment is not possible for NIV because no legal limits have
been fixed by the European Commission.

Typical UPLC®-PDA chromatograms of a blank wheat
sample, and wheat samples artificially or naturally contam-
inated with DON and NIV are shown in Fig. 1.

In-House Method Validation and Application to Naturally
Contaminated Wheat Samples

The DON-NIV™ WB immunoaffinity columns showed satu-
ration of DON/NIV binding sites at levels higher than 2,000 ng
in blank wheat extracts spiked with the corresponding amount
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Fig. 2 Immunoaffinity column capacity: binding performance of the
antibody against a NIV, b DON, and c DON+NIV (mass ratio of 50:50,
w/w)

Table 2 Recovery data of deoxynivalenol (DON) and nivalenol (NIV)
and relative standard deviations

Spiking
level
(μg/kg)

DON NIV

Recovery (%) RSD (%) Recovery (%) RSD (%)

100 94.9 7.0 83.9 6.7

500 89.9 1.9 81.1 2.7

1,000 90.7 1.2 87.9 1.1

1,750 89.8 1.8 87.7 3.0

2,000 84.9 1.8 85.5 2.7

RSD relative standard deviation (n=4)
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of mycotoxins, as single mycotoxin or sum of DON and NIV
(Fig. 2). The range of applicability of the method was from
30μg/kg (DON) and 20 μg/kg (NIV) to 4,000 μg/kg, as single
mycotoxin or sum of DON and NIV in wheat. The method
resulted linear over the toxin applicability range. Considering
the column capacity, a dilution of the extract before loading on
the immunoaffinity column or a lower volume of extract
should be loaded on the immunoaffinity columns when the
sum of DON and NIV content in wheat exceeds 4,000 μg/kg.
These levels of contamination are quite unusual in naturally
contaminated samples.

Results of recovery experiments of the full analytical pro-
cedure carried out with blank wheat samples spiked with
DON and NIV at different levels are reported in Table 2.
Within the spiking range 100–2,000 μg/kg (each toxin), mean
recoveries ranged from 85 to 95 % for DON, with RSDs less
than 7.0 % and from 81 to 88 % for NIV, with RSDs less than
6.7 %. Recovery and repeatability values fulfill the perfor-
mance criteria established by the European Union and the
European Committee for Standardization (CEN) for the ac-
ceptance of an analytical method for DON (Commission of
the European Communities 2006), and NIV (CEN 1999) for
the official control of mycotoxin levels in foodstuffs.

Trueness of results obtained with the UPLC®-PDA method
was shown by analyzing a certified referencematerial (ERM®-
BC600) in five consecutive days. Results obtained with the
UPLC® method were always within the certified values±un-
certainty (certified value 102 μg/kg, uncertainty 11 μg/kg for
DON; certified value 1,000 μg/kg, uncertainty 130 μg/kg for
NIV). In particular, mean values obtained (after correction for
recovery) of 99 μg/kg (RSD 5.0 %, n=5) for DON and
1,127μg/kg (RSD 3.1 %, n=5) for NIV, showed no significant
difference from the certified values for the two mycotoxins at a
confidence level of about 95 %, demonstrating the good accu-
racy and precision of the developed UPLC®-PDA method
based on immunoaffinity column cleanup.

The method was applied to the analysis of 20 samples of
durumwheat originated fromNorthern Italy, 2012 crop. Results
revealed the occurrence of DON in all tested samples at levels
up to 2,698 μg/kg (mean value of 560 μg/kg), whereas NIV
was detected only in two samples at levels up to 46 μg/kg. The
high incidence of DON contamination of durum wheat is not
surprising in Northern Italy, as similar results depending on the
growing season have been reported in previous surveys (Pascale
et al. 2002). On the contrary, the low levels and frequency of
contamination of NIV in wheat need further investigation due to
the poor availability of occurrence data in Italy.

Conclusions

The use of naturally contaminated materials or certified
reference materials, if available, is highly recommended in

development and validation of a new method in order to
ensure accuracy and reliability of measurement results.

The use of immunoaffinity columns containing antibody
specific for DON and NIV has allowed the development of a
sensitive and reliable method for the simultaneous determi-
nation of these mycotoxins at levels that can occur in wheat.
In addition, the use of an UPLC® apparatus allowed rapid
chromatographic runs leading to a higher sample throughput
and reducing at the same time the consumption of hazardous
solvents.

Performance parameters (LOD, accuracy, precision) of
the method are comparable to those of other published meth-
ods for the simultaneous determination of DON and NIV
(Kadota et al. 2011; Lattanzio et al. 2008; Muscarella et al.
2012; Plattner and Maragos 2003; Toth et al. 2011). The
proposed method appears to be a good alternative to more
expensive LC-MS(MS) methods or to the HPLC/FLD meth-
od that use chemical post-column derivatization for generat-
ing reliable data on the co-occurrence of these toxic tricho-
thecenes in wheat that can be of concern for animal and
human health.
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