
UNIVERSITY OF TARTU 

INSTITUTE OF CHEMISTRY 

 

 

 

 

 

 

 

Dana-Maria Bunaciu 

 

Developing an HPLC-ESI-MS/MS method for simultaneous 

determination of mycotoxins in maize flour and other 

matrices 

 

Master thesis 

 

 

Supervisors: Tõiv Haljasorg 

                      Ivo Leito, PhD 

          

 

 

 

 

 

 

TARTU 2010 



2 
 

 

Contents 

 

1. Abbreviations ...................................................................................................................................... 3 
2. Introduction ......................................................................................................................................... 4 
3. Literature overview ............................................................................................................................. 5 

3.1. Importance of mycotoxin level studies ........................................................................................ 5 
3.2. Control of mycotoxin levels in crops and food products ............................................................. 6 
3.3. Methods for mycotoxin content determination in food products................................................. 7 
3.4. Typical approaches on sample preparation depending on analytical method............................ 17 
3.5.Comparison of analytical methods for mycotoxins .................................................................... 19 

4. Experimental ..................................................................................................................................... 20 
4.1. Apparatus ................................................................................................................................... 20 
4.2. Laboratory ware ......................................................................................................................... 20 
4.3. Chemicals ................................................................................................................................... 20 
4.4. Procedure description................................................................................................................. 21 

5. Results and discussion....................................................................................................................... 24 
5.1. Results ........................................................................................................................................ 24 
5.2. Discussion .................................................................................................................................. 28 

6. Summary ........................................................................................................................................... 29 
7. Summary (in Estonian)...................................................................................................................... 30 
8. References ......................................................................................................................................... 31 
9. Annexes............................................................................................................................................. 40 
 



3 
 

1. Abbreviations 

3-AcDON - 3-acetyl-deoxynivalenol; 15-AcDON - 15-acetyl-deoxynivalenol; acetyl-CoA – acetyl-

coenzyme A 

AfB1 – aflatoxin B1; AfB2 – aflatoxin B2; AfG1 – aflatoxin G1; AfG2 – aflatoxin G2; AfM1 – 

aflatoxin M1 

AOAC - Association of Official Analytical Chemists  

CAST - Council for Agricultural Science and Technology 

CEN – European Committee for Standardisation 

DAD – diode array detector 

DAS – diacetoxyscirpenol; DON – deoxynivalenol 

ELIME array - Enzyme-Linked-Immuno-Magnetic-Electrochemical-array 

ELISA - enzyme linked immunosorbent assay 

ESI – electrospray ionisation 

EU - European Union 

F - Fusarium 

FD - fluorescence detector 

FHB - Fusarium head blight 

FID – flame ionisation detector 

GC - gas chromatography 

HACCP - Hazard analysis of critical control points 

HPLC - high performance liquid chromatography; LC – liquid chromatography 

IAC – immunoaffinity column 

LOD – limit of detection; LOQ – limit of quantitation 

MS – mass spectrometry; MS/MS – tandem mass spectrometry 

NIV - nivalenol 

OTA - Ochratoxin A; OTB-Ochratoxin B; OTC-Ochratoxin C 

PBS – phosphate buffer saline 

QuEChERS – “quick easy cheap effective rugged and safe” 

r – correlation coefficient  

RSD – relative standard deviation (%) 

spp.- species 

TLC - thin layer chromatography 

UPLC – ultra performance liquid chromatography 

UV - ultraviolet 

ZAN – zearalanone; ZON - zearalenone 
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2. Introduction 

Mycotoxins are a group of chemical substances produced by different species of fungi. After 

infesting crops, fungi synthesize the toxins, which will be transmitted to the final food products. Some 

mycotoxins form derivatives inside the contaminated plants and organisms [1]. From the fungal 

species with the highest toxigenic potential, Aspergillus, Fusarium, Penicillium, Alternaria and 

Claviceps are the most important. [2] 

The study of mycotoxins is very important due to their high level of toxicity and also because 

of the increasing legislative demands concerning mycotoxin content of different products. 

Mycotoxins can be found in a wide variety of matrices, ranging from cereals, peanuts, spices, 

animal feeds, fruits and vegetables to meat, milk, eggs and many other derived products. Up to present 

days, around 400  mycotoxins have been registered [3], but not all of them manifest toxic behaviour 

towards plants or animals [4]. The classes of mycotoxins with relevance to health are: aflatoxins, 

ochratoxins, trichothecenes, zearalenone, fumonisins, tremorgenic toxins, and ergot alkaloids [4]. 

Other mycotoxins with toxigenic potential against humans are: penitrem (a tremorgenic mycotoxin), 

patulin, cyclopiazonic acid and citrinin [5]. 

Common analytical methods for mycotoxins can be divided in two categories: screening 

methods and confirmatory (reference) methods [6]. The first category includes rapid methods such as 

ELISA, which has a wide range of applicability: aflatoxins, fumonisins, ochratoxin A, zearalenone, 

and trichothecenes. New screening techniques will be developed, for the purpose of being used in 

prevention strategies. Biosensor-based techniques with surface plasmon resonance detection [7] are 

beginning to be used. From the confirmatory methods, gas chromatography and high performance 

liquid chromatography, often with mass-spectrometric detection, are most commonly used in the 

present days. Thin layer chromatography was among the first methods used for mycotoxin analysis. 

Automation, high performance separation and generally lower detection limits are the advantages of 

GC and HPLC compared to TLC [6]. 

 The purpose of the present work is developing an HPLC-MS/MS method together with 

extraction and sample cleanup steps for simultaneous analysis of aflatoxin B1, aflatoxin B2, aflatoxin 

G1, aflatoxin G2, ochratoxin A, zearalenone, T-2 toxin and HT-2 toxin. 
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3. Literature overview 

3.1. Importance of mycotoxin level studies 

      In this chapter, the main economical, legislative and health-related aspects concerning 

mycotoxins will be presented. Because of their toxicity, mycotoxins represent a threat to public health 

and can also cause major economical losses. Implementation of suitable regulations concerning 

mycotoxins has become an important issue, with influences on trade and food production. 

Market losses caused by mycotoxins are a consequence of rejecting crops or disposing of the 

ones that don’t fulfill certain requirements [8]. The mean annual economical losses caused by 

mycotoxins were estimated to $932million USD by the U.S. Food and Drug Administration (CAST, 

2003). Mycotoxins surveyed were aflatoxins, fumonisins, and deoxynivalenol [9].  

In developing countries, mycotoxins represent a higher risk to health than in industrial 

countries [8].  

The implementation of legislation concerning mycotoxins requires validated analysis methods. 

Results obtained with these methods must have suitable accuracy, repeatability and reproducibility 

within and between laboratories. The reliability of results is necessary for proficiency testing trials, 

risk assessment, prevention strategies (HACCP) and legislative actions [6].  

Although regulations might differ with respect to mycotoxin type, matrix or acceptable limits, 

harmonisation of the EU market is aimed. When there is need to set a legislative limit for a certain 

mycotoxin, official methods must fulfill certain requirements established by CEN and AOAC [6].  

Method validation can be done nowadays for very low contamination levels [6], due to the 

sensitive methods used. The use of immunoaffinity cleanup associated with TLC and HPLC [10] and 

improved detection systems [6] solved the analytical problem of detecting very small concentrations. 

European regulations concern different aspects: legislative limits of toxins in different 

products, choice of sampling and analysis methods, requirements for the laboratories designed with 

the official control of food products. Relevant examples of directives are shown below [6]:  

• Directive 85/591/EEC that lays down the framework for sampling and analysis methods on 

community level (European Council, 1985). 

• Directive 89/591/EEC and Directive 93/99/EEC which define general principles for the official 

control of foodstuffs (European Council, 1989). 

• Directive 98/53/EEC that defines sampling methods and the statistical requirements (method 

performance) for analysis methods (European Commission, 1998a). 

Mycotoxins are dangerous for human and animal health, considering their potential to cause 

various mycotoxicoses [11].The Fusarium toxins with the highest degree of toxicity for animals are 

trichothecenes, zearalenone and fumonisins [12].Aflatoxins, fumonisins, ochratoxin A, trichothecenes 

(e.g. nivalenol, deoxynivalenol, T-2 toxin), zearalenone and patulin are mycotoxins with relevant 

importance for health issues. Aflatoxin B1 is considered to be the strongest natural carcinogen in 
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animals [6].Since 1961, when they caused big losses in England, aflatoxins became a problem of great 

importance. Scientists took interest in their carcinogenicity and immunosuppressive nature [5]. 

On the background of chronic exposure at a large scale, different cases of mycotoxicoses 

occurred in Europe, Asia, New Zealand and South America [12]. 

Given their low concentrations in different food products, acute intoxications with mycotoxins 

are quite rare in humans. On the other hand, chronical exposure can lead to mycotoxicoses, in some 

cases because of a cumulative effect of the respective toxins [13].The contamination paths, either in 

humans or animals, are: inhalation, ingestion and skin contact [11]. 

There have been cases of acute intoxication with aflatoxins, despite their low level of food 

contamination. There is the possibility of potentially lethal aflatoxicoses [14, 15]. Recently, acute 

cases of aflatoxicosis in Kenya caused the death of 123 people [16-18].  

Neurotoxic, carcinogenic, mutagenic and teratogenic effects of mycotoxins on animals have 

been proved by laboratory experiments [19,20].  

 

3.2. Control of mycotoxin levels in crops and food products 

Mycotoxins are secondary metabolites of fungi. Their biosynthesis is influenced by storage 

conditions, climate and intrinsic factors such as fungal strain specificity [4]. This chapter will focus 

mainly on the aspects concerning the mycotoxin level control in crops, stored materials and also 

during processing the raw material. Prevention strategies, such as HACCP, involve monitoring the 

mycotoxin content from the crop field to the consumer’s table. Testing protocols have to be set for all 

the important control points: fungal interactions with crop plants, harvesting and processing method, 

storage and product delivery.[5]   

Mycotoxin control before cereal harvesting  

A very important issue concerning mycotoxin levels in crops is the control of Fusarium head 

blight. Wheat and barley are among the plant species that are most commonly infected . FHB 

occurrence is caused mainly by Fusarium culmorum, F. graminearum, F. avenaceum, F. poae and 

Microdochium nivale [21]. DON, NIV, ZON and DON derivatives like (3-AcDON, 15-AcDON) are 

mainly associated to the disease [22,23]. 

 In order to reduce the FHB incidence, different prevention methods, for example the use of 

fungicides, have to be applied. Calendaristic time and environmental conditions are factors that might 

facilitate the occurrence of the disease [21]. The time of crop flowering is considered to be favourable 

for crop infection. Fungal growth is intensified by a warm environment, with high degree of humidity 

[21]. Infection with Fusarium species can be prevented by using resistant cultivars, fungicides, 

biological control and cultural practices [21].  
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 Mycotoxins control after harvesting 

Mycotoxin levels in final products are also influenced by the processing methods.  

A survey made by the UK Food Standards Agency [24,25] showed that trichothecenes are not 

completely destroyed in the processing stages. Different cereal products were analysed, and the 

highest DON and NIV content was found in breakfast cereals. (2261 µg/kg, respectively 260 µg/kg). 

Cleaning by gravity separators [26] and milling of cereals are among the processing methods 

that can reduce the trichothecene content. In case of dry milling, the fractions with higher mycotoxin 

content (bran, wheatfeed) can be separated. Due to their high solubility in water, trichothecenes can be 

easily separated during wet milling. [27,28].Reducing the toxin content is strongly related to the 

infection pattern inside the grain. [29]. 

Other processing stages, such as baking, extrusion and brewing can also modify the mycotoxin 

concentration. Brewing steps can have different effects: steeping can lower DON level, but 

germination can increase it [30]. 

The study of water content [31] influence proved that for any temperature, an increased water 

activity value will increase the fungal growth rate [31]. Increasing temperature will also intensify 

fungal growth [31].  

 

3.3. Methods for mycotoxin content determination in food products 

 3.3.1. Chemical properties of mycotoxins 

 The chemical structures of mycotoxins are very diverse [32] and their molecular weight is 

generally low (under 700 Da) [32]. Because of their diversity in structure and properties, analysis 

methods have been developed for single toxins initially. Later, the advantages of simultaneous 

methods have been outlined. 

Aflatoxins 

 Aflatoxins (AfB1, AfB2, AfG1, AfG2) are difuranocoumarin compounds [33]. Aflatoxin M1 

is a hydroxylated metabolite of aflatoxin B1, found mostly in animal tissues and fluids [5]. At present, 

there are 20 isolated aflatoxins [4]. The structure of aflatoxins is presented below [4]: 

 Fig. 3.1. Structure of aflatoxins B1, B2, G1 and G2. 

 

 Aflatoxin B1    Aflatoxin B2 
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Aflatoxin G1      Aflatoxin G2 

 

Aflatoxins are produced via a polyketide pathway by Aspergillus species [32]. Other aflatoxin 

metabolites are: aflatoxinM2, aflatoxinQ1, aflatoxinP1 and aflatoxinB1-8,9-epoxide [4,32].  

 Ochratoxins 

 Ochratoxins are 3,4-dihydromethylisocoumarin derivatives linked with an amide bond to the 

amino group of L-β-phenylalanine [34]. Ochratoxin A, the most important compound of this class, has 

fluorescent properties and is a secondary metabolite of Aspergillus ochraceus and Penicillium 

verrucosum [35]. The empirical formula for OTA is C20H18O6NCl and the molecular weight is 403.82 

[36]. 

 As for the biosynthetic pathway of OTA, it has not been determined completely, but in 

principle it refers to a shikimate pathway (from shikimic acid) and a pentaketide pathway, which 

describe the formation of the phenylalanine and the dihydroisocoumarin parts, respectively [36]. The 

first step of the pentaketide pathway represents the condensation between one acetate unit (acetyl-

CoA) and four malonate units. Recently, it had been proved that a polyketide synthase is necessary for 

this condensation reaction [37]. 

 

 Fig. 3.2. Structure of Ochratoxin A [5]. 

 

Ochratoxin A

   

Ochratoxin A is a white, crystalline substance, with high solubility in polar solvents [Chemical 

abstract specification (CAS) 303-47-9]. It is slightly soluble in water and soluble in aqueous sodium 

hydrogen carbonate. The melting points are 90 and 171 °C, when recrystallized from benzene 

(containing 1 mol benzene/mol) or xylene, respectively [38]. OTA exhibits UV adsorption: 

λMeOHmax (nm; ε) = 333 (6400) [39]. The fluorescence emission maximum is at 467 nm in 96% 

ethanol and 428 nm in absolute ethanol. The infrared spectrum in chloroform includes peaks at 3380, 

1723, 1678 and 1655 cm−1 [40]. OTA has weak acidic properties. The pKa values are in the ranges 
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4.2–4.4 and 7.0–7.3, respectively, for the carboxyl group of the phenylalanine moiety and the phenolic 

hydroxyl group of the isocoumarin part [41–43].  

The ochratoxin group also includes OTB, OTC, 4-hydroxyochratoxin A and Ochratoxin α 

[36].  

 Trichothecenes 

 The structure of trichothecenes is based on a sesquiterpenoid ring, with functional groups that 

can differentiate the types of trichothecenes between them [44]. The toxic nature of these substances is 

due to an epoxidic ring at C12,13 position. The difference between type A and type B trichothecenes 

is the presence or absence of a carbonyl at C8, respectively [45]. Type A trichothecenes are: T-2 toxin, 

HT-2 toxin, diacetoxyscirpenol. Type B trichothecenes are: deoxynivalenol (vomitoxin) [46,47], 

nivalenol. Type C trichothecenes (crotocin, baccharin) have an epoxide group at the C7,8 or C9,10 

position. Type D trichothecenes (satratoxin, roridin) contain a macrocyclic ring between the C4,15 

positions [45]. 

 Trichothecenes are non-volatile, resistant to light and temperature, and can be deactivated 

under strong acid or alkaline conditions [45]. There are bacteria and fungi that can degrade 

trichothecenes [48]. 

 Type A trichothecenes have the tendency to cause acute mycotoxicoses, unlike type B 

trichothecenes, which rather induce chronical toxicoses [46,47].  

 

 Fig. 3.3. Structure of deoxynivalenol [5]. 

  

 Zearalenone 

 Zearalenone is biosynthesized through a polyketide pathway by different Fusarium fungi [1]. 

From a structural point of view, it is a resorcyclic acid lactone [1]. 

 The structures of zearalenone and two derivates (α-zearalenol  and β-zearalenol) 

are shown below [1]. 
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 Fig. 3.4. Structure of zearalenone, α-zearalenol  and β-zearalenol.  

     

  zearalenone     α-zearalenol 

       

      β-zearalenol 

 Other zearalenone derivates are: zearalanone, α-zearalanol, β-zearalanol.  

Some classes of toxins (for example aflatoxins, Ochratoxin A, citrinin) have natural 

fluorescence and can be detected with HPLC–FD methods [49]. 

Fumonisins 

 The structure of fumonisins is based on a hydroxylated hydrocarbon chain. This chain contains 

methyl and amino groups in case of fumonisins B1 and B2. Fumonisins A1 and A2 contain methyl 

and acetyl groups [50]. 

Fig. 3.5. Structure of fumonisin B1 [5]. 
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 3.3.2. Quantitative and semiquantitative ELISA 

 3.3.2.1. Different immunoaffinity assays 

 Due to its simplicity, adaptability and sensitivity, enzyme linked immunosorbent assay has 

become a routine method for mycotoxin analysis. In many cases, spectrophotometric detection is used.   

Different ELISA trials and immunoassay methods are presented below, together with their 

performance characteristics [51,52]. 

 A cleanup tandem immunoassay was used as screening method for Aflatoxin B1 and 

Ochratoxin A in spices [53]. Detection limits for the two toxins were 5 µg/kg and 10 µg/kg, 

respectively. The detection limit of 5 µg/kg for Aflatoxin B1 coincided with the legal limit set by the 

European Union for this toxin. The mycotoxin presence was detected visually and matrix effects were 

investigated. No false negative results were observed after cleanup. The results were confirmed by an 

LC-MS/MS method and showed that 32% of the Capsicum spp. spices contained OTA above 

detection limit, and 23% of the Capsicum spices were contaminated with AfB1.  

 The figure below shows the structure of the column used in the immunoassay, with one 

cleanup layer and two different detection immunolayers containing specific antibodies for each of the 

mycotoxins. 

 

 Fig. 3.6. Column structure. 

 

Antibody-based analysis techniques can involve instrumental absorbance reading or rapid ,,on-

site” testing [54]. The second method involves the use of antibodies fixed on a membrane [55,56] and 

it can be efficient even for multitoxin analysis. Low limits of detection were obtained with non-

instrumental (visual) testing for different mycotoxins, in a test where spiked wheat samples were 



12 
 

analysed. LOD values were: 10 µg/kg for aflatoxin B1, 50 µg/kg (ochratoxin A), 3500 µg/kg (DON), 

100 µg/kg (T-2 toxin), and 50 µg/kg (fumonisin B1). [57].  

Sensitivity of the non-instrumental method is lower than sensitivity of the microtiter plate 

(instrumental) method. If analyte detection in the microgram per kilogram range is required, high-

quality antibodies have to be used [54]. 

Extraction prior to ELISA is done with organic solvents (water in case of DON) and is 

followed by filtration in order to remove the solid particles. This extraction method is suitable for 

cereal samples or flour, but problems might appear with more complex matrices [54]. 

The results of a simultaneous enzyme immunoassay were compared with the ones obtained 

with individual ELISA performed for Aflatoxin B1 and Ochratoxin A in chili samples [58]. 

The simultaneous method proved to be cost-effective and rapid, also reducing the dilution error and 

avoiding laborious cleanup. The analyte concentrations were detected either visually, either by 

densitometry. The extraction solvent was methanol:water (80:20) v/v, only 2 fold diluted for 

simultaneous analysis and 10 fold diluted for individual ELISA [59,60,61,62]. 

The results are summarized in the following table, showing good accuracy and precision. 

 

Table 3.1. Comparison between simultaneous immunoassay and individual ELISA. 

Analytical characteristic Simultaneous method Individual ELISA 

 AfB1 OTA AfB1 OTA 

Detection limit (µg/kg) 2 10 2 2 

CV, intra-assay (%) 6-8 5-7 4-6 5-7 

CV, inter-assay (%) 8-11 8-11.4 6-9 7-11 

Assay time 6 min 35 min 2 h 15 min 

Average recovery (%) 92-120 93-110 95-120 90-105 

The analysis of Aflatoxin M1 in milk products by indirect competitive ELISA yielded accurate 

results [63], with intra-day and inter-day variation coefficients of 2.3-4.6% and 3.2-17.2%, 

respectively. For a spiking range of 0.1-3.2 ng/ml, the recovery values were between 80% and 128%. 

Linear range was 0.04-5 ng/ml, with an LOD of 0.04 ng/ml. The results outlined the high sensitivity 

of monoclonal antibodies. 

Deep-red ground pepper samples were analysed by enzyme-linked immunosorbent assay, 

using previous immunoaffinity cleanup for Aflatoxin B1. Before the cleanup step, samples were 

extracted with 70% methanol, filtered and diluted. After aflatoxins were retained by cleanup column, 

they were eluted with methanol at slow flow rate and diluted with phosphate buffer solution. ELISA 

determination followed, and analyte concentration was detected by means of absorbance 

measurement, at 450 nm. Recovery was between 50-70%, detection limit was 0.025 µg/kg, and 

average coefficient of variation was 8% [64].  



13 
 

In order to obtain the required sensitivity and specificity, an electrochemical immunosensor 

was developed for the determination of Aflatoxin B1 in corn samples using indirect competitive 

ELISA approach [51]. Magnetic beads were used as immobilization support. Before the ELIME array, 

the samples were extracted with acetonitrile/water (84:16, v/v) and cleaned with a MycoSep column. 

Electrochemical detection was used in this experiment, and the detection limit was 0.6 ng/ml. The 

recovery and precision of the method were determined using four Certified Reference Materials, from  

which two replicates were analysed. Recovery was found to be between 95 and 114%, while relative 

standard deviation was between 11 and 26% [51]. 

In order to determine the total aflatoxin content in stored cassava chips, direct competitive 

ELISA was used. Extraction was done with methanol:water (70:30 v/v) and starndard aflatoxin 

solutions at 20 µg/kg were used as controls. Detection limit value was smaller than 5 µg/kg [65].  

Competitive ELISA was also used to estimate the total aflatoxin content, as well as Aflatoxin 

B1 concentration, in mahua seeds. Extraction with 70% aqueous methanol and immunoaffinity 

cleanup were also involved in the experiment. As it was previously shown in other trials, detection 

was done by means of absorbance measurement [66].  

Unlike in previous trials, no cleanup step was involved when total aflatoxin content was 

determined in peanut samples, as well as concentrations for individual aflatoxins B1, B2, G1 and G2. 

Samples were extracted with 75% methanol, diluted 10 times with PBS-methanol buffer and then 

analysed. Recovery values ranged from 87.5% to 102.0% [67].  

 

3.3.2.2. ELISA vs. Chromatography 

The results of a cleanup tandem immunoassay [53] were confirmed by a LC-MS/MS method 

[53] for aflatoxin B1 and Ochratoxin A analysis in spices. Samples were extracted with MeOH/water 

(80/20, v/v); the extract was diluted, filtered and purified with an AflaOchra HPLC column. Toxins 

were eluted with methanol and redissolved in MeOH/water (30/70, v/v). Chromatographic separation 

was improved by the applied gradient [53]. Positive electrospray ionization and multiple reaction 

monitoring were used, and the precursors’ mass to charge ratios were: AfB1-313; AfB2-315; AfG1-

329; AfG2-331; OTA-404. 

The results showed that, for all the samples, the AfB1 concentration was significantly higher 

than the concentrations of AfB2, AfG1 and AfG2. 

 In a different experiment [68], results from LC-MS/MS and ELISA were compared. B 

trichothecenes and macrocyclic lactone mycotoxins were extracted from maize using 

acetonitrile/water (75:25, v/v) [69]. Extraction contribution to the total recovery was evaluated by 

spiking the samples before and after the extraction step. The recovery of extraction was above 92%. 

Before chromatographic analysis, extracts were purified by Graphitized Carbon Black cartridge. The 

conditions and elution gradient [69] used in LC-ESI-MS/MS analysis did not allow chromatographic 
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separation of 3-Acetyl-DON and 15-Acetyl-DON, which were evaluated as a sum. A C18 and a guard 

column were used in the analysis. Using a different kind of column (Polar RP) [70], the separation of 

the two isomers was possible. Isocratic elution was used for macrocyclic lactones. Ionisation was done 

in negative mode [69]. The recovery  (obtained using artificially contaminated maize samples) and 

detection limits were as follows: 

 

 Table 3.2. Recovery and detection limit for deoxynivalenol and zearalenone [68]. 

  Analyte  Recovery±RSD (%) Detection limit (ng/g) 

  deoxynivalenol 89±10    2 

  zearalenone  95±7    3 

 

 Competitive ELISA was done with separate kits for each mycotoxin (deoxynivalenol and 

zearalenone), using spectrophotometric detection at 450 nm.  Detection limits for DON and ZON were 

17 ng/g and 18.5 ng/g, respectively. Upper limit of linear range was 500 ng/g for both kits, and 

recoveries were between 85–110% for DON and 64–97% for ZON. The comparison showed that 

results from ELISA and LC-MS/MS were in concordance for zearalenone, and cross reactivity of 

antibodies with zearalenone metabolites did not affect the analysis. On the contrary, in case of DON, 

eight cases of false positives in case of ELISA method were outlined by LC-MS/MS. 

 The results of ELISA and HPLC were compared for Ochratoxin A analysis in wine [71]. 

Immunoaffinity cleanup was done prior to HPLC. Fluorescence detection and a non-polar column 

were used. Mobile phase for HPLC was: methanol:water: acetic acid (70:30:2). 

 For the ELISA analysis, cleanup with bicarbonate was used to eliminate the interference of 

chromogenes [72]. Detection was done at 450 nm. An additional extraction with chloroform, followed 

by a concentration step, improved the detection limit. Another way of eliminating the interferences 

would be using IAC before ELISA. 

 Linear regression analysis showed a good correlation between the results obtained with the 

two methods, with r = 0.821. Correlation was better at high OTA concentrations. 

 However, ELISA has certain disadvantages: the possibility of false positives caused by cross-

reactivity and the possibility of false negatives. Confirmation with HPLC is necessary [6].  

With respect to method sensitivity, ELISA is known to have detection limits that are 

comparable to those obtained with HPLC [6]. 

 Although the commercial ELISA kits have low LOD values (nearly 11 µg kg−1), that comply 

with EU requirements, these LOD levels are not suitable for the trace analysis of Aflatoxin B1 in baby 

foods [73]. 
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   3.3.3. HPLC 

Lately, the HPLC methods for mycotoxin analysis have gained more attention, due to their 

efficiency and high sensitivity [74]. Among different detector types, tandem mass spectrometry 

provides high selectivity, low quantitation limits and accurate analysis [73]. This chapter focuses 

mostly on HPLC-MS/MS methods encountered in a large amount of literature sources [75,76]. 

Another important aspect in HPLC analysis is the type of column used, given the wide range of 

physicochemical properties of the analytes. The extraction solvents, eluents and types of gradient used 

are also of extreme importance for the chromatographic separation [73]. Due to the complexity of 

food matrices, a large amount of HPLC methods use immunoaffinity cleanup, which will be discussed 

in detail in the following chapters. A tendency towards developing methods for simultaneous 

mycotoxin determination has been noticed [75].  

For example, a LC-MS/MS method has been developed for the simultaneous analysis of 90 

mycotoxins in cereals [75]. Two chromatographic runs were carried out, for each ionization polarity. 

Extraction was carried out with acetonitrile/water/acetic acid (79/20/1, v/v/v). Afterwards, the extract 

was diluted in a proportion of 1:1 (v/v) with acetonitrile/water/acetic acid (20/79/1, v/v/v) in order to 

adjust the solvent strength. No cleanup step was involved. The limits of detection ranged from 0.03 

µg/kg (enniatin B) to 30 µg/kg (nivalenol). 

High sensitivity, good correlation coefficients and linear range were achieved with an UPLC-

MS/MS multimethod [73].  

HPLC coupled to tandem mass spectrometry can provide higher selectivity than TLC [77] or 

HPLC-DAD [78]. These methods are selective enough for single target analysis in foodstuffs, but they 

are not appropriate for a large number of analytes [79].  

Even in the case of HPLC, cleanup is necessary. Incomplete extraction and matrix effects can 

lead to an underestimation of the actual concentration in the samples. An HPLC-MS/MS method 

which avoids cleanup is more appropriate for semi-quantitative screening [79]. 

 When the same type of sample was analysed in two different laboratories with different 

methods (HPLC-FD and HPLC-MS), the limits of quantitation for fumonisins were: between 70-90 

µg/kg for fluorescence detection and 100 µg/kg for mass spectrometric detection. For T-2 toxin, the 

LOQ obtained with TLC was 125 µg/kg, and the LOQ obtained with HPLC-MS was 30 µg/kg [80]. 

 HPLC with fluorescence or ultraviolet detection provides high sensitivity, low LOD and good 

automatic operation, and is considered to be the standard method of the European Committee for 

Standardization (CEN) [81]. 

Also, when an UPLC – MS/MS method was validated for multitoxin analysis, a comparison 

was done with a HPLC–FD standard reference method. The results confirmed the method’s accuracy 

and applicability for quantitation purposes [73].   
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 However, MS/MS detection method in combination with HPLC is efficient in providing  

information about the structures of the analytes and also low detection limits can be achieved. This 

method can cover a wide range of analyte polarity [75]. 

Analyte derivatization is necessary in case of the use of fluorescence detectors [82,83]. An 

advantage of MS/MS used with HPLC is that, unlike in gas chromatography, polar compounds can be 

analysed without the need of derivatization [75].   

3.3.4. Gas Chromatography 

 GC can be used as a tool for simultaneous mycotoxin analysis, but the low volatility of the 

analytes and the necessity of derivatization reduce its attractiveness. 

 The analysis of seven trichothecenes and zearalenone was achieved with a GC-MS method. 

Cleanup was achieved with a Florisil column, from which all 8 toxins were eluted with a chloroform–

methanol (9:1) mixture. Derivatization was necessary because of the method limitations, and the 

average recovery of the 8 toxins was more than 81%. Recovery was obtained by spiking corn and 

wheat at 50 ng/g. Limits of detection were 10 ng/g for DON and NIV and 5 ng/g for the other toxins 

[84]. 

 Trichothecenes were analysed in wheat also by GC with flame ionization detection. This 

detection type provides large linearity range, it is easy to use and cost-effective [85].Extraction was 

done with acetonitrile-water (84:16, v/v) and cleanup with charcoal and ion exchange resins was used. 

The analytes were derivatised to trimethylsilyl ethers. A combination of two chromatographic 

columns was used to avoid peak overlapping. The method proved to have good linearity and a 

detection limit of 25 µg/kg. Quantitation limit for the trichothecenes was 75 µg/kg. The relative 

recovery, determined by using certified reference materials, was 105%, and the relative standard 

deviation was was 5.8% [85].  

For the determination of trichothecenes, gas chromatographic methods with electron capture 

detection or mass spectrometry detection are most commonly used nowadays [86].  

 The disadvantages of GC/MS are related to volatility and thermal stability of the analytes [87]. 

 

 3.3.5. Other methods 

 3.3.5.1. Thin layer chromatography 

 TLC method was used for the analysis of T-2 toxin, DAS (diacetoxyscirpenol) and DON in 

grains [88]. The samples were extracted with organic solvents and concentrated. Then, they were 

applied on TLC plates together with standard solutions. In case of extract for DON analysis, 

purification was done with a column packed with sodium sulphate–florisil–sodium sulphate (10:20:15, 

w/w/w). Detection was done using long wave UV light.  

 The mean recoveries obtained were 85%, 90% and 93%, for T-2, DAS and DON, respectively. 
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The coefficients of variation were 11.3% for T-2, 8.1% for DAS, and 9.1% for DON. Detection limits 

were: 0.1 mg/kg for T-2 toxin and DAS, and 0.01 mg/kg for DON. 

 A limit of quantitation of 125 µg/kg was obtained for T-2 toxin in feeds with a TLC method 

involving previous cleanup with Mycosep #227 and Multisep #219 cartridges [80]. Samples were 

evaporated, redissolved in toluene:acetonitrile 97:3 and applied to a reverse phase C-18 TLC plate. A 

methanol/water/acetic acid solution was used to develop the plate, which was then dried and dipped 

into methanol/sulphuric acid 90:10. Then, it was heated at 150 °C and toxins were detected by using 

UV light. A different value for the quantitation limit (30 µg/kg) was obtained in case of LC-MS 

analysis. 

 Aflatoxins were analysed in corn samples using silica gel G 60 plates and toluene: ethyl 

acetate: chloroform: formic acid (70:50:50:20, v/v/v/v) as mobile phase. Extraction was done with 

methanol containing 4% KCl. The extract was cleaned with 30% ammonium sulfate, diatomaceous 

earth and two partitions with chloroform. Cleanup was followed by evaporation and redissolution 

steps. For a 5–20 µg/kg spiking range, the recoveries were: 97% for AfB1, 93% for AfG1, 93% for 

AfB2 and 94% for AfG2. Detection limit was 4 µg/kg [89]. 

 Because of its poor separation ability and unsatisfactory accuracy, TLC method has limited 

applicability [73]. 

 3.3.5.2. Near Infrared Spectroscopy 

 Near Infrared Spectroscopy can be used as a non-destructive screening method for aflatoxin 

B1 in maize and barley [90]. Two types of spectrophotometers were compared in this trial: a 

dispersive instrument, scanning over a range of 400–2500 nm, and a Fourier transform near infrared 

spectrophotometer with a range of 1112–2500 nm. Better spectral information was obtained with the 

Fourier transform spectrophotometer. Detection of AfB1 at 20 ppb level was achieved [90]. 

3.4. Typical approaches on sample preparation depending on analytical 
method 

3.4.1. Immunoaffinity cleanup – an important step in sample preparation 

 The most important advantages of IAC cleanup [91] are listed below: 

(i) provision of clean extracts due to the specificity of the antibody; 

(ii) applicability to complex matrices; 

(iii) good precision, accuracy and sensitivity of analytical methods; 

(iv) rapid clean up; 

(v) limited use of organic solvents. 

The efficiency of an immunoaffinity cleanup column was compared to the efficiency of a 

multi-functional column for the analysis of OTA in cereals, raisins and green coffee beans [92]. The 

samples were analysed by HPLC and the chromatograms corresponding to the multifunctional column 

contained overlapping peaks. This pointed to the lack of specificity of the multi-functional column. 
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Contrasting with these results, the IAC chromatograms contained only the OTA peak, with no 

interferences [92].  

Cross-reactivity is another significant aspect related to the use of immunoaffinity cleanup. 

When the analytes have similar structures (for example Aflatoxins B1, B2, G1, G2), there is good 

cross-reactivity and a single antibody can be used [93]. However, recovery values can be different, for 

example 80% for Aflatoxin G2 and more than 90% for Aflatoxin B1 [93]. Some manufacturers 

specified cross-reactivity also for T-2 toxin, HT-2 toxin and DAS. 

When the co-occuring analytes are structurally different, cleanup columns with mixed 

antibodies have to be prepared.  

 Extraction step 

 Water, acetonitrile, methanol, methanol-acetonitrile mixtures and aqueous solutions of 

acetonitrile or methanol can be used as extraction solvents for mycotoxins [73,94]. In case of OTA 

analysis, HPLC and TLC require extensive sample preparation [94]. Generally, for OTA analysis, the 

matrix is acidified before extraction with organic solvents [95-97]. Aflatoxins extraction from food 

matrices is usually done with chloroform or aqueous solutions of methanol or acetonitrile [98].   

Cleanup step 

 Sample cleanup can be achieved using immunoaffinity columns [99] or solid phase extraction 

cartridges [98]. Due to its specificity, IAC has the tendency to replace solid phase extraction 

technique. 

 [100,101]. Another method of sample purification is the liquid–liquid extraction [102]. 

 There are also trials where the cleanup step has been avoided [75,76]. 

 The latest generation of LC-MS/MS instruments using electrospray ionization allows the 

analysis of crude plant extracts without any previous clean-up [103,104]. 

 Single- and multi-toxin IAC can be used for mycotoxin analysis in food matrices in association 

with LC–MS or LC–MS/MS methods, at the expense of GC–MS and GC–MS/MS [100]. 

 Some modifications were made to the original QECERS method for the purpose of 

trichothecenes analysis in wheat flour [94]. After they were homogenized, the samples were extracted 

with methanol:acetonitrile (85:15, v/v). Magnesium sulphate and sodium chloride were added and the 

extract was centrifuged and filtered. LC-ESI+/MS analysis was carried out, using a Luna C18 column. 

The five trichothecenes (T-2, HT-2, DAS, DON and NIV) were not detected in the studied samples. 

The analytes formed Na adducts with the same mass-to charge ratios: 355, 319, 389, 447 and 489, for 

NIV, DON, DAS, HT-2 and T-2, respectively. 
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Table 3.3. Performance characteristics obtained for wheat flour samples spiked with five 

trichothecenes at 500µg/kg [94]:  

Mycotoxin LOD, 

µg/kg 

LOQ 

 µg/kg 

Recovery (%)   Repeatability                                                                                                        

(RSD, %) (n=5) 

Reproducibility (RSD, %)  

(5 different days) 

DON 3 10 86 6.7 8.2 
NIV 30 100 100 6.5 8.1 
DAS 1.5 5 108 3.4 8.1 
T-2 1 4 93 4.0 5.6 
HT-2 5 18 104 4.7 9.0 

3.5.Comparison of analytical methods for mycotoxins  

Different analysis methods have been developed for mycotoxin analysis in food products and 

feeds. HPLC and ELISA have proven to be highly efficient for mycotoxin determination in a wide 

variety of matrices. GC has also been used, mostly with MS detector [84]. In association with HPLC, 

tandem mass spectrometry provides high selectivity and sensitivity [73]. Flame ionisation detection 

(in GC) and fluorescence detection (in HPLC) have also been used [81,85]. 

A very important aspect concerning mycotoxin analysis is sample preparation and cleanup. 

Cleanup steps are essential for any analysis method [66,72, 84, 100] in order to eliminate the 

interferences. The accuracy of a certain analysis method critically depends on the type of cleanup 

applied. Immunoaffinity cleanup is an efficient sample purification method, particularly in the case of 

HPLC-MS/MS.  

In order to reduce analysis time, simultaneous analysis of different mycotoxin types is usually 

desired. The use of a cleanup column with different types of antibodies, corresponding to each toxin 

category, can be a solution to this problem. 

The need for derivatization is a disadvantage of some methods such as HPLC-FD and gas 

chromatography. Cross-reactivity may occur in ELISA trials. In some cases, ELISA results are 

confirmed by HPLC-MS/MS [53], but in other cases [68] there is the possibility of false positives. For 

this reason, HPLC-MS/MS has to be used for confirmation purposes [6]. 

As a general conclusion of the literature survey HPLC-ESI-MS/MS together with an efficient 

sample cleanup step seems to the method of choice for mycotoxin analysis in food samples. The 

choice of HPLC-ESI-MS/MS with immunoaffinity cleanup can be explained in terms of method 

accuracy and sensitivity. Low LOD values can be obtained, due to mass spectrometry sensitive 

detection, enhanced by concentration steps during sample preparation. The linear range, recoveries 

and standard deviations obtained with HPLC-ESI-MS/MS [76], as well as immunoaffinity column 

specificity, are also reasons for choosing this method. The second MS step from mass spectrometric 

analysis offers additional selectivity to the method and leads to improved signal to noise ratios [105]. 
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4. Experimental 

4.1. Apparatus 

Chromatographic analysis was performed with a reversed-phase HPLC-MS/MS system 

including a Waters 2690/2695 Separations module and a triple quadrupole Waters QuattroMicro API 

mass spectrometer. Electrospray ionisation in positive mode was used. Data analysis was carried out 

using QuanLynx 4.1 (Waters) software. A reversed-phase Sunfire C18 3,0x150 mm (3,5 µm) column 

was used for chromatographic separation. The guard column was Sunfire C18 3,0x20 mm (3,5 µm).  

A Mettler Toledo AB204-S balance was used, and pH was determined with a Mettler Toledo 

SevenMulti pH meter. 

A centrifuge, orbital shaker and a rotatory evaporator were also necessary for sample 

preparation. 

4.2. Laboratory ware 

 For the sample preparation and cleanup, the following glassware and materials were used: 

volumetric flasks (100 ml, 1000 ml), beakers, graduated cylinders (20 ml, 50 ml), plastic flasks, glass 

vials, Erlenmeyer flasks, glass funnels, weighing funnels, Whatman 4 paper filter, Eppendorf pipets, 

volumetric pipets (1 ml, 1,5 ml, 2 ml, 5 ml, 10 ml, 25 ml, 50 ml), automatic pipets (1 ml). VICAM 

Myco 6 in 1 cleanup columns, fitted plastic reservoirs and cuvette rack were used during sample 

cleanup.  

 4.2.1.VICAM Myco 6 in 1 column 

 VICAM Myco 6 in 1 is an immunoaffinity column designed to capture the following toxins: 

aflatoxins B1, B2, G1 and G2, ochratoxin A, fumonisins B1 and B2, deoxynivalenol, zearalenone , T-

2 and HT-2. Other quantitation methods can also be applied to the methanol eluate. A LC-ESI-

MS/MS method using this type of column was optimized [106] and the corresponding procedure was 

already validated for multitoxin analysis of corn samples.   

4.3. Chemicals 

 For the sample extraction and cleanup, the following chemicals were used: phosphate buffer 

saline solution, HPLC grade methanol and deionized water. HPLC grade methanol, deionized water, 

ammonium acetate and formic acid were necessary for chromatographic analysis. Mycotoxin 

standards were used for spiking solution preparation and for calibration curves.  

PBS solution was prepared with KCl, NaCl, KH2PO4, Na2HPO4*12H2O and deionized water 

[107]. The following amounts of salts were dissolved in 1 l of deionized water: 0.20 g KCl, 8.00 g 

NaCl, 0.20 g KH2PO4 and 2.92 g Na2HPO4* 12H2O [107]. Aflatoxins, T-2 toxin and HT-2 toxin 

standards were purchased from Supelco, while ochratoxin A and zearalenone standards and 

ammonium acetate were produced by Fluka. Methanol was purchased from J.T. Baker and the salts 

necessary for PBS, the formic acid and acetic acid were obtained from Merck. 
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4.4. Procedure description 

 Maize flour samples were purchased from the local grocery shop. 10 grams of sample were 

weighed and extracted with 50 ml phosphate buffer saline solution. Eight parallels were analysed. 

Before extraction, 6 samples were spiked with 1 ml spiking solution. The spiking solution contained 

the mycotoxins of interest in low concentrations, at maximum acceptable levels, as follows: 

 

Table 4.1. Spiking solution concentrations. 

Mycotoxin Spiking concentration  

AfG1 0.020 µg/ml 

AfB1 0.020 µg/ml 

AfG2 0.020 µg/ml 

AfB2 0.020 µg/ml 

HT-2 toxin 0.5 µg/ml 

T-2 toxin 0.5 µg/ml 

Ochratoxin A 0.02 µg/ml 

Zearalenone 0.5 µg/ml 

 

 Extract A 

After adding the extraction solvent, the maize flour samples were kept on the orbital shaker for 

60 min at 300 rpm. Centrifugation was done at 4200 rpm for 20 min. After centrifugation, the solid 

was removed and the liquid extracts were transferred in glass vials wrapped in aluminium foil, in 

order to avoid chemical decomposition of aflatoxins B1 and G1. No filtration was done. 

 Extract B 

35 ml HPLC grade methanol was added on the solid residues, in order to obtain an extraction 

solvent of 70% methanol. The samples were shaken for 60 min. at 300 rpm, and centrifuged for 20 

min. at 4200 rpm. 10 ml of extract were diluted with 90 ml PBS and then filtered with Whatman 4 

filter paper. 

Immunoaffinity cleanup 

50 ml of extract B were passed through VICAM Myco 6 in 1 column, at a speed of about 1 

drop/second, until air passed through the column. Then the VICAM 6 in 1 was washed with 20 ml 

PBS, at a rate of about 1-2 drops/second, in order to remove the methanol traces.  

After this washing step, 5 ml PBS extract (extract A) were passed through the column at a 

speed of 1 drop/second, until air passed through the column. Removing the methanol traces, before 

applying extract A on the column, was done for the purpose of improving mycotoxin recoveries. 
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After passing extract A, the column was washed with 20 ml deionized water, at a rate of 1-2 

drops/second, for the purpose of removing PBS traces and matrix interfering compounds. Then the 

mycotoxins were eluted with 3 consecutive applications of 1,5 ml of HPLC grade methanol, at a rate 

of 1 drop/second. Towards the end of the first elution, after most of the methanol had passed through 

the cleanup column, applying air pressure to the column was stopped. The column was left 

undisturbed for 5 min., with a methanol layer above the resin bed. 

The methanolic eluate was evaporated to dryness using a rotary evaporator. The residue was 

dissolved in 0.5 ml of solution containing 80% eluent A and 20% eluent B, and used for 

chromatographic analysis. Injection volume was 10 µl.  

Eluent composition was as follows: eluent A consisted in a 5 mM CH3COONH4 aqueous 

solution containing 0.1%HCOOH, with a pH of 3.2. Eluent B was a 5 mM CH3COONH4 methanolic 

solution containing 0.1%HCOOH. 

The chromatographic conditions are shown in the following table: 

 

 Table 4.2. Chromatographic conditions for HPLC-ESI-MS/MS analysis of maize flour 

samples. 

Guard column Sunfire C18 3,0x20 mm (3,5 µm) 

Analytical column Sunfire C18 3,0x150 mm (3,5 µm) 

Column temperature 35 deg C 

Sample temperature 20 deg C 

Eluent flow rate 0.4 ml/min 

 

 

Table 4.3. MS-detector settings for HPLC-ESI-MS/MS analysis of maize flour samples. 

Capillary voltage 2,35 kV 

Extractor voltage 3 V 

RF lens voltage  0.3 V 

Source Temp. 135 deg C 

Desolvation Temp 350 deg C 

Desolvation gas 600 l/h 

Cone gas 50 l/h 
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Table 4.4. Gradient program for HPLC-ESI-MS/MS analysis of maize flour samples. 

  

 Time(min) % A %B 

0 80 20 

2 80 20 

4 70 30 

15 5 95 

16 0 100 

18 0 100 

18.1 80 20 

22 80 20 

 

Eluent A: 5 mM CH3COONH4 aqueous solution containing 0.1%HCOOH, pH = 3.2 

Eluent B: 5 mM CH3COONH4 methanolic solution containing 0.1%HCOOH 

Retention times for the analysed toxins and mass to charge ratios of their corresponding parent 

ions were as follows: 

 

Table 4.5. Characteristics of analysed ions and corresponding parameters. 

 

Retention 

time 

(min) 

Parent ion 

m/z  

Q-ion  

m/z  

Secondary 

Ion m/z 

Cone 

voltage 

(V) 

Fragmentation 

energy (eV) 

Aflatoxin B1 13.4 313 285 241 40 26 

Aflatoxin B2 13.0 315 259 287 40 32 

Aflatoxin G1 12.5 329 243 213 39 35 

Aflatoxin G2 12.0 331 245 257 39 35 

Ochratoxin A 16.9 403,8/405,8 238.8 240.8 20 10 

Zearalenone 16.9 318.8 300.8 282.8 22 25 

T-2 toxin 16.0 

484 (NH4-

adduct) 245 304 19 10 

HT-2 toxin 15.1 

442 (NH4-

adduct) 263 215 20 15 

 

The chromatograms obtained for each mycotoxin will be presented in Annex I, for two ion 

transitions. 
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5. Results and discussion 

5.1. Results 

Eight maize flour samples were analysed, from which six samples were spiked and two 

samples were blank. The spiking mixture contained the mycotoxins of interest at the maximum 

accepted levels. Aflatoxins, ochratoxin A, zearalenone, T-2 toxin and HT-2 toxin were determined 

with reasonable accuracy in all the analysed samples.  

Two sets of data were obtained, corresponding to two different chronological dates. The 

results are presented in Tables 5.1 and 5.2. 

Table 5.1. Mycotoxin concentrations found in spiked maize flour samples. 

 Spike 1 

(µg/kg) 

Spike 2 

(µg/kg) 

Spike 3 

(µg/kg) 

Spike 4 

(µg/kg) 

Spike 5 

(µg/kg) 

Spike 6 

(µg/kg) 

Aflatoxin B1 1.79 1.71 1.74 1.90 1.75 1.72 
Aflatoxin B2 0.97 0.97 0.96 0.97 0.99 0.95 
Aflatoxin G1 1.67 1.69 1.67 1.73 1.66 1.61 
Aflatoxin G2 0.72 0.68 0.69 0.72 0.64 0.70 
Ochratoxin A 1.46 1.37 1.56 1.46 1.39 1.56 
Zearalenone 60.5 59.5 58.5 63.0 62.0 60.0 
T-2 toxin 20.1 18.8 20.1 18.3 23.3 19.2 
HT-2 toxin 49.0 51.5 46.0 51.5 42.0 54.0 
Sum of T2-HT2* 69.1 70.3 66.1 69.8 65.3 73.2 

 

Table 5.2. Mycotoxin concentrations found in spiked maize flour samples.  

 

 

 

 

 

 

 

 

 

 

 

 

*

 According to the Vicam 6 in1 producer T-2 is transformed during the sample preparation into HT-2 [107]. 

 

Recoveries were determined by spiking of maize flour, from 6 replicates. The recovery and 

standard deviation values are shown in Tables 5.3 and 5.4. 

 Spike 1 

(µg/kg) 

Spike 2 

(µg/kg) 

Spike 3 

(µg/kg) 

Spike 4 

(µg/kg) 

Spike 5 

(µg/kg) 

Aflatoxin B1 1.10 1.15 1.36 1.36 1.38 
Aflatoxin B2 1.84 1.65 2.04 1.90 1.82 
Aflatoxin G1 1.37 1.08 1.35 1.28 1.32 
Aflatoxin G2 1.66 1.55 1.80 1.56 1.56 
Ochratoxin A 1.57 1.49 1.59 1.42 1.19 
Zearalenone 35.35 31.60 37.35 35.50 33.00 
T-2 toxin  20.00 28.00 20.00 27.50 
HT-2 toxin 66.00 37.00 53.00 52.50 42.50 
Sum of T2-

HT2* 66.00 57.00 81.00 72.50 70.00 
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Table 5.3. Average concentrations for each toxin in maize flour and the corresponding 

spiking level, recovery, standard deviation and relative standard deviation. 

*According to the Vicam 6 in1 producer T-2 is transformed during the sample preparation into HT-2 [107]. 

 

Table 5.4. Average concentrations for each toxin in maize flour and the corresponding 

spiking level, recovery, standard deviation and relative standard deviation. 

 Average Spiking level Recovery St. dev Rel. st.dev LOD 

 µg/kg µg/kg % µg/kg % µg/kg 

Aflatoxin B1 
1.27 2.0 63 0.13 10.5 0.39 

Aflatoxin B2 
1.85 2.0 92 0.14 7.6 0.42 

Aflatoxin G1 
1.28 2.0 64 0.12 9.1 0.36 

Aflatoxin G2 
1.62 2.0 81 0.11 6.6 0.33 

Ochratoxin A 
1.45 2.0 73 0.16 11.0 0.48 

Zearalenone 
34.6 50 69 2.26 6.5 

9.1 

T-2 toxin 
23.9 50 48 4.48 18.8 13 

HT-2 toxin 
50.2 50 100 11.14 22.2 33 

Sum of T2-

HT2* 
69.3 100 69 8.80 12.7 26 

*According to the Vicam 6 in1 producer T-2 is transformed during the sample preparation into HT-2 [107]. 

 

Except zearalenone, no mycotoxins were found in the blank samples. In the case of 

zearalenone the found low values (2.3 µg/kg) were subtracted from the results when recovery was 

calculated. 

 

Average 

Spiking 

level Recovery St. dev 

Rel. 

st.dev 

LOD 

 µg/kg µg/kg % µg/kg % µg/kg 

Aflatoxin B1 1.76 2.0 88 0.07 4.1 0.21 

Aflatoxin B2 0.97 1.0 97 0.01 1.2 0.03 

Aflatoxin G1 1.67 2.0 83 0.04 2.4 0.12 

Aflatoxin G2 0.69 1.0 69 0.03 4.0 0.09 

Ochratoxin A 1.46 2.0 73 0.08 5.4 0.24 

Zearalenone 60.6 50 121 1.66 2.7 7.3 

T-2 toxin 20.0 50 40 1.79 8.9 5.4 

HT-2 toxin 49.0 50 98 4.37 8.9 13 

Sum of T2-HT2* 69.0 100 69 2.90 4.2 8.7 
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Tentative LOD values were calculated based on the standard deviations s of the results of 

spiking experiments as follows: LOD = xm + 3 x s, where xm is the average content found in the blank 

samples. 

 

Table 5.5. Average recoveries and detection limits for the analysed mycotoxins. 

 Recovery LOD 

 % µg/kg 

Aflatoxin B1 
75.5 0.30 

Aflatoxin B2 
94.5 0.23 

Aflatoxin G1 
73.5 0.24 

Aflatoxin G2 
75 0.21 

Ochratoxin A 
73 0.36 

Zearalenone 
95 8.2 

T-2 toxin 
44 9.4 

HT-2 toxin 
99 23 

Sum of T2-HT2* 
69 18 

*According to the Vicam 6 in1 producer T-2 is transformed during the sample preparation into HT-2 [107]. 

 

During the validation experiments for T-2 and HT-2 toxin, the assumption that during sample 

preparation T-2 is transformed into HT-2 toxin [107] was taken into account. As a consequence in this 

case, the detected sum of those toxins could be used instead of single toxins, with average recovery. 

However this assumption was not confirmed in light of the results of the FAPAS proficiency test 2261 

that was performed later on. The disagreement between the FAPAS test and the Vicam specifications 

consisted in the fact that in the case of FAPAS, T-2 had a certain value for recovery, but in Vicam 

specifications it was not detected at all [107]. In the FAPAS proficiency test 2261, oat-based test 

material was treated and analysed in five replicates as described in the experimental section. The 

assigned value for proficiency test was 164 µg/kg for T-2 toxin and 257 µg/kg for HT-2 toxin. Results 

of analysis in the laboratory are presented in Table 5.6. The results are not recovery-corrected. 
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 Table 5.6. Results of the FAPAS proficiency test 2261. 

  Number  

Average 

conc. σ Recovery 

Consensus 

values 

Target 

st. dev. 

Datapoints z-

score 

  of replicates µg/kg µg/kg   µg/kg µg/kg    

T-2 toxin 5 50.2 8.1 40% 164 34.5 59 -3.3 

HT-2 toxin 5 218 16.8 100% 257 50.5 57 -0.8 

 

The result of the HT-2 toxin is good, but the result of the T-2 toxin is unacceptable. By looking 

at the recovery of the T-2 toxin it is evident that the disagreement between the measured value and the 

consensus value comes form the low recovery. Correcting with recovery if the recovery is low and its 

cause is unknown is not considered good practice [108]. Therefore the result of T-2 toxin was not 

recovery-corrected. If, however, such correction would be carried out then the corrected value would 

be 125.5 µg/kg and z-score would be -1.1. This indicates that the determined recovery most probably 

is adequate. 

For the procedure developed in this work, the linear range was 1-500 ng/ml. Squared 

correlation coefficients ranged between 0.995 and 0.999 for 4 point calibration curves. 

There is not enough data for carrying out comprehensive uncertainty analysis. However, using 

the Nordtest uncertainty estimation approach [109] a tentative preliminary estimate can be obtained 

for the HT-2 Toxin. The relative standard deviation of the spiking experiments 8.9% can be used as an 

estimate of u(Rw)rel. The absolute difference between the found value and the consensus value 39 

µg/kg can be used as RMSbias and the u(Cref) can be found as the standard deviation of the mean value 

of the participating laboratories giving 6.7 µg/kg. The resulting u(bias) value is 39.6 µg/kg and 

u(bias)rel = 18.2%. The relative combined standard uncertainty estimate is uc = 20%. This uncertainty 

estimate is quite realistic keeping in mind the complexity of the analysis and the low levels of the 

analytes. 
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5.2. Discussion 

The performance of the developed method was found adequate for mycotoxin monitoring in 

food for all mycotoxins except the T-2 toxin. The recovery of the T-2 toxin is not fully acceptable for 

routine work and further effort is necessary to improve the performance of the method for this toxin. 

The calculated LOD values are tentative because they were found at higher concentration 

levels that the actual LOD. At the same time, in instrumental analysis, the higher is the analyte level, 

the higher also is the scatter of the parallel results and thus the standard deviation. Therefore it is not 

expected that the actual LOD values are much higher. Of course, in the future LOD determination 

have to be repeated at lower analyte levels. 

It is known that aflatoxins are unstable when exposed to ultraviolet light. Also, it is stated that 

hydrogenation of aflatoxin B1 and G1 yields aflatoxin B2 and G2 respectively [110]. When a test 

solution containing aflatoxins B1 and G1 was exposed to the light for a week and analyzed on LS-

MS/MS system couple of interesting chromatograms were produced (annex G, fig. 1,2). These 

multiple peaks might correspond to compounds formed by hydrogenation and/or hydroxylation of 

aflatoxin B1 and G1 [111]. During chromatographic elution, these compounds would have different 

retention times due to the differences in polarities. The presence of hydroxyl groups reduces retention 

time. The compound presented in Figure 5.1 can be obtained by addition of a water molecule to the 

double bond of aflatoxin B1 [111].  

Fig. 5.1. Aflatoxin B1 decomposition product. 

 

After giving away one water molecule, an unprotonated compound with the mass of 312 

would be obtained [111], corresponding to a precursor of m/z = 313.This fact shows the importance of 

keeping the aflatoxin B1 and G1 standards in suitable conditions without unnecessary exposure to the 

light, in order to prevent decomposition. In the samples analysed such a phenomenon was not noticed, 

probably due to the fast procedure and use of aluminum foil for wrapping the extract vials.  
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Developing an HPLC-ESI-MS/MS method for simultaneous determination of mycotoxins in 

maize flour and other matrices 

Dana-Maria Bunaciu 

 

 

6. Summary 

 

 A method for simultaneous analysis of 8 mycotoxins – aflatoxins B1, B2, G1, G2, Ochratoxin 

A, Zearalenone, T-2 toxin and HT-2 toxin – was developed using an HPLC-ESI-MS/MS method with 

immunoaffinity sample cleanup. Approximate quantitation limits were the following: 2 µg/kg for 

aflatoxin B1, 1 µg/kg for aflatoxin B2, 2 µg/kg for aflatoxin G1, 1 µg/kg for aflatoxin G2, 2 µg/kg for 

ochratoxin A, 50 µg/kg for zearalenone, 50 µg/kg for T2 toxin, 50 µg/kg for HT2 toxin and 100 µg/kg 

for the sum of T2 and HT2. Sample preparation involved sequential extraction with PBS and 

methanolic solution. The mycotoxins were determined with reasonable accuracy in the spiked maize 

samples. With the exception of T-2 toxin, recoveries ranged between 69 and 121%, while relative 

standard deviation values were between 1.2 and 8.9%. Since matrix effects were not investigated, the 

results are presented as apparent recoveries. 

 A tentative uncertainty estimation was carried out for the HT-2 toxin, which yielded relative 

combined standard uncertainty as 20%. 

 Method’s accuracy relies on antibodies specificity and high selectivity and sensitivity of 

detection. The possibility of simultaneous determination of the eight mycotoxins significantly reduces 

the analysis time. 

 Based on the results presented in this thesis further experiments will be performed  in Health 

Board Tartu laboratory, in order to develop a method with required LoD-s and LoQ-s for other types 

of food samples. The further goal will be an accredited method by the fall of 2010.  
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HPLC-ESI-MS/MS meetodi arendus mükotoksiinide koosmääramiseks maisijahus ja teistes 

maatriksites 

Dana-Maria Bunaciu 

 

7. Summary (in Estonian) 

 

 Töötati välja metoodika kaheksa mükotoksiini – aflatoksiinid B1, B2, G1, G2, Ochratoksiin A, 

Zearalenoon, T-2 toksiin ja HT-2 toksiin – määramiseks toidus. Proovide ettevalmistamisel kasutati 

ekstraktsiooni PBS ja metanooli abil. Proovilahuseid puhastati enne analüüsi immunoafiinsuskolonnil. 

Määramine viidi läbi HPLC-ESI-MS/MS meetodiga. Metoodika määramispiirideks saadi: 2 µg/kg 

aflatoksiin B1 jaoks, 1 µg/kg aflatoksiin B2 jaoks, 2 µg/kg aflatoksiin G1 jaoks, 1 µg/kg aflatoksiin 

G2 jaoks, 2 µg/kg Ochratoksiin A jaoks, 50 µg/kg Zearalenooni jaoks, 50 µg/kg T2 toksiini jaoks, 50 

µg/kg HT-2 toksiini jaoks ja 100 µg/kg T2 ja HT-2 summa jaoks. Välja arvatud T-2 toksiin, olid 

saagised 69 kuni 121% suhteliste standardhälvetega 1.2 kuni 8.9%. Kuna maatriksiefekte ei uuritud, 

siis on saagised antud näivate saagistena. 

 Tehti ka tentatiivne määramatuse hinnang HT-2 toksiini jaoks ja saadi suhteliseks 

liitstandardmääramatuseks 20%. 

 Metoodika täpsus põhineb proovide puhastamisel kasutatavate antikehade spetsiifilisusel ning 

määramismetoodika selektiivsusel ja tundlikkusel. Erinevate toksiinide koosmääramine vähendab 

oluliselt analüüsiks kuluvat aega. 

 Töös toodud tulemustele baseerudes keskendub Terviseameti Tartu labor metoodika edasisele 

arendamisele, mille lõppeesmärgiks on nõutavate avastamis- ja määramispiiride saavutamine ka teiste 

toiduproovide analüüsiks, et saada 2010. aasta sügiseks uus akrediteeritud analüüsimetoodika.  

 

 



31 
 

8. References 

1. Abdellah Zinedine, Jose Miguel Soriano, Juan Carlos Molto, Jordi Manes. Review on the toxicity, 

occurrence, metabolism, detoxification, regulations and intake of zearalenone: An oestrogenic 

mycotoxin. Food and Chemical Toxicology 45 (2007) 1–18. 

2. P.S. Steyn. Mycotoxins, general view, chemistry and structure. Toxicol. Lett. 82/83 (1995)  843-

851. 

3. O. Elidemir, G.N. Colasurdo, S.N. Rossmann, L.L. Fan. Isolation of Stachybotrysen from the lung 

of a child with pulmonary hemosiderosis. Pediatrics 104 (1999) 964–6. 

4. Hussein S. Hussein, Jeffrey M. Brasel. Toxicity, metabolism, and impact of mycotoxins on humans 

and animals. Toxicology 167 (2001) 101–134. 

5. John L. Richard. Some major mycotoxins and their mycotoxicoses—An overview. International 

Journal of Food Microbiology 119 (2007) 3–10. 

6. Elke Anklam, Joerg Stroka, Achim Boenke. Acceptance of analytical methods for implementation 

of EU legislation with a focus on mycotoxins. Food Control 13 (2002) 173–183. 

7. Bram van der Gaag, Sabine Spath, Heidi Dietrich, Edwin Stigter, Gerben Boonzaaijer, 

Ton van Osenbruggen, Kees Koopal. Biosensors and multiple mycotoxin analysis. Food Control 14 

(2003) 251–254. 

8. F. Wu. Mycotoxins risk assessment for the purpose of setting International Regulatory Standards. 

Environ. Sci. Technol. 38 (15), (2004) 4049–4055. 

9. J.L. Richard, G.A. Payne (Eds.). Mycotoxins: risks in plant, animal, and human systems. Council 

for Agricultural Science and Technology Task Force Report No. 139, Ames, Iowa, USA, 2003.  

10. P. M. Scott, M. Trucksess. Application of immunoaffinity columns to mycotoxin analysis. Journal 

of AOAC International, 80 (1997) 941–949. 

11. G. Reboux. Mycotoxins: health effects and relationship to other organic compounds. Revue 

française d’allergologie et d’immunologie clinique 46 (2006) 208–212. 

12. J.P.F. D'Mello, C.M. Placinta, A.M.C. Macdonald. Fusarium mycotoxins: a review of global 

implications for animal health, welfare and productivity. Animal Feed Science and Technology, 80 

(1999) 183-205. 

13. S. Gravesen, J.C. Frisvad, R.A. Samson. Microfungi. Copenhagen: Munksgaard, 1994. 

14. K.A. Krishnamachari, V. Nagaarajan, R.V. Bhat, T.B. Tilak. Hepatitis due to aflatoxicosis: an 

outbreak in Western India. Lancet 305 (1975)  1061–1063. 

15. R.A. Etzel. Mycotoxins. J. Am. Med. Assoc. 287 (2002) 425–427. 

16. E. Azziz-Baumgartner, K. Lindblade, K. Gieseker, H.S. Rogers, S. Kieszak, H. Njapau, R. 

Schleicher, L.F. McCoy, A. Misore, K. DeCock, C. Rubin, L. Slutsker. Aflatoxin Investigative Group. 



32 
 

Case control study of an acute aflatoxicosis outbreak, Kenya. Environ. Health Perspect. 113 (2005)  

1779–1783. 

17. CDC (Centers for Disease Control and Prevention). Outbreak of aflatoxin poisoning eastern and 

central provinces, Kenya. Morb. Mortal. Wkly. Rep. 53-34 (2004)  790–793. 

18. L. Lewis, M. Onsongo, H. Njapau, H. Schurz-Rogers, G. Luber, S. Kieszak, J. Nyamongo, L. 

Backer, A.M. Dahiye, A. Misore, K. Decoct, C. Rubin. The Kenya Aflatoxicosis investigation group. 

Aflatoxin contamination of commercial maize products during an outbreak of acute aflatoxicosis in 

Eastern and Central Kenya. Environ. Health Perspect. 113 (2005) 1763–1767. 

19. K.H. Hendry, E.C. Cole. A review of mycotoxins in indoor air. J Toxicol Environ Health 38 

(1993) 183–98. 

20. N. Loiseau, I.P. Oswald, O. Puel, P. Galtier. Mycotoxins synthesized by A. fumigatus. Les 

mycotoxines élaborées par Aspergillus fumigatus. Bull Soc Fr Microbiol 20 (2005) 145–51. 

21. N. Magan, M. Olsen (Eds.). Mycotoxins in food. Detection and control. Woodhead Publishing 

Ltd., Cambridge England, 2004, pp. 443-460. 

22. R. Ioos, A. Belhadj, M. Menez, A. Faure. The effects of fungicides on Fusarium spp. and 

Microdochium nivale and their associated trichothecene mycotoxins in French naturally-infected 

cereal grains. Crop Protection 24 (2005) 894–902. 

23. Lawrence E. Osborne, Jeffrey M. Stein. Epidemiology of Fusarium head blight on small-grain 

cereals. International Journal of Food Microbiology 119 (2007) 103–108. 

24. Survey of Retail Cereal Products for Trichothecenes and Zearalenone. FSA Food Survey 

Information Sheet No 35/03, 2003a. 

25. Mycotoxins-EC Permitted Levels. FSA Letter, Ref MPC 04/43, July 2003b. 

26. R. Tzachuk, J.E. Dexter, K.H. Tipples, T.W. Nowicki. Removal by specific gravity table of 

tombstone kernels and associated trichothecenes from wheat infected with Fusarium head blight. 

Cereal Chem. 68 (4), (1991) 428–431. 

27. D.R. Lauren, M.A. Ringrose. Determination of the Fate of three Fusarium mycotoxins through 

wet milling of maize using and improved HPLCX analytical technique. Food Addit. Cont. 14 (5), 

(1997) 435–443. 

28. G.J. Collins, J.D. Rosen. Distribution of T-2 toxin in wet milled products. J. Food Sci. 46 (1981) 

877. 

29. T.W. Nowicki, D.G. Gaba, J.E. Dexter, R.R. Matsuo, R.M. Clear. Retention of DON in wheat 

during processing and cooking of spaghetti and noodles. J. Cer. Sci. 8 (1988) 189–202. 

30. Clare M. Hazel, Sue Patel. Influence of processing on trichothecene levels. Toxicology Letters 

153 (2004) 51–59. 

31. S. Samapundo, F. Devlieghere, B. De Meulenaer, A.H. Geeraerd, J.F. Van Impe, J.M. Debevere. 

Predictive modelling of the individual and combined effect of water activity and temperature on the 



33 
 

radial growth of Fusarium verticilliodes and F. proliferatum on corn. International Journal of Food 

Microbiology 105 (2005) 35– 52. 

32. Sherif O. Sherif, Emad E.Salama, Mosaad A. Abdel-Wahhab. Mycotoxins and child health: The 

need for health risk assessment. Int. J. Hyg. Environ. Health 212 (2009) 347–368.  

33. C. McKean, L. Tang, M. Tang, M. Billam, Z. Wang, C.W. Theodorakis, R.J. Kendall, J.-S. Wang. 

Comparative acute and combinative toxicity of aflatoxin B1 and fumonisin B1 in animals and human 

cells. Food and Chemical Toxicology 44 (2006) 868–876. 

34. R.J. Cole, R.H. Cox (Eds.). Handbook of Toxic and Fungal Metabolites. Academic Press, New 

York, 1981. 

35. Mycotoxins — risks in plant, animal and human systems. Council for Agricultural Science and 

Technology, Ames, Iowa. Task Force Report, No. 139 (2003) pp. 1–191. 

36. Diana Ringot, Abalo Chango, Yves-Jacques Schneider, Yvan Larondelle. Toxicokinetics and 

toxicodynamics of ochratoxin A, an update. Chemico-Biological Interactions 159 (2006) 18–46.  

37. J.O. Callaghan, M.X. Caddick, A.D. Dobson. A polyketide synthase gene required for 

ochratoxinAbiosynthesis in Aspergillus ochraceus. Microbiology 149 (2003) 3485–3491. 

38. V. Betina. Mycotoxins, Chemical, Biological and Environmental Aspects. Elsevier, 

Amsterdam/Oxford/New York/Tokyo, 1989. 

39. A.E. Pohland, P.L. Schuller, P.S. Steyn, H.P. Van Egmond. Physicochemical data for some 

selected mycotoxins. Pure Appl. Chem. 54 (1982) 2219–2284. 

40. T. Kuipper-Goodman, P.M. Scott. Risk assessment of the mycotoxin ochratoxin A. Biomed. 

Environ. Sci. 2 (1989) 179–248.  

41. F.S. Chu. Studies on ochratoxins. CRC Crit. Rev. Toxicol. 2 (1974) 499–524. 

42. P. Galtier. Pharmacokinetics of ochratoxin A in Animals. IARC Sci. Publ. 115 (1991) 187–200. 

43. H. Valenta. Chromatographic methods for the determination of ochratoxin A in animal and human 

tissues and fluids. J. Chromatogr. A 815 (1998) 75–92. 

44. Selected Mycotoxins: Ochratoxins, Trichothecenes, Ergot. Trichothecenes. World Health 

Organization I.P.C.S., Geneva, 1990. 

45. Daniel L. Sudakin. Trichothecenes in the environment: relevance to human health. Toxicology 

Letters 143 (2003) 97-/107. 

46. D.B. Prelusky, B.A. Rotter, R.G. Rotter. Toxicology of mycotoxins. In: J.D. Miller, H.L. 

Trenholm (Eds.), Compounds other than Aflatoxin, Eagan, St. Paul, 1994, pp. 359-404. 

47. B. Rotter, D.B. Prelusky, J.J. Pestka. Toxicology of deoxynivalenol (vomitoxin). J. Toxicol. 

Environ. Health 48 (1996) 1-/34. 

48. Z. Jesenska, I. Sajbidorova. T-2 toxin degradation by micromycetes. J. Hyg. Epidemiol. 

Microbiol. Immunol. 35 (1991) 41-49. 

49. H. Valenta. J. Chromatogr. A 815 (1998) 75. 



34 
 

50. C. McKean, L. Tang, M. Tang, M. Billam, Z. Wang, C.W. Theodorakis, R.J. Kendall, J.-S. Wang. 

Comparative acute and combinative toxicity of aflatoxin B1 and fumonisin B1 in animals and human 

cells. Food and Chemical Toxicology 44 (2006) 868–876. 

51. S. Piermarini, G. Volpe, L. Micheli, D. Moscone, G. Palleschi. An ELIME-array for detection of 

aflatoxin B1 in corn samples. Food Control 20 (2009) 371–375. 

52.  A. Y. Kolosova, W. B. Shim, Z. Y. Yang, S. A. Eremin, D. H. Chung. Direct competitive ELISA 

based on a monoclonal antibody for detection of aflatoxin B1. Stabilization of ELISA kit components 

and application to grain samples. Analytical and Bioanalytical Chemistry 384 (2006) 286–294. 

53. Irina Yu. Goryacheva, Sarah De Saeger, Barbara Delmulle, Marieke Lobeau, Sergei A. Eremin, 

Ildiko Barna-Vetro, Carlos Van Peteghem. Simultaneous non-instrumental detection of aflatoxin B1 

and ochratoxin A using a clean-up tandem immunoassay column. Analytica Chimica Acta 590 (2007) 

118–124. 

54. Elisabeth Schneider, Valeriu Curtui, Caroline Seidler, Richard Dietrich, Ewald Usleber, Erwin 

Märtlbauer. Rapid methods for deoxynivalenol and other trichothecenes. Toxicology Letters 153 

(2004) 113–121. 

55. E. Schneider, R. Dietrich, E. Märtlbauer, E. Usleber, G. Terplan,. Detection of aflatoxins, 

trichothecenes, ochratoxin A and zearalenone by test strip enzyme immunoassay: a rapid method for 

screening cereals for mycotoxins. Food Agric. Immunol. 3 (1991) 185–193. 

56. E. Schneider, E. Usleber, E. Märtlbauer. Rapid detection of fumonisin B1 in corn-based food by 

competitive direct dipstick enzyme immunoassay/enzyme-linked immunofiltration assay with 

integrated negative control reaction. J. Agric. Food Chem. 43 (1995a) 2548–2552. 

57. B. Mayer. Development and use of a immune-chemical fast-testing procedure for mulitmykotoxin 

verification. Entwicklung und Anwendung eines immunchemischen Schnelltestverfahrens zum 

Multimykotoxinnachweis. Thesis. University of Munich, Germany, 2001. 

58. Debjani Saha, Debopam Acharya, Dipika Roy, Dilip Shrestha, Tarun K. Dhar. Simultaneous 

enzyme immunoassay for the screening of aflatoxin B1 and ochratoxin A in chili samples. Analytica 

Chimica Acta 584 (2007) 343–349. 

59. M.L. Martins, H.M. Martina, F. Bernardo. Food Addit. Contam. 18 (2001) 315. 

60. K. Thirumala-Devi, A.A. Maya, G. Reddy, S.V. Reddy, P. Delfosse, D.V.R. Reddy. J. Agric. Food 

Chem. 48 (2000) 5079. 

61. S.V. Reddy, D.K. Mayi, M.U. Reddy, K. Thirumala-Devi, D.V.R. Reddy. Food Addit. Contam. 18 

(2001) 553. 

62. M.M. Ngundi, L.C. Shriver-Lake, M.H. Moore, M.E. Lassman, F.S. Ligler, C.R. Taitt. Anal. 

Chem. 77 (2005) 148. 



35 
 

63. Shi Chun Pei, Yuan Yuan Zhang, Sergei A. Eremin, Won Jong Lee. Detection of aflatoxin M1 in 

milk products from China by ELISA using monoclonal antibodies. Food Control 20 (2009) 1080–

1085. 

64. Mustafa Ardic, Yakup Karakaya, Mustafa Atasever, Hisamettin Durmaz. Determination of 

aflatoxin B1 levels in deep-red ground pepper (isot) using immunoaffinity column combined with 

ELISA. Food and Chemical Toxicology 46 (2008) 1596–1599. 

65. G. Essono, M. Ayodele, A. Akoa, J. Foko, O. Filtenborg, S. Olembo. Aflatoxin-producing 

Aspergillus spp. and aflatoxin levels in stored cassava chips as affected by processing practices. Food 

Control 20 (2009) 648–654. 

66. O.P. Sidhu, Harish Chandra, H.M. Behl. Occurrence of aflatoxins in mahua (Madhuca indica 

Gmel.) seeds: Synergistic effect of plant extracts on inhibition of Aspergillus flavus growth and 

aflatoxin production. Food and Chemical Toxicology 47 (2009) 774–777. 

67. Peiwu Li, Qi Zhang, Wen Zhang, Jinyang Zhang, Xiaomei Chen, Jun Jiang, Lihua Xie, Daohong 

Zhang. Development of a class-specific monoclonal antibody-based ELISA for aflatoxins in peanut. 

Food Chemistry 115 (2009) 313–317. 

68. Chiara Cavaliere, Giuseppe D’Ascenzo, Patrizia Foglia, Elisabetta Pastorini, Roberto Samperi, 

Aldo Lagana. Determination of type B trichothecenes and macrocyclic lactone mycotoxins in field 

contaminated maize. Food Chemistry 92 (2005) 559–568. 

69. A. Lagana`, R. Curini, G. D’Ascenzo, I. De Leva, A. Faberi, E. Pastorini. Liquid 

chromatography/tandem mass spectrometry for the identification and determination of trichothecenes 

in maize. Rapid Communications in Mass Spectrometry, 17 (2003) 1037–1043. 

70. E. Razzazi-Fazeli, J. Böhm, K. Jarukamjorn, J. Zentek. Simultaneous determination of major B-

trichothecenes and the deepoxy-metabolite of deoxynivalenol urine and maize using high performance 

liquid chromatography-mass spectrometry. Journal of Chromatography B, 796 (2003) 21–33. 

71. D. Flajs, A.-M. Domijan, D. Ivic, B. Cvjetkovic, M. Peraica. ELISA and HPLC analysis of 

ochratoxin A in red wines of Croatia. Food Control 20 (2009) 590–592. 

72. A. Visconti, M. Pascale, G. Centonze. Determination of ochratoxin A in wine by means of 

immunoaffinity column clean-up and high-performance liquid chromatography. Journal of 

Chromatography A, 864 (1999) 89–101. 

73. Yiping Ren, Yu Zhang, Shuangliang Shao, Zengxuan Cai, Liang Feng, Hongfeng Pan, Zhigang 

Wang. Simultaneous determination of multi-component mycotoxin contaminants in foods and feeds 

by ultra-performance liquid chromatography tandem mass spectrometry. Journal of Chromatography 

A, 1143 (2007) 48–64. 

74. Saqer M. Herzallah. Determination of aflatoxins in eggs, milk, meat and meat products using 

HPLC fluorescent and UV detectors. Food Chemistry 114 (2009) 1141–1146.  



36 
 

75. Franz Berthiller, Michael Sulyok, Rudolf Krska, Rainer Schuhmacher. Chromatographic methods 

for the simultaneous determination of mycotoxins and their conjugates in cereals. International 

Journal of Food Microbiology 119 (2007) 33–37. 

76. Martien C. Spanjer, Peter M. Rensen, Jos M. Scholten. LC–MS/MS multi-method for mycotoxins 

after single extraction, with validation data for peanut, pistachio, wheat, maize, cornflakes, raisins and 

figs. Food Additives and Contaminants 25(4) (2008) 472–489. 

77. O. Filtenborg, J. Frisvad, U. Thrane. Moulds in food spoilage. International Journal of Food 

Microbiology 33 (1996) 85–102. 

78. B. Andersen, J. C. Frisvad. Natural occurrence of fungi and fungal metabolites in moldy tomatoes. 

Journal of Agricultural and Food Chemistry 52 (2004) 7507–7513. 

79. Michael Sulyok, Rudolf Krska, Rainer Schuhmacher. Application of an LC–MS/MS based multi-

mycotoxin method for the semi-quantitative determination of mycotoxins occurring in different types 

of food infected by moulds. Food Chemistry 119 (2010) 408–416. 

80. E.M. Binder, L.M. Tan, L.J. Chin, J. Handl, J. Richard. Worldwide occurrence of mycotoxins in 

commodities, feeds and feed ingredients. Animal Feed Science and Technology 137 (2007) 265–282. 

81. W.T. de Koe. CEN Approach to Standardization of Methods for Mycotoxin Analysis. Nat. Toxins, 

vol. III, 4, 1995 p. 318.  

82.  C. Dall’Asta, G. Galaverna, A. Biancardi, M. Gasparini, S. Sforza, A. Dossena, R. Marchelli. 

Simultaneous liquid chromatography–fluorescence analysis of type A and type B trichothecenes as 

fluorescent derivatives via reaction with coumarin-3-carbonyl chloride. Journal of Chromatography A, 

1047 (2004) 241–247. 

83. Wejdan Shakir Khayoon, Bahruddin Saad, Chew Bee Yan, Nor Hasani Hashim, Abdussalam 

Salhin Mohamed Ali, Muhammad Idiris Salleh, Baharuddin Salleh. Determination of aflatoxins in 

animal feeds by HPLC with multifunctional column clean-up. Food Chemistry 118 (2010) 882–886. 

84. Toshitsugu Tanakaa , Atsushi Yonedaa, Shigeto Inouea, Yoshitsugu Sugiurab, Yoshio Ueno. 

Simultaneous determination of trichothecene mycotoxins and zearalenone in cereals by gas 

chromatography–mass spectrometry. Journal of Chromatography A, 882 (2000) 23–28. 

85. R.C. Schothorst, A.A. Jekel. Determination of trichothecenes in wheat by capillary gas 

chromatography with flame ionization detection. Food chemistry 73 (2001) 111-117. 

86. W. Langseth, T. Rundberget. Instrumental methods for determination of non-macrocyclic 

trichothecenes in cereals, foodstuffs and cultures. Journal of chromatography, A, 815 (1998) 103-121. 

87. Peter Zöllner, Bernhard Mayer-Helm. Trace mycotoxin analysis in complex biological and food 

matrices by liquid chromatography–atmospheric pressure ionisation mass spectrometry. Journal of 

Chromatography A, 1136 (2006) 123–169. 

88. Marijana Sokolovic, Borka Simpraga. Survey of trichothecene mycotoxins in grains and animal 

feed in Croatia by thin layer chromatography. Food Control 17 (2006) 733–740. 



37 
 

89. Elaine Cunha Moreno, Glauco Tironi Garcia, Mario Augusto Ono, Édio Vizoni, Osamu 

Kawamura, Elisa Yoko Hirooka, Elisabete Yurie Sataque Ono. Co-occurrence of mycotoxins in corn 

samples from the Northern region of Paraná State, Brazil. Food Chemistry 116 (2009) 220–226. 

90. V. Fernández-Ibañez, A. Soldado, A. Martínez-Fernández, B. de la Roza-Delgado. Application of 

near infrared spectroscopy for rapid detection of aflatoxin B1 in maize and barley as analytical quality 

assessment. Food Chemistry 113 (2009) 629–634.  

91.Veronica M.T. Lattanzio, Michelangelo Pascale, Angelo Visconti. Current analytical methods for 

trichothecene mycotoxins in cereals. Trends in Analytical Chemistry, Vol. 28, No. 6 (2009). 

92. Y. Sugita-Konishi, T. Tanaka, M. Nakajima, K. Fujita, H. Norizuki, N. Mochizuki, K. Takatori. 

The comparison of two clean-up procedures, multifunctional column and immunoaffinity column, for 

HPLC determination of ochratoxin A in cereals, raisins and green coffee beans. Talanta 69 (2006) 650 

–655. 

93. Hamide Z. Senyuva, John Gilbert. Immunoaffinity column clean-up techniques in food analysis: A 

review. Journal of Chromatography B, 878 (2010) 115–132. 

94. I. Sospedra, J. Blesa, J.M. Soriano, J. Manes. Use of the modified quick easy cheap effective 

rugged and safe sample preparation approach for the simultaneous analysis of type A- and B-

trichothecenes in wheat flour. Journal of Chromatography A, 1217 (2010) 1437–1440. 

95. A. Molinié, V. Faucet, M. Castegnaro, A. Pfohl-Leszkowicz. Analysis of some breakfast cereals 

on the French market for their contents of ochratoxin A, citrinin and fumonisin B1: Development of a 

method for simultaneous extraction of ochratoxin A and citrinin. Food Chemistry, 92 (2005) 391–400. 

96. M. T. Nguyen, M. Tozlovanu, T. L. Tran, A. Pfohl-Leszkowicz. Occurrence of aflatoxin B1, 

citrinin and ochratoxin A in rice in five provinces of the central region of Vietnam. Food Chemistry, 

105(1) (2007) 42–47. 

97. B. Sangare-Tigori, S. Moukha, J. Kouadio, A. Betbeder, E. E. Creppy, D. S. Dano. Co-occurrence 

of aflatoxin B1, fumonisin B1, ochratoxin A and zearalenone in cereals and peanuts from Cöte 

d’lvoire. Food Additives and Contaminants, 23(10) (2006) 1000–1007. 

98. M. Miraglia, C. Brera. Determination of mycotoxins in grains and related products. In L. M. L. 

Nollet (Ed.), Food analysis by HPLC (2nd ed.), New York: Marcel Dekker, 2000, pp. 499–504. 

99. D. Chan, S.J. MacDonald, V. Boughtflower, P. Brereton. Simultaneous determination of aflatoxins 

and ochratoxin A in food using a fully automated immunoaffinity column clean-up and liquid 

chromatography–fluorescence detection. Journal of Chromatography A, 1059 (2004) 13–16. 

100. Dimitrios Tsikas. Quantitative analysis of biomarkers, drugs and toxins in biological samples by 

immunoaffinity chromatography coupled to mass spectrometry or tandem mass spectrometry: A 

focused review of recent applications. Journal of Chromatography B, 878 (2010) 133–148. 

101. H.Z. Senyuva, J. Gilbert. J. Chromatogr. B 878 (2010) 115. 



38 
 

102. Gϋnther Stecher, Kanokwan Jarukamjorn, Pola Zaborski, Rania Bakry, Christian W. Huck, 

Gϋnther K. Bongbn. Evaluation of extraction methods for the simultaneous analysis of simple and 

macrocyclic trichothecenes. Talanta 73 (2007) 251–257. 

103. M. Sulyok, F. Berthiller, R. Krska, R. Schuhmacher. Development and validation of a liquid 

chromatography/tandem mass spectrometric method for the determination of 39 mycotoxins in wheat 

and maize. Rapid Commun. Mass Spectrom. 20 (2006) 2649–2659. 

104. M. Spanjer, P. Rensen, J. Scholten. Multi-mycotoxin analysis by LCMS/MS in a single sample 

extract. Proceedings of the XIth International IUPAC Symposium on Mycotoxins and Phycotoxins, 

Bethesda, Maryland USA, May 17–21, 2004. Wageningen Academic Publishers, 2006, pp. 117–124. 

105. Franz Berthiller, Rainer Schuhmacher, Gerhard Buttinger, Rudolf Krska. Rapid simultaneous 

determination of major type A- and B-trichothecenes as well as zearalenone in maize by high 

performance liquid chromatography–tandem mass spectrometry. Journal of Chromatography A, 1062 

(2005) 209–216. 

106.  V. Latlanzio, M. Solfrizzo, S. Powers, A. Visconti. Simultaneous determination of aflatoxins, 

ochratoxin A and Fusarium toxins inmaize by liquid chromatography/tandem mass spectrometry after 

multitoxin immunoaffinity cleanup. Rapid Commun. Mass Spectrometry 2l (2007) 3253-3261. 

107. Myco 6 in 1 manufacturer specifications. 

108. Bertil Magnusson, Stephen L. R. Ellison. Treatment of uncorrected measurement bias in 

uncertainty estimation for chemical measurements. Anal. Bioanal. Chem. 390 (2008) 201-213. 

109. Nordtest uncertainty guide. 

110. Reduction of aflatoxins B1 and G1, http://www.aflatoxin.info/aflatoxin.asp, last downloaded 

19.05.2010. 

111. Ruijie Liu, Qingzhe Jin, Guanjun Tao, Liang Shan, Jianhua Huang, Yuanfa Liu, XingguoWang, 

Wenyue Mao, ShanshanWang. Photodegradation kinetics and byproducts identification of the 

Aflatoxin B1 in aqueous medium by ultra-performance liquid chromatography–quadrupole time-of-

flight mass spectrometry. J. Mass. Spectrom. 45 (2010) 553–559. 

112. Commission regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for 

certain contaminants in foodstuffs. 

113. Ruth A. Etzel, MD, PhD. What the Primary Care Pediatrician Should Know about Syndromes 

Associated with Exposures to Mycotoxins. Curr Probl Pediatr Adolesc Health Care (September 2006) 

282-305. 

114. L. Legzdina, H. Buerstmayr. Comparison of infection with Fusarium head blight and 

accumulation of mycotoxins in grain of hulless and covered barley. Journal of Cereal Science 40 

(2004) 61–67. 

115. Laurent Folcher, Marc Jarry, Alain Weissenberger, Florence Gerault, Nathalie Eychenne, Marc 

Delos, Catherine Regnault-Roger. Comparative activity of agrochemical treatments on mycotoxin 



39 
 

levels with regard to corn borers and Fusarium mycoflora in maize (Zea mays L.) fields. Crop 

Protection 28 (2009) 302–308. 

116. Anne-Laure Boutigny, Christian Barreau, Vessela Atanasova-Penichon, Marie-Noёlle Verdal-

Bonnin, Laёtitia Pinson-Gadais, Florence Richard-Forget. Ferulic acid, an efficient inhibitor of type B 

trichothecene biosynthesis and Tri gene expression in Fusarium liquid cultures. Mycological research 

113 (2009) 746 – 753. 

117. S. Samapundo, B. De Meulenaerb, D. Osei-Nimoha, Y. Lambonia, J. Debevere, F. Devlieghere. 

Can phenolic compounds be used for the protection of corn from fungal invasion and mycotoxin 

contamination during storage? Food Microbiology 24 (2007) 465–473. 



40 
 

9. Annexes 

A) Important mycotoxin categories, together with the fungal species that produce them  

B) Mycotoxin incidence and contamination levels in Europe  

C) Maximum mycotoxin levels according to European legislation 

D) Health effects of mycotoxins in humans 

E) Ultra-performance liquid chromatography tandem mass spectrometry for simultaneous mycotoxin 

analysis  

F) Methods used in order to prevent crop infection 

G) Chromatogarphic peaks obtained for Aflatoxin B1 and Aflatoxin G1 

H) Calibration graphs 

I) Chromatograms obtained for the analysed toxins for two ion transitions 

J) Spectra of analysed mycotoxins 

K) Other mycotoxin structures 

 



41 
 

A) Important mycotoxin categories, together with the fungal species that produce them 

 

Table 1. Important mycotoxin categories, together with the fungal species that produce them [3]. 

Mycotoxin Fungal species 

Aflatoxins Aspergillus flavus, A. parasiticus, Penicillum 

frequentans 

Ochratoxins A. ochraceus, A. carbonarius, P. verrucosum, 

P. cyclopium, P. veridicatum 

Trichothecenes Fusarium tricinctum, F. sporotrichoides 

Fumonisins F. moniliforme, F. proliferatum 

Zearalenone F. graminearum, F. tricinctum, F. oxysporum 

Nivalenol F. nivale 
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B) Mycotoxin incidence and contamination levels in Europe  

 

Table 2. Incidence of mycotoxin contamination in feed grain and animal feed [80] sourced in 

Europe and the Mediterranean Region (%). 

  DON T-2 ZEA  Fumonisins Afla B1 OTA 

Maize 81 6 63 56 21 0 

Wheat 62 22 92 100 0 42 

Barley 50 20 11 0 0 3 

Oat 82 81 0 0 0 0 

Finished feed 56 13 27 30 32 73 

Soybean meal 41 0 6 50 0 0 

Other feed ingredients 73 43 26 39 37 68 

 

Arithmetic means of concentrations found in the analysed samples and values for maximum 

levels detected are presented in the table below. 

 

Table 3. Mycotoxin contamination levels (µg/kg) detected in samples from different regions in 

Europe and the Mediterranean [80]. 

 

 Northern Europe, 

(µg/kg) 

Central Europe, 

(µg/kg) 

Southern Europe and 

Mediterranean, (µg/kg) 

 Mean Max Mean Max Mean Max 

DON 559 5510 571 8020 304 3036 

T-2 137 1776 190 829 30 60 

Zearalenone 180 970 273 1392 174 2348 

Fumonisins 432 530 580 580 757 3120 

Aflatoxin B1 10 60 47 311 67 656 

Ochratoxin A 8 10 231 530 6 28 
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C) Maximum mycotoxin levels according to European legislation [112] 

 

Table 4. Maximum levels for aflatoxins in foodstuffs (µg/kg). 

 Product  AfB1 AfB1, B2, G1, G2 M1 

4.1 All cereals and all products derived from 

cereals, including processed cereal products, 

with the exception of foodstuffs listed in 4.2, 

4.3, 4.4 

2.0 4.0 - 

4.2 Maize to be subjected to sorting or other 

physical treatment before human consumption 

or use as an ingredient in foodstuffs  

5.0 10.0 - 

4.3 Processed cereal-based foods and baby foods 

for infants and young children  

0.10 - - 

4.4 Dietary foods for special medical purposes  

intended specifically for infants  

0.10 - 0.025 
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Table 5. Maximum levels for zearalenone in foodstuffs  (µg/kg). 

 Product  Concentration 

5.1 Unprocessed cereals other than maize  100 

5.2 Unprocessed maize with the exception of unprocessed maize intended to be 

processed by wet milling  

350 

5.3 Cereals intended for direct human consumption, cereal flour, bran and germ 

as end product marketed for direct human consumption, with the exception 

of foodstuffs listed in 8.4, 8.5, 8.6, 8.7 and 8.8 

 75 

5.4 Maize intended for direct human consumption, maize based snacks and 

maize-based breakfast cereals 

100 

5.5 Processed cereal-based foods (excluding processed maize based 

foods) and baby foods for infants and young children 

 20 

5.6 Processed maize-based foods for infants and young children   20 

5.7 Milling fractions of maize with particle size > 500 micron falling within 

CN code 1103 13 or 1103 20 40 and other maize milling products with 

particle size > 500 micron not used for direct human consumption falling 

within CN code 1904 10 10 

200 

5.8 Milling fractions of maize with particle size ≤ 500 micron falling within 

CN code 1102 20 and other maize milling products with particle size ≤ 500 

micron not used for direct human consumption falling within CN code 

1904 10 10 

300 

 

Table 6. Maximum levels for ochratoxin A in foodstuffs (µg/kg). 

 Product  Concentration 

6.1 Unprocessed cereals 5.0 

6.2 All products derived from unprocessed cereals, including 
processed cereal products and cereals intended for direct 
human consumption with the exception of foodstuffs listed in 9.3 and 

9.4 

3.0 

6.3 Processed cereal-based foods and baby foods for infants 
and young children  

0.50 

6.4 Dietary foods for special medical purposes intended 
specifically for infants 

0.50 
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D) Health effects of mycotoxins in humans  

Table 7. The main clinical manifestations of mycotoxicoses [11]. 

Mycotoxin Localisation Symptome 

Aflatoxins Vascular hemorrhage 

Aflatoxins Digestive liver necrosis, intestinal 

hemorrhage 

Ochratoxin A Urinary renal malfunction 

T-2 toxin Cutanate irritation, necrosis 

Zearalenone Genital sterility 

Fumonisins Respiratory pulmonary edema, fever 

 

Table 8. Mycotoxin-producing fungi of relevance to children’s health [113]. 

 

Fungus Mycotoxins Associated health effects 

Aspergillus flavus, Aspergillus 

parasiticus 

Aflatoxins Vomiting, hepatitis, 

Liver cancer 

Fusarium verticillioides, 

Fusarium proliferatum, 

Aspergillus ochraceus  

Fumonisins Vomiting 

Neural tube defects 

Esophageal cancer 

Fusarium culmorum, Fusarium 

graminearum, Fusarium 

cerealis 

Deoxynivalenol Vomiting 

Fusarium sporotrichiodes T-2 toxin Alimentary toxic aleukia 

Vomiting, hemorrhage 

Aspergillus ochraceus, 

Aspergillus niger 

Ochratoxins Balkan nephropathy 

Renal cancer 

Fusarium graminearum Zearalenone Estrogenic effects, cervical 

cancer (suspect) 
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E) Ultra-performance liquid chromatography tandem mass spectrometry for simultaneous mycotoxin 

analysis [73] 

 

Samples (corn, wheat, peanut products) were extracted with an 84% (v/v) acetonitrile aqueous 

solution. Then they were filtered, purified with Mycosep 226 Aflazon+ Multifunctional cartridges and 

concentrated [73]. Different aspects were considered for method optimization. Four reversed-phase 

chromatographic columns and three different cleanup cartridges were tested. Reducing the column 

length and particle size shortened the elution time. The recovery for cleanup step was higher for the 

Mycosep 226 purification cartridge. Methanol was chosen as mobile phase component, because the 

use of acetonitrile reduced method sensitivity. To improve ionization efficiency and sensitivity, 10 

mmol/l of ammonium acetate combined with methanol was used as mobile phase for the positive 

ionization mode; the mobile phase for the negative ionization mode was composed of methanol and 

0.1% (v/v) of aqueous ammonia. 10 mycotoxins were analysed in positive mode and negative mode 

was used for 7 mycotoxins [73]. AfB1, AfB2, AfG1, AfG2, AfM1, OTA, DON, NIV, T-2, HT-2 and 

ZON were among the analysed toxins. Linear gradient elution was applied and quantitation was done 

using an internal standard for ZON (ZAN was used as internal standard) and an external standard for 

the other 16 toxins.  

The ionization efficiency and the chromatographic separation are also affected by the sample 

solvent medium before injection. After the purified extract was dried by nitrogen gas at 50◦C, it was 

redissolved in a mixture of methanol and 10 mmol/l ammonium acetate (1:1, v/v) [73]. 

The correlation coefficients were bigger than 0.99 for all 17 mycotoxins [73]. Linear range for 

positive ions was 0.05–20 ng/ml; linear range for negative ions was 0.5–50 ng/ml.  Intra-day precision 

was 3.52–7.02% and inter-day precision was: 4.02–9.24%. Recoveries ranged from 70.6% to 119.0% 

for three different spiking levels. LOQ values were between 0.01 µg/kg and 0.70 µg/kg, lower than the 

values mentioned in EU legislation.  
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F) Methods used in order to prevent crop infection 

Dehulling 

 It has been shown that hulless barley species contain a smaller DON amount than the covered 

ones [114].  

 

Fungicides 

 At present days, fungicides have limited efficiency, even when the products are applied in 

optimal conditions. The efficiency of the best products currently available is still estimated to be only 

60-70%. There are many aspects that influence fungicide activity: product choice, application timing 

and application rate [21].  

The difference in activity of a fungicide towards different fungal species has been noticed. For 

example, a trial outlined the efficacy of azoxystrobin against M. nivale, as well as the differential 

activity of tebuconazole towards fungal species [22].  According to this study, fungicides also showed 

selective activities towards mycotoxins; for example, in 2002, the use of 90 g metconazole/ha 

significantly reduced the DON level, but it was not efficient against nivalenol.  

Treatments with fungicides in combination with insecticides reduced mycotoxin levels in 

crops but were not efficient against mycoflora [115]. Trichothecene synthesis inhibitors, such as 

ferulic acid, can reduce the trichothecene yield to 85% [116]. Phenolic compounds, for example 

caffeic acid and vanillic acid, can be efficient against some Fusarium species. Low water activity 

values and high concentrations of phenolic compounds are required for the complete reduction of 

fungal growth [117]. 

Biological control 

Biological control can also be used against crop infection by Fusarium species. Antagonistic 

micro-organisms compete with the fusaria for nutrients. For this purpose, they can produce antibiotics 

or cell-wall degrading enzymes which attack competitors. Antagonists may also have faster growth 

under optimal and sub-optimal conditions, better survival during unfavourable conditions, or faster re-

growth after periods ufavorable for growth. It has been shown that different species of yeasts and 

bacteria also had antagonistic activity, and prevented FHB occurrence [21]. 
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G) Chromatographic peaks obtained for Aflatoxin B1 and Aflatoxin G1 

 

Fig. 1. Chromatograms for aflatoxin B1 obtained for a test solution. 
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Fig. 2. Chromatogram for aflatoxin G1 obtained for a test solution. 

 

 

0.1% HCOOH NH4 puhver

Time
10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 15.50 16.00

%

0

28_02_10_Test1 MRM of 21 Channels ES+ 
329 > 243

839



50 
 

H) Calibration graphs 

 

Fig. 3. Calibration graph for aflatoxin B1 

 _ Compound name :  Aflatoxin B 1 _ 
Correlation coefficient :  r  =  0 . 999842 , r^ 2  =  0 . 999684 
_ 

Calibration curve :  73 . 0702  *  x  +  0 . 34786 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, Weighting :  1 / x, Axis trans :  None 

ng/ml 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

R
e
s
p
o
n
s
e
 

0 

250 

500 

750 

ng/ml 

R
e
s
id

u
a
l 

0.00 

2.00 

 

 

Fig. 4. Calibration graph for aflatoxin B2 

 _ Compound name :  Aflatoxin B 2 _ 
Correlation coefficient :  r  =  0 . 999489 , r^ 2  =  0 . 998979 
_ 

Calibration curve :  46 . 5311  *  x  +  0 . 977831 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, Weighting :  1 / x, Axis trans :  None 
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Fig. 5. Calibration graph for aflatoxin G1 

 _ Compound name :  Aflatoxin G  1 _ 
Correlation coefficient :  r  =  0 . 999242 , r^ 2  =  0 . 998485 
_ 

Calibration curve :  32 . 1548  *  x  + - 2 . 43171 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, W eighting :  1 / x, Axis trans :  None 
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Fig. 6. Calibration graph for aflatoxin G2 

 _ Compound name :  Aflatoxin G 2 _ 
Correlation coefficient :  r  =  0 . 999817 , r^ 2  =  0 . 999633 
_ 

Calibration curve :  12 . 8367  *  x  +  0 . 503267 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, Weighting :  1 / x, Axis trans :  None 
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Fig. 7. Calibration graph for T-2 toxin 

 _ Compound name :  T 2 - toxin _ 
Correlation coefficient :  r  =  0 . 999562 , r^ 2  =  0 . 999125 
_ 

Calibration curve :  5 . 22811  *  x  + - 11 . 8707 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, Weighting :  1 / x, Axis trans :  None 
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Fig. 8. Calibration graph for HT-2 toxin 

 _ Compound name :  HT 2 - toxin _ 
Correlation coefficient :  r  =  0 . 997782 , r^ 2  =  0 . 995569 
_ 

Calibration curve :  0 . 290844  *  x  + - 0 . 561994 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, Weighting :  1 / x, Axis trans :  None 
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Fig. 9. Calibration graph for ochratoxin A 

 _ Compound name :  Ochratoxin A _ 
Correlation coefficient :  r  =  0 . 999441 , r^ 2  =  0 . 998883 
_ 

Calibration curve :  12 . 9145  *  x  + - 0 . 807657 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, Weighting :  1 / x, Axis trans :  None 
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Fig. 10. Calibration graph for zearalenone 

 _ Compound name :  Zearalenone _ 
Correlation coefficient :  r  =  0 . 999421 , r^ 2  =  0 . 998843 
_ 

Calibration curve :  7 . 69917  *  x  +  9 . 5829 

_ 

Response type :  External Std, Area 

_ 

Curve type :  Linear, Origin :  Include, Weighting :  1 / x, Axis trans :  None 
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I) Chromatograms obtained for the analysed toxins for two ion transitions 

Fig. 11. Chromatograms obtained for two ion transitions of Aflatoxin B1 for a spiked 

sample (2 µg/kg). 
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Fig. 12. Chromatograms obtained for two ion transitions of Aflatoxin B2 for a spiked 

sample (1 µg/kg). 
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Fig. 13. Chromatograms obtained for two ion transitions of Aflatoxin G1 for a spiked 

sample (2 µg/kg). 
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Fig. 14. Chromatograms obtained for two ion transitions of Aflatoxin G2 for a spiked 

sample (1 µg/kg). 
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Fig. 15. Chromatograms obtained for two ion transitions of T-2 toxin for a spiked sample (50 

µg/kg). 
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Fig. 16. Chromatograms obtained for two ion transitions of HT-2 toxin for a spiked sample (50 

µg/kg). 
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Fig. 17. Chromatograms obtained for two ion transitions of Ochratoxin A for a spiked sample (2 

µg/kg). 
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Fig. 18. Chromatograms obtained for two ion transitions of Zearalenone – for a blank 

sample (corresponds to about 6 µg/kg). 
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Fig. 19. Chromatograms obtained for two ion transitions of Zearalenone – for a spiked sample 

(50 µg/kg). 
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J) Spectra of analysed mycotoxins 

 

Fig. 20. Aflatoxin B1 MS/MS spectrum. 
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Fig. 21. Aflatoxin B2 MS/MS spectrum. 

 

m/z
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340

%

0

100

AFLA_B2_MS_26 EV  52 (0.446) Cn (Cen,3, 80.00, Ar); Cm (1:78) Daughters of 315ES+ 
1.07e4314.57

286.83

286.41

258.90
258.49

227.04
144.57120.39107.91

136.89 212.95186.80169.72155.56 202.68
242.61 253.71

259.26

270.66284.99

287.29

313.66
296.33

312.76

315.00

316.08

 



61 
 

 

Fig. 22. Aflatoxin G1 MS/MS spectrum. 

m/z
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340

%

0

100

AFLA_G1_MS_26 EV  59 (0.506) Cn (Cen,3, 80.00, Ar); Cm (4:76) Daughters of 329ES+ 
3.61e4328.58

242.87

242.32
214.28

199.63

199.14
186.81

168.88140.75128.13
120.35

155.84

200.20

214.94

241.10

226.16240.38

310.58

282.70

282.31

269.53
255.03

266.59 270.31

283.24

299.94

295.27 300.40
327.48

326.35

329.16

330.22

 



62 
 

 

Fig. 23. Aflatoxin G2 MS/MS spectrum. 
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Fig. 24. T-2-toxin MS/MS spectrum. 
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Fig. 25. HT-2-toxin MS/MS spectrum. 
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Fig. 26. Ochratoxin A (m/z 404) MS/MS spectrum. 
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Fig. 27. Zearalenone (m/z 319) MS/MS spectrum. 
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K) Other mycotoxin structures 

Fig. 28. Structure of Aflatoxin M1 [4]. 

 

 

Fig. 29. Structure of Aflatoxin M2 [4]. 

 

 

 

Fig. 30. Structure of zearalanone [1]. 

 

 

 

Fig. 31. Structure of α-zearalanol [1]. 
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Fig. 32. Structure of β-zearalanol [1]. 

 

 


