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Abstract A fast, easy, and cheapmethod for the simultaneous
determination and quantification of aflatoxins (B1, B2, G1,
G2), T-2 and HT-2 toxins, and fumonisins (B1, B2) in
cereal-derived products was developed. This method involved
a quick, easy, cheap, effective, rugged, and safe (QuEChERS)
extraction coupled with liquid chromatography-tandem mass
spectrometry. The method validation was performed by ana-
lyzing samples spiked at four levels, and the recoveries ranged
from 83.6 to 102.9%, whereas the maximum values of repeat-
ability and within-laboratory reproducibility were 14.3 and
15.7% following the performance criteria set by the
European legislation. The method was then applied for the
analysis of 21 cereal-derived products purchased on the
Italian market, which were correctly packaged and labeled
as intended for human consumption. The co-occurrence of
more than one mycotoxin in the analyzed samples could rep-
resent a risk for consumers, and the described method could
be a valid alternative for their simultaneous detection in the
framework of official control.

Keywords Mycotoxins . Cereal-derived products . Liquid
chromatography-tandemmass spectrometry .Method
validation

Introduction

Cereal-derived products constitute a great portion of the hu-
man diet, and in some countries like Italy, durumwheat is used
nearly exclusively for pasta production. However, crops can
be affected by mycotoxin-producing fungi and therefore con-
sumer exposure to these compounds can be particularly high.
Mycotoxins are secondary metabolites produced by different
fungi along crop production both in the field and during har-
vest and storage. Moreover, these compounds can be very
stable to food processing and therefore they can be found also
in the final product.

Toxigenic fungi can be distinguished into aggressive or
opportunistic plant pathogens belonging to Fusarium genera,
and other fungi, i.e., Aspergillus spp. and Penicillium spp. that
initially colonize plants but proliferate mostly during storage
[1]. Fungi belonging to Fusarium genera mainly produce
fumonisins and trichothecenes. Fumonisins can be found par-
ticularly in maize contaminated by Fusarium verticillioides
andFusarium proliferatum, prior to harvest or during the early
stage of storage. Fumonisin B1 (FB1) is themost significant in
terms of toxicity and occurrence, while fumonisin B2 (FB2) is
a deoxy analog of FB1 [2]. The International Agency for
Research on Cancer [3] classified fumonisins as possibly car-
cinogens to humans (group 2B). Trichothecenes are a group of
secondary metabolites also produced by fungi included in the
Fusarium genera. They have a sesquiterpenoid ring structure
containing an epoxide at the C12–C13 position, which is re-
sponsible for their toxicological activity [4]. A new group of
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trichothecenes causing most concern for human health are T-2
and HT-2 toxins. These mycotoxins are commonly found in
cereals, including wheat, barley, maize, oats, rye, and derived
products, particularly in Europe and in hot, wet climatic re-
gions. T-2 toxin inhibits protein, RNA, and DNA synthesis.
Recent data also indicate that T-2 toxin induces apoptosis, and
in some cell types, necrosis, as well as lipid peroxidation af-
fecting cell membrane integrity [5]. Moreover, T-2 toxin in-
duces hematotoxicity and myelotoxicity associated with im-
pairment of hematopoiesis in bone marrow [6].

Aflatoxins are difuranocoumarins produced primarily by
two species of Aspergillus which colonize plants in the field
prior to harvest, but they can accumulate also in postharvest
cereals [7]. Aspergillus flavus is ubiquitous and develops on
the aerial parts of plants (leaves, flowers); moreover, it pro-
duces mainly B aflatoxins. Aspergillus parasiticus produces
both B and G aflatoxins, is more adapted to a soil environ-
ment, and has a more limited distribution [8]. The order of
acute and chronic toxicity is aflatoxin B1 (AFB1) > aflatoxin
G1 (AFG1) > aflatoxin B2 (AFB2) > aflatoxin G2 (AFG2),
reflecting the role played by epoxidation of the 8,9-double
bond and the greater potency associated with the
cyclopentenone ring of the B series, when compared with
the six-membered lactone ring of the G series. Both AFB1
and AFM1 have been classified in group 1 (human carcino-
gen) and are also clearly genotoxic [9, 10]. The risk for pri-
mary liver cancer is considerably increased in geographical
regions with a high prevalence of carriers of the hepatitis B
serum antigen [11].

Maximum levels of these mycotoxins in foodstuffs have
been established by different international agencies. In the
European Union, these levels are laid down for aflatoxins
and fumonisins in Commission Regulation (EU) No. 165/
2010 [12] and Commission Regulation (EC) No. 1126/2007
[13], respectively. Regarding the T-2 and HT-2 toxins, the
European Commission asked the European Food Safety
Authority for a scientific opinion on the risk for human and
animal health related to these mycotoxins in food and feed [5],
but until now, no legal limits have been set. Following the
Commission Recommendation 2013/165/EU [14], further in-
vestigations must be undertaken to collect information on the
factors resulting in relative high levels of T-2 and HT-2 toxins
in cereals and cereal-derived products. Indicative levels for
T-2 and HT-2 toxins have been established based on the oc-
currence data available in the EFSA database [5].Mycotoxins,
either from the same or different fungal species, may occur
simultaneously in plant products. Therefore, cereals and
cereal-derived products can be contaminated with two or more
mycotoxins at the same time. Many studies have been de-
scribed aiming at single micotoxin detection [15, 16], but
the most current research is directed to development of ana-
lytical methods for simultaneous mycotoxin determination
using immunoaffinity cleanup [17–19] or without cleanup

step by diluting sample extracts before injection in mass spec-
trometer [20–22]. Due to the variability of matrices suscepti-
ble to contamination, the possible co-occurrence [23], and the
very wide range of mycotoxin concentrations, validated and
versatile multi-mycotoxin and multi-matrix methods are
strongly necessary. The Commission Regulation (EU) No.
519/2014 [24] established rules for the sampling and analysis
for the official control of mycotoxins in food products.
However, the analysis of complex foods, such as breakfast
cereals, pre-cooked meals, and pastries, can be carried out
for individual components of the complex food before pro-
cessing or for the whole processed food. In the last case, in-
teractions between the components and the toxins or possible
formation of toxins during food processing can occur. Several
analytical methods have been developed and validated to de-
tect mycotoxins [25], but the heterogeneity of food matrices
together with the need for a fast, simultaneous, and accurate
determination of multiple mycotoxins generate great chal-
lenges for routine analysis [26]. The aim of the present study
was to develop and validate a LC-MS/MS method for the
rapid and simultaneous determination of B1, G1, B2, and
G2 aflatoxins, T-2 and HT-2 toxins, and B1 and B2
fumonisins in cereal-derived products. The extraction and
cleanup were performed by a quick, easy, cheap, effective,
rugged, and safe (QuEChERS) method as firstly reported by
Anastassiades et al. [27] for pesticide detection in fruits and
vegetables. The method was then used to analyze different
cereal-derived products collected from Italian markets to eval-
uate its possible application for mycotoxin identification and
quantification in these food matrices.

Materials and methods

Reagents and materials

Methanol, acetonitrile, formic acid, all HPLC grade, as well as
ammonium formiate were purchased from Sigma (St. Louis,
MO, USA). The Original QuEChERS kits containing 4 g
MgSO4 and 1 g NaCl were supplied by Agilent
Technologies (Santa Clara, CA, USA). Polyvinylidene fluo-
ride fi l ters were obtained from Merck Mill ipore
(Carrigtwohill, Co. Cork, Ireland). Ultrapure water was ob-
tained by Elga Labwater (Wicombe, UK). HT-2 toxin was
supplied by Sigma-Aldrich (St. Louis, MO, USA) as solution
in acetonitrile at 100 μg/mL. All other mycotoxin reference
standards were obtained from Biopure (Tullin, Austria) as
solutions in acetonitrile at the following concentrations:
AFB1 (2 μg/mL), AFB2 (0.5 μg/mL), AFG1 (2 μg/mL),
and AFG2 (0.5 μg/mL) and T-2 toxin (100 μg/mL), while
FB1 and FB2 were supplied in acetonitrile/water (50:50, v/v)
at concentrations of 50 μg/mL. As internal standard (IS),
13C17-aflatoxin B1 (13C17-AFB1) was chosen, and it was
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supplied by Biopure at 0.5 μg/mL concentration. All stock
solutions were stored at −18 °C, except for fumonisins and
T-2 toxin solutions that were stored at 4 °C, until the expira-
tion date stated by the manufacturer.

Preparation of working solutions

For the analysis, a working solution in acetonitrile was pre-
pared by diluting each individual stock solution at the follow-
ing concentrations: aflatoxins (25 ng/mL), T-2 and HT-2
toxins (62.5 ng/mL), and fumonisins (5000 ng/mL).
Moreover, a working solution of the internal standard
(13C17-AFB1) was prepared at the concentration of 25 ng/
mL in acetonitrile.

Preparation of solvent calibration curves

Calibration standards were prepared from the working solu-
tions by evaporating acetonitrile to dryness under a stream of
nitrogen at 40 °C and dissolving the residue with a solution of
methanol/water containing 5 mM ammonium formiate and
0.1% formic acid (10:90, v/v). Four calibration solutions were
obtained at the following concentrations: 1.25–5–10–20 ng/
mL for all aflatoxins (each solution contained 13C17-AFB1 at
5 ng/mL), 3.125–12.5–25–50 ng/mL for T-2 and HT-2 toxins,
and 20–40–60–120 ng/mL for fumonisins.

Sample preparation

For the extraction of mycotoxins from cereal-derived prod-
ucts, the QuEChERS method optimized by Rubert et al. [28]
for barley samples was used, with some modifications. Two
grams of the homogenized sample of cereal-derived product
were weighed into a 50-mL tube and spiked with internal
standard 13C17-AFB1 at a concentration of 2 μg/kg. The for-
tified sample was kept in the dark for 15 min, to allow equil-
ibration of IS with the matrix. The extraction was performed
by adding 10 mL of water containing 0.1% formic acid and
shaking the mixture for 3 min. Then 10 mL of acetonitrile
were added and the sample was further shaken for 3 min. In
the following step, 4 g MgSO4 and 1 g NaCl were added and
the mixture was immediately shaken for 2 min to prevent
agglomerates forming during MgSO4 hydration and then cen-
trifuged at 3500×g for 10 min (Megafuge 1.0, Heraeus
Instruments, Hanau, Germany). For the analysis of AFB1,
AFB2, AFG1, and AFG2 and T-2 and HT-2 toxins, 2.5 mL
of the extract were evaporated at 40 °C under a stream of
nitrogen and the residue was completely dissolved by adding
200 μL of a solution of methanol/water containing 5 mM
ammonium formiate and 0.1% formic acid (10:90, v/v). For
the analysis of FB1 and FB2, 1 mL of extract was diluted with
1 mL of water containing 5 mM ammonium formiate and
0.1% formic acid. Before the instrumental analysis, the sample

was filtered through a 0.45-μm polyvinylidene fluoride filter
into a vial for autosampler equipped with insertion for small
volume.

Matrix-matched calibration curves

The mycotoxins quantification was performed using matrix-
matched calibration curves prepared by extracts of a blank
sample of wheat flour spiked at four concentration levels:
0.5–2–4–8 μg/kg for AFB1, AFB2, AFG1, and AFG2,
1.25–5–10–20 μg/kg for T-2 and HT-2 toxins, and 200–
400–600–800 μg/kg for FB1 and FB2.

Mass spectrometry conditions

The mass spectrometer was an API 3000 triple quadrupole
equipped with an electrospray interface set in the positive
ionization mode (Applied Biosystems, Toronto, ON,
Canada). The LC-MS/MS system, data acquisition, and pro-
cessing were managed by Analyst software 1.6 version sup-
plied byApplied Biosystems. Formass spectrometer analyses,
the following settings were used: temperature 400 °C; ion
spray voltage +5500 V, curtain gas nitrogen 10 psi, nebulizer
gas air 8 psi, and collision gas nitrogen 5 psi. The mass spec-
trometer was operated in multi-reaction monitoring (MRM)
mode by monitoring two transitions (1 precursor ion, 2 prod-
uct ions) for each compound with a dwell time of 40 ms.
Tuning experiments were performed by direct infusion (flow
rate of 10 μL/min) of 1 μg/mL standard solutions of individ-
ual mycotoxin in methanol/water containing 5 mM ammoni-
um formiate and 0.1% formic acid (50:50, v/v). The infusion
was carried out using a model 11Plus Infusion Pump
(Harvard, South Natick, MA, USA). Declustering potential,
collision energy and cell exit potential, and focusing and en-
trance potentials were optimized during infusion. All the op-
timized parameters are summarized in Table 1.

Chromatographic conditions

The chromatographic analysis was carried out by a Perkin
Elmer HPLC system which constituted a model series 200
Micro Pump, a model Series 200 Autosampler, equipped with
a degasser and a column oven (Perkin Elmer, Waltham, MA,
USA). A reversed-phase separation of the analytes was per-
formed at 30 °C on a Kinetex XB-C18 100 Å column,
100 mm × 2.1 mm internal diameter, 2.6 μm (Phenomenex,
Torrance, CA, USA). The mobile phase was composed of
methanol (eluent A) and water containing 5 mM ammonium
formiate and 0.1% formic acid (eluent B). The injection vol-
ume was 20 μL. A gradient elution was performed setting the
mobile phase composition as follows: after 2 min at 20%
eluent A, linear increase to 95% in 14 min and kept constant
for 4 min to rinse the column. Then the component A was
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linearly lowered to 20% in 2 min and the column re-
equilibrated for 8 min.

Method validation

The developed method was validated as a quantitative confir-
matory method. The evaluated parameters were instrumental
linearity, specificity, precision, trueness, limit of detection
(LOD), and limit of quantification (LOQ) following
Regulation (EC) No. 882/2004 [29].

The instrumental linearity was assessed by four-point sol-
vent calibration curves (containing IS at 5 ng/mL) chosen to
cover the validation range. The specificity was evaluated by
analyzing 20 blank samples of cereal-derived products to ver-
ify the absence of interfering compounds at the retention time
of the checked analytes. The intra- and inter-day precision was
evaluated by spiking three aliquots of a blank wheat flour
sample at four concentration levels. This experiment was re-
peated in two different days for a total of 24 analyses.

The validation levels were chosen as follows: (i) for each
aflatoxin, the spiking levels were 0.5–1–1.5–3 times the max-
imum level of 2 μg/kg fixed for AFB1 in cereals by
Commission Regulation (EU) No. 165/2010; (ii) for T-2 and
HT-2 toxins individually, the spiking levels were 0.5–1–1.5–3
times the LOQ (equal to 5 μg/kg) recommended by
Commission Recommendation (EU) No. 165/2013; and (iii)
for each fumonisin, the spiking levels were 0.25–0.5–0.75–
1.5 times the maximum level of 800 μg/kg fixed for total

fumonisins in maize-based breakfast cereals by Commission
Regulation (EC) No. 1126/2007.

Trueness was expressed in terms of recovery (percentage of
measured concentration versus spiked concentration) and pre-
cision (as relative standard deviation (%RSD)).

The LOD was fixed at half the first validation level while
the LOQ was fixed at the first validation level.

Sample collection and analysis

The developed method was used to analyze 21 cereal-derived
products for human consumption to monitor the mycotoxin
levels in these kinds of food. These cereal-based foods were
randomly purchased from local markets in central Italy. The
samples were collected in duplicate and distinguished in six
wheat flours, six dry pasta, five baked foods, two corn meals,
and two breakfast cereals. All samples were homogenized
using a laboratory mill and stored in a dark and dry place until
the analysis. Each sample was analyzed in duplicate, and the
results are expressed as mean values.

Results and discussion

Extraction procedure

In the present study, the QuEChERS method of Rubert et al.
[28] was applied with some modifications. Different

Table 1 LC-MS/MS acquisition parameters for mycotoxins

Analyte Retention time (min) Precursor ion (m/z) Product ion (m/z) DP (V) CE (V) CXP (V) FP (V) EP (V)

AFB1 14.7 313.2 241.1 81 51 13 220 8

213.0 81 59 20 220 8

AFB2 14.2 315.0 259.2 66 37 14 224 12

286.9 66 42 6 244 12

AFG1 13.7 328.9 243.0 65 38 23 230 10

311.0 65 32 8 230 10

AFG2 13.2 331.1 313.0 68 35 8 204 9

245.3 68 43 12 204 9

T-2 16.7 484.3 215.3 48 31 22 167 7

185.0 48 30 11 167 7

HT-2 15.9 442.2 263.2 28 19 22 151 6

215.0 28 22 12 151 6

FB1 16.4 722.4 334.4 90 58 34 300 11

352.4 90 52 18 300 11

FB2 17.8 706.4 336.6 82 54 7 265 11

318.0 82 52 7 265 11
13C17-AFB1 14.6 330.2 255.0 81 34 11 220 8

285.3 81 51 13 220 8

Legend: DP declustering potential, CE collision energy, CXP collision cell exit potential, FP focusing potential, EP entrance potential
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extraction procedures (i.e., matrix solid phase dispersion,
QuEChERS, and solid–liquid extraction) were tested to dem-
onstrate that the recoveries obtained by QuEChERS were
comparable with those obtained applying the other two extrac-
tion techniques. However, QuEChERS resulted as the fastest
and cheapest procedure because the pre-concentration and
cleanup steps were not necessary, thus allowing to reduce
the solvent consumption. Moreover, QuEChERS procedure
presents several advantages over the most traditional methods
of analysis in the following ways: high sample throughput of
samples in a short time is possible, solvent usage and waste
are very small, and reagents are few expensive.

LC-MS/MS

The LC-MS/MS method was developed following the perfor-
mance criteria for mass spectrometric detection reported in the
Commission Decision (EC) No. 657/2002 [30]. The analysis
was performed in MRM mode, due to high sensitivity and
specificity. This acquisition mode allowed to have the identi-
fication points required by the above-cited decision for the
identification of the investigated mycotoxins.

During the tuning experiments, different mobile phases
were tested. For the detection of aflatoxins, the use of water
containing just only 0.1% formic acid enhanced the sodium
ion adduct against the protonated molecular ion, whereas if
adding 5 mM ammonium formiate in water containing 0.1%
formic acid, the formation of sodium ion adduct was reduced

promoting the exaltation of protonated molecular ion, as
shown in Fig. 1 for AFB1. Therefore, the use of eluent B as
mobile phase provided a higher instrumental response of the
proton ion adduct and a better ionization reproducibility for all
the examined aflatoxins.

Validation study

The instrumental linearity was estimated by using the least
square regression line equation. Aflatoxin calibration curves
in solvent were constructed using the area ratio of the analyte
peak to the internal standard peak versus analyte concentra-
tion, while for the T-2 and HT-2 toxins and fumonisins, the
internal standard was not taken into account. The correlation
coefficient indicated a good fit for all the analytes with values
included in the range of 0.996–1.000. The chromatogram of
the first solvent calibration point is reported in Fig. 2.
Regarding the specificity, for all the cereal-derived products,
the absence of any interfering peaks around the analytes’ re-
tention times was verified to demonstrate that there were no
differences among the different analyzed matrices. Figure 3
showed the chromatogram of a representative blank wheat
flour sample. The comparison between this chromatogram
(Fig. 3) and that of a solvent standard (Fig. 2) showed the
specificity of the method.

The applied method did not contemplate a cleanup step;
therefore, in the analyzed samples, a high ion suppression
effect was observed as shown in Fig. 4, where solvent and

Fig. 1 Chromatograms obtained for AFB1 (as sodium ion adduct with m/z 334.9 and protonated molecular ion with m/z 313.2) using as mobile phase
water containing 0.1% formic acid (left) and water containing 5 mM ammonium formiate and 0.1% formic acid (right)
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Fig. 2 Chromatogram of the lowest solvent calibration point. For each analyte, the most intense product ion was shown

Fig. 3 Chromatogram of a representative blank wheat flour sample. For each analyte, the most intense product ion was shown
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Fig. 4 Comparison of solvent and matrix-matched calibration curves
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matrix-matched calibration curves at the same concentration
were compared. The difference between the slope of solvent
curve and the slope of matrix-matched calibration curve dem-
onstrated the matrix ion suppression effect for each of the
investigated mycotoxins. This effect could be due to the pres-
ence of endogenous substances in the sample that were re-
trieved in the final extract [31]. The chromatograms of a
spiked wheat flour sample at the lowest validation level for
the checked mycotoxins are shown in Figs. 5, 6, and 7. The
signal of the lowest intense product ion appeared fully satis-
factory with respect to signal-to-noise ratio.

The precision was evaluated at four spiking levels (three
replicates for level, two analytical series) as reported in
Table 2. The matrix-matched calibration curve was applied
to evaluate the actual recovery for each analyte. Only for af-
latoxins the matrix-matched calibration curve was constructed
using the area ratio of the analyte peak to the internal standard
peak versus analyte concentration, while for the T-2 and HT-2
toxins and fumonisins the internal standard was not taken into
account. As reported by Rubert et al. [28], the use of external
matrix-matched calibration or internal standard calibration
could minimize the variation among different samples. The
best option should be the use of a suitable IS (isotopically
labeled, deuterated, or analog) which could overcome ion
suppression/enhancement. Nevertheless, it could be expensive

to buy a specific IS for each one of the investigated myco-
toxins, so in the present study, the matrix-matched calibration
curves were applied to assess the extraction efficiency.

The recovery and precision were evaluated using the re-
sults of the matrix-matched calibration curves; the recovery
was expressed in terms of percentage of measured concentra-
tion versus spiked concentration and precision as %RSD in
terms of repeatability (intra-day, %RSDr) and within repro-
ducibility (inter-day, %RSDR).

The validation data obtained for eachmycotoxin are report-
ed in Table 2. The mean recoveries for all the mycotoxins
ranged between 83.6 and 102.9%. The maximum values of
repeatability and within-laboratory reproducibility were 14.3
and 15.7%, fulfilling the requirements established by the
Commission Regulation 519/2014/EU. The performance of
the method allowed to achieve LOD and LOQ values
(Table 3) lower than the official limits fixed by the European
Commission for each mycotoxin in cereal-derived products.
Since the experimental LOD values obtained for each myco-
toxin were lower than half LOQ values, LOD were fixed at
half LOQ concentrations. The performances of the described
method were similar in terms of precision, repeatability, and
reproducibility with other methods [17, 19] that used a stron-
ger cleanup step. In particular, the developed method showed
a good sensitivity and precision at low spiking levels for T2

Fig. 5 Chromatogram of a wheat flour sample spiked at the lowest validation level for IS, AFB1, and AFB2. For each analyte, all the studied ions were
shown

5150 Annunziata L. et al.



and HT2 toxins if compared with methods that involved a
simple dilution of sample extract [21]. Moreover, the method
allowed a suitable determination of mycotoxins in cereals re-
ducing both the quantity of solvent and the time and cost of
analysis, especially in case of use of immunoaffinity columns
[17–19].

Detection of mycotoxins in cereal-derived products
from the Italian market

The developed and validated method was then applied to de-
tect the investigated mycotoxins in cereal-derived products
randomly purchased on the market. It allowed to detect my-
cotoxin concentrations below the maximum limits set by the
European legislation. All the analyzed samples showed my-
cotoxin levels below the LOQ, except for a sample of dry
pasta showing values of 3.0 μg/kg of HT-2 toxin, and a corn-
meal sample, in which both AFB1 (3.3 ± 1.4 μg/kg) and B1
and B2 fumonisins (711 and 219 μg/kg, respectively) were
detected. Fumonisin B1 was also found in the other examined
cornmeal sample, at levels of 431 μg/kg. Regarding the sam-
ple positive for AFB1, the detected value could be considered
compliant with the regulatory limit of 2 μg/kg because this
result subtracted from the uncertainty was lower than the max-
imum limit, as established by the EURACHEM/CITAC
Guide [32] and Commission Regulation (EU) No. 519/2014.

The results of this study showed that samples were positive
for mycotoxins at low rates; AFB1 and FB2 were found just
only in one (4.8%) cornmeal, and FB1 was detected in all the
two (9.5%) investigated cornmeal samples. With regard to
aflatoxins, our results were similar with those obtained in oth-
er studies, in which these mycotoxins were never detected
[33] or only 0.28% of samples were positive [34]. The
EFSA database [35] reported a total of 1341 cereals and their
milling products and 842 processed cereal products analyzed
for aflatoxin content, showing a maximummean value at low-
er bound (LB) in unspecified grain milling products (2.21 μg/
kg) while the maximum mean value at upper bound (UB) was
found in oat milling products (2.60 μg/kg). For processed
cereal products, the maximum mean value was found in fine
bakery wares (0.45 μg/kg, LB) and raw pasta (1.87 μg/kg,
UB). On the contrary, some other studies found high levels
of AFB1 in maize samples intended for human consumption,
up to 14.9 μg/kg [36] and 636 μg/kg [37]. In both cases, these
cereals were harvested from tropical and subtropical zones
with a climate characterized by strong sunshine and high rain-
fall, very favorable to fungi growth, especially of
thermotolerant species such as Aspergillus spp. Aflatoxin con-
tamination has been reported also in wheat. The percentages
of positive samples for AFB1, AFB2, AFG1, and AFG2 were
42, 12, 37, and 12%, respectively, in 41 wheat samples grown
and consumed in some regions of Turkey. The levels of AFB1

Fig. 6 Chromatogram of a wheat flour sample spiked at the lowest validation level for AFG1, AFG2, and T-2 toxin. For each analyte, all the studied ions
were shown
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and AFB2 ranged from 0.0104 to 0.144 μg/kg and from
0.0129 to 0.0364 μg/kg, respectively, whereas the concentra-
tions of AFG1 and AFG2 were found to be between 0.0210
and 0.446 μg/kg and between 0.0272 and 0.129 μg/kg, re-
spectively [38]. Aflatoxin concentrations up to 7 μg/kg were
found in 62% of wheat samples collected from experimental
field located in northern Italy, probably due to bad climatic
conditions at harvest time or inappropriate postharvest drying
practices [39]. These data confirmed the widespread occur-
rence of aflatoxigenic strains of Aspergillus also in Italy and
highlighted the importance of the postharvest care of grains.

In the present study, the cornmeal samples were found to be
contaminated by both aflatoxins and fumonisins. The corn
belongs to the commodities at high risk of mycotoxin contam-
ination, whereas other cereals like wheat are more resistant or
only moderately susceptible to fungal growth and toxin pro-
duction in the field. Samples of corn flour from Morocco
markets showed higher AFB1 levels than those detected in
wheat flour, ranging from 0.23 to 11.2 μg/kg in corn flour
and from 0.03 to 0.15 μg/kg in wheat flour [40]. In a previous
study on cereals commercialized in Morocco, corn samples
were found to be contaminated also by FB1 (50% of positive
samples) with an average value of 1930 μg/kg, the highest
value being 5960 μg/kg [41]. Another survey on the occur-
rence of Fusarium toxins in food collected in the European

Union [42] showed that the most frequently contaminated
cereals were maize, followed by wheat and oat, with an inci-
dence of 20% (out of 3490 samples) and 14% (3032 samples)
for T-2 and HT-2 toxins, respectively. Strains of Fusarium
spec ies commonly iso la ted f rom cerea ls in the
Mediterranean area produced different mycotoxins, some at
very high concentrations. A survey of fumonisin production
by strains of F. verticillioides and F. proliferatum from Italy,
Spain, and France showed that all strains produced FB1 and
FB2, with the highest average production in decreasing order:
corn, wheat, barley, and sorghum [43]. Due to the widespread
production of fumonisins in Fusarium-infected plants in these
countries, their occurrence in commercial cereals, especially
corn-based products, could be expected. In contrast, it has
been reported that fumonisin concentrations were often low
in the central and northeastern Mediterranean areas [44].

During cereal harvest and storage, the fungi contamination
together with a high humidity and temperature are key factors
affecting mycotoxin formation. The most important tool for
the prevention and limitation of appearance of mycotoxins in
cereals is a good management in agricultural production and
storage, such as proper irrigation, choice of genetically resis-
tant crop strains and biopesticide control, as well as the sorting
and disposal of visible moldy or damaged seeds, reducing the
bioavailability of mycotoxins using clay and chemoprotection

Fig. 7 Chromatogram of a wheat flour sample spiked at the lowest validation level for HT-2 toxin, FB1, and FB2. For each analyte, all the studied ions
were shown
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[45]. Drying seeds to the required moisture content immedi-
ately after harvest could be useful before cereal storage.

Conclusions

Cereals and cereal-derived products are among the most con-
sumed food throughout the world, but they are susceptible to
mycotoxin contamination. Certain regions present favorable
conditions (e.g., climate, high humidity) for mycotoxin for-
mation, representing a health risk particularly in people where
the consumption of cereal-based food is extraordinary. For
instance, small children are often more exposed than adults
to mycotoxin intake due to their high consumption of cereal-
derived products such as breakfast cereals, biscuits, etc. The
results obtained in this study with regard to samples positive to
more than one mycotoxin (e.g., AFB1 and both FB1 and FB2
in one cornmeal product) confirmed the need of analytical

Table 2 Validation parameters
for cereal-derived products by
QuEChERS extraction coupled
with LC-MS/MS

Analyte Spiking level (μg/kg) Recovery (%) Repeatability (%RSDr) Within-laboratory
reproducibility (%RSDR)

n = 6 n = 3 n = 6

AFB1 1 86.3 5.3 8.6

2 94.5 4.6 5.9

3 91.4 9.2 11.4

6 96.5 9.0 8.3

AFB2 1 86.1 7.2 9.8

2 91.2 5.9 10.0

3 92.2 1.6 8.1

6 99.3 3.3 7.7

AFG1 1 83.6 14.3 10.3

2 92.6 4.1 14.7

3 87.7 11.0 11.0

6 96.2 5.7 10.9

AFG2 1 89.9 9.9 12.1

2 92.5 4.2 15.7

3 91.0 7.2 12.0

6 96.1 4.7 8.5

T-2 2.5 87.8 6.8 12.9

5 87.1 8.3 12.2

7.5 86.5 4.3 8.3

15 84.9 12.2 12.2

HT-2 2.5 87.3 6.8 11.3

5 83.9 2.0 11.9

7.5 93.5 3.9 8.5

15 89.4 8.7 6.3

FB1 200 95.2 13.9 14.3

400 99.1 6.5 6.4

600 99.4 5.0 4.1

1200 98.9 7.1 7.0

FB2 200 95.8 11.3 7.5

400 97.2 4.4 4.1

600 102.9 4.0 3.0

1200 102.0 5.7 5.0

Table 3 LOD and LOQ
values for the cereal-
derived products by the
method used

Analyte LOD (μg/kg) LOQ (μg/kg)

AFB1 0.50 1.0

AFB2 0.50 1.0

AFG1 0.50 1.0

AFG2 0.50 1.0

T-2 1.3 2.5

HT-2 1.3 2.5

FB1 100 200

FB2 100 200
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methods aiming at their simultaneous detection. The described
method could be used in official as well as private laboratories
in terms of time, cost, and instrumentation.
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