
Abstract: Trichothecene mycotoxins are commonly found in 
cereals, including wheat, barley, maize, oats, rye and derived 
products. Infants and young children are considered the highest risk 
group because their large dietary intake of cereal-based foods in 
relation to their body weight. In this study, a rapid, selective and 
sensitive method was developed and validated for the simultaneous 
quantification of 7 trichothecenes (HT-2 toxin, T-2 toxin, 
diacetoxyscirpenol (DAS), deoxynivalenol (DON), 3-acetyl-DON, 
15-acetyl-DON, and fusarenon-X (FUS-X) in infant cereal food. 
Mycotoxins have been extracted from the samples using a modified 
QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) 
procedure. The method was based on a single extraction with a 
m i x t u r e  m e t h a n o l  a n d  a c e t o n i t r i l e ,  f o l l o w e d  b y  a n 
extraction/partitioning step after the addition of salt, and a cleanup 
step utilizing dispersive solid-phase extraction (D-SPE). The analysis 
was carried out using a liquid chromatography combined with a 
triple–quadrupole tandem mass spectrometer (MS/MS) by 
electrospray ionization in positive ion mode (ESI+) with multiple 
reaction monitoring (MRM). The validated method showed to be 
accurate (>72% recovery), reproducible (<10% relative standard 
deviation interday) and sensitive for the selected mycotoxins (method 

-1 -1detection limits ranged from 0.02 mg kg  to 0.15 mg kg ). The 
screening of 57 samples of infant cereal food commercialized in 
Spain revealed the presence of FUS-X, 15-Acetyl-DON, 3-Acetyl-
DON and T-2 in 9 (15.5%) samples.
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Resumen: Detección de siete micotoxinas tricotecenos en cereales 
infantiles mediante extracción QuEChERS y cromatografía 
líquida espectrometría de masas en tándem. Las micotoxinas 
tricotecenos se encuentran comúnmente en los cereales, como el 
trigo, la cebada, el maíz, la avena, el centeno y los productos 
derivados. Los bebés y los niños pequeños se consideran un  grupo de 
alto riesgo debido al gran consumo de alimentos a base de cereales en 
relación con su peso corporal. En este estudio se ha desarrollado y 
validado un método rápido, selectivo y sensible para la cuantificación 
simultánea de 7 micotoxinas tricotecenos (HT-2 toxina, T-2, 
diacetoxiscirpenol (DAS), deoxinivalenol (DON), 3-acetil-DON, 
15-acetil DON, y fusarenon-X (FUS-X) en cereales infantiles. Las 
micotoxinas se han extraído de las muestras mediante QuEChERS 
modificado (acrónimo de rápido, fácil, barato, eficaz, robusto y 
seguro). El método se basa en una única extracción con una mezcla de 
metanol y acetonitrilo, seguido de una etapa de extracción/partición 
después de la adición de la sal, y un paso de limpieza utilizando 
extracción en fase sólida de dispersión (EPS-D). El análisis se llevó a 

cabo usando cromatografía líquida combinada con un espectrómetro 
de masas en tándem de triple cuadrupolo (EM/EM) con ionización 
por electrospray en modo positivos (ESI+) con monitorización de 
reacción múltiple (MRM). El método validado demostró tener una 
buena exactitud (>72% de recuperación), reproducibilidad (<10% de 
desviación estándar relativa interdia) y sensibilidad para las 
micotoxinas seleccionadas (los límites de detección del método 

-1 -1oscilaron entre 0,02 mg kg  a 0,15 mg kg ). Se analizaron 57 
muestras de cereales infantiles comercializadas en España revelando 
la presencia de FUS-X, 15-acetil DON, 3-acetil-DON y T-2 en 9 
(15,5%) muestras.

Introduction

Trichothecenes are a group of secondary metabolites produced 
mainly by certain species such as Fusarium, Myrothecium, 
Stachybotrys, Trichothecium and Trichoderma. These mycotoxins 
are characterized by a 12,13-epoxide ring which is responsible of 
their toxicological activity. The approximately 170 identified 
trichothecenes are divided into four groups: A, B, C and D [1]. This 
general division is based on their chemical structure differences. Type 
A trichothecenes include T-2 toxin (T-2), HT-2 toxin (HT-2) and 
diacetoxyscirpenol (DAS), and type B trichothecenes are 
deoxynivalenol (DON), nivalenol, 3-acetyldeoxynivalenol (3-
Acetyl-DON), 15-acetyldeoxynivalenol (15-Acetyl-DON), and 
fusarenon X (FUS-X). Based on their toxic effects, these two groups 
are considered the most important. Toxicological effects associated 
with trichothecene poisoning in humans and animals include 
anorexia, vomiting, hemorrhagic diathesis and cardiovascular 
dysfunction [2]. The primary target of T-2 is the immune system, 
producing changes in leucocyte count or reduces antibody formation 
[3,4]. DON have been related to  several poison outbreaks such as 
Akakabi-byo, reported in Russia, Japan and China and T-2 has been 
related to the alimentary toxic aleukia (ATA) disease that took place 
in Russia during World War II [5].

To protect consumer health, harmonized regulations for DON in 
cereals and derived products, including official protocols for 
sampling and analysis, have been implemented within the EU [6,7]. 
In addition, the EU has stated the need for a reliable and sensitive 
method, more occurrence data, and more research regarding the 
factors involved in the presence of T-2 and HT-2 toxins in cereals and 
cereal products [8].

Permitted levels for T-2 and HT-2 toxins are currently under 
discussion. Infant cereals are generally wheat, corn, oat, barley, soy, 
and rice-based or mixed-grain infant cereals, which are susceptible to 
spoilage fungi. The regulations introduce a separate limit for baby 
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food to protect babies and infants because cereal is one of their main 
dietary intake and they are also more susceptible to the effects of 
mycotoxins due to their low body weight and immature immune 
system [9]. As consequence, maximum limits for mycotoxins in baby 
foods are much lower than the limits set for other cereal products. The 
European Commission has only set a maximum permitted level of 
one of the studied mycotoxins (DON) for processed corn-based foods 

-1and baby foods for infants and young children (200 mg kg ) [7]. 

Although breast milk is the major food source for the infancy period, 
the OMS recommend that from 6 to 12 months to gradually introduce 
whole-grain cereals, green vegetables, and legumes [10]. Few reports 
are published specifically focus on the presence of mycotoxins on 
commercial infant formulas and baby food. Recently, Juan et al [11] 
have analyzed 23 mycotoxins in 75 commercially Italian samples of 
baby foods, 31% of cereal-based baby foods presented levels of 
mycotoxins, being OTA (20%), DON (21%), and FUS-X (24%) the 
most frequently found. Other articles are focus on the quantification 
of a certain group of mycotoxins such as fumonisins [12], emerging 
Fusarium mycotoxins (BEA, ENs and FUS) [13] aflatoxins [14] and 
ochratoxins [15] in infant formulas and baby food. 

To meet the requirements of the recent and incoming legislation, the 
development of reliable, sensitive methods for trichothecene analysis 
is a priority issue [16]. 

The extraction method selected was “QuEChERS" which stand for 
Quick, Easy, Cheap, Effective, Rugged and Safe. In addition to using 
less solvent and materials versus conventional SPE methods, 
QuEChERS employs a novel and much quicker dispersive solid 
phase extraction cleanup . QuEChERS based methods have been  [17]
recently reported for the extraction of different mycotoxins from a 
variety of food matrices specially cereal and cereal based products 
[18-22]. The main advantages of this extraction procedure were not 
only the low amount of organic solvent required, but also the fastness 
and the good recoveries obtained for the tested mycotoxins.

In recent years, liquid chromatography in combination with tandem 
mass spectrometry (LC-MS/MS) has been reported to provide a much 
higher degree of assurance than the single stage mass spectrometry 
technique when determining analytes in many complex matrixes. 
Operating in multiple reaction monitoring modes (MRMs) could 
provide a reliable quantification and confirmation at the low 
concentration levels required. Meanwhile, the process of sample 
preparation can be simplified avoiding complex purification and 
time-consuming procedures.

In this context, the aims of the current study were: 1) To validate an 
analytical method based on QuEChERS followed by liquid 
chromatography coupled to tandem mass spectrometry (LC-MS/MS) 
for the analysis of trichothecenes in baby food; 2) to analyze these 
mycotoxins in infant cereal food commercialized in Valencia.

Materials and methods

Reagents and standards

Acetonitrile and methanol were high performance liquid 
chromatography grade and supplied by Merck (Darmstadt, 

−1Germany). Deionized water (<8 MΩ cm  resistivity) was purified 
®using Milli-Q  SP Reagent water system plus from Millipore Corp. 

(Bedford, USA).

Primary secondary amine (PSA) was from Varian (USA). Analytical 
grade reagent formic acid, acetic acid (purity > 98%), and ammonium 

formate were obtained from Panreac Quimica S.A.U. (Barcelona, 
Spain). Chromatographic solvents and water were degassed for 20 
min using a Branson 5200 ultrasonic bath (Branson Ultrasonic Corp., 
CT, USA). Polypropylene syringes and filters (25mm/0.45μm and 
0.22 μm) were from Analysis Vínicos (España). Magnesium sulfate 

®anhydrous 99.5% powder (MgSO ) was purchased from Alfa Aesar  4

Gmbh& Co KG (Germany) and sodium chloride (NaCl) from Merck 
(Darmstadt, Germany).

Mycotoxins: HT-2 toxin, T-2 toxin, Diacetoxyscirpenol (DAS), 
Deoxynivalenol (DON), 3-Acetyl-DON, 15-Acetyl-DON, and 
Fusarenon-X (FUS-X) were purchased from Sigma–Aldrich (St. 
Louis, USA). A stock standard solution for every mycotoxin was 

-1prepared at 500 or 1000 µg ml  in methanol and stored at -18ºC. 
Working standard solutions containing all compounds were obtained 
by further dilution of stock individual solutions with methanol/water 
(50/50, v/v) or matrix extract to determine calibration curves, ion 
suppression, recoveries and limit of detection.

LC-MS/MS Analysis

LC-MS/MS analysis was performed on a TQ mass spectrometer 
Quattro LC from Micro mass (Manchester, UK), equipped with an 
LC Alliance 2690 system (Waters, Milford, MA, USA) which 
consisted of an auto sampler and a quaternary pump, a pneumatically 
assisted electrospray probe, a Z-spray interface, and Mass Lynx NT 
software. 4.1. The Mass Lynx NT software is used for data during 
acquisition and processing. The mass spectrometer was used in the 
triple quadrupole mode.

Chromatographic separation was performed with a reversed-phase 
analytical column X Bridge TM C18 column (100 mm x 2.1 mm i.d.; 
3.5 µm) (Waters, USA) preceded by a C18 security guard cartridge (4 
mm x 2 mm i.d., 5 μm) (Phenomenex, UK). Mobile phase consisted of 
eluents A [water/methanol/acetic acid (94:5:1, v/v/v)] and B 
[methanol/water/acetic acid (97:2:1, v/v/v)] containing 5 mM 
ammonium acetate respectively. The gradient applied was: 0-15 min, 
70% A with 30% B; 15-20 min, 10% A with 90% B; 20-25 min, 70% A 

-1with 30% B, the flow rate remains at 0.4 mL min  and the injection 
volume was 20 µl.

MS/MS was performed in the MRM mode using ESI in positive 
mode. For each compound, two characteristic product ions were 
monitored; the first and most abundant one was used for 
quantification, while the second one was used as a qualifier. The mass 
spectrometer was operated in the positive electrospary ionization 
mode (ESI+). The ESI source values were as follows: capillary 
voltage, 3.20 kV; source temperature, 125°C; desolvation 
temperature, 300°C; desolvation gas (nitrogen, 99.99% purity) flow, 

-1 -1500 L h ; cone (gas flow) 50 L h . The analyzer settings were: 
resolution, 12.0 (unit resolution) for the first and third quadrupoles; 
ion energy, 0.5; entrance and exit energies, -3 and 1; multiplier, 650 V; 

−3collision gas (argon, 99.995%) pressure 3.74×10  mbar; interchannel 
delay, 0.02 s; total scan time, 1.0 s.

Samples

Commercial infant cereals (57 samples) were purchased from 
Spanish supermarkets, hypermarkets or organic food shops during 
2011. All of them were purchased with intact package and analyzed 
before the expiration date. Before the analysis, commercial samples 
were homogenized; 100 g was collected on a plastic container and 
stored at 25°C in a dark and dry place until analysis. Those samples 
showing the absence of mycotoxins were used as blanks in the 
preparation of standards and recoveries studies. Samples were 
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analyzed within 10 days of sampling. 

Extraction and clean up optimization

Briefly, 5 g of homogenized sample  were taken from each brand of 
commercial infants' food, transferred to 50 ml centrifuge tube and 
added 10 ml solvent MeOH/ ACN (85:15, v/v). After shaking the tube 
with the vortex machine for 1 min, 2 g of magnesium sulphate and 1 g 
of sodium chlorine, were added and vortex again during 1 min. Then, 
the tube was centrifuged for 10 min at 4000 rpm. An aliquot of 1 mL of 
the extract was transferred into a 2 mL centrifugation tube. In case 
that it did not remain 1 ml, it was added 12 ml instead of 10 ml in the 
previous step. Then, 50 mg of PSA and 150 mg of magnesium 
sulphate were added into the mixture, and shaken during 1 min. The 
mixture was centrifuged for 10 min at 4000 rpm and filtered through a 
0.22 μm PTFE filter prior to the LC/MS/MS analysis.

Results and Discussion

Method validation

Due to its sensitivity and selectivity for trace analysis of complex 
extracts, LC on a triple quadrupole mass spectrometer is currently the 
most commonly used technique for large-scale determination of 
mycotoxins. In order to obtain maximum sensitivity for the 
identification and quantification of the target compounds, a careful 
optimization of all MS parameters was performed for each analyte. 
Ideal fragmentation conditions were accomplished varying the cone 
voltage and collision energies for each compound. LC-MS/MS 
parameters were optimized by continuous infusion of a standard 

-1 -1solution (10 µg ml ) via a syringe pump at a flow rate of 10 µl min . 
As shown in Table 1, the base peak of the mass spectrum of most 
mycotoxins (precursor ion) was a m/z signal that corresponds to the 

+protonated molecule [M+H]  . However, a limited ionization of T-2, 
HT-2 and DAS toxin as protonated or deprotonated molecular ions 

+was obtained with ESI, so ammonium adducts [M+NH4 ] were used 
for the analysis. It must be indicated that although other authors use 
ES in negative mode to determine some mycotoxins such as DON, 
positive ionization was used in this study as all of the studied 
mycotoxins are not efficiently ionized in negative mode. 

The optimized cone voltages and collision energies used for MRM 
are 10 V and 10 eV respectively. Based on the confirmation of parent 
ions, more than two product ions should be selected in accordance 
with relevant EU recommendation 2002/657/EC which corresponds 
to four identification points (one precursor ion and two product ions). 
Ammonium acetate in mobile phase was added to avoid the formation 
of stable sodium adducts. The figure 1 shows chromatograms of 
successfully separated mycotoxin peaks from a spiked sample at 500 

-1mg kg . 

For repeatability and intermediate precision studies of the 
LC–MS/MS procedure, five replicate determinations on the same day 
and on five different days of a standard solution were carried out. 
Relative standard deviations (R.S.D.s) are shown in Table 2 and 
ranged from 2 to 5% for run-to-run precision and from 3 to 10% for 
the day-to-day precision. 

The limit of detection (LOD) is the lowest amount of analyte that can 
be detected in a sample and it was measured by the linearity 
experiments. The limit of quantification (LOQ) is the lowest amount 
of analyte in a sample that can be used for quantification and it can be 
quantitatively determined with precision and accuracy. LODs and 
LOQs are estimated for a signal-to-noise ratio (S/N) of 3:1 and 10:1, 

respectively. As can be observed in Table 2, LODs ranged from 0.005 
-1 -1mg kg  to 0.05 mg kg ; respectively LODs obtained were satisfactory 

except for DON which yielded to a LOD very close to the legislated 
limits for infant foods. FUS-X, DON, and NIV gave very weak 
signals in the positive ion mode.

Trichothecene recoveries were evaluated by spiking blank infant 
samples for three replications, with known amounts the studied 

-1mycotoxins at final levels of 0.5 and 5 mg kg . These values 
oscillated between 72% for DON and 99% for FUS-X.

The presented method is characterized by good linearity. The 
calibration curves of the standard prepared in methanol of each 
mycotoxin were linear over the working range of LOQs to 100 times 

2the LOQs, squared correlation coefficients (r ) ranged from 0.9951 of 
T-2 to 0.999 of FUS-X (Table 3). 
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Table 1. Optimized MS/MS parameters for each trichothecenes
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Table 2. Recovery and repeatability at two fortification levels (0.5 
-1and 5 mg kg ), limit of detection (LOD), limit of quantification (LOQ) 

and precision of the method.
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Co-eluting undetected matrix components may reduce or enhance the 
ion intensity of the analytes and affect the precision and accuracy of 
the assay. Usually two common methods are used to assess matrix 
effects: the post-column infusion method and the other is the post-
extraction spike method [23]. The post-column infusion method can 
provide a qualitative assessment of matrix effects. After samples are 

injected into the LC/MS/MS system, the response of a constantly 
infused analyte is monitored. This approach identifies 
chromatographic regions where an analyte would be most susceptible 
to suppression or enhancement and allows modifying the elution time 
of an analyte so that it does not fall into suppression zones. However, 
this process can be quite time consuming. In contrast, the post-
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Table 3. Evaluation of matrix effect: comparison of the calibration curves slopes, correlation coefficient (r2) and calculation of signal 
suppression/enhancement SSE (%) for the selected mycotoxins
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-1Figure 1. LC/MS/MS QqQ chromatograms corresponding to infant cereal food sample spiked at 500 mg kg  of each mycotoxin.
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extraction spike method or external calibration using matrix-matched 
samples is preferred as it can quantitatively assesses matrix effects by 
comparing the response of an analyte in blank solution to the response 
of the analyte spiked into a blank matrix sample. 

Linearity and matrix effects were studied using standard solutions 
(trichothecenes prepared in methanol) and matrix-matched 
calibrations (preparing adding the standard to the extract obtained by 
QuEChERS method) and comparing their slopes. Table 3 shows the 
calibration curves obtained using six concentration levels. The slope 
of the standard addition plot was compared with the slope of standard 
calibration plot to evaluate the matrix effects. The signal 
suppression/enhancement (SSE) was calculated according to Eq. 1 
defined by Sulyok, Berthiller, Krska, and Schuhmacher, 2006 [24] for 
each mycotoxin 

SSE=(slope matrix-matched calibration/slope standard calibration in 
solvent)X100

Significant signal suppression (SSE: 51-96%) was observed for three 
of the studied mycotoxins whereas four of the mycotoxins showed a 
significant signal enhancement (SSE: 112-195%).

Application of the proposed method 

In order to prove the effectiveness and suitability in routine analysis, 
the proposed method was applied to 57 samples of infant cereal food 
from Valencia markets (Table 4). Nine (15.5%) samples were 
contaminated with FUS-X, 15-Acetyl-DON, 3-Acetyl-DON and T-2. 
The most frequently detected mycotoxin was 3-ADON; 6 (10.5%) 
samples were contaminated at levels ranging from 0.095 to 0.165 mg 

-1kg . FUS-X was found 2 samples (3.5%) in the range of 0.66-1.66 mg 
-1kg . Only one sample was contaminated with T-2 at a level of 0.039 

-1mg kg  and other sample with 15-Acetyl-DON at a level of 0.119 mg 
-1kg . Only one sample contained two mycotoxins, 15-Acetyl-DON 

and 3-Acetyl-DON. Only one sample contained a quite high amount 
-1of FUS-X (1.66 mg kg ), although this mycotoxin is not regulated, it 

should be carefully controlled. In our laboratory, Serrano et al. (2012) 
[13] analyzed ENs and BEA in 45 cereal-based baby food and ENA, 

ENA1, ENB and ENB1 were detected in 2.2%, 13.3%, 2.2% and 40% 
-1samples at levels below 149.6, 101.7, 39.4 and 35.8 μg kg , 

respectively. Among the studied mycotoxins, DON is the most 
frequent mycotoxins in other commodities, but in our study it was not 
detected. Legislated DON limit for baby food is very low and 
although it has been reached by our method, it was not possible to 
reach much low level that the established limits. However, this 
mycotoxin is supposed to be the most controlled one as it is the only 
one legislated for baby food.

Conclusions

A rapid, reliable and cost efficient method for the analysis of 7 
trichothecene mycotoxins in infant cereal food was developed using a 
QuEChERS-based extraction step and LC–MS/MS detection. The 
method is characterized by good recoveries, sensitivity and precision. 
Limit of quantification were lower than the maximum limits 
established by the EU. Although matrix effect was observed, it was 
successfully compensated using matrix matched calibration. Applied 
to 57 samples, FUS-X, 15-Acetyl-DON, 3-Acetyl-DON and T-2 were 
detected in 9 samples at very low concentration. Nowadays, these 
lower levels of trichothecenes are probably due to the application of 
good agriculture practice for the prevention and reduction of 
Fusarium species in cereals and the accomplishment of food safety 
measures. 
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