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ABSTRACT 

An LC-MS/MS (QqQ) method has been developed and validated for simultaneous 

determination of the following trichothecenes in UHT cow milk: nivalenol (NIV), 

deoxynivalenol (DON), deepoxy-deoxynivalenol (DOM-1), 3-acetyldeoxynivalenol (3-

ADON), 15-acetyldeoxynivalenol (15-ADON), neosolaniol (NEO), diacetoxyscirpenol 

(DAS), fusarenon X (FUS-X), T-2 and HT-2 toxins. Sample treatment is simple and 

based on the extraction with acetonitrile (ACN), acidified with 0.2% formic acid, 

followed by a purification process, adding sodium acetate to the ACN/water extract in 

order to separate aqueous phase and, consequently, polar components of the milk. 

Validation of the method for all the 10 mycotoxins was successful; validation 

parameters taken into account were as follows: limits of detection (LOD) and 

quantification (LOQ), linearity, precision (within-day and between-day variability), 

recovery, matrix effect and stability. The LODs were 10.1, 2.5, 1.5, 1.9, 0.1, 0.5, 1.0, 

0.08, 0.4 and 0.05 ng/mL for NIV, DON, DOM-1, FUS-X, NEO, 3-ADON, 15-ADON, 

DAS, HT-2 and T-2, respectively. Mean recovery values (obtained in intermediate 

precision conditions) were between 63.5 and 75.8 (RSDR ≤ 15%) for all the mycotoxins. 

All the mycotoxins suffered from matrix effects, especially DON.  
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1. Introduction 

 

Mycotoxins are secondary metabolites produced by molds and they can contaminate 

agricultural commodities intended for human food and animal feed [1]. In fact, 

approximately 20% of food products, mainly of plant origin, are contaminated with 

mycotoxins [2]. The presence of the mycotoxins in human food and animal feed could 

be a risk to human and animal health due to their toxicity [3] and could also produce 

economic losses due to refusal of contaminated products, reduced animal production 

and veterinary costs [4]. Co-occurrence of mycotoxins in food and feed is likely to 

appear because one type of fungus can produce different mycotoxins, and on the same 

substrate more than one type of mold could be present.  

 

The Fusarium genus is probably the major producer of mycotoxins on temperate areas 

[5]. Trichothecenes are among the most frequently detected fusariotoxins in human and 

animal cereal-based food [6]. Trichothecenes are classified into two groups, A and B, 

according to their structural characteristics. Type A, including diacetoxyscirpenol 

(DAS), neosolaniol (NEO), HT-2 and T-2 toxins, can cause vomiting, diarrhea, 

leukopenia, necrotic lesions and hemorrhage. T-2 toxin is a highly toxic compound, 

especially for the immune system. It has been related to the Alimentary Toxic Aleukia 

(ATA) illness [7], to the inhibition of protein synthesis [5], to bovine infertility and to 

abortion [8]. The European Food Safety Authority [9] considers T-2 toxin to be one of 

the most dangerous contaminants, and the European Commission has recommended a 

tolerable daily intake for humans (TDI) of 100 ng/kg body weight (b.w.) for the sum of 

T-2 and HT-2 toxins [10]. 

 

With regard to type B, the trichothecenes classified into this group are as follows: 

deoxynivalenol (DON, vomitoxin), 3-acetyldeoxynivalenol (3-ADON), 15-

acetyldeoxynivalenol (15-ADON), nivalenol (NIV) and fusarenon X (FUS-X). Their 

toxic effects are food refusal and vomiting, kidney problems and immunosuppression 

[11]. DON has emetic properties and provokes feed refusal in animal; in addition, it 

supposedly suppresses resistance to bacterial infections such as Listeria and Salmonella 

[12]. The European Commission has recommended a TDI of 1.2 µg/kg b.w. per day for 

NIV[13] and a provisional maximum tolerable daily intake (PMTDI) of 1 µg/kg b.w. for 

DON and its acetylated derivatives (3-ADON and 15-ADON) [14].   
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Milk is a highly consumed food. For instance, in Europe, more than 150 kg/capita/year 

are consumed [15]. In 2013, the estimated milk production was approximately 159 

million tons per year, approximately 15 % of the European agricultural output [16]. Due 

to its economic impact and its importance as a human food, especially during the first 

years of life, it is very important to determine the presence of contaminants in this 

matrix in order to expand our knowledge regarding this aspect.  

 

There is little information regarding the presence of trichothecenes in milk due to the 

low number of samples analyzed and their presence in this matrix has not been 

regulated. Ruminants are supposedly less affected for mycotoxins due to the rumen 

metabolism [4], and their concentration levels, if any, in milk from healthy cows are 

supposed to be low. However, certain cow diseases can alter rumen metabolism [17] 

and favors the possible presence of mycotoxins in milk. Sørensen and Elbæk detected 

DOM-1 in a 25% of milk samples obtained from cows with undiagnosed symptoms of 

disease [18]. 

 

In addition, high levels of mycotoxins in feed could also alter rumen metabolism [17]. 

Some trichothecenes in food intended for animal feeding are a major concern, especially 

DON, T-2 and HT-2. The European Union has established guidance values for DON in 

products intended for animal feed and has recommended the collection of more data for 

T-2 and HT-2 in these matrices. In order to assess co-occurrence, simultaneous analysis 

of diverse mycotoxins in feed has also been recommended [19].  

 

Few studies regarding transference of trichothecenes into milk have been carried out. 

Only transmission of DON and T-2 to cow milk has been studied, but in few animals 

and with variable results due to the use of different doses or routes of administration. 

DON is mostly biotransformed within the rumen and detected in milk as DON and 

deepoxy-deoxynivalenol (DOM-1) [20-22], whereas T-2 has been detected in the milk 

without metabolization [23] and  metabolized into HT-2, NEO, 4-deacetylneosolaniol, 

and 4 more unknown metabolites [24]. Metabolites could have different toxic effects 

than the parent mycotoxin [25,26].  More studies are needed in order to increase 

knowledge regarding this aspect.  
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Nowadays, mycotoxin detection in milk generally focuses on aflatoxin M1 (AFM1); 

little is known regarding the presence of other mycotoxins in this matrix. However, our 

previous survey [27] has found that low levels of other mycotoxins such as DOM-1 can 

be present in milk samples worldwide. Interestingly, Slovakia and Czech Republic have 

established maximum limits for mycotoxins other than AFM1 in milk [28]. In the case 

of different trichothecenes being present in milk, together they could have additive or 

synergic toxic effects on human health; however, this aspect has not been studied. 

 

In addition, the study of the presence of mycotoxins in milk can be used as a control for 

animal feed contamination and as a tool to study absorption and distribution of 

mycotoxins in animals [29]. 

 

Validated analytical methods, especially those capable of simultaneous analysis, are 

needed in order to assure that contaminated milk does not reach consumers; in addition, 

they will be helpful in broadening our knowledge regarding toxicity, transmission from 

feed into milk, etc. However, due to the different physicochemical characteristics of 

mycotoxins and to the complexity of milk composition (lipids, proteins and sugars, 

among other components), the development of this type of methods is an analytical 

challenge. 

 

Trichothecenes in milk have usually been analyzed using gas chromatography, in which 

case a step of derivatization is necessary before the chromatographic analysis. Most of 

these studies are based on the analysis of a single mycotoxin (usually DON or T-2) 

instead of the simultaneous analysis of type-A and type-B trichothecenes [18]. The use 

of liquid chromatography coupled with MS, in which derivatization is not necessary and 

in which the simultaneous analysis of different chemical structures is permitted, is an 

advantage. Moreover, LC-MS reaches the high selectivity and sensitivity needed in the 

determination of contaminants in food matrixes. In fact, methods for multimycotoxin 

detection in food using this technique have increased over the last years. However, 

methods devoted to trichothecenes determination in cow milk using LC-MS/MS are 

scarce.  

 

Jia et al. validated an analytical method for the simultaneous analysis of 58 mycotoxins, 

including 9 trichothecenes, in commercial milk using UHPLC/ESI Q-Orbitrap and the 
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QuEChERS extraction procedure [29]. On the other hand, after acetonitrile and hexane 

extraction from milk, a clean-up phase by solid phase extraction (SPE), and with the use 

of LC-ESI-MS/MS, Sørensen and Elbæk simultaneously determined the following 

trichothecenes: DON, DOM-1, 3-ADON, 15-ADON, DAS, T-2 and HT-2 [18]. In 

addition, Beltrán et al. determined 18 mycotoxins (nine trichothecenes) in different 

matrixes, including milk, using UHPLC-MS/MS [30]. Finally, Tsiplakou et al. 

developed a method capable of determining 11 mycotoxins in milk using LC-MS/MS, 

including the trichothecenes DAS, T2 and HT-2 [31]. 

 

The aim of this work is to develop and to validate a method capable of analyzing 10 

trichothecenes (NIV, DON, DOM-1, 13-ADON, 15-ADON, NEO, DAS, FUS-X, HT-2 

and T-2) simultaneously in ultra-high temperature (UHT)-cow milk using LC-MS/MS 

triple quadrupole (QqQ) mass spectrometer. Other available methods for trichothecenes 

determination in milk use different equipment or include a lower number of 

trichothecenes in a single analysis. Due to milk composition characteristics, the 

extraction procedure has been carefully studied, using different extraction solvent 

mixtures. The validated method was applied to the simultaneous analysis of 10 

trichothecenes (type-A and type-B) in 13 samples of UHT cow milk collected in 

Navarra (Spain).  

 

2. Experimental 

 

2.1. Chemicals and reagents 

Methanol (LC/MS grade), formic acid (mass spectrometry grade, purity > 98%), 

ammonium formate (analytical grade), sodium acetate (anhydrous, HPLC grade 

>99.0%), sodium chloride (ACS reagent >99.0%) and magnesium sulfate (anhydrous 

reagent plus >99.5%) were purchased from Sigma-Aldrich (USA). Deionized water 

(>18 MΩ cm
-1

 resistivity) was purified using Ultramatic Type I system (ultrapure 

reagent grade water) from Wasserlab (Spain).  

 

2.2. Mycotoxin standard solutions 

All mycotoxins (reference material purity ≥ 98%) were supplied by Sigma-Aldrich 

(USA) and kept at -20°C. Trichothecenes: nivalenol, deoxynivalenol, deepoxy-

deoxynivalenol, 3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol, neosolaniol, 
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diacetoxyscirpenol, fusarenon X, T-2 and HT-2 toxins were purchased as standard 

solutions of 100 μg/mL in acetonitrile.  

 

Ten milliliters of a mixed stock solution in acetonitrile was prepared by diluting 

appropriate volumes of the individual standard solutions. Before storing at -20ºC, the 

mixed stock solution was aliquoted (1 mL) into microcentrifuge tubes. Each tube was 

maintained at room temperature and in darkness for 30 min prior to use.  The calculated 

concentration of each mycotoxin in the mixed stock solution (in ng/mL) was as follows: 

NIV 1011.4, DON 251.3, DOM-1 151.5, FUS-X 185.0, NEO 10.0, 3-ADON 50.2, 15-

ADON 101.1, DAS 8.0, HT-2 40.1 and T-2 5.0. The addition of different volumes of 

this mixed stock solution to milk allowed the obtainment of calibration samples 

containing all the analytes in the concentration range desired for each one of them.  

 

2.3. Safety precautions  

Due to their toxicity, mycotoxins have always been handled in solution, thereby 

avoiding the formation of dust and aerosols. Face shield and gloves were used during 

the dilution of mycotoxins and when handling spiked samples. In order to protect 

mycotoxins from photodegradation all the mycotoxins solutions, samples and spiked 

samples, were handled under low-light conditions. 

 

2.4. Instrumentation and analytical conditions 

Chromatographic separation was achieved using an LC system from Agilent 

Technologies, 1200 series (Germany): degasser (G1379B), binary pump (G1312B), 

autosampler (G1367C) with thermostat (G1330B) and a thermostatic column 

compartment (G1316B) equipped with an Ascentis Express C18, 2.7 µm particle size, 

150 mm x 2.1 mm column (Supelco Analytical, USA), maintained at 45°C. Mobile 

phase consisted in a mixture of component A (5mM ammonium formate and 0.1% 

formic acid in water) and B (5mM ammonium formate and 0.1% formic acid in 95:5 

methanol:water). Chromatographic separation was achieved using the following elution 

program: 0 min, 5% B, to 28% B at 5.0 min, to 45% B at 10.5 min, to 60% B, at 11.0 

min and to 90% B at 16.0 min Finally, 90%B  was maintained for 1.0 min followed by 

column re-equilibration during 13.0 min under the initial conditions. The first 2.2 min 

and from min 17.0 until the end of the run, the diverter valve turned the effluent from 
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the column into waste in order to prevent soiling the source in the MS detector. Flow 

rate was 0.4 mL/min. Injection volume was 15 L. 

 

Detection was achieved using a 6410 Triple Quad (QqQ) LC-MS/MS System from 

Agilent Technologies (Germany) equipped with an electrospray ionization (ESI) 

interface. Data acquisition parameters for selected reactions monitoring (SRM) mode 

were optimized for all mycotoxins, one by one, in flow injection analysis (FIA) mode. 

SCAN mode was used to choose the precursor ion. [M+H]
+
, [M+NH4]

+
 and [M+Na]

+
 

adducts were searched. SIM mode was used to choose fragmentor voltage, and Product 

Ion mode was used to choose the product ions and appropriate collision energy for each 

one. 

 

MS operation conditions were as follows: capillary voltage 4000V, drying and 

nebulizing gas (high purity nitrogen) at 350°C, at a flow of 9L/min and at 40 psi. Ultra 

high purity nitrogen (99.999% purity, Praxair, Spain) was used inside the collision cell. 

Data has been collected using SRM mode. 

 

2.5 Calibration sample preparation 

Calibration samples were prepared by spiking UHT cow milk with mycotoxins. 

Previously, UHT cow milk, in which trichothecenes were not be detected, was selected. 

A given volume of the mixed stock solution was pipetted into 15 mL polypropylene 

centrifuge tubes and dried under vacuum at 65ºC in an evaporator (GeneVac, SP 

Scientific, England). The residue was then dissolved in 1 mL of UHT cow milk by 

stirring for 2 min in a vortex agitator. Next, the procedure for sample preparation was 

applied.  

 

2.6. Sample preparation 

Milk samples were prepared as follows: 1 mL of milk sample was extracted with 4 mL 

of acetonitrile acidified with formic acid (2%) for 15 min, using a 360º rotary agitator. 

The mixture was centrifuged (10 min at 5000 rpm) and 4.1 mL of the clear extract, the 

maximum volume that can be securely separated, were transferred into a clean tube. 

Next, approximately 60 mg of CH3COONa were added to the extract and after shaking 

for 15 min in a rotary agitator, the mixture was centrifuged for 5 min at 5000 rpm. A 

total of 3.5 mL of the upper extract (ACN phase) was transferred into a clean tube and 
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evaporated at 65ºC until dryness. The residue was reconstituted in 200 µL of mobile 

phase (5% B) by vortexing for 2 min Finally, this was filtered through a 0.45 µm PVDF 

filter (Merck Millipore, Ireland) before LC-MS/MS analysis.  

 

2.7. Validation of the method 

Validation of the method for simultaneous quantification of trichothecenes in UHT cow 

milk has been based on the following parameters: selectivity, detection and 

quantification limits, range of concentration, linearity, precision of the instrumental 

system, precision and accuracy (within- and between-day), recovery, matrix effect, 

stability in the injector tray after extracting mycotoxins from UHT cow milk, stability in 

the mixed stock solution stored at -20ºC, and stability in the dried extract obtained from 

spiked milk sample and stored at -20ºC. 

 

Selectivity was assessed using a mass spectrometer (QqQ) in SRM mode. Two 

transitions were selected for each one of the mycotoxins. The transitions intensity ratio 

(qualification/quantification) has been calculated in percentage for each mycotoxin at 

three concentration levels in both, matrix matched calibration samples and in standard 

samples. The mean value obtained for each mycotoxin in each type of sample has been 

included in table 1. RSD values obtained in each type of sample at the three levels of 

concentration are below 10% in all cases and the difference between mean values in 

both types of samples in less than 12 % for all the mycotoxins. These  data, along with 

the comparison of the chromatographic retention times with those of standards (with a 

tolerance of ± 0.5%), assured peak identity [32]. 

 

Quantification and detection limits were assessed for each one of the mycotoxins by 

preparing calibration samples at low concentrations. The limit of quantification (LOQ) 

corresponds to the minimum concentration assayed in UHT cow milk with adequate 

precision (RSD < 20%) and accuracy (back-calculated concentration with a relative 

error (RE) compared to the nominal value <20%). This concentration level has been 

included at the lowest level in the corresponding calibration curve. The limit of 

detection (LOD) was the lowest concentration level tested without adequate precision 

and accuracy at which a value of signal-to-noise (S/N) ratio of at least 3 was obtained 

for the less sensitive transition.  
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Range has been chosen for each one of the mycotoxins for covering from LOQ to 10 x 

LOQ concentration levels.  

 

Four calibration curves were plotted for each one of the mycotoxins on four different 

days. All the calibration curves were made up using 8 calibration points prepared by 

spiking milk samples, as indicated before. Matrix-matched calibration curves were 

evaluated  by the analysis of determination coefficient r
2
 > 0.99, the slope of the linear 

calibration curve statistically different from 0 (p = 95%) and back-calculated 

concentration for each one of the calibration samples (relative error <15% or <20% for 

LOQ level). 

 

Precision of the instrument was calculated as peak areas RSD% of six consecutive 

injections of one vial prepared from a calibration sample at medium level of 

concentration. Accuracy and precision were assayed by analyzing three calibration 

samples at low (3 x LOQ), medium (6 x LOQ) and high levels (10 x LOQ) of each one 

of the calibration ranges, per triplicate, on one day (within-run) and on four different 

days (between-run). Precision has been calculated as the relative standard deviation 

(RSD) in %, whereas the standard error of the mean compared to the nominal value was 

used for accuracy. 

 

Recovery and matrix effect were determined at low, medium and high levels of 

concentration per triplicate on three different days. In order to do this, for each 

concentration level, the adequate volume of the mixed stock solution of mycotoxins 

were put into nine tubes and after that, the solvent was evaporated. In three of the tubes 

(tubes A), the residue was dissolved in 1 mL of UHT cow milk and after that the sample 

was treated as indicated before. The residues in three other tubes (tubes B) were 

dissolved with 3.5 mL of final extract of a non-spiked milk sample, evaporated and 

resuspended in 200 L of mobile phase; and the residues in other three tubes (tubes C) 

were directly dissolved in 200 L of mobile phase.  

 

Recovery was obtained for each mycotoxin and concentration level as follows: 
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Precision (between-run) of the recovery value obtained for each mycotoxin should be ≤ 

15%. 

Matrix effect was obtained for each mycotoxin and concentration level using the 

following equation [33]: 

 

 

If % ME = 100, no matrix effects are considered; if % ME > 100, there is signal 

enhancement, and if % ME < 100, there is signal suppression. 

 

Stability in the injector tray (4ºC) was assayed at three different concentrations (low, 

medium and high levels) in triplicate injected at 0, 12 and 49 h after being prepared. In 

order to study the stability of the mycotoxins at -20ºC, spiked milk samples at three 

concentration levels (low, medium and high levels) and in triplicate were extracted; 

after evaporation of the ACN phase, they were stored at -20ºC. This procedure was 

repeated during four weeks. Finally (fourth week), all the residues were reconstituted 

with mobile phase and the peak areas obtained from frozen samples were compared 

with those obtained from fresh samples. Stability was evaluated by carrying out a 

regression study of the obtained peak areas for each mycotoxin versus time. A slope 

value statistically non-different from 0 (p = 95%) indicated stability.  

 

In addition, stability of mycotoxins in the mixed stock solution at -20ºC was evaluated 

at one concentration level, analyzing a 100 L aliquot of this solution per triplicate, 

stored for 21 days at -20ºC and also analyzing one 100 L aliquot of a fresh mixed 

stock solution per triplicate. Aliquots were evaporated at 65ºC and re-dissolved in 500 

L of mobile phase (5% B). Stability has been assured if the mean peak area for each 

mycotoxin, after being stored at -20ºC, was a value among the mean peak areas ±15% 

for each mycotoxin in the fresh mixed stock solution. 

 

3. Results and discussion 

 

3.1 Optimization of mass spectrometry and chromatography conditions 
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ESI in positive and negative mode were explored, but better results were obtained in 

positive mode. Precursor and product ions, fragmentor, collision energy and retention 

time were set for each mycotoxin (Table 1). Most of precursor ion and transitions 

chosen concur with the reference literature [34, 35]. 

 

Different chromatographic conditions (100% methanol or mixtures of ACN and 

methanol as solvent B in the mobile phase and different gradients) were investigated in 

order to achieve the best separation and resolution of peaks. Using the chromatographic 

conditions described, A (5mM ammonium formate and 0.1% formic acid in water): B 

(5mM ammonium formate and 0.1% formic acid in 95:5 methanol:water) in gradient  

conditions, adequate separations of the mycotoxin peaks were obtained. Five percent of 

water in the B component of mobile phase was necessary for preventing ammonium 

formate precipitation. A chromatogram obtained from a spiked milk sample at LOQ 

level is show in Fig. 1. 

 

3.2 Preparation of the mixed stock solution 

Different mixed stock solutions have been prepared for spiking milk samples. In order 

to evaluate them, an aliquot of each one has been evaporated, re-dissolved in mobile 

phase and analyzed in triplicate. In each case, mean peak areas from different mixed 

stock solutions did not differ in more than 5% and therefore, it has been assumed that 

they were prepared correctly. 

 

3.3. Procedure for milk spiking    

Two spiking methods were tested in order to obtain calibration samples as similar as 

possible to the real samples: to dry the adequate volume of the mixed stock solution and 

afterwards dissolve the residue in 1 mL of milk by vortexing; or  directly to add the 

volume of the mixed stock solution to 1 mL of milk. Higher peak areas and lesser RSD 

(%) were obtained after applying the first method. Perhaps the addition of acetonitrile 

could alter the samples, for instance, protein precipitation or emulsion rupture, thereby 

creating additional difficulties in the extraction.  

 

3.4 Extraction procedure 

Milk is a complex matrix due to its high content in fat, protein and sugars, all of which 

interfere during the extraction of mycotoxins and during extract cleanup. Different 
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solvents have been used for the extraction of mycotoxins from milk [36]. From all of 

these, acetonitrile, acetone, methanol, ethyl acetate and different mixtures of 

acetonitrile-acetone were chosen for testing their extraction capability. All of them were 

acidified with formic acid (2%). In addition, the use of hexane (for removing fat) or 

different salts (sodium acetate, sodium chloride, or magnesium sulfate) were evaluated. 

All experiments were carried out in triplicate. 

 

First of all, acetonitrile, acetone, methanol and ethyl acetate, acidified with formic acid 

(2%), were evaluated mixing 4 mL of one of these solvents with 1 mL of spiked milk. 

After centrifugation (12 min at 5000 rpm), 4 mL of the clear extract were evaporated at 

65ºC until dryness. The residue was reconstituted in 200 µL of mobile phase (5% B) by 

vortexing for 2 min, filtered and analyzed. The peak area obtained for each mycotoxin 

when ACN was used was considered to represent 100% extraction and then the 

extraction of each mycotoxin was calculate in % of peak area in regard to that obtained 

using ACN (Fig. 2).  As can be observed, acetonitrile and acetone give, on the average, 

the best extraction for all 10 trichothecenes tested (Fig. 2A). Therefore, different 

mixtures of acetonitrile-acetone (4:0, 3:1, 2:2, 1:3, 0:4) acidified with formic acid were 

assayed, but ACN gave the best results (Fig 2B). Finally, different proportions of 

ACN:milk (2:1, 3:1, 4:1, 6:1, 8:1) were assayed and the best results (the best efficient 

extraction procedure and less volume used) were obtained when 4 mL of ACN were 

added to 1 mL of milk (Fig. 2C).  

 

Next, the use of hexane for removing fats was evaluated [18, 37]. In order to do this, 1 

mL of milk sample was extracted with 4 mL of ACN (2% formic acid) and 2 mL of 

hexane. It was observed that if hexane is added to milk before ACN, a gelatinous phase 

appears, making the work to be carried out more difficult. After stirring for 30 min and 

centrifugation, the ACN-water phase was separated, evaporated and re-suspended in 

200 L of mobile phase (5% B), followed by analysis. The use of hexane increases the 

extraction ratio of mycotoxin from milk to the ACN-water phase, but creates additional 

difficulties in the sample extraction procedure and increases %RSD.  

 

In order to increase concentration, the extract from each sample was evaporated and 

resuspended in mobile phase before analysis. The evaporation process was time-

consuming because a yellow viscous pellet, containing undetermined components 
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extracted from milk, appeared in the tube preventing complete dryness and adequate 

resuspension. In order to obtain a clean dry extract, and based on reference literature 

[38], the addition of certain salts during the extraction procedure, such as NaCl and 

CH3COONa, with or without the simultaneous use of MgSO4, was studied. It was 

observed that the addition of MgSO4 formed a clump that could be trapping mycotoxins 

and MgSO4 was discontinued. The use of 60 mg of CH3COONa with ACN as the 

extraction solution obtained the best results: a clear separation of the water phase and 

ACN was achieved and the acetonitrile phase could be totally evaporated without 

visible yellow residue in the tubes. Therefore, this clean-up procedure was chosen 

instead of using ACN and hexane. Sodium acetate should be added to the mixture 

obtained after ACN extraction, because the peak areas obtained for HT-2 and T-2 (the 

least polar mycotoxins of those tested) were considerably smaller when sodium acetate 

was added to the milk samples prior to extraction.   

 

3.5. Method validation 

Good calibration curves were obtained for each one of the mycotoxins because the 

regression study between the response (peak areas) and the respective concentration of 

mycotoxins in calibration samples met the previously fixed linearity criteria. Table 2 

shows the following: linear ranges for each mycotoxin; the regression data for one of 

the regression lines obtained for each mycotoxin, which includes r
2 

(>0.99), slope 

(along with their confidence intervals (p=95%) that did not include the 0 value), 

intercept values and the LOD and LOQ (the slowest concentration level in each 

mycotoxin range) for each mycotoxin. 

 

Developed methods for mycotoxins determination should have the maximum sensitivity 

possible. Different procedures have been used by different authors in order to define the 

lowest quantifiable concentration level for trichothecenes. LOQ values obtained in this 

work are better than those obtained by authors that use a similar procedure in their 

calculation (the lowest concentration level validated with satisfactory recovery and 

precision). Tsiplakou et al reported an LOQ of 10 g/kg for DAS, T-2 and HT-2 [31]; 

and Beltrán et al reported values of 4 g/kg for NEO, T-2 and DAS, 40 g/kg for NIV, 

DON, 3-ADON, 15-ADON, FUS-X and HT-2, and 400 g/kg for NIV [30].  Others 

determined the decision limit (CC ) and the detection capability (CC ), for this reason 
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results are difficult to be compared [39]. Jia et al [29] obtained CC  values from 0.03 

g/kg for DOM-1 up to 0.88 g/kg for trichothecenes. Sørensen et al [18] obtained from 

0.05 g/L for DAS up to 0.15 g/L for DON. 

 

Instrumental precision was studied by analyzing one spiked milk sample six times at the 

medium level for each mycotoxin; a RSD (%) below 6.5 was achieved for each one of 

them. Within-run (n=3) and between-run (n=12) precision (expressed as %RSD) and 

accuracy (as the relative error of the mean of back-calculated concentrations with 

respect to the nominal value) were less than 15% in the three concentration levels 

assayed for all mycotoxins. Table 3 shows the results obtained in the precision and 

accuracy studies. 

 

Recovery values (%) obtained (and RSD %) for each mycotoxin and concentration level 

in intermediate precision conditions (n=3) are shown in Table 3. Mean recovery values 

(%) taking into account different levels and days (n=9) were: 63.5, 73.1, 70.5, 74.7, 

75.8, 73.9, 72.9, 73.4, 75.6, 72.3  for NIV, DON, DOM-1, FUS-X, NEO, 3-ADON, 15-

ADON, DAS, HT-2 and T-2, respectively, with RSD (%) value ≤15% for all the  

mycotoxins. All of the results were within the performance criteria range for DON, T-2 

and HT-2, established in the Commission Regulation (EC) Nº 401/2006 of February 23, 

2006 which lays down the methods for sampling and analysis for the official control of 

the levels of mycotoxins in foodstuffs DON(>100≤500 g/L): recovery between 60-

110%, RSDr ≤20%  and RSDR ≤40%; T-2 (50-250 g/L):  recovery between 60-130%, 

RSDr ≤40% and a RSDR ≤60%; HT-2 (100-200 g/L):  recovery between 60-130%, 

RSDr ≤40% and a RSDR ≤60%  [40]. 

 

Matrix Effect was evaluated at low, medium and high levels as indicated in the material 

and methods section. Table 3 shows %ME values obtained (and RSD %) for each 

mycotoxin and concentration level in intermediate precision conditions (n=3). 

Significant signal suppression or enhancement was observed for most of them, with 

DON being the most affected. Mean %ME taking into account different levels and days 

(n=9) were: 66.3, 22.1, 72.8, 83.4, 120.7, 90.5, 81.1, 110.7, 107.6, 58.2  for NIV, DON, 

DOM-1, FUS-X, NEO, 3-ADON, 15-ADON, DAS, HT-2 and T-2, respectively, with 

RSD (%) ≤15%,  except for T-2 (24.3%).   
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Stability studies 

Prepared samples were stable inside the injector (4ºC) for at least 49 h; extracted and 

evaporated samples were stable at -20ºC for at least four weeks for all mycotoxins 

except for FUS-X, which was stable for two weeks. Mixed stock solution is stable at -

20ºC for at least 21 days. 

 

3.6 Applicability of proposed method 

 

Thirteen whole UHT cow milk samples packaged in Tetra Brick from different brands 

were purchased in Navarra (Spain) and analyzed using the proposed method that has 

proven to be an excellent tool in the screening, quantitation and confirmation of target 

mycotoxins in UHT cow milk. Mycotoxin levels higher than LOD have not been found 

in any one of the samples. An example of the chromatogram obtained from a real 

sample is shown in Fig. 1 

 

4. Conclusions 

In order to determine the co-occurrence of mycotoxins in animal milk in a shorter 

period of time and with a lower cost of analysis, new analytical methodologies, which 

make simultaneous analysis in different matrices possible, must be developed. In this 

paper, LC-ESI-MS/MS has been applied for the simultaneous analysis of 10 

trichothecenes in UHT cow milk. The method includes an extraction step using 

acidified ACN, and sodium acetate in the cleanup of the extract to eliminate 

components from the matrix. The proposed method has been successfully validated for 

its implantation in routine monitoring programs. The analyzed samples did not present 

trichothecenes, but the analysis of more samples from different countries is needed in 

order to obtain a conclusion regarding the presence of these mycotoxins in milk and its 

significance on milk safety. 
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Figure captions: 

Fig. 1: Superposed extracted SRM for each one of the mycotoxins in one 

chromatogram. (A) Includes the quantification transition peaks obtained after extraction 

of a spiked milk sample at LOQ level. (B) Shows the qualification transition peaks 

obtained from the same sample. (C) Shows the quantification transition peaks obtained 

from a real milk sample purchased from the market 
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Fig 2. Mycotoxin extraction with different solvents (data normalized versus ACN) (A), with different acetonitrile:acetone proportions (data  

normalized versus ACN:acetone (4:0)) (B) and different proportions of extraction mixture (ACN):milk (data normalized versus (4:1)) (C) . 
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Table 1: Retention times and MS parameters for identifying each mycotoxin. 

tR
a
 

(min) 

Mycotoxin Adduct Precursor 

Ion 

Product 

Ion (Q)
a
 

Product 

Ion (q)
a
 

Frag.
a
 

(V) 

CE
a
 (V) Relative 

intensity % 

(sample) 

Relative 

intensity % 

(standard) 

4.0 NIV H
+
 313.1 175.0 177.1 90 8/10

b
 60 62 

5.9 DON H
+
 297.1 249.1 203.1 100 3/10 92 93 

7.8 DOM-1 H
+
 281.2 215.2  233.1 90 5/5 96 92 

7.9 FUS-X H
+
 355.1 175.0 247.1 80 22/8 56 57 

8.6 NEO NH4
+
 400.1 185.1 305.2 100 15/5 65 57 

9.9 3-ADON H
+
 339.2 231.1 203.2 90 3/7 70 69 

10.0 15-ADON H
+
 339.2 137.1 321.2 90 3/0 81 78 

14.1 DAS NH4
+
 384.2 247.1 307.1 90 7/5 79 85 

15.3 HT-2 NH4
+
 442.2 215.1 197.1 90 7/10 66 64 

16.1 T-2 NH4
+
 484.2 215.1 305.1 100 15/7 61 57 

a
tR, retention time; Q, quantification; q, qualification; Frag, Fragmentor; CE, Collision energy.  

b
First value corresponds to (Q) and second value to (q). Relative intensity calculated as  q/Q x100, mean 

of  values obtained at three concentrations. 

 

Table 2: Linear range, LOQ (as the lowest level of the range), LOD, signal-to-noise 

ratio for LOD and regression data for a typical calibration curve 

Mycotoxin 
Range 

(ng/mL) 

LOD 

(ng/mL) 
r

2
 

Slope 

(confidence interval 95%) 
Intercept 

 

 

NIV 20.2 - 202.3 10.1 0.9982 12.2 (11.9, 12.6) -49.2  

DON 5.0 - 50.3 2.5 0.9973 18.8 (17.9,  19.6) -17.5  

DOM-1 3.0 - 30.3 1.5 0.9993 110.5 (108.3, 112.8) -42.3  

FUS-X 3.7 - 37.0 1.9 0.9986 62.4 (60.5, 64.3) 6.3  

NEO 0.2 - 2.0 0.1 0.9994 944.8 (926.3,  963.3) -25.8  

3-ADON 1.0 - 10.0 0.5 0.9988 233.8 (227.8, 239.8) -28.7  

15-ADON 2.0 - 20.2 1.0 0.9985 178.8 (173.1, 184.5)  -84.1  

DAS 0.16 - 1.6 0.08 0.9983 543.2 (526.1, 560.3) -15.8  

HT-2 0.8 - 8.0 0.4 0.9985 149.3 (144.0, 154.5) -0.7  

T-2 0.1 - 1.0 0.05 0.9983 483.8 (470.4,  497.2) -17.4  
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Table 3: Precision (%RSD), accuracy (%E), matrix effect (%ME) and recovery (%R). Within-run precision and accuracy have been studied in triplicate at 

each concentration level, whereas between-run have been studied in triplicate on four different days. ME and recovery have been studied in between-run 

conditions on three days.  

a
L, M, H: low (3 x LOQ), medium (6 x LOQ) and high levels (10 x LOQ), of each mycotoxin, respectively. 

 

Mycotoxin Precision (%RSD) Accuracy (%E)  Matrix effect (%RSD)  Recovery (%RSD) 

 

Within-run (n=3) Between-run (n=12) Within-run (n=3) Between-run (n=12)  Between-run (n=3)  Between-run (n=3) 

 

La M H L M H L M H L M H  L 

 

M 

 

H 

 

 L 

 

M 

 

H 

 NIV 8.5 3.9 0.5 7.3 6.9 6.3 5.9 2.3 0.8 6.0 2.9 3.6  65.8 (12.7) 67.5 (13.5) 65.6 (16.6)  61.7 (7.4) 62.0 (8.3) 66.7 (6.9) 

DON 13.6 5.3 3.0 8.5 11.2 4.2 10.1 6.8 2.1 2.4 2.8 3.1  22.6 (13.6) 22.5 (15.2) 21.1 (15.4)  72.6 (8.8) 68.6 (1.9) 78.3 (4.8) 

DOM-1 4.8 3.2 1.2 3.9 10.1 5.4 3.5 1.2 0.1 3.1 0.7 1.0  75.6 (8.3) 71.9 (4.0) 71.0 (5.3)  64.8 (8.9) 68.1 (4.1) 78.6 (9.0) 

FUS-X 2.0 4.3 3.9 9.6 5.8 4.1 4.4 0.1 3.9 4.8 1.9 3.1  88.0 (4.8) 82.0 (2.6) 80.3 (5.2)  75.0 (12.5) 69.8 (2.8) 79.5 (3.5) 

NEO 2.0 3.6 1.5 4.4 11.5 6.3 2.6 1.2 1.4 4.3 3.3 1.4  120.9 (5.4) 118.3 (0.8) 122.8 (3.4)  75.9 (3.2) 72.6 (3.1) 79.0 (3.7) 

3-ADON 4.5 1.1 3.2 6.2 8.8 4.3 0.5 3.0 2.9 2.2 2.0 0.8  99.8 (6.6) 86.5 (3.1) 85.2 (2.5)  67.2 (12.3) 74.7 (6.7) 79.7 (4.9) 

15-ADON 0.1 6.3 0.9 5.7 11.1 2.6 5.3 3.5 3.1 0.3 3.1 0.5  86.8 (14.0) 79.1 (3.9) 77.5 (5.9)  67.6 (8.5) 74.1 (4.7) 76.8 (3.2) 

DAS 9.6 8.0 1.0 9.5 12.4 3.3 0.2 6.9 3.5 1.3 9.2 0.3  121.4 (3.4) 106.4 (7.9) 104.1 (6.6)  69.3 (7.4) 72.8 (8.2) 78.2 (8.2) 

HT-2 8.6 2.8 5.1 6.0 12.8 4.4 1.8 5.8 5.8 2.1 7.7 1.8  109.2 (4.7) 104.5 (5.7) 109.1 (11.2)  75.6 (2.6) 72.2 (11.5) 79.2 (5.1) 

T-2 0.9 10.1 3.8 8.8 15.5 13.2 1.7 6.9 2.2 2.0 6.0 1.4  53.3 (2.0) 59.6 (31.7) 61.8 (31.8)  71.2 (14.0) 64.5 (18.0) 81.1 (6.8) 
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