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COMMENTS FOR THE AUTHOR: 

Reviewer #1: General comments : 

The authors present a method for « Determination  of trichothecenes in cereal matrices using  

subcritical water extraction followed by solid-phase extraction and liquid chromatography-

tandem mass spectrometry. 

There are several things in the manuscript that should be addressed : 

- I am wondering why authors focused on only trichotecenes B ? Why zearalenone that are 

produced by the same Fusarium species was not included ? Idem for fumonisins ? Informations 

about their presence would be more than desirable. 

We would like to point out that the aim of this article was to evaluate the extraction of some 

trichothecene compounds with different polarities and characteristics, and for that we 

selected several trichothecenes A and B. As the SWE method proposed provided successful 

results, in line with the reviewer consideration, in further studies we will broaden the list of 

mycotoxins by including Fumonisins and ZEA.  

- I have also a problem with some parameters that are part of method validation but are 

scattered in the manuscript. Results of ME and recoveries as well as LOQ should be included in 

Method Validation part, because they are important parts of its evaluation. Results of matrix 

effect and recoveries are in 2 different places  of the manucript. For example, recoveries and 

matrix effect of maize is in 3.2 ; while the rest of cereals are in 3.4. No information about the 

linearity and how quantification of samples was made. 

I propose to organize the results section in 3 parts : (i) optimisation of MS detection, 

chromatographic conditions and extraction; (ii) validation method and (iii) application of the 

developped method. 

In agreement with the suggestion, some modifications have been made to the manuscript. 

First, recoveries and matrix effect of all the cereals detailed in section 3.4 have been moved 

to the section 3.2. Despite this, these values should be in method optimization part (not in 

method validation as it is suggested), because these values are used during the optimization 

of the method; in order to test different method variables, we evaluated and compared 

recovery values, and for this reason they are detailed in section 3.2.  

Regarding quantification of samples, more information has been added to the manuscript. 

Considering the acceptable repeatability values, quantification was done using external 

calibration method and applying the recovery for each type of matrix (total recovery, 

including ME).  

Nevertheless, the organization of the four sections has been maintained in order to avoid 

more complexity of the text. 

 

 

 

 

 

Response to Reviewer Comments
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Specific comments  

Abstract :  

Why authors do not report results for others mycotoxins 

The information provided in the abstract are the intervals of the method detection and 

quantification limits. The limits corresponding to the rest of mycotoxins are included within 

this range. In order to avoid confusion, the names of the mycotoxins that appear in 

parenthesis (the upper and lower limits of the interval) have been removed (line 27-29).  

Introduction 

L 107, p5 : ..based on SWE followed by SPE clean-up and …. 

As suggested, the sentence has been modified (line 108-109).  

Mat & Meth : 

L183, p8 : What do you mean by « ionization medium » ? 

In order to clarify it, it has been changed in the text by « mobile phase » (line 184). 

L187, p8 : I suggest to replace « medium compositions » by « solution » 

The expression has been modified (lines 188 and 192). 

L195, p8 : Authors tested negative mode but they did not give any results.  

According with the suggestion, more information about negative results has been added 

(line 194-195).  

L196, p8 : I suggest : « DON-3G give the same transition than DON by loosing the glucoside 

fragment ». 

The sentence has been modified (line 196).  

L198-201, p8 : « If, …whole analysis » I suggest to delete this sentence because we're not  in 

this situation.  

This information would have caused confusion, and we have deleted all the detailed 

information. 

L203, p8 : What do you mean by « their main ion » ?  

In order to avoid confusion, it has been changed from the text by «their most abundant ion» 

(line 198). 

L203-216, p9 : In this section, authors  do not give any important additional information to 

table 1, and can thus be deleted 

According to the comment, this section has been widely simplified.  

Please replace « toxin » by the term of « mycotoxin » throughout the text. 

The term has been replaced throughout the manuscript.  

L226, p9 : Both LOD and LOQ determination are part of method validation (see general 

comments). Authors did not indicate how they evaluated them. 
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There was some confusion with the abbreviations of LOD and LOQ (resolved six questions 

later). During the manuscript, we detailed two kinds of limits: the instrumental limits and 

the limits of the method. In section 3.1 (Instrumental optimization) we detail the limits of 

the instrument LC-MS/MS (with the standard solution). Then, in section 3.3 (Method 

validation) we detail the limits of the whole method, when the samples are analyzed by 

SWE/SPE/LC-MS/MS. 

Regarding the indications of how we calculated them, they are in section 3.1: “LODs and 

LOQs were calculated as the lowest mycotoxin concentration that the quantifier and 

qualifier transitions displayed a signal-to-noise ratio (S/N) ≥ to 3 and 10, respectively.” (line 

247-250). The same approach was used in section 3.3 to calculate the method detection and 

quantification limits (line 351-352).  

L231, p9 : I suggest to replace « PLE and SPE optimization » by « Optimization of extraction » 

As suggested, the title of this section has been modified (line 255).  

L232-250, p10 : The authors should review the English for this section.  

The English of the whole manuscript has been revised.  

L269-270, p11 : The sentence « It should be noted that, in these experiments, ME was not 

considered just to evaluate the extraction recovery values » is confusing. Could authors give 

more details on calculated recovery and ME.  

The reviewer is right since the sentence was confusing and for this reason it has been 

rewritten (line 297-300). “The %Rec SWE+SPE was calculated by comparing the 

concentration obtained from samples spiked before the extraction process with the 

concentration obtained from samples spiked after the extraction process.” For obtaining the 

ME value, the concentration obtained from samples spiked after the extraction was 

compared with the standard solution concentration. In order to clarify it, it has been also 

modified from the manuscript (lines 309-313).  

L281, p11 : The authors explain the absence of ME of acetylated DON by the fact that they are 

not eluted at the beginning of the chromatogram (rt 9.8 and 10.1). Why this is not the case for 

HT-2 and T2 which are eluted further (rt 14.7 and 15.1, respectively). 

Thank you for the suggestion, we were mistaken. The corresponding modifications have 

been done (line 313-315).  

L282, p11 : Even after dilution, there is still a ME (>20%) for these mycotoxins. There are only 2 

ways to remove ME : the use of labelled internal standard and matrix-matched calibration 

curve. The authors did not use labelled mycotoxins in this study. How about the second 

solution ? If it is the case, could authors explain how they built the calibration curve. 

Regarding these two approaches to compensate ME, the use of isotopically-labeled 

standards for each compound could not be afforded because of their elevated costs. 

Moreover, first of all we did a dilution in order to check if this procedure could be sufficient. 

Thanks to the dilution, ME were reduced and they were between the acceptable range of 20 

and -20%, in most of the samples (in maize, and in the rest of cereals) (lines 317-323).  

After addressing ME by dilution, matrix-matched calibration was used as quantification tool 

in the case of maize. On the other hand, for the mycotoxins quantification in the rest of 
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samples, matrix-matched calibration and instrumental curve were the two possible options, 

and the use of the instrumental curve applying the total recovery was selected. These 

explanations have been added to the manuscript (lines 395-400).  

L294, p12 : Use the same abbreviation for limit of detection (LOD) and quantification (LOQ) 

throughout the manuscript. 

In order to simplify it and taking into account your comment, the same abbreviation has 

been established throughout the manuscript. 

L294, p12 : I suggest to replace « analytes » by « mycotoxins » throughout the manuscript. 

This term has been replaced along the manuscript.  

L311, p12 : I recommend presenting the performances of the method (repeatability, 

reproducibility, recovery, ..) in a table. 

We had already considered this option, but in order to avoid to include another table, an 

interval of the repeatability and reproducibility parameters has been added in the text (line 

375-376). 

L323, p12 : What do you mean by « results were unsuitable » ? 

In the results obtained for the mycotoxin 3-acetyl-deoxynivalenol in sesame samples there 

was an interference which masked the mycotoxin and it was not possible to quantify it, and 

for this reason we did not include them in the table. This has been also explained in the text 

(line 330-332).  

L324-330, p12 : I completely disagree with this comparison. The method developed in this 

study targeted trichothecenes B that are more polar namely DON and their derivatives ; while 

the method developed by Kokkonen and Jestoi (2009) analyse more than 30 mycotoxins 

including trichothecenes B and some apolar mycotoxins as aflatoxins, ochratoxins, zearalenone 

and  thus they use a different solvent mixture. 

We agree with the suggestion and for this reason, the statement has been modified (line 

363-368).  

L336, p13 : replace « as expected, DON … » by «  DON was found in …. but at low level …. 

The sentence has been replaced as suggested by the reviewer (line 404-405).  

L346-354, p14 : I have doubt about this statement. Based on the literature and my own 

experience, Fusarium species called "field fungi" are not competitive enough with "storage 

fungi" to grow and produce mycotoxins under any storage conditions. I strongly suggest to 

omit this statement from the text as it is not the purpose of this manuscript. 

According to your suggestion, this statement has been modified. The affirmations about 

storage conditions have been eliminated, leaving the detected concentrations because of 

their interest (line 415-421).  

Table 1 : I suggest to add column with molecular weight 

The column with the molecular weight has been added to the Table 1 (page 21-22). 

Table 2 is not a good presentation of the results. The results are from 2 experiments 

(optimisation of SPE extraction vs determination of recovery) with different levels of 
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contamination. I am wondering why the authors do not use the same level of contamination in 

order to compare recovery of SPE alone and PLE+SPE. 

Thank you for your comment and we apologize because there was a mistake. The mycotoxin 

concentrations used for the optimization of the SPE extraction was wrong. They were at 25 

μg L-1 for T-2, 125 μg L-1 for DON, 3AcDON and 15AcDON, and 500 μg L-1 for HT-2 and DON3G 

instead of at 10 μg L-1 for T-2, 50 μg L-1 for DON, 3AcDON and 15AcDON, and 100 μg L-1 for 

HT-2 and DON3G. Thus, levels of contamination used for %Rec SPE and %Rec SWE+SPE, were 

at 1 μg kg-1 for T-2, 5 μg kg-1 for DON, 3AcDON and 15AcDON, and 20 μg kg-1 for HT-2 and 

DON3G. 

We thought that presenting the results in only one table, the readers can evaluate and 

compare different parameters of the extraction: the recovery of the standard solutions with 

the SPE, the recovery of the SPE with a matrix solution, the recovery of the whole extraction, 

etc.  

The spiked concentrations have been modified in the text (lines 265-267 and 372-373).  

Figure : Authors should show a chromatogram with transitions and retention times 

We have not considered the addition of a chromatogram since all the information 

(transitions and tR) are already detailed in Table 1. Instead, we displayed a MRM 

chromatogram for a contaminated maize sample.  
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Abstract 21 

Subcritical water extraction followed by solid-phase extraction and ultra-high performance liquid 22 

chromatography coupled with tandem mass spectrometry detection is reported for the first time for the 23 

determination of 6 trichothecenes (deoxynivalenol, deoxynivalenol-3-glucoside, 3-acetyl-deoxynivalenol, 24 

15-acetyl-deoxynivalenol, HT-2 toxin and T-2 toxin) from different cereals. Water with 1% formic acid was 25 

used as the extraction solvent followed by a solid-phase extraction clean-up, achieving good performance 26 

with acceptable extraction recoveries, method detection limits between 0.05 μg kg-1 (for T-2 toxin) and 4.0 27 

μg kg-1 (for deoxynivalenol-3-glucoside), and method quantification limits between 0.4 μg kg-1 (for T-2 28 

toxin) and 20 μg kg-1 (for deoxynivalenol-3-glucoside). The use of water as the extraction solvent allowed 29 

a selective extraction which allowed the obtaining ofaffording low matrix effect levels, and the detection 30 

and quantification of natural target trichothecenes at very low concentration levels. This extraction method 31 

was applied to different cereals, a pseudocereal and an oilseed sample, of which maize, millet and oat 32 

were contaminated by at least one trichothecene. 33 

 34 

 35 

 36 

 37 

 38 

 39 

 40 

 41 

 42 

Keywords: Trichothecenes; Cereals; Subcritical Water Extraction; Solid-Phase Extraction; UHPLC-43 

(ESI)MS/MS. 44 
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1. Introduction 45 

Cereals are the basis of human nutrition together with the consumption of fruits and vegetables. During 46 

recent years, some cereals, pseudocereals and oilseeds have gained much more relevance that they 47 

formerly had, due to an increase in human interest with respect to having healthier nutrition, as well as an 48 

increase in food intolerances. Some examples are sorghum, millet, rye, buckwheat, quinoa, sesame 49 

seeds, oat and spelt, among others (Arendt and Dal Bello 2008; Ačanski et al. 2015). The growth in 50 

cereal consumption also leads to an increase in the potential ingestion of mycotoxins. Although there are 51 

ways to try to reduce mycotoxin concentration, such as milling and cleaning the cereal grains, avoiding 52 

their growth is practically impossible (Kostelanska et al. 2011). For this reason, it is necessary to 53 

determine their presence in the human diet. 54 

Among all of the reported types of mycotoxins, there is a family of cyclic sesquiterpenoids with 55 

low molecular weight (~200-500 Da) called trichothecenes, which appear predominantly in cereals and 56 

cereal derivatives, mainly wheat, barley and corn (Pereira et al. 2014). These mycotoxins are divided into 57 

four groups (from type A to D), with type A and B being the most common (Krska et al. 2007). The 58 

compounds that generate the greatest interest in view of their toxicity and occurrence classified as type A 59 

trichothecenes are HT-2 and T-2 toxins; and, those classified as type B are deoxynivalenol (DON), 3-60 

acetyl-deoxynivalenol (3AcDON) and 15-acetyl-deoxynivalenol (15AcDON). Although acetylated forms 61 

are DON derivatives produced by fungi, they are considered to be native mycotoxins, which is a 62 

classification of free and unmodified mycotoxins (Payros et al. 2016). DON can also be modified 63 

biologically by the plant microbiota, producing deoxynivalenol-3-glucoside (DON3G), or animal 64 

microbiota, producing de-epoxy DON (DOM-1), 3-epi-DON and 3-keto-DON (Payros et al. 2016). 65 

Acetylated forms of DON, which display similar or lower toxicity than their precursor (Pestka 2008), 66 

commonly appear simultaneously but less frequently than DON (Berthiller et al. 2013; EFSA 2013a). With 67 

regard to the glycosylated form, no toxic effects have been demonstrated to date for DON3G in mammals 68 

(JECFA 2011), but several authors have reported that colonic microbiota in the large intestine can 69 

hydrolyse DON3G, 3AcDON and 15AcDON, releasing DON, which can be absorbed in the gut (Maresca 70 

2013; Nagl et al. 2014). European regulations have established a maximum permitted level for DON (EC 71 

2007), which varies from 500 μg kg-1 to 1,750 μg kg-1, depending on the matrices of adult foodstuffs, and 72 
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recommend a maximum level for HT-2 and T-2 toxins, which varies from 25 μg kg-1 to 1,000 μg kg-1 (EC 73 

2013). Although European regulations are in the process of including DON derivatives within its 74 

guidelines (EFSA 2013b), at present, there is no regulation affecting them. With respect to the Joint 75 

FAO/WHO Expert Committee on Food Additives (JECFA), a provisional maximum tolerable daily intake 76 

(PMTDI) of 1 μg kg-1 body weight (bw) for 3AcDON and 15AcDON has been established because the 77 

organization considers that toxicity of these derivatives is the same as their precursor’s (JECFA 2011). 78 

Meanwhile, there is insufficient information on DON3G toxicity to establish a PMTDI (JECFA 2011). Thus, 79 

suitable analytical instrumentation and extraction methods can help to establish a clear approach to 80 

trichothecene regulation, as it should be able to monitor such low levels.      81 

 Previous studies have shown suitable extraction techniques for mycotoxins from different kinds of 82 

solid matrices, such as solid-liquid extraction (SLE) (Rubert et al. 2013), QuEChERS (Quick, Easy, 83 

Cheap, Effective, Rugged and Safe extraction) (JiaoJiao et al. 2016; Zhou et al. 2016), pressurized liquid 84 

extraction (PLE) (Kokkonen and Jestoi 2009; Campone et al. 2015) and microwave-assisted extraction 85 

(MAE) (Pallaroni et al. 2002; Pallaroni and Von Holst 2003). However, SLE and QuEChERS have certain 86 

disadvantages in comparison with PLE and MAE, such as they are less automated. The development of 87 

extraction methods using water is a sustainable alternative to these classical procedures. PLE and MAE 88 

are effective options because they provide effective extractions and they can be used with alternative and 89 

less contaminating solvents (Pallaroni and Von Holst 2003; Armenta et al. 2015). Comparing PLE and 90 

MAE, PLE might be better as the extraction process can be more automated and it is well-accepted for 91 

routine analysis of environmental and food contaminants (Campone et al. 2015). This technique can be 92 

also more sustainable if water is used as the extraction solvent, in which case it is known as subcritical 93 

water extraction (SWE) or pressurized hot water extraction (PHWE). Using hot water under pressure, in 94 

order to maintain it in liquid state, allows the isolation of valuable components. SWE has largely been 95 

used to extract several analytes, such as insecticides and phenolic compounds, from diverse matrices, 96 

such as plants and oils, according to related reviews (Teo et al. 2010; Herrero et al. 2013). However, to 97 

the best of our knowledge, SWE has never been used to extract mycotoxins from cereal matrices. 98 

Another advantage of the use of water as the solvent in PLE is that it allows the subsequent 99 

selective cleaning of the obtained extracts, using solid-phase extraction (SPE) without any previous 100 
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solvent exchange, thereby reducing the analysis time. In this respect, the inclusion of a cleaning step 101 

reduces or even prevents matrix effects (ME) which can lead to significant overestimation or 102 

underestimation of mycotoxin concentration or the unpredictable ionization suppression of the studied 103 

mycotoxins. An effective clean-up prevents or reduces these interferences, enabling sensitive, selective 104 

and robust liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) analysis. 105 

Furthermore, the use of water allows milder extraction conditions, whileand, at the same time, enabling 106 

more selective extraction. 107 

The aim of the present research is to develop a method based on SWE followed by SPE clean-up 108 

and ultra-high performance liquid chromatography coupled with tandem mass spectrometry detection 109 

(UHPLC-(ESI)MS/MS), for the simultaneous determination of the six most abundant trichothecenes (DON 110 

and its derivatives DON3G, 3AcDON and 15AcDON, HT-2 and T-2), from different types of cereals, a 111 

pseudocereal and an oilseed widely present in the human diet. 112 

2. Materials and methods  113 

2.1 Reagents and chemicals  114 

The target mycotoxins were six Fusarium toxins: DON, T-2, HT-2, DON3G, 3AcDON and 15AcDON 115 

(>99% purity). DON, T-2 and HT-2 were purchased from Trilogy Analytical Laboratory (Washington, MO, 116 

USA) and DON3G, 3AcDON and 15AcDON were purchased from Romer Labs (Union, MO, USA). DON 117 

was sold in methanol (MeOH) at 25 mg L-1; T-2 and HT-2 in acetonitrile (ACN) at 100 mg L-1 and DON3G 118 

in ACN at 50.9 mg L-1. 3AcDON and 15AcDON were obtained in powder form. A mix solution of all of the 119 

analytes mycotoxins at different concentrations was prepared, taking into account their response in 120 

(ESI)MS/MS, obtaining similar mycotoxin response values. HT-2 and DON3G were prepared at 1 mg L-1, 121 

DON, 3AcDON and 15AcDON at 0.5 mg L-1 and T-2 at 0.1 mg L-1. This mix solution was prepared in 122 

water/MeOH (80:20, v/v) and stored at -20ºC.        123 

   Ultrapure-grade water was obtained by a Milli-Q water purification system 124 

(Millipore, Darmstadt, Germany). MeOH and ACN (both LC-MS grade) were obtained from Panreac 125 

(Barcelona, Spain), and acetone was obtained from VWR International (Fontenay-sous-Bois, France). 126 

Formic acid (HCOOH) ~98% was purchased from Fluka (St. Louis, MO, USA). 10 M ammonium formate 127 
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(NH4HCOO) aqueous solution was purchased from Sigma-Aldrich (St. Louis, MO, USA) and 128 

diatomaceous earth (DE) was acquired from Thermo Scientific (Sunnyvale, CA, USA). The SPE 129 

cartridges were 150 mg OASIS HLB from Waters (Wexford, Ireland) and 200 mg ISOLUTE ENV+ from 130 

International Sorbent Technology LTD (Mid Glamorgan, UK).      131 

    Working with mycotoxins implies taking various security measures, such 132 

as using double gloves (made of latex and nitrile) and cleaning all the materials that have been in contact 133 

with mycotoxins with 20% commercial sodium hypochlorite (NaClO).  134 

2.2 Liquid chromatography-mass spectrometry 135 

An Agilent 1290 Infinity LC Series coupled with a 6495 iFunnel Triple Quadrupole MS/MS with 136 

electrospray ionization (ESI) interface was used for chromatographic analysies, both from Agilent 137 

Technologies (Waldbronn, Germany). Chromatographic separation was achieved using a Cortecs UHPLC 138 

C18 column (100 mm x 2.1 mm, 1.6 μm) from Waters. A binary mobile phase was used for the 139 

chromatographic separation, comprised of water (solvent A) and MeOH (solvent B), both with 5 mM 140 

NH4HCOO and 0.1% HCOOH. The gradient elution started at 10% B and maintained this percentage for 141 

2 minutes. Over the next 5.5 minutes, the gradient increased to 20% and was held again under isocratic 142 

conditions for 3.5 minutes. It was then increased to 95% in 5 minutes and held under isocratic conditions 143 

for 2 minutes. Finally, it was returned to the initial conditions in 1 minute and maintained for 2 minutes to 144 

equilibrate the column. The injection volume was 10 μL, flow rate was fixed at 0.45 mL min-1 and the 145 

separation was performed at 40ºC. The autosampler was kept at 4ºC.    146 

 The optimized source parameters were: a capillary voltage of 4,000 V for DON3G and 3,500 V for 147 

the rest of compounds; desolvation gas flow and temperature of 18 L min-1 and 160ºC, respectively; 148 

nebulizer pressure of 35 psi; nozzle voltage of 2,000 V for DON3G and 500 V for the rest; fragmentor 149 

voltage of 380 V; cell acceleration voltage of 5 V; and sheath gas flow and temperature of 11 L min-1 and 150 

350ºC, respectively. The high and low pressure funnel parameters were, respectively, 90 and 60 V for 151 

DON3G and 150 and 60 V for the rest of analytesmycotoxins. Multiple Reaction Monitoring (MRM) 152 

experiments were carried out in positive polarity for all of the studied compounds with three 153 

representative MRM transitions for each mycotoxin, in accordance with the European Commission 154 
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guidelines (SANTE 2015). The collision energy was optimized for each product ion and they are detailed 155 

in Table 1, together with all MRM parameters obtained. 156 

2.3 Sampling  157 

Prior to the extraction and analysis, studyied matrices were ground with the mill Taurus Aromatic (Taurus 158 

Group, Oliana, Spain), sifted twice in 500 μm and 100 µm sieves and homogenized. For spiked samples, 159 

2 mL of acetone were added to 1 g of each sample in a 100 mL beaker, in order to spike the matrix 160 

homogenously. Subsequently, 100 μL of the mix solution (see Section 2.1 for concentrations) was added 161 

to the suspension and left overnight in a stirrer to let the analytes mycotoxins come into contact with the 162 

sample and until the acetone was completely evaporated. Matrices were spiked at three different analytes 163 

mycotoxin concentrations according to their sensitivity in UHPLC-(ESI)MS/MS, in order to obtain similar 164 

analytes response. Spiking concentrations were the following: 10 μg kg-1 for T-2, 50 μg kg-1 for DON, 165 

3AcDON and 15AcDON, and 100 μg kg-1 for HT-2 and DON3G. The matrix used for method development 166 

and validation was maize, and the other matrices studied were three different cereals (spelt, millet and 167 

oat), one pseudocereal (quinoa) and one oilseed (sesame seed), all obtained from local markets. 168 

2.4 Sample extraction  169 

For the SWE, a homogeneous mix of 1 g of sample and 1 g of DE was poured into an 11 mL stainless 170 

steel extraction cell, which was packed by inserting a layer of DE at the bottom and at the top 171 

(approximately 0.3 g for each layer) and a cellulose filter at the bottom, following the manufacturer’s 172 

recommendations. Extractions were achieved on a Dionex ASE 350 accelerated solvent extractor 173 

(Dionex Corp., Sunnyvale, CA, USA). The SWE conditions were as follows: water with 1% of HCOOH as 174 

the extraction solvent, 80ºC with 5 minutes of cell preheating, 1,500 psi extraction pressure, flush volume 175 

of 50%, purge time of 60 s and a single extraction cycle of 5 minutes. The obtained extracts of volumes 176 

around 15 mL were cleaned up in OASIS HLB cartridges, previously conditioned with 10 mL of MeOH 177 

and 10 mL of water with 1% HCOOH (pH 2.0). The analytes mycotoxins were eluted with 5 mL of MeOH 178 

and evaporated to dryness with a miVac vacuum concentrator (Genevac LTD, Ipswich, UK). The analytes 179 
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mycotoxins were re-suspended with 2 mL of water/MeOH (80:20, v/v) and filtered with a 0.45 μm nylon 180 

filter (Phenomenex, Torrance, CA, USA) just prior to analysis. 181 

3. Results and discussion  182 

3.1 Instrumental optimization  183 

Precursor ions were selected testing positive and negative modes with the mobile phase based on 184 

previous studies developed for similar mycotoxin groups (Zachariasova et al. 2010; Rubert et al. 2014; 185 

Veprikova et al. 2015; Miró-Abella et al. 2017). That is, the solvents tested were water/MeOH (50:50, v/v) 186 

with two acids (formic and acetic acid) at 0.1% (v,v) and two salts (ammonium formate and acetate) at 187 

5mM being added to both solvents, either alone or in combination, resulting in 6 different solutions. The 188 

mycotoxins were injected individually in order to select the ions from the target compounds by flow 189 

injection analysis (FIA) at a flow rate of 0.45 mL min-1, at the following concentrations: 1 mg L-1 for HT-2 190 

and DON3G, 0.5 mg L-1 for DON, 3AcDON and 15AcDON, and 0.1 mg L-1 for T-2. Taking into account 191 

adducts with the greater response in each mobile phase combination, the compositionsolution with 192 

ammonium formate and formic acid was the one that provided the highest response. In consequence, this 193 

was chosen as the mobile phase for the chromatographic separation. With this mobile phase, precursor 194 

ions appeared in greater abundance in positive mode. DON was ionized as [DON+H]+ in the more 195 

abundant form, and DON3G gave the same transition than DON by losing the glucoside fragment. 196 

Therefore, DON and DON3G had the same precursor ion. With respect to both acetylated DON 197 

derivatives, their most abundant ion was the protonated form [M+H]+. However, [15AcDON+NH4]+ was 198 

selected as the ion for 15AcDON, whereas the protonated adduct [3AcDON+H]+ was selected for 199 

3AcDON, to avoid possible interferences, but also to enhance analyte selectivity and sensitivity. Finally, 200 

the ammonium adducts [M+NH4]+ of HT-2 and T-2 toxins were selected, as they are the most abundant 201 

forms.   Then, the ionization medium was optimized based on previous studies in the 202 

literature developed for similar mycotoxin groups (Zachariasova et al. 2010; Rubert et al. 2014; Veprikova 203 

et al. 2015; Miró-Abella et al. 2017). For the present study, the solvents tested were water/MeOH (50:50, 204 

v/v) with two acids (formic and acetic acid) at 0.1% (v,v) and two salts (ammonium formate and acetate) 205 

at 5mM being added to both solvents, either alone or in combination, resulting in 6 different medium 206 
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compositions. The analytes mycotoxins were injected individually in order to select the ions from the 207 

target compounds, by flow injection analysis (FIA) at a flow rate of 0.45 mL min-1, at the following 208 

concentrations: 1 mg L-1 for HT-2 and DON3G, 0.5 mg L-1 for DON, 3AcDON and 15AcDON, and 0.1 mg 209 

L-1 for T-2. For each medium composition solution, different adducts were studied. Taking into account 210 

adducts with the greater response in each mobile phase combination, the composition with ammonium 211 

formate and formic acid was the one that provided the highest response. In consequence, this was 212 

chosen as the mobile phase for the chromatographic separation.      213 

      Once the mobile phase was selected, precursor ions 214 

were selected, testing positive and negative modes. From all the obtained results, precursor ions 215 

appeared in greater abundance in positive mode. DON was ionized as [DON+H]+ in the more abundant 216 

form, and DON3G was ionized as [DON3G-3G+H]+, which resulted from the loss of the glucoside 217 

fragment gave the same transition than DON by losing the glucoside fragment. Therefore, DON and 218 

DON3G had the same precursor ion. If, in the subsequent chromatographic separation, these analytes 219 

present different retention times, this precursor ion would be used for both analytes. However, if their 220 

peaks appear overlaid, the formate adduct [DON3G+HCOO]- would be used, which also provided a high 221 

response but in negative mode that might restrict the sensitivity of the whole analysis. With respect to 222 

both acetylated DON derivatives, their main ion most abundant ion was the protonated form [M+H]+. 223 

However, [15AcDON+NH4]+ was selected as the ion for 15AcDON, whereas the protonated adduct 224 

[3AcDON+H]+ was selected for 3AcDON, to avoid possible interferences, but also to enhance analyte 225 

selectivity and sensitivity. In any case, the final ion selection would be subjected to the following 226 

chromatographic separation. Finally, the ammonium adducts [M+NH4]+ of HT-2 and T-2 toxins were 227 

selected, as they are present in more abundant forms.       228 

    With regard to the chromatographic gradient, it was mainly focused on 229 

the separation of DON and DON3G, and on the separation of both acetylated forms of DON. As such, the 230 

initial conditions included a very low percentage of organic solvent, which was gently increased over the 231 

chromatographic time. As a result, DON and DON3G were well-resolved and it was possible to select the 232 

most sensitive precursor ion for DON3G (i.e. [DON3G-3G+H]+), because it will not interfere with DON. 233 

With respect to acetylated forms of DON, retention times were still close and the election of both 234 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



10 
 

protonated adducts and their transitions would not have suitable selectivity, due to the fact that acetylated 235 

derivatives are isomeric compounds. These are the reasons that their precursor ions were chosen from 236 

the protonate and ammonium adducts form for 3AcDON and 15AcDON, respectively, as explained 237 

above.    After the selection of the correspondent precursor ions and the mobile 238 

phase, different product ions were obtained selected for each analyte mycotoxin by applying different 239 

collision energies, in order to obtain the three most abundant MRM transitions that will facilitate the 240 

correct mycotoxin identification, as recommended by the EU Directive (SANTE 2015), and these are 241 

detailed in Table 1. Further source parameters were also optimized and are detailed in Section 2.2. 242 

       With regard to the chromatographic gradient, it 243 

was mainly focused on the separation of DON and DON3G which were well-resolved and it was possible 244 

to select the same precursor ion for both.        245 

   Once MS values were optimized and chromatographic separation was achieved, 246 

instrumental linearity and limits of detection (LOD) and quantification (LOQ) were established. LODs and 247 

LOQs were determinedcalculated as the lowest trichothecene mycotoxin concentration with athat the 248 

quantifier and qualifier transitions (Q in Table 1) that displayed a signal-to-noise ratio (S/N) equivalent ≥ to 249 

3 and 10, respectively. The LODs obtained were from 0.01 μg L-1 to 0.2 μg L-1 for all compounds, except 250 

for DON3G, for which was 0.7 μg L-1. The LOQs ranged from 0.2 μg L-1 to 0.5 μg L-1 for all compounds, 251 

except for DON3G, for which was 2.5 μg L-1. The linearity was suitable (with r2 ≥ 0.994) and it ranged 252 

from LOQs used as the lowest concentration to 20 μg L-1 for T-2, to 100 μg L-1 for DON, to 500 μg L-1 for 253 

acetylated forms and to 1,000 μg L-1 for DON3G and HT-2.  254 

3.2 PLE and SPE oOptimization of extraction 255 

Taking into consideration that in previous studies (Sánchez Maldonado et al. 2014; Plaza and Turner 256 

2015), the successful the  SWE of different several compounds in various kindsa wide range of matrices 257 

was achieved successfully, (Sánchez Maldonado et al. 2014; Plaza and Turner 2015), this extractiona 258 

SWE was tested to extract the target trichothecenes mycotoxins from the studycereal matrices. Water 259 

was acidified with 1% of HCOOH (pH 2.0) in order to improve the extraction, as in the aforementioned 260 

studies. IfUsing acidified water was used as the extraction solvent, it is no necessary to do any change of 261 
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the solvent for a clean-up process using a SPE cartridge could be applied, without having to change the 262 

solvent.           Prior to sample 263 

extractionSWE, the SPE process was optimized. Two different cartridges were tested: an OASIS HLB 264 

and an ISOLUTE ENV+. A total volume of 25 mL of water solution with target analytes mycotoxins at 265 

1025 μg L-1 for T-2, 50125 μg L-1 for DON, 3AcDON and 15AcDON, and 100500 μg L-1 for HT-2 and 266 

DON3G, was loaded into the previously conditioned cartridge. The analytes mycotoxins were then eluted 267 

with three sequential fractions of MeOH: a first fraction of 3 mL, and a second fraction of 2 mL and a third 268 

of 2 mL each. Most of the mycotoxins eluted at the first 3 mL. The second fraction also contained some 269 

analytesmycotoxins, with a recovery of overup to 10%., whereas,But in the third fraction, the analytes 270 

mycotoxins presence was insignificant. Consequently, a single elution of 5 mL of MeOH was selected. 271 

Table 2 details all the recovery results. Obtained recovery values (%Rec SPE std) were slightly higher for 272 

OASIS HLB, especially for the more polar compounds. However, both cartridges obtained good recovery 273 

values, all higher than 76% (%Rec SPE std). Further tests were performed, in order to discard 274 

interactions between the cartridge and the matrix., andFor that, instead of water solution, extracts from 275 

SWEs of non-spiked maize samples were used, which were spiked at the same concentration as above 276 

after SWE extraction. The obtained recoveries obtained (%Rec SPE matrix) were lower than in water 277 

solution, decreasing equally in both cartridges., thusHowever, recoveries were slightly higher for OASIS 278 

HLB and all these results are (detailed in Table 2). In conclusion, the obtained recoveries denote the high 279 

selectivity of the chosen method.          280 

         Then, SWE optimization was 281 

performed taking into consideration the parameters with the greatest influence, namely temperature and 282 

number of cycles, as well as the extraction solvent, and maintaining the other parameters as described in 283 

Section 2.4. To do so, 1 g of homogenized maize sample was poured into a stainless steel extraction cell 284 

with DE, as explained in Section 2.4, and two different SWE temperatures were examined: 80ºC and 285 

100ºC. Both temperatures provided suitable results in a similar order of magnitude, so a temperature of 286 

80ºC was selected. Moreover, the number of SWE cycles was tested. The second cycle obtained an 287 

insignificant signal response, and a single extraction cycle was finally selected.    288 

     Once SWE parameters were optimized, the SWE extract was 289 
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loaded into both SPE cartridges, and the analytes mycotoxins were eluted, the extract was evaporated, 290 

and re-suspended with the same solvent conditions as the initial mobile phase: 1 mL of water/MeOH 291 

(80:20, v/v), in order to obtain their recovery of the whole extraction. Two different groups of 292 

concentrations were tested to calculate the recoveries of the entire method. These two groups were 293 

chosen in order to obtain similar response values of all compounds and taking into account their linear 294 

ranges. One group was at 1 μg kg-1 (for T-2), at 5 μg kg-1 (for DON, 3AcDON and 15AcDON) and at 20 μg 295 

kg-1 (for HT-2 and DON3G). The other concentration group was at 15 μg kg-1 (for T-2), at 75 μg kg-1 (for 296 

DON, 3AcDON and 15AcDON) and at 200 μg kg-1 (for HT-2 and DON3G). The extraction recovery (%Rec 297 

PLESWE+SPE) was calculated by comparing the concentrations obtained when fromthe samples were 298 

spiked before the SWEextraction process with theose concentration obtained with the pure standardfrom 299 

samples spiked after the extraction process. It should be noted that, in these experiments, ME was not 300 

considered just to evaluate the extraction recovery values. The obtained recovery values were similar at 301 

both tested groups, and just values when the sample was spiked at the lower concentration from the 302 

lower concentration group are shown in Table 2. As can be seen, the recovery values (%Rec 303 

PLESWE+SPE) obtained when OASIS HLB was used in the SPE are slightly higher than those achieved 304 

with ISOLUTE ENV+. Thus, OASIS HLB was selected for further experiments. In addition, from the %Rec 305 

PLESWE+SPE values, we can confirm that the SWE parameters, as well as the use of water as solvent, 306 

are a suitable option to extract these trichothecenes mycotoxins from cereals.    307 

  As expected, the extraction recoveries from maize were lower in comparison with the 308 

values obtained from standards, which must be due to ME. Therefore In addition, ME were evaluated 309 

and the values were obtained by comparing the concentration obtained when the samples were spiked 310 

after the SPEwhole extraction process with the concentration obtained with the pure standard, when 311 

calculating this wayand considering: ME=0 (no matrix effect), ME>0 (ion enhancement) and ME<0 (ion 312 

suppression). The obtained ME values are shown in Table 2, and it can be observed that all of the 313 

analytesmycotoxins, except the acetylated forms of DON, are highly affected by ion suppression due to 314 

the complexity and composition of the maize samples., since it is the first eluting compound, usually co-315 

eluting with several ions in the matrix. Moreover, DON is the mycotoxin which is more affected by ion 316 

suppression, reported previously (Beltran et al. 2013). In order to reduce these ME values, an option 317 
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could be the use of isotopically-labeled standards for each compound, but it could not be afforded 318 

because of their elevated cost. For that, the analytes mycotoxins were diluted in a re-suspension re-319 

suspended withof 2 mL of water/MeOH (80:20, v/v) solution instead of 1 mL.  The results improved 320 

slightly as can also be observed in Table 2, with the percentage of ME reduced in all cases. 321 

MoreoverEven, in the case of some analytesmycotoxins, such as DON, HT-2 and T-2, the ME reduced by 322 

nearly half.         Once the recovery and ME 323 

results for maize were obtained, Inand in order to evaluate the applicability of the developed method to 324 

other samples, three different cereals (spelt, millet and oat), one pseudocereal (quinoa) and one oilseed 325 

(sesame seed) were spiked with the target trichothecenesmycotoxins, in the same way and 326 

concentrations as the validation maize samples. Different extraction recoveries and ME were obtained 327 

from each matrix after a dilution of 2 mL, as detailed in Table 3. The obtained results were similar to those 328 

obtained in maize samples, especially in the case of spelt and quinoa samples. Oat, millet and sesame 329 

displayed slightly lower recoveries. In the case of 3AcDON, in recoveries from sesame matrices, the 330 

recovery was not calculated since results were unsuitable there was an interference which masked the 331 

mycotoxin and it was not possible to quantify it. These results were obtained for all . Thus,replicates, 332 

thereby they are not collected in Table 3. With regards to ME for all matrices, they were considerably low. 333 

A previous extraction research was based on the use of PLE with organic solvents (Kokkonen and Jestoi 334 

2009), and the ME obtained was higher for the same analytes reduced due to the use of a moreless 335 

selective extraction solvent. , namely water, in comparison to previous research based on the use of PLE 336 

with organic solvents (Kokkonen and Jestoi 2009).   ConclusivelyThus, using water 337 

as extraction solvent could be a suitable alternative because extract the analytes mycotoxins and at the 338 

same time, does not extract many interferences as can be observed with the lower percentage of ME 339 

obtained from the extracts diluted with 2 mL. The reported method is adequate to quantify trichothecenes 340 

which appear naturally in complex matrices, and at low concentrations. In addition, the present procedure 341 

allows a more effective and selective extraction, with lower ME, and it is more sustainable than classical 342 

PLE.   343 

3.3 Method validation  344 
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VMethod validation parameters, such as linear range, limits of detection (MDLLOD), and quantification 345 

(MQL)LOQ, linear range, repeatability and reproducibility were evaluated using 1 g of maize samples 346 

spiked with the target trichothecenes. First of all, the presence of natural contamination was evaluated 347 

and taken into account by substrating the signal from contaminated samples. Then, the linear method 348 

validation range was assessed withinfrom LOQs andto 40 μg kg-1 for T-2, to 200 μg kg-1 for DON and its 349 

acetylated forms, and to 400 μg kg-1 for DON3G and HT-2. The linearity was acceptable with the r2 higher 350 

than 0.990. MDLLODs and MQLLOQs were obtained in the same way as in the case of instrumental 351 

limits described above in Section 3.1. The MDLLODs obtained were 0.05 μg kg-1 for T-2, between 0.5 μg 352 

kg1 and 1.0 μg kg-1 for DON, 3AcDON, 15AcDON and HT-2 and 4.0 μg kg-1 for DON3G. With respect to 353 

MQLLOQs, they ranged between 0.4 μg kg-1 and 1.0 μg kg-1 for DON, 3AcDON, 15AcDON and T-2, 4.0 354 

μg kg-1 for HT-2 and 20 μg kg-1 for DON3G. The linearity was acceptable with the r2 higher than 0.990, 355 

and the linear range was within MQLLOQs and 40 μg kg-1 for T-2, 200 μg kg-1 for DON and its acetylated 356 

forms, and 400 μg kg-1 for DON3G and HT-2. The regulation for maize samples permits a maximum level 357 

for DON of 1750 μg kg-1 (EC 2007), recommends a maximum level for the sum of T-2 and HT-2 of 100 μg 358 

kg-1 (EC 2013) and recommends a maximum level for 3AcDON and 15AcDON of 1 μg kg-1 (JECFA 359 

2011). Taking into account these regulated levels and using them as reference values, the obtained 360 

MQLLOQs are acceptable because they are below them. In some analytes mycotoxins such as DON, HT-361 

2 and T-2, MQLLOQs values are more than 100 times lower than the regulation values, denoting that it 362 

could be a good method to detect possible food and feed trichothecene natural contaminations. There is 363 

in the literature aprevious researches which analyze diverse mycotoxins, which usesby PLE with organic 364 

solvents and LC-MS/MS (Kokkonen and Jestoi 2009; Desmarchelier et al. 2010). In theseat researches, 365 

target mycotoxins also were extracted, among others, obtaining LOD and LOQ values higher than those 366 

obtained in the present research, denoting that SWE could be a good tool to extract type A and type B 367 

trichothecenes. Furthermore, obtained MDL and MQL values were lower with those reported in the 368 

literature using PLE with the target compounds (Kokkonen and Jestoi 2009; Desmarchelier et al. 2010).  369 

             370 

 Method repeatability (intra-day, n=5) and reproducibility (inter-day, n=5) were obtained from 371 

different trichothecene concentration tests: T-2 at 10 μg kg-1, DON, 3AcDON and 15AcDON at 50 μg kg-1, 372 
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and HT-2 and DON3G at 100 μg kg-1. The obtained results were below 9% and 18%, respectively, 373 

Repeatability and reproducibility were expressed as relative standard deviation percentage (%RSD), and 374 

they were acceptable in accordance with current guidelines (SANTE 2015). The obtained results were 375 

between 6 and 9% for the repeatability and between 16 and 18% for the reproducibility.   376 

  377 

3.4 Application to different samples 378 

In order to evaluate the applicability of the developed method to other samples, three different cereals 379 

(spelt, millet and oat), one pseudocereal (quinoa) and one oilseed (sesame seed) were spiked with the 380 

target trichothecenes, in the same way and concentrations as the validation maize samples. Different 381 

extraction recoveries and ME were obtained from each matrix after a dilution of 2 mL, as detailed in Table 382 

3. The obtained results were similar to those obtained in maize samples, especially in the case of spelt 383 

and quinoa samples. Oat, millet and sesame displayed slightly lower recoveries. In the case of 3AcDON 384 

recoveries from sesame matrices, results were unsuitable. Thus, they are not collected in Table 3. With 385 

regards to ME for all matrices, they were considerably reduced due to the use of a more selective 386 

extraction solvent, namely water, in comparison to previous research based on the use of PLE with 387 

organic solvents (Kokkonen and Jestoi 2009).  388 

One of the most important facts of the obtained results is that it was possible to extract these six different 389 

trichothecenes without using organic solvents at very low concentrations and with low ME. One study, 390 

where an organic solvent is used as extraction solvent in PLE is not able to extract these trichothecenes 391 

at concentrations as low as those used in the present research (Kokkonen and Jestoi 2009).  392 

 Once the method was successfully applied to different types ofmaize samples, the natural 393 

presence of trichothecenes was studied using three different commercial brands of each cereal, 394 

pseudocereal and oilseed (nN=18). Considering that the extraction recoveries were satisfactory and the 395 

repeatability of the method too, quantification of mycotoxins in the cereal samples was proposed using 396 

external calibration methodcurve and applying the total recovery values (considering MErecovery 397 

explained in section 3.2). This was further proved by quantifying the mycotoxins present in maize sample 398 

by using the two approaches: matrix-matched calibration curve and external calibration curve plus total 399 
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recovery percentage. The accuracy of both approaches was from 76 to 112%.       400 

     At least one mycotoxin was detected in all of the six samples 401 

studied, (also taking into account maize samples), and they could be quantified in three cases: maize, 402 

millet and oat. Different interval concentrations were found in the three different brands, and they are 403 

detailed in Table 4. As expected, DON was detectedfound in all the samples at low level, except in 404 

sesame samples., but at low level displaying the greatest trichothecene incidence ratio. DON was 405 

detected in spelt and quinoa samples and quantified in maize in values up to 17.8 μg kg-1, in oat up to 406 

64.5 μg kg-1 and in millet up to 8.09 μg kg-1. This mycotoxin displayed the greatest trichothecene 407 

incidence ratio. Previous studies have also reported the presence of this trichothecene in the samples 408 

indicated (Jestoi et al. 2004; Schollenberger et al. 2005; Krysińska-Traczyk et al. 2007; Juan et al. 2013).  409 

Furthermore, 15AcDON also was quantified in maize up to 16.7 μg kg-1 and in oat up to 10.6 μg kg-1. With 410 

regard to the oat matrix, mycotoxin co-exposure is common, as identified in the previous studies 411 

(Schollenberger et al. 2005). As such, three more mycotoxins were quantified in oat: DON3G up to 8.71 412 

μg kg-1, HT-2 up to 35.2 μg kg-1 and T-2 up to 4.51 μg kg-1. The concentration found in these samples is 413 

similar to those described in a previous studyies (Gottschalk et al. 2007).     414 

   From all the studied samples, there were some maize samples which were 415 

visually contaminated by fungi. The results obtained showed the presence of DON at 164 μg kg-1, 416 

DON3G at 91 μg kg-1, 3AcDON at 4 μg kg-1 and 15AcDON at 5 μg kg-1, the quantitative transition MRM 417 

chromatograms of which are shown in Figure 1. These values are not detailed in Table 4, since this 418 

sample was singular. If these concentrations are compared with those quantified in the maize samples 419 

without visual contamination, it can be observed that, for example, DON concentration was more than 5-420 

fold. Therefore, it has been shown how visual contamination can anticipate the presence of mycotoxins. 421 

    From all these obtained results, one of the most important facts is that it 422 

was possible to extract these six different trichothecenes without using organic solvents at very low 423 

concentrations and with low ME.    424 

    Apart from the studied samples indicated above, some maize samples 425 

were stored under temperature and humidity conditions that are favourable for fungi growth. After 90 days 426 

letting the maize age, at temperatures between 25ºC and 30ºC and humidity higher than 90%, these 427 
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samples were analyzed according to the sample procedure described above. The results obtained 428 

showed the presence of DON at 164 μg kg-1, DON3G at 91 μg kg-1, 3AcDON at 4 μg kg-1 and 15AcDON 429 

at 5 μg kg-1, the quantitative transition MRM chromatograms of which are shown in Figure 1. If these 430 

concentrations are compared with those quantified in initial maize, it can be observed that, for example, 431 

DON has increased in concentration more than 5-fold. Therefore, it has been shown how adverse storage 432 

conditions promote trichothecene growth. 433 

 434 

4. Conclusions 435 

For the first time, a method has been developed for the determination of six trichothecenes using SWE 436 

followed by an SPE clean-up and UHPLC-(ESI)MS/MS. The improved alternative extraction used 437 

acidified water as the solvent followed by a straight-forward clean-up step. Although better recoveries 438 

would be obtained using an organic extraction solvent, water allowed better selectivity by obtaining lower 439 

ME levels. This decrease in ME levels involved the quantification of the target analytes mycotoxins at 440 

very low concentrations and a selective detection of the natural presence of trichothecenes in the studied 441 

samples. The performance of the method may indicate a benefit of using alternative solvents, such as 442 

water, able to obtain results as sensitive and reliable as those provided by organic solvents.   443 

   Further research should be focused on the improvement of the purification step, 444 

also by using less organic solvents and becoming more alternative, apart from broaden the applicability of 445 

the method by including more mycotoxins in different type of samples.. 446 
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Table 1. LC-MS/MS parameters for trichothecenes determination. 

 

Start 
time 
(min) 

Mycotoxin 
Retention 

Time 
(min) 

Molecular 
weight   

(g mol-1) 
Precursor ion (m/z) 

Dwell 
time 
(ms) 

Product ion  
(q/Q ratio) 

CE 
(eV) 

0 DON 2.9 296.319 297.1 [DON + H]+ 180 
248.9        

231.1  (66) 
203.1  (59) 

8 
10 
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Table 2. Trichothecene recoveries from SPE (%Rec SPE) and extraction recoveries from PLE SWE and 

SPE (%Rec PLESWE+SPE) of both tested cartridges. Matrix effects from OASIS (%ME) are also 

detailed, from a dilution of 1 and 2 mL. Matrix was the maize sample spiked with the analytes mycotoxins 

mixture, which concentrations are specified in the text.  

 

DON3G 3.6 458.46 297.1 [DON3G - 3G + H]+ 

248.9   
231.1  (66) 
203.1  (59) 

8 
10 
8 

4.4 

3AcDON 9.8 338.356 339.2 [3AcDON + H]+ 

85 

231.0   
203.0  (39) 
175.0  (23) 

8 
24 
18 

15AcDON 10.1 338.356 356.2 [15AcDON + NH4]+ 
339.1   

321.0  (42) 
136.9  (36) 

16 
12 
4 

5.8 

HT-2 14.7 424.49 442.2 [HT-2 + NH4]+ 

85 

215.1   
262.9  (90) 

196.9  (31) 

8 
8 

20 

T-2 15.1 466.527 484.2 [T-2 + NH4]+ 
214.9 

304.9  (80) 
185.0  (66) 

16 
12 
10 
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 ISOLUTE ENV+ OASIS HLB 

 
%Rec 
SPE 
std 

%Rec 
SPE 

matrix 

%Rec 
PLESWE+SPE 

%Rec 
SPE 
std 

%Rec 
SPE 

matrix 

%Rec 
PLESWE+SPE 

%ME  
1 mL 

%ME  
2 mL 

DON 76 70 69 92 73 77 -48 -24 

DON3G 84 69 49 101 76 63 -35 -21 

3AcDON 105 87 51 94 93 69 13 10 

15AcDON 106 98 46 110 103 59 -8 3 

HT-2 94 76 45 94 78 56 -39 -25 

T-2 88 37 41 82 41 53 -39 -24 

 Spelt Millet Oat Quinoa Sesame 

n=3, RSD lower than 3% in both %Rec SPE, lower than 12% in both %Rec  PLESWE+SPE. Results 

obtained from a final resuspension of 2 mL 
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Table 3. Trichothecene extraction recoveries (%Rec PLESWE+SPE) and matrix effects (%ME) of the 

studied samples. Spiking concentrations are specified in the text.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Maximum trichothecene concentration (μg kg-1) extracted from the studied samples. 

 

 

%Rec 
SWE
PLE+
SPE 

%ME 

%Rec 
PLES
WE+
SPE 

%ME 

%Rec 
PLES
WE+
SPE 

%ME 

%Rec 
PLES
WE+
SPE 

%ME 

%Rec 
PLES
WE+
SPE 

%ME 

DON 60 -18 48 -17 53 -34 45 -8 72 -45 

DON3G 49 -3 39 -6 35 -15 42 -6 48 -5 

3AcDON 40 13 28 15 41 -18 35 28 - - 

15AcDON 46 8 34 9 27 2 33 9 50 14 

HT-2 52 -7 34 4 25 1 39 7 44 6 

T-2 47 -17 39 -14 30 -15 37 -12 33 -9 

n=3, RSD lower than 20% 
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Figure caption 

 

 Maize Spelt Millet Oat Quinoa Sesame 

DON 15.6 to 17.8 
<MDLLOD to 
<MQLLOQ 

<MQLLOQ to 
8.09 

<MQLLOQ to 
64.5 

<MDLLOD to 
<MQLLOQ 

- 

DON3G 
<MQLLOQ to 

2.94 
- - 

<MDLLOD to 
8.71 

- - 

3AcDON <MQLLOQ - - - 
<MDLLOD to 
<MQLLOQ 

<MDL to 
<MQL- 

15AcDON 15.8 to 16.7 
<MDLLOD to 
<MQLLOQ 

<MQLLOQ to 
3.26 

<MQLLOQ to 
10.6 

- - 

HT-2 
<MDLLOD to 

7.43 
- - 

<MQLLOQ to 
35.2 

<MDLLOD to 
<MQLLOQ 

- 

T-2 
<MDLLOD to 

2.12 
- 

<MDLLOD to 
<MQLLOQ 

<MQLLOQ to 
4.51 

- - 

n=3,  

(-) Not detected 
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Fig. 1 Quantitative transition MRM chromatograms of detected trichothecenes in agedhighly 

contaminated maize sample. 
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