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WELCOME 
 
 
Welcome at the 7th Conference of The World Mycotoxin Forum

® 
and the XIIIth IUPAC International 

Symposium on Mycotoxins and Phycotoxins! This unique combined event, WMFmeetsIUPAC, will 
build on the success of the previous conferences, which were held separately all over the world.  
 
The aim of WMFmeetsIUPAC is to increase awareness of human and animal health risks due to 
natural toxicant contamination in agricultural commodities and seafood, and of potential risk 
management options, technologies and strategies for minimized contamination. The event will focus in 
particular on mycotoxins, phycotoxins and plant toxins. It will provide a unique platform for the food 
and feed industry, regulatory authorities and science: 

 to exchange current information; 

 to promote the harmonization of food and feed safety regulations and control procedures; 

 to make recommendations for strategies enhancing the prevention and control of 
contamination; and 

 to ensure the safety and wholesomeness of an adequate food and feed supply. 
 
WMFmeetsIUPAC offers an excellent way to network and to share ideas, providing a reference 
source for anyone involved in these fields. The event will include: 

 invited lectures and oral contributions in plenary meetings and parallel sessions 

 poster sessions 

 workshops 

 industry updates 

 an instrument/manufacturers exhibition  
 
High-quality speakers, ample time for discussions, and every opportunity to establish rewarding 
contacts are values WMFmeetsIUPAC wants to uphold. You are invited to take part in the discussions 
with participants from different disciplines and to meet business relations in your area. We wish you an 
active and fruitful meeting! 
 
 
 
Hans P. van Egmond 
Rudolf Krska 
Helena B. Bastiaanse 

 
 
 
 
 
 
 
 
 
 
 
Secretariat WMFmeetsIUPAC 
 
Bastiaanse Communication 
P.O. Box 179 
NL-3720 AD  Bilthoven 
the Netherlands 
T +31 30 2294247 
F +31 30 2252910 
WMF@bastiaanse-communication.com 
www.bastiaanse-communication.com  
www.WMFmeetsIUPAC.org 
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Key to the abstracts of lectures and posters: 

 abstracts of lectures and posters are grouped separately; 
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 the posters are grouped according to theme and then in an alphabetical order according to the corresponding 
author. 

 
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted in 
any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written 
permission of WMFmeetsIUPAC. No responsibility is assumed by the publisher for any injury and/or damage to 

persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any 
methods, products, instructions or ideas contained in the material herein. 
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SOCIAL EVENT AND CONFERENCE DINNER 

Wednesday 7 November 2012 
 
 
SOCIAL EVENT 
 

 

 
All participants are invited to join the ‘Rotterdam Harbour 
Tour’ taking place immediately after the lectures have 
ended. There will be no time to get back to your hotel! We 
will board the ‘James Cook’ to make a special journey 
through one of the largest harbours in the world. The 
happy hour tour with drinks and snacks will last about 
1½ hour. 
 
 

Please ensure you are outside the main entrance of the building of the conference venue at 
17.10 h. From here, a bus service will run between the conference venue and the embarkation 
point at the Spido-ponton, Willemskade.     
 
After returning from the boat trip, the group have to split: 
 

 Participants who did not register for the conference dinner: it is just a 15-minutes walk 
along Coolsingel back to the conference venue. There are several good restaurants nearby. 

 

 Participants who registered in advance when they booked for the conference: a bus 
service will run from the embarkation point to the conference dinner. 
The dinner is only open to participants who registered in advance when they booked for the 
conference. You have found your dinner ticket in your badge that you have received upon 
arrival at the conference. You need the dinner ticket to enter the bus! 

 
 
CONFERENCE DINNER 
 

 

 
 
 
As a special end to the 3rd day of WMFmeetsIUPAC2012 
there will be a unique dinner in the underwater world of 
Rotterdam Zoo (Blijdorplaan 8, 3041 JE Rotterdam). 
 

 
The dinner is only open to participants who registered in advance when they booked for the 
conference. You have found your dinner ticket in your badge that you have received upon 
arrival at the conference. 
 
The dinner will begin at 20.00 h and end at 22.30 h. For the return journey, there will be buses running 
from Rotterdam Zoo to the conference venue.  
 
 
IMPORTANT NOTE 
 
Keep your personal belongings on Wednesday 7 November 2012 to a minimum! Do not leave 
your belongings in the conference venue! There will be no time to get back to your hotel after 
the lectures have ended and the social event will begin. 
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PROGRAMME AT A GLANCE  
 
 
Monday 5 November 2012 

13.15 - 18.00 
Plenary meeting 

Mycotoxins, phycotoxins, plant toxins: 
challenges for the coming years  

Exhibition 

18.00 - 19.30 Welcome reception at Rotterdam City Hall 

 
Tuesday 6 November 2012 

08.30 - 12.30 
Parallel session 1 

Emerging toxins and 
new occurrence data 

Parallel session 2 
Human and animal 
health implications 

Exhibition 

12.30 - 14.00 Workshops & Poster viewing 

14.00 - 18.00 
Parallel session 3 
Prevention and 

reduction 

Parallel session 4 
Analytical solutions 

in the spotlight 

18.00 - 19.30 
Poster viewing 

Wine tasting sponsored by Biomin 

 
Wednesday 7 November 2012 

08.30 - 12.30 
Parallel session 5 

Sampling and novel analytical 
tools 

Parallel session 6 
Novel integrated strategies for 
worldwide mycotoxin reduction 

Exhibition 

12.30 - 14.00 Workshops & Poster viewing 

14.00 - 17.00 

Parallel session 7 
Factors affecting toxin 

formation in the environment Parallel session 9 
Contemporary issues on 

phycotoxins 
Parallel session 8 

Airborne exposure to 
mycotoxins in indoor and 
environmental settings 

17.00 Social event 

20.00 Conference dinner 

 
Thursday 8 November 2012 

08.30 - 12.30 

Parallel session 10 
Monitoring & quality 

assurance 
Parallel session 12 

Mycotoxin management: the 
genomic approach 

Exhibition 

Parallel session 11 
Inexpensive detection for 

control of exposure 

12.30 - 14.00 Workshops & Poster viewing 

14.00 - 17.00 
Plenary meeting 
Facing the future 

 
Friday 9 November 2012 

08.30 - 14.00 Excursion  
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CONFERENCE PROGRAMME  
 
 
MONDAY 5 NOVEMBER 2012 
 
PLENARY MEETING 
Mycotoxins, phycotoxins, plant toxins: challenges for the coming years 
 
13.15 Opening of WMFmeetsIUPAC 
 Prof.dr. Rudolf Krska, Department IFA-Tulln, BOKU Vienna, Austria  
 Hans P. van Egmond, M.Sc., RIKILT-Institute of Food Safety, the Netherlands 
 
13.40 IUPAC meets WMF: a unique partnership 

Prof.dr. Willie Peijnenburg, Secretary, IUPAC Division of Chemistry and the Environment, 
National Institute for Public Health and the Environment, the Netherlands 

 
14.00 Food safety: who cares? 

Wim Schreuders, Head of Agency, Netherlands Food and Consumer Product Safety 
Authority, the Netherlands  

 
14.30 Keynote lecture:  

Mycotoxins: rara avis in terris nigroque similima cygno [an extremely rare bird and very like 
a black swan (supposed not to exist). The black swan is a metaphor describing a rare and 
unpredictable event with a high impact.] 
Prof.dr. David Miller, Carleton University, Canada 
  

15.00 Networking break & exhibition 
 
15.30 Keynote lecture: 

Global impact of mycotoxins on the food and feed industry – facts and future scenarios  
Dr. Gerd Schatzmayr, Biomin Research Center, Austria 

 
16.00 Keynote lecture: 

Phycotoxins in the 21st century – global challenges and modern solutions 
Dr. James Hungerford, AOAC Marine and Freshwater Toxins Task Force, USA 

 
16.30 Keynote lecture: 

Poisonous plants: the Good, the Bad and the Ugly 
Dr. Kip Panter, Poisonous Plant Research Laboratory, U.S. Department of Agriculture, USA 

 
17.00 Panel discussion: 

The significance of natural toxins in a changing world and its impact on industry, regulatory 
bodies and academia 
 

Moderators: 
Hans van Egmond, M.Sc. 
Prof.dr. Rudolf Krska 
 

Panel members: 
Prof.dr. Johanna Fink-Gremmels 
Dr. James Hungerford 
Prof.dr. David Miller 
Dr. Kip Panter 
Dr. Gerd Schatzmayr 
Dr. Gordon Shephard 
Frans Verstraete, M.Sc. 

 
 
 
 

 
   

18.00 - 19.30 Welcome reception at Rotterdam City Hall 
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TUESDAY 6 NOVEMBER 2012 
 
PARALLEL SESSION 1 
Emerging toxins and new occurrence data 
 
Chair: Dr. Monique de Nijs, RIKILT-Institute of Food Safety, the Netherlands 

Dr. Franz Berthiller, Department IFA-Tulln, BOKU Vienna, Austria 
 
08.30 Introduction on the topic by Dr. Monique de Nijs 

 
08.40 Fusarium species and their toxins in Swedish wheat and oats 
 Dr. Elisabeth Fredlund, National Food Administration, Sweden 
 
09.00 New insights in the rearrangement mechanisms of the Fusarium mycotoxin fusarin C and its 

analogues and their occurrence in food and feed 
 Karin Kleigrewe, University of Münster, Germany 
 
09.20 Emerging plant toxins in herbal products and food supplements 
 Suzanne van den Berg M.Sc., Wageningen University, the Netherlands 
 
09.40 Mycotoxins in dietary supplements: hidden health risk for consumers? 
 Prof.dr. Jana Hajšlová, Institute of Chemical Technology, Czech Republic 
 
10.00 Networking break (sponsored by Olmix) & exhibition  
 
10.30 Alternaria toxins: occurrence and analytical developments  

Dr. Michael Rychlik, Technische Universität München, Germany  
 
10.50 Summary by Dr. Monique de Nijs 
 
10.55 Introduction on masked mycotoxins by Dr. Franz Berthiller 
 
11.05 The role of ILSI Europe in natural toxins: what is the impact of masked mycotoxins? 

Dr. Gerrit Speijers, General Health Effects, Toxicology and Safety of Food, 
the Netherlands 

 
11.25 Occurrence of masked mycotoxins in food 

Dr. Chiara Dall’Asta, University of Parma, Italy  
 
11.45 Analytical strategies for masked mycotoxin detection 

Prof.dr. Sarah De Saeger, Ghent University, Belgium 
 
12.05 Metabolism of the masked mycotoxin deoxynivalenol-3-glucoside in rats 
 Veronika Nagl, Department IFA-Tulln, BOKU Vienna, Austria 
 
12.25 Summary by Dr. Franz Berthiller 
 
12.30  Lunch break 
  
 Workshops & poster viewing 
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TUESDAY 6 NOVEMBER 2012 
 
PARALLEL SESSION 2 
Human and animal health implications 
 
Chair: Prof.dr. Johanna Fink-Gremmels, Utrecht University, the Netherlands 

Dr. Gordon Shephard, Medical Research Council, South Africa 
 
08.30 Introduction on the topic by Dr. Gordon Shephard 

 
08.40 Fumonisin biomarkers in maize eaters and implications for human disease  

Dr. Ronald Riley, U.S. Department of Agriculture, USA 
 
09.05 Fumonisin exposure and child stunting in rural Tanzania 
 Dr. Martin Kimanya, Tanzania Food and Drugs Authority, Tanzania 
 
09.25 Alternaria toxins as topoisomerase inhibitors 
 Prof.dr. Doris Marko, University of Vienna, Austria 
 

09.45 Impact of mycotoxins on female reproduction in different animal species 

 Dr. Regiane Rodrigues dos Santos, Federal University of Pará, Brazil 
 
10.00 Networking break (sponsored by Olmix) & exhibition  
 
10.30 How will understanding the hormonal basis for trichothecene toxicity impact safety 

assessment? 
Prof.dr. James Pestka, Michigan State University, USA 

 
10.55 Association between aflatoxin B1 albumin-adduct levels and viral load in HIV positive people 
 Dr. Pauline Jolly, University of Alabama at Birmingham, USA 
 
11.15 Individual and combined effects of Fusarium toxins on intestinal immunity 

Murphy Lam-Yim Wan, University of Hong Kong, China 
 
11.30 Poisoning of dogs by Penicillium toxins – clinical effects and effects on brain neurotransmitter 

receptors 
 Dr. Gunnar Eriksen, Norwegian Veterinary Institute, Norway 
 
11.45 Risks for public health related to the presence of opium alkaloids in poppy seeds 
 Dr. Katleen Baert, European Food Safety Authority (EFSA), Italy  
 
12.00 Decreasing the impact of mycotoxins in farm animals: quantitative testing of raw material for a 

more adapted nutritional strategy 
 Delphine Melchior, Provimi Cargill Animal Nutrition, France 
 
12.10 Biomarker application for deoxynivalenol exposure assessment  
 Dr. Yun Yun Gong, University of Leeds, UK 
 
12.20 Summary by Prof.dr. Johanna Fink-Gremmels 
 
12.30  Lunch break 
  
 Workshops & poster viewing 
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TUESDAY 6 NOVEMBER 2012 
 
PARALLEL SESSION 3 
Prevention and reduction 
 
Chair: Prof.dr. Naresh Magan, Cranfield University, UK 

Dr. Alexandros Yiannikouris, Alltech, USA 
 
14.00 Introduction on the topic by Prof.dr. Naresh Magan 

 
14.10 Engineering crops to cope with mycotoxins: concepts and industrial applications 
 Prof.dr. Petr Karlovsky, University of Göttingen, Germany 
 
14.30 From Fusarium graminearum to deoxynivalenol: decision-making tools to manage the risk in 

wheat   
  Dr. Emmanuelle Gourdain, ARVALIS - Institut du végétal, France 
 
14.50 Integrated management to reduce aflatoxins contamination in stored grains in Argentina  

Dr. Andrea Nesci, National University of Río Cuarto, Argentina   
 
15.10 Aflasafe in Africa: progress and prospects for biocontrol in aflatoxin mitigation  

Dr. Thomas Dubois, International Institute of Tropical Agriculture, Nigeria 
 
15.30 Networking break (sponsored by Alltech) & exhibition 
 
16.00 A Design of Experiments-LC/MS

2
 approach to investigate the effect of bakery processing on 

mycotoxins: the case of DON and DON-3-glucoside 
 Dr. Michele Suman, Barilla, Italy 
 
16.20 Engineering plants to neutralise environmental toxins  

Prof.dr. Julian Ma, St. George’s Hospital Medical School, University of London, UK 
 
16.40 Chronic exposure of low level mycotoxins to pigs: health impact and solutions  

Dr. Sung Woo Kim, North Carolina State University, USA   
 
17.00 Inhibition of ileal zearalenone transport by sequestering agents in the Ussing chamber model 
 Dr. Hannele Kettunen, Alimetrics Ltd., Finland  
 
17.15 Prospects for detoxification of fumonisins in animal feed by enzymatic hydrolysis 
 Dr. Wulf-Dieter Moll, Biomin Research Center, Austria 
 
17.30 Screening of glandular animal secretions for novel bioactive compounds to control 

mycotoxigenic fungi  
 Dr. Ángel Medina-Vayá, Cranfield University, UK     
 
17.45 Summary by Dr. Alexandros Yiannikouris 
 
18.00  Poster viewing 
   

Wine tasting sponsored by Biomin and Romer Labs 
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TUESDAY 6 NOVEMBER 2012 
 
PARALLEL SESSION 4 
Analytical solutions in the spotlight 
 
Chair: Ton van Osenbruggen, PUM, the Netherlands 
  
14.00 Rapid quantitative mycotoxin testing at the point of reception 

Dr. Hannes Binder, Romer Labs, Austria 
 
14.15 Validation of an automated system for aflatoxins in a range of cereals, peanuts and dried fruit 

using on-line immunoaffinity cartridges from R-Biopharm Rhône Ltd. in conjunction with HPLC 
 Dr. Ria Rhemrev, R-Biopharm Rhône, the Netherlands 
 
14.30 A new look at mycotoxin management: holistic approach 
 Dr. Swamy Haladi, Alltech, India 
 
14.45 UHPLC-MS/MS analysis of mycotoxins: screen for many and quantify with confidence 
 Dr. Thomas Glauner, Agilent Technologies, Germany 
 
15.00 Recent innovations in immunoaffinity columns for mycotoxin analysis 
 Dr. Danrey Toth, Vicam – A Waters Business, USA 
 
15.15  Green algae extracted polysaccharide-modified montmorillonite composite for mycotoxin 

adsorption  
Dr. Anca Laza-Knoerr, Olmix, France 
   

15.30 Networking break (sponsored by Alltech) & exhibition 
 
16.00 Neogen Corporation’s Reveal Q+ method for mycotoxin detection 

Anthony Lupo, Neogen Corporation, USA 
 
16.15 Advances and considerations with multimycotoxin LC-HRMS analysis  

Frans Schoutsen, Thermo Scientific, the Netherlands 
 
16.30 Quantitative lateral flow assays for mycotoxin analyses and extraction – current and future 

trends 
 Dr. Mark Tess, Charm Sciences, USA 
 
16.45 Rapid screening tools for the quantitative detection of deoxynivalenol in wheat: a comparative 

study between lateral flow and ELISA performances 
Giulia Rosar, M.Sc., Tecna, Italy 

 
17.00 Risk management of mycotoxins in the global food supply chain – nuts and dried fruits, an 

example of full supply chain control in food quality 
  Dr. Scarlett Biselli, Eurofins WEJ Contaminants, Germany. 
 
17.15 Multiplex microsphere immunoassay for the detection of mycotoxins using xMAP

TM 

technology  
 Dr. Willem Haasnoot, RIKILT-Institute of Food Safety, the Netherlands 
 
17.30 Bayer Quality Analyzer and Bayer Micro-Labs for rapid on-site multiplex mycotoxin testing 

Dr. Jens Burmeister, Bayer Technology Services, Germany 
 
17.45 Success story of molecularly imprinted polymers for mycotoxin analysis 

Kaynoush Naraghi, POLYINTELL, France 
 
18.00 Poster viewing 
 

Wine tasting sponsored by Biomin and Romer Labs 
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WEDNESDAY 7 NOVEMBER 2012 
 
PARALLEL SESSION 5 
Sampling and novel analytical tools 
 
Chair: Prof.dr. Sarah de Saeger, Ghent University, Belgium 

Dr. Lei Bao, AQSIQ, China 
 
08.30 Introduction on the topic Dr. Lei Bao 
 
08.40 Dust sampling – a holistic approach to enhance representative rapid analysis of mycotoxins in 

grains  
 Mareike Reichel, Eurofins WEJ Contaminants, Germany 
 
09.00 Distribution of mycotoxins in bulk volumes of wheat  

Dr. Sheryl Tittlemier, Canadian Grain Commission, Canada 
 
09.20 Biological and synthetic binders for immunoassay and sensor-based detection of small 

molecules  
Prof.dr. Richard O’Kennedy, Dublin City University, Ireland 

 
09.40 Biosensors as diagnostic tools: applications for mycotoxins, phycotoxins and plant toxins 
 Dr. Ibtisam Tothill, Cranfield University, UK  
 
10.00 Networking break (sponsored by Agilent Technologies) & exhibition 
 
10.30 Overview on novel analytical tools for alkaloids 
 Dr. Patrick Mulder, RIKILT- Institute of Food Safety, the Netherlands 
 
10.50 HPLC-FTMS and HPLC-MS/MS analysis of ochratoxin A metabolites in urine 

Dr. Benedikt Cramer, University of Münster, Germany 
 

11.10 Quantum dots as labels for immunoassay: state-of-the-art and application for mycotoxin 
detection 

 Prof.dr. Irina Goryacheva, Saratov State University, Russia 
 
11.30 Molecularly imprinted polymers for the determination of alternariol and its derivatives in 

foodstuff  
 Prof.dr. Maria Moreno-Bondi, Complutense University of Madrid, Spain 
 
11.50 Prospective analytical tools for the accurate determination of free and masked ochratoxins in 

beer 
Dr.Chee Wei Lim, Health Sciences Authority, Singapore 

 
12.05 Development of a bio-assay suite for the detection of bio-active compounds from micro-algae 

and fungi in shellfish 
 Marie Geiger, Ifremer, France 
 
12.20 Summary by Prof.dr. Sarah de Saeger 
  
12.30  Lunch break 

 
Workshops & poster viewing
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WEDNESDAY 7 NOVEMBER 2012 
 

PARALLEL SESSION 6 
Novel integrated strategies for worldwide mycotoxin reduction (MycoRed) 
 
Chair: Dr. Antonio Logrieco, ISPA-CNR, Italy 

Ksenia Popova, A.N. Bach Institute of Biochemistry of the Russian Academy of Sciences, 
Russia 
 

08.30 Introduction by Dr. Antonio Logrieco 
 

08.40 MycoRed Delphi study: advances on reduction of mycotoxins in wheat, maize and nuts/dried 
fruits  
Ksenia Popova, A.N. Bach Institute of Biochemistry of the Russian Academy of Sciences, 
Russia  

 
09.00 Economic impact of aflatoxin contamination in nuts and dried fruits  

Goretti Guasch, International Nut and Dried Fruit Council, Spain  
  
09.15 New results to achieve higher resistance level to FHB in wheat and combine it with a powerful 

fungicide technology  
Dr. Ákos Mesterházy, Cereal Research Non-Profit Co., Hungary 

 
09.30 Aflasafe in farmers’ fields: experiences in Nigeria  

Dr. Joseph Atehnkeng, International Institute of Tropical Agriculture, Nigeria 
 
09.45 Use of yeasts in biological control of toxigenic fungi   

Prof.dr. Sofia Chulze, National University of Río Cuarto, Argentina 
 
10.00 Networking break (sponsored by Agilent Technologies) & exhibition 
 
10.30 Modelling mycotoxin contamination in maize to optimize agricultural practices and improve the 

value chain  
Prof.dr. Paola Battilani, Università Cattolica del Sacro Cuore, Italy 

 
10.45 Stress regulation of ochratoxin A biosynthesis  

Prof.dr. Rolf Geisen, Max Rubner Institute, Germany 
 

11.00 Fate of aflatoxins during the processing of pistachio and apricot kernel  
Dr. Hayrettin Özer, TÜBİTAK Marmara Research Centre, Turkey 
 

11.15 Advanced analytical tools for multi-analyte determination of mycotoxins and related 
biomarkers  
Benedikt Warth, Department IFA-Tulln, BOKU Vienna, Austria 

 
11.30 Use of a multi-biomarker approach in a human study in rural South Africa  

Dr. Gordon Shephard, Medical Research Council, South Africa 
 
11.45 Validation of biomarkers of exposure to multimycotoxin in piglets: an approach to assess in 

vivo the efficacy of detoxification strategies 
Dr. Isabelle Oswald, INRA, France 

 
12.00 Tangible impact of MycoRed on International Cooperation Partner Countries (ICPC)  

Dr. Angelo Visconti, ISPA-CNR, Italy  
 
12.20 Summary by Ksenia Popova 
 
12.30  Lunch break 

 
Workshops & poster viewing 
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WEDNESDAY 7 NOVEMBER 2012 
 
PARALLEL SESSION 7 
Factors affecting toxin formation in the environment 
 
Chair: Dr. Martien Spanjer, Netherlands Food and Consumer Product Safety Authority, the 

Netherlands 
 
14.00 Introduction on the topic by Dr. Martien Spanjer 
 
14.10 Zearalenone risk in wheat associated with pre-harvest rainfall  

Prof.dr. Simon Edwards, Harper Adams University College, UK 
 
14.30 Influence of climatic and agronomic factors on trichothecene contamination of cereals 
 Dr. Aksel Bernhoft, Norwegian Veterinary Institute, Norway 
 
14.50 DSP toxins in North West Europe and influences of climate change effects  

Dr. Ine van der Fels-Klerx, RIKILT-Institute of Food Safety, the Netherlands 
 

15.10 Climate change and plant toxins 
 Dr. Daniel Cook, Poisonous Plant Research Laboratory, U.S. Department of Agriculture, USA  
 
 
 
PARALLEL SESSION 8 
Airborne exposure to mycotoxins in indoor and occupational settings 
 
Chair: Dr. Martin Täubel, National Institute for Health and Welfare, Finland 
 
16.00 Occurrence of mycotoxins in indoor environments in relation to moisture damage and 

dampness 
 Dr. Martin Täubel, National Institute for Health and Welfare, Finland 
 
16.20 Occupational exposure to aflatoxin B1 and ochratoxin: the case of poultry and swine 

production 
 Dr. Susana Viegas, Higher School of Health Technology of Lisbon, Portugal 

 
16.40 Olfactory neurotoxic effects of macrocyclic trichothecenes from Stachybotrys 

Prof.dr. James Pestka, Michigan State University, USA 
 
17.00 Social event 

All participants are invited to join the ‘Rotterdam Harbour Tour’, a special journey through one 
of the largest harbours in the world. 

 
20.00 Conference dinner 

A unique dinner in the underwater world of Rotterdam Zoo. The dinner is open to participants 
who registered in advance when they booked for the conference. 
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WEDNESDAY 7 NOVEMBER 2012 
 
PARALLEL SESSION 9 
Contemporary issues on phycotoxins 
 
Chair: Prof.dr. Ana Gago-Martinez, University of Vigo, Spain 
 
14.00 Introduction on the topic by Prof.dr. Ana Gago-Martinez 

 
14.10 The development of an ultra performance liquid chromatography tandem mass spectrometric 

method for hydrophilic marine biotoxins 
 Dr. Arjen Gerssen, RIKILT-Institute of Food Safety, the Netherlands 
  
14.30 Production and preparative isolation of azaspiracid-1 and -2 from Azadinium spinosum culture 

in stirred photobioreactors 
Dr. Philipp Hess, Ifremer, France 

 
14.50 New marine toxins from the red tide dinoflagellate Karenia brevisulcata in New Zealand 
 Prof.dr. Masayuki Satake, University of Tokyo, Japan 
 
15.10 Confirmation of the presence of emerging toxins in Spanish and Portuguese seawaters 
 Dr. José Manuel Leão Martins, University of Vigo, Spain  
 
15.30 Networking break & exhibition 
  
16.00 Rapid detection of environmental biotoxins by fluorescence immunoassay coupled with planar 

waveguide technology 
 Dr. Julie Meneely, Queen’s University Belfast, UK 

 
16.20 The genetic basis of microbial toxin production: rapid DNA-based assessment of water and 

seafood quality 
 Mark Van Asten, Diagnostic Technology, Australia 
 
 16.40 Focus on seafood safety: the need of marine toxins standards 

 Dr. Eva María Cagide Otero, Laboratorio CIFGA, Spain 
 
17.00 Social event 

All participants are invited to join the ‘Rotterdam Harbour Tour’, a special journey through one 
of the largest harbours in the world. 

 
20.00 Conference dinner 

A unique dinner in the underwater world of Rotterdam Zoo. The dinner is open to participants 
who registered in advance when they booked for the conference. 
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THURSDAY 8 NOVEMBER 2012 
 
PARALLEL SESSION 10 
Method development and validation: Monitoring & quality assurance (MoniQA) 
 
Chair: Dr. Roland Poms, International Association for Cereal Science and Technology, Austria 

Sine Yener, M.Sc., Hacettepe University, Turkey 
 
08.30 Introduction by Dr. Roland Poms 

 
08.40 Socio-economic impact assessment of discussed T-2/HT-2 legal limits by employing the 

MoniQA Tool Box 
Dr. Line Friis Lindner, International Association for Cereal Science and Technology, Austria 

 
09.00 International proficiency testing for simultaneous multimycotoxin analysis by LC-MS/MS  
 Dr. Michele Solfrizzo, ISPA-CNR, Italy 
 
09.20 Investigation of matrix effects in mycotoxin determination by high performance liquid 

chromatography coupled to mass spectrometry 
 Dr. Alexandra Malachova, Institute of Chemical Technology, Czech Republic and Department 

IFA-Tulln, BOKU Vienna, Austria 
 
09.40 Effects of washing and drying applications on deoxynivalenol and zearalenone levels in wheat 

Sine Yener, M.Sc., Hacettepe University, Turkey 
 
10.00 Networking break (sponsored by Neogen Europe) & exhibition 
 
 
 
PARALLEL SESSION 11 
Method development and validation: Inexpensive detection for control of exposure 
(CONffIDENCE) 
 
Chair: Prof.dr. Chris Elliott, Queen’s University Belfast, UK  
 Hans van Egmond, M.Sc., RIKILT-Institute of Food Safety, the Netherlands 
 
10.30 Introduction by Prof.dr. Chris Elliott 
 
10.40 Antibodies against selected natural toxins: central components of immunoassays 
 Dr. Anne-Catherine Huet, Centre d’Économie Rurale, Belgium 
 
11.05 Development and in-house validation of multiplex dipstick immunoassays for semi-quantitative 

determination of Fusarium mycotoxins in cereals  
Dr. Veronica Lattanzio, ISPA-CNR, Italy 

 
11.30 Near infrared hyperspectral imaging methodology as a control tool for the detection of ergot in 

cereals 
 Philippe Vermeulen, M.Sc., Centre Wallon de Recherches Agronomiques, Belgium 
 
11.55 Multiplex analysis of marine biotoxins: an advancement of the SPR biosensors 

Dr. Katrina Campbell, Queen’s University Belfast, UK 
 
12.20 Summary by Hans van Egmond, M.Sc.  
 
12.30  Lunch break 
  
 Workshops & poster viewing 
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THURSDAY 8 NOVEMBER 2012 
 
PARALLEL SESSION 12 
Mycotoxin management: the genomic approach 
 
Chair: Dr. Deepak Bhatnagar, U.S. Department of Agriculture, USA 

Prof.dr. Hans-Ulrich Humpf, University of Münster, Germany 
 
08.30 Introduction on the topic by Dr. Deepak Bhatnagar 
 
08.40 Fungal infection strategies and mycotoxin production in wheat 
 Prof.dr. Wilhelm Schäfer, University of Hamburg, Germany  
  
09.00 Fusarium verticillioides and Zea mays interaction: relation between oxylipin cross-talk and 

fumonisin synthesis 
 Dr. Valeria Scala, Sapienza University of Rome, Italy 
  
09.20 What can plant genetics offer for managing mycotoxins in small grain cereals?  

Dr. Paul Nicholson, John Innes Center, UK  
 
09.40 Functional genomics of UDP-glucosyltransferases: heterologous expression in yeast to test for 

deoxynivalenol detoxification capability of candidate genes 
Maria Kovalsky Paris, BOKU Vienna, Austria 

  
10.00 Networking break (sponsored by Neogen Europe) & exhibition 
 
10.30 Biosynthesis and regulation of mycotoxins: the increasing impact of genomics 

Prof.dr. Charles Woloshuk, Purdue University, USA 
 
10.50 EBR1, a master regulator shaping the transcriptional landscape of Fusarium graminearum 

Dr. Theo van der Lee, Plant Research International, the Netherlands 
 
11.10 What can the Aspergillus flavus genome offer for managing mycotoxins? 
 Dr. Deepak Bhatnagar, U.S. Department of Agriculture, USA 
 
11.30 The genome of Fusarium fujikuroi: the high potential for mycotoxin production 
 Prof.dr. Bettina Tudzynski, University of Münster, Germany 
  
11.50 Conserved veA-dependent factors, RM3 and RM7, regulate mycotoxin production  
 and morphological development in Aspergillus nidulans  

Prof.dr. Ana Calvo, Northern Illinois University, USA 
 
12.10 Summary by Prof.dr. Hans-Ulrich Humpf 
 
12.30  Lunch break 
  
 Workshops & poster viewing 
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THURSDAY 8 NOVEMBER 2012 
 
PLENARY MEETING  
Facing the future 
 
Chair: Frans Verstraete, M.Sc., DG Health and Consumers, European Commission, Belgium 

Dr. Angelika Tritscher, World Health Organization (WHO), Switzerland 
 
14.00 A food and feed industry perspective on managing mycotoxins in the grains supply chain 
 Dr. Gerardo Morantes, Cargill, USA 
 
14.25 Consumer protection at the outside borders of the EU: a guarantee for mycotoxins non-

exposures? 
Hans Jeuring M.Sc., Netherlands Food and Consumer Product Safety Authority,  
the Netherlands 

 
14.50 Mycotoxins in the food and feed chain: solutions to the identified problems 

Catherine Bessy, Food and Agriculture Organization of the United Nations (FAO), Italy 
 

15.10 Natural toxins in Codex – food safety for all? 
 Astrid Bulder, M.Sc., National Institute for Public Health and the Environment (RIVM),  

the Netherlands 
 
15.30 Networking break & exhibition 
  
16.00  Gates Foundation: supporting eradication of mycotoxins in developing countries  

Dr. Arlene Mitchell, Bill & Melinda Gates Foundation, USA 
 
16.20 Horizon 2020: What’s in it for me? 

Pierre Mathy, Directorate-General for Research & Innovation, European Commission, Belgium 
 

16.40 Presentation of the Best Poster Award  
 
16.50 Closing  

Top five things learned at WMFmeetsIUPAC 
 Prof.dr. Rudolf Krska and Hans van Egmond, M.Sc. 
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WORKSHOP PROGRAMME  
 
TUESDAY 6 NOVEMBER 2012 
12.30 - 14.00 
 
Workshop 1 
Quality assurance aspects of mycotoxin testing  
 
Sponsored and presented by R-Biopharm and Trilogy Laboratory. 
 
Mycotoxin testing poses some unique challenges for analytical laboratories. Using solid validated 
analytical methods are only part of the solution to providing the best analytical results possible. By 
utilizing some basic tools as part of the overall QA programme laboratories can build additional quality 
into their systems. 
 
Reference materials can serve as a cornerstone to build daily quality assurance data. Utilizing a 
reference material such as a naturally contaminated grain sample with each sample run provides 
valuable information about all of the method parameters. Reference materials are available in a wide 
variety of matrices and toxin combinations.  
 
Reference materials can be also used in proficiency testing. Trilogy Analytical Laboratory introduced a 
proficiency testing scheme 'Double Check' which is an excellent tool in the quality assurance process 
of mycotoxin analysis. In this workshop we will demonstrate the use of the Trilogy Double Check 
proficiency testing.  
 
 
 
Workshop 2 
Improving accuracy and sensitivity in multi-mycotoxin LC-MS/MS methods  
 
Sponsored and presented by Romer Labs.  
 
The need for multi-mycotoxin analyses is constantly rising and the technology of choice is LC-MS/MS. 
Laboratories are increasingly using LC-MS/MS methods in their routine testing operations. 
Nevertheless, one problem with LC-MS/MS can be interferences from matrix components leading to 
differences in analyte ionization. The application of fully 13C-labelled internal standards corrects such 
mass signal intensities between various sample matrices and pure standard calibrants to ensure 
qualified analysis results. 
 
Nowadays, highly sensitive mycotoxin detection methods are demanded by EU legislation and 
subsequently by the mycotoxin testing food and feed safety market. To be able to detect multiple 
mycotoxins at such low detection limits, a sample clean-up step should be used prior to LC-MS/MS 
injection. A novel rapid multi-mycotoxin clean-up method to increase the LC-MS/MS method's 
sensitivity was developed by Romer Labs and will be launched during this workshop. 
 
The workshop will demonstrate the different procedures for using 13C-labeled internal standards. 
Furthermore, it will illustrate how important it is to apply internal standards when running quantitative 
mycotoxin analyses on an LC-MS/MS system. And finally, a brand-new multi-mycotoxin clean-up 
method for a better LC-MS/MS sensitivity on complex sample matrices will be launched. 
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WEDNESDAY 7 NOVEMBER 2012 
12.30 - 14.00 
 
Workshop 3 
Uncover new dimensions of mycotoxin analysis using Orbitrap MS/MS technology  
 
Sponsored and presented by Thermo Scientific.  
 
Rapid screening for mycotoxins and other emerging food contaminants is highly important in regulated 
environments such as food and animal feed analysis. Due to the broad variability of physico-chemical 
properties of the screened residues it is critical to employ very simple sample preparation procedures 
to maintain the recovery of the broad range of analytes. For the chromatographic analysis it is 
therefore necessary to use the system with high selectivity and sensitivity but possessing a capability 
to identify potential unknowns.  
 
High resolution and accurate mass spectrometry has gained very high popularity since the introduction 
of high performance mass spectrometers based on Orbitrap

TM
 technology. The excellent selectivity, 

sensitivity and ease of use of the Orbitrap mass spectrometers allowed their routine application in 
many areas of food safety.  
 
During the workshop we will present the new approaches to the application of the screening MS 
techniques using accurate mass technology and will introduce you to the features of a new system 
based on the Orbitrap

TM
 MS/MS technology. Novel data evaluation tools will be also discussed, 

allowing rapid and reliable screening for multiple contaminants and residues. 
 
 
 
Workshop 4 
Mycotoxin testing solutions from farm to fork  
 
Sponsored and presented by VICAM - A Waters Business.  
 
Technologies for mycotoxin testing range from simple positive/negative strip tests read by eye to 
powerful LC-MS/MS methods capable of resolving and confirming over 100 different toxins in a single 
sample. If a test is being used for rapid screening to segregate incoming harvest for human food, 
animal feed or oil stock, a simple strip test may be the best choice.  
 
LC-MS/MS may be the preferred technology if the matrix is complex, if the sample must be screened 
for a wide range of both targeted and untargeted toxins, or if the analysis needs to meet standards for 
a confirmatory test. Using the most sensitive mass spectrometers, such as Xevo TQ-S, for analysis of 
mycotoxin compounds will help achieve the legislative limits more easily. Xevo TQ-S reduces ion 
suppression and makes peak integration easier at sub-legislation concentrations for multiple 
mycotoxin analysis.  
 
During the workshop we will present solutions for mycotoxin testing that cover the entire range needed 
from farm (harvest) to fork (finished food products). These include quantitative strip tests, 
immunoaffinity sample preparation for LC and the latest Waters LC-MS/MS solutions. 
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THURSDAY 7 NOVEMBER 2012 
12.30 - 14.00 
 
Workshop 5 
Rapid detection of Fusarium mycotoxins and alkaloids 
 
Presented by the CONffIDENCE consortium. 
 
The CONffIDENCE project aims to further improve food safety in Europe by the development of fast 
and cost-efficient methods for the detection of a wide range of chemical contaminants in different food 
and feed commodities. The project is funded by the European Commission in the 7th Framework 
Programme and it runs from 2008-2012 (www.confidence.eu). 
  
One of the work packages in CONffIDENCE is directed to the determination of biotoxins in the food 
chain, which include (plant) alkaloids, marine biotoxins and mycotoxins. The workshop is linked with 
the preceding conference parallel session 11 'Inexpensive detection for control of exposure' and the 
focus will be on selected analytical procedures developed in CONffIDENCE.  
 
Multiplex dipsticks will be demonstrated that have been developed to determine various Fusarium 
mycotoxins (fumonisins, DON, zearalenone, T-2 and HT-2 toxins) in food and feed and for tropane 
alkaloids (atropine, hyoscyamine, scopolamine) in feed. In addition, a near infrared hyperspectral 
imaging method will be displayed to detect ergot contamination in food and feed during transport of 
grain kernels on a moving belt.  
 
 
 
Workshop 6 
Challenges in natural toxin testing and how to address them by leveraging innovative 
technologies 
 
Sponsored and presented by AB SCIEX. 
 
Natural toxins, such as mycotoxins, phycotoxins and phytotoxins, and bacterial toxins are gaining 
awareness in consumer health protection and analysts are looking for technologies that can help them 
overcome issues from the large chemical diversity and challenging matrices. Natural toxins and their 
transformation products are occurring as thousands of species in numerous biological matrices. Due 
to their high toxicity, they need to be detected and quantified at ultra-trace levels. AB SCIEX has 
invested massively into R&D and worked with well-respected scientists to come up with technical 
solutions for these problems. 
 
New mass spectrometers with superior sensitivity, linearity and speed have been developed to 
broaden the scope of LC/MS/MS multi compound / multi class methods and to simplify sample 
preparation procedures. In addition high resolution MS, as well as innovative separation techniques, 
are used to gain selectivity in order to eliminate analyte and matrix interferences. 
 
During the workshop AB SCIEX scientists and prominent users will present new solutions which 
resolve a number of old analytical challenges in natural toxin analysis by utilising accurate mass 
TripleTOF® technology, SelexION™ differential mobility spectroscopy, dedicated MicroLC 
instruments, as well as the AB SCIEX's most sensitive mass spec currently available: QTRAP® 6500 
LC-MS/MS system with IonDrive™ Technology. 
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LECTURES 
 
MONDAY 5 NOVEMBER 2012 – Plenary meeting 

 
Mycotoxins: rara avis in terris nigroque simillima cygno 
Plenary Keynote Lecture 
 
David Miller 
 
Department of Chemistry, Carleton University, Canada; david_miller@carleton.ca 
 
From ancient Roman times, it was assumed that black swans did not exist, something that would have 
surprised the Maori and Australian aboriginal peoples. From 2004, the term Black Swan has come to 
signify the role of high-impact, hard-to-predict and rare events that are beyond the realm of normal 
expectations and the psychological biases that make people individually and collectively blind to 
uncertainty. All five of the agriculturally important mycotoxins (deoxynivalenol, aflatoxin, fumonisin, 
zearalenone and ochratoxin) were discovered in less than a generation. One toxin, ochratoxin was 
discovered on unexpected commodities and produced by, among others, Aspergillus niger, a fungus 
with wide use in biotechnology and generally regarded as safe. Less than 15 years later, this species 
was also found to produce fumonisin. The history of each of these cases is fraught with exception that 
the science community was blinded to by psychological biases. One element of future uncertainty, 
climate change has been discussed i.e. weather driven increases in prevalence and geographic 
distribution of mycotoxins. There is another element that needs attention. There is a fairly long list of 
rare toxicoses that have occurred in the past but became uncommon and is hence outside the realm 
of the expectation of most in the field today. This needs more attention! 
 
 

Global impact of mycotoxins on the food and feed industry – facts and future 
scenarios 
Plenary Keynote Lecture 
 
Gerd Schatzmayr 
 
BIOMIN Research Center, Austria; gerd.schatzmayr@biomin.net 
 
Mycotoxins are ubiquitously present in agricultural commodities such as cereals and oil seeds. As they 
exert severe toxic effects if ingested in sufficiently high concentrations by humans or animals, 
mycotoxins are recognised as a threat by food and feed industry alike. In 2004, BIOMIN launched a 
survey programme to assess the extent of mycotoxin contamination in feed and feed raw materials. 
Since then, over 19,000 samples have been analysed and more than 70,000 individual analyses have 
been conducted. While it is difficult to infer any long-term trends on a global level, the data confirm that 
high mycotoxin contamination is often linked to unusual or extreme weather events. For example, a 
fivefold increase in average zearalenone contamination and a six fold increase in average 
deoxynivalenol contamination were observed in Australian wheat following a particularly cold and wet 
growing season in 2010. Overall, 72% of the samples contained detectable amounts of aflatoxins, 
fumonisins, deoxynivalenol, zearalenone or ochratoxin A. Co-contamination with two or more 
mycotoxins was detected in 38% of the samples. These findings contest the often cited FAO estimate 
that 25% of the world’s crops are affected by mycotoxin producing fungi. In most cases the 
concentrations were low enough to ensure compliance with even the most stringent EU guidance 
values or maximum levels. However, co-contaminated samples might still exert adverse effects due to 
synergistic interactions of the mycotoxins present even if the individual mycotoxin concentrations do 
not exceed legal regulations. Emerging mycotoxins and masked mycotoxins must also be considered 
in this respect as they too contribute to the overall toxicity of the feed and their presence is frequently 
detected with multi-mycotoxin LC-MS/MS. Since by-product feeds such as distiller's dried grains with 
solubles (DDGS) often concentrate the mycotoxins of the original substrate, they contribute 
excessively to the overall contamination of feed rations and therefore need special attention. 
 
Regarding food the situation is quite similar: low level contamination is frequently observed in official  
controls but maximum levels are rarely exceeded in the western world. Again, emerging and masked 
mycotoxins must not be disregarded. In less developed regions, most notably in parts of Africa, the 
situation is more precarious and human mycotoxicoses occur occasionally. Mycotoxin contamination 
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is the cause of substantial financial loss each year, mostly through market rejection of highly 
contaminated commodities but also by negatively influencing livestock performance. In the case of 
aflatoxin B1 excessively high concentrations in livestock feed can pose a direct threat to public health 
(aflatoxin M1 in milk). In less developed regions where food contamination is frequent and mycotoxin 
monitoring is rare, adverse effects on public health are the major cost factor associated with 
mycotoxins. 
 
As it is very difficult to remove mycotoxins from contaminated food or feed, preventing them from 
accumulating in agricultural commodities is the most effective strategy to combat the problem. 
Preventive measures range from crop rotation and breeding for fungi resistance to deliberate 
inoculation with microbial antagonists. Nevertheless, weather is the most influential factor regarding 
mycotoxin contamination and excessive levels may occur in spite of all preventive measures. For this 
reason, continuous monitoring is essential and will become even more important in future as extreme 
weather events are expected to become more frequent due to climate change. Also mycotoxins will 
shift their typical occurrence areas, e.g. advent of aflatoxins in Europe, as a result of the rising 
average temperatures. Efficient detoxification strategies for food and feed are needed to deal with 
such outbreaks and continued research efforts in this area are imperative. 
 
 

Phycotoxins in the 21st century – global challenges and modern solutions 

Plenary Keynote Lecture 
 
James Hungerford 
 
AOAC Marine and Freshwater Toxins Task Force, USA; james.hungerford@fda.hhs.gov 
 
The majority of seafood toxins are phycotoxins, secondary metabolites produced by dinoflagellates 
and diatoms. The health and economic impacts of the phycotoxins are very significant and global in 
scope. Further, many of these naturally occurring toxins in fish and shellfish are potent neurotoxins 
and some of them can be fatal to humans. Freshwater cyanobacteria also produce phycotoxins, and 
these have their most serious impact on water supplies, with most illnesses caused by cyanobacteria, 
impacting livestock and pets.  
 
Just 12 years into the 21st century, many exciting advances are being made in the phycotoxins field, 
particularly in the detection of marine toxins, the primary emphasis of this talk. Much of this progress is 
due to the development of ever more powerful and sensitive LC-MS/MS instrumentation, revealing 
many new toxin forms particularly the shellfish and fish metabolites of phycotoxins. Just as important, 
we are also seeing the gradual migration away from mouse bioassays in marine toxin monitoring.  
These changes, leading to the increasing use of modern analytical methods, are more than merely a 
response to animal use concerns, they also offer superior performance and increased health 
protection.  More than 50 years after the paralytic shellfish toxins mouse bioassay was first approved, 
approval of modern alternatives has been long in coming, but the resulting momentum is still building 
as international validation studies have reached completion and AOAC and other groups approved the 
new methods. Regulatory bodies such as the European Community and ISSC/NSSP and other 
seafood safety authorities worldwide are now either allowing their use, or even (as in Europe) 
specifically requiring a transition. Laboratory training courses have eased somewhat the burden of 
implementation and have also led to new collaborations. Other encouraging developments include a 
very competitive rapid test kit industry with an emphasis on simplified kits and the continuing 
development and validation of sensitive, activity-based, ‘functional’ assays. Finally, thanks to the 
successful synthesis of the ciguatoxins, very complex polyethers responsible for the largest number of 
phycotoxins-related illnesses, progress is being made towards their immunochemical detection. 
 
 

Poisonous plants: the Good, the Bad and the Ugly 
Plenary Keynote Lecture 
 
Kip E. Panter, Poisonous Plant Research Laboratory, Agricultural Research Service, US Department 
of Agriculture, USA; kip.panter@ars.usda.gov   
 
Poisonous plants and the diverse natural compounds they produce cause major economic losses to 
the livestock industries throughout the world. It is estimated that 3-5% of the cattle, sheep and horses 
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that graze the rangelands of the western United States are adversely affected by poisonous plants, 
resulting in over $350,000,000 US in losses annually. The phytochemicals and other secondary 
compounds from poisonous plants and the animal models developed for research continue to provide 
significant benefits to mankind (the Good) through novel pharmaceuticals, herbal preparations, 
nutritional supplements, and improved understanding and techniques for disease control and 
treatment. Unfortunately, the poisonings and death losses (the Bad and the Ugly) from poisonous 
plants in animals and humans continue at unacceptable levels. 
 
This presentation will discuss research at the USDA Poisonous Plant Research Laboratory 
highlighting the Good, the Bad and the Ugly that is inherent in toxicology, chemistry and rangeland 
research of selected poisonous plants.  
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TUESDAY 6 NOVEMBER 2012 – Parallel session 1  
 

Fusarium species and their toxins in Swedish wheat and oats  
 
A. Gidlund

1
, M. Lindblad

1
,
 
M. Sulyok

2
, T. Börjesson

3
, R. Krska

2
, M. Olsen

1 
and Elisabeth Fredlund

1
 

 

1
Microbiology Division, Science Department, National Food Administration; 

2
Center for Analytical 

Chemistry, Department IFA-Tulln, BOKU Vienna, Austria and 
3
Lantmännen, Sweden; 

elisabeth.fredlund@slv.se 
 
Fusarium moulds are common contaminants in cereal grains in Sweden and Northern Europe. 
Species associated with wheat and oats, the two most consumed cereals in Sweden, are F. poae, F. 
avenaceum, F. graminearum and F. langsethiae. The regulated toxin deoxynivalenol (DON), produced 
by F. graminearum and F. culmorum, is commonly found in both wheat and oats. Previously, DON-
levels in oats have generally been low. However, levels of this toxin have increased significantly in 
oats harvested in 2010 and 2011. The reason for this shift of fungal flora and mycotoxin composition is 
not known. To study the presence of Fusarium species and their toxins in oats and wheat grown in 
Sweden, we collected approximately 100 samples of oats and wheat (including both spring wheat and 
winter wheat), respectively, between 2009 and 2011 from different geographical regions in Sweden. 
Samples were analysed for the presence of mycotoxigenic fusaria, i.e. F. graminearum, F. culmorum, 
F. langsethiae, F. sporotrichioides, F. avenaceum and F. tricinctum by species specific real-time PCR 
and for the presence of mycotoxins by a multi-mycotoxin method based on liquid chromatography/ 
electrospray ionization-tandem mass spectrometry (HPLC/ESI-MS/MS). 
 
Most samples contained at least four of the seven Fusarium species analyzed. F. poae, F. 
graminearum, and F. avenaceum were present in most samples of both wheat and oats but DNA 
concentration differed with year and type of cereal. The multitoxin analysis showed the presence of 
many metabolites. In addition to the regulated toxins DON and zearelenone, Fusarium metabolites 
such as enniatins, monoliformin, beauvericin and nivalenol were present in many samples. T-2 and 
HT-2 toxins were present in most oat samples and in some samples of spring wheat. Correlation 
analysis between toxin and fungal content showed that F. graminearum was the only producer of DON 
in both wheat and oats except in spring wheat from 2010, where F. culmorum also contributed to DON 
production. Monoliformin and enniatins were produced by both F. tricinctum and F. avenaceum in 
wheat and oats, however, the species contribution to toxin production varied between years and type 
of cereal. F. langsethiae was the only producer of T-2 and HT-2 and not F. sporotrichioides. Statistical 
analysis of toxins and DNA levels in relation to geography and weather factors showed that there were 
some significant regional differences. However, these could not be explained by the weather. 
 
 

New insights in the rearrangement mechanisms of the Fusarium mycotoxin 
fusarin C and its analogues and their occurrence in food and feed 
 
Karin Kleigrewe

1
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1
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1
Institute of Food Chemistry, Westfälische Wilhelms-Universität Münster, Germany and 

2
Organic 

Chemistry Institute, Westfälische Wilhelms-Universität Münster, Germany; humpf@uni-muenster.de; 
k_klei10@uni-muenster.de 
 

Several Fusarium species produce the mycotoxin fusarin 
C, which is known to be genotoxic and immuno-
suppressive (Lu et al., 1988. Carcinogenesis 9: 1523-
1527). Former studies revealed a mutagenic effect of 
fusarin C in the Ames test after S-9 liver activation and 
an inhibitory effect on the production and function of 
macrophages (Gelderblom et al., 1983. Toxicon 21: 467-
473). In the eighties some publications demonstrated the 
occurrence of fusarin C in mouldy maize and healthy 
maize kernels from the Transkei region in South Africa 
and in maize screenings in Pennsylvania. The co-
occurrence of fusarin C with other Fusarium mycotoxins 

Fusarin C 

mailto:jorge.a.abad@aphis.usda.no
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like moniliformin, deoxynivalenol and zearalenone was also demonstrated (Gelderblom et al., 1984. 
Journal of Agricultural and Food Chemistry 32: 1064-1067; Thiel et al., 1986. Journal of Agricultural 
and Food Chemistry 34: 773-775). But even though this mycotoxin could be harmful to human health, 
only little is known about the occurrence of fusarin C in food and feed. Therefore there is a strong 
need for the development of analytical methods for the detection of fusarin C in food and feed. In order 
to do this, we isolated fusarin C and fusarin analogues like fusarin D and A as reference material. 
Isolation of fusarins is challenging because fusarin C rearranges under reversed phase conditions and 
due to UV-light forming (10Z)-, (8Z)- and (6Z)-fusarin C.  
 
During our studies the structure of open chain fusarin C was elucidated for the first time. The isolation 
of this new fusarin together with density functional theory calculations of possible rearrangement 
products clarified that fusarin C epimerizes to form epi-fusarin C under reversed phase conditions. A 
new method for the determination of fusarin C in food and feed was developed based on the use of an 
isotopically labelled standard. The sample preparation was performed according to a modified 
QuEChERS-protocol (Kleigrewe et al., Journal of Agricultural and Food Chemistry 59: 10470-10476) 
and the samples were measured by HPLC-MS/MS. To get an overview of the contamination levels of 
fusarin C and its analogues, kernels of maize and commercially available products like popcorn maize, 
polenta and corn meal were examined. 
 
Acknowledgements: We thank Prof. Gelderblom (Medical Research Council, Cape Town, South 
Africa) for supplying the Fusarium verticillioides strain MRC 712. 
 
 

Emerging plant toxins in herbal products and food supplements  
 
Suzanne van den Berg 
 
Section toxicology, Wageningen University, the Netherlands; suzanne.vandenberg@wur.nl 
 
Botanicals and botanical products including food supplements are extensively used in Western diets 
and their market volume continues to evolve. Although botanicals and botanical preparations often 
have a high acceptance by consumers, some botanical preparations may contain individual 
compounds that are of concern for human health (EFSA, 2009. EFSA Journal 7: 1249; EFSA, 2012. 
EFSA Journal 10: 2663). Toxic compounds might occur in herbal products and food supplements (i) 
as a natural ingredient of the plant, (ii) as a result of replacement of a harmless botanical variety with a 
toxic alternative, (iii) following adulteration and/or (iv) due to contamination.  Examples of naturally 
present plant toxins are hypericin, the group of alkenylbenzenes including estragole, methyleugenol 
and safrole, coumarin, kavalactones, phytoestrogens and unsaturated pyrrolizidine alkaloids. Toxic 
pyrrolizidine alkaloids can for instance be present in comfrey. Several pyrrolizidine alkaloids were 
found to be hepatoxic in animal experiments and, in addition, numerous outbreaks of hepatic veno-
occlusive disease (VOD) in humans have been related to the use of comfrey or products prepared 
from this botanical.

3
 Based on these data, the Food and Drug Authority advised dietary supplement 

manufactures to remove comfrey products from the market in 2001 (FDA, 2001. www.fda.gov/ 
Food/DietarySupplements/Alerts/ucm111219.htm). Recently we identified botanical supplements on 
the market of which the intake would result in intake of estragole or methyleugenol at dose levels that 
are known to cause liver tumours in experimental animals (Van den Berg et al., 2011. Food and 
Nutrition Sciences 2: 989-1010). 
 
An example of the replacement of a harmless botanical variety with a toxic alternative dates from 
1991. Confusion over the Chinese name ‘Fangji’ caused that Stephania tetranda was accidentally 
replaced by Aristolochia fanchi, the latter one containing toxic aristolochic acids. The prolonged use of 
a weight loss preparation containing Aristolochia fanchi resulted in nephropathy in more than 100 
young women, developing into cancer of the kidneys and urinary tract in some patients (Vanhaelen et 
al., 1994. The Lancet 343: 174; Vanherweghem et al., 1993. The Lancet 341: 387-391). Following this 
incident, the presence of aristolochic acids in herbal preparations is currently restricted in the 
Netherlands. In addition to the occurrence of naturally present plant toxins, herbal preparations and 
food supplements may contain toxins as a result of adulteration. An example is the intentional addition 
of synthetic drugs to traditional herbal preparations for therapeutic reasons such as the addition of 
sibutramine to herbal weight loss preparations. Sibutramine was used as a prescription drug for weight 
loss until 2010. However, to date, the use of sibutramine is prohibited within the EU resulting from the 
increased risks to cardiovascular events related to the use of this drug (EMA, 2010. www. 

http://www.fda.gov/%20Food/DietarySupplements/Alerts/ucm111219.htm
http://www.fda.gov/%20Food/DietarySupplements/Alerts/ucm111219.htm
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emea.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2010/01/news_detail_000985.jsp).
Despite this ban, herbal weight-loss products that are on the market may still contain sibutramine. 
Another example of adulteration is the presence of viagra or its active compounds in herbal food 
supplements for erectile dysfunction. Toxins might also unintentionally be added to herbal products 
and food supplements. Environmental pollution may, for example, contaminate the herbal product or 
food supplement with polycyclic aromatic hydrocarbons (PAHs). In addition, PAHs can be formed 
during heating and drying of the herbal product in the course of the production process. For several 
PAHs (including benzo[a]pyrene) genotoxic and carcinogenic properties have been ascribed. In 
addition, metals and metalloids such as mercury, lead and arsenic might be unintentionally present in 
herbal preparations.  
 
The above mentioned examples indicate that ‘natural’ does not always equal ‘save’ and that the use of 
some herbal products and food supplements is of concern for human health. However, it should be 
emphasized that toxicity studies on phytochemicals are merely performed using single compounds 
while these plant toxins occur in a natural botanical matrix. An example which underlines the 
importance of the botanical matrix is the inhibition of the formation of DNA adducts of 1’-
hydroxyestragole, the proximate carcinogenic metabolite of the alkenylbenzene estragole, in S9 liver 
homogenates and HepG2 cells by a methanolic basil extract, indicating that the matrix effect is an 
important future issue to consider in the safety assessment of herbal products (Jeurissen et al., 2008. 
Food and Chemical Toxicology 46: 2296-2302). In conclusion, for several compounds of concern 
regulatory actions have been taken, however, herbal preparations containing individual compounds of 
concern for human health can still be found on the market and safety assessments are often 
implemented on a national basis following incidents. This indicates the need for a stricter control and 
regulation of herbal products and food supplements, carefully taking into account current regulation 
and practices for medical preparations.  
 
 

Mycotoxins in dietary supplements: hidden health risk for consumers? 
 
M. Zachariášová, Z. Vepříková, Z. Džuman, M. Fenclová, M. Václavíková and Jana Hajšlová 
 
Institute of Chemical Technology, Czech Republic; jana.hajslova@vscht.cz 
 
The occurrence of mycotoxins in cereal grains and other raw materials intended for food production is 
a global issue of high concern. Being aware of potential presence of these ´natural´ contaminants, 
most of food producers have implemented mycotoxins control into their HACCP systems. However, 
according to our recent studies, this approach is obviously not effectively employed in case of food 
supplements production. Although they are primarily used for their beneficial health effects, they may 
pose a health chronic for humans due to relatively high levels of mycotoxins contained in some of 
them. This, rather surprising finding was obtained within our extensive monitoring surveys conducted 
in the years 2011 and 2012. A cocktail of mycotoxins represented mainly by Alternaria toxins, 
Fusarium  toxins (e.g. trichothecenes, enniatins) and mycophenolic acid was found, some of them 
(mainly enniatins) were contained even at levels as high as 10 mg/kg.   
 
Several groups of dietary supplements, which are based on various medicinal herbs or plants (dried or 
extracts thereof) and believed to cope  with a wide range of health disorders were involved in our 
study : (i) milk thistle (Silybum marianum) commonly used to maintain the health of liver and treatment 
of liver diseases, (ii) mixture of black cohosh, clover and soja beans often used for reduction of 
menopause symptoms, (iii) turmeric powder (curcuma) commonly employed for heartburn, stomach 
pain, diarrhoea, stomach bloating and kidney problems, (iv) nettle and yucca widely used for immunity 
enhancement and organism detoxification, and (v) Boswellia trees with many pharmacological uses, 
e.g. asthma treatment. Interestingly, the highest levels of mycotoxins were found in Silybum marianum 
based preparations. Considering the Tolerable Daily Intake (TDI) proposed by European Food Safety 
Authority (EFSA) CONTAM Panel, 50% of HT-2 and T-2 TDI could be reached when consuming 
recommended doses of the most contaminated product. These rather alarming findings obviously 
indicate the need to improve food supplements production practices.  
 
For the purpose of mycotoxins analysis, rapid, simple and cost-effective sample preparation method 
employing an optimized QuEChERS-based procedure was enabled. More than 50 mycotoxins 
(aflatoxins, trichothecenes, zearalenone, and ochratoxin A together with their metabolites, 
sterigmatocystin, fumonisins, enniatins, beauvericin, patulin, tentoxin, meleagrin, paxilline, ergot 

http://www.emea.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2010/01/news_detail_000985.jsp
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alkaloids, Alternaria toxins, stachybotrilaktam, mycophenolic acid, penicillic acid, gliotoxin, penitrem A, 
roquefortin C, phomopsin, etc.), were analyzed by the ultra-high performance liquid chromatography 
coupled with high sensitive linear ion trap mass spectrometry (UHPLC-Qtrap MS/MS).  
 
Acknowledgements: The financial support of the European Union Seventh Framework Programme 
(FP7/CSA/ KBBE.2010.2.6-01) under grant agreement No. 266061, Safe Food for Europe – 
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food safety (FOOD-SEG), is gratefully acknowledged. 
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Moulds of the genus Alternaria are ubiquitous plant pathogenic and saprophytic species that may 
invade a variety of substrates, including textiles, wallpapers, soil, and most commonly organic 
materials like leaves, fruits, vegetables and crops. In addition to economical losses due to mould 
infestation, the production of toxic metabolites, so called mycotoxins such as alternariol, alternariol 
monomethyl ether, altenuene and tenuazonic acid pose a potential health hazard for the consumer if 
accumulated in food and feed. The most abundant toxins formed by Alternaria are tenuazonic acid 
(TA), alternariol (AOH), alternariol monomethyl ether (AME), altenuene, altertoxin and tentoxin. Of 
these, TA exerts the highest acute toxicity, whereas AOH and AME are known to be genotoxic. 
According to an evaluation by the German Federal Institute for Risk Assessment, the hazard imposed 
by these toxins cannot be accurately estimated. For the most potent Alternaria toxins, i.e. AOH, AME 
and TA, stable isotope labelled analogues were synthesized and applied as internal standards in 
stable isotope dilution assays (SIDA). For AOH and AME, deuterated isotopologues were prepared 
(Asam et al., 2009. Journal of Agricultural and Food Chemistry 57: 5152-5160) and for TA a [

13
C6,

15
N]-

isotopologue was synthesized. Detection was accomplished by LC-MS/MS, which was preceded by 
derivatization of TA to its dinitrophenyl hydrazone (Asam et al., 2011. Journal of Agricultural and Food 
Chemistry 59: 2980-2987). Clean-up was performed on SPE-C18 cartridges. 
 
TA, AOH and AME were quantified in tomato products, fruit juices, cereal products and spices 
(paprika, curry, pepper). Regarding its prevalence and the respective concentrations, TA exceeded 
significantly all other toxins. In nearly all food samples, TA was detectable and particularly spices were 
contaminated with TA up to the mg/kg range. AOH and AME essentially were detectable in tomato 
products. 
 
 

The role of ILSI Europe in natural toxins: what is the impact of masked 
mycotoxins? 
 
Gerrit Speijers 
 
General Health Effects, Toxicology and Safety of Food, the Netherlands; gj.speijers@wxsl.nl  
 
International Life Science Institute (ILSI) is a science-based institute raised and financially supported 
by food industries with the mission to help further improve wellness and safety of food consumed in 
different countries over the world. This can be done by financing actual research, as done for example 
by ILSI America (USA), which is also the main institute. One of its member institutes is ILSI Europe 
that contributes to the mission by organizing meetings by groups of experts in a particular research 
field to review or discuss papers that can be published in different forms. In addition, ILSI Europe 
organizes or participates in workshops and symposia that also lead to publications, particularly in new 
areas of food research or on actual topics. ILSI-Europe is organized through task forces of industry 
experts. For example, regarding the emerging issue of masked mycotoxins experts were invited and 
installed by the ‘Process related-compounds and natural toxins Task Force’. 
 
There are little occurrence data on masked mycotoxins available and even very little or no data on
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exposure, toxicology or epidemiology that could enable a proper risk assessment. It seems likely that 
conjugated mycotoxins exhibit a lower acute toxicity compared to their parent compound, as 
conjugation is known to be a detoxification process. This has been demonstrated for a few masked 
mycotoxins. No specific bioavailability studies have been performed; only a few specific metabolism 
studies with masked mycotoxins are available. Regarding toxico-dynamic effects, the available data 
on masked mycotoxins are too limited to perform a quantitative hazard characterization and a dose-
response assessment. It is not possible to establish a no-observed-adverse- effect level (NOAEL). 
Therefore, it is currently impossible to perform a proper risk assessment on any masked mycotoxin. 
There is a clear need for toxicological data to answer the question whether masked mycotoxins are of 
any health concern. It is strongly recommended to further investigate masked mycotoxins, in particular 
their occurrence, exposure and toxicity. 
 
 

Occurrence of masked mycotoxins in food 
 
Chiara Dall’Asta 
 
Department of Food Science, University of Parma, Italy; chiara.dallasta@unipri.it 
 
Although an increasing number of studies have been published in the last few years, the occurrence of 
masked mycotoxins in food has been poorly described so far. Plant metabolites have been identified 
for deoxynivalenol, nivalenol, fusarenone-X, T-2 toxin, HT-2 toxin, zearalenone, ochratoxin A, 
destruxins and fusaric acid. Moreover, there is some evidence for the compartmentation of fumonisins 
in plants. Up to now, only zearalenone-14-glucoside (Z14G) and deoxynivalenol-3-glucoside (D3G) 
have been proven to occur in naturally infected cereals such as wheat, barley and maize, while fusaric 
acid methylamide was shown to occur in infected vegetables. While the occurrence of bound (also 
called hidden) fumonisins in raw maize as well as in cereal derived food has been proven, the nature 
of the masking mechanism has not been completely clarified. 
 
As far as D3G is concerned, its presence has been extensively investigated in cereals and cereal-
based food, with reported D3G levels up to 70% of those of deoxynivalenol. Moreover, it has been 
shown that D3G in beer may even exceed deoxynivalenol levels. Although several studies indicated 
that D3G might be released from other conjugated forms during food processing, the fate of 
trichothecene conjugates along the food production chain should be further investigated. Although the 
presence of masked forms of zearalenone and fumonisins has been reported in cereal-based 
products, more occurrence data should be obtained, preferably through the implementation of market 
surveys. Bioactivity data are scarce, but several studies highlight the potential threat from these 
substances to consumer safety. In particular, the possible hydrolysis of masked mycotoxins back to 
their toxic precursors during mammalian digestion raises concerns. The evaluation of the toxicological 
relevance of these compounds is actually crucial for a reliable risk assessment. 
 
This communication is aimed to provide a comprehensive scenario, considering masked mycotoxin 
occurrence in both raw materials and final products. Moreover, specific lack of knowledge will be 
highlighted with a particular focus on masked mycotoxin stability along the food production chain. 
Finally very preliminary data about the metabolic fate of masked mycotoxins in humans and mammals 
will be reported.  
 
 

Analytical strategies for masked mycotoxin detection 
 
Sarah De Saeger 
 
Laboratory of Food Analysis, Department of Bio-analysis, Faculty of Pharmaceutical Sciences, Ghent 
University, Belgium; sarah.desaeger@ugent.be 
 
As part of their defence against xenobiotics, living plants can alter the chemical structure of 
mycotoxins. The extractable conjugated or non-extractable bound mycotoxins are currently not 
routinely screened for in food, thus they may be considered masked. Conjugated mycotoxins can be 
detected by appropriate analytical methods when their structure is known and analytical standards are 
available. Bound mycotoxins, however, are not directly accessible and have to be liberated from the 
matrix by chemical or enzymatic treatment prior to chemical analysis. The three major approaches to 
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the determination of masked mycotoxins are indirect determination, direct analysis by 
chromatography, and direct analysis by ELISA. Indirect methods provide a relatively rapid measure of 
the total mycotoxin content but cannot differentiate between free and masked mycotoxins. These 
methods have the advantage that chemical standards of the conjugated forms are not required and 
are likely to account for various uncharacterised conjugated forms that might be missed by targeted 
analysis. Conversely, without authentic standards of the conjugates the efficiency of the hydrolysis 
process cannot be determined. Furthermore, these methods cannot discriminate between different 
conjugates of the same parent toxin. Hydrolysis of the conjugated mycotoxins can be achieved by 
enzymatic, acidic or basic treatments. Unfortunately no current single hydrolysis method is applicable 
to all masked mycotoxins. 
 
All current chromatographic methods for the determination of masked mycotoxins are based on LC, 
with LC-MS being the method of choice. The majority of LC-MS methods rely on simple dilute and 
shoot strategies and reversed phase chromatography is used for most masked mycotoxins. High 
resolution mass spectrometry is used for identification of unknown masked forms. ELISA methods 
continue to be widely used for fast screening of foods for mycotoxins due to their relatively low cost 
and easy application. To date, no antibodies have been specifically targeted and selected against 
masked mycotoxins. Antibodies developed against the parent mycotoxin can potentially cross-react 
with masked forms if the epitope is not sterically hindered by the metabolisation. Only a few studies on 
the evaluation of ELISA and IAC for the recognition of masked mycotoxins have been performed, with 
most attention paid to deoxynivalenol-3-glucoside. The availability of methods suitable for control 
laboratories and the availability of suitable reference substances will be extremely important in the 
future. Research analysts need to develop accurate methods in order to allow the generation of 
consistent exposure data (Berthiller et al., 2012. Molecular Nutrition and Food Research, in press).  
 
 

Metabolism of the masked mycotoxin deoxynivalenol-3-glucoside in rats  
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Mycotoxin glucosides, formed by growing plants infected with toxigenic fungi, escape routine 
detection. However, they might be reactivated in the digestive tract of mammals after hydrolysis to 
their parent toxins. Berthiller et al. (2011. Toxicology Letters 206: 264-267) showed that several lactic 
acid bacteria have the capability to hydrolyze deoxynivalenol-3-β-D-glucoside (D3G) to deoxynivalenol 
(DON) in vitro. Nevertheless, in vivo studies about the absorption, distribution, metabolism and 
excretion are necessary to assess the potential health risk of D3G. The aim of our study was to 
determine the fate of orally administered D3G in rats, thus providing in vivo data concerning D3G.  
 
Using a repeated measures design, six male rats (about 250 g body weight) received water, DON (2.0 
mg/kg bw) and the equimolar amount of D3G (3.1 mg/kg bw) by gavage (single bolus) on day 1, 8 and 
15 of the experiment, respectively. Urine and faeces were collected from 0-24 h and from 24-48 h after 
treatment. A biomarker method was developed and validated on a 4000 QTrap LC-MS/MS system for 
analysis of D3G, DON, deepoxy-DON (DOM-1) and DON-3-glucuronide (DON-GlcA) in urine and 
faeces of rats. Urine was cleaned-up using solid phase extraction and diluted before injection. Faeces 
samples were extracted with methanol/water, diluted and injected. The developed LC-MS/MS method 
uses negative electrospray ionisation and selective reaction monitoring after prior separation of the 
analytes by reversed phase chromatography. In urine from the D3G treated rats we detected DON, 
DOM-1, DON-GlcA and also D3G, proving that (i) D3G as such is partly bioavailable and (ii) D3G is 
partly cleaved during digestion and subsequently absorbed. However, the majority of administered 
D3G was recovered as DON and DOM-1 in faeces. Our data therefore indicate that at least in rats 
D3G is less bioavailable than DON and of diminished toxicological relevance.  
 
 
 



WMFmeetsIUPAC2012  31 
5-9 November 2012, the Netherlands   

TUESDAY 6 NOVEMBER 2012 – Parallel session 2  
 

Fumonisin biomarkers in maize eaters and implications for human disease 
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Fumonisin B1 (FB1) is suspected to be a risk factor for several diseases in humans including neural 
tube defects (NTDs) (Marasas et al., 2004. Journal of Nutrition134: 711-16).  In farm and laboratory 
animals FB (FB=FB1, FB2, and FB3) inhibit ceramide synthases, key enzymes in de novo sphingolipid 
(SL) biosynthesis and turnover, resulting in altered pools of bioactive lipid mediators in blood and 
tissues.  In mice, FB1 inhibits de novo SL biosynthesis, disrupts folate transport and induces NTDs 
(Gelineau van Waes et al., 2005. Birth Defects Research Part A 73: 487-497). Elevation of sphingoid 
base 1-phosphates and modulation of sphingosine 1-phosphate (So1P) receptor signaling pathways 
may also be risk factors for NTDs (Callihan et al., 2012. Neuropharmacology 62: 988-996; Gelineau 
van Waes et al., 2012. Birth Defects Research Part A, in press). Human data on the level of FB 
exposure necessary for disruption of SL metabolism are currently lacking.  
 
Recent studies have demonstrated the usefulness of urinary FB1 as an exposure biomarker in 
humans (Gong et al., 2008. Cancer Epidemiology, Biomarkers and Prevention 17: 688-694; Xu et al., 
2010. Food Additives and Contaminants Part A 27: 1161-1169; Van der Weshuizen et al., 2011. 
Cancer Epidemiology, Biomarkers and Prevention 20: 483-489; Robinson et al., 2012. Food Additives 
and Contaminants Part A 29: 365-368; Riley et al., 2012. Molecular Nutrition and Food Research 56: 
1445-4255). Human studies are in progress in Guatemala to determine if elevated urinary FB1 levels 
can be correlated with evidence of increased levels of sphingoid base 1-phosphates in blood spots. 
Previous and ongoing research in Guatemala has identified specific communities where FB in maize is 
quite high and exposure is likely (Torres et al., 2007. Journal of Nutrition 137: 2723-2729; Riley et al., 
2012. World Nutrition Forum, in press). We hypothesized that communities in areas where FB 
contaminated maize was consumed would show higher levels of urinary FB1 and those whose intake 
was the greatest would show evidence of disruption of SL metabolism. As of June  2012 we have 
collected data on FB contamination of the maize (n=117) in three Departments in Guatemala and have 
collected and analyzed urine for FB and blood spots for So1P and sphinganine 1-phosphate (n=1,240 
female; n=101 males).  The results show that maize consumers in Guatemala are exposed to FB and 
that the use of urinary FB1 to assess exposure and blood spots as a tool for assessing FB disruption 
of SL metabolism are promising. 
 
Acknowledgements: Supported by USDA-ARS NP108 in-house project 6612-42000-012-00D and 
NIH Award Number RC4HD067971-01 from the Eunice Kennedy Shriver NICHD. 
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Mothers in many African countries use maize as complementary food for their children. This practice is 
known to expose infants to fumonisin mycotoxins, which are a common contaminant of maize. A 
recent cross-sectional study in the Kilimanjaro region of Tanzania found an inverse relationship 
between fumonisins exposure and child growth. A longitudinal study was conducted in this and 
another two regions of Tanzania to investigate further the relationship between fumonisins exposure 
and child growth. In January 2011, weight and length were measured and a morning urine sample was 
taken on two consecutive days for each of 148 children aged 12-22 months (37, 55 and 56 from 
Tabora, Kilimanjaro and Iringa, respectively). Six months later, the children were followed-up when 
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repeated growth measurements and urine collections were conducted. Each child’s health, 
breastfeeding, complementary feeding and family socio-economic status were recorded to include in 
the analysis as confounders. Fumonisin B1 (FB1) in the urine was analyzed using an HPLC-mass 
spectrometry method. For each child, the weight for age (WAZ), height for age (HAZ) and weight for 
height (WHZ) z-scores were calculated using the WHO Anthro software. Statistical models were 
created to assess the correlation between FB1 exposures and height, weight, HAZ and WAZ or 
changes of these parameters between the visits and regions. At baseline, FB1 exposure was 
detectable in 96% of the children. Geometric mean exposure in Kilimanjaro (82.8 (CI 58.3-117.7 
pg/ml)) was significantly lower (p<0.001) than exposure in Iringa (211.7 (CI 161.1-278.1 pg/ml)) and in 
Tabora (327.2 (95%CI 217.1-493.0 pg/ml)). The overall baseline exposures were not correlated with 
growth status at baseline but were inversely and significantly associated with height gain at follow up 
(β=-0. 192, p=0.014). At this point (follow up) an inverse and significant association was also found 
between FB1 exposures and HAZ (β=-0.279, p=0.001). The results confirm our previous discovery 
that high levels of fumonisins exposure result in shorter/stunted children. 
 
 

Alternaria toxins as topoisomerase inhibitors 
 
G. Pahlke, M. Fehr, C. Schwarz, C. Tiessen and Doris Marko 
 
Institute of Food Chemistry and Toxicology, University of Vienna, Austria; doris.marko@univie.ac.at 
 
Alternaria toxins such as alternariol (AOH), alternariol monomethyl ether (AME) and altertoxin (ATX) 
have been reported to possess genotoxic properties. However, the underlying mechanism of action is 
unclear. We tested the hypothesis whether interactions with DNA-topoisomerases play a role in the 
DNA-damaging properties of these mycotoxins. Furthermore we focused on the identification of 
potential DNA-repair pathways involved in Alternaria toxin-induced damage.  
 
We found AOH, AME and ATX to significantly increase the rate of DNA strand breaks in human 
carcinoma cells (HT29, A431, HCT116) at micromolar concentrations, whereas altenuene and 
isoaltenuene, two other Alternaria metabolites, did not affect DNA integrity up to 100 μM. In cell-free 
assays, AOH potently inhibited DNA relaxation and stimulated DNA cleavage activities of 
topoisomerase I, IIalpha and IIbeta. Stabilisation of covalent topoisomerase II-DNA intermediates by 
AOH was also detectable in cell culture, and here, the IIalpha isoform was preferentially targeted (Fehr 
et al., 2009. Molecular Nutrition and Food Research 53: 441-451). AOH was thus characterised as a 
poison of topoisomerase I and II with a certain selectivity for the IIalpha isoform. Since topoisomerase 
poisoning and DNA strand breakage occurred within the same concentration range, poisoning of 
topoisomerase I and II might at least contribute to the genotoxic properties of AOH. In contrast, 
topoisomerase inhibition by altertoxin II (ATXII) was only observed in a concentration range exceeding 
by far the concentration inducing DNA strand breaks (Schwarz et al., 2012. Toxicology Letters 214: 
46-52). To underline the relevance of topoisomerase targeting for the genotoxic properties of AOH, we 
addressed the question whether human tyrosyl-DNA phosphodiesterase 1 (TDP1), an enzyme vital to 
the repair of covalent DNA-topoisomerase adducts, affects AOH-mediated genotoxicity. The relevance 
of TDP1 activity on AOH-induced genotoxicity was investigated by the comet assay in human cells 
overexpressing GFP chimera of TDP1 or the inactive mutant TDP1

H263A
 as well as in cells subjected to 

siRNA-mediated knock-down of endogenous TDP1. Cells overexpressing TDP1 exhibited significantly 
less DNA damage after treatment with AOH in comparison to cells expressing the inactive mutant 
TDP1

H263A
. In accordance with these results, levels of AOH inducing DNA strand breaks were 

increased in TDP1-suppressed cells in comparison to cells transfected with control siRNA (Fehr et al., 
2010. Mycotoxin Research 26: 247-256). We further investigated the effect of AOH on other important 
DNA repair pathways such as non-homologous end joining (NHEJ), long-patch base excision repair 
(BER) and nucleotide excision repair (NER) by using a micro array screening. The genes Ku70, PCNA 
besides others were found to be up regulated in HT29 after incubation with 10 µM AOH for 24 h. 
Verification by qPCR revealed PCNA to be up-regulated in HT29 cells, only. However in HCT116 cells 
induction of Ku70 and PCNA was observed. To study the influence of Ku70 and PCNA on the repair of 
AOH-induced DNA damage, the expression of these genes in HTC116 cells was suppressed post-
transcriptionally by siRNA mediated gene silencing. Suppression of Ku70 and PCNA expression 
resulted in an increase of AOH-mediated DNA damage in the comet assay. In summary, DNA damage 
by AOH employ several DNA repair systems leading to the assumption that AOH affects the DNA not 
in a single mechanism of action, but rather sets different kinds of DNA damages.  
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Impact of mycotoxins on female reproduction in different animal species 
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Female fertility is determined by the reserve of gametes, also called oocytes, in the ovary. Depending 
on the developmental stages, oocytes are found in their quiescent stage as a pool of reserve, at 
growing or at mature stages. The last ones should be able to be fertilized and to produce embryos. 
Developing oocytes are surrounded by cumulus and granulosa cells and are enclosed in follicles filled 
(antral) or not (pre-antral) with follicular fluid. Furthermore, during maturation, oocytes resume meiosis 
by changing from germinal vesicle (GV), to metaphase I (MI), anaphase I (AI) telophase I (TI), and 
finally metaphase II (MII). Exposure to diverse types of mycotoxins, however, may affect follicular 
development since their quiescent stage until the last steps of maturation. For example, zearalenone 
(ZEA) impairs female fertility since follicular activation, i.e. transition of quiescent follicles containing 
immature oocytes to further developing stages (Schoevers et al., 2012. Reproductive Toxicology 34: 
110-119), but does not affect oocyte meiotic competence and oocyte fertilization (Sambuu et al., 2011. 
Journal of Reproduction and Development 57: 547-550).  
 
Recently, we have studied the effects of emergent mycotoxins such as alternariol (AOH) and 
beauvericin (BEA) on the porcine oocyte maturation and embryo development in vitro. As these toxins 
are known to interact with DNA (topoisomerase inhibitors), oocytes may be particularly vulnerable as 
well, especially when they resume meiosis. Results show that both mycotoxins adversely affect the 
expansion of cumulus oocyte complexes in the first half of the in vitro maturation, as well as impair 
nuclear maturation but by different mechanisms. Oocytes exposed to AOH presented a delay in the 
oocyte maturation where most of nuclei were at TI stage at the end of maturation period instead of MII. 
In addition, irregular spindles with condensed chromatin or abnormal polar bodies were observed. 
Those oocytes exposed to BEA were degenerated and, at high concentrations of BEA (10 µM) 
presented an accumulation of actin around the nucleus of oocyte. When oocytes previously exposed 
to AOH or BEA were submitted to parthenogenesis, embryo development was retarded and impaired, 
respectively. We can conclude that the mechanisms of toxicity of AOH, BEA and ZEA are different, 
and each of these mycotoxins may affect a specific phase of oocyte development, by impairing oocyte 
functionality by different pathways. The exact mechanisms of toxicity need to be further elucidated and 
results evaluated in the light of toxicokinetic characteristics of the individual mycotoxins  
 
 

How will understanding the hormonal basis for trichothecene toxicity impact 
safety assessment? 

 
James Pestka 
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Deoxynivalenol (DON, vomitoxin), a trichothecene mycotoxin produced by the field fungus Fusarium, 
is a very frequent contaminant of cereal-based foods throughout the world. DON is a global public 
health concern based on its capacity to cause growth suppression and emesis in experimental 
animals as well as its etiologic association with non-infectious human gastroenteritis. Our laboratory 
has developed several lines of evidence that DON’s anorexic and emetic effects are associated with 
aberrant hormonal and neuronal signalling within the ‘gut-brain axis’ that is responsible for appetite 
control. Firstly, in the mouse, an emesis-resistant species, DON-induced anorexia corresponds with 
rapid, robust elevation in plasma levels of the gut satiety hormones cholecystokinin (CCK) and peptide 
YY (PYY). Secondly, DON induces calcium-dependent CCK secretion in the murine STC-1 
enteroendocrine cell model. Thirdly, in the mink, an emesis-susceptible species, DON exposure 
causes vomiting as well as anorexia that can be linked to both PYY and serotonin release. Finally, 
recent evidence suggests that these effects are shared with other structurally-related 8-
ketotrichothecenes (3-ADON, 15-ADON, nivalenol, fusarenon X, DON-3-glucoside) known to also 
contaminate grains during Fusarium head blight.  In the future it should be possible to use easily 
quantifiable anorectic, emetic and hormonal responses to develop toxic equivalency factors for the 8-



34  WMFmeetsIUPAC2012 
5-9 November 2012, the Netherlands 

ketotrichothecenes with respect to DON. Accordingly, such factors can be applicable to predicting 
risks from exposure to these mycotoxins both alone and in mixtures.  
 
 

Association between aflatoxin B1 albumin-adduct levels and viral load in HIV 
positive people 
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Aflatoxin suppresses the immune system and alters cellular immune function. Since both aflatoxin and 
HIV cause immune suppression, chronic aflatoxin exposure in HIV positive people could lead to higher 
levels of viral replication and faster progression to AIDS. The objective of this study was to determine 
the association between aflatoxin B1 albumin-adduct (AF-ALB) levels and viral load in HIV positive 
people who are chronically exposed to aflatoxin in the diet. Two studies were conducted in Kumasi, 
the capital city of the Ashanti Region of Ghana, where people are chronically exposed to aflatoxin in 
the diet. In the first study 159 HIV negative (mean CD4 ± SD = 1101 ± 107) and 155 HIV positive 
people at various stages of HIV infection/AIDS (mean CD4 count = 308 ± 104) were recruited. In the 
second study 312 relatively healthy HIV positive people with CD4 counts ≥300 (mean ± SD = 630 ± 
277) were recruited. Plasma samples collected from the participants were tested for AF-ALB levels 
and HIV viral load. In the first study HIV positive participants were divided into high and low AF-ALB 
groups based on the median AF-ALB of 0.929 pmol/mg albumin and multivariable logistic regression 
analysis conducted to assess relationships between clinical conditions including viral load and AF-ALB 
levels. Multiple linear regression analysis was also conducted to assess the relationship between AF-
ALB and viral load. In the second study AF-ALB (pg/mg albumin) was divided into quartiles (1st 
quartile=0.20-4.97; 2nd quartile=4.98-10.63; 3rd quartile=10.64-20.27; 4th quartile=20.28-109.87) and 
viral load divided into high and low levels (≤9999 and ≥10000) and univariate logistic regression 
conducted using viral load as the outcome and the AF-ALB quartiles as exposure. Multivariable 
logistic regression analyses were also performed between quartile AF-ALB and viral load with gender, 
age, year of HIV infection and CD4 count as covariates. Both AF-ALB levels and HIV viral load were 
then log transformed and the association between AF-ALB and viral load examined by linear 
regression analysis. Finally, multivariable linear regression analyses were performed between log AF-
ALB and log viral load, adjusting for gender, age, year of HIV infection and CD4 count.  
 
In the first study, we found that the mean AF-ALB level for the HIV positive group (mean ± standard 

deviation (SD) =1.060.60 pmol/mg albumin) was significantly higher (p=0.01) than that of the HIV 

negative group (meanSD=0.910.46 pmol/mg albumin. When HIV positive participants were divided 
into high and low AF-ALB groups based on the median AF-ALB, multivariable logistic regression 
analysis showed statistically significant increased odds of having higher HIV viral loads (OR, 2.84; 
95% CI, 1.17-7.78) among those in the high AF-ALB group. In the second study, logistic regression 
analysis showed an increase in trend in the odds ratio from low to high AF-ALB levels (p=0.001). That 
is, the odds of having high viral load for a person in the third AF-ALB quartile is about 2.3 times (CI, 
1,13-4.51) the odds of having high viral load for a person in the first AF-ALB quartile, and the odds of 
having high viral load for a person in the fourth AF-ALB quartile is about 2.9 times (CI, 1.41-5.88) the 
odds of having high viral load for someone in the first AF-ALB quartile. The adjusted multivariable 
logistic regression analysis of viral load and AF-ALB quartile showed an increase in the odds ratio 
from low to high AF-ALB levels (p=0.039). The odds of having high viral load given that a person 
has AF-ALB in the fourth quartile is about 2.6 times (CI, 1.19-5.69) the odds of having high viral load 
for a person in the first AF-ALB quartile. Linear regression analysis between log viral load and log AF-
ALB showed that for each unit increase in AF-ALB, the viral load increases by 1.579 copies/ml 
(p=0.0006). The log transformed adjusted linear regression model showed marginally significant 
results. That is, for each unit increase in AF-ALB, the mean viral load increases by 1.274 copies/ml 
(p=0.073). Thus, these studies consistently show strong relationships between high AF-ALB levels 
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and high viral load in HIV positive people. Aflatoxin exposure may contribute to high viral loads in HIV-
positive persons and promote HIV disease progression. 
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Fusarium fungi are commonly found on cereals grown in temperate areas of America, Europe and 
Asia. Fusarium toxins elicit a wide spectrum of toxic effects, including the capacity to modify normal 
immune functions both in humans and animals. The most important Fusarium toxins that may 
potentially affect human and animals’ health are trichothecenes such as nivalenol (NIV) and 
deoxynivalenol (DON), zearalenone (ZEA) and fumonisin B1 (FB1). Combined effects of Fusarium 
toxins are of great concerns because of their wide co-occurrence in foodstuff. Investigations on the 
combined effects of these mycotoxins are scarce and only few studies have been reported previously 
using endpoints that include inhibition of protein and DNA syntheses, DNA methylation and 
fragmentation, cell viability and proliferation. Yet, the combined effect of mycotoxins on the 
immunotoxicity is poorly understood. Consequently, the aim of our project was to evaluate the 
individual and combined effects of four common Fusarium toxins, DON (2 μM), NIV (2 μM), ZEA (40 
μM) and FB1 (40 μM) on immunological defence mechanisms of intestinal epithelial cells (IECs) using 
endpoints such as pro-inflammatory cytokine synthesis (IL-1 alpha, IL-1 beta, IL-6, I-L8, TNF-alpha 
and MCP-1) and anti-microbial peptide (pBD-1 and pBD-2) synthesis and secretion by using porcine 
intestinal epithelial IPEC-J2 cells. The results showed that individual and mixtures of mycotoxins 
significantly down-regulated up to 20-fold. They also significantly suppressed up-regulated anti-
microbial peptides up to 30-fold, which thereby were accompanied by significant increases in the 
microbial growth up to one-fold in colony-forming unit assays. 
 
In conclusion, this project is the first to demonstrate the individual and combined effects of the four 
Fusarium toxins on immunological defence mechanisms. Additionally our results highlight that for the 
purpose of proper risk assessment of exposure of human to mycotoxins, it is essential to evaluate the 
interactive effects of mycotoxins. 
 
 

Poisoning of dogs by Penicillium toxins – clinical effects and effects on brain 
neurotransmitter receptors    
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The purpose of the study was to identify the cause of the intoxications of dogs arriving at several 
Norwegian veterinary clinics with seizures, convulsions and other classical signs of poisoning by 
nervous agents. Furthermore, potential mechanisms of action for the tremorgenic effects were studied. 
The last aim was to clarify the importance of the different analogues present in the same samples. 
 
All available suitable samples of ingested feed, vomit and stomach content were examined for fungi 
and chemically analyzed for known tremorgenic Penicillium mycotoxins. One dog was euthanized due 
to long-lasting clinical symptoms. Tissues from this dog were histopathologically examined and 
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chemically analyzed for tremorgenic Penicillium toxins. Rats were given single oral doses of penitrem 
A and the main analogues present in the same samples from the intoxications, and the induction of 
tremors was registered in an experiment designed to evaluate the relative potency of several 
analogues. The effects of penitrem A on neurotransmitter receptors were tested in rat brain 
preparations. Several episodes of acute poisonings of dogs with tremorgenic Penicillium mycotoxins, 
in particular penitrem A, were confirmed. Fungal examinations of the available material from stomach 
content or feed samples showed that Penicillium crustosum in all samples. Post-mortem examination 
of the euthanized dog showed that only penitrem A was present in the brain, while other analogues 
were found in other tissues as well as in feed, stomach content and vomit. Furthermore, the 
pathological examination showed damage in the cerebellum. Comparative studies of the in vivo 
tremorgenic effects of penitrem A and analogues showed higher potency of penitrem A compared to 
the other analogues. Studies using brain preparations demonstrated region-specific receptor binding 
profiles suggesting allosteric modulation of these receptors in forebrain and convulsant-like effect in 
cerebellum. It was concluded that penitrem A is a potent neurotoxin affecting dogs and the toxic 
mechanism may, at least partly, be due to effects on brain receptors. 
 
 

Risks for public health related to the presence of opium alkaloids in poppy 
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Poppy seeds are obtained from the opium poppy (Papaver somniferum L.). They are used in bakery 
products, on top of dishes, in fillings of cakes and in desserts, and to produce edible oil. The opium 
poppy plant contains narcotic alkaloids such as morphine and codeine. Mature poppy seeds do not 
contain the opium alkaloids, but can become contaminated with alkaloids as a result of insect damage 
or through poor harvesting practices. The European Commission asked the European Food Safety 
Authority (EFSA) to provide a scientific opinion on the risks for public health related to the presence of 
opium alkaloids in poppy seeds intended for human consumption. Following a call for data, EFSA 
received altogether 2,678 analytical results for opium alkaloids, primarily morphine, codeine, thebaine, 
papaverine and noscapine, in samples of poppy seeds (n=785), bakery products (n=186) and baking 
ingredients (n=62). Based on the relative prevalence of the alkaloids present in poppy seed and food 
samples analysed and on their pharmacological potency, the EFSA Panel on Contaminants in the 
Food Chain (CONTAM Panel) concluded that the risk assessment could be based on dietary exposure 
to morphine alone. The CONTAM Panel applied an uncertainty factor of 3 to establish from the lowest 
known single oral therapeutic dose of 30 μg morphine/kg body weight (bw) an acute reference dose 
(ARfD) of 10 μg morphine/kg bw. Estimates of dietary exposure demonstrate that when poppy seeds 
are consumed as condiments or decoration in bread and fine bakery ware, it is possible that some 
consumers, particularly toddlers, will exceed the ARfD for morphine on rare occasions. A considerable 
proportion of consumers of foods that contain large amounts of poppy seeds, such as are common in 
Central-Eastern European countries, are likely to exceed the ARfD for morphine on at least some 
eating occasions. The highest estimates of morphine exposure are about 75-fold greater than the 
ARfD. Due to the lack of data on morphine in food as consumed, the exposure estimates based on 
morphine content of poppy seed samples do not take into account the effects of food processing, 
which could, in some circumstances, result in reduction of the morphine content by up to about 90 %. 
Taking this reduction into account the ARfD is most likely to be exceeded when single large portions 
are consumed or if foods containing raw, unground poppy seeds are consumed (EFSA, 2011. 
Scientific Opinion on the risks for public health related to the presence of opium alkaloids in poppy 
seeds. EFSA Journal 9: 2405). 
 
 

Decreasing the impact of mycotoxins in farm animals: quantitative testing of 
raw material for a more adapted nutritional strategy 
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Mycotoxin contamination in animal feed can be detrimental to livestock production, causing feed 
refusal, immune problems and disease. Ultimately, mycotoxins in feed can pose regulatory and 
economic consequences to the feed mill and livestock producer. In order to manage the risk in animal 
production, it is key to integrate a global approach that includes not only nutritional strategy but also 
good knowledge of which mycotoxins are problematic in any given case. When the sources of the 
problem have been defined, it is important to select technically and economically relevant products 
that will help to decrease the impact of those mycotoxins in the animal.  In this context, Provimi offers 
Mycocontrol, a software program to better assess the risk of mycotoxin contamination and to train end 
users on mycotoxins issues. The Provimi offer integrates the QuickScan testing system from 
Envirologix to analyse individual mycotoxins in feed ingredients. Designed to be used on site, the PC-
based Quickscan system provides rapid, quantitative results with user-friendly test kits. In parallel, 
Mycocontrol software consists of practical questionnaires on storage of feed ingredients, farm 
management, clinical symptoms, post mortem lesions and comprehensive recommendations with 
correctives actions. Fundamentally, Mycocontrol allows for the tracking and management of mycotoxin 
analysis coming from Quickscan. Together, these tools support the choice of the most adapted 
products to prevent and reduce the impact of mycotoxins in livestock animals. 
 
 

Biomarker application for deoxynivalenol exposure assessment  
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The development of a urinary deoxynivalenol (DON) biomarker permits assessment of human dietary 
exposure to DON and associated health risks. 45 children aged 6-14 months old from three villages (I, 
K and T) in Tanzania were surveyed and followed up twice at 6 month intervals to assess DON 
exposure using this biomarker approach. The child’s diet and breastfeeding practice were recorded. 
Urinary DON was measured using an LC-MS method. DON was detected in more than 90% of 
children in village I and K at all three visits, but in village T only up to 40% children had detectable 
DON at visit 1, 2, and 3, respectively. Village T also had the lowest urinary DON level, although 
interestingly our recent data suggests this village has the highest aflatoxin exposure during this same 
period. The overall urinary DON geometric mean level increased along with the three visits, with a 
significant difference between visit 1 and 3 [1.7 (95% CI, 1.1-2.8) vs. 4.5 (95% CI, 2.5-8.2) ng/ml urine, 
p<0.01].  At visit 1, the maize harvest season, children in village K had the highest mean urinary DON 
[6.0 (2.7-13.0) ng/ml] and those in village T had the lowest [0.3 (0.2-0.3) ng/ml, p<0.01]. Six months 
later the urinary DON increased significantly in village K [17.3 (9.3-32.1) ng/ml], but no change was 
found in village I and T. At visit 3, a new maize harvest season, urinary DON increased nearly 10-fold 
in village I making it the highest exposure village, although in village K the level reduced to its level at 
visit 1 and village T still had the lowest urinary DON level.   
  
The study provides important evidence that young Tanzanian children are exposed to DON in addition 
to other mycotoxins, e.g. aflatoxins and fumonisins. The exposure varies between seasons and 
increases with age reflecting an increased intake of contaminated food, certainly not limited to maize. 
It is noticed that the lowest DON exposure village is also the one with the highest aflatoxin exposure.  
 
Acknowledgements: Funding support from NIEHS, USA (grant no. ES06052) and The Royal 
Society, UK. 
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Engineering crops to cope with mycotoxins: concepts and industrial 
applications 
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Contamination of plant products with mycotoxins is a threat to food safety and a major quality-reducing 
factor in plant production. Some mycotoxins encountered in food products originates from plant 
pathogenic fungi that infect living crop plants in the field, other mycotoxins are produced by spoilage 
fungi colonizing harvested products in storage. With the advancement of genetic engineering of plants 
in general and establishment of genetically modified crops as a standard strategy in plant production, 
a strategy was envisioned to armour crops with enzymatic activities allowing them to degrade or 
detoxify mycotoxins in planta where they are secreted by fungal pathogens. The idea was coined in 
the Kinki University in Osaka in the 1980s but did not attract attention of plant breeders that time, 
because techniques for routine genetic transformation of crop plants, particularly monocotyledons, 
were not available. A decade later the enzymatic detoxification of mycotoxins in planta was exploited 
by a leading maize seed company for fumonisins. Other companies followed, targeting fungal toxins 
oxalate and deoxynivalenol. These developments were supported by significant industrial 
involvements and involved field trials carried out for a number of years in several countries. Proofs of 
concept were provided and experimental lines suitable for variety development were generated. 
Genes encoding activities suitable for in planta detoxification of half a dozen of other toxins, transgenic 
model plants and crops expressing some of them (e.g. zearalenone) have been developed. Further 
detoxification activities will likely be discovered in coming years. 
 
In planta detoxification of fungal toxins is an attractive strategy because it relies solely on enzymatic 
activities of the crops, no chemicals or biological agents have to be introduced into the system. This is 
advantageous from both economical and ecological points of view compared to conventional crop 
protection strategies. Because enzymatic detoxification activities are highly specific for metabolites 
that do not occur in healthy plants, they are unlikely to affect plant physiology in unwanted or 
unexpected ways. In addition to reducing the contamination of plant products with metabolites that 
threaten the health of consumers and farm animals, enzymatic detoxification in planta is expected to 
enhance the resistance of crops to infection with mycotoxin-producing fungal pathogens in cases 
when the toxins acts as virulence factors such as deoxynivalenol.    
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Fusarium Head Blight (FHB) is caused by a species complex of Fusarium and Microdochium. This 
disease, common in wheat, can induce losses of yield but also degrade safety quality of grains. 
Indeed, the most common species of Fusarium in France is Fusarium graminearum (teleomorph= 
Gibberella zeae) and it can produce toxins, in particular deoxynivalenol (DON) regulated by the 
European Commission for cereals intended for human consumption. As this regulation has been in 
effect since July 1st 2006, it is critical for grain producers and processors to have a better knowledge 
of DON content as well as the factors influencing its level and the agronomic practices that reduce 
risk. Therefore, ARVALIS - Institut du végétal has developed decision-making tools to help them 
manage this risk of grain contamination before its commercialisation. Three kinds of approaches have 
been performed: a decision-grid to help farmers spray, an epidemiologic model to assess the risk of 
infection by F. graminearum spores and a statistical model to predict DON content in grain before 
harvest.  
 
Decision grid and statistical model have been developed by exploiting data from a field survey started  
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in 2001 in collaboration with grain store partners. Over 2,700 field samples were harvested and 
analysed for their DON content. For each field, agronomic parameters and weather conditions during 
flowering were recorded. A variance analysis has led to the identification of critical factors involved in 
DON content, i.e.  the previous crop, the tillage practice, the susceptibility of wheat varieties to DON 
and the sum of rain around flowering. These factors have been integrated in a DON risk assessment 
grid that classifies risk categories according to agronomy and weather. This grid is now used by 
farmers to help them spray or not at flowering. Although this grid is useful for farmers, a model has 
been set up for grain collectors in order to manage DON risk in silos. The model is based on a linear 
regression with the backward selection method applied to agronomic and weather parameters. The 
reliability of these models has been evaluated through a cross validation and show an efficiency 
modelling of about 40%. This criterion is low, but in more than 90% of cases the models accurately 
predicted DON contents below or above the legal limit.  
 
As in some years it is difficult to explain results from a statistical model, a mechanistic approach has 
been performed in collaboration with the Universita Cattolica del Sacro Cuore in Piacenza to predict 
ascospore risk. In France, the presence of DON in wheat is clearly linked to crop debris remaining on 
the soil at flowering stage. Crop debris is usually colonized by F. graminearum, which can produce 
sexual fruit bodies named perithecia. Under specific environmental conditions, these perithecia 
release ascospores which are assumed to be the major part of inoculum for wheat infection. In the 
model, the sexual stage of G. zeae was divided in 5 stages: perithecia formation and maturation, 
ascospore maturation, discharge and germination. For each stage, a specific equation was developed 
using weather variables (rain, relative humidity, temperature) from the literature as independent 
variables. The final model combines each stage and provides a daily relative risk for ascospores. 
Specific experiments are on-going to further validate the model and develop a decision-making 
support system to help farmers decide to spray or not against FHB at wheat flowering stage and so 
reduce the DON content at harvest. 
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Argentina is an important producing country of maize and peanut. The highest percentage of grains 
produced in Argentina is exported. So, it should be assured that the importer countries receive grains 
having good quality and being free of contaminants. The saprophytic activity of different fungi such as 
species of the genus Aspergillus is the main cause of degradation of agricultural products before and 
after harvest. Insects may also be present in the grain and interact with fungal species. They can 
provide sites for fungal infection through damage caused in the grain. It is therefore essential to 
understand that insects are a common problem in this biological system. Sitophilus zeamais, 
Rhyzopertha dominica, Tribolium confusum and Oryzaephilus surinamensis, among others, are 
common insects that cause significant damage in stored grains. It has been shown that certain insects 
attacking stored grains have the ability to disperse toxigenic Aspergillus flavus in the grains. The 
interaction between biologic and abiotic factors and substrate may promote the accumulation of 
aflatoxin in stored grain. In addition to damaging the grain, many insects carry Aspergillus section 
Flavi internally and are important agents facilitating increased levels of aflatoxins. Strategies to control 
insect are therefore needed. 
 
One alternative is the use of synthetic antioxidants and natural phytochemicals. The insecticidal 
activity of  2(3)-tert-butyl-4 hydroxyanisole (BHA), 2,6-di(tert-butyl)-p-cresol (BHT), 3-phenyl-2-
propenoic acid (CA), trans-4-hydroxy-3-methoxycinnamic acid (FA) and essential oils of Eugenia 
caryophyllata (clove tree) and Thymus vulgaris (thyme) have been investigated at different doses 
against different insects that are vector carriers of aflatoxigenic fungi. The effective insecticide 
concentration for benzoic and phenolic acids ranges from 20 to 30 mM, similar to the effective 
fungicide concentrations against Aspergillus section Flavi growth and aflatoxin production, as 
previously evaluated. Another alternative that deserves to be investigated is biological control of 
insects by using entomopathogenic fungi. It has been demonstrated that sublethal doses of synthetic 
chemical insecticides may act as physiologic stressors and thus predispose the insects to attack of 
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entomopathogenic fungi. Thirty five isolates of entomopathogenic fungi were tolerant to sublethal 
doses of BHA, BHT, CA and FA and their mixtures. So, the combined use of different methods such 
as the use of biological control agents of insect vectors of aflatoxigenic fungi and the use of food grade 
antioxidants and natural phytochemicals in sublethal doses could contribute to an integrated 
management to reduce aflatoxins in stored grains. 
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In sub-Saharan Africa, aflatoxins are a major yet underreported health concern because of their acute 
and chronic health effects on humans and domesticated animals. Aflatoxin contamination also limits 
trade because of food safety concerns, as contamination prevents major commodities from meeting 
food safety standards. Maize and groundnut are the crops grown in sub-Saharan Africa most prone to 
aflatoxin contamination. An innovative scientific solution in the form of biocontrol has been developed 
and commercialized by the United States Department of Agriculture’s Agricultural Research Service 
(USDA-ARS) and is widely used in the United States  to combat aflatoxin contamination in maize, 
cotton, groundnut and pistachios. By identifying and releasing native atoxigenic Aspergillus flavus 
strains that out-compete toxigenic ones, aflatoxins are reduced during both crop development and 
post-harvest storage, and throughout the value chain. 
 
The International Institute of Tropical Agriculture (IITA), in partnership with USDA, the African 
Agricultural Technology Foundation (AATF), Doreo Partners and others have successfully adapted 
this technology and formulated native strains onto sterile grains as a product, called Aflasafe, for use 
in West Africa. This presentation highlights progress and prospects for Aflasafe in sub-Saharan Africa, 
and how Aflasafe fits within renewed Africa-wide efforts to mitigate against aflatoxins. Ongoing testing 
of Aflasafe on maize and groundnut in farmers’ fields in Nigeria and on groundnuts in Senegal over 
the past three years consistently demonstrated reduction of aflatoxin contamination with Aflasafe by 
80-90%. Aflatoxin bio-control programs are ongoing in Burkina Faso, Kenya and Senegal, and are 
being initiated in Ghana, Mali, Mozambique, Rwanda, Tanzania and Zambia. In all countries, the 
programs work in close collaboration with national partners, which benefit from capacity building. In 
Nigeria, where the biocontrol program is the most advanced, current efforts are geared towards 
developing a viable business plan for production (including local and/or regional manufacturing 
capacity, marketing and refinement of formulation to optimally use locally available resources) and 
optimal distribution channels for the product (e.g. through push-pull models). We work with regulatory 
agencies for harmonizing biopesticides registration protocols. In most countries, because limited data 
is available on aflatoxin prevalence, a strong initial focus is on mapping the incidence of aflatoxin in 
maize and/or groundnut. Raising awareness about aflatoxin and bio-control is equally essential. Our 
research is concurrent with an information campaign targeting consumers, farmers, extension services 
and government officials that will educate communities regarding the dangers and management 
options of aflatoxin, and that will inform food safety and regulatory officials as a means to enable 
policy environments facilitating the use of bio-control.  
 
 

A Design of Experiments-LC/MS2 approach to investigate the effect of bakery 
processing on mycotoxins: the case of DON and DON-3-glucoside 
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Bakery products can be frequently contaminated by the presence of mycotoxins derived from



WMFmeetsIUPAC2012  41 
5-9 November 2012, the Netherlands   

Fusarium fungus, and, in particular, by the most well-known among trichothecenes: deoxynivalenol 
(DON). Few studies have considered the loss of trichothecenes during real industrial production and 
focused on how processing may influence their degradation or modification. In the present work, it was 
verified how the presence of DON and its primary known masked form, deoxynivalenol-3-glucoside 
(D3G), in bread and crackers can be influenced by changes to the technological parameters employed 

 

 
Variable Importance Plot (VIP); data obtained from 
the DoE wholegrain cracker-making experiments. 

during the fermentation and baking steps, starting 
with naturally contaminated raw materials, using 
both pilot-scale and production plants. LC-MS/MS 
was successfully applied to analyse these toxins 
in all of the cracker/bread-making media (pre- and 
post-fermentation dough, together with finished 
products), exploiting also the not declared cross-
reactivity of DON immunoaffinity columns towards 
D3G to guarantee efficient and selective clean-up 
and pre-concentration steps. Applying the ability 
of the Design of Experiments (DoE) approach to 
treat the high  complexity of  the studied systems,  
the obtained predictive models provided                
interesting  information for  future industrial explo- 

ration: (i) the fermentation stage seems to determine a significant enzymatic release of DON within the 
bread-making process, and (ii) the baking step (time/temperature ranges) represents the most 
important phase in minimizing the native toxin levels in both the investigated bakery processes 
(Bergamini et al., 2010. Food Additives and Contaminants Part A 27: 677-687; Suman et al., 2012. 
World Mycotoxin Journal 5: 241-249; Suman et al., 2012. Food Chemistry, in press). 
 
 

Engineering plants to neutralise environmental toxins 
 
Julian Ma 
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Genetic modification of plants has many applications that are aimed towards benefiting human and 
animal health. These range from improvement of plant varieties and food and feed production to 
production of novel compounds. The latter has focused on producing recombinant pharmaceutical 
proteins such as vaccines and monoclonal antibodies, and indeed a considerable amount of progress 
has been made towards clinical products. The ability to produce monoclonal antibodies in plants at 
high levels brings about the prospect of other applications. Plants have long been used for 
remediation purposes, such as hyperaccumulation of heavy metals. By engineering monoclonal 
antibodies into plant cells, it may be possible to introduce new environmental pollutant specificities 
other than those naturally found in only a small number of plant species.  
 
This presentation will describe our preliminary studies on the engineering of transgenic plants 
expressing a monoclonal antibody specific to microcystin-LR (MC-LR), the environmental toxin 
pollutant produced by cyanobacteria. Using tobacco plants as a model system, both secreted and 
membrane bound versions of the antibody were produced. The antibodies were functional for MC-LR 
binding in vitro and in vivo and the transgenic plants had increased resistance for MC-LR. Our work 
will now focus on developing aquatic plants for MC-LR phytoremediation with antibodies, and 
exploring the possibility of using engineered plants as biosensors for environmental pollutants.  
 
 

Chronic exposure of low level mycotoxins to pigs: health impact and solutions 
 
Sung Woo Kim and A.C. Chaytor 
 
Department of Animal Science, North Carolina State University, USA; sungwoo_kim@ncsu.edu 
 
Contamination of agricultural crops by mycotoxins results in significant economic losses for grain 
producers and, when consumed, it can cause reduced growth and health in a wide range of animal 
species. Among the mycotoxins considered to be major contaminates are aflatoxin (AF), 
deoxynivalenol (DON), fumonisin, ochratoxin, and zearalenone (ZEA). Swine appear to be one of the 
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most commonly affected commodity species. The swine industry can thus experience great losses 
due to the presence of mycotoxin contamination in feeds. Several studies have been conducted in our 
laboratory to determine the chronic effects of low level mycotoxins contaminated in the feed on growth 
and health of pigs and also to determine effective ways to detoxify the adverse effects of mycotoxins.   
 
The first study investigated the growth and immune responses of pigs fed diets with low 
concentrations of AF and DON from naturally contaminated corn. Sixty gilts were fed 4 diets for 33 
days with various levels of AF (0 to 180 µg/kg) and DON (0 to 900 µg/kg). Growth and immunological 
parameters were measured and pigs were euthanized at the end of study for histological evaluation of 
tissue damage. Pigs’ growth and food intake reduced as increasing AF and DON. White blood cell 
number, serum TNF-alpha (pg/ml), plasma malondialdehyde (MDA) (μM) and hepatic fibrosis 
increased with increased AF and DON. This study shows that diets containing AF greater than 60 
µg/kg and DON greater than 300 µg/kg may reduce growth due to decreased food intake, whereas 
diets containing AF (greater than 120 µg/kg and DON greater than 600 µg/kg may result in altered 
immune health, systemic inflammation and partial liver damages causing further reduction in growth of 
pigs. In the second study, five feed additives with potential ability to detoxify mycotoxins were tested 
using 294 pigs (grouped by heavy and light body weight) to determine the effects on growth and 
immune responses of pigs fed diets containing DON (4.8 mg/kg) and ZEA (0.3 mg/kg) from naturally-
infected corn for 42 days and also containing various feed additives. Growth and immunological 
parameters were measured. Pigs fed diets with mycotoxins had decreased weight gain and food 
intake, increased numbers of white blood cell and monocyte and increased plasma 8-
hydoxydeoxyguanosine (8-OHdG). However, supplementation of a yeast cell wall-based product 
reduced negative effects from mycotoxins. Collectively, feeding diets with 4.8 mg DON/kg and 0.3 mg 
ZEA/kg to pigs for a 42 days period reduced growth performance and altered some haematological 
and biochemical parameters. The five feed additives varied in their ability to ameliorate challenges 
associated with DON and ZEA and yeast cell wall based feed additives were effective especially for 
light pigs. Pigs from light weight group were euthanized at the end of the study to determine the 
effects on internal organ health of pigs. No difference was seen between treatments for the liver, 
kidney or spleen weights as a % of body weight (bw), but pigs with mycotoxin tended to have a greater 
uterus weight as a % of bw and greater liver hydropic degeneration than pigs without mycotoxin. 
Supplementation of yeast cell wall-based feed additive reduced damages from mycotoxins. 
 
In conclusion, feeding diets with 4.8 mg DON/kg and 0.3 mg ZEA/kg to pigs for a 42 days period 
reduced growth performance and caused partial tissue damage of the liver. Yeast cell wall-based feed 
additive improved average daily gain (ADG) and average daily feed intake (ADFI) and partly reduced 
tissue damage. 
  
 

Inhibition of ileal zearalenone transport by sequestering agents in the Ussing 
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Fusarium moulds produce the oestrogenic mycotoxin zearalenone (ZEA), which is efficiently absorbed 
by the vertebrate intestine. Farm animal feeds can be amended with e.g. yeast- or mineral-based 
adsorbents that are assumed to physically bind mycotoxins in the gastrointestinal tract, thus 
preventing their absorption. The present study compared the efficacy of two adsorbents, modified 
yeast cell wall extract (YCWE) and hydrated sodium calcium aluminosilicate (HSCAS), in inhibiting the 
transport of ZEA in the ileal tissue of rat in the Ussing chamber model. 
 
A piece of rat ileum was pinned between the two chambers of the Ussing chamber. Both halves of the 
chamber were filled with isotonic saline solution with 5 mM glucose, pH 7.3. The system was kept at of 
37ºC. 30 µg/l 

3
H-ZEA was added to the apical chamber facing the intestinal mucosa. YCWE and 

HSCAS were added to the apical chambers at 0.3% concentration, while no binders were added to the 
control treatment. Carbogen bubbling circulated the medium in the chambers and provided oxygen for 
the tissue. Samples were drawn from the basolateral medium at 30 min intervals. After 3 hours, the 
tissue was removed from the chamber, weighed, and solubilised. Tritium activity in all samples was 
measured to calculate the concentration of ZEA in the samples. Each of the 12 rats provided two 
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measurements of all three adsorbent treatments. The live intestinal tissue transported ZEA from the 
apical to basolateral chamber in all treatments. YCWE but not HSCAS significantly inhibited the 
transport of ZEA, compared with the control treatment. Moreover, about 40% less ZEA accumulated in 
the intestinal tissue in the YCWE than control treatment (p<0.001), while the HSCAS treatment did not 
differ from the control. This experiment suggested that in this model, YCWE is a superior binder of 
ZEA, compared with HSCAS.   
 
In live animals, absorption as such is difficult to study, as mycotoxin levels in blood plasma or other 
tissues of animals are always a sum of different processes: absorption, metabolism, and excretion. To 
inhibit intestinal absorption, an adsorbent should be able to compete for the binding of the toxin even 
in the presence of gastrointestinal epithelium which may offer a lot of binding sites for the lipophilic 
toxins. The Ussing chamber model offers a unique possibility for the development of novel mycotoxin 
binders or comparing the efficacy of the existing ones.  
 
 

Prospects for detoxification of fumonisins in animal feed by enzymatic 
hydrolysis  
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Fumonisins are a concern in animal nutrition due to the almost ubiquitous occurrence of the fumonisin 
producing maize pathogen Fusarium verticillioides in warm climate regions. They are known to affect 
the immune system and intestinal integrity in animals when present in feed even at low concentrations 
and cause various mycotoxicoses at higher concentrations. We isolated a fumonisin degrading strain 
of an alphaproteobacterium, Sphingopyxis sp. MTA144 and investigated its pathway of fumonisin 
catabolism. A key enzyme in the catabolic pathway, FumD, is a carboxylesterase that hydrolyses the 
two tricarballylic acid side chains from fumonisins. We are evaluating a possible application of this 
enzyme as a feed additive for gastrointestinal hydrolysis of fumonisins contained in maize-based 
animal diets. 
 
A key consideration is the possible toxicity of the enzymatic reaction products, hydrolysed fumonisins. 
We compared the toxicity of intact and hydrolysed fumonisins by feeding equimolar concentrations to 
piglets by gavage. We found that fumonisins affected the ratio of sphinganine to sphingosine in blood 
and organ samples, caused liver lesions, and changes to the morphology and cytokine expression 
pattern of intestinal epithelium. By comparison, the effects of hydrolysed fumonisins were much 
smaller or absent. Based on these results, which agree with studies performed by others with rodents, 
we developed a Pichia pastoris strain for high yield production of recombinant FumD. Furthermore, we 
developed fermentation and downstream processing protocols and a process for drying and 
formulation of the enzyme. In a feeding trial with piglets, the enzyme was found to be sufficiently active 
in the gastrointestinal tract to completely hydrolyse the fumonisins contained in Fusarium verticillioides 
culture material that was added to the feed. An ELISA for FumD quantification and an enzyme activity 
assay were developed, which can be used to study enzyme characteristics and kinetics and to 
quantify FumD activity in feed additives and feed. More feeding trials with piglets were performed to 
determine the FumD dose required for complete in vivo fumonisin hydrolysis. Long term studies with 
naturally fumonisin contaminated feed will help to further evaluate the potential of FumD as a feed 
enzyme for fumonisin hydrolysis and detoxification.  
 
 

Screening of glandular animal secretions for novel bioactive compounds to 
control mycotoxigenic fungi 
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There is significant interest in finding alternative compounds that might inhibit or block the biosynthetic  
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pathways for mycotoxin production. We have screened nine different concentrations of 10 animal 
crude glandular secretions in order to evaluate their potential ability to control both growth and 
mycotoxin production by five different mycotoxigenic species (Aspergillus flavus, A. westerdijkiae, 
Penicillium verrucosum, Fusarium graminearum and F. langsethiae) using a Bioscreen® C technique 
developed at Cranfield (Medina et al., 2012. Fungal Biology 116: 161-169). Hundred well plates were 
loaded with nutrient medium spiked with different concentrations of glandular crude extracts. Ten non-
spiked wells where run as controls. Optical density values were automatically recorded in each well for 
7 days. Three days later wells where inhibitory effects were detected were analysed for toxin 
production and compared with controls using HPLC-DAD or HPLC-FLD (aflatoxins, ochratoxin A and 
trichothecenes type A and B). 
 
The study of the growth patterns under the different conditions revealed two crude extracts completely 
inhibiting or significantly delaying growth of F. graminearum, F. langsethiae and A. westerdijkiae 
relative to the controls. In contrast, growth of A. flavus and P. verrucosum was only slightly affected 
and only at the highest concentrations tested was some efficacy observed. Regarding the mycotoxin 
accumulation, differential behaviour was observed. While some of them significantly decreased or 
increased toxin production. Studies are in progress to identify the bioactive compound fractions 
responsible for the described efficacy. 
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Rapid quantitative mycotoxin testing at the point of reception 
 
Hannes Binder, A. Schiessl, J. Mayer and B. Cvak 
 
Romer Labs Division Holding GmbH, Austria; hannes.binder@romerlabs.com 
 
Today’s competition forces the food and feed industry to reduce cost, employ cost-efficient labour and 
deliver goods rapidly. Additionally, increased regulatory requirements in food safety testing require a 
rapid test report for each individual contaminant. Thus, rapid methods for mycotoxin analysis have 
become an increasingly important tool for mycotoxin management. Rapid methods are cost efficient, 
easy to use and can be moved to the on-site environment. Particularly, the point of reception of raw 
materials is a key control point in quality control systems. Delivery trucks often have to line up at these 
control points and are required to wait for a quick mycotoxin analysis result of their grain load before 
access to the production plant is granted. For mycotoxin analysis at points of reception current trends 
move towards lateral flow device (LFD), which are rapid single sample tests that  produce qualitative 
as well as quantitative measurement results in just three minutes. Romer Labs developed new 
temperature controlled, quantitative LFD tests for deoxynivalenol, total fumonisins and total aflatoxins. 
These AgraStrip mycotoxin tests are validated for corn and wheat commodities following 
USDA/GIPSA guidelines. Together with the handheld, portable AgraVision LFD reader used for 
quantitation, a quick decision about acceptance or refusal of the delivered grains can be made at 
control points. 
 
This presentation will introduce Romer Labs new mycotoxin LFD for point of reception testing. 
Validation results and comparison data to reference methods will be presented. These rapid tests are 
essential for a quick evaluation of the mycotoxin contamination level of received grain lots and 
therefore represent an important tool in efficient mycotoxin management.  
 

 

Validation of an automated system for aflatoxins  in a range of cereals, peanuts 
and dried fruit using on-line immunoaffinity cartridges from R-Biopharm Rhône 
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R-Biopharm Rhône, the Netherlands and R-Biopharm Rhône Ltd., UK have developed a patented, on-
line affinity cartridge for aflatoxins in collaboration with Spark Holland and Eurofins, Hamburg, which 
can be used prior to HPLC or LC-MS/MS. The cartridges are used together with the Symbiosis

TM
 

handling system from Spark, Holland and combine automated on line sample application with 
quantitative analysis of aflatoxin B1, B2, G1 and G2. The affinity cartridge contains a monoclonal 
antibody that is specific for aflatoxins B1, B2, G1 and G2, coupled to a hydrophilic polymer that can 
withstand high pressure. The technology is highly innovative and enables the cartridge to be 
incorporated directly on-line with an LC system. The affinity cartridge offers highly specific, sensitive, 
rapid and automated analysis for aflatoxins in a wide range of food matrices. Using the aflatoxin 
affinity cartridge, the sample application, washing and elution is performed on-line for up to a 
maximum of 12 samples before the cartridge is automatically removed and replaced with a new 
cartridge. For improved accuracy, the standard calibration solution is also applied to the same 
cartridge and the concentration of aflatoxin in the sample extract determined. This procedure not only 
offers optimum cartridge performance and reduced interference but it also provides a high level of 
quality assurance. 
 
Following extraction of the toxins from the sample with solvent, the extract is filtered, diluted and 
transferred to an autosampler vial. The diluted extract is injected onto the affinity cartridge and any 
toxins present in the sample are retained by antibody in the cartridge. Unbound (matrix) material is 
then removed online by washing the cartridge and sending the resulting wash to waste. Subsequently, 
the toxins are released from the antibody following on-line elution with the mobile phase. During 
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elution, the affinity cartridge is switched on-line with the analytical column and the complete elution 
fraction from the cartridge is quantitatively analysed for aflatoxins B1, B2, G1 and G2 by LC.   
 
In this study a large number of cereal, peanut and dried fruit samples were analysed using 
Immunoprep

TM
 Online Aflatoxin cartridges. Excellent resolution of all four aflatoxins, clean 

chromatography, good repeatability, reproducibility and recovery was demonstrated and found to 
exceed EU legislative performance levels. A key advantage of this process is that during the LC run of 
one sample, the next sample is simultaneously passed through the affinity cartridge, reducing the time 
taken for subsequent sample clean up to almost zero. The use of an on-line affinity cartridge reduces 
labour, consumables and solvents, whilst improving traceability, accuracy and reducing human error.   
 
 

A new look at mycotoxin management: holistic approach 

 
Swamy Haladi 
 
Alltech, India; shaladi@alltech.com 
 
It is well accepted in the animal industry that mycotoxicoses affect the bottom line of animal operations 
more often than not. Although it is not always easy to estimate the impact of mycotoxicoses in the 
field, countless controlled studies have shown the impact mycotoxins can have on economic 
parameters such as weight gain, egg/milk production, feed efficiency, fertility, hatchability and 
mortality. Alltech proposes a three-pronged approach to managing mycotoxins. First, diagnosing the 
issue using the 37

+
 Programme, wherein over 37 mycotoxins can be analysed in a single run. The 

utilisation of this programme to analyse European feedstuffs indicated the presence of one or more 
mycotoxins in 88% of the samples tested. Additionally close to 50% of the samples contained three or 
more mycotoxins. Second, is the implementation of the Alltech MIKO Programme which is based on 
HACCP principles and primarily involves the evaluation of critical points of entry of mycotoxins into 
animal feeds and their timely prevention and control. Third, the research and development of broad 
spectrum mycotoxin binders capable of adsorbing many mycotoxins of importance in the animal 
industry. Multiple mycotoxin binding capability has been the hallmark of Mycosorb

®
 since its 

introduction to the market more than 20 years ago. This has been demonstrated through various peer-
reviewed papers showing the involvement of Van der Waal’s and hydrogen bonds between 
mycotoxins and beta-1,3 and beta-1,6 glucans. Numerous studies, however, have shown the 
discrepancies between in vitro binding and in vivo animal performance trials. The biggest strength of 
Mycosorb is the accumulation of more than 50 peer-reviewed in vivo articles showing improvements in 
zootechnical performance. Such articles describe the benefits of Mycosorb, against not only single 
mycotoxins, but in various combinations and across various species of animals. Some of the 
collaborations with universities around the world on in vivo benefits of Mycosorb will be discussed.  
 
 

UHPLC-MS/MS analysis of mycotoxins: screen for many and quantify with 
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Currently more than 300 different mycotoxins are known that might be present in food and feed but so 
far only a dozen compounds are regulated in the European Union. However, there is an increasing 
interest in expanding the scope of analytical methods to a bigger number of target compounds, to 
have universal methods available which are applicable to different food commodities and to gain 
information on mycotoxins and mycotoxin metabolites which are currently not regulated. This requires 
additional tools such as new databases and libraries and it involves the re-consideration of the 
extraction, matrix effects like signal suppression or enhancement and matrix interferences that might 
cause false positives. We will show methods and workflows for the screening and quantitation of 
mycotoxins in food products based on a UHPLC separation and the target and non-target acquisition 
with both, triple quadrupole and quadrupole time of flight MS. The new triggered MRM acquisition 
mode is demonstrated for the unequivocal identification of mycotoxins. Triggered MRM acquires, 
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depending on the quantifier response, additional confirmatory ions resulting in a product ion spectrum 
which is compared to a triggered MRM library providing verification for a positive result. 
 
For quantitation of the mycotoxins regulated in the European Union 

13
C labelled internal standards 

were used. Results of the validation for maize are shown using a highly sensitive triple quadrupole 
instrument. Limits of quantification were in the low µg/kg range, much below the maximum limits for all 
regulated toxins allowing the elimination of an enrichment step in the extraction protocol. The 
extraction procedure resulted in apparent recoveries of 88 to 105% for all compounds with relative 
standard deviations (RSD) below 10%. This has been proven by analyzing certified reference 
materials for all groups of regulated mycotoxins. This method was then extended (though not always 
with labelled internal standards) to a multi-mycotoxin method including more than 240 compounds. 
This method was successfully validated for different kinds of nuts. Limits of quantification (LOQs) were 
in the sub or low µg/kg range and with apparent recoveries between 70 and 120% for most analyte-
matrix combinations under investigation. Some of the early eluting compounds like deoxynivalenol, 3-
acetyldeoxynivalenol, 3-nitropropionic acid and nivalenol showed lower recoveries mainly caused by 
matrix suppression, whereas lower recoveries for the fumonisins were caused by the incomplete 
extraction. Relative standard deviations (RSD%) were below 10% for the vast majority of analyte-
matrix combinations. The method was applied to nuts purchased from a local market and minor 
contaminations with non-regulated mycotoxins were observed. In one hazelnut sample significant 
contamination with aflatoxins and Alternaria metabolites were observed.  
 
Finally a screening workflow using non-target acquisition of mycotoxins with a UHPLC-QTOF-MS is 
presented. Innovative data mining tools and new exact mass databases were applied to the analysis 
of complex food samples. LC-MS/MS library spectra for a number of mycotoxins were acquired at 
three collision energies by injecting individual standards into an UHPLC system coupled to a highly 
sensitive QTOF. The spectra were imported into a database and library software. A maize sample 
blank for all regulated mycotoxins was extracted using a generic extraction and was spiked with a 
multi-mycotoxin standard. The QTOF system was operated in the MS and MS/MS mode using 
targeted and data dependent modes. Linear calibration curves were observed for most mycotoxins 
and limits of quantitation were in the low µg/kg range. Confirmation of compounds found in the MS 
domain was achieved using a recursive workflow which applied a targeted MS/MS method in a second 
injection in combination with MS/MS library searching. Whilst the MS domain search is extremely 
sensitive (producing a very low false negative rate even at low levels) the  MS/MS step  was essential 
to the efficiency of the screen by eliminating false detects. High library match scores were observed 
even at low spiking levels. It was shown that accurate mass screening using an UHPLC/QTOF in 
combination with an exact mass library is a suitable technique for routine screening and confirmation 
of a range of mycotoxins in maize samples. 
 
 

Recent innovations in immunoaffinity columns for mycotoxin analysis 
 
Danrey Toth 
 
VICAM - A Waters Business, USA; dtoth@vicam.com 
 
Immunoaffinity columns capable of recovering multiple mycotoxins have been a useful sample 
preparation method when several types of mycotoxin must be analyzed in the same sample. 
Deoxynivalenol (DON) is produced by a number of species of Fusarium and is a frequent contaminant 
in cereals such as wheat, barley and maize. Nivalenol (NIV) is another type B trichothecene reported 
to be a co-contamination with DON in wheat and barley. VICAM has developed the DON-NIV

TM
 WB 

IAC column and procedure for extracting DON and NIV simultaneously. Wheat samples were simply 
extracted with water and DON and NIV toxins were isolated using the DON-NIV

TM
 column. Toxins 

were eluted from column and analysed by HPLC with photodiode array detector. The results 
generated using DON-NIV

TM
 WB showed a very high degree of linearity (r

2
=0.997) for DON with a test 

range of 0.1 to 8 ppm and also a very high degree of linearity (r
2
=0.999) for NIV at the test range of 

0.1 to 5 ppm. The limit of detection was 30 ppb (7.5 ng) for DON and 40 ppb (10 ng) for NIV. High 
recoveries (>90%) were obtained for DON (0.1 to 8 ppm) and NIV (0.1 to 5 ppm) in spiked wheat 
samples. High recoveries (>80%) were also achieved in naturally contaminated samples. DON-NIV

TM
 

WB provides a new and reliable clean-up method for analyzing DON and NIV simultaneously in wheat 
and potentially other complex matrices such as animal feed. 
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Green algae extracted polysaccharide-modified montmorillonite composite for 
mycotoxin adsorption 
 
Anca Lucia Laza-Knoerr
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The smectite group is one of the most important industrial minerals and consists of several clay 
minerals such us sodium and/or calcium montmorillonite. The high layer charge, the very fine particle 
size, the thin flakes, the high cation exchange capacity and the high surface area result in the physical 
and chemical properties that determine the many industrial applications. Clay minerals in animal 
nutrition are used in particular due to their adsorption properties significantly contributing to the health 
of animals. Clay minerals bind noxious compounds and expel them from the body of animals, 
including heavy metals and mycotoxins. The effectiveness of smectite clays as adsorbents of aflatoxin 
has been investigated and found successful for many farm animals over the past 20 years. The 
capability of smectites to bind mycotoxins depends on the particle size and structure and composition 
of smectites. Furthermore, the effectiveness of adsorption depends on the structure of the adsorbed 
molecules and their ability to penetrate into the interlayer space of smectites. The narrow interlayer 
space does not permit the entrance of larger molecules. 
 
The aim of this study is to evaluate the in vitro efficiency of the green seaweed extracted 
polysaccharides-modified montmorillonite in sequestering mycotoxins (aflatoxin B1 (AFB1) and 
fumonisin B1 (FB1)) from liquid mediums. The X-ray diffraction (XRD) method was used to 
characterize Olmix biopolymer intercalated clay. Batch equilibrium adsorption experiments were 
performed to assess mycotoxin adsorption capacity. Adsorption isotherms were obtained at different 
pHs and at 37°C. Adsorbent dosage was 0.33 mg/ml for AFB1 and 0.20 mg/ml for FB1. AFB1 and 
FB1 working solutions were in the range of 3-48 µg/ml and 1-30 µg/ml, respectively. Olmix biopolymer 
intercalated clay showed high efficacy in adsorbing in vitro mycotoxins. AFB1 adsorption occurred at 
high extent at both acid and neutral pH, while FB1 adsorption occurred mainly at acid pH. 
Percentages of AFB1 and FB1 adsorption varied in the range 99-70%. For both mycotoxins and at all 
pHs studied herein, Sips and Hill models produced better fitting isotherm parameters values and lower 
error values than Langmuir and Freundlich models. According to Sips or Hill model, the maximum 

AFB1 adsorption capacity was 1328 and 1206 µg/mg at pH 3 and 7, respectively. Maximum FB1 
adsorption capacity was 114±5 µg/mg (pH3). Maximum uptakes for AFB1 and FB1 were comparable 
(p>0.05). In conclusion, the Olmix material is a phyllosicate intercalated with green algae biopolymer 
showing high affinity and capacity for AFB1 and FB1 adsorption from liquid mediums and stands for 
an adequate solution to remediate mycotoxin problems. 
 
 

Neogen Corporation's Reveal Q+ method for mycotoxin detection 

Anthony J. Lupo 
 
Neogen Corporation, USA; tlupo@neogen.com 
 
Neogen Corporation has developed the Q+ method for the detection of the 6 commonly analyzed 
mycotoxins with T-2/HT-2 and ochratoxin in final stages of development. Neogen a leading supplier 
and developer of ELISA test kits, immunoaffinity columns and qualitative lateral flow assays has now 
added to their tools for detection with a very robust quantitative lateral flow method. The Reveal Q+ 
platform is a rapid lateral flow device used to quantitate levels of mycotoxins in grains and foodstuffs. 
These are very rapid ranging in runtime from 3-6 min and show exceptional precision and accuracy 
when compared to HPLC methodology. All assays utilize a simple extraction process and user friendly 
protocol. During USDA GIPSA validation studies, the following mean recoveries were observed: 
aflatoxin 92.7% from 2-150 ppb, deoxynivalenol 103.2% from 300-6,000 ppb, fumonisin 101.3% from 
300-6,000 ppb and zearalenone 105.5% from 50-1,200 ppb, and all assay ranges can be extended by 
simple dilution. Results are fully quantitative when analyzed using one of 2 Neogen lateral flow 
readers Accuscan 3 or Accuscan Pro and can be uploaded and managed through a software suite or 
used as a stand-alone device. The test strips themselves are not enclosed in a traditional cassette 
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reducing the amount of plastic consumed in their manufacture and solvent for extraction is either water 
or 65% ethanol simplifying reagent disposal and protecting user safety. 
 
 

Advances and considerations with multimycotoxin LC-HRMS analysis 
 
Frans W.P. Schoutsen 
 
Thermo Fisher Scientific, the Netherlands; frans.schoutsen@thermofisher.com  
 
Mycotoxins are a concern to the food safety of numerous products. The characteristics and 
differences of these compounds in combination with the often complex matrices have made it a 
challenge to analyze. Because of the sensitivity and specificity LC-MSMS has been the choice of 
technique. The amount of compounds required to analyze as well as to overcome the matrix 
interference. The full scan with high resolution accurate mass (HRAM) can be an addition or 
alternative option. With the Bench top Orbitraps (Exactive and Q-Exactive) resolution settings (up to 
140,000) in combination with mass accuracy 5 ppm have the capability to separate compounds from 
interference from artifacts in the matrix to identify and quantify. Identification can be obtained in 
different ways, i.e. specific fragments, isotopic ratio or library match of spectra to a library. With the 
additional Quadropole in the Q-Exactive (in contrast to the Exactive) more experiments can be an 
option. Because of the level of impurities detection of these compounds at low level is also a 
requirement. Several new features on the Q-Exactive make it possible to achieve lower detection 
limits (Mol et al., 2012. Analytical and Bioanalytical Chemistry 403: 2891-2908).  
 
 

Quantitative lateral flow assays for mycotoxin analyses and extraction – 
current and future trends 
 
Mark Tess 
 
Charm Sciences, Inc., USA; markt@charm.com 
  
Mycotoxins, toxic secondary metabolites produced by moulds, are monitored and regulated in feed 
and grain due to the detrimental health effects they can have on animals and humans. Mycotoxin 
analyses have focused on chromatographic techniques (e.g. HPLC) that provide unparalleled 
performance in a wide range of commodities. However, these methods are time consuming and 
require specially-trained operators using expensive equipment. Lateral flow assays have gained 
acceptance as an alternative to conventional reference methods. These rapid assays are easier to 
use, less expensive, and capable of providing quantitative results. Lateral flow assays also allow for 
testing outside the traditional laboratory setting that is essential to systematically track, trace and trend 
mycotoxin risks throughout production, storage and transportation of commodities. Methanol and 
ethanol are common solvents used for mycotoxin extractions and, as with other organic solvents, 
necessitate special handling, storage and disposal requirements. Water extraction technology (WET) 
is an extraction method that eliminates the use of methanol and ethanol; a non-hazardous powder is 
added to the sample followed by water for mycotoxin extraction. Aflatoxin, deoxynivalenol (DON), 
fumonisin, T-2 and HT-2 toxins, and zearalenone can be extracted using a single non-hazardous 
powder and water; ochratoxin requires a different non-hazardous powder for extraction. The WET 
method coupled with lateral flow assays provides a sustainable solution for testing with water as the 
solvent. WET extracts can be disposed as normal waste provided that positive mycotoxin results do 
not violate local disposal regulations. Industry professionals have begun implementing proficiency 
testing to document and record analysts results to validate the mycotoxin monitoring programme. 
Mycotoxin reference materials are available in an array of matrices to certify operators and verify test 
method/equipment performance. 
  
 

Rapid screening tools for the quantitative detection of deoxynivalenol in wheat:  
a comparative study between lateral flow and ELISA performances 
 
Giulia Rosar 
 
Tecna s.r.l., Italy; giulia.rosar@tecnalab.com 
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To satisfy the increasing demand for fast and reliable quantitative screening tools for deoxynivalenol 
(DON) detection in foodstuffs, Tecna has developed two different analytical screening methods: Celer 
DON, a fast enzyme immunoassay in microtitre plate and EZ FLOW  DON, a one-step lateral flow 
device. In the present work, a comparison between their performances on wheat is presented  
 
EZ FLOW DON is a quick, easy to use lateral flow device for on-field analysis. Wheat samples are 
extracted in water, diluted in buffer and directly run on the device without any further step. In 5 min 
results are achievable with the reader. The assay is quantitative in the range 0.125-5 ppm (extendable to 
0.5-20 ppm by further dilution). The limit of quantification (LOQ) is 0.25 ppm. The accuracy was verified 

onto spiked wheat samples in the range 0.5-2 ppm; the mean recovery turned to be 9812% (n=40). The 

trueness of the assay was verified  analyzing two naturally incurred wheat samples left over the 
materials of proficiency tests (code 05-0631-0061 and 02-2531-0002, Bipea, France). The mean 

recovery was 10224% (n=16). Celer DON is a fast ELISA test kit that allows the achievement of 

results in 20 min after methanol/water extraction of samples. The calibration range is 0.04-5.00 ppm, 
and it is extendable to 0.20-25 ppm by sample further dilution. The LOQ was set at 0.125 ppm. The 
accuracy was studied onto wheat spiked samples in the range 0.50-2.00 ppm. The mean recovery 

was 10412% (n=162). As well as for the lateral flow device, the trueness was investigated by 

analysing the same two naturally incurred wheat samples left over the materials of Bipea proficiency 

tests. The mean recovery was 10415% (n=15).  

 
As a conclusion deriving from the present in-house comparative study, a small loss of sensitivity was 
observed for the lateral flow device, while the accuracy on both spiked and incurred reference 
samples were mainly comparable. EZ FLOW DON maintains therefore the high quality performances 
of Celer DON ELISA test kit but allows a faster, on-field and one-step analysis with no need for 
laboratory equipments and trained operators.   
 
  

Risk management of mycotoxins in the global food supply chain – nuts and dried 
fruits, an example of full supply chain control in food quality  
 
Scarlett Biselli, W. Puschmann and S. Rathjen 
 
Eurofins WEJ Contaminants, Germany; scarlettbiselli@eurofins.de 
 
Eurofins is a leading international group of laboratories providing an unparalleled range of testing and 
support services for pharmaceutical, food, environmental and consumer products industries as well as 
for governments. The Eurofins Group has built up a global network of state-of-the-art food testing 
laboratories and competence centres that perform more than 80 million assays per year to establish the 
safety, composition, authenticity, origin, traceability and purity of food. Mycotoxin contamination could 
have a major impact on the international trade of products such as dried fruits and nuts, as these might 
partially contain high amounts of aflatoxins and/or ochratoxin A. To ensure the safety of those products 
and their compliance with EU and Codex legislation, traders are required to quantify the mycotoxin levels 
within their lots. Due to the extremely inhomogeneous distribution of those toxins, there is often the risk 
of considerably misinterpreting a good’s quality. Very often, a time and cost effective strategy within the 
supply chain is needed to achieve the highest quality along with lowest rejection rates. In the end, 
however, the highest quality of products could be attained with rejection rates lower than 1%. Currently, 
Eurofins has set up a global sampling and inspection service in 32 countries for the active surveillance 
and control of the entire food supply chain from farm to fork. Consequently, these programs minimize the 
risks by (i) representative sampling at all points of the supply chain (on fields, in factories, warehouses, 
packaging stations and containers), (ii) comprehensive check-ups of sealed samples by state-of-the-art 
analysis, (iii) sealing of lots and controlling of container stuffing, (iv) audits and food safety inspections, 
(v) consults to avoid the risks before they arise, and (vi) comprehensive knowledge of European food 
regulations. Training and educating the different industry parts from agriculture over producers up to the 
final distributors always make part of the program provided by the analytical experts of Eurofins.  
 
 

Multiplex microsphere immunoassay for the detection of mycotoxins using 
xMAPTM technology  
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The most commonly used bioanalytical screening methods for routine monitoring of mycotoxins are 
enzyme-linked immunosorbent assays (ELISAs) in 96-well plate format and lateral flow tests. Most of 
these screening methods can only detect one (group of) mycotoxin(s). The MultiAnalyte Profiling 
(xMAP) technology from Luminex (Austin, TX, USA) is an emerging technology using small 
carboxylated polystyrene microspheres which are internally dyed with up to three different 
fluorophores, allowing multiplexed immunochemical detection of up to 500 unique assays within a 
single sample. The microspheres are characterized by dedicated flow cytometers in which they are 
classified by measuring different emission wavelengths after excitation by a red laser (635 nm). The 
general reporter molecule (R-Phycoerythrin (R-PE)) on the microspheres is excited by a green laser 
(532 nm) and its emission measured at 580 nm. There are different types of microspheres available 
such as the generally used MicroPlex

®
 and the SeroMap

TM
 microspheres (5.6 µm) with altered surface 

for problematic serological assays. 
 
The superparamagnetic MagPlex

®
 microspheres (6.5 µm) contain magnetite particles for response to 

a magnetic field, which simplifies the work with food and feed samples. Based on these paramagnetic 
beads, an imaging platform (MAGPIX

®
) was introduced in 2010 by Luminex. This platform uses LEDs 

and CCD imaging technology that offers a more robust, transportable and affordable system which is 
also very compact. It can perform up to 50 different tests in a single reaction volume. The MAGPIX

®
 

platform is used in a Dutch regional sponsored (PIDON) project (MultiTox (2011-2014)) to develop, in 
cooperation with the partners described above, a multiplex microsphere immunoassay kit for the 
simultaneous detection of at least six mycotoxins in food and feed and the results obtained so far will 
be shown. 
 
 

Bayer Quality Analyzer and Bayer Micro-Labs for rapid on-site multiplex 
mycotoxin testing 
 
Jens Burmeister, U. Raczek and V. Bazilyanska 
 
Bayer Technology Services GmbH, Germany; jens.burmeister@bayertechnology.com 
 
Multiplex mycotoxin testing is gaining increasing interest in the global food and feed industry as more 
and more data on multimycotoxin occurrence and synergistic effects between different mycotoxins are 
becoming available. Subsequently, the demand for rapid precise and easy-to-use on-site testing 
systems increases. The innovative analytical method presented here relies on planar wave guide 
(PWG) technology. Being a biochip technology, PWG allows for the simultaneous detection of multiple 
analytes. Due to the surface confinement of the biochip illumination, the development of easy-to-use 
assays obviating the need for washing steps is possible. 
 
A disposable cartridge (Bayer Micro-Lab, BML) was developed, applying state-of-the art microfluidics 
principles. The BML enables the reader (Bayer Quality Analyzer, BQA) to move the diluted sample 
extract from the sample compartment to the mycotoxin antibody compartment and further to the 
biochip and reaction chamber. All reagents necessary for analysis are stored within the BML in dry 
form, ensuring a long shelf life. The BQA has been constructed as a touch-screen guided plug and 
play instrument, containing a laser, incoupling unit, CCD camera, computer, temperature control and 
fluidics handling unit. BML and BQA together form an easy-to-use solution for multiplex quantitative 
mycotoxin measurement at the point of interest. For any mycotoxin measurement, follow a classical 
extraction protocol, fill the diluted extract into the BML, and introduce the BML into the BQA. Using its 
internal fluidics handling unit, the BQA automatically agitates the liquid inside the BML. After 12 min, 
when the test is completed, the BQA activates the laser, takes images of the biochip and calculates 
the quantitative mycotoxin values by using the calibration data stored on the Bayer Calibration Card 
(BCC). BCC guarantees the accurate calibration of the BML and is specific for the respective crop. 
Unlike other technologies the BQA does not require the use of mycotoxin standards for calibration. 
The whole process from sample to result takes less than 20 min. Currently, BML Wheat and Barley 
comprise deoxynivalenol (DON), zearalenone (ZEA), T-2/HT-2 toxin, ochratoxin A (OTA) and 
aflatoxins (AFL). BML Corn comprises DON, ZEA, OTA, AFL and fumonisin. Detection ranges for the 
individual mycotoxins have been developed to meet European food regulations. 



52  WMFmeetsIUPAC2012 
5-9 November 2012, the Netherlands 

We will present most recent data on internal and external validations based on spiked and naturally 
contaminated wheat, barley and corn samples as well as processed materials. An outlook on potential 
future applications of PWG platform technology will also be discussed. 
 
 

Success story of molecularly imprinted polymers for mycotoxin analysis 
 
Kaynoush Naraghi 
 
POLYINTELL, France; kaynoush.naraghi@polyintell.com 
 
Clean-up and sample preparation before analyses are key steps in mycotoxin analysis, particularly for 
detection at a trace level (range of µg/kg). High selective solid phase extraction (SPE) based on 
molecularly imprinted polymer (MIP) sorbents represents a judicious method by using these synthetic 
polymer sorbents that mimic antibodies recognition properties. MIP specifically rebinds a target 
molecule with the advantages to be not only highly selective and specific but also chemically and 
thermally stable, compatible with all solvents and cost-effective. SPE using these polymers is a 
powerful method for clean-up and pre concentration applications. 
 
MIP efficiency as selective SPE sorbents will be shown for several matrices. New MIPs sorbents for 
sample preparation before HPLC analysis will be introduced, particularly for ochratoxin A, zearalenone 
and patulin. A highlight on a rapid solution for patulin detection based on molecularly imprinted 
polymers coupled with HPTLC (high performance thin-layer chromatography) will be also presented. 
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Dust sampling – a holistic approach to enhance representative rapid analysis 
of mycotoxins in grain 

 
S. Biselli, Mareike Reichel, S. Staiger and S. Rathjen 
 
Eurofins WEJ Contaminants, Germany; mareikereichel@eurofins.de 
 
For analysis of mycotoxins in grains, sampling is the most critical step in the whole analytical chain. 
Especially for heterogeneously distributed storage mycotoxins, common sampling procedures are either 
not representative or, like Commission Regulation (EC) No. 401/2006, ensure representativeness but 
are not applicable for the grain industry in terms of needed workforce and time. The aim of the current 
study was to develop a novel high-throughput and representative sampling technology for mycotoxins 
based on the fact that the latter accumulate on dust particles. Pre-tests have shown sufficient 
correlations (0.82<r

2
>0.96) between contents of deoxynivalenol and zearalenone in maize as well as 

wheat and contamination in respective dust samples. Enhanced data models for relevant mycotoxins, 
e.g. ochratoxin A, T-2 toxin, HT-2 toxin and fumonisins in commercially important cereals, have been set 
up. Such models allow calculation of the contamination in grains based on concentrations determined in 
respective dust particles. 
 
A sampling tool was constructed to separate the relevant particle size by means of a vacuum stream and 
a cyclone type collector. In initial sieve analyses, this particle size fraction had been found to be suitable 
with regard to the mycotoxin contamination and the homogenous distribution of the latter. Using the 
equipment, specific dust samples were taken during the unloading of trucks and throughout other cereal 
handling processes. In this way, non-destructive samples of whole grain lots could easily be collected.  
Due to the small particle size of dust samples, no grinding or homogenization step was needed prior to 
extraction. Mycotoxin contaminations in dust samples were up to 35-fold enhanced in comparison to 
contents in grinded grain bulks. Together with minor matrix effects, this natural enhancement facilitates 
rapid and very sensitive on-site analysis of mycotoxins in cereal dust by immunochemical tests. 
Furthermore, coupled with state-of-the-art HPLC-MS/MS methodologies, it was possible to routinely 
screen dust samples for >30 mycotoxins, including e.g. acetyldeoxynivalenols, enniatins, Alternaria 
toxins, ergot alkaloids and acetoxyscirpenols, without additional clean-up or concentration steps. Hence, 
combined with the respective analytical procedure, dust sampling can not only meet the demands of the 
grain industry for cost-efficient, fast and accurate mycotoxin routine checks but also of national and 
international agencies for specific and sensitive high-throughput methods for comprehensive monitoring 
programmes. 
 
 

Distribution of mycotoxins in bulk volumes of wheat 
 
Sheryl A. Tittlemier
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A major challenge in the analysis of mycotoxins in bulk volumes of grain is obtaining a representative 
laboratory sample from the bulk. Mycotoxins commonly found in grain, including deoxynivalenol (DON) 
and ochratoxin A (OTA), are often heterogeneously distributed throughout bulk volumes. Specific 
mycotoxins, such as OTA, are particularly challenging to sample for and analyze because it is 
generally present at concentrations orders of magnitude lower than DON. In this study, bulk lots of 
wheat ranging from 4,600 to 55,000 tonnes were dynamically sampled at vessel loading, using 
automated cross stream sampling systems. Increment samples were taken every 500 tonnes from 
each lot for mycotoxin analysis. In addition, composite samples representing each total lot were 
prepared from the increment samples and analyzed for mycotoxins. Laboratory increment and 
composite samples were dry comminuted and sub-sampled using a rotary sample divider to prepare 
appropriately sized test portions for analysis.  Mycotoxins were analyzed using validated ultrahigh 
performance liquid chromatography with fluorescence detection (OTA) and gas chromatography-mass 
spectrometry methods (Fusarium trichothecenes). 
 
Concentrations of mycotoxins in the composite samples analyzed ranged from less than the limit of
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quantitation (1.0 μg/kg) to 4.7 μg/kg for OTA and from 0.11 to 0.70 mg/kg DON. Focusing further on 
OTA, concentrations of the compound in the 500 tonnes increment samples varied from less than the 
limit of detection (0.25 μg/kg) up to 22.9 μg/kg. For almost all of the bulk lots examined, concentrations 
of OTA were not normally distributed amongst the 500 tonnes increments but showed relatively higher 
frequencies at the lower concentrations. The weighted average of OTA in the 500 tonnes increments 
for each lot was compared to the OTA concentration in each lot’s composite sample. There was no 
indication of a systematic bias of the composite sample over- or under-estimating OTA concentrations 
in a lot. The absolute deviation of the weighted OTA average of the increments from the lot composite 
samples ranged from 3 to 98%.  
 
 

Biological and synthetic binders for immunoassay and sensor-based detection 
of small molecules 
 
Richard O’Kennedy 
 
Biomedical Diagnostics Institute, National Centre for Sensor Research, Dublin City University, Ireland; 
richard.okennedy@dcu.ie 
 
Antibodies have been widely employed for the determination of small molecules ranging from 
mycotoxins to small peptides and proteins. Their versatility, specificity and relative ease of production 
and selection has aided their use. The advent of recombinant gene technology and its application to 
antibody engineering has greatly enhanced the possibilities to generate antibody-derived structures 
with improved properties and associated applications. 
 
In the development of an assay format major issues may need to be addressed when selecting 
appropriate binders. These include specificity for the target antigen or antigens, sensitivity and 
potential modes of enhancement, stability, performance in complex matrices and capacity for 
improvement with ever increasing stringencies in the demands of legislation. Additional features of 
importance include ease of immobilisation, potential for labelling or use with signal amplification 
strategies, applications on a variety of platforms including arrays, biochips, CD-derived formats and 
flow-based systems and compatibility with microfluidics. A key element of many assays may involve 
the use of binders in isolation and pre-concentration steps. This is turn may have attendant problems 
where the  matrix is very complex, where volumes are large and ever changing, where access may be 
restricted and when ‘real-time’ monitoring may be required. This lecture will critically address these 
issues using recombinant antibody formats (e.g. scFvs, Fabs and scabs) in a number of isolation and 
assay formats focusing on small molecules. 
 
 

Biosensors as diagnostic tools: applications for mycotoxins, phycotoxins and 
plant toxins 
 
Ibtisam E. Tothill 
 
Cranfield Health, Cranfield University, UK; i.tothill@cranfield.ac.uk  
 
Toxins analysis in foods is vital for ensuring the quality and safety of the food being consumed by 
humans and animals through the elimination and control of their risk.  Some of the toxins can be 
natural compounds such as food toxins or contaminants as a result of microbial growth such as 
mycotoxins and phycotoxins.  Hence being able to detect and monitor the toxins at the required 
legislative limit using specific and rapid techniques is a priority. Biosensors have emerged as the 
diagnostics tools which are able to fulfil these requirements and being able to compete with traditional 
techniques for toxins analysis. 
 
Biosensor technology has grown rapidly in the last decade with emerging applications in a wide range 
of disciplines, including health care, food security and environmental diagnostics. This has been as a 
result of the increase in demand to develop rapid diagnostic for point- of-care testing and also to 
comply with environmental legislations and food safety and quality standards (Uludag and Tothill, 
2012. Analytical Chemistry 84: 5898-5904). Hence a considerable interest was stimulated in 
developing advanced sensors for in situ, on-line and real time analysis that can be applied on-site for 
risk assessment and management (Salam and Tothill, 2009. Biosensors and Bioelectronics 24: 2630-
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2636). With the emerging field of nanotechnology, new nanomaterial and micro/nano transducer 
devices have been introduced to the biosensor arena

 
and applied to develop advanced and highly 

sensitive sensor devices (Tothill, 2011. World Mycotoxin Journal 4: 361-374; Parker et al., 2009. 
Analytical Chemistry 81: 5291-5298).  To date the technology is progressing rapidly with new and 
novel bio-recognition materials are also being synthesized and used as the sensing surfaces for 
sensors developments. However, the variety of biological complexity of molecular structures and the 
wide range of concentrations coupled with a complex matrix  that need to be analysed are some of the 
bioanalytical challenges that need to be overcome when developing a successful biosensor device 
(Heurich et al., 2011. Sensors and Actuators B: Chemical 156: 162-168). This paper will present the 
recent developments and advances in biosensor fabrication and the emerging biomimetic (synthetic) 
receptor molecules and nanomaterial’s used for their enhanced performance. Examples of devices 
developed for toxins analysis will also be given.    
 
 

Overview on novel analytical tools for alkaloids 
 
Patrick P.J. Mulder 
 
RIKILT-Institute of Food Safety, Wageningen UR, the Netherlands; patrick.mulder@wur.nl 
 
Alkaloid is the general term for a wide range of nitrogen containing secondary metabolites produced 
by many plant and fungal species. Alkaloids are biosynthesised from amino acids (e.g. ornithine, 
tryptophan) and their major function is to defend the organism against herbivore attack or other 
predators. Some of these alkaloids have been recognised for their medicinal properties (e.g. atropine 
and ergotamine), but most of these compounds exert toxic or anti-nutritional effects when ingested. 
This overview focuses on the recent analytical developments for three of the major classes of 
alkaloids that are of toxicological relevance, i.e. pyrrolizidine alkaloids (PAs), ergot alkaloids (EAs) and 
tropane alkaloids (TAs). Special emphasis will be on the developments taking place in the field of 
multiple-analyte testing using LC-MS/MS and LC-HRMS techniques that are aiming at obtaining 
quantitative and confirmative results for individual compounds and on the progress made in the area 
of screening assays, such as ELISA and lateral flow devices that are aiming at producing fast, semi-
quantitative results for the total content of a specific group of compounds. 
 
 

HPLC-FTMS and HPLC-MS/MS analysis of ochratoxin A metabolites in urine 
 
Benedikt Cramer, K.W. von Bargen, J. Dopstadt, I. Schimanowski and H.-U. Humpf 
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Ochratoxin A is a contaminant occurring in a broad spectrum of food products. Among these products 
cereals, coffee, beer, wine, cocoa and dried fruits were identified as major sources due to the high 
consumption rates or generally elevated ochratoxin A levels (EC, 2002. SCOOP task 3.2.7). However, 
due to the heterogeneous distribution of ochratoxin A in most foods as well as due to strong 
differences between individual diets, it is hardly possible to determine the individual exposure from 
consumption data only. Therefore, the direct analysis of urine for ochratoxin A and ochratoxin A 
metabolites is a promising approach for monitoring the individual exposure. However, as the 
metabolism of ochratoxin A is not completely understood and different excretion pathways including 
glucuronidation or cleavage to ochratoxin alpha are discussed, common detection strategies based 
only on immunoaffinity columns are insufficient. 
 
Based on synthesized reference compounds of possible ochratoxin A metabolites such as 
glucuronides, a new method for enrichment of ochratoxin A metabolites from urine samples was 
developed. However, analysis of the extracts by HPLC-MS/MS revealed strong matrix interferences 
due to the non-selective enrichment, resulting in a lack of sensitivity. In order to improve the analysis, 
further mass spectrometric experiments such as MRM

3
 as well as high resolution mass spectrometry 

(LTQ-Orbitrap) were applied. Furthermore, the possibilities of two different ion mobility interfaces 
(SelexION, FAIMS) for matrix removal before entering the mass spectrometer were evaluated and 
their selectivities compared. 

mailto:humpf@uni-muenster.de
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Quantum dots as labels for immunoassay: state-of-the-art and application for 
mycotoxin detection 
 
Irina Yu. Goryacheva 
 
Department of General and Inorganic Chemistry, chemistry Institute, Saratov State University, Russia; 
goryachevaiy@mail.ru 
 
Reporter systems with luminescent detection are now widely used in research and clinical diagnostics, 
because they provide high sensitivity and the capability for simultaneous use of multiple labels with 
different spectral characteristics (multiplexing). In some cases, the sensitivity of luminescent labels is 
comparable to that of enzymatic labels, but an assay procedure is essentially simpler. The 
combination of the antibodies’ characteristic high specificity and ultrasensitive detection with new 
luminescent labels is the most promising aspect of the field of rapid tests. In most of the examples, 
tests based on nanoparticles are being offered as excellent screening alternatives to existing 
conventional immunoassays and detection systems. 
 
One of the luminescent labels are quantum dots (QDs), which are inorganic luminescent 
semiconductor nanocrystals, exhibiting size-dependent luminescence emission spectra. In recent 
years, QDs’ applications in immunoassays can be mentioned as the most expanding area of 
immunoassay labelling. In comparison to classical organic dyes such as rhodamine 6G and 
fluorescein, it was shown that each CdSe/ZnS QD is about 20 times brighter and 100-200 times more 
stable than the rhodamine 6G molecule. The weak points of QDs such as water-insolubility and the 
absence of functional groups available for bioconjugation were overcome by modification and 
functionalization. Water-soluble CdSe-ZnS nanoparticles, compatible with conjugation methods in 
aqueous conditions, are usually prepared using a stepwise procedure. The presentation will give an 
overview of existed quantum-dot based immunoassays and QDs application as labels for mycotoxin 
detection.  
 
 

Molecularly imprinted polymers for the determination of alternariol and its 
derivatives in foodstuff 
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Molecular imprinting is a technology to produce polymeric matrices capable of preferentially 
recognizing the template molecules used in their preparation. For polymer synthesis, the selected print 
molecule that can be the analyte or a surrogate molecule interacts through covalent or non-covalent 
bonds with functional monomers polymerized in the presence of a cross-linker to form a three 
dimensional structure. After template removal the polymer will bear specific recognition sites with 
complementary size, geometry and arrangement of functional groups to the target analyte (Moreno-
Bondi et al., 2008. Current Analytical Chemistry 4: 316). Molecularly imprinted polymers (MIPs) have 
been widely applied as recognition materials for an analyte or a group of determinands in solid phase 
extraction (MISPE) including the analysis of mycotoxins (Urraca et al., 2006. Journal of 
Chromatography A 1116: 127; Urraca et al., 2006. Analytical and Bioanalytical Chemistry 385: 1155), 
affinity chromatography, binding assays or for sensor development (Moreno-Bondi et al., 2012. Topics 
in Current Chemistry 325: 111). 
 
In this communication, the preparation and use of MIPs for alternariol (AOH) and its metabolite (Figure 
1), using a non-covalent imprinting approach, will be presented. Several tailored mycotoxin surrogates 
(Spanish Patent Appl. P201200344) have been synthesized and tested for polymer preparation to 
avoid AOH leakage problems during MISPE. The polymer composition (template molecule, functional 
monomer(s), cross-linker, porogenic solvent) has been optimized using a combinatorial approach. The 
selectivity of the novel MIPs towards alternariol and related metabolites has been characterized by 
equilibrium rebinding analysis. The application of these materials as SPE sorbents for the analysis of 
food samples will be presented.  
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Chemical structures of alternariol and alternariol monomethylether. 
 
Acknowledgements: This work has been funded by the Spanish Ministry of Economy and 
Competitivity (grant CTQ2009-14565-C03) and Complutense University of Madrid-B. Santander 
(GR35/10-A). J.L. Urraca thanks CEI-Moncloa for a postdoctoral contract and R.A. Gebril Abou-Hany 
thanks MINECO for a FPI grant.  
 
 

Prospective analytical tools for the accurate determination of free and masked 
ochratoxins in beer 
 
Chee Wei Lim 
 
Food Safety Laboratory, EC-ASEAN Reference Laboratory for Mycotoxins testing, Health Sciences 
Authority, Singapore; jeff_lim@hsa.gov.sg 
 
Ochratoxins are secondary metabolites produced either by penicillia or aspergillii and are common 
contaminants in several types of food including cereals, nuts, beer and wine. Owing to their 
nephrotoxic and carcinogenic properties, the presence of ochratoxins in these targeted food types 
therefore presents a serious risk to food safety. Prior to performing analysis, it is necessary to 
ascertain the chemical stability of ochratoxins in matrix, since these toxins may undergo a chemical 
transformation step that may alter their original chemical structures into alternative chemical states. 
These chemically altered mycotoxins are commonly known as masked mycotoxins. The accurate 
identification of these masked mycotoxins and their quantitation are therefore essential steps towards 
achieving the objective of a safer food supply via a proper legislative framework.  
 
In this paper, an integrated workflow addressing analyte specificity and accuracy is described. A 
comparison study is performed by utilising the analyte-specificity of MS

3
 and a direct flow injection MS 

(FI/MS) fingerprinting strategies to determine ochratoxins in beer. Under FI/MS fingerprinting 
quantitation mode, chromatographic separation of targeted ochratoxins is not applied. Rather, a 
statistical model (ANN) is constructed by applying a rule-based workflow. Signal enhancement/ 
suppression, recovery, linearity, intra-day and inter-day repeatability are investigated. The application 
of a cross-validated rule-based FI/MS quantitation workflow offers an alternative pseudo-metabolomic 
pathway towards achieving high throughput, high accuracy capabilities made available by the direct 
flow injection and multi-biomarkers fingerprinting/quantitation strategies. 
 

 

Development of a bio-assay suite for the detection of bio-active compounds 
from micro-algae and fungi in shellfish  
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Marine micro-algae can represent a threat to human health through the production of toxins that can 
accumulate into filter-feeding molluscs. In shellfish-farming areas, a high fungal biodiversity may also 
constitute a risk through the excretion of mycotoxins or other toxic compounds. To ensure shellfish 
safety, the occurrence of algal marine toxins is tightly monitored by chemical analyses. The reference 
method is currently based on targeted methodology to detect only a small number of toxins such as 
okadaic acid (OA) or azaspiracids (AZAs). In addition to contamination with known toxins, bivalve 
molluscs may also accumulate unknown toxins, i.e. toxins suddenly or gradually appearing in coastal 
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environments through climate change or ballast water discharges. To detect the appearance of such 
emerging toxic compounds in shellfish, the standard test is the mouse bio-assay (MBA). However, the 
MBA lacks in sensitivity, it is extract-consuming and it is not acceptable for ethical reasons. Hence, 
there is a strong need for alternative techniques to detect such emerging toxins. 
 
In view of overcoming these shortfalls, we have developed a suite of bio-assays to detect marine 
toxins. This suite consists in a cytotoxicity assay (KB cells), a neurotoxicity assay using Diptera larvae 
and an antibacterial assay, mainly based on marine bacteria. The ability of these bio-assays to detect 
known toxins has been examined in shellfish matrices of increasing degrees of purity and artificial 
contamination. The cytotoxicity assay easily detects toxins known to induce diarrhoeic symptoms such 
as OA or AZAs. For example, AZA-1 can be detected at a level equivalent to 1.5 µg/kg of mussel 
flesh, i.e. 100 times lower than the current EU limit (160 µg/kg). The neurotoxicity assay on Diptera 
larvae also exhibits a good detection scope for micro-algal and fungal toxins. First results of the 
antibacterial assay development suggest that matrix effects for shellfish are minimal while the 
detection of fungal metabolites is feasible. Thus, the en-suite use of these bio-assays is a promising 
solution for the detection and potentially the differentiation of different classes of bio-active 
compounds. The tests have additional advantages in that they require low amounts of extract and are 
easy to implement. 
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MycoRed Delphi study: advances on reduction of mycotoxins in wheat, maize 
and nuts/dried fruits  
 
Ksenia Popova

1
, A. Zherdev

1
, B. Dzantiev

1
, A. Visconti

2
 and A. Logrieco

2 

 
1
A.N. Bach Institute of Biochemistry of the Russian Academy of Sciences, Moscow, Russia and 

2
National Research Council of Italy, Institute of Sciences of Food Production, Italy; popova@inbi.ras.ru 

 
A survey ‘Advances on reduction of mycotoxins in wheat, maize and nuts/dried fruits’ based upon 
opinions of specialists from different fields of knowledge was held within the FP7 MYCORED project. 
The purpose of this survey was to create an overall picture of the current state of problems related to 
mycotoxin contamination of plant raw material, food and feed and to evaluate of the perspective of 
various practical measures and research plans aimed at the reduction of mycotoxin contamination. 
The survey was based on the Delphi method, which can be used to coordinate opinions in expert 
communities regarding perspectives on further development in research fields. One hundred and six 
experts from more than 20 countries answered the questionnaire that was prepared by the MYCORED 
working group. 
 
The main results of the survey showed that maize, other grain crops and nuts are the main raw 
materials and products contaminated with mycotoxins. This problem is widespread at a global level 
with high risk area such as USA, the Africa region and some Mediterranean countries. The survey has 
found out that the main reasons for improvement are trends in information and education by 
specialists, organization of chains, procedures and technologies to store agricultural products, and 
agrotechnical practices. The main reasons for worsening of the situation are trends in climatic and 
other natural factors and changes in the ratio of food and feed products coming from various regions. 
The experts concluded that high priority measures for reduction of mycotoxin related risks are: (i) 
technologies to store agricultural products; (ii) agrotechnical practices; (iii) specific and varietal 
composition of cultivated plants; (iv) information and education by specialists; and (v) regulatory base 
of mycotoxin control. 
  
Acknowledgements: This work was supported by MYCORED project (contract 222690) of FP7. 
 
 

Economic impact of mycotoxin contamination in nuts and dried fruits 
 
Goretti Guasch 
 
International Nut and Dried Fruit Council, Spain; goretti.guasch@nutfruit.org 
 
Mycotoxins are secondary fungal metabolites produced in crops and food commodities. It has been 
estimated that 25% of the world’s crops are affected by moulds (FAO). Economically, mycotoxin 
infestation, contamination and exposure affect growers and processors with losses of part of the crop, 
prevention in the field and during storage, border rejections, transport, routine tests, etc. as well as 
governments in terms of control and public health costs. Many countries have set maximum levels for 
mycotoxins, which direct economical effects on industry. Nuts, dried fruits and cereals are the most 
affected commodities. Among them, nuts and dried fruits have a higher incidence of mycotoxins, in 
particular aflatoxins, representing higher losses in the nut and dried fruit industry than in the cereal 
chain, which is also due to the higher value. Within the group of nuts and dried fruits, aflatoxins are 
mostly found in peanuts, tree nuts and dried figs, while ochratoxin A is found in dried fruits. Maize is 
generally affected by fumonisins and aflatoxins, and wheat by trichothecenes, zearalenone and 
ochratoxin A. 
 
In this study, the International Nut and Dried Fruit Council has developed an estimation of the losses 
in governments and the nut and dried fruit industry. An estimation of the losses in the cereal industry 
due to border rejections has also been included. Industry losses were evaluated by real border 
rejections in Australia, European Union member states, Iceland, Japan, Liechtenstein, Norway, 
Switzerland and the USA, which all account for approx. 70% of all global imports of nuts and dried 
fruits. A questionnaire was distributed among the main exporters to estimate the costs of routine 
analysis, fees, demurrage at ports, staff and extra costs of transport due to border rejections. The total 
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costs due to mycotoxin contamination for the industry reached up to US$ 100,000,000 annually, with 
an important decrease in the last two years due to the implementation of Commission Regulation (EU) 
No. 165/2010, which entered into force on 9th March 2010, setting higher maximum levels of 
aflatoxins allowed in almonds, apricot kernels, Brazil nuts, hazelnuts and pistachios, and the effort of 
the industry to implement good agricultural, manufacturing, processing and storage practices in 
addition to implementing more controls. Governments’ costs of public health related to mycotoxin 
intoxication was evaluated by the incidence of diseases related to mycotoxins, the implication rate of 
these diseases on the disability-adjusted life years and the health expenditure per capita of the 
countries most affected by uncontrolled mycotoxin exposure. Estimating the lowest percentage of 
implication (1%), these costs reached up to US$ 2 billion. Governments’ costs by control at the 
borders were mainly charged to the importers by fees.   
 
 

New results to achieve higher resistance level to FHB in wheat and combine it 
with a powerful fungicide technology  
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Reduction of mycotoxin contamination, mostly deoxynivalenol (DON), in wheat is the largest problem 
to solve in order to improve food safety problems. It is also a severe economic question as yield 
losses can be significant and toxin contaminated grain cannot be marketed due to legal limits. As the 
problems originate mostly in the field, the solution has to be found there; and as the problems are 
complicated, the progress is slow. The resistance level found in Sumai 3, a wheat cultivar resistant to 
Fusarium head blight (FHB), could be secured in several new lines with much better agronomic value, 
but in most cases with low yielding ability, less good quality, winter hardiness and resistance to other 
diseases. It was relatively easy to select lines with high resistance but very hard to combine with other 
desirable production traits. Therefore, less resistant but better adapted local or native sources also 
came into the foreground. Another lesson learned is that most breeding and scientific programmes 
have concentrated for many reasons on type II resistance, but it has become clear type I is equally 
important. The combination is necessary to select strains with the appropriate resistance level. Most 
research was published regarding the visual symptoms of FHB, but Fusarium-damaged kernels (FDK) 
and DON were neglected, even though these are more important than the visual symptoms. It has 
become clear that the resistance level is the most powerful factor in mycotoxin regulation and, 
therefore, it should have priority. Local and native resistance are becoming very important as they are 
better in agronomical traits and as a considerable variation exists to utilize for breeding. In the last ten 
years, the crossing programme is based on those lines having good resistance to FHB from both local 
and exotic sources and their combination is promising. The best lines are at the level of Ernie or better 
but far from Sumai 3 and Nobeoka Bozu. The methodological research on inoculation methods 
showed fairly good correlations between results of spraying inoculation with those of polyethylene 
bagging, mist irrigation and spawn methods. However, ecologically the spawn method is the least 
stable and the least severe symptoms were encountered. Any of these methods are suitable to variety 
registration when adapted to local conditions. It would be a significant step ahead if susceptible cvs. 
could be excluded. From Szeged, we have now 5-6 commercial cultivars with above average 
resistance levels allowing successful production. As resistance is not complete and heavy epidemics 
may come as in 2010 in Hungary or in 2012 in China, fungicide treatment is inevitable. Nozzles 
spraying the heads from both sides are useful increasing coverage and protection level. The best 
protection level was presented by the combination of tebuconazole and prothioconazole. In Hungary, 
about 50% of wheat is planted after maize and, therefore, it is very important to sow the more resistant 
cvs. after maize. DON levels could then be kept lower than the EU maximum level (1,250 μg/kg) even 
at very severe epidemics. A careful integrated pest management (IPM) is necessary to combine 
higher resistance, good fungicides, better nozzles and careful sowing order, not only for the varieties 
but also for every field. Field specific IPM will help a lot secure food safety under very different 
conditions. 
 
Acknowledgements: The authors thank to FP7 Mycored Project for financial support of the 
experimental work. 
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In West Africa, aflatoxin contamination of maize and groundnut is frequent. Aflatoxins are poisons 
produced by some strains of Aspergillus flavus and related species infecting both staple and export 
crops. The health effects of aflatoxins range from increased risk of immune suppression, growth 
retardation in children resulting in stunting and cancer to death from acute poisoning. Aflatoxins have 
also a severe impact on livestock fed with contaminated feed resulting in animal death, slower growth, 
reduced feed conversion and lower yields. Agricultural products containing aflatoxins above 
permissible levels fetch lower price or are rejected from trade. The International Institute of Tropical 
Agriculture and partners have developed a biocontrol method effective in greatly reducing aflatoxin 
contamination in maize and groundnut in a cost effective manner and over a broad geographic area. 
The novel biocontrol technology uses native beneficial strains of A. flavus that do not produce 
aflatoxins to competitively exclude both aflatoxin-producing A. flavus and other aflatoxin producers 
from the crop environment. Four highly competitive strains of Nigerian origin have been identified and 
formulated into a product called aflasafe (www.aflasafe.com) using sterilized sorghum grains as 
carrier. In partnership with Nigeria’s Commercial Agriculture Development Project, more than 500 
farmers and extension agents have been trained in the use and application of this product in Kaduna, 
Kano and Enugu States in 2009 and 2010. Awareness was created among more than 4,000 
stakeholders in the maize and groundnut value chain. Farmers have treated more than 1,000 ha of 
maize and groundnut crops with aflasafe and the results have been encouraging. Grains from treated 
and control fields were analyzed for aflatoxins both at harvest and after storage. In both years, 
aflasafe application reduced contamination in both crops by 79 to 97% at harvest and by 90 to 99% 
after poor storage. In untreated control plots, 4.8% of isolates belonged to the same vegetative 
compatibility groups as the aflasafe strains, implying that the aflasafe strains are native to Nigeria but 
occur at a low frequency. The results have demonstrated that aflasafe is effective in controlling 
aflatoxin in maize and groundnut. Aflasafe can offer farmers an opportunity to produce these crops 
with highly reduced aflatoxin levels, so that they become safe to eat and trade. Current efforts include 
obtaining full registration for aflasafe from the National Agency for Food and Drug Administration and 
Control, setting up a demonstration-scale manufacturing plant of aflasafe in Nigeria and developing a 
business plan to intensify the use of aflasafe by smallholder farmers. Lessons learned from Nigeria, 
where the biocontrol programme is the most advanced, are being extended to other countries in 
Africa.  
 
Acknowledgements: This work was financially supported in part by EC KBBE-2007-222690-2 
MYCORED.  
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Pathogens and toxigenic fungi can damage a wide range of food commodities both at pre-harvest and 
at post-harvest stage. Ochratoxin A (OTA) is a mycotoxin produced by species that belong mainly to 
the Aspergillus and Penicillium genera and occurs on different commodities such as cereals, coffee, 
cocoa beans, dried fruits, grapes and wine. Aspergillus carbonarius is the main species responsible 
for OTA contamination in grapes. The development of resistance to fungicides by major plant 
pathogens and toxigenic fungi and the public concern over chemical residues in food and in the 
environment have increased the interest in alternative methods for disease control. Biological control 
has been proposed as a strategy to reduce the impact of ochratoxigenic species. Yeasts are 
considered one of the most potent biocontrol agents due to their biology and non toxic properties. The 
mechanism most probably involved in biocontrol of filamentous fungi by yeasts is competition for 
essential factors, such as nutrients and space. 
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Candida guillermondii and Acremonium cephalosporium were efficient in reducing decay caused by 
Botrytis, Rhizopus and Aspergillus in grapes. In addition, Issatchenkia orientalis has a strong 
antagonistic action against ochratoxigenic species. Moreover, an isolate of Metschnikowia pulcherrima 
and an isolate of Candida incommunis that also significantly reduced A. niger and A. carbonarius 
growth both in vitro and in situ were identified. Aureobasidium pullulans was effective in reducing sour 
rot infection, A. carbonarius presence on berries at harvest and OTA contamination in must. We have 
demonstrated that two epiphytic strains of Kluyveromyces thermotolerans (Lachancea thermotolerans) 
were able to control growth and OTA accumulation by ochratoxigenic fungi both in vitro and in situ.  
The effect of K. thermotolerans strains on the expression of the ochratoxin pks gene and ochratoxin A 
production by A. carbonarius was also evaluated. K. thermotolerans strains have a strong influence on 
pks gene expression. The results showed that production of OTA can be regarded as an adaptation 
imposed by abiotic and other stress conditions to A. carbonarius.  
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Maize is an essential crop for food, feed and fuel throughout the world. By 2050, the demand for 
maize in the developing world will double and by 2025 maize will have the greatest global production 
among all crops. A range of approaches are being used to improve maize productivity and cropping 
system for increasing quality and yield under various environmental and socio-economic scenarios. 
However, kernel contamination by mycotoxin producing fungi remains an unresolved problem. Acute 
and chronic toxicity of mycotoxins pose grave risks to human health and curtail animal productivity. 
Therefore, regulatory agencies have set legal limits above which trade in agricultural products cannot 
take place. Good agricultural and management practices and hybrids with higher resistance are 
recommended during pre- and post-harvest stages of production and processing of maize, including 
analytical checks, such that the legal limits are not exceeded. However, these additional interventions 
involve additional costs, thereby reducing the profitability of the maize value chain. A sustainable 
approach would be based on the prediction of mycotoxin risk to optimise maize chain management 
and analytical efforts. A modelling perspective was followed as support for value chain improvement. 
 
Fusarium fujikuroi species complex and Aspergillus section Flavi frequently infect maize and produce 
highly potent toxins fumonisins and aflatoxins, respectively. Two mechanistic models were developed 
to predict the infection cycle of A. flavus and F. verticillioides on maize. Host crop phenology from silk 
emergence to grain ripening was included in modelling. The mandatory input to run models were 
meteorological data (temperature, relative humidity and rain) and the output consisted of risk indexes 
for aflatoxins and fumonisins that were related to a probability to overcome a fixed threshold. The 
index was calculated on a daily base and allowed tracking of the relative risk dynamics during the 
growing season from silk emergence to harvest. The threshold was fixed at 5 µg/kg for aflatoxin B1 
and at 4,000 µg/kg for fumonisin B1 + B2, the maximum levels in the European Union for unprocessed 
maize destined for human consumption. The models were validated with data collected in six 
countries around the world. Field samples and related meteorological data were collected; observed 
data were compared to predicted data to evaluate the reliability of predictions. The results were 
promising, with a percentage of correct predictions commonly higher than 70%. Therefore, these 
models could be used in supporting decisions to add safety and value to the maize chain. 
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Ochratoxin A is an important mycotoxin produced by several Aspergillus and Penicillium species. 
Among the aspergilli, A. carbonarius, which is an important contaminant of grapes, coffee and cocoa, 
is a strong ochratoxin A producing species. On the other hand, Penicillium nordicum and P. 
verrucosum are the two Penicillium species able to produce ochratoxin A. The latter is also able to 
produce citrinin. P. nordicum occurs in NaCl-rich foods, whereas P. verrucosum mainly can be found 
on cereals, but occasionally also on NaCl-rich food commodities. P. nordicum is very well adapted to 
NaCl-rich environments. In fact, the growth rate is nearly unaffected within a certain NaCl 
concentration range. Moreover also the production of ochratoxin A is very high over a wide 
concentration range. This is not the case for P. verrucosum. This species changes its metabolite 
profile according the environmental conditions. It produces citrinin under certain growth conditions but 
this production is shifted towards ochratoxin A under high NaCl concentrations. This is interesting 
because citrinin has a polyketide structure very similar to ochratoxin A, except that it does not contain 
chlorine. It has been suggested that the production of ochratoxin A is an adaptive feature in high NaCl 
environments. Unexpectedly for this reason, A. carbonarius, which also produce ochratoxin A, is not 
adapted to NaCl-rich environments. In fact, very moderate concentrations of NaCl can have a 
profound negative influence on growth rate and thereby of course on ochratoxin biosynthesis. 
 
External signals like variations in osmotic conditions by changes in the NaCl concentrations of the 
substrate are mediated via signal transduction pathways from the environment to the transcriptional 
level, e. g. the ochratoxin A biosynthesis genes. The most important signal transduction pathway 
involved in osmoregulation is the conserved HOG signal pathway. For P. nordicum, it could be 
demonstrated that the phosphorylation of HOG, which is the last MAP kinase of the pathway, is 
correlated with the biosynthesis of ochratoxin A. In P. nordicum, a consistent phosphorylation could be 
observed over the whole NaCl concentration range (0-100 g/l). In P. verrucosum, a high 
phosphorylation is merely found at higher concentrations of NaCl which is in agreement with 
ochratoxin A production. In contrast to the conditions in Penicillium which suggests a regulation of the 
ochratoxin A biosynthesis by HOG in response to NaCl, the HOG protein is phosphorylated at high 
NaCl conditions in A. carbonarius too, but these conditions obviously do not support ochratoxin A 
biosynthesis in this species. This suggests a different adaptive role of ochratoxin A biosynthesis 
between the two genera. 
 
 

Fate of aflatoxins during the processing of pistachio and apricot kernel 
 
Hayrettin Özer, F. Seyhan and H. Imge Oktay 
 
Food Institute, TÜBİTAK Marmara Research Centre, Turkey; hayrettin.ozer@mam.gov.tr 
 
Aflatoxin contamination of nuts is a serious problem for many producing countries. Throughout the nut 
production chain, processing is a key factor for prevention of mould growth and aflatoxin 
contamination Application of good agricultural practices in orchards to reduce mould infection during 
growing and the hazard analysis critical control point approach to prevent contamination during 
harvest and post-harvest stages result in minimization of aflatoxin contamination. 
 
This study aimed to determine the effect of further processing (dehulling, drying, blanching and 
sorting) on reduction of aflatoxin contamination in pistachio and apricot kernel. Aflatoxin contaminated 
pistachio and apricot kernel lots were processed using industrial processing facilities that are generally 
applied prior to marketing to evaluate aflatoxin reduction. Samples were taken and analyzed by HPLC 
with fluorescence detection before and after each processing stage to demonstrate the effect of each 
process on aflatoxin contamination. Further processing such as sorting and blanching consistently 
reduced aflatoxin contamination in pistachio and apricot kernel; after each step aflatoxins were 
concentrated in the rejected kernels (pick-outs/damaged kernels). 
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Advanced analytical tools for multi-analyte determination of mycotoxins and 
related biomarkers  
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Humans can be exposed to multiple mycotoxins at the same time, resulting in acute or chronic and 
potentially synergistic effects. Hence, there is a clear demand for proper exposure assessment 
towards a multitude of mycotoxins. This can be achieved by either accurate quantification of 
mycotoxins in foodstuffs or by determination of suitable exposure biomarkers in a biological fluid. This 
presentation focuses on the development and application of modern mass spectrometric dilute and 
shoot approaches to facilitate measurements following both principles. 

 
For the determination of multiple mycotoxins in foodstuffs, an already existing LC-MS/MS method was 
extended and validated for several food matrices within the MycoRed project to cover about 320 toxins 
and metabolites of fungal and bacterial origin (Malachova et al., in preparation). Foodstuffs from 
different project partners were analyzed and revealed the frequent co-occurrence of mycotoxins that 
would have escaped analytical standard methods. Some results are presented with emphasis on food 
obtained from sub-Saharan countries. To quantify mycotoxin biomarkers accurately, a rapid and direct 
LC-MS/MS method was recently developed (Warth et al., 2012. Rapid Communications in Mass 
Spectrometry 26: 1533-1540). This method does not require any sample clean-up and enables the 
measurement of fifteen mycotoxins and key metabolites in human urine including deoxynivalenol 
(DON), DON-3-glucuronide, DON-15-glucuronide, de-epoxydeoxynivalenol, nivalenol, T-2 and HT-2 
toxin, zearalenone, zearalenone-14-glucuronide, alpha- and beta-zearalenol, fumonisins B1 and B2, 
ochratoxin A and aflatoxin M1. After validation, the method was successfully applied in pilot studies 
analyzing urine samples obtained from Cameroonian and Austrian volunteers. In 63% of Cameroonian 
samples (n=175) at least one analyte was detected and co-exposure to different mycotoxins was 
frequently observed. In total, eleven analytes were determined in varying incidence and quantity. In 
Austrian samples (n=27) DON metabolites were ubiquitous. The urinary concentrations of DON and its 
glucuronide conjugates were used to estimate the daily intake of this toxin. Besides its use for 
exposure assessment, the biomarker method was additionally applied to study human DON 
metabolism in vivo. DON and two closely eluting DON-glucuronides were determined and 
chromatographically separated in a naturally contaminated urine sample. In contrast to previous 
findings, we have tentatively identified DON-15-glucuronide as a major DON metabolite in human 
urine (Warth et al., 2012. Toxicology Letters 211: 85-90).  
 
These new findings clearly demonstrate the great potential of the developed multi-analyte methods to 
critically assess exposure of humans to multiple naturally occurring mycotoxins. The deployment of the 
latest generation of tandem mass spectrometers provides sufficient specificity and sensitivity even 
without the employment of cost and time intensive sample clean-up, sample preparation or analyte 
enrichment, while matrix effects can still be controlled. 
 
 

Use of a multi-biomarker approach in a human study in rural South Africa 
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Rural subsistence farming communities are frequently exposed to a range of mycotoxins present in 
their diets. The advent of multimycotoxin LC-MS/MS methods has led to the development of these 
methods for analysis of mycotoxins or their metabolites at low levels in urine, enabling multiple 
biomarkers of exposure to be investigated. 
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A human study was conducted in the Centane area of the former Transkei, South Africa, in which 53 
female participants donated their first void morning urine after consuming an evening meal of home-
grown maize. Analytical methods included those with sample clean-up (single and multi-biomarker 
methods) and a multi-biomarker method based on a ‘dilute-and-shoot’ approach. All results were 
corrected for analytical recovery and means calculated assuming a value of the LOD for not detected. 
Using a single mycotoxin LC-MS/MS method, fumonisin B1 (FB1) was detected in 87% of samples 

with a mean ( standard deviation) 0.1850.236 ng/ml (range 0.01 (LOD) -1.295 ng/ml). These data 
were slightly lower than FB1 urinary measurements previously made in the Centane community, in 

which a mean of 0.3840.538 ng/ml was found in the baseline phase of an intervention study. 
Deoxynivalenol (DON) was also quantified by single mycotoxin LC-MS/MS in all samples after 
hydrolysis with beta-glucuronidase enzyme. This is the first measurement of urinary DON in this 

population, which gave a mean of 9.915.1 ng/ml (range 0.3-99.2 ng/ml). The multi-biomarker ‘dilute-
and-shoot’ method, in which the urine samples were not hydrolysed, indicated that the predominant 
form present was deoxynivalenol-15-glucuronide. Nivalenol was detected in a limited number of 
samples (17%) and zearalenone-14-glucuronide was found in one sample. The use of a multi-
biomarker method based on beta-glucuronidase hydrolysis and immunoaffinity clean-up showed that 

all samples contained zearalenone (mean 0.2040.456 ng/ml; range 0.012-3.146 ng/ml), 96% 

contained FB1 (mean 0.841.06 ng/ml; range 0.04 (LOD) -4.94 ng/ml), 92% contained alpha-

zearalenol (mean 0.2470.590 ng/ml; range 0.009 (LOD) - 3.719 ng/ml), 87% contained DON (mean 

4.937.59 ng/ml; range 0.45 (LOD) - 53.4 ng/ml) and 75% beta-zearalenol (mean 0.2440.820 ng/ml; 

range 0.016 (LOD) - 5.935 ng/ml). Low levels of ochratoxin A (mean 0.0240.058 ng/ml, range 0.002 
(LOD) - 0.432 ng/ml) were determined in 98% of samples. The absence of aflatoxin M1 confirmed the 
absence of aflatoxin contamination in home-grown maize in these areas. These results indicate the 
applicability and value of multi-biomarker methods in measuring multiple mycotoxin exposures in 
populations simultaneously exposed to a ‘cocktail’ of mycotoxins. 
 
Acknowledgements: The research leading to these results has received funding from the European 
Community’s Seventh Framework Programme (FP7/2007-2013) under Grant Agreement no 22690. 
 
 

Validation of biomarkers of exposure to multimycotoxin in piglets: an approach 
to assess in vivo the efficacy of detoxification strategies.  
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Mycotoxin contamination can occur at any stage in the feed chain. With global warming, the threat 
from fungal invasion of crops is likely to increase. Farm animals are exposed to high level of 
mycotoxins for several reasons such as the high proportion of cereals in their diets, the common use 
of by-products from industrial processes (bran, DDGS) that tend to concentrate toxins, and the 
inclusion of commodities of low quality unsuitable for human consumption. The increasing risk of 
mycotoxin contamination in animal feeds is posting new challenges to the livestock industries. The 
reduction of mycotoxin is a complex task that requires an integrated understanding of crop biology, 
agronomy, fungal ecology, harvesting methods, storage conditions, food or feed processing and 
detoxification strategies. Thus, there is a great need to develop effective techniques for assessing the 
effects of mycotoxins on animal performance and for minimizing the adverse impact of mycotoxins on 
livestock production. 
 
Exposure to mycotoxins can be estimated from mycotoxin biomarker concentrations in urine. Suitable 
urinary mycotoxin biomarker(s) can be the parent toxin and/or the phase I metabolite(s). Fumonisin B1 
(FB1), ochratoxin A (OTA), deoxynivalenol (DON) + de-epoxydeoxynivalenol (DOM-1), zearalenone 
(ZEA) + alpha-zearalenol (alpha-ZOL) + beta-zearalenol (beta-ZOL) and aflatoxin M1 (AFM1) are 
considered suitable urinary biomarkers of FB1, OTA, DON, ZEA and AFB1, respectively. A 
multimycotoxin biomarker LC-MS/MS method based on a double clean-up/concentration approach 
was developed for the simultaneous determination of these mycotoxin biomarkers in urines. The 
mycotoxin biomarkers were validated in vivo with piglets that received feed boluses contaminated with 
a mixture of FB1, OTA, DON, ZEA and AFB1 at four different levels. The mycotoxin dietary levels used 
for these experiments were below the levels reported in directives 2002/32/EC and 2003/100/EC for 
AFB1 and Commission Recommendation 2006/576/EC for DON, ZEA, OTA and FB1. Multi-biomarker 
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determinations were performed in control urines and urines collected for 24 h post-administration of 
contaminated boluses to evaluate the percentage of ingested mycotoxin that was excreted in urine 
and dose-response correlations. The good sensitivity of the analytical method permitted to measure 
FB1, OTA, DON, DOM-1, ZEA, alpha-ZOL and AFM1 in urines from all exposed piglets. Mean 
percentages of dietary mycotoxins excreted in urine as biomarkers were 27.4, 2.6, 2.6, 38.8 and 2.1% 
for DON, AFB1, FB1, ZEA and OTA, respectively. Good correlations were observed between the 
amount of mycotoxins ingested and amount of relevant biomarkers excreted in urine. Dose-response 
correlation coefficients were very good for DOM-1, AFM1, FB1, ZEA and alpha-ZOL (r>=93) and 
acceptable for DON (r=0.87) and OTA (r=0.79). The good sensitivity of the LC-MS/MS method and the 
good dose-response correlations make the urinary biomarker approach suitable to assess in vivo the 
efficacy of detoxification strategies in reducing the bioavailability of mycotoxin mixtures. 
 
 

Tangible impact of MycoRed on International Cooperation Partner Countries 
(ICPC) 
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MycoRed is an innovative research project addressing various aspects to reduce the contamination 
impact of mycotoxins from different perspectives and integrating efforts from relevant research centers 
and players interested in the mycotoxin field. The project is contributing to create a massive action in 
mycotoxin research by supporting a structured scientific system and approaching the mycotoxins 
domain at a global level, together with training and information initiatives able to strengthen awareness 
of mycotoxins in the world. A consortium of 25 research centers, universities, associations, and SMEs 
are cooperating at a global level to reinforce strategies to reduce mycotoxins in the main feed and 
food chains. The project is obtaining outcomes and results useful for scientific and industrial users, 
giving also a chance to major ICPC countries mainly affected by mycotoxins contamination risks to be 
involved in a big community and to apply new methodologies in pre- and post-harvest phases. 
 
The tangible impact of the project on ICPC Countries will be discussed, focusing on the following 
aspects: 

 Matching of EU advanced research supply and ICPC countries technology and research 
needs: direct contacts, visits and meetings in ICPC countries represented a good sole 
opportunity to know and learn concrete problems from different regions and try to find together 
a way to solve them, paying attention to particular aspects useful also to develop research at 
international level samples coming from ICPC countries analyzed in EU labs. 

 New methodologies and protocols developed and available to be applied in ICPC countries to 
the main food chains at high risk of contamination (maize, wheat, dried fruits), i.e. Aflasafe

TM
 

in Nigeria, biocontrol in Argentina.  

 Cultural and scientific exchange: real possibility for ICPC experts and scientists to have 
confrontation and/or develop new knowledge, also by sharing experiences with advanced 
international researchers in a framework of lifelong learning. 

 Opportunity to organize local meetings in developing countries (Argentina, South Africa, 
Egypt, Malaysia, China) as places for direct confrontation and activation for new initiatives, 
new projects, new networks. 

 Enforcing human relationships and building a growing network: ICPC countries researchers 
and experts are skilled and very proactive, especially if stimulated and orientated in an 
existing community (e.g. Africa, Mediterranean countries, Latin America). 

 Enlarging awareness on mycotoxin prevention and strategies: strong dissemination and 
training actions allowed participants by ICPC countries to receiving tools and methodologies 
useful to address the mycotoxin menace in their areas. 

Finally the main initiatives and actions addressed to ICPC regions or realized in cooperation with them 
will be presented. 
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Zearalenone risk in wheat associated with pre-harvest rainfall 
 
Simon G. Edwards, L.L. Kharbikar and E.T. Dickin 
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Zearalenone is an oestrogenic mycotoxin produced by several Fusarium species which can infect 
cereals, in particular wheat and maize. The predominant species responsible for zearalenone 
production is F. graminearum, which also produces the trichothecene mycotoxin, deoxynivalenol. The 
infection and subsequent mycotoxin production by Fusarium species was thought to be largely 
dependent on rainfall at flowering. Recent evidence suggests that high concentrations of zearalenone 
appear to be produced during delayed wet harvests. There has been a recent and ongoing increase in 
F. graminearum incidence resulting in increased occurrence of deoxynivalenol and zearalenone 
across northern Europe, where delayed wet harvests are more common. After the delayed wet harvest 
in the UK in 2008, 29% of wheat at harvest exceeded the European limit for unprocessed wheat for 
human consumption of 100 μg/kg zearalenone. Regression analysis of UK national averages (2001-
2010) for wheat samples above the zearalenone legal limit (%>100 μg/kg) against % F. graminearum 
infection after flowering (Zadoks growth stage 75) and pre-harvest rainfall data identified that 33% of 
the variance was accounted for F. graminearum infection at GS75 and an additional 48% of the 
variance was accounted for by pre-harvest rainfall (p=0.007). 
   
Zearalenone contamination of grain is largely restricted to the outer layers of wheat grain and 
therefore is partitioned into the bran fraction during milling. This results in higher concentrations of 
zearalenone in high fibre cereal products. High zearalenone in UK wheat in 2008 resulted in difficulties 
in sourcing bran which would allow production of high fibre breakfast cereals within zearalenone limits 
and the European Commission provided a temporary derogation for high fibre breakfast cereals of 100 
μg/kg zearalenone until 31 October 2009. Based on current occurrence data, European legislative 
limits for zearalenone in cereals and cereal products could impact on the availability of high fibre 
cereal products one year in five. Field and glasshouse studies have been conducted to quantify the 
impact of pre-harvest rainfall on deoxynivalenol and zearalenone contamination of wheat and the 
distribution of these mycotoxins within the mill fractions. 
 
 

Influence of climatic and agronomic factors on trichothecene contamination of 
cereals 
 
Aksel Bernhoft
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Trichothecenes are predominant mycotoxins of animal and human health concern in cereal grains in 
temperate areas worldwide. Deoxynivalenol (DON) is at risk first of all due to its large distribution at 
high concentrations. T-2 and HT-2 toxin are less prevalent and usually occur at lower concentrations 
than DON but imply a risk due to their higher toxic potencies. These trichothecenes are produced by 
Fusarium species in the field where F. graminearum and F. culmorum are the main DON producers 
and F. langsethiae and F. sporotrichioides are the main producers of T-2 and HT-2. Wheat is usually 
the cereal most contaminated with DON. Barley, rye and oats are considered less susceptible for DON 
contamination, although there is considerable variation between geographical regions. Oats is usually 
the most T-2 and HT-2 contaminated cereal. The occurrence pattern and importance of different 
trichothecene producing Fusarium species varies over the world. Fusarium species and strains may 
also change over the years due to import of cereal seed or altered weather conditions. Epidemics 
caused by virulent F. graminearum strains have developed both in North-America and Europe 
including Scandinavia during the last 20 years resulting in elevated DON concentrations in cereals. 
Several countries have also experienced high concentrations of T-2 and HT-2 after increased attention 
to these toxins and their recently described main producer in Northern Europe, F. langsethiae. F. 
graminearum is generally favoured by warm weather and has an optimal temperature for growth and 
production of DON at around 25°C. However, high water activity (humid weather) is even more critical 
for DON production. Less knowledge is available on climatic factors for growth and mycotoxin 
production by F. langsethiae, but laboratory results have indicated variable but in general similarly 
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optimal temperature and water activity conditions as for F. graminearium. In Norway, which is an 
outskirt area for cereal production, research results have indicated that elevated July temperature 
correlated with increased cereal infestations by F. graminearum and F. langsethiae, whereas 
humid/cold weather before harvest in autumn increased their production of trichothecenes.   
 
Important agronomic factors to reduce Fusarium and hence the trichothecene problem are selection of 
the most resistant cereal cultivars and crop rotation with non-cereals. An example in favour of crop 
rotation is that growing maize before cereal grains may involve even increased Fusarium infestation. 
Removing of plant debris in the top layer of the soil is also a factor of importance to reduce the 
available Fusarium reservoir before the next crop season. Fungicide application may influence 
Fusarium and trichothecene concentrations, however, only triazole fungicides have some effect, this 
means a certain effect on DON producers (50% reduction of DON) but no effect on T-2 and HT-2 
producers in the field. There are, however, several studies indicating that the use of fungicides and 
also some herbicides may change the natural microbiological balance in the field with a risk for 
increased levels of trichothecene mycotoxins in the cereals. 
 
 

DSP toxins in North West Europe and influences of climate change effects  
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Climate change has become one of the most critical issues for the future of our planet. Europe has 
warmed by almost 1°C over the past century, faster than the global average. Europe’s natural 
environment, including the North Sea, will be highly affected by climate change effects. The foreseen 
climate change effects will obviously have implications for food production, food security and food 
safety. Increased contamination of sea food with marine biotoxins is a food safety concern. As part of 
the research project EMTOX, this study aimed to assess the impact of climate change effects on 
frequency of harmful algal blooms and related marine biotoxins. In particular, we focused on 
abundance of Dinophysis spp. and related toxins in the North Sea coastal zone. The study combined 
climate change projection data with hydrodynamic models and ecological models, and used statistical 
analyses of data from national monitoring programs. Two numerical hydrodynamic and ecological 
models, Delft3D and NORWECOM, were used to compute the impact of climate change effects on 
temperature and salinity structures and primary productivity of the North Sea. Climate data from the 
KNMI RCM (RACMO2) forced with boundary conditions from the MPI GCM were used, as available 
from ENSEMBLES. Both models (Delft3D and NORWECOM) were forced with atmospheric fields 
computed by the KNMI RCM model for the period 2031-2050 of the A1B SRES emission scenario. 
Three simulations were performed: one hindcast simulation with observed data and two simulations 
with climate change data, including one run for the considered future period (2031-2050) and one 
control run (period 1985-2004) from which the baseline signal was calculated. In addition, statistical 
data analyses using historical data from national monitoring programmes from the study area were 
performed to obtain information on the relationships between Dinophysis spp. cell counts and 
contamination of shellfish (mussels) with diarrheic shellfish toxins. National data sets were available 
from Norway, Denmark and the Netherlands, and analysed per country. 
 
Results showed that blooms of dinoflagellates were estimated to occur more often with climate 
change. If the group of Dinophysis spp. will behave similarly to other flagellates in the future, then 
frequency of harmful algal blooms of Dinophysis spp. may also increase. However, consequences for 
contamination of shellfish with diarrheic shellfish toxins are uncertain. Results from analysing data 
from national monitoring programmes varied. Norwegian data showed a clear correlation between D. 
acuta cell counts and DSP toxin levels in mussels with a time lag between cell density and toxins of 1-
3 weeks. No correlation between the other two Dinophysis species evaluated and DSP toxins in 
mussels were found. In both Denmark and the Netherlands, a significant but low positive correlation 
between cell counts of Dinophysis spp. (mainly D. acuminata) and toxin levels was found. Based on 
the study results, it is recommended to closely monitor levels of marine biotoxins in the future, in 
particular related to risky situations associated with favourable climatic conditions for toxin producing 
organisms. It is also critical to pay attention to the continuity of collecting the right data, and the
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availability and accessibility of databases. On a European level, it is important to stress the need for 
harmonisation of terminology and data collection.  
 
 

Climate change and plant toxins 
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As the climate changes, it is proposed that there will be changes in carbon dioxide, temperature, and 
precipitation over the landscape. These climatic changes may influence the amount of an available 
plant, the concentration of a secondary compound and the relative palatability of the plant. Relative 
plant toxicity is influenced by the amount of plant material consumed by the livestock species and the 
concentration of toxin in the plant material. Additionally, relative palatability of the poisonous plant 
relative to other available forage influences the amount of material consumed by the grazing livestock. 
Examples from the literature and our research will be discussed regarding how changes in different 
climatic factors may influence relative plant toxicity of select poisonous plants. 
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Occurrence of mycotoxins in indoor environments in relation to moisture 
damage and dampness 
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Moisture and mould problems are associated with adverse respiratory health effects (IOM, 2004. 
Damp indoor spaces and health. The National Academics Press, USA; WHO, 2009. WHO guidelines 
for indoor air quality: dampness and mould. WHO Regional Office for Europe, Denmark), but little is 
known about the potential causative agents, including biological and chemical compounds in the 
indoor environment. Microbial secondary metabolites are part of a complex exposure situation in damp 
buildings and have been suggested to contribute to the adverse health outcomes observed in exposed 
occupants. While numerous reports show the occurrence of toxigenic fungi in indoor environments, 
only a limited number of studies have attempted to identify and quantify mycotoxins from actual indoor 
sample materials; even fewer studies have taken into consideration the multitude of microbial 
secondary metabolites potentially occurring. One of the objectives of our current research efforts is 
therefore to assess the occurrence and levels of a large number of fungal and bacterial secondary 
metabolites in indoor samples and to identify those compounds that may be relevant in connection 
with moisture damage and dampness and also in relation to human health. In order to do so we 
applied a multi-analyte HPLC-MSMS method described by Vishwanath et al. (2009. Analytical and 
Bioanalytical Chemistry 395: 1355-1372) on indoor samples, initially capable of detecting close to 190 
different secondary metabolites.  
 
In the longitudinal HITEA school study conducted in three European countries we found >50% of 
settled dust samples positive for at least one of the targeted analytes, with frequency of detection 
typically low (<10%) for the majority of the individual analytes. In total, 30 different mycotoxins and 
bacterial toxins were detected in the study schools (Peitzsch et al., 2012. Journal of Environmental 
Monitoring 14: 2044-2053). A major finding of this study was that settled dust samples collected in 
school buildings with inspection confirmed moisture damage and dampness contained higher numbers 
of microbial toxins at elevated levels compared to school buildings without damages. In addition, we 
observed a geographical dependency of indoor microbial metabolite patterns, as well as differences in 
subsequent samplings over one school year, indicating seasonality and outdoor sources to be 
considered when assessing indoor presence of mycotoxins (Sulyok et al., in preparation).    
 
The Finnish HoTeS study aimes to determine the effect of renovation on exposures in mould-
damaged buildings and health of the occupants, with a particular focus on microbial secondary 
metabolites. A large variety of 48 fungal and bacterial metabolites were detected in building material 
and different dust sample types of 27 homes before renovation. Maximum concentrations ranged from 
low ng to high µg per g sample. Among the most prevalent compounds were the fungal metabolites 
emodin and physcion (known to be produced by Eurotium spp., but also present in plants), enniatins 
(B, B1, A, A1) and beauvericin (produced by Fusarium spp.), sterigmatocystin (mainly Aspergillus 
versicolor), as well as the bacterial compound chloramphenicol (Streptomyces spp.). Preliminary 
findings indicate a reduction of the mycotoxin load in floor dust as well as airborne settled dust upon 
renovation of moisture and dampness problems in the study buildings.   
 

 
Occupational exposure to aflatoxin B1 and ochratoxin A: the case of poultry 
and swine production  
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Although a great body of literature exists concerning the ingestion of food contaminated with aflatoxin 
B1 (AFB1) and ochratoxin A (OTA), there are still few studies regarding mycotoxin exposure in 
occupational settings. Since mycotoxins are relatively non-volatile, inhalation exposure is caused by 
inhalation of airborne fungal particles or mould-contaminated substrates. Our study was aimed to 
investigate if there is any occupational exposure to AFB1 and OTA in Portuguese poultry and swine 
production. Firstly, fungal contamination was studied by conventional methods in both occupational 
settings. The results justified the extension of the study to mycotoxin research: in seven poultry farms, 
the genus Aspergillus showed a prevalence of 22.2% and 10 different species were identified from the 
59 collection points. Aspergillus flavus presented the highest level of airborne spores (>2000 cfu/m

3
) 

corroborating the possible occupational exposure risk to AFB1. In addition, Penicillium genera were 
the third most frequently found in the air of the poultry farms (10.1%) and the most frequently detected 
in new and used litter, which could represent a potential exposure risk to OTA. Regarding the seven 
swine farms, the prevalence of Aspergillus spp. in these settings was lower (14.4%) than at the poultry 
farms. Twelve different Aspergillus species were identified among the 62 collection points from where 
isolates were obtained. Despite the fact that the three most common species were the same as at the 
poultry farms, A. versicolor presented the highest airborne spore count (>2000 cfu/m

3
) and the highest 

overall prevalence (41.9%), followed by A. flavus and A. fumigatus (8.1%). Penicillium genera were 
the second most frequently found in air (14.1%) being also present on the surfaces and the floor 
coverage of the swine farms. 
 
To assess occupational exposure to AFB1 and OTA, detection of two specific biomarkers in blood of 
workers was performed. A total of 45 workers (11 swine; 34 poultry) agreed and provided blood 
samples during the course of this investigation. In addition, a control group (n=30) was included, 
consisting of subjects who conducted administrative tasks in an educational institution without any 
type of agricultural activity.  All subjects were provided with the study protocol and signed a consent 
form. For quantification of AFB1, the Ridascreen Aflatoxin B1 30/15 ELISA kit (R-Biopharm) was used. 
The assay was calibrated with aflatoxin standards ranging from 1 to 50 ng/ml. Values below 1 ng/ml 
were not detectable, as these were below the detection limit. Absorbance was measured at 450 nm 
and results were assessed with Ridasolf Win software version 1.73 (R-Biopharm). Eighteen poultry 
workers (58.6%) showed detectable levels of AFB1 (values ranging between <1 ng/ml and 4.23 ng/ml, 
with a mean value of 2 ng/ml). In the case of swine production, six workers (54.5%) had detectable 
levels of AFB1 (values ranging between <1 ng/ml and 8.94 ng/ml, with a mean value of 1.61 ng/ml). In 
the control group, AFB1 values were all below 1 ng/ml. Significant differences were not found between 
workers from poultry and swine farms (Kruskall-Wallis test; p=0.557). Poultry workers, however, 
showed the highest values and a significant statistical difference was found compared to the control 
group (p=0.002). 
 
The results obtained suggest that exposure to AFB1 occurred by inhalation in these occupational 
settings, representing an additional risk that need to be recognized, assessed and prevented. Data on 
OTA in blood are not available yet but results from the fungal contamination at both occupational 
settings suggest that occupational exposure to this mycotoxin could also be possible. Other types of 
samples, i.e. litter from poultry farms and the air from both poultry and swine farms, are collected and 
will be analyzed for the presence of AFB1 and OTA. The purpose is to identify sources of fungal/ 
mycotoxin contamination and to propose preventive measures for avoiding mycotoxin exposure of 
workers and animals. 

 

Olfactory neurotoxic effects of macrocyclic trichothecenes from Stachybotrys 

 
James Pestka 
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Loss of the sense of smell is a debilitating event that affects millions of Americans, compromising their  
health, personal safety and quality of life. Although rhinitis and rhinosinusitis, major risk factors for
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olfactory dysfunction, are primary health effects associated with occupation of water-damaged, mouldy 
buildings, the potential role of damp indoor air to olfactory dysfunction is not well-studied. 
Trichothecene mycotoxins, a highly potent group of low molecular weight sesquiterpenoids frequently 
detected in water-damaged buildings, can readily gain entry into the nose and upper respiratory tract 
following inhalation of fungal conidiospores, mycelial fragments and decomposed building materials. 
We have discovered that the satratoxin G (SG), a macrocyclic trichothecene produced by the black 
mould Stachybotrys, is retained in the nasal turbinates for many hours following acute intranasal 
instillation and furthermore, the toxin induces olfactory sensory neuron (OSN) apoptosis in the 
olfactory epithelium and olfactory bulb as well as in neutrophilic rhinitis in the neuroepithelium 
extending into the brain. These latter effects also occur following intranasal exposure to other 
macrocyclic trichothecenes. It has been further observed that acute SG exposure causes olfactory 
dysfunction in mice. Importantly, SG can similarly cause acute olfactory-specific lesions in the rhesus 
monkey, suggesting that our findings are highly relevant to humans. These findings raise critical public 
health-related questions regarding both the mechanisms of trichothecene-induced olfactory 
dysfunction and the persistence of OSN loss and olfactory deficit induced by prolonged low dose 
trichothecene exposure.   
 
 
 



WMFmeetsIUPAC2012  73 
5-9 November 2012, the Netherlands   

WEDNESDAY 7 NOVEMBER 2012 – Parallel session 9 
 

The development of an ultra performance liquid chromatography tandem mass 
spectrometric method for hydrophilic marine biotoxins 
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The class of hydrophilic marine biotoxins can be defined as toxins soluble in water with in general a 
molecular weight below 500 Da. The toxins associated with this class can cause the syndromes 
amnesic shellfish poisoning (ASP), paralytic shellfish poisoning (PSP) and tetrodotoxin (TTX) 
intoxication. With respect to European Union (EU) legislation, permitted levels have been established 
for ASP and PSP toxins. In addition, poisonous fish species possibly containing TTX, such as 
Tetraodontidae, must not be placed on the market. The official method for monitoring the presence of 
ASP toxins in shellfish is based on liquid chromatography (LC) coupled to UV detection. For the 
determination of PSP toxins, the method is based on LC coupled to fluorescence detection (FLD) 
using pre-column derivatisation. If the LC-FLD results for PSP toxins are challenged a mouse 
bioassay (MBA) is to be applied. For TTX no official methods have been established in EU legislation 
but an MBA can be applied. 
 
In the literature, a few liquid chromatography methods have been described to determine 
underivatised PSP toxins but none of them was developed as a multitoxin approach for all hydrophilic 
toxins. The major difficulty of LC tandem mass spectrometric (LC-MS/MS) method development for 
this class of toxins is the poor retentive behaviour under reversed phase LC conditions. Therefore, 
normal phase or ion pair LC can be used but at the drawback of ion suppression and/or the 
incompatibility of the mobile phase composition with MS detection. A more logical approach is the use 
of hydrophilic interaction LC (HILIC) which is based on the differences in polarity between the water 
phase and organic phase within a chromatographic column. The advantage of using HILIC is the 
compatibility with mass spectrometric detection; compounds elute at relatively high organic 
concentrations, which favours the ionisation process. A drawback of HILIC is the relatively long 
equilibration time. Using ultra-performance LC (UPLC) HILIC this time can be shortened making the 
method more suitable for high-throughput applications compared to the traditional HILIC applications. 
Method development was done using an UPLC HILIC-amide column that improved the throughput 
time of the method. Furthermore, a simple generic extraction was developed with which it was 
possible to extract the various toxin classes with a relatively high extraction efficiency (>80%). In 
combination with the latest generation tandem mass spectrometers the detection levels are low 
enough to use this technique for regulatory purposes. In the presentation the efforts of the 
development of a generic hydrophilic multitoxin method based on LC-MS/MS are discussed. 
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Azaspiracid poisoning has been reported following consumption of contaminated shellfish and is of 
human health concern. Hence, it is important to have sustainable amounts of the causative toxins 
available for toxicological studies and for instrument calibration in monitoring programmes, without 
having to rely on natural events. Continuous pilot scale cultures were carried out to evaluate the 
feasibility of azaspiracid (AZA) production using A. spinosum cultures. Algae were harvested using 
tangential flow filtration or continuous centrifugation. AZAs were extracted using solid phase extraction 
(SPE) procedures, and subsequently purified. When coupling two stirred photobioreactors in series, 
cell concentrations reached 190,000 and 210,000 cells/ml at steady state in bioreactor 1 and 2, 
respectively. However, AZA cell quota decreased as the flow rate increased from 0.15 to 0.3/day, with 
an optimum of productivity at 0.25/day. After optimisation, SPE procedures allowed for the recovery of 
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799% of AZAs. Using this crude extract, the preparative isolation procedure previously developed 
was further optimised, with only five steps necessary to obtain purified AZA1 and -2. Recovery 
improved accordingly and the isolation of material from 1,200 l of culture yielded 9.3 mg of AZA1 
(75%) and 2.2 mg of AZA2 (70%). This work demonstrated the feasibility of sustainably producing 
AZA1 and -2 from A. spinosum cultures.  
 
 

New marine toxins from the red tide dinoflagellate Karenia brevisulcata in New 
Zealand 
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A bloom of a red tide dinoflagellate was observed in Wellington Harbour in New Zealand from January 
to March 1998 (Holland et al., 2012. Harmful Algae 13: 47-57). This bloom caused massive kills of fish 
and invertebrates. Over 500 cases of human respiratory distress were reported during the bloom with 
symptoms including dry cough, severe sore throat and headache. The causative dinoflagellate was 
identified as a new species, Karenia brevisulcata, and its extract showed strong mouse lethality and 
cytotoxicity. The cell extract was partitioned between chloroform and aqueous methanol under neutral 
and acidic conditions. The neutral lipophilic fraction was chromatographed on a diol column guided by 
cytotoxicity against mouse leukemia P388 cells. Final purification by HPLC led to isolation of four 
toxins, named brevisulcenal-F (initially Karenia brevisulcata toxin-F = KBT-F), KBT-G, KBT-H, and 
KBT-I. The sodiated cation of KBT-F in MALDI mass spectra was observed at m/z 2076. The high 
resolution MS and NMR spectra analysis of KBT-F indicated its molecular formula was C107H160O38. To 
facilitate 

13
C NMR measurements, 

13
C-enrichd KBTs were purified from 250 l batch cultures with 

added 
13

C-NaHCO3. In the complex proton NMR spectra of KBT-F, widespread oxygen-bearing 
methine signals in the spectra suggested polycyclic ether natures. Detailed analysis of 2D NMR and 
MS/MS spectra led to elucidate the structure of KBT-F. KBT-F was the huge polycyclic ether 
compound with 24 ether rings including dihydrofuran, 13 hydroxy groups, and a 2-methylbut-2-enal 
side chain that is similar to those of gymnocins produced by Karenia mikimotoi (Hamamoto et al., 
2012. Journal of the American Chemical Society 134:4963-4968). The IC50 for cytotoxicity against 
P388 cells and the mouse lethality of KBTs were estimated to be 3-5.5 ng/ml and 30-40 μg/kg, 
respectively.  
 
Acknowledgements: This work was financially supported by a bilateral program from JSPS and NZ-
MSI and KAKENHI (22404006). 
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Palytoxins (PLTXs) and ciguatoxins (CTXs) are two complex groups of highly potent toxins produced 
by marine dinoflagellates, which had not been found in Portuguese or Spanish seawaters until 
recently. World market globalization, climatic changes and increasing overseas traffic are considered 
the main responsible for the appearance of these toxins in these areas, like in some other areas 
worldwide. The presence of PLTXs in the Mediterranean sea have been related to human 
intoxications by aerosol exposition and it was already reported as responsible for several outbreaks of 
respiratory symptoms in Spain. Human incidents due to consumption of fish containing CTXs have 
been reported in Canary and Madeira Islands. The European legislation is still limited for these 
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particular toxins and in fact the limits for CTXs and PLTXs are not yet established, although according 
to EU Directives for fisheries products the sum of PLTXs and its analogues should not exceed 30 
µg/kg and products containing CTXs must not be placed in the market according to European Food 
Safety Authorities (EFSA) recommendations.  
 
The complexity and variability of these toxins, as well as the lack of standards and reference 
materials, made it difficult to develop efficient and reliable analytical methods for routine monitoring. 
However, significant efforts are being made to develop analytical methods, not only to confirm their 
presence but also for quantitation. Physicochemical methods, particularly HPLC with different 
detection modes, have been proposed for the analysis of PLTXs and CTXs as alternative to the 
existing biological or biochemical approaches. The applicability of these methods not only depends on 
the sensitivity and selectivity/specificity but also relies on the efficiency of sample pre-treatment, 
particularly extraction and sample clean-up. Mass spectrometry is being widely used in the field of 
marine biotoxins, particularly for PLTXs and CTXs. In recent years, instrumental advances in liquid 
chromatography coupled to mass spectrometry have provide enhanced sensitivity and selectivity by 
measuring accurate masses or a series of fragment ions according to characteristic patterns. The 
results presented in this study came from the application of ultra high performance liquid 
chromatography coupled to mass spectrometry (UHPLC-MS/MS) for the determination of PLTXs in 
samples of plankton and fish naturally contaminated with CTXs. The UHPLC-MS/MS method was set 
up on a JetStream electrospray-triple quadrupole MS instrument operating in selected ion monitoring 
(SIM) and multiple reaction monitoring (MRM) acquisition modes in positive ESI. Chromatographic and 
mass spectrometry parameters were optimized in order to achieve high sensitivity and selectivity for 
the determination of these emerging toxins. The optimized UHPLC-MS/MS method was applied to the 
analysis of plankton and contaminated fish samples collected along the south Portuguese coast, 
Madeira and Canary Islands. 
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Significant advances in the field of sensor technology have driven the development of portable 
biosensor platforms capable of producing rapid, reliable and low cost analyses. One major application 
is in the area of environmental contaminants. Marine dinoflagellates of the genera Alexandrium are 
well-known producers of the potent neurotoxic paralytic shellfish toxins that can enter the food web 
and ultimately present a serious risk to public health. Blooms produced by these algae are distributed 
worldwide and the economic burden is enormous due to clean-up of fish kills, closure of fisheries and 
shellfish beds, beaches being declared off limits and medical treatment for those poisoned. For these 
reasons both direct coastal monitoring and offshore monitoring of Alexandrium spp. are necessary to 
provide early warning of potential shellfish contamination and risks to consumers. 
 
Through the US-Ireland Partnership Program, Queen’s University, Belfast and MBio Diagnostics Inc., 
USA have combined their expertise and knowledge to develop a rapid, sensitive, portable and easy-
to-use assay for the early detection of algal toxins using an innovative planar waveguide device. The 
disposable planar waveguide cartridge is comprised of a transparent substrate onto which an array of 
toxin-protein conjugates is deposited. The printed substrate is assembled into a cartridge that allows 
the stepwise introduction of sample, washes and detection reagents. The competitive assay format 
uses a high affinity antibody with signal generated via fluorescently labelled secondary antibody. The 
waveguide cartridge is analyzed by a simple reader device and results are displayed on a laptop 
computer. Assay speed has been optimised to enable measurement within 15 min without 
compromising sensitivity.  
 
A rapid, portable sample preparation technique was developed for Alexandrium spp. in seawater to 
ensure analysis was completed within a short period of time. The assay was validated and compared 
with a reference method (AOAC accredited HPLC procedure). These innovations, the sample 
preparation technique and the planar waveguide device have delivered an early warning detection 
system for paralytic shellfish toxins produced by Alexandrium spp. with unprecedented sensitivity that
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is applicable both in the laboratory and the field environment. 
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In many aquatic ecosystems worldwide, including drinking water supplies, cyanobacteria and 
dinoflagellates can proliferate into the so-called ‘harmful algal blooms (HABs)’. Members of these 
microbial phyla can produce an unparalleled array of bioactive secondary metabolites, some of which 
are potent toxins. The past ten years have witnessed major advances in our understanding of the 
genetic basis for toxin production by a number of groups of these microorganisms. Genomic 
information related to toxin synthesis has also indicated their environmental and cellular regulators as 
well as associated transport mechanisms. The information gained from the discovery of these toxin 
biosynthetic pathways has also enabled the genetic screening of various environments for drinking 
water and seafood quality management. The synthesis of saxitoxin in dinoflagellates occupying 
marine environments has been recently found to be catalysed by a group of enzymes encoded by sxt 
genes, beginning with the unusual gene sxtA. This gene exists in multiple genomic copies in the 
investigated strains of Alexandrium species. A quantatative PCR assay targeting domain 4 of the sxtA 
gene to detect saxitoxin-producing dinoflagellates in marine environmental samples is being 
developed for use in marine environment management. The abundance of sxtA correlates with the 
abundance of the saxitoxin-producing species of Alexandrium species. Using this assay, detection and 
quantification of sxtA in HAB events in Australia and New Zealand has been correlated with saxitoxin 
uptake in shellfish. This paper addresses the development of molecular based tests for the detection 
of cyanotoxin production in fresh, brackish and marine water environments that pose a direct threat to 
public health. 
 
 

Focus on seafood safety: the need of marine toxin standards 
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Marine phycotoxins are chemicals produced by some species of algae in a natural way under certain 
conditions. These toxins can be accumulated in filtering shellfish, be consumed by other organisms 
and produce severe intoxications, usually named amnesic shellfish poisoning (ASP), paralytic shellfish 
poisoning (PSP), diarrheic shellfish poisoning (DSP), azaspiracid poisoning (AZP), neurologic shellfish 
poisoning (NSP) and ciguatera fish poisoning (CFP). The traditional methods used for monitoring and 
detecting their presence in seafood have been (mouse or rat) bioassays, although these 
methodologies are changing to alternatives methods based on functional assays, biochemical assays 
and chemical methods. Despite the efforts, the lack of standards and reference materials has 
hampered for many years a range of functions within measurement processes for marine toxins, 
including calibrations, method development and validation studies. Recently, a liquid chromatography-
mass spectrometry method was validated under the coordination of the European Union Reference 
Laboratory on Marine Biotoxins and, nowadays, it has been elevated as the official analytical method 
in Europe for detecting lipophilic toxins. It is expected that the development of new reference standard 
materials will allow the improvement of screening strategies and the validation of alternative assays to 
the use of living organisms. 
 
Here we will focus on the analytical results obtained by direct and indirect quantifications and the 
difficulties for developing new standards when the compounds are unidentified. The increasing range 
of phycotoxins and analogues, and the lack of knowledge about them in many cases hinder the 
progress in the development of standards, although many efforts are being made in the last years to 
achieve this continuous goal. 
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Ex ante impact assessment of different regulatory policy alternatives faces several challenges when 
dealing with food safety policies; first of all, the difficulty in estimating future reductions in health risks 
for consumers. To overcome the current approach in regulatory impact assessment (RIA) where cost-
benefit analysis is partially employed, a rigorous tool – named Scryer – has been developed within 
MoniQA (6th Framework Programme research project, 2007-2012), based on multicriteria analysis. 
The procedure is based on the European Commission’s Impact Assessment Guidelines (EC, 2009) 
and multicriteria software developed by the Joint Research Centre for environmental impact 
assessment (Munda et al., 1995. European Journal of Operational Research 82: 79-97). Various steps 
are included in the procedure: a rigorously structured qualitative assessment of the likely impacts 
(organised in 14 impact categories) of each policy option considered; a feasibility filter considering 
data availability, time and cost constraints to perform impact quantification; the possibility to include 
quantitative assessment for any impact category; and finally a comparison of policy options based on 
multi-criteria analysis resulting in a ranking of options. The most interesting aspect of this tool is the 
inclusion of uncertainty in predicting impacts (due to external factors – like weather conditions – or the 
internal uncertainty of the evaluator), and the possibility to give different weights to each impact 
category. In this study, we employ Scryer to assess the likely impacts of different regulatory initiatives 
regarding the occurrence of T-2 and HT-2 toxins in cereals and cereal products within the European 
Union (EU). Three policy options are considered: the ‘status quo’ option, in order to take into account 
the absence of any sort of regulation (reflecting the current situation within the EU); a ‘soft’ regulation 
setting maximum limits; and a ‘strict’ regulation imposing more stringent standards than the ‘soft’ one. 
For this application, we do not have any impact estimated in quantitative terms, due to lack of reliable 
quantitative data, but only consider the qualitative assessment from the first step, based on a previous 
assessment performed through a preliminary version of Scryer (Ragona et al., 2011. Quality 
Assurance and Safety of Crops & Foods 3: 12-23). Results show that the ‘status quo’ option appears 
to be the most preferable option. As such, the MoniQA Toolbox may be regarded as a supporting tool 
to improve and adjust the legislative proposal to the evidence that is gathered and analysed in the 
Toolbox. 
 
 

International proficiency testing for simultaneous multimycotoxin analysis by 
LC-MS/MS  
 
Michele Solfrizzo

1
, A. De Girolamo

1
, V.M.T. Lattanzio

1
, A. Visconti

1
, J. Stroka

2
, A.J.  Alldrick

3
 and 

H.P. van Egmond
4 

 
1
National Research Council of Italy, Institute of Sciences of Food Production, Italy, 

2
Institute for 

Reference Materials and Measurements, Belgium, 
3
 Campden BRI, UK and 

4
RIKILT-Institute of Food 

Safety, Wageningen UR, the Netherlands; michele.solfrizzo@ispa.cnr.it 
 
The state of the art of LC-MS/MS multimycotoxin methods was evaluated in a proficiency test 
involving 41 laboratories from 14 countries that analysed spiked and naturally contaminated maize 
samples for up to 11 mycotoxins. Laboratories were free to report only on those mycotoxins that could 
be simultaneously determined with their LC-MS/MS methodology. Participants received two 
homogeneous maize test materials: one contaminated sample and one blank sample to be spiked with 
a mixture of aflatoxins (AFB1, AFB2, AFG1 and AFG2), ochratoxin A (OTA), deoxynivalenol (DON), T-
2 toxin (T-2), HT-2 toxin (HT-2), zearalenone (ZEA),  and fumonisins (FB1 and FB2). A common mixed 
mycotoxins calibrant solution, a spiking solution together with spiking protocol, instructions and a 
comprehensive questionnaire were also distributed. The majority of laboratories (61%) reported 
results for all 11 mycotoxins whereas the others for a restricted combination (from 2 to 10 analytes). 
Sample extract clean-up (immunoaffinity, solid phase extraction, liquid/liquid extraction) was used by 
61% of laboratories while 34% analyzed crude extract without purification (no information from 5%). 
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Electrospray ionization was used by all laboratories while triple quadrupole or ion trap detector was 
used by 90 and 10%, respectively. Matrix-assisted calibration curves or standard calibration curves 
were used by 24 and 73% of laboratories, respectively (no information from 3%). Twenty three percent 
of the laboratories used standard calibration added isotope-labelled internal standards to the final 
extract to compensate matrix effects. Assigned values were either obtained from the calculated spike 
level or in the case of naturally contaminated materials from the consensus value. For naturally 
contaminated and spiked maize the percentages of satisfactory z-score values (|z|<2) were: DON 55 
and 49%, FB1 50 and 30%, FB2 52 and 38%, ZEA 68 and 64%, T-2 + HT-2 toxins 82 and 85%, OTA 
58 and 60%, AFB1 56 and 62%, AFG1 73 and 84%, AFB2 40 and 78%, AFG2 64 and 78%. The 
poorest performance (|z|>3) was obtained for FB1 (31%), FB2 (32%), AFB1 (32%) and AFB2 (32%) in 
contaminated maize and for DON (35%), FB1 (63%) and FB2 (52%) in spiked maize. Mean recovery 
results were acceptable for all mycotoxins (74 to 109%), except for fumonisins where these were 
unacceptably high (159% for FB1 and 163% for FB2). 
 
In conclusion, the pool of participants allowed a good overview to which extent various methodological 
derivatives are common for mycotoxin determination by LC-MS technology and gave the participants a 
feedback over their own performance. Unfortunately, a robust and reliable method for simultaneous 
determination of all 11 mycotoxins in maize could not be identified from the results of this study. 
However, however the results and the relevant methods’ details can be useful to identify methodology 
strengths and weaknesses for future method standardization.  
 
 

Investigation of matrix effects in mycotoxin determination by high performance 
liquid chromatography coupled to mass spectrometry  
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Liquid chromatography coupled to mass spectrometry (LC-MS) is a commonly used technique in the 
field of food analysis for mycotoxins. Due to its high selectivity and sensitivity, it became the method of 
first choice for the quantitative determination of these contaminants. However, the accuracy and 
reliability of the obtained results can suffer from ion suppression or enhancement (SSE) caused by co-
eluting components from the sample matrix. These so-called matrix effects are both analyte- and 
matrix-dependent. Although several approaches for their reduction or even elimination have been 
introduced so far, their investigation and assessment during method development and validation still 
needs more attention.  
 
This interlaboratory study provided the results from the first investigation of ‘relative’ matrix effects in 
mycotoxin quantification in various food and feed commodities. This term first used in the analysis of 
biological fluids (Matuszewski et al., 2003. Analytical Chemistry 75: 3019-3030) expresses the 
variability of matrix effects among different samples within a given matrix. For this purpose, various 
sample sets were analysed for a wide range of mycotoxins using different LC-MS systems available in 
each participating laboratory. The second part of this study deals with ‘absolute’ matrix effects. Not 
only the extent of matrix effects was assessed but also the efficacy of the strategies commonly applied 
in their compensation, i.e. changes in sample preparation or instrumental setup (different LC 
conditions, type of ionization), were investigated on two model matrices. A cereal-based feed was 
chosen as a ‘simple matrix’, whereas a ‘difficult matrix’ was represented by a hay/silage-based feed.  
Matrix effects were observed in all performed analyses. The extent of SSE observed from analysis of 
the model matrices depended upon the used LC-MS conditions. SSEs were in the range of 60-100% 
and 7-187% for cereal-based feed and hay/silage feed, respectively. Despite the fact that the 
application of SPE and IAC clean-up step helped reduce matrix effects for some target analytes, this 
approach cannot be recommended for multiple analysis of mycotoxins. In contrast, the changes in LC-
MS conditions did not lead to a significant reduction of this phenomenon. Taking into account the low 
variability in SSEs (‘relative’ matrix effects) among the different samples within the analysed food and 
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feed matrices (RSDs were below 13%), the use of matrix-matched standards for calibration seems to 
be the best approach for multimycotoxin analysis.  
 
 

Effects of washing and drying applications on deoxynivalenol and zearalenone 
levels in wheat 
 
Sine Yener and H. Köksel 
 
Food Engineering Department, Hacettepe University, Turkey; sine@hacettepe.edu.tr 
 
Contamination of cereal grains by moulds and mycotoxins is unavoidable and constitutes a significant 
hazard in the food chain. A wide variety of crops including wheat, barley, maize and oats are known to 
be infected by Fusarium species even in the field. Deoxynivalenol (DON) and zearalenone (ZEA) are 
prevalent and economically important Fusarium toxins found in cereals and cereal products. Cereal 
products produced with contaminated grains represent a major problem in the cereal industry carrying 
serious health risks. Therefore, several physical, chemical and biological decontamination methods 
are used to control and/or reduce mycotoxin levels in contaminated cereals. Detoxification is the 
removal of toxin from the contaminated grain or its destruction. However, detoxification should not be 
applied to grains with mycotoxin levels above the legal limits but only to grains with toxin levels within 
these limits. Mycotoxin levels in contaminated grains can be reduced by using various applications 
such as sorting, dehulling, washing and drying of cereals. 
 
In this study, the effects of washing and drying procedures on DON and ZEA levels of a naturally 
contaminated wheat sample were investigated. Wheat grain was washed with water, chlorinated water 
and sodium carbonate solution for 1 and 2 min with a pressurized washing machine. Washed wheat 
samples were dried by using three different procedures: oven drying at low temperatures, microwave 
and infrared drying. DON and ZEA analyses based on immunoaffinity column clean-up and high 
performance liquid chromatography (HPLC) were performed according to MacDonald et al. (2005. 
Journal of AOAC International 88: 1197-1204; 2005. Journal of AOAC International 88: 1733-1740). 
Washing wheat grains with pressurized water reduced mycotoxin levels with a minimum of 30% in 
DON and 24% in ZEA. Infrared and microwave drying of washed grains caused further reductions in 
DON and ZEA concentrations up to 89%. Using chlorinated water and 1 M sodium carbonate solutions 
for 1 min reduced DON levels by 37-87% and ZEA levels by 32-89%. The results of this study 
indicated that washing and drying processes are promising methods for decontamination of cereal 
grains even at high mycotoxin concentrations. 
 
Acknowledgements: The present work has been performed with the support of the EU funded 
MoniQA Network of Excellence Project (Food-CT-2006-036337) and TUBITAK Project (No 180O844). 
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Antibodies against selected natural toxins: central components of 
immunoassays 
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It is now widely known that biotoxins are considered as undesirable substances in the food and feed 
chain. At the present time, there is a great need for the development of rapid, low-cost screening 
assays in order to better protect consumers and ensure EU regulations are effectively enforced. As 
part of the CONffIDENCE FP7 project (www.conffidence.eu), various antibody-based methods have 
been developed for several mycotoxins, (plant) alkaloids and marine biotoxins. A range of antibodies 
have been generated, to enable the development of these methods. The antibodies produced have 
been used in rapid detection methods based on dipstick, ELISA and surface plasmon resonance 
(SPR) biosensor formats in food and animal feedingstuffs. Often more than one immunization was 
necessary to obtain the desired antibody depending on the assay, on the requested specificity and 
sensitivity, and on the compound’s toxicity. All these challenges and novel approaches used will be 
presented.  
 
 

Development and in-house validation of multiplex dipstick immunoassays for 
semi-quantitative determination of Fusarium mycotoxins in cereals 
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A multiplex dipstick immunoassay based method for the simultaneous semi-quantitative determination 
of major Fusarium toxins, i.e. zearalenone, T-2 and HT-2 toxins, deoxynivalenol and fumonisins in 
wheat, oats and maize has been developed. The test is used for the screening of cereals on the 
presence/absence of target mycotoxins at levels close to the maximum permitted established by 
European Union legislation. The dipstick format is based on an indirect competitive approach. Four 
test lines and one control line are located on the strip membrane. Labelled antibodies are freeze-dried 
within the microwell. The response of the measurement is determined with a reader device. Two 
matrix-related sample preparation protocols have been developed for wheat/oats (not containing 
fumonisins) and maize (containing fumonisins), respectively. The use of a methanol/water mixture for 
sample preparation allowed recoveries in the range 73-109% for all mycotoxins in all tested cereals, 
with relative standard deviation less than 10%. Total analysis time is 30 min, including sample 
preparation. To evaluate method performances a single-laboratory validation study has been designed 
consisting of three steps, (i) estimating the precision of the method including ‘between day’ effects and 
influences from different varieties of the matrices, (ii) establishing robust cut-off values for the dipstick 
response at target level assuming an acceptable rate of false negative results of 5% and (iii) 
assessing the rate of false positive results of blank samples and samples containing the target 
analytes below the legal limits.  
 
A set of naturally contaminated wheat, oats and maize samples has been analyzed with the developed 
immunoassay. Good agreement between multiplex dipstick and a validated confirmatory LC-MS/MS 
method was obtained.  
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Near infrared hyperspectral imaging methodology as a control tool for the 
detection of ergot in cereals 
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In the last years, hyperspectral imaging has proven its good performance for quality and safety control 
in the cereal sector. It allows the analysis at single kernel level, which is of great interest for cereal 
control laboratories. Contaminants in cereals concern, among others, impurities such as straw, grains 
coming from other botanical origins or insects but also undesirable substances such as ergot 
(sclerotium of Claviceps purpurea). For the cereal sector, the presence of ergot involves high toxicity 
risk for animals and humans due to its high content of poisonous alkaloids. To reduce the risk of 
poisoning, European Directive 2002/32/EC on undesirable substances in animal feed fixed a limit of 
0.1% for ergot in all feedingstuffs containing unground cereals. Regulation EEC No 689/92 restricted 
the concentration of ergot bodies in cereals for humans to 0.05%. Within the CONffIDENCE project 
(http://www.conffidence.eu), methodology was developed with the aim to detect and quantify the 
presence of ergot bodies in cereals using near infrared (NIR) hyperspectral imaging. 
 
For this study, several instrumentation approaches (plane and line scan) and chemometric tools have 
been compared at laboratory level. Later selected methodology was transferred to an industrial setting 
for testing, validation and demonstration purposes. The results obtained have shown that NIR 
hyperspectral imaging and chemometric tools can be used as control method to assess the presence 
and the quantity of contaminants such as ergot bodies in cereals, and that this methodology can be 
easily integrated in an automatic cereal control scheme. The instrumentation also allows multi 
contaminants detection. 
 
Together with this lecture, a diaporama will show a video with the instrument in action during the 
workshop lunch held after the CONffIDENCE session. 
 
This communication is under the responsibility of the authors and does not reflect the views of the 
European Commission. 
 
Acknowledgements: The research leading to these results has received funding from the EU’s 
Seventh Framework Programme (FP7/2007-2013) under grant agreement No. KBBE-211326 
(CONffIDENCE). 
 
 

Multiplex analysis of marine biotoxins: an advancement of the SPR biosensors 
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Despite ethical and technical concerns the in vivo method, or more commonly referred mouse 
bioassay, is employed globally as a reference method for phycotoxin analysis in shellfish. This is 
particularly the case for the global monitoring of paralytic shellfish poisoning (PSP) and emerging 
toxins. As an alternative to the mouse bioassay, an HPLC-FLD method has been developed for PSP 
toxin analysis but due to difficulties and limitations in the method this procedure has not been fully 
implemented as a replacement. Similarly, the detection of the diarrheic shellfish poisoning (DSP) 
toxins has moved towards LC-MS analysis and amnesic shellfish poisoning (ASP) toxin domoic acid is 
performed by HPLC analysis. Although alternative methods of detection to the mouse bioassay have 
been described, to date each analytical method is specific for a particular toxin and its chemical 
analogues, with each group of toxins requiring separate analysis utilising different extraction 
procedures and analytical equipment. In addition, reserved consideration is shown for the detection of 

http://www.conffidence.eu/
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unregulated and potential emerging toxins on replacement of the mouse bioassay. The ideal scenario 
for the monitoring of phycotoxins in shellfish and seafood would be to evolve to multiple toxin detection 
on a single bioanalytical sensing platform, i.e. ‘an artificial mouse’. 
 
Immunological based techniques but in particular surface plasmon resonance technology has been 
displayed as a highly promising bioanalytical tool. This technology offers rapid real time detection 
requiring minimal toxin standards which is crucial because of their limited availability and can be 
validated for regulatory purposes. A micro-fluidic immobilization device and prototype multiplex SPR 
biosensor designed for the detection of up to 16 molecular binding interactions in a 4 line by 4 channel 
array on a single chip has been utilised. This dual system was evaluated in its ability to be fit-for-
purpose for the simultaneous detection of key regulated phycotoxin groups and the emerging toxin 
palytoxin. Domoic acid, okadaic acid, saxitoxin and palytoxin calibration curves in shellfish were 
achieved in separate flow channels with detection limits of 4,000, 36, 144 and 46 µg/kg of mussel, 
respectively. These limits designed on achieving detection below the regulatory action levels. This 
detection system and other immunological based novel sensors exhibit enormous potential for multiple 
phycotoxin screening as alternative rapid methods with the additional benefit of being able to 
distinguish between toxin families on a single analysis.  
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Fungal infection strategies and mycotoxin production on wheat 
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The fungal pathogen Fusarium graminearum is the causal agent of Fusarium head blight (FHB) of 
small grain cereals and cob rot disease of maize. During infection, the fungus produces mycotoxins, 
like the trichothecenes deoxynivalenol (DON) and nivalenol (NIV). The key enzyme in the biosynthesis 
of DON is the trichodiene synthase (Tri5). Disruption of the Tri5 gene restricts the infection to the 
inoculated wheat spikelet, independent of the chemotype (NIV or DON) and the trichothecene amount 
originally produced by the wild type strain. Surprisingly, trichothecenes are not essential for barley or 
maize colonization in greenhouse experiments. We recently cloned a reporter strain with the Tri5 
promoter fused to eGFP. Monitoring mycotoxin induction during the infection process, a time-
dependent induction during infection structure development and a tissue specific production during 
wheat infection was shown. Especially the developing kernel and the rachis node of wheat induced 
DON production by F. graminearum. In vitro several different DON inducing conditions are described, 
among them oxidative stress, low pH and different nitrogen sources like ammonium rich amino acids 
and polyamines like putrescine. A model will be provided of the DON inducing conditions during wheat 
infection combining the above described inducers.  
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Fusarium verticillioides is one of the most important fungal pathogens to cause ear and stalk rot in 
maize. The interest for this fungus has increased significantly after the discovery of fumonisins. These 
mycotoxins may contribute to F. verticillioides colonization of the host and are harmful to human and 
animal health. Plant and fungal oxylipins play a crucial role in determining the outcome of the 
interaction between the pathogen and its host. Moreover, oxylipins resulted as factors able to 
modulate the secondary metabolism in fungi. 
 
The plant-pathogen interaction was studied at three levels. In vitro, F. verticillioides was grown in vitro 
in a synthetic medium (CDY), amended (FB1 conducive) or not amended (FB1 non-conducive) with 
lyophilized maize; in seed, the pathogen was inoculated onto detached viable maize seeds at different 
temperature and water activities; and in planta, several maize genotypes were harvested from the 
fields, where naturally contamination by F. verticillioides, fumonisins producers occurred. To uncover 
the existence of a relation between oxylipin cross-talk and fumonisin synthesis, some molecular and 
physiological parameters were analysed, i.e. the expression of genes whose products are related to 
oxylipin synthesis (such as lipoxygenase, diol synthases and fatty acid oxidases), the oxylipin profile of 
both maize kernels and the pathogen by using a lipidomic approach (combining LC-TOF and LC-
MS/MS approaches with a robust statistical analysis (PCA), and the synthesis of free and hidden 
fumonisins. The results obtained suggest a close relation between the modification of the plant and 
pathogen oxylipin profile with the onset of fumonisin synthesis. Notably, a modification of the oxylipin 
profile of the pathogen during its interaction with the host could be evidenced. The switch in oxylipins 
synthesis at the different levels of interaction could indicate that the ‘presence’ of maize is able to 
promote the modification of the pathogen’s lifestyle also by tuning the secondary metabolism, notably 
fumonisins synthesis.  
 
Acknowledgements: Work supported by FIRB-RBFR08JKHI_003. 
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What can plant genetics offer for managing mycotoxins in small grain cereals?  
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Host resistance offers the most effective, benign and environmentally sustainable form of protection 
against mycotoxin accumulation. The predominant mycotoxins that contaminate grain of wheat and 
barley are trichothecenes produced by the Fusarium species that cause Fusarium head blight (FHB). 
The chief amongst these is deoxynivalenol (DON) that is produced by some isolates of F. 
graminearum and F. culmorum and acting as a virulence factor for infection of wheat by these fungi. 
DON facilitates spread of the fungus within wheat heads and causes premature bleaching of heads 
above the point of infection. Resistance to FHB in wheat is conventionally differentiated into resistance 
to initial infection (Type 1 resistance) and resistance to spread within the head (Type 2 resistance). In 
contrast to wheat, DON has no reported effect on infection of barley in which infecting fungi are not 
observed to spread from the point of infection. Barley has inherently high levels of Type 2 resistance, 
so differences in susceptibility to FHB and mycotoxin accumulation among barley varieties reflect 
differences in Type 1 resistance. 
 
Unfortunately, many modern varieties are moderately to highly susceptible to FHB and, under high 
disease pressure, succumb to infection and accumulate mycotoxins in grain. Resistance to FHB is 
quantitative and generally ascribed to quantitative trait loci (QTL) rather than individual genes although 
this situation is changing with improvements in phenotyping and the development of precise genetic 
materials for examining the influence of individual resistances. Over 100 QTL controlling FHB in wheat 
have been reported and several resistances have been refined and described as individual genes. For 
example, two of the QTL in Sumai 3, one of the most FHB-resistant wheat varieties reported, have 
been fine-mapped and described as Fhb1 and Fhb2. Additional QTL have been described from other 
sources that confer Type 1 resistance. Efforts continue to produce DNA markers very closely linked to 
the FHBQTL/genes to allow them to be followed in breeding programmes. Similarly, research is aimed 
at identifying the best combination of Type 1 and Type 2 resistances to provide high levels of disease 
and mycotoxin control through combinations of the least number of genes. Novel potent FHB 
resistances have been identified in wheat relatives and, although difficult, considerable progress has 
been made towards deploying these in modern wheat cultivars.  
 
The chief problem for developing varieties with high levels of FHB resistance is that many of the 
resistances are associated with undesirable traits for use in modern varieties. Present-day semi-dwarf 
wheat varieties tend to be more susceptible to FHB than tall varieties and, similarly, differences in FHB 
resistance in barley have often been found to be associated with morphological characters that may 
not be optimal for agronomic purposes. This presentation will introduce the challenges and 
considerable advances that have been made in improving FHB resistance in wheat and barley and 
look at developments to enhance the rate of future progress. 
 
 

Functional genomics of UDP-glucosyltransferases: heterologous expression in 
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The plant pathogenic fungus Fusarium graminearum produces the trichothecene toxin deoxynivalenol 
(DON). This protein biosynthesis inhibitor has been shown to be a virulence factor in wheat required 
for spread of infection. Resistance to the spreading of Fusarium is mediated by the ability of the plant 
to glucosylate DON into the non-toxic conjugate DON-3-O-glucoside (D3G) by UDP-glucosyl-
transferases (UGT). The first gene encoding an enzyme with this activity from a mono-cotyledonous 
plant was recently described (HvUGT13248; Schweiger et al., 2010. Molecular Plant-Microbe 
Interactions 23: 962-976). 
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Since the genomes of both wheat and barley have not yet been fully sequenced, we investigated the 
homologues of HvUGT13248 in the sequenced genome of the monocot model species Brachypodium 
distachyon (Bd) and in the genomes of rice and Sorghum. Brachypodium is most closely related to 
cereals and should therefore provide an insight into the architecture of crop UGTs. The gene family of 
Bd UGTs consists of 177 predicted genes. We characterized the cluster of six Bd UGTs with the 
highest amino acid sequence similarity to HvUGT13248 by expression in yeast. Only two of the 
candidate Bd UGTs were able to glucosylate DON to D3G. Also from the cluster of rice genes only 
one gene is capable of detoxifying DON as is the case for the single copy gene from Sorghum. 
Seemingly, UGT genes undergo rapid evolution, and due to different copy numbers in gene clusters it 
is difficult to identify true orthologues. Overexpression of a DON glucosylating UGT should increase 
DON resistance in plants. Yet, UGTs have also been shown to be capable of altering the activity of 
plant hormones, such as brassinosteroids, by glucosylation which in turn leads to dwarfing. We have 
tested HvUGT13248 and the two DON-detoxifying Bd UGTs for their ability to glucosylate the 
brassinosteroid castasterone in a yeast assay. No castasterone-glucoside formation was detectable in 
yeast expressing these UGT genes. Overexpression of the barley HvUGT13248 gene in Arabidopsis 
thaliana led to increased DON resistance of seedlings without unwanted side effects such as dwarfing 
(Poppenberger et al., 2005. Proceeding of the National Academy of Sciences of the USA 102: 15253-
15258). We conclude that the barley gene is an attractive candidate to increase DON and Fusarium 
resistance in transgenic wheat. 
 
 

Biosynthesis and regulation of mycotoxins: the increasing impact of genomics 
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Aspergillus flavus and Fusarium verticillioides cause ear and kernel rots of maize and produce 
aflatoxins and fumonisins, respectively. These mycotoxins cause numerous acute and chronic 
disorders in humans and animals. Other Aspergillus species produce aflatoxins, including A. 
parasiticus, and the model fungus A. nidulans produces the aflatoxin precursor sterigmatocystin. 
Fumonisins are also produced by F. proliferatum. The genes involved in the biosynthesis of aflatoxin 
and fumonisin are clustered within the respective fungi. The aflatoxin gene cluster is 75 kb and resides 
on chromosome 3 of A. flavus. The fumonisin gene cluster is about 80 kb and is locate on 
chromosome 1 in F. verticillioides. In the last decade, the whole genomes of these two fungi have 
been sequenced, providing reference databases for expression analysis by microarray and RNA-
sequencing techniques. From analyses that examined the entire transcriptome, specific molecular 
pathways have been revealed that are networked to the regulatory and biosynthetic pathways of the 
mycotoxins. Examples include an analysis of the F. verticillioides transcriptome during growth on germ 
and endosperm tissue, which showed a linkage between fumonisin production and specific genes 
involved carbohydrate metabolism. Although A. flavus can grow equally well on four developmental 
stages of maize kernels, unique sets of up-regulated genes were identified in each kernel stage as 
well as definable patterns of expression over the four stages. As a result of these studies, we have 
identified new gene targets and developed hypotheses about the regulatory networks that affect 
aflatoxin and fumonisin biosynthesis. 
 
 

EBR1, a master regulator shaping the transcriptional landscape of Fusarium 
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Mycotoxins are secondary metabolites that are produced by fungi. It is not yet clear what triggers the 
production of these secondary metabolites. What is clear is that under nutrient-rich conditions the 
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production of mycotoxins and other secondary metabolites is often reduced. Correspondingly, the 
expression of genes involved in the production of secondary metabolites is repressed in nutrient-rich 
conditions, when the available resources seem to be primarily used to promote fungal growth. When 
confronted with stress conditions, fungi can significantly increase the production of secondary 
metabolites. 
 
The relationship between primary and secondary metabolism and the components that regulate the 
switch between both life-forms in Fusarium graminearum was studied. Previously, we have identified 
that a gene knock-out of EBR1 results in pleiotropic effects, including reduced pathogenicity, reduced 
radial growth, enhanced hyphal branching and overproduction of pigment. EBR1 (enhanced branching 
1) encodes a Gal4-like Zn2Cys6 transcription factor that is constitutively expressed. RNA-seq analyses 
of the wild-type and Δebr1 demonstrated that this gene is a master regulator involved in the switch 
between primary and secondary metabolism. The regulation of secondary metabolites in the wild type 
and the EBR1 knock-out mutant has been studied at different developmental stages and under 
various growth conditions. We compared the expression of genes that hallmark primary metabolism 
such as the ribosomal genes to the expression of genes implicated in the production of secondary 
metabolites such as polyketide synthases and non-ribosomal peptide synthetases. Whereas the wild-
type strain produced limited amount of secondary metabolites under nutrient-rich conditions, a 
significant increase in the expression of genes implicated in the production of secondary metabolites 
was observed in the knock-out of EBR1. The effects of this master regulator on the expression of 
genes involved in the production of the mycotoxins deoxynivalenol and zearalenone during different 
environmental conditions are under investigation and preliminary results will be discussed. These 
results may provide new targets to reduce the production of secondary metabolites and the 
identification of new fungicides that may reduce the amount of mycotoxins in food and feed 
commodities.  
 
 

What can the Aspergillus flavus genome offer for managing mycotoxins? 
 
Deepak Bhatnagar
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Aflatoxins are highly toxic and carcinogenic secondary metabolites produced mainly by several 
species of Aspergillus section Flavi. These secondary metabolites are the most potent, naturally-
occurring carcinogens known and have been linked to liver cancer and other maladies in animals and 
humans. Among the aflatoxin-producing fungi A. flavus is a pathogen of cotton, maize, peanuts and 
other oil-seed crops, producing toxin both in the field and during storage. Aflatoxin contamination 
continues to be a serious problem in many parts of the world. Initially studied because of their negative 
impact on human and animal health, aflatoxins are perhaps the most well-known class of mycotoxins, 
serving as a model system for the study of the genetics of mycotoxin biosynthesis and secondary 
metabolism in general. Two strategies for the effective control of aflatoxin contamination of crops 
include use of disarmed, non-toxigenic biocompetitive strains of A. flavus for biocontrol of aflatoxin 
contamination, and identification and up-regulation in susceptible plants of factors that disrupt aflatoxin 
biosynthesis or fungal growth. A more complete understanding of how secondary metabolism is 
affected during plant contamination is very important if effective and permanent strategies for control 
of aflatoxin contamination need to be developed. 
 
A. flavus genomics is aimed at understanding the genetic control and regulation of toxin production in 
response to environmental influences on the fungus, such as temperature, water stress, pH, and soil 
micronutrients and microflora, as well as the nutrition status of the susceptible crop. Genomics can 
help in understanding the ability of A. flavus to adapt to inhibitory plant defences by examining 
changes in gene expression profiles that affect signal transduction within the fungus upon contact and 
invasion of the plant. Results from comparing the whole genome sequences show that the genome of 
A. flavus (36.3 Mb) is larger than that of A. nidulans (30.1 Mb) or A. fumigatus (29.4 Mb) and thus 
capable of producing a more complex pattern of secondary metabolites. The expanded genome of A. 
flavus over other Aspergillus species is support for the hypothesis that adaption to growing in complex 
environments requires increased availability of secondary metabolite biosynthesis genes. Interestingly, 
comparative genomic studies show that A. flavus is highly similar to A. oryzae (37.6 Mb) with respect 
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to genome size and number of genes for secondary metabolism. Functional genomics has helped to 
increase understanding of fungal adaptations to the host plant that are required for invasion and 
secondary metabolite biosynthesis. Metabolic profiling along with structural and functional genomics is 
providing significant information on the fungal responses to various alterations in its ecology; as well 
as information on the numerous secondary metabolic pathways that have been discovered from 
genomic studies. Understanding the complex interrelationships of plant and fungal gene products 
during the host plant-A. flavus interaction is the key to developing strategies to interrupt the aflatoxin 
contamination process through enhancing host-plant resistance. A. flavus genomics and proteomics of 
seed-based resistance have provided the best investigative tools for simultaneous discovery and 
analysis of the biochemical function and genetic regulation of the critical genes governing fungal 
development, plant fungal interaction and aflatoxin biosynthesis. 
 
 

The genome of Fusarium fujikuroi: the high potential for mycotoxin production 
 
Bettina Tudzynski 
 
Institute of Biology and Biotechnology of Plants, Westfälische Wilhelms-Universität Münster, Germany; 
bettina.tudzynski@uni-muenster.de 
 
 
The genus Fusarium is one of the most important groups of mycotoxin-producing phytopathogenic 
fungi that infect a broad spectrum of crops worldwide. Thus, the causal agent of Fusarium head blight 
(FHB), Fusarium graminearum, produces trichothecenes and zearalenone, while the maize pathogen 
F. verticillioides is known to produce mainly fumonisins and fusarins. The rice pathogen F. fujikuroi is 
well known for its ability to produce a family of phytohormones, the gibberellic acids. However, the 
spectrum of mycotoxins produced by this fungus is less studied.  
 
One possibility to get insight into the potential of a fungus to produce secondary metabolites is the 
bioinformatic search for probable mycotoxin biosynthetic gene clusters in fungal genomes. In the past 
10 years, the complete genomes of F. verticillioides and F. graminearum have been sequenced, and 
several mycotoxin biosynthetic and regulatory genes have been identified, e.g. those for the 
polyketides equisetin, fumonisins, fusarins, and zearalenones, the terpene mycotoxins trichothecenes, 
and the cyclic peptide synthetase-derived enniatins. Recently, we sequenced the genome of F. 
fujikuroi and searched for genes encoding the key enzymes for secondary metabolite biosynthesis: 
polyketide synthases (PKSs), non-ribosomal peptide synthases (NRPSs) and terpene cyclases (TCs). 
The genome of Fusarium fujikuroi was compared with those of related species. Beside gene clusters 
for known Fusarium-specific mycotoxins (fumonisin, fusarin, fusaric acid) common in different related 
species, we found some F. fujikuroi-specific gene clusters not present in any other sequenced 
Fusarium species. Genome-wide microarray-based transcript profiling revealed no expression of those 
potential biosynthetic genes, neither under nitrogen-limiting nor nitrogen sufficient growth conditions. 
To activate these silent gene clusters and to identify the compounds produced by these yet unknown 
gene clusters, the key enzyme-encoding gene and/or genes encoding pathway-specific transcription 
factors were over-expressed. By this approach, one new PKS- and one new NRPS-derived compound 
were found by HPLC and mass spectrometry. The structures of these new products are currently 
under investigation.   
 
 

Conserved veA-dependent factors, RM3 and RM7, regulate mycotoxin 
production and morphological development in Aspergillus nidulans 
 
V. Ramamoorthy, S. Shantappa, S. Dhingra and Ana M. Calvo 
 
Department of Biological Sciences, Northern Illinois University, USA; amcalvo@niu.edu 
 
In the model fungus Aspergillus nidulans the global regulatory gene veA is necessary for the 
biosynthesis of several secondary metabolites, including the aflatoxin-related mycotoxin 
sterigmatocystin (ST). In order to identify additional veA-dependent genetic elements involved in 
regulating ST production, we performed a mutagenesis on a deletion veA (ΔveA) strain to obtain 
revertant mutants (RM) that regained the ability to produce toxin. Mutated genes in RM3 and RM7, 
rm3 and rm7, were identified by complementation with an A. nidulans genomic library. Deletion of 
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these genes in a ΔveA background also restored mycotoxin production in a medium-dependent 
manner. The role of rm3 and rm7 on the regulation of mycotoxin biosynthesis was also dependent on 
the veA allele. Interestingly, rm3 and rm7 also regulate the production of other secondary metabolites.  
Furthermore, our studies indicated that rm3 and rm7 are necessary for normal morphological 
development. Deletion of rm3 or rm7 in wild-type strains (veA+) resulted in a slight decrease in growth 
rate, reduction in conidiation, and loss or reduction of sexual development. We found rm3 and rm7 
putative orthologues extensively conserved in numerous fungal species, including other mycotoxigenic 
fungi such as the aflatoxin producer A. flavus. 
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A food and feed industry prospective on managing mycotoxins in the grains 
supply chain 
 
Gerardo Morantes 
 
Grain & Oilseeds Supply Chain-North America, Cargill, USA; gerardo_morantes@cargill.com 
 
The grains global supply chain handles and stores a significant amount of the world’s food and feed 
industries inventory flows. The worldwide food and feed contamination with mycotoxins is a significant 
problem. Mycotoxins that adversely affect human or animal health are found mainly in post-harvest 
crops such as cereal grains. Therefore, regulatory agencies across the world focus their efforts in the 
trade flows moving from production areas to consumption areas, with a variety of requirements that 
generally are enforced at both origins and destinations. The main difficulty in assessing the risk of 
mycotoxins to human and animal health is the multi-factorial number of variables affecting the 
production of mycotoxins in foods and feeds and the lack of practical, science-based solutions that 
can be used at different points of the supply chain. Our industry, food and feed, needs continued work 
in the following areas:  

 Good sampling plans supported by predictive models that can utilize weather and crop 
conditions to predict the risk of mould growth and mycotoxin production. 

 Increased research on the use of ‘atoxigenic strains’ in commercial crop production and how 
to effectively deploy it in the grains supply chain. 

 Continued refining of ‘optical sorting’ technologies and other remediation strategies, both in 
process and in storage environments are required to be able to proactively manage the 
problem at the facility/plant level. 

 Remediation strategies, both biological and chemical, need to be evaluated in sync with 
regulatory agencies, to decrease the cycle of development and implementation for many of 
this solutions. 

 
It is the objective of this presentation, to review some of the most promising innovation trends 
influencing the future of grain quality and storage, for a timely and effective risk management of mould 
contamination and mycotoxin production in the grains being produced, handled and utilized throughout 
the global food and feed supply chain.  
 
 

Consumer protection at the outside borders of the EU: a guarantee for 
mycotoxins non-exposure? 
 
Hans Jeuring 
 
Netherlands Food and Consumer Product Safety Authority, the Netherlands; hans.jeuring@vwa.nl 
 
Foods are more widely distributed than years ago. Consumers are further than ever removed from the 
source of the foods bought, either by time or distance. Each year a huge amount of foodstuffs enter 
into the European Union (EU) through the (air)ports in the member states. Therefore, it is important to 
obtain assurance that the products, produced and processed away from the consumers are safe and 
of good quality. Food inspection at (air)ports of entry plays an increasingly important part in food 
controls. Controls for the presence of mycotoxins in consignments from third countries are daily 
activities of the official control authorities in the port of Rotterdam and other (air)ports. From 1998 on, 
the European Community has established a number of maximum limits for mycotoxins in foodstuffs. In 
Commission Regulation (EC) No. 1881/2006 as amended, limits are established for aflatoxins, 
ochratoxin A, patulin and several Fusarium toxins. Besides limits, the sampling of consignments such 
as peanuts or cereals is now described in legislation (Commission Regulation (EC) No. 401/2006). 
Enforcement bodies must apply these sampling methods and the methods of analyses used in the 
official laboratories have to fulfil criteria in relation to recovery and precision.  
 
The harmonization of the enforcement in Europe, especially for food of non animal origin, was a 
problem in the past. By new legislation, such as the Regulation (EC) No. 882/2004 on the official 
controls, established to ensure the verification of compliance with food law, the European enforcement 
bodies increasingly tune their activities. This is especially the case for import controls in the so-called 
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‘points of entry’ at the outside border of the EU. High risk products, such as foods that are known for 
their potential mycotoxin contamination, shall be subject to an increased level of official controls 
(article 15.4). This has resulted in the implementation of Commission Regulation (EC) No. 669/2009, 
which came into force in 2010. This Regulation resulted in a harmonised outside border control of high 
risk products from certain third countries with a prescribed frequency (but not 100%) and includes 
potentially mycotoxin-contaminated foodstuffs (e.g. groundnuts from India). Commission Regulation 
(EC) No. 1152/2009 also prescribes the controls of mycotoxin contaminated lots from third countries 
(e.g. groundnuts from China). However, in this law, physical controls have to be performed at the so-
called ‘point of import’ in the EU and not at the ‘point of entry’ as described in Commission Regulation 
(EC) No. 669/2009. In this ‘1152-system’, unfortunately, there is the risk of lots to be automatically 
accepted by the customs clearance computer system without knowledge of the official authorities and 
consignments are distributed undetected. This means a non-harmonised system for import controls of 
food (and feed) of non-animal origin!  
 
Another issue is that sometimes food business operators do not take their responsibilities and 
consignments are distributed with too high levels of mycotoxins or lots are imported as feed and then 
sold as food. Despite all the efforts of all authorities in this field, at this very moment, at the consumer 
level an unwanted exposure to mycotoxins cannot be excluded!  
 
 

Mycotoxins in the food and feed chain: solutions to the identified problems 
 
Catherine Bessy 
 
Food and Agriculture Organization of the United Nations, Italy; catherine.bessy@fao.org 
 
For the last 4 decades, the Food and Agriculture Organization of the United Nations (FAO) has been 
active in raising awareness about the global significance of mycotoxins as a public health burden and 
a trade issue, creating opportunities for decision makers to meet and discuss with scientists, with a 
view to translate knowledge into policies and action in the field. Three international conferences, jointly 
organised with the United Nations Environment Programme (UNEP) and the World Health 
Organization (WHO),  bringing together scientists and policy makers, were convened and a range of 
programmes and activities at international and national levels have been implemented. The work of 
the Joint FAO/WHO Expert Committee on Food Additives and Contaminants (JECFA) continues to be 
instrumental in allowing Codex Standards and codes of practice to be developed as the foundation for 
harmonized national sanitary regulations that are based on sound science. However, the mere 
existence of sound standards is not sufficient; it is essential that FAO member countries have the 
capacities to implement these standards. This requires commitment of high-level decision makers to 
provide the resources and policy environment necessary to support programmes of mycotoxin 
prevention and control. It also requires the scientific and technical expertise to ensure that 
programmes are well-designed, implemented and their impact monitored. 
 
This presentation will highlight examples of ongoing interventions, at different levels, but all 
contributing to the global aim of preventing or reducing the contamination by mycotoxins of foods that 
are central in the diet of populations of member countries: 

 Contribution to the elaboration of sound risk-based regulatory frameworks, by improving 
estimates for the exposure to mycotoxins of some developing countries populations though 
their staple food (sorghum). 
Discussions in the Codex Committee for Contaminants in Food noted the lack of sufficient and 
reliable data on occurrence of mycotoxins in sorghum producing countries. FAO, jointly with 
WHO, is implementing a project whose aim is to assist countries in generating data to inform 
the Codex deliberations on the development of a code of practice for the reduction of 
mycotoxins in sorghum. These data would also be used by JECFA to carry out a detailed risk 
assessment if it is decided that maximum limits for selected mycotoxins in sorghum should be 
set. The project will facilitate an assessment of the types and levels of mycotoxins in sorghum 
in Burkina Faso, Ethiopia, Mali and Sudan, four major sorghum producing/exporting countries.  

 Support to governments for a practical implementation of their regulatory framework, through a 
monitoring strategy aiming at preventing contamination to occur. 
Aflatoxin contamination is a recurrent issue in Kenya, where maize is also a staple in the diets; 
regulations are in place but their implementation at market level raises many practical issues. 
As the linkage with highly food insecure areas has been demonstrated, there is a consensus 
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that the focus should be on preventing occurrence of contamination. Many projects 
implemented by different technical and financial partners have provided a series of possible 
and complementary approaches to prevent, detect and reduce contamination. Therefore, 
there is a wide array of data available. However, all this knowledge and recommended 
practices need to be implemented by the various value chain actors in a coordinated way, so a 
holistic agrifood chain approach needs to be in place. The government hisses its role as 
providing an enabling environment for value chain actors to change their behaviour, but a 
sound and articulated monitoring framework designed to help preventing the contamination is 
key. A project has been designed to strengthen the government technical capacities in this 
regard.  

 Support to value chain actors, which are often lacking the technical tools to make appropriate 
choices to prevent or manage contamination. 
Among these, sampling plans for mycotoxin detection in food commodities are recurrently the 
object of questions to FAO, as designing these in an effective manner is a complex task. FAO 
is regularly contacted by national food safety agencies and by other development partners, as 
well as directly by value chain actors, for guidance on sampling and interpretation of test 
results to determine and quantify mycotoxin contamination in a range of food commodities. On 
this basis, FAO has started the development of a tool to assist national authorities and 
industry operators in the design of sampling plans and the interpretation of resulting 
contamination data. 

 
 

Natural toxins in Codex – food safety for all? 
 
Astrid Bulder 
 
National Institute for Public Health and the Environment, the Netherlands; astrid.bulder@rivm.nl 
 
Codex Alimentarius is the FAO/WHO organization that develops standards for food and feed with the 
goal to have ‘Safe, good food for everyone’. The two pillars are to protect the health of the consumers 
and ensure fair trade practices in the food trade. The scientific basis for the Codex work lies in the risk 
assessments of the FAO/WHO scientific bodies Expert Committee on Food Additives and 
Contaminants (JECFA), Meeting on Pesticide Residues (JMPR) and Expert Meetings on 
Microbiological Risk Assessment (JEMRA). The follow-up on requests or conclusions by either side of 
the risk assessment/risk management combination is not straightforward, in particular for toxins. In this 
presentation, an overview is given of the work on toxins within the Codex working area and of some of 
the challenges that are being faced.  
 
 

Bill & Melinda Gates Foundation: supporting aflatoxin control in developing 
countries 
 
Arlene Mitchell 
 
Bill & Melinda Gates Foundation, USA; arlene.mitchell@gatesfoundation.org 
 
Guided by the belief that every life has equal value, the Bill & Melinda Gates Foundation works to help 
all people lead healthy, productive lives. In developing countries, it focuses on improving people’s 
health and giving them the chance to lift themselves out of hunger and extreme poverty. In the United 
States, it seeks to ensure that all people – especially those with the fewest resources – have access to 
the opportunities they need to succeed in school and life. Based in Seattle, Washington, the 
foundation is led by CEO Jeff Raikes and Co-chair William H. Gates Sr., under the direction of Bill and 
Melinda Gates and Warren Buffett (www.gatesfoundation.org). 
 
Aflatoxins are naturally occurring poisons produced by certain fungi: Aspergillus flavus and A. 
parasiticus. Aflatoxins contaminate many dietary staples in developing countries such as maize, 
groundnuts, rice and cassava. While aflatoxin control measures are implemented in developed and 
international markets, many of the 870 million people who live on less than $1 per day rely on their 
own agricultural production for their food and livelihoods. Chronically exposed to aflatoxin through their 
diets, these families suffer devastating health effects. They also suffer agricultural and income losses 
and are unable to participate in higher value markets when their crops are tainted with aflatoxin. The 
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Bill & Melinda Gates Foundation’s Agricultural Development initiative and the Global Health Program 
have recognized the crucial importance of controlling aflatoxin and other mycotoxins to save lives and 
combat hunger and poverty in poor countries. In collaboration with many partners, including the 
African Union Commission, African and other governments, Regional Economic Communities, 
researchers, private companies, civil society leaders, and funders, the foundation is supporting key 
elements of a comprehensive and integrated approach to controlling aflatoxin. The foundation is 
funding a range of relevant activities, including: support for the Partnership for Aflatoxin Control in 
Africa (PACA); improving data about prevalence and impact of aflatoxin in Africa; country-level 
stakeholder engagement and planning through economic impact and gap analyses; development, 
manufacturing, and commercialization of beneficial fungi for aflatoxin prevention and control in Africa; 
low-cost storage and drying for aflatoxin control and prevention; low-cost diagnostics for aflatoxin 
detection; and understanding the mechanisms and obtaining evidence of the impact of aflatoxin 
exposure on a range of health effects, in particular stunted growth in children. 
 
Controlling aflatoxin requires a complex and comprehensive set of actions. It requires collaboration 
and engagement of many partners. We call on anyone interested in supporting smallholder farmers in 
Africa and elsewhere to be aware and engaged in this issue. Smallholder farm families will continue to 
endure chronic and even acute health effects and their incomes and livelihoods will also continue to 
suffer as long as aflatoxin contamination remains undetected and uncontrolled in their environments.   
 
 

Horizon 2020: What’s in it for me? 
 
Pierre Mathy 
 
Directorate-General for Research & Innovation, European Commission, Belgium; 
pierre.mathy@ec.europa.eu 
 
The European Commission has put a Proposal for a new EU Framework Programme for Research 
and Innovation for the period 2014-2020, which is currently being discussed by the Council and the 
European Parliament (Horizon 2020). 
 
As a core part of Europe 2020, Innovation Union and European Research Area, the objectives of the 
Proposal are: 
 

 to respond to the economic crisis, to invest in future jobs and growth; 

 to address people concerns about their livelihoods, safety and environment; and 

 to strengthen the EU's global position in research, innovation technology. 
 
Three priorities have been identified: (i) Excellent Science, (ii) Industrial Leadership, and (iii) Societal 
Challenges. As part of Societal Challenge n°2  (Food Security, Sustainable Agriculture and the Bio-
economy, a broad line of activity will be devoted to sustainable and competitive agrifood sector for 
safe and healthy diet. Food safety issues should normally be considered within this context. 
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P165 Simultaneous multi-mycotoxin quantification in feed samples using four isotopically labelled  

internal standards (deoxynivalenol, aflatoxin B1, fumononisin B1 and zearalenone) applied to 
LC-MS/MS analysis 
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P166 Development of a QuEChERS based extraction method for the determination of multiple 

mycotoxins in spices using liquid chromatography coupled to triple quadrupole mass 
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Prevention and reduction 
P167 – P196 
 
P167 Mycological analysis of rice from various stores in Igbemo-Ekiti, Ekiti State, Nigeria 
 Rita I. Aboloma, H.O. Adubiaro and O. Adewale 
 Department of Science Technology, The Federal Polytechnic, Nigeria 
 
P168 Mycotoxin awareness amongst traders and farmers in Ekiti State  
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P169 Kinetic study of aflatoxins degradation in the presence of ozone 
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P170 Enzymatic detoxification of fumonisins 
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P171 In vitro inhibition of Aspergillus carbonarius growth and ochratoxin A production by beneficial 

Saccharomyces cerevisiae strains 
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P172 Aflatoxin binding by Saccharomyces cerevisiae RC16 improves production parameters and 
reduces genotoxicity and liver damage in rats fed aflatoxin B1 contaminated feed 
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P173 In vivo studies of chronic aflatoxin B1 exposure on rat gut villi in the presence of probiotic 

Saccharomyces cerevisiae RC016 strain 
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P174 Counteracting the negative effects of aflatoxins and deoxynivalenol on performance, organ 
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P176 Effect of dietary zearalenone and Calibrin-Z on nutrient digestibility, oxidative stress and  
 immune response in pigs 
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P177 In vitro rate of adsorption of calcium montmorillonite, yeast glucomannan and enzyme-based 

mycotoxin binding products on aflatoxin, fumonisin, ochratoxin, T-2 toxin and zearalenone 
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P178 Effect of volatile compounds produced by indigenous yeasts isolated from grapes on growth, 

pks gene expression and OTA production by Aspergillus carbonarius 
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P179 Effect of Kluyveromyces thermotolerans on OTA pks gene expression and toxin production by 

ochratoxigenic Penicillium and Aspergillus species 
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P180 Evaluation of the control ability of five essential oils against Aspergillus section Nigri growth and 

ochratoxin A accumulation in peanut meal extract agar conditioned at different water activity 
levels 
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P181 Antifungal and anti-aflatoxigenic activity by vapour contact of Pëumus boldus (Mol.) and Lippia 

turbinata var. integrifolia (Griseb.) essential oil mixtures 
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P182 Impact of environmental factors on the antifungal efficacy of vapours released by Pëumus 

boldus Mol. and Lippia turbinata var. integrifolia (Griseb.) essential oils 
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P183 Efficacy of antifungal botanicals and a commercial fungicide on Fusarium head blight and 

mycotoxin contamination of wheat 
 Hans-Rudolf Forrer, A. Hecker, F. Schwab, E. Jenny, T. Bucheli, F. Wettstein, T. Musa and  
 S. Vogelgsang 
 Agroscope Reckenholz-Tänikon Research Station ART, Switzerland 
 
P184 Mycotoxin reduction and control along the grain processing chain 
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P185 Development of biomonitoring systems for analysing the simultaneous biodetoxification of  
 aflatoxin B1 and zearalenone 
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P186 Compatibility of food grade antioxidants and natural phytochemicals with Purpureocillium 

lilacinum, a potential entomopathogenic fungus of insect vectors of aflatoxigenic fungi in stored 
maize 
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P187 Native bacterial formulations for control of Fusarium verticillioides and fumonisins in maize at 
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P189 Aflatoxin B1 degrading activity of Bacillus spp. isolated from fermented cereal products 
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P190 Partial purification of antifungal substances from shiitake extract  
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P191 Efficacy of yeast enriched either with glutathione or selenomethionine to decrease ochratoxin A  
 genotoxicity in human renal cells and in poultry 
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P192 Metschnikowia fructicola for biocontrol of patulin accumulation on four cultivars of apple during 
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P193 In vitro control of growth and fumonisin production by Fusarium verticillioides and F. proliferatum 

using chitosan at different water availability 
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P194 Food safety objectives applied to the risk of mycotoxins in pistachio  
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P195 Involvement of Actinobacteria in the reduction of aflatoxin B1 biosynthesis by Aspergillus flavus 
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P196 Efficacy of a yeast cell wall-derived mycotoxin adsorbent on excretion of aflatoxin B2 in rats 
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Factors affecting toxin formation 
P197 – P211  
 
P197 Glyphosate effect on growth and aflatoxin B1 production by Aspergillus flavus strains isolated 
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P198 Aflatoxin as a potential hazard in maize in European climate change scenarios 
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P199 Influence of agricultural practices on levels of T-2 and HT-2 toxins in oats  
 Zbynek Dzuman, M. Vaclavikova, Z. Veprikova, M. Zachariasova and J. Hajslova  
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P200 Interaction between Fusarium verticillioides and F. graminearum grown on different artificial  
 media and maize 
 Frank M. Ellner  

Institute for Ecological Chemistry, Plant Analysis and Stored Product Protection, Julius Kühn-
Institut, Federal Research Centre for Cultivated Plants, Germany 

 
P201 Climate change effects on natural toxins in plant and seafood production 
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 RIKILT-Institute of Food Safety, Wageningen UR, the Netherlands 
 
P202 Results of one decade of monitoring phytoplankton and marine biotoxins in the Netherlands  
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P203 How will climate change affect the effectiveness of wheat field antifungals? 
 Esther García-Cela, A.J. Ramos, V. Sanchis and S. Marin 
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P204 Regulation of citrinin biosynthesis in Penicillium verrucosum by environmental conditions that 

induce oxidative stress 
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 Max Rubner-Institut, Germany 

 
P205 Effect of fungicide use on fumonisin contamination of maize 

Eduardo M. da Gloria
1
, A.P. Duarte

2
, C.T. dos Santos Dias

1
, M. Lopes

1
, M.A.C. Domingues

1
, 

R.S. Meneghel
1
, R.C.M. Yamamura

2
, V.J. Ramos

2
 and V.L.N. Pães de Barros

2
 

1
Escola Superior de Agricultura Luiz de Queiroz, Universidade de São Paulo, Brazil and 

2
Instituto Agronômico de Campinas, Brazil 

 
P206 Effect of apple contents on patulin production by Penicillium expansum 
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P207 Impact of agricultural practices on mycotoxin contamination of oats and spring wheat in Norway 

 Ingerd S. Hofgaard, T. Seehusen, U. Abrahamsen, J. Razzaghian, V.H. Le,  O. Elen, H. Riley, 
E. Strand and G. Brodal.  
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P209 Effect of climate change factors on growth and mycotoxin production by mycotoxigenic fungi 
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P211 Antifungal compounds and environmental stress interactions: effects on growth, TRI5  
(deoxynivalenol) and OTA pks (ochratoxin) gene expression by Fusarium graminearum and 
Penicillium verrucosum  

 G. Leite, A. Medina and Naresh Magan 
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P1 – P46 
OCCURRENCE 
 
P1 

Production of ‘masked mycotoxins’ utilizing transgenic Arabidopsis or yeast 
cells overexpressing cloned UDP-glucosyltransferase genes  
 
J.A. Torres Acosta
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Shin
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Tulln, BOKU Vienna, Austria. Corresponding author: gerhard.adam@boku.ac.at 
 
The Fusarium graminearum secondary metabolites deoxynivalenol (DON) and presumably also 
zearalenone (ZEA) play a role as virulence factors of the fungal pathogen. DON is required for fungal 
spread in infected wheat heads, and the major quantitative trail locus for Fusarium spreading 
resistance (Fhb1) colocalizes with the ability to efficiently detoxify DON into DON-3-O-glucoside 
(D3G). In case of the metabolite ZEA, which is highly oestrogenic in animals, the evidence is less 
clear. We have found that ZEA in the ppm range acts as inhibitor of heat shock protein 90, a 
prominent target involved in many aspects of plant defense. Yet, ZEA production occurs late in 
infection and it seems that most plants are extremely efficient in detoxifying ZEA into glucose 
conjugates and further less well characterized compounds. Efforts to increase Fusarium resistance by 
breeding or transgenic approaches based on overexpression of mycotoxin-inactivating glucosyl-
transferases are expected to increase the molar fraction of mycotoxin glucosides, which escape 
routine detection but might be reactivated in the digestive tract and are therefore considered to be 
masked mycotoxins.  As an alternative to chemical synthesis of the mycotoxin-glucosides we have 
started to utilize toxin-treated genetically engineered organisms to generate the respective conjugates. 
Since baker’s yeast expressing detoxifying glucosyltransferases converts DON to D3G only in low 
yield we have turned to transgenic Arabidopsis thaliana overexpressing a barley glucosyltransferase, 
HvUGT13248. DON treated seedling can accumulate up to 40% of the added DON as intracellular 
D3G. A genetically engineered Fusarium strain that efficiently produces DON in liquid culture provides 
an abundant source of DON for this process. We previously described production of ZEA-4-O-
glucoside (Z4G) in high yield by ZEA-treated baker’s yeast expressing an Arabidopsis 
glucosyltransferase. We have evidence that in the monocot model plant Brachypodium distachyon 
(and other crop plants) in response to ZEA treatment a second glucoside, presumably ZEA-2-O-
glucoside (Z2G) is formed. We have recently identified a glucosyltransferease from barley, which is 
capable to produce a near equimolar mixture of Z4G and the new masked mycotoxin Z2G. Progress 
on the purification and characterization will be reported. 
 
P2 

Using monitoring data to find trends: case study mycotoxins in animal feed 
 
Paulien Adamse, S. Schoss, M. de Nijs 
 
RIKILT-Institute of Food Safety, Wageningen UR, the Netherlands. Corresponding author: 
paulien.adamse@wur.nl 
 
Safe feed is the starting point for safe food. Consumption of contaminated animal products can 
expose humans to undesirable substances as well. Each EU member state draws up their own multi-
annual control programme as commanded in Regulation (EC) no 882/2004 using regulatory limits as 
laid down in Commission Directive 2002/32/EC. In addition, feed producing companies have their own 
feed control programs. A vast amount of data is generated in both programs, containing detected 
amounts but also country of origin, specific type of feed, etc. Many contaminants are monitored 
because they are regulated by official limits which need to be enforced. Also substances with 
guidance values (indicative but not official limits) or substances which are predicted to potentially pose 
a risk are analysed in these programs. This offers the possibility to analyse background levels of these 
contaminants and look for developments over the years. Therefore, in addition to use for enforcement, 
the datasets are a valuable information source for setting regulatory limits (new or adjusted) 
anddesigning monitoring plans. This also requires input from experts on toxicology and on prediction 
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of future developments. In the presentation it will be shown how monitoring data can be used to 
analyse for trends. A case study will be presented on mycotoxins in feed using both data from 
government and industry. The results of the trend analyses are used, for example, for fine tuning the 
‘National plan undesirable substances and prohibited materials in feed’ of the Netherlands Food and 
Consumer Product Safety Authority. 
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Evaluation of patulin contamination levels at different stages of fruit 
processing  
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Patulin (PAT) is a mycotoxin produced by different species of Penicillium, Aspergillus and 
Byssochlamys that can be found in fruit and fruit products, mainly apples and apple products (Amparo 
et al., 2012. Journal of Food Research 1: 54-57; Barreira et al., 2010. Food Chemistry 121: 653-658). 
Toxicological studies have shown that PAT is mutagenic, teratogenic and neurotoxic (Magan et al., 
2004. In: Mycotoxins in food: detection and control. CRC Press). A maximum permitted PAT level has 
been set at 50 µg/kg by Commission Regulation (EC) 1881/2006 for fruit juices, concentrated fruit 
juices as reconstituted and fruit nectars. PAT is relatively stable to heat particularly at acidic medium 
as in apple juice, therefore detectable amounts still remain in juice and puree after processing. Several 
authors performed some studies on the presence of this compound in various stages of industrial 
processing of fruit, revealing the need for more information on the contamination levels detected at 
different stages of fruit product production (Marín et al., 2011. Food Chemistry 124: 563-568). The aim 
of this study was to evaluate the PAT contamination levels at different stages of fruit processing. A 
total of 44 sample fruits gently supplied by Sumol+Compal Company (Portugal) comprising  12 apple, 
12  pear, 12 peach and 8 plum  (including 2-3 batches of each fruit), were collected at 4 different 
stages of industrial fruit processing and analysed for PAT detection and quantification. Quantification 
of PAT in fruit samples was made by high performance liquid chromatography with ultraviolet detector 
(HPLC-UV). Pear and apple concentrates showed PAT contamination mainly at fruit reception and 
filling processing stages, respectively. PAT was not detected in any of the peach and plum samples, 
however, the last showed the presence of interfering peaks that need to be further clarified. A mass 
spectrometry based method (ESI-LC-MS/MS) was then developed to confirm the presence of PAT in 
plum samples. ESI-LC-MS/MS analysis revealed that for 4 plum samples analysed from different 
processing steps, one sample (concentrate) previously negative by HPLC-UV revealed a 
contamination of 10 µg/kg by LC-MS/MS. The presence of interfering compounds in the plum matrix 
does not affect MS detection of trace amounts of PAT whereas the UV detection could lead to false 
negative results. This is the first report on to the occurrence of PAT in plum samples collected along 
the processing step. It also revealed the importance to apply confirmatory methodologies as the LC-
MS/MS to study complex matrices of fruit products. Processing alone is not sufficient to ensure a 
product free of PAT so it is of great importance to follow good agricultural and manufacturing 
practices. 
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Research on the detection of Aspergillus flavus and aflatoxin B1 (AFB1) in milled rice (Oryzae sativa 
L.) at the chain of distribution in West Java and West Nusa Tenggara province has been conducted 
during May-October 2011. The objectives of the research were to obtain information on Aspergillus 
flavus infection and AFB1 contamination in milled rice at the importer, farmer, collector and retailer 
level. The number of milled rice samples collected from West Nusa Tenggara and West Java were 56.  
Moisture content of milled rice was determined directly after sample collection using a grain moisture 
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meter. Insect species were identified using the publication of Haines as the main reference. Fungi 
were isolated using a plating method on Aspergillus flavus and A. parasiticus agar (AFPA).  AFB1, 
AFB2, AFG1 and AFG2 content were determined using liquid chromatography tandem mass 
spectrometry (LC-MS/MS). The average moisture contents of milled rice at the importer, farmer, 
collector and retailer level with low and medium prices were 13.2, 13.8, 13.4, 13.5 and 12.6%, 
respectively. The average of  Aspergillus flavus  infection of milled rice at the importer, farmer, 
collector and retailer level with low and medium price were 20.3, 2.1, 2.6, 3.8 and 1.9%, respectively. 
The average aflatoxin B1 of milled rice at the importer, farmer, collector and retailer level with low and 
medium prices were 0.15, 0.69, 1.1 and 0.4 ppb, respectively. The highest average of A. flavus 
infection was found in milled rice at the importer level from the Bulog warehouse in Jawa Barat 
(40.5%). However, there was no aflatoxin contamination in imported milled rice, both from West Java 
and West Nusa Tenggara. In West Nusa Tenggara, the highest average AFB1 content was found in 
milled rice at the retailer level with low price (6.3 ppb); in West Java, the highest average AFB1 
content was found at the retailer level with low price (10.3 ppb). Various insect species associated with 
milled rice were found at various stages of the distribution chain in West Nusa Tenggara and West 
Java. The dominant insects were Sitophilus zeamais and Tribolium castaneum. No insects were found 
in imported rice from Bulog warehouses in West Nusa Tenggara and West Java.  
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Mycotoxins are highly toxic secondary metabolic products of moulds belonging mainly to the 
Fusarium, Aspergillus and Penicillium species. Under certain conditions they produce mycotoxins, with 
the group of trichothecenes (e.g., deoxynivalenol, T-2 toxin), zearalenone, ochratoxins, aflatoxins and 
fumonisins being the most prevalent. Several classes of mycotoxins with different toxic effects can 
occur simultaneously on agricultural commodities. In this study, a total of 1,468 feed samples collected 
in the Asia-Oceania region during the year 2010 were analyzed for the presence of aflatoxins B1, B2, 
G1 and G2, fumonisin B1 and B2, zearalenone, ochratoxin A and deoxynivalenol. The samples tested 
were diverse, ranging from cereals such as maize, wheat and rice to processed by-products, namely 
soybean meal, maize gluten meal, dried distillers grains with solubles and other fodder, including 
straw, silage and finished feed. The samples were analyzed using HPLC-UV, HPLC-FLD or HPLC-MS 
after prior clean-up. The positive correlation between the occurrence of aflatoxins B1 and B2 and 
fumonisins B1 and B2 was very high, as was expected. On the other hand, both the correlation 
between the Fusarium mycotoxins deoxynivalenol and zearalenone and the storage mycotoxins 
ochratoxin A and aflatoxins proved to be low. The correlations between individual mycotoxins 
depended greatly on the commodity itself. These data indicate that the contamination of feedstuffs 
with only one mycotoxin is rare and that mycotoxins occur more frequently together, representing a 
risk for domestic livestock. 
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Soybean, maize and wheat are the most important crops in Argentina. Members of the Fusarium 
graminearum species complex (FGSC) can infect these crops causing diseases such as Fusarium 
head blight in wheat, Gibberella ear and stalk rot in maize and root rot in soybean. These grains are 
often contaminated with B trichothecenes such as deoxynivalenol (DON), nivalenol (NIV) and their 
acetyl derivatives. Previous studies conducted in Argentina suggested that the differences in FGSC 
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composition observed between wheat in central Argentina and the maize ear rot isolates collected 
from the north-west area are indicative of a potential difference in host preference within FGSC. 
However, there is little information about the FGSC composition in soybean crop. Recently, an 
increase prevalence of stalk rot caused by isolates belonging to FGSC was observed in the central 
south region of Córdoba Province. According to these findings, the aims of this work were: (i) to 
characterize the phylogenetic species composition within the FGSC from soybean and maize stalk rot 
isolates; and (ii) to determine the genotype and chemotype from FGSC isolates using molecular and 
chemical analysis. The sequence analysis of the translation elongation factor 1α (TEF-1) gene, the 
trichothecene 3-O-acetyltransferase (TRI101) gene and putative reductase (RED) gene showed the 
presence of four species within the FGSC among the soybean isolates. These included F. 
graminearum, which was the predominant species and showed simultaneous production of DON/15-
ADON (15-ADON genotype), F. meridionale and F. cortaderiae with simultaneous production of 
DON/NIV (genotype DON/NIV), and F. boothii with trichothecenes production similar to F. 
graminearum. Among the isolates collected from maize stalk rot, two phylogenetic species were 
characterized, F. graminearum and F. meridionale. In conclusion, the sequence analysis showed 
higher species diversity in soybean compared to maize and wheat. This study represents the first 
report to indicate that F. graminearum and F. meridionale may play a substantial role in maize stalk rot 
in Argentina.  
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Plant toxins are secondary plant metabolites that exhibit acute or chronic toxicity. Plant toxins can be 
inherently present in our food as constituents of edible crops, aromas, food supplements and 
(traditional) herbal medicines, or end up in our food through contamination or adulteration. The 
European Food Safety Authority (EFSA, 2012. EFSA Journal 10: 2663) has increased concerns 
regarding plant toxins and compiled a compendium of botanicals that have been reported to contain 
toxic, addictive, psychotropic or other substances of concern but so far, at an EU level, plant toxins are 
hardly regulated. In the Netherlands, legislation on herbal preparations exists (Dutch Commodities Act 
Decree Herbal preparations, 2001 Staatsblad 56: 1-12), which states that toxic pyrrolizidine alkaloids 
should not exceed 1 µg/kg, and that aristolochic acids and yohimbe alkaloids should be absent. 
Besides, herbal preparations should not contain plant material derived from certain plant species 
(exclusion list). In previous work it was demonstrated that current chemical methods enable screening 
of a wide range of plant toxins (Mol et al., 2011. Food Additives and Contaminants Part A 28: 1405-
1423). In this work the focus is on subsequent confirmatory analysis of plant toxins by LC-MS/MS. The 
targeted toxins are (i) those explicitly mentioned in the Dutch legislation, and (ii) toxins that are both 
occurring in the plant species mentioned in the Dutch exclusion and in the EFSA compendium. 
Approximately 100 samples from the Dutch market were analysed, including herbal tea, herbal food 
supplements and traditional Chinese medicines. In 20 samples one or more of the target toxins were 
detected, ranging from <0.01 to >10 mg/kg. Toxins detected included aconitine, atropine, aristolochic 
acids, kavain, podophyllotoxin, various pyrrolizidine alkaloids and strychnine.  
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Fusarium mycotoxins have been extensively investigated worldwide over recent years. The presence 
of conjugated Fusarium mycotoxins together with their parent forms has becoming a major public 
health concern. Contrary to the wealth of information on the parent mycotoxins, only limited data are 
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available for mycotoxin metabolites. In this study, different field trials of maize were monitored in five 
locations throughout Belgium. On each field trial, four repetitions of 36 genotypes of maize were 
analysed focusing on Fusarium precursor and their masked mycotoxins, including deoxynivalenol, 
zearalenone, T2-toxin, HT2-toxin, 3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol, deoxynivalenol-3-
glucoside, alfa-zearalenol, beta-zearalenol, zearalenone-4-glucoside, alfa-zearalenol-4-glucoside, 
beta-zearalenol-4-glucoside and zearalenone-4-sulfate. The genotypes diverged from moderately 
resistant to highly susceptible to Fusarium infection. After analysis, using LC-MS/MS (De Boevre et 
al., 2012), heat-maps were developed for the visual interpretation of the results. In view of Fusarium 
spp. being field pathogens, their presence and metabolic activity is subordinate to weather conditions. 
High humidity and low temperature are conducive for Fusarium development (Peraica et al., 1999; 
Richard et al., 2007; Yazar and Omurtag, 2008). To further decipher circumstances that are conducive 
for masked mycotoxin production, a unique database was used, including visual field observations of 
Fusarium disease severity and more than 300 Fusarium predictor variables including agronomic 
variables, wheat variety information and whole-year time series of weather conditions for all locations. 
A correlative study of this database and the LC-MS/MS results could delineate the circumstances 
under which masked mycotoxins were produced. Acknowledgments: The authors would like to thank 
Ghent University Special Research Foundation (BOF 05V00709) for the financial support. 
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Coffee is one of the most traded commodities worldwide. Its consumption is related to a wide range of 
benefits associated with antioxidants and other biologically active compounds. On the other hand, 
health risk due to potential mycotoxins presence has to be taken into consideration. Ochratoxin A 
(OTA) is the major representative of this type of natural contaminants that may be found in coffee. 
Under favourable conditions, it is produced on green beans by the fungi representing Aspergillus and 
Penicillium genera. Due to the scientific evidence indicating renal toxicity and also genotoxic effects 
both in vitro and in vivo, OTA has been classified as a potential carcinogen to humans (Group 2B) by 
the International Agency for Research on Cancer (IARC). European Food Safety Authority (EFSA) set 
a Tolerable Weekly Intake (TWI) of 120 ng/kg bw for OTA. OTA is a considerably stable compound, 
nevertheless, depending on temperature and the type of heat treatment, it might be at least partly 
degraded in this respect. Coffee roasting (temperatures in the range 200-250°C) represents a 
relatively effective processing technology in the reduction of OTA (Bullerman et al., 2007. Food 
Microbiology 119: 140-146). In spite of that, some OTA may survive even upon roasting. Maximum 
limits of 5 µg/kg for OTA in roasted coffee and 10 µg/kg in instant coffee have been set in the 
Commission Regulation (EC) No 1881/2006 in order to minimize the consumers´ exposure. In 
presented mini-survey, 30 samples of roasted and 20 samples of instant coffee were analyzed 
employing immunoaffinity cartridges (IA) OCHRAPREP

®
 followed by ultra-high performance liquid 

chromatography coupled to tandem mass spectrometry (UPLC-MS/MS). Although, OTA levels in 
roasted coffees were relatively low (the average concentration was 0.6 µg/kg with maximum 2.5 µg/kg, 
77% samples were positive). Regarding instant coffee, all samples were positive, OTA levels were 
considerably higher in this product, mean concentration was 3.1 µg/kg (range 0.6-12.8 µg/kg) and in 
one case even maximum level was exceeded. Interestingly, in most of samples positive for OTA, its 
degradation product – diastereoisomer 14-(R)-OTA (Cramer et al., 2008. Journal of Food and 
Agricultural Chemistry 56: 5673-5681) was present in relatively high amounts (co-isolated thanks to 
antibody cross-reactivity). Its signal in analyzed samples reached 33% and 43% of OTA for roasted 
and instant coffee, respectively. Acknowledgements: The financial support of the Ministry of 
Education, Youth and Sports of the Czech Republic (projects MSM 6046137305). 
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Fumonisins are toxins produced essentially by Fusarium verticillioides. Exposure to these compounds 
mainly occurs through contaminated food ingestion, mostly cereals. Cereal mixtures are popular 
among consumers looking for healthy products and are generally daily consumed. The basic 
composition of these mixtures includes soy extract, wheat fibre, rice flour, oatmeal, quinoa, beer yeast, 
flaxseeds and maize meal. Some brands also contain powdered guarana and cocoa. The aim of this 
study was to detect and quantify fumonisin B1 (FB1) in cereal mixtures marketed in Brazil. Fifteen 
samples from different lots were acquired each month by internet and from supermarkets during 7 
months, adding up to 105 samples for analysis. The amount in the original package constituted the 
sample, with a minimum of 250 g. Extraction and clean-up of samples for FB1 determination were 
carried out using immunoaffinity columns. Identification and quantification of FB1 were performed by 
high performance liquid chromatography. Eighty-eight (83.8%) samples were contaminated with FB1 

and four (3.8%) samples presented levels above 500 μg/kg (634, 703, 1,269 and 1,876 μg/kg). 
Starting from 2016, the maximum levels allowed by Brazilian regulation will be 1,500 μg/kg for maize 
flour and 1000 μg/kg for others maize products. Therefore, this study showed two samples of cereal 
mixtures contaminated with high levels of FB1. 
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Cereal mixtures are popular among consumers looking for healthy products and are generally daily 
consumed. The basic constitution of these mixtures includes soy extract, wheat fibre, rice flour, 
oatmeal, quinoa, beer yeast, flaxseeds and maize meal. Some brands also contain powdered guarana 
and cocoa. The aim of this study was to evaluate the aflatoxigenic potential of Aspergillus spp. 
isolated from cereal mixtures marketed in Brazil. Fifteen samples from different lots were acquired 
each month by internet and from supermarkets during 7 months, adding up 105 samples for analysis.  
The amount in the original package constituted the sample, with a minimum of 250 g. An inoculum of 
Aspergillus, isolated from a culture in potato dextrose agar at 25°C, was spread on coconut agar and 
incubated at 25°C for 15 days. Subsequently, the plate content was transferred to an Erlenmeyer flask 
and 30 ml chloroform was added for each 10 g culture. Flasks were shaken for 30 minutes. The 
extracts were filtered, collected in amber flasks and evaporated. Resuspended extracts were 
submitted to thin layer chromatography. Out of the 105 samples analyzed, three isolates were 
potentially aflatoxigenic, one producing aflatoxin B1 and two producing both aflatoxins B1 and B2. 
Even at a low water activity, cereal mixtures appeared susceptible to Aspergillus spp. contamination 
and potentially aflatoxigenic fungi could be detected, although only few in numbers. 
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Fusarium head blight (FHB) is actually the most important pathology affecting wheat cultivation 
worldwide, with several important consequences both for the safety of the consumers as well as for 
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the market of derived products, particularly in relation with deoxynivalenol (DON) accumulation. Strong 
research efforts are being devoted to the identification of wheat FHB-resistant lines using advanced 
breeding strategies. The soft wheat Chinese variety Sumai 3 is one successful example of this 
approach. Anyway, resistance to FHB is a character of complex inheritance and high variability occurs 
in the relationship between DON content and FHB incidence. It has been demonstrated that an 
important part of the FHB resistance mechanism in soft wheat is based on the ability of the plant to 
convert DON into the glucose conjugate DON-3-glucoside (D3G), a masked mycotoxin with reduced 
toxicity towards the plant (Berthiller et al., 2005. Journal of Agricultural and Food Chemistry 53: 3421-
3425.). As we have recently proved, D3G also occurs in naturally contaminated durum wheat. A 
greenhouse experiment was set up to better evaluate the ability of durum wheat varieties (Svevo, 
Claudio, Kofa and Neodur) to detoxify and convert deoxynivalenol into its masked form. Sumai 3, the 
soft wheat variety carrying the major QTL for FHB resistance, QFhs.ndsu-3B, was used as a positive 
control. The experiments were arranged in a randomized complete block (RCB) design with four 
replicates/variety (60 plants/replicate). A total of 1,200 plants were used for the experiment. Plants 
were treated at the early flowering stage with a conidial suspension of Fusarium culmorum, Fusarium 
graminearum (106 conidia/ml) and a 1000 ppm DON solution, respectively. Negative controls were 
mock inoculated with distilled water. Spikes were sampled 5, 15 and 30 days after inoculation and 
analysed for mycotoxin content. The results showed a high degree of DON conversion already at 15 
days after the inoculum. Sumai 3 confirmed its great ability to convert DON, however, high conversion 
were also measured in durum wheat lines with interesting differences between different genotypes. 
 
P13 

Mycotoxin in soybean: occurrence and distribution in fractions segregated for 
defects 
 
M.A. Calori-Domingues

1
, P.M. Rodrigues

1
, G.H. Ponce

1
, Eduardo M. Gloria

1
 and C.T.S. Dias

2
  

 
1
Laboratory of Mycotoxin and Mycology, Department of Agri-Food Industry, ESALQ, University of São 

Paulo, Brazil and 
2
Department of Exact Sciences, ESALQ, University of São Paulo, Brazil. 

Corresponding author: macdomin@usp.br 
 
The objectives of this research were: (i) to verify the occurrence of aflatoxin B1 (AFB1) and 
zearalenone (ZEA) in soybeans produced in Brazil and (ii) to evaluate the distribution the 
contamination in the fractions separated according to Brazilian official classification of soybean. 30 
soybean samples (3 kg) were segregated into the following fractions: whole kernels (WK), split, broken 
and crushed kernels (SBCK); mouldy kernels (MK), heat damaged and burned kernels (HBK), 
damaged kernels (DK), greenish beans (GB), foreign matter plus Impurities (FMI).  The mycotoxin 
contamination of the sample was estimated considering the percentage of each fraction and its 
respective contamination. After extraction by acetonitrile/water (3:1) and clean-up using immunoaffinity 
column, AFB1 and ZEA were determined using HPLC with fluorescence detection (LOD, AFB1 = 
0.125 µg/kg, ZEA = 2.0 µg/kg; LOQ, AFB1 = 0.37 µg/kg, ZEA = 6 µg/kg. Considering AFB1 
contamination, it was observed that: (i) 16 soybean samples (53.3%) had at least one fraction 
contaminated with AFB1 ranging from traces (<0.37 µg/kg) to  61.3 µg/kg; (ii) 13 samples (43.3%) had 
an estimated contamination ranging from traces to 7.9 µg/kg; (iii) mouldy grains showed the highest 
AFB1 incidence (50%)  and AFB1 contamination average of  8.7 µg/kg; and (iv) the correlation 
between AFB1concentration of each fraction with the estimated concentration in the sample indicated 
a high positive correlation (p <0.05) for the FMI fraction (r=0.96) and HBK (r=0.91) and median 
correlation (p<0.05 ) for DK (r = 0.67).  Regarding ZEA, it was observed that (i) all 30 samples were 
contaminated at least in 1 fraction;  (ii) 27 samples (90 %) had an estimated contamination ranging 
from traces (<6.0 µg/kg) to 104.3 µg/kg; and (iii) HBK and FMI showed the highest ZEA incidence (100 
and 96,3%, respectively). Correlation analysis between ZEA concentration in each fraction with the 
estimated concentration in the sample indicated a high positive correlation (p <0.05) for the FM 
(r=0.78) and a median correlation for DK (r=0.58) and SBCK (r=0.46). A positive correlation (p<0.002) 
was also observed between HBK percentage and ZEA estimated concentration (r = 0.70). 16 out of 30 
soybean samples (56.7%) showed ZEA and AFB1 co-occurrence. The knowledge of mycotoxin 
contamination distribution in a sample of soybean kernels (whole grains and groups of defects 
described in grading systems) could be an important tool for the various segments involved in 
soybean production. Acknowledgements: Financial support: CNPq (Proc. No. 480763/2009-7 and 
FAPESP (Proc. No. 2010/01882-9). 
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T-2 and HT-2 toxins, two type A trichothecenes produced mainly by Fusarium sporotrichioides and F. 
langsethiae, have recently become of concern in Europe due to their high toxicity and widespread 
occurrence in cereals, in particular oats. F. langsethiae has been frequently isolated from durum and 
common wheat in Italy. Recently, a collection of isolates of F. langsethiae representative of different 
Italian wheat cultivation areas has been set up by the CRA-Plant Pathology Research Center, Italy. 
Fungal identification was confirmed by PCR with specific primers. The aim of the present study was to 
investigate the potential of F. langsethiae strains isolated from wheat grown in Italy to produce T-2 and 
HT-2 toxins, together with other type-A trichothecenes. To this end, 29 isolates of F. langsethiae were 
analyzed. Each isolate was grown on autoclaved wheat kernels (aw 0.994) at 25°C for 30 days. 
Analysis of type A trichothecenes, namely T-2 toxin, HT-2 toxin diacetoxyscirpenol (DAS) and 
neosolaniol (NEO), were performed by liquid chromatography-tandem mass spectrometry (LC-
MS/MS). All but one isolate were able to produce T-2 toxin, HT-2 toxin and NEO, while only 9 out of 
29 isolates were able to produce DAS. The range of toxin concentrations varied from 0.01 to 13.14 
mg/kg for DAS, from 0.35 to 35.02 mg/kg for T-2 toxin, from 1.27 to 63.81 mg/kg for HT-2 toxin, and 
from 0.74 to 20.62 mg/kg for NEO. Interestingly, one isolate produced only DAS at a level of 13.14 
mg/kg. The results obtained showed that there is a potential risk of occurrence of type-A 
trichothecenes, including T-2 and HT-2 toxins, in wheat in Italy. Acknowledgements: Work done 
within the frame of the Project ‘MICOPRINCEM’ funded by the Italian Ministry of Agricultural, Food 
and Forestry Policies (MiPAAF). 
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Azaspiracids (AZAs) were discovered following a poisoning event in the Netherlands in 1995 after 
people consumed contaminated shellfish harvested in Ireland. The symptoms included nausea, 
vomiting, diarrhoea and stomach cramps. Azaspiracid-1, -2 and -3 were identified as the source of the 
illnesses. LC-MS/MS is the EU reference method for detection of AZAs, with the regulatory limit set at 
160 µg/kg AZA-1 equivalents. Extensive research has revealed that more than 20 additional AZA 
analogues exist. The phytoplankton Azadinium spinosum produces AZA-1 and -2 while AZA-3 and 
many of the other analogues are metabolic products formed in the shellfish. To date AZAs 1-6 have 
been isolated, chemically characterized and assessed for their toxicological impact. Even though 
relative toxicities have been established in a cytotoxicological model (AZA3>AZA2>AZA1/AZA6> 
AZA4/AZA5) the mode of action is still unknown. Cytotoxicity studies indicate that AZA-1, -2, and -3 
elicit a lethal response that is both concentration- and time- dependent, with EC50 values in the sub- to 
low nanomolar range. The availability of as many AZA analogues as possible, in sufficient quantity 
and purity, is imperative to highlight the analogues which are relevant for public health protection. 
Here we describe efforts made to identify hitherto unknown analogues of the AZA group in 
phytoplankton and shellfish as well as attempts to isolate some of the known minor AZA analogues 
using a series of partitioning and column chromatography steps. Samples were purified in sufficient 
quantities to enable full structural elucidation by LC-MS/MS and NMR, toxicological assessment and 
production of reference materials. Some of the purified compounds had significant differences in their 
structure from the main AZA analogues, which enabled examination of structure-activity relationships. 
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Cyanobacteria are increasingly being found in freshwater systems. Some of them are able to produce 
highly active compounds known as cyanotoxins. Humans or animals get exposed to these toxins by 
ingestion, skin contact or inhalation predominantly through swimming in contaminated water (Kinnear, 
2010. Marine Drugs 8: 542-564). Furthermore, an exposure to cyanotoxins by eating contaminated 
crops seems possible because in many countries it is common to use surface water for crop irrigation 
also from potentially cyanotoxin-contaminated resources (Peuthert, 2007. Environmental Toxicology 
22: 436-442). Thus, contamination may either arise from superficial adhesion or from an uptake via 
the roots and subsequent distribution in the plant. Both scenarios might pose a serious risk for human 
health. Cylindrospermopsin (CYN), produced by cyanobacteria such as Cylindrospermopsis and 
Aphanizomenon species, is a potent hepatotoxin. CYN is responsible for a variety of poisoning cases 
in humans and animals (Carmichael, 2001. Environmental Health Perspectives 109: 663-668; 
Thomas, 1998. Australian Veterinary Journal 76: 592-594). The aim of this study was to clarify 
whether CYN is taken up by plants and transported from the roots to the leaves. Different Brassica 
species served as model crops, which were irrigated with CYN containing water. In experiment 1, the 
roots of two leaf stage Brassica oleracea var. sabellica and Brassica juncea plants were irrigated with 
a nutrient solution in an aeroponic system for 30 days. The water contained pure CYN and CYN from 
an unpurified APH extract (CYN concentration, 18-35 µg/l). In experiment 2, Sinapis alba seedlings 
were used to examine the concentration dependency for CYN uptake. Therefore, the plants were 
exposed to concentrations in the range of ~20 to 445 µg/l

 
CYN for a growth period of 3 days. The plant 

material from the two different experiments was freeze-dried, extracted and analyzed by HPLC-
MS/MS (Kittler, 2012. Food Chemistry 133: 875-879). In all experiments performed, a significant 
uptake of CYN by the test plants was observed. In the leaves of the plants irrigated for 30 days CYN 
levels in plants´ wet weight ranged from 10 to 21% in the leaves compared to the CYN concentration 
applied to the roots. In experiment 2, approximately 19% of the CYN concentration initially used for 
irrigation was measured in the leaves of Sinapis alba plants. Furthermore, it was observed that there 
is a linear concentration dependency of the CYN absorption in the selected concentration range. The 
results indicate that CYN is systemically available to the examined Brassica species. It seems to be 
possible that crop plants irrigated with CYN-containing water may represent a significant source of this 
toxin within the food chain. 
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Mycotoxins are secondary metabolites produced by various fungi mostly belonging to the genera 
Fusarium, Aspergillus, Penicillium, Alternaria, and Claviceps. Some of them can infect maize forage 
and produce mycotoxins during cultivation and ensilage. These toxins can cause acute and chronic 
effects on animal and human health and reduce productivity in farms. Numerous studies have focused 
on grain maize, but little is known about mycotoxins in the entire plant used for silage. In general, 
maize silage is the diet constituent that supplies the bulk of the mycotoxins intake in dairy cows. In 
Spain, the fungi most frequently isolated in maize grain belong to the genus Fusarium and subsequent 
contamination with deoxynivalenol, zearalenone and fumonisins (FBs) have been reported. 
Fumonisins, a relatively recently discovered group of mycotoxins, are primarily produced by Fusarium 
verticilloides and Fusarium proliferatum. The aim of this work was to assess the stability of fumonisin  
B1 and B2 (FB1 and FB2) in maize silage and the detoxification rate during the ensiling process in 
laboratory silos. 1500 maize plants were contaminated with Fusarium verticilloides one week after 
silking and they were ensiled in laboratory conditions nine and thirteen weeks later. The influence of 
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the following main factors on the fumonisin fate was assessed: the effects of inoculants (water like a 
control and Lactobacillus buchneri), harvest date (normal, October 1st, and late, October 29th) and 
conservation time (0, 60,150 and 240 days). A simple liquid/solid extraction was performed with 
methanol/water (80:20; v/v) and the resulting extract was centrifuged, evaporated, filtrated and diluted. 
FB1 and FB2 were separated by reverse phase liquid chromatography and detected by tandem mass 
spectrometry using a heated electro spray-ionization source (HESI) in positive ionization mode. 
Fumonisin recoveries were about 70 % and the quantification limits achieved were 6 µg/kg for FB1 
and 3 µg/kg for FB2. The repeatability and within-lab reproducibility for FB1 and FB2 ranged from 2.8 
to 1.8 % and from 7.2 to 5.6 %, respectively. The experimental data were analyzed by factorial 
analysis of variance (ANOVA) using Statsgraphics software. The use of inoculant has not shown a 
significant effect on the evolution of the FBs concentration during the ensiling process. In contrast, the 
conservation time has proven to be significant on the FBs content for the maize ensiled on the late 
date. The concentration of FBs has shown an increase at 60 days of conservation but only for the 
silage samples treated with inoculant and ensiled on late date. However, the fumonisin rate decreased 
at the higher conservation times (150 and 240 days). 
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To investigate Fusarium mycotoxin contamination in rice samples including unpolished rice, rice-
milling products such as husks, brown rice, blue-tinged rice, half-crushed rice, rice bran, discoloured 
rice, and polished rice were collected from rice processing complexes (RPCs) nationwide for three 
years. Approximately 370 samples of rice and its by-products were analysed for deoxynivalenol 
(DON), nivalenol (NIV) and zearalenone (ZEA) by HPLC for two years (2009-2010). Six hundred 
fourteen samples were analysed for 8 trichothethenes including DON, NIV, 3-acetyl DON, 15-acetyl 
DON, fusarenone X, diacetoxyscirpenol (DAS), T-2 toxin (T2), HT-2 toxin (HT2), and ZEA by LC/MS 
(2011). Of the 8 trichothecenes DAS, HT-2, and T-2 were not detected. Discoloured rice samples were 
found to have the highest contamination with DON, NIV and ZEA, followed by blue-tinged (less-ripe) 
rice. Brown rice samples were contaminated with NIV and ZEA at low level. Polished rice samples 
were largely free from mycotoxins, except two samples which were contaminated with NIV or ZEA at 
safety level. Analysis of fungal flora associated with each rice sample showed that unhusked rice was 
the most severely contaminated with fungi while polished rice was the least contaminated. Among 
others, blue-tinged rice was the most frequently contaminated with F. graminearum (3.8%), followed 
by discoloured rice (2.4%) and brown rice (1.6%) in 2009. In 2010, the samples showed a similar 
contamination pattern to that of 2009. The major contaminants shown more than 5% of total fungal 
isolates were Aspergillus (18.4%), Fusarium (8.5%), Alternaria (6.2%), Dreschlera (5.7%), and 
Penicillium spp. (5.5%). In addition, more than 30 different known and unknown fungal genera were 
detected. The results showed both total fungi and Fusarium mycotoxin contamination were affected by 
weather conditions. In 2010, head blight occurred severely in most of the crops investigated due to 
more frequent rainfalls and cooler season than previous years during crop growth. 
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In recent years, an increase in on-farm storage capacity has been observed across North America due 
to rising agricultural commodity prices facilitating infrastructure investments. Winter wheat has become 
an important crop for Ontario comprising approximately 73% of Canadian production concentrated in 
the Southwestern (SW) region of the province. Maintaining grain quality and preventing mycotoxin 
formation during grain storage is a main concern for individual farmers and the industry in general. A 
total of 19 mycotoxins were monitored in two on-farm grain storage surveys carried out in farms 
located in south-west Ontario. The objective of this study was to assess the risk of 
mycotoxincontamination in storage bins by sampling the area most likely to be affected by spoilage. A 
total of 76 and 60  samples (10 kg) in winter 2011 and 2012, respectively, were collected from the 
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centre top of undisturbed on-farm bins about 0.3 m below the surface just before being loaded onto 
trucks. An LC-MS/MS method was validated for detection of 19 mycotoxins: deoxynivalenol (DON), 
15-acetyl-DON (15-ADON), 3-ADON, nivalenol (NIV), 4-acetyl-NIV (fusarenon-X, FX), DON-3-
glucoside (D3G), zearalenone (ZEA), moniliformin (MON), fumonisin B1 (FB1), fumonisin B2 (FB2), 
enniatin B (ENNB), beauvericin (BEA), diacetoxyscirpenol (DIAS), T-2 toxin (T-2), HT-2 toxin (HT-2), 
aflatoxin B1 (AFB1), ochratoxin A (OTA), ochratoxin B (OTB) and citrinin (CTN), respectively. NIV, 15-
ADON, FX, FB1, FB2, DIAS, AFB1 were not detected in any sample. In grain stored during winter 
2011, an average of 1,686.6, 399.7, 57.8, 15.5, 4.5 and 2.1 μg/kg of DON, ZEA, ENNB, OTA, OTB 
and CTN was found in 14, 7, 11, 1, 1 and 1 samples, respectively. Whereas in grain stored during 
winter 2012, 1,618.6, 87.0, 774.3, 281.9, 124.5, 94.8, 91.0, 31.2, 10.1 and 6.7μg/kg of DON, ZEA, 
MON, ENNB, BEA, T-2, HT-2, OTA, OTB and CTN was found in 3, 4, 1, 18, 3, 1, 1, 1, 1, and 1 
samples, respectively. In general, the frequency and quantity of mycotoxins associated with Fusarium 
spp. were higher than those produced by Penicillium spp. which are accumulated during storage. 
However, OTA is of special concern as it has been classified as a possible human carcinogen. 
Increasingly, OTA in grains is coming under regulatory scrutiny, to the point of turning it into one of the 
main potential barriers to local and international trade. The development of preventive measures to 
mitigate the production of this toxin during production and storage is critical. 
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Fusarium graminearum (Fg) is the most economically important cereal disease in Canada. Infected 
kernels can accumulate trichothecenes, especially deoxynivalenol (DON), and zearalenone (ZEA) 
under favourable weather conditions in the field and have serious consequences for human and 
animal health. In wheat, the displacement of 15-acetyl-DON (15-ADON) Fg chemotype by 3-ADON Fg 
chemotype has been observed in some regions of North America but not in Southwestern Ontario 
where the traditional chemotype producing 15-ADON prevails. In this region, maize is the main cereal 
crop in terms of area and grain production. An LC-MS/MS method was validated for the simultaneous 
detection of Fg mycotoxins with a minimal clean up procedure using isotope-labelled internal 
standards (U-[

13
C15]-DON, U-[

13
C17]-3-ADON and U-[

13
C18]-ZEA) and matrix-matched calibration 

curves. LOD was 0.15, 0.08, 0.08, 0.39, 0.3, 0.25, and 0.02 μg/g for DON, 15-ADON, 3-ADON, 
nivalenol (NIV), 4-acetyl-NIV (fusarenon-X, FX), DON-3-glucoside (D3G) and ZEA, respectively. In this 
study, two susceptible maize hybrids were planted in mid June in a RCBD arrangement with four 
replicates separated by guard rows. Two chemotypes isolated from winter wheat (3- and 15-ADON), 
and one from maize (15-ADON) were inoculated twice on the primary ears of the centre 10 plants of 
each row with 1ml of 2.0x10

4
 macroconidia at silk emergence and at the beginning of silk browning. All 

chemotypes were isolated from grain collected in Ontario. Natural infection was evaluated in the 
untreated control. All plots were irrigated using an overhead misting system for 4 weeks. No significant 
differences in toxin content in harvested grain were found between hybrids (p<0.01). DON was the 
main mycotoxin found with mean level of 6.8 μg/g. In descending order, mean D3G, ZEA, 15-ADON 
and 3-ADON levels were 2.3, 0.9, 0.4 and 0.07 μg/g representing 38, 15, 6 and <1% of total DON 
content, respectively. NIV and FX were not detected in any sample. Natural infection in maize, and 
infections from the 3-ADON chemotype isolated from wheat and the 15-ADON chemotype isolated 
from maize did not differ in their mycotoxin production profiles in harvested grain. However, maize 
infections from the 15-ADON chemotype isolated from wheat accumulated significantly less DON and 
D3G (p<0.01). Our results suggest that 3-ADON isolated from winter wheat produced similar levels of 
mycotoxin contamination in maize as maize infected with the predominant 15-ADON. This is 
particularly important in Ontario where both crops are often planted in adjacent fields and are part of a 
crop rotation system.  
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Deoxynivalenol (DON) frequently occurs in cereals such as wheat, barley, maize, which are used as 
raw materials for the manufacture of food products and has hazardous effect on human health. In 
China, the fungal species like Fusarium graminearium, F. asiaticum are the ones that produce DON, 
when they infect wheat. Wheat is the second largest cash crop grown in China. Our present study is 
focused on analyzing the industrial wheat cleaning process in the removal of highly DON infected 
wheat. Wheat from the northern part of China was used for analysis of the wheat cleaning process in 
the flour mill. The amount of DON in the wheat samples and the impurities removed in each process 
were quantified. During the wheat cleaning process, the concentration of DON was reduced from 
2,068 μg/kg to 1,651 μg/kg in the wheat samples in group I, which accounted for 20.2% reduction of 
DON. But in group II, the concentration of DON was reduced from 1,113 μg/kg to 874 μg/kg, which 
showed 21.5% reduction in DON. Overall, the process helped reduce 20% of DON in wheat. The 
concentration of DON in the cleaned wheat was found to be below the maximum level of DON 1,750 
μg/kg for durum wheat, set by the European Union. Among all the wheat cleaning types analyzed, 
pneumatic separation, and scouring and brushing types were found to be the important cleaning 
processes for the removal of DON in wheat. Our research findings suggest that, there is still need for 
highly developed machinery to improve the cleaning process, although the wheat cleaning process 
could effectively reduce the DON in wheat. 
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Deoxynivalenol (DON) contamination in cereals like wheat, barley and maize is often seen in 
agricultural products in China. The fungal species like Fusarium asiaticum and F. graminearium infect 
wheat kernels, which leads to the production of DON in the infected wheat. In the present study, we 
did a minor survey on the presence of free DON and bound DON in the highly infected wheat regions 
from Jiang su and An hui province, China, harvested during the year 2010. A total of 56 Fusarium 
infected wheat samples, of which 35 samples from Jiangsu province and 21 samples from Anhui 
province, were used. The samples were analyzed for the presence of free DON by using high 
performance liquid chromatography (HPLC) combined with ultraviolet detection. Bound DON was 
detected by ELISA. The recoveries of DON from the spiked samples (500- 5,000 μg/kg) were obtained 
in the range of 85.7-90.2% with an average relative standard deviation of 2.7%. The average 
percentage of contamination in all the samples was 89.3%, with DON concentration ranging between 
259 to 4,975 μg/kg. According to the DON limits set by the Chinese standard, 70% of the samples 
were above the maximum tolerable level of 1000 μg/kg and 44% of the samples exceeded the EU 
maximum level for unprocessed durum wheat of 1,750 μg/kg. A detectable amount of bound DON was 
seen in 25 samples, with the highest concentration of 0.098 μg/kg. Regions with a higher level of 
Fusarium sp. contamination due to climatic conditions like heavy rainfall with high humidity, showed 
the presence of higher levels of DON in the samples.  
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Smallholder farmers in South Africa suffer high crop production losses because of the effects of 
improper storage practices which additionally result in mycotoxin contamination. Mycotoxins are 
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poisonous to human and detrimental to animal health and thus may have an impact on crop 
production, food safety and consequently food security. This study was carried out to assess the 
storage practices and the natural occurrence of aflatoxins, fumonisins and related mycoflora in home-
grown maize in the smallholder farming  sector of Vhembe District Municipality (Limpopo province) 
and Gert Sibande District Municipality (Mpumalanga province). Maize was sampled from thirty – nine 
smallholder farmers and data on demographics, home-grown maize production and storage was 
obtained for the 2011 harvesting season using semi-structured questionnaires. Sixty five samples 
were collected from these farmers and analyzed for mycotoxin and mycological contamination.  In 
Mpumalanga, the majority of farmers (15/20) used traditional open wooden cribs for drying and the 
rest used steel tanks for storage. In Limpopo 5/19 farmers used sealed store houses whereas 15/19 
used sacks or plastic drums. In both areas most respondents mentioned problems relating to rats and 
weevils in the grain storage facilities and their use of synthetic chemicals to control these pests.  
Aflatoxins occurred in 50% (15/30) and 9% (3/35) of samples from Limpopo and Mpumalanga, 
respectively. Aspergillus species identified were A. flavus which occurred in 30% (9/30) using a malt 
extract agar (MEA) and 43% (13/30) using a selective Aspergillus flavus / parasiticus agar (AFPA) at 
Limpopo.  In Mpumalanga samples, isolation of A. flavus occurred at 3% (1/35) on MEA with AFPA at 
9% (3/35). Fumonisins were detected in 97% (29/30) and in 60% (21/35) of samples in Limpopo and 
Mpumalanga, respectively. Fusarium species isolated from maize samples were F. verticillioides, F. 
subglutinans and F. graminearum. In Limpopo, F. verticillioides (24/30; 80%) was the most prevalent 
species followed by F. subglutinans (6/30; 20%). F. graminearum was not found in Limpopo samples. 
However in Mpumalanga, F. subglutinans was the most frequently found species occurring in 89% 
(31/35), followed by 69% (24/35) F. graminearum and F. verticillioides at 34% (12/35) of all the 
samples collected.  Mycological and chemical analysis results corresponded well. The highest 
incidence of mycotoxin contamination occurred in maize samples from Limpopo compared to samples 
from Mpumalanga, which is possibly due to both poor storage practices and climatic conditions among 
other factors. There is a need for intervention both at policy and field level to reduce mycotoxin 
contamination. Acknowledgements: We thank the South African and Netherlands Programme on 
Alternatives in Development (SANPAD) for financially supporting this study and the field-workers and 
the farmers for allowing us access to their homes. I would also like to thank Dr S. Teffo and Mr S.H. 
Ngobeni for their valuable contribution in this study. 
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Mycotoxins are products of secondary metabolism of filamentous fungi, so-called mildew, which 
produce these compounds as a metabolite byproduct or as a product used for defence. Mycotoxins 
may induce a strong toxic activity, having mutagenic and teratogenic properties. They may be present 
in a wide variety of agricultural produce and under various environmental conditions. Due to a variety 
of toxic effects and resistance to high temperatures, the presence of mycotoxins in food poses a 
potential threat to human and animal health. European Union regulations have set out maximum 
levels of certain mycotoxins in grain and processed products. This study was to determine 
contamination of food products on the market in the province of Wielkopolska in Poland with the 
following mycotoxins: ochratoxin A (OTA), deoxynivalenol (DON) and zearalenone (ZEA). The 
products tested were samples of 54 randomly collected foodstuffs, mostly from retail businesses. For 
the determination of OTA, DON and ZEA in these samples, high performance liquid chromatography 
(HPLC) was applied. The accredited method for determining these mycotoxins in food samples relied 
on extraction, purification of the extract by immunoaffinity (Easi-Extract Zearalenone, Ochraprep, 
Donprep) and determination using Agilent Technologies 1200 Series. The foodstuffs were assessed 
by comparing the results for a specific sample with the maximal levels laid down in the existing 
regulation. Out of the 54 foodstuff samples tested, 28 samples (59%) did not reveal any mycotoxin. 
The presence of mycotoxins was identified in 26 samples (41%), while the concentration in 4 of these 
exceeded the maximal level set out by the Minister of Health, i.e. two wheat flour samples, a pasta 
and a barley sample. In the case of flour, as many as 72% of the samples were contaminated with 
mycotoxins. A smaller percentage of contamination was found in samples of cereal products, 55%. As 
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regards grain, mycotoxins were found in 33% of the samples. However, in most cases the level of 
mycotoxins was low. 
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Mycotoxins pose a common problem for food safety. Their content in food stirs up a considerable 
controversy, especially with organic products. Organic farming is playing an increasingly important role 
and apart from conventional farming, it is becoming one of the major branches in both Poland’s and 
world’s economies. Standards in organic farming calling for a ban of plant protection products gave 
rise to a necessity to look for other forms of treatment to control diseases, pests and weeds. The 
resulting organic crop cultivation system is assumed to be free from metabolites (mycotoxins) 
produced by fungi. Crop production using this system consists of controlling or reducing harmful 
effects of agrophages through preventive action and the application of other non-chemical methods. 
However, the lack of use of fungicides to protect grain against fusariosis can lead to an increase in the 
content of mycotoxins produced by Fusarium fungi. Research carried out in various countries have 
often shown contradictory results, which are largely due to the specificity of local organic farming, 
different weather and soil conditions, the use of different crop rotations, the presence of a variety of 
pathogens, etc. Out of the top commercially available trademarks in Lubuskie province in Poland, I 
have selected a total of 26 samples of cereal products (13 samples of organic products and 13 
samples of conventional products) that have the highest consumption index in order to carry out 
analysis of deoxynivalenol (DON), zearalenone (ZEA) and ochratoxin A (OTA). The mycotoxins were 
determined by high performance liquid chromatography (HPLC). Of the organic foodstuffs tested, 41% 
did not reveal any mycotoxins; in 59% of these samples mycotoxins could be identified, although the 
concentrations did not exceed the maximum levels. Of the conventional food products tested, 50.6% 
of the samples did not reveal any myxotoxins; in 49.4% of the samples mycotoxins could be identified, 
however, only one sample exceeded the maximum level. These results suggest that consumers may 
face a risk posed by both organic and conventional cereal products; therefore, it is necessary to 
monitor these products for the presence of mycotoxins prior to consumption. 
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Pyrrolizidine alkaloids (PAs) are a large group of plant toxins produced by many species of the 
families of Asteraceae, Boraginaceae and Fabaceae. Hundreds of different structural variants are 
known to date, mostly consisting of a 1,2-unsaturated necine base core structure coupled to a wide 
variety of necine acids to form mono-, di- and macro-cyclic esters. Produced as secondary 
metabolites, PAs serve the plant in protecting them from herbivore attack by insects and mammalians. 
PAs may however end up as contaminants in food products (honey, milk, herbal products) and as 
weed and seed contaminants in feed commodities. PAs as such are not toxic, but require metabolic 
activation to dehydro-pyrrolizidine (pyrrolic) esters, which takes place primarily in the liver. These 
electrophilic intermediates are highly reactive and can bind to DNA and proteins leading to stable DNA 
and protein adducts. At higher doses PAs can cause hepatic veno-occusive disease (HVOD), necrosis 
of the liver and ultimately death. At lower doses exposure may lead to liver cirrhosis. PAs are also 
considered genotoxic substances with carcinogenic potential. The European Food Safety Authority 
(EFSA) recently concluded that for the group of 1,2-unsaturated PAs no safe dose could be 
determined. As an alternative it has derived margin of exposures (MOEs) for chronic exposure. By 
combining available occurrence data (in honey) with the EFSA food consumption database it was 
concluded that there may be a possible health concern for those children that are high consumers of 
honey. Contamination of forages and feeds for livestock is another important issue of concern, as it 
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may result in livestock losses, especially in the case of sensitive species such as horses. In this 
presentation special attention will be given to recent developments with respect to the analysis of PAs 
using LC-MS/MS-based methods, new available occurrence data on PAs in food and feed 
commodities, transfer of residues of feed to food (milk) and the relevance of these findings in the light 
of the conclusions of the recent EFSA scientific opinion, in particularly the MOEs derived for 1,2-
unsaturated PAs.  
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Ergot alkaloids (EAs) are toxins produced by members of the fungal family of Clavicipitaceae. In 
Europe rye ergot (Claviceps purpurea) is the predominant species, occurring mostly on rye, wheat, 
triticale and barley. In the European Union, a maximum limit of 1000 mg/kg of rye ergot sclerotia has 
been established for feed containing unground cereals. However, sclerotia show significant 
differences in their total alkaloid content and in the pattern of produced alkaloids that is determined by 
the individual fungal strain in a geographical region and the host plant. Furthermore, sorting is 
impossible in processed feed materials. The aim of current study was to investigate the relationship 
between the presence of sclerotia and the content of EAs and to study the differences in the pattern of 
the individual alkaloids. The study was confined to cereals, intended for use as feed materials and to 
compound feedingstuffs. The samples were taken in the framework of the Dutch National Monitoring 
Plan for Feed. A total of 184 samples has been selected, 136 unground cereals and 48 compound 
feedingstuffs, which were all chemically analysed. Of the unground cereals, 120 cereal samples were 
visually inspected, and sclerotia of 48 samples were chemically analysed. Visual inspection revealed 
that 67 samples (56%) contained sclerotia, with an average content (including blanks) of 317 mg/kg 
and a maximum of 6554 mg/kg. Ten samples exceeded the official limit of 1000 mg/kg. Chemical 
analysis showed that 43% of the unground cereal samples contained EAs (average 93 µg/kg, 
maximum 1,231 µg/kg). Rye was more heavily contaminated than wheat and triticale. Compound 
feeds were often contaminated (83%) and the average concentration (77 µg/kg) was not much lower 
than that of unground cereals. The EA concentration in the sclerotia samples ranged from less than 1 
µg/g to a maximum of 6,003 µg/g, with an average of 659 µg/g. In combination with literature data, the 
obtained results point to an average concentration of 800 µg/g for sclerotia collected in North-west and 
Central Europe. In less than 10% of the samples that according to visual inspection contained no 
sclerotia, (traces of) EAs were detected. The maximum amount found (297 µg/kg) was well below the 
average concentration expected for a sample contaminated with rye ergot at the maximum allowed 
level. It can be concluded that visual screening followed by a chemical analysis of selected samples is 
a cost effective strategy for monitoring ergot alkaloids in unground products. 
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Since January 2009 until December 2011 a worldwide survey about the most important mycotoxins in 
feedstuffs was initiated to gather information on the presence of mycotoxins in commodities most 
commonly used for feed production. A total of 7,049 samples (maize, soybean/soybean meal, wheat, 
dried distillers grains with solubles and finished feed) sourced in Americas, Europe and Asia were 
analyzed for the presence of the following mycotoxins including aflatoxins, zearalenone (ZEA), 
deoxynivalenol (DON), fumonisins and ochratoxin A (OTA). Samples were analyzed by high 
performance liquid chromatography (HPLC) (80%) and enzyme-linked immunosorbent assay (ELISA) 
(20%). Only single commodities were analyzed by ELISA. More complex matrixes which could 
interfere with the ELISA method such as DDGS and finished feed were analyzed by HPLC. For the 
purpose of data analysis, non-detect levels are based on the quantification limits (LOQ) of the test 
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method for each toxin. Over the tree-years period, aflatoxins were present in 33%, ZEA in 45%, DON 
in 59%, fumonisins in 64% and OTA in 28% of all analyzed samples. Average contamination levels of 
positive samples were 63 ppb for aflatoxins, 233 ppb for ZEA, 1,104 ppb for DON, 1,965 ppb for 
fumonisins and 11 ppb for OTA. When data are separated by year these values do not greatly differ. 
From 7,049 samples only 19% were tested negative for the presence of five investigated mycotoxins. 
Thirty three percent showed presence of one of them and two or more of the tested mycotoxins were 
present in 48% of the commodities. Results of this survey highlighted the necessity of mycotoxin 
testing prior to the feeding of animals. More than 80% were positive for at least one mycotoxin. The 
presence of more than one mycotoxin in approximately half of the samples draws attention to the 
multi-mycotoxin contamination.  
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Phomopsin A (PHO-A) is a toxic secondary metabolite produced by the fungus Diaporthe toxica 
(formerly Phomopsis leptostromiformis) (EFSA, 2012. EFSA Journal 10: 2567). Sheep grazing on 
infected lupin stubble can develop lupinosis, with the liver as primary target organ. Lupinosis is 
reported to date in Australia but incidents have been reported in the past in Europe (Wood and 
Sivasithamparam, 1989. Mycopathologia 105: 79-89; Rodriguez et al., 1991. Veterinary and Human 
Toxicology 33: 492-494). The economic importance of both lupin and sheep has forced Australia and 
New Zealand to set a regulatory limit of 5 µg PHO-A /kg product (Cressey, 2009. World Mycotoxin 
Journal 2: 113-118). The food industry diverts to ingredients with low energy footprints to ensure food 
security and to meet social responsibility criteria. The replacement of soy with locally produced lupin 
may be one of the first steps to achieve these goals. Numerous products containing lupin are already 
available on the European market (Cressy, 2009; Reinhart et al., 2006. Journal of Chromatography A 
1112: 353-360). The increasing use of lupine in food and feed calls for data on occurrence of 
phomopsins in raw materials and processed products (EFSA 2012). In this work an LC-MS/MS 
method was developed for determination and confirmation of phomopsin A in lupin flour and lupin 
containing food. The method involved extraction by a mixture of acetonitrile/water (80:20, v/v) with 1% 
acetic acid and direct injection of the crude extract after centrifugation. The method was validated at 5 
and 25 µg/kg phomopsin A/kg lupin flour. The average recovery and RSD obtained were 79% and 9%, 
respectively. The limit of detection (LOD) was 1.2 µg phomopsin A/kg product. Results from a 2012 
survey for the occurrence of phomopsin A in lupin flour and lupin containing food samples will be 
presented. 
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Ochratoxin A (OTA) is a mycotoxin associated with nephrotoxic and nephrocarcinogenic effects, 
predominantly produced by the two ubiquitous fungal genera, Aspergillus and Penicillium. OTA has 
been found in foodstuffs of plant origin, predominantly in cereals and cereal products but also in beer, 
rice, coffee, cacao, spices, figs, raisins, grape juice, wine or pulses. The EFSA has set tolerable 
weekly intake (TWI) at 120 ng OTA/kg bw/week (17 ng OTA/kg bw/day). Based on carcinogenic 
properties of OTA, the negligible cancer risk intake (NCRI) has been assessed to be 4 ng OTA/kg 
bw/day in Health Canada. Samples from 53 types of foodstuffs of plant origin were collected in 4 
sampling terms at 12 regions of the Czech Republic in years 2011-2012.  In total, 636 food samples 
were gathered. Validated and accredited ultra-trace HPLC-FD method has been used for OTA 
determinations. The food samples were cleaned by immunoaffinity chromatography (OCHRAPREP 
columns, R-Biopharm, Germany). Limit of quantification of the method (LOQ) ranged between 0.01-
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0.2 μg/kg depending on the type of sample matrix. Quality of laboratory results was assured by 
successful participation in international inter-laboratory proficiency testing (FAPAS, Fera, UK). In order 
to determine the food consumption, data from the national study of the individual food consumption 
(SISP04) were used. These data provide values of the intake of different foodstuffs for consumers in 
the Czech Republic. The chronical dietary exposure assessment of OTA in ng/kg bw/day or week has 
been calculated by multiplying of the average of analytical data with the average of individual food 
intake (for consumers only) in the Czech Republic. Dietary exposures to OTA for ‘average’ consumers 
were preliminary estimated to be 14.4 ng/kg bw/day and 100.8 ng/kg bw/week, respectively. The 
margin of safety (MOS = exposure limit/predicted exposure) was determined at 1.19. The important 
dietary sources of exposure include cereal products, spices, beer, chocolate confectionary, non-
chocolate confectionary and beans. Acknowledgements: This study was financially supported by the 
project (no. NT12051-3/2011) from the Czech Ministry of Health (IGA MZ CR). 
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The objective of this study was to determine the aflatoxin B1 levels in agricultural commodities 
consumed in Bangkok Metropolitan and Pathum Thani province by enzyme-linked immunosorbent 
assay (ELISA). A total of 89 samples of agricultural commodities were purchased randomly from retail 
outlets and supermarkets in Bangkok Metropolitan and Pathum Thani provinces including mung bean 
(17 samples), Thai jasmine rice (15 samples), soy bean (14 samples), peanut (19 samples), dry chili 
(6 samples), chili powder (10 samples) and maize (8 samples). Aflatoxin B1 concentrations were in the 
range of 0-227 µg/kg. Out of all samples, aflatoxin B1 was detected in 74 samples (83%); 17 samples 
(19%) out of these 74 samples were contaminated detected above the acceptable limit (20 µg/kg). The 
highest level of aflatoxin B1 was detected in peanut, followed by chili powder and dry chili in a 
concentration range of 3-227 µg/kg, 1.8-132 µg/kg and 5.4-100.6 µg/kg, respectively. The lower level 
of aflatoxin B1 were detected in mung bean, followed by soy bean, maize and Thai jasmine rice in a 
concentration range of 0-4.3 µg/kg, 0-6.1 µg/kg, 0-7.6 µg/kg and 0-10.9 µg/kg, respectively. This study 
provided useful information about the risk of aflatoxin B1 hazard in agricultural commodities from 
Bangkok Metropolitan and Pathum Thani province. 
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In the last years, consumption of organic foods have become increasingly popular for a number of 
reasons, the most significant of which is the perception of health and wellness benefits associated with 
naturally grown foods. Specifically, organic foods are promoted as being safer, better-tasting, 
environmentally and farmer friendly. In addition, consumers are choosing to buy organic foods 
because several foods crisis have caused a health concern. Consequently, organic farming has been 
raised in Spain, especially in Catalonia, since the nineties. Nevertheless, safety of organic foods is still 
unclear, and needs to be thoroughly evaluated. Patulin (PAT) is a mycotoxin produced by some 
filamentous fungi of the genus Aspergillus, Penicillium and Byssochlamys. These fungi can growth in 
fruits and vegetables, but apples and apple-based products are considered the main source of this 
mycotoxin and Penicillum expansum the principal responsible. The aim of this study is to analyse the 
content of patulin in apple juices derived from organic and conventional production systems, in order 
to assess the risk to consumers, particularly in children. A total of 47 apple juice samples marketed in 
Catalonia were analysed, 25 of which are derived from conventional and 22 from organic farming. 
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Juices from the same brand but from different batch were considered as different samples. Patulin 
was extracted with ethyl acetate and then purified with sodium carbonate. After evaporation of organic 
extracts with nitrogen, the dry residue was dissolved with acidified water (pH 4) and then analysed by 
reversed phase high performance liquid chromatography with UV detector. The results showed a 
higher incidence of positives samples in organic juices (p=0.014, Chi Square Test) when comparing 
with conventional ones. Patulin was detected over the limit of quantification (3 μg/kg) in 63.6 % of the 
organic and 28% of the conventional samples. Moreover, the mean concentration of patulin in positive 
samples was also higher in organic than in conventional apple juices (p=0.003, Mann Whitney Test). 
None of the samples, including baby food, were above of the EU maximum permitted level of 50 μg/l 
and 10 μg/l, respectively. Despite the high incidence and concentrations levels of patulin in organic 
apple juices, the estimated daily intake of patulin, for children and adults, were below the provisional 
maximum tolerable daily intake (PMTDI) of 0.4 μg/kg bw. 
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Aflatoxins (AFs), difuranocoumarin compounds, are highly toxin secondary metabolites produced by 
fungi belonging to the genus Aspergillus, especially A. flavus and A. parasiticus. A. flavus produces 
aflatoxins B1 (AFB1) and aflatoxins B2 (AFB2), whereas A. parasiticus generates these B aflatoxins as 
well as aflatoxins G1 (AFG1) and aflatoxins G2 (AFG2). These fungi grow on a wide variety of foods 
and feeds under favourable temperature and humidity. Generally, tropical conditions such as high 
temperature and high relative humidity, unseasonal rains during harvest and flash floods lead to fungal 
proliferation and AFs production. Moreover, poor agronomic practices, improper storage and 
suboptimal conditions during transit, increase the risk of contamination by AFs. Contaminations can 
take place at any point along the food chain, from field, harvest, handling, transit to the storage. The 
aim of this study was to analyze a larger number of hazelnut samples using an efficient, very sensitive 
and simple method to extract, purify and analyze simultaneously aflatoxins B1, B2, G1 and G2 by liquid 
chromatography-tandem mass spectroscopy with electrospray ionization (LC/ESI-MS/MS). A total of 
93 hazelnut samples from Italy, Turkey, USA and Spain were collected in different stores of northern 
Italy and analyzed for aflatoxin (AF) content by LC/ESI-MS/MS method. Effect of two extracting 
solvent mixtures (methanol/water and acetonitrile/water) and different extraction times have been 
tested and compared in terms of efficiency of aflatoxin recovery. The analysis showed that 35 out of 
93 samples (37.6%) were contaminated with AFs. The incidence of positive samples was higher in the 
Turkish (66.7%) compared to the Italian samples (35.9%). Also the mean AF contamination was 
statistically higher (p=0.045, Kruskal-Wallis test) in the Turkish samples (0.33 µg/kg), compared to the  
Italian (0.14 µg/kg) ones. Generally, a low level of total AFs contamination was found in the positive 
samples (0.64 µg/kg), far below the maximum threshold admitted by the European legislation (5 µg/kg 
for aflatoxin B1, and 10 µg/kg for total AFs (B1, B2, G1 and G2). AFG1 was the most widespread 
aflatoxin, found in 19 samples. 
 
P34 

Preliminary survey of zearalenone and other mycotoxins in Argentinean natural 
pastures intended for cattle feed 
 
Maria L. Ramirez

1
, S.M. Chiacchiera

2
, M. Sulyok

3
, M.J. Nichea

1
, S. Palacios

1
, M.L. Gonzalez 

Pereyra
1
, R. Krska

3
 and S.N. Chulze

1
  

 
1
Departamento de Microbiología e Inmunologia, Facultad de Ciencias Exactas Fco-Qcas y Naturales, 

Universidad Nacional de Río Cuarto, Argentina, 
2
Departamento de Química, Facultad de Ciencias  

Exactas Fco-Qcas y Naturales, Universidad Nacional de Río Cuarto, Argentina and 
3
Department IFA-

Tulln, BOKU Vienna, Austria. Corresponding author: mramirez@exa.unrc.edu.ar
 

 
Meat production in Argentina is based on the exploitation of natural sources with traditional extensive 
grazing. Fusarium toxins such as zearalenone and trichothecenes are common mycotoxins found in 
cereal grains and are important causes of mycotoxicosis. They are not commonly associated with 
forage-based feeding systems. However, Fusarium toxins have been found to be of significance in 
grazing animals. Of particular concern to the Argentinean livestock industry is that zearalenone (ZEA) 
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is chemically similar to the growth promoting alpha-zearalanol (zeranol), which is banned in Argentina 
as well as in the EU. In the last two years zeranol has been detected in bovine urine during a routine 
analysis of beef cattle farms as part of a national residues control plan by the central competent 
authority, National Service for Health and Food Quality (SENASA). Several reports from New Zealand 
and Northern Ireland have shown that zeranol might occur naturally in urine and bile from sheep and 
cattle following metabolism of the mycotoxins zearalenone and alpha-zearalenol that can contaminate 
animal feedstuffs. Thus, the finding of zeranol in an animal might, on its own, be insufficient proof that 
malicious abuse of zeranol has occurred. A pilot survey was undertaken to ascertain if zearalenone 
was present in natural pastures in two beef cattle farms in which a positive urine sample from cattle 
have been previously found. Forty samples of natural grasses were collected during winter 2011 (July) 
from selected paddock of two beef cattle farms located in Chaco province, Argentina. Samples were 
analysed using an LC-MS/MS based multimycotoxin method that does not use any clean-up. 
Recovery experiments (i.e. spiking 5 individual samples at two concentration levels) confirmed the 
applicability of the method to the matrix as 74% of the investigated analytes exhibited apparent 
recoveries between 60 and 140%. The analysis revealed the presence of ZEA in 39 out of 40 samples 
with a median concentration of 141 µg/kg (range between 1.2 and 2120 µg/kg), and partial co-
occurrence of alpha- and beta-zearalenol. The evaluation of the impact of the presence of ZEA in the 
samples was complicated by the co-occurrence of T-2 toxin (n=25, median concentration of positive 
samples 140 µg/kg) and HT-2 toxin (n=18, median concentration of positive samples 374 µg/kg) that 
were found in high frequency. Other fungal metabolites that were found to be prevalent were 
beauvericin, equisetin and aurofusarin, metabolites produced by Alternaria spp., sterigmatocystin and 
its precursors and anthrachinone derivatives such as emodin, chrysophanol and skyrin. This is the first 
report of the presence of fungal metabolites including ZEA and its derivatives on natural pastures 
intended for cattle feed in Argentina. 
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Twelve types of food commodities imported from Asia (Jasmine brown rice, long grain rice, fragrant 
rice, peanuts, green beans, black beans, black peppers, crushed chilli, five spices powder, dried white 
prune, salted plum pieces and white plum) were examined for occurrence of moulds, particularly of the 
genera Aspergillus, and aflatoxins. All food samples, except black bean and three types of dried fruits, 
contained multiple genera of moulds and 82 isolates were recovered. Of these, 55% were Aspergillus  
spp. and the remaining genera were Penicillium (15%), Rhizopus (11%), Mucor (3%), Monascus (1%), 
Eurotium (1%) and unidentified (14%). Thirty-nine Aspergillus isolates were recovered from long grain 
rice, fragrant rice, peanuts, green beans and black pepper, of which 60% was A. parasiticus and the 
remaining were A. oryzae (3%), A. utus (5%), A. niger (5%), A. ochraceus (3%), and 23% unidentified 
species. An A. parasiticus isolate from each food sample was further screened for ability to produce 
aflatoxin and all were aflatoxigenic but aflatoxin production varied between isolates and substrates. 
The isolates from peanuts and green beans produced aflatoxins on their initial substrates and were 
able to produce aflatoxins in other substrates at the comparable concentrations. In contrast, the 
isolates from long grain rice, fragrant rice and black pepper did not produce aflatoxins in their original 
substrates but produced aflatoxins on other substrates. The highest aflatoxin B1 production by the 
isolate from green beans was 378.8 (black beans), 355.4 (green beans) and 269.8-351.8 (three types 
of rice) and 107.2 (black pepper) µg/kg. The isolate from fragrant rice produced a trace of aflatoxin B1 
on five spices powder. Three types of dried fruits did not support the growth of A. parasiticus and 
aflatoxin production. The occurrence of aflatoxigenic moulds, however, did not correspond with the 
occurrence of aflatoxins in those foods. In this respect, long grain rice, fragrant rice, peanuts, green 
beans and black pepper which were positive for presence of Aspergillus contained undetectable level 
of aflatoxins. In contrast, Jasmine brown rice and crushed chilli contained 14.7 and 11.4 µg/kg of total 
aflatoxins, respectively, in the absence of Aspergillus. Although Aspergillus was not detected in these 
two commodities, these results indicate that aflatoxigenic Aspergillus was present at some stage of 
food production. The results from this study emphasise the need for stricter control measures in 
reducing occurrence of aflatoxins in foods for export and domestic use.   
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The most frequently occurring Fusarium mycotoxins in German cereals are deoxynivalenol (DON) and 
zearalenone (ZEA). Legal limits have been defined by the European Union to protect consumers 
against these mycotoxins (EC 1881/2006). It has been suggested that other Fusarium mycotoxins 
may co-occur with these predominant ones, e.g. nivalenol (NIV), 3-acetyl-DON (3-ADON) or 15-acetyl-
DON (15-ADON) with deoxynivalenol. Data on contamination levels and possible differences between 
crops are missing. In the year, 2011 nearly 500 wheat and 300 rye samples have been analysed for 
their Fusarium toxin contents (DON, ZEA, NIV, 3-ADON, 15-ADON, T-2 toxin, HT-2 toxin and 
diacetoxyscirpenol (DAS) with a liquid chromatographic method using tandem mass spectrometry. 
The mycotoxin-contamination levels of all samples were low for all analysed mycotoxins in 2011 
(Table 1).  A statistical analysis has  been performed with  samples in which the  total amount of toxins 
 
Table 1. Median, mean and max-levels of almost 500 German wheat and 300 rye samples in 

2011 in µg/kg. 

 Mean Median Maximum 

  Wheat Rye Wheat Rye Wheat Rye 

DON 158.9 202.1 21.2 75.5 2073.0 2613.3 
T-2 0.2 1.8 <dl <dl 9.0 17.5 
HT-2 1.9 1.8 <dl <dl 19.4 20.6 
T2 + HT-2 2.1 3.6 <dl <dl 20.5 26.3 
NIV 13.0 33.4 <dl 21.4 171.5 257.1 
3-ADON 0.4 1.9 <dl <dl 12.7 45.0 
15-ADON 0.8 1.3 <dl <dl 26.3 28.2 
DAS <dl 0.3 <dl <dl 0.6 7.6 
ZEA 16.3 13.0 <dl <dl 324.8 277.1 

dl = detection limit 
 
was remarkable using the software JMP vers.9. Partition analysis shows DON as the most relevant 
mycotoxin for wheat and NIV as the most relevant mycotoxin for rye. There were significant 
differences between wheat and rye in the contents of DON, NIV, 3-ADON, T-2 and DAS, but no 
significant differences in the levels of ZEA, HT-2 and 15-ADON. Correlations of standardised 
mycotoxin amounts have also been proven: NIV content correlates well with DON content in rye but 
not in wheat, whereas in contaminated samples the ZEA content correlates well with the DON amount 
in both crops. Correlations could also be found between DON content in wheat and 3-ADON or 15-
ADON. In rye only 3-ADON, NIV and ZEA correlates with DON. Looking at the German harvest 2011, 
statistical analysis lets us conclude that multi-mycotoxin occurrence depend on the type of maize. The 
discussion of co-occurring mycotoxins in legislation should focus more on different species of cereals. 
Findings have to be proven with occurrence date in other years of harvest. 
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Fusarium langsethiae is a newly identified species from the Fusarium genus which was first described 
in 2004. Together with a few other Fusarium species it is known as a producer of very potent HT-2 
and T-2 mycotoxins from the trichothecene A group.  It is known that Fusarium langsethiae is the 
predominant HT2 and T2-producing species on oats in the UK. The European Commission is setting 
guideline limits for the combined concentration of HT-2 and T-2 (HT-2 + T-2) in food and feed. In 
observational studies across the UK between 2002 and 2008 around 16% of samples collected at 
harvest exceeded the proposed guideline limit of 1000 µg/kg HT-2 + T-2 for unprocessed oats 
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intended for human consumption. From 2005-2011, oats from over 20 winter and more than 14 spring 
national Recommended List variety trials were analysed for the presence of HT-2 + T-2 mycotoxins. 
All winter variety trials had higher levels of HT-2 + T-2 compared to the spring variety trials. The 
highest levels were found in the varieties Gerald, Balado and Brochan. Spring varieties had lower 
levels of HT- 2+ T-2 than winter varieties and in most trials there was no significant difference between 
levels of toxins in spring varieties. It is not clear whether the difference observed between winter and 
spring varieties is due to agronomic (i.e. drilling date) or genetic difference. To test the hypothesis that 
the difference observed were not due to agronomy, six spring and six winter varieties were drilled 
together in randomised block experiments at three sites in the UK in autumn 2011 and in spring 2012. 
Samples will be collected before and after harvest and quantified for HT-2 and T-2. 
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In Tanzania, several indicators allude to high mycotoxin exposure levels among maize and cassava-
growing rural households, such as (i) erratic rainfall, high temperature and humidity in crop production 
areas; (ii) presence of predominantly small farm holdings that produce for informal, local markets and 
that escape regulation mechanisms; and (iii) a general lack of awareness about mycotoxins and their 
effects. Nevertheless, mycotoxin contamination of maize and cassava, the two most important 
smallholder crops in Tanzania, is ill-quantified, although visual observations of stored maize and 
processed cassava in households and markets show severe contamination by several fungi. 
Therefore, the objective of this study was to quantify mycotoxin contamination levels on maize and 
cassava in samples from Tanzania, and provide an objective basis for commissioning interventions to 
dramatically improve the health and livelihoods of rural households. 1000 maize and cassava samples 
were obtained from formal and informal markets as well as from farmers located across the different 
regions of Tanzania. Samples (1 kg) were ground and sub-sampled and were accompanied by a 
questionnaire completed by the farmer or market vendor that documented pre and post harvest 
methods and awareness of mycotoxins. All cassava samples, as well as maize samples found to be 
positive for aflatoxins or fumonisins by ELISA based pre-screening methods, were analyzed by an LC-
MS/MS based multi-mycotoxin method. The method was found to be applicable for the analysis of 
cassava without any clean-up as shown by the recoveries from spiked cassava samples for 94% of all 
investigated analytes (in the range of 60-140%). More than 100 different metabolites were detected in 
the Tanzanian samples, thus confirming the broad spectrum of naturally occurring fungal metabolites.  
Preliminary results have shown that aflatoxins and fumonisins were prevalent in maize whereas in 
cassava  aflatoxin prevalence was surprisingly low although sterigmatocystin, other aflatoxin 
precursors and metabolites related to Aspergillus flavus (such as kojic acid and 3-nitropropionic acid) 
were frequently detected. In addition, zearalenone, beauvericin, emodin and griseofulvin were 
surprisingly prevalent in cassava. The origin of the sample was linked to mycotoxin profiles e.g.  
cyclosporins were almost exclusively detected in samples from the districts of Pangani and Handeni. 
Completed analyses of all samples will demonstrate the prevalence of key mycotoxins in maize and 
cassava in Tanzania and used to justify immediate control interventions targeting risk-prone areas 
(hotspots) and agricultural practices linked to mycotoxin production, such as maize/cassava cultivar, 
processing techniques and storage conditions. 
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Patulin is a toxic secondary metabolite produced by a wide range of fungi belonging to the Penicillium, 
Aspergillus and Bysochlamys species growing on apples and other fruit. The maximum permitted level 

of patulin in fruit juices and nectars is 50g/kg, but permitted threshold is lower for products labelled 
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and sold as intended for infants and young children (10 μg/kg). The present study aimed to perform 
the verification of a SPE–HPLC–UV method to quantify patulin and to undertake a survey on the 
occurrence of this mycotoxin in apple-based foods for infants and children marketed in Vojvodina 
(province of Serbia). Study included 55 samples of food for infants and young children, collected 
during 2011-2012. In addition, 35 samples representing different types and brands of domestic and 
imported fruit juices, packed as intended for children (small pack of 0.2 l, with straw), were collected 
from the market in 2012. The analytical protocol for the determination of patulin was in-house 
characterized. The recoveries and precision values were within the acceptable margins (Regulation 
401/2006). The accuracy of the method was evaluated through the participation in FAPAS proficiency 
scheme (z-score 0.8). The validated method was used to analyse the presence of patulin in a total of 
90 samples. From the 55 baby food samples analysed, 5 out of 24 juices were above LOQ (2.0 μg/kg), 
reaching a maximum value of 4.41 μg/kg, while homogenised purée did not show contamination by 
patulin except for one sample (3.25 μg/kg). In the second group of 35 juices in 0.2 l pack, an overall 
patulin incidence of 20.0% was observed. Patulin was registered in 8.3% of pure apple juices, while a 
higher occurrence resulted in mixed apple juices, both clear (16.7%) and cloudy (29.4%). Five 
samples showed patulin concentration between the LOQ and 10 μg/kg, two samples were above 10 
μg/kg (21.14 and 22.41 μg/kg). For children, the daily intake of food is very important considering their 
body weight. For a given concentration of patulin and a same amount of food consumed, a child will 
have a different exposure than an adult. Consumption by a child (20 kg) of 0.2 l from the most 
contaminated fruit juice found in the present study (22.41 μg/kg), leads to a patulin daily intake 
representing 56% of PMTDI (0.40 μg/kg bw; JECFA), while consumption of 0.2 l from the same juice 
by an adult (60 kg) results in 3-fold lower exposure. To conclude, stricter controls should be enforced 
in order to ensure the reduction of exposure of children. 
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Nowadays, food safety is of major concern, and occurrence of mycotoxins in foodstuffs is regarded as 
an issue of great importance because of their adverse health effects, including carcinogenicity. 
Ochratoxin A (OTA), produced by Aspergillus and Penicillium species, is suspected to be involved in 
Balkan endemic nephropathy, a chronic renal disease characteristic for certain regions of the Balkan 
Peninsula. In the group of aflatoxins, produced by Aspergillus species, B1 is classified as carcinogen 
for humans (IARC group 1). This study describes the occurrence of ochratoxin A and aflatoxins B1, 
B2, G1 and G2 in distinct kinds of flour (wholegrain, gluten-free, or non wheat-based flours) marketed 
in Serbian province Vojvodina. Flour samples were acquired in supermarkets, in June 2012, and 
sample selection was conducted in order to include variety of products of domestic producers. A total 
of 21 samples were classified into groups based on type of cereal, and a subgroup comprised of 
gluten-free flours. The analytical determinations were carried out using an immunoaffinity clean-up 
followed by HPLC-FLD, separately for group of aflatoxins and OTA. In this study, presence of OTA 
was detected in one third of samples, with 9.5% of samples with OTA content above limit of 
quantification. In the group of 7 wheat flour samples, one showed detectable amount of OTA, as well 
as oat and barley flours, each represented by one sample. In rice, buckwheat and millet flours (1, 2 
and 2 samples, respectively) OTA was not detected, while 2 out of 3 mixed cereals samples were 

tested positive. One of the samples with quantified OTA content (0.41g/kg) belonged to the group of 

3 maize flours. The sample with the highest OTA contamination, exceeding the limit of 3g/kg, was a 

wholegrain rye flour with a result of 6.680.52g/kg. Identity of OTA was confirmed by converting it to 
its methyl-ester form. Subgroup comprised of 4 gluten-free flours did not show detectable levels of 
OTA. It was noted that among 10 manufacturers of 21 samples examined, one provided 4 out of 7 
OTA positive samples, including the one that exceeded legal threshold. That may suggest storage or 
processing contamination. In the case of aflatoxins, neither one of them was detected in the analysed 
samples. To conclude, regarding aflatoxins B1, B2, G1 and G2, all the samples examined complied 
with current European/Serbian legislation, but in the case of OTA one out of 21 samples exceeded the 
permitted level. 
 

mailto:ljilja.torovic@izjzv.org.rs


136  WMFmeetsIUPAC2012 
5-9 November 2012, the Netherlands 

P41 

Ochratoxin A in breakfast cereals marketed in Vojvodina 
 
Ljilja Torović

1,2
, Lj. Trajković-Pavlović

1,2
 and M. Popović

1,2
 

 
1
Faculty of Medicine, University of Novi Sad, Serbia and 

2
Institute of Public Health of Vojvodina, 

Serbia. Corresponding author: ljilja.torovic@izjzv.org.rs 
 
Ochratoxin A (OTA), a mycotoxin produced by several fungal species of the genera Aspergillus and 
Penicillium, occurs in a variety of agricultural commodities such as cereal grains, dried fruits, nuts, 
cocoa. The objective of this study was to evaluate the incidence and contamination level of ochratoxin 
A in breakfast cereals marketed in Vojvodina (province of Serbia). Commercial breakfast cereals were 
purchased from supermarkets in June 2012. According to information on the package, a total of 82 
breakfast cereals were classified into groups in terms of different types of cereals and added 
ingredients. The analytical determination of OTA was carried out using a HPLC-FLD technique 
preceded by an immunoaffinity clean-up step. The analytical protocol was in-house characterized. 
Recovery percentages ranged between 81% and 84%, with RSDs below 10%. Statistical analysis 

included samples with OTA concentration between LOD (0.07g/kg) and LOQ (0.2g/kg), and 
quantities below LOD, considered as LOD/2. The study revealed an overall incidence of positive 
samples of 20.7%. Analysed rice and rye products did not show values above LOD. OTA presence 
was detected in wheat (20.0%), oat (14.3%), barley (20.0%) and maize (30.0%) products, multicereal 
formulas with chocolate (40.0%), cinnamon (50.0%), dried fruits (21.4%) and dried fruits and nuts 

(30.8%). Overall average OTA concentration was 0.34g/kg; the value for the median was lower than 
LOQ in all groups of samples. Analysed multicereal products with dried fruits and nuts showed the 

highest mean level of 1.07g/kg. Within this group, 2 samples contained OTA (5.610.86g/kg and 

6.840.71g/kg) over the limit for cereal products (3g/kg). In the group of multicereal with dried fruits, 

average OTA content was 0.75g/kg, with one sample exceeding the limit with a result of 

9.921.04g/kg. Lower mean levels were found in multicereal with cinnamon (0.25g/kg) and maize 

products (0.07g/kg). These findings suggest that the added ingredients (dried fruits, nuts, cinnamon) 
provide OTA enrichment. Consumer risk exposure was evaluated taking into account OTA occurrence 
data obtained in this study (mean and maximum values) and assumed breakfast cereal consumption 
of 50g/day. Considering OTA tolerable weekly intake (120ng/kg bw; EFSA 2006) and corresponding 
tolerable daily intake (TDI) of 17.1ng/kg bw, the mean OTA daily intakes represent 5% and 1.7% of 
TDI, while maximum daily intakes reach 145% and 48%, for a child (20kg) and an adult (60kg), 
respectively. Consequently, the risk from the OTA occurrence in the samples of breakfast cereals 
analysed in the present study is not negligible, especially for children. 
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Maize is one of the most important cereal grains produced in Argentina. In the last decade the country 
has positioned as the sixth producer in the world and the second world exporter. Precision agriculture 
has the potential to adjust fertilizer rates according to soil types and/or other defined conditions within 
management zones. The aim of this work was to determine the effect of site-specific nitrogen rates to 
fumonisin and aflatoxin contamination in maize under natural infection conditions. For this purpose, 
two on-farm trials were set up in the 2011-2012 crop season, in Córdoba Province. The trials were 
done using a strip trial design where N rates were varied (site-specific) and uniform along strips (0 to 
400 kg N/ha) in replicated strips along the length of each field (500 m). Measurements of the yields 
were carried out with a yield monitor placed in a combine harvester. At harvest time, sampling was 
done to evaluate the presence of mycotoxigenic fungi and mycotoxins in maize grain. Fumonisin B1 
(FB1) and fumonisin B2

 
(FB2), were measured by precolumn derivatization with o-phthalaldehyde 

followed by separation on a reversed-phase column. Aflatoxins were separated and determined by 
reversed-phase LC with fluorescence detection after pre-column derivatization with trifluoroacetic acid. 
Aspergillus section Flavi was the most abundant species detected in maize kernels in Adelia Maria 
field and Fusarium spp. were detected at both locations. The level of fungal contamination did not 
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depend on the fertilization rate. The level of aflatoxin in Adelia Maria varied between 8.6 and 516 ppb, 
while in Alejandro Roca the toxin was not detected. This high levels of aflatoxin are unexpected, 
because is not common to detect the toxin in maize field samples in Argentina. Fumonisin 
contamination in samples from Alejandro Roca was approximately 2-fold higher than that in samples 
from Adelia Maria, with the level varying from 3,983 to 14,039 ppb. Fumonisins did not show a clear 
relationship with N-fertilization rate. When the climatic conditions favoured aflatoxin production, the 
levels of contamination in the grain were independent of fertilizer rate.  
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Fusarium proliferatum is one of the main pathogens associated with maize ear rot worldwide and can 
produce fumonisins that contaminate this cereal. This fungus has a wide range of host plants besides 
maize, such as wheat and barley among others. Recently, studies in our laboratory have detected 
natural fumonisins contamination in durum wheat kernels; mainly F. proliferatum were isolated from 
these kernels. The objectives of this study were to analyze (i) the genetic variability through a 
phylogenetic analysis and (ii) the fumonisin producing ability of F. proliferatum strains isolated from 
durum wheat in Argentina. The phylogenetic study was performed based on partial sequence of EF-1a 
and CL genes. The Fusarium species evaluated in this study (n=62) were identified using 
morphological markers and were from diverse geographic origin, hosts (wheat and maize) and year of 
isolation. By molecular markers, strains of F. verticillioides (6) and F. proliferatum (51) were identified. 
To determine their fumonisin producing ability, the isolates were grown on autoclaved wheat grains. 
After 3 weeks of incubation in the dark at 25°C, grains were dried and ground. Non-inoculated wheat 
grains were used as controls. Quantitation of fumonisins (FB1, FB2 and FB3) was done by HPLC with 
o-phthalaldehyde precolumn derivatization. The phylogenetic study performed revealed the presence 
of two main clusters, one grouped all the F. proliferatum strains while the other contained 7 F. 
verticillioides strains. Moreover, F. proliferatum isolates were separated in groups showing a high 
intraspecific variability, however, a correlation to geographic origin, host or year of harvest was not 
observed. Out of 51 F. proliferatum strains evaluated for fumonisin production in durum wheat grains,  
49 showed fumonisins production in levels ranging from 1.1 to 2,072.4 μg/g. Seven strains produced 
more FB2 than FB1 and 11 strains produced more FB3 than FB2. Six F. verticillioides strains 
produced fumonisins in levels ranging from 30.1 to 301.1 µg/g. Three of these strains produced more 
FB3 than FB1. These results indicate that, among the fumonisin producing species, durum wheat 
grains are contaminated mainly by F. proliferatum; however, F. verticillioides can be also found in this 
cereal, presenting a high risk for human and animal health.  
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Production strategy of quality food and the effective control of food composition are one of the main 
topics in the international food research area. A number of scientific publications illustrate the 
relationship between the composition, food intake, and population health. The importance of natural 
dietary supplements is increasingly discussed, because recently, food supplements have been gaining 
high popularity among consumers. On the one hand, herbal products contain various health-promoting 
substances such as vitamins, minerals and antioxidants, on the other hand there is the risk of the 
potential occurrence of natural toxins is necessary take into account in the case of these products. 
However, mycotoxins, toxic secondary metabolites of microscopic filamentous fungi, are known for a 
serious risk to human health. This study was dealing with possible mycotoxins presence in natural 
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food supplements. The total number of 3 different types of dietary supplements from the Czech retail 
market was examined in our study: (i) for menopausal symptoms (n=9), (ii) based on milk thistle 
(Silybum marianum) with content of silymarine known for their positive detoxifying effects on liver cells 
(n=21), and (iii) other detoxification herbal supplements (n=17). Multimycotoxins method for 
simultaneous isolation/purification of 53 mycotoxins (Fusarium, Alternaria, Penicillium, Aspergillus, 
Claviceps, and others) was based on the QuEChERS procedure. For identification and quantification 
of target analytes, ultra-high performance liquid chromatography coupled with tandem mass 
spectrometry (UPLC-qtrapMS/MS) was employed. As resulted from our study, altogether 94% of the 
examined samples were positive for mycotoxins presence. The most abundant substances were 
Alternaria and Fusarium toxins. For particular mycotoxins, their daily intakes (DIs) were calculated 
according to the EFSA (the European Food Safety Authority) guidelines. For some of the samples 
analyzed, content of mycotoxins reached up to several tens of percents of tolerable daily intakes 
(TDIs). Acknowledgements: Financial support from specific university research (MSMT No 21/2012) 
and project No. LH11059. 
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Between 2007 and 2010, wheat samples and information on cropping measures were collected from 
Swiss growers. Wheat grains were examined for incidence of Fusarium head blight (FHB) causing 
species and mycotoxin content (LC-MS/MS).  A total of 527 samples originating from 16 out of 26 
Swiss cantons was examined, resulting in three dominant FHB causing species: F. graminearum (64% 
of all FHB species), followed by F. poae (19%) and F. avenaceum (10%). The mean content of the 
trichothecene deoxynivalenol (DON) was 650 ppb and 12% of all samples were above the European 
limit for unprocessed cereals (1,250 ppb). The yearly mean DON content varied between 260 ppb in 
2009 and 970 ppb in 2008. The analyses of the effects of different cropping measures showed that the 
combination of pre-crop maize and conservation tillage versus ploughing resulted in an average DON 
content of 2200 ppb or 370 ppb, respectively. The use of other pre-crops further reduced the average 
DON content to 240 ppb. This clear-cut finding confirms results from our on-farm experiments, which 
demonstrated that wheat grown after maize with conservation tillage frequently leads to high DON 
contents substantially exceeding the European limit (Vogelgsang et al., 2012. Mycotoxin Research 27: 
81-96). We also measured the content of zearalenone (ZEA) and various other trichothecenes than 
DON. In samples from the two cropping systems wheat after maize with or without ploughing, ZEA 
and nivalenol (NIV) contents were lower but showed a similar pattern as those of DON, accounting to 
means of 208 and 17 ppb for ZEA  and to 27 and 16 ppb for NIV, respectively. No significant 
correlation was found between F. poae incidence and the NIV content. One reason may be the 
presence of F. graminearum NIV chemotypes in Switzerland. Currently, DNA quantities of F. 
graminearum and F. poae as well as the ratio of chemotypes are investigated by PCR analyses. The 
resulting data as well as in-depth analyses of various other cropping measures will provide a better 
insight into the correlations between fungal prevalence and toxin content and will elucidate possibilities 
to reduce the risk of Fusarium occurrence and toxin contamination of wheat by adapting agricultural 
measures. The hypothesis of F. graminearum NIV chemotypes is in line with recent observations from 
other European wheat surveys. At present, data on fungal prevalence and toxins from various 
geographic areas are assembled in order to establish a European map on FHB chemotypes 
(www.mycored.eu). 
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Mycotoxin contamination of foods represents a serious global problem, which often results in 
economic losses and health risks for humans and animals. Especially fruits and vegetables belong to 
the group of crop, which are very susceptible to the filamentous fungi infection, and consequently to 
the mycotoxins attack, hence its long-term storage in households or supermarkets is an issue of the 
high importance. With regard to the relatively high moisture content of fruits and vegetables, moulds 
can spread within the crop quite fast, and mycotoxins penetrate easily throughout the product (Sulyok 
et al., 2010. Food Chemistry 119: 408-416). 

 
To gain the knowledge on the mycotoxicological quality of 

lower quality grade goods, which are commonly sold in supermarkets, an extensive monitoring study 
of various kinds of fruits and vegetables sold as the ‘second quality grade goods’ was conducted. 
More than 50 mycotoxins (aflatoxins, trichothecenes, zearalenone, and ochratoxin A together with 
their metabolites, sterigmatocystin, fumonisins, enniatins, beauvericin, patulin, tentoxin,  meleagrin, 
paxilline, ergot alkaloids, Alternaria toxins, stachybotrilaktam, mycophenolic acid, penicillic acid, 
gliotoxin, penitrem A, roquefortin C, etc.) were analyzed in 70 fruits’ and vegetables’ samples. To learn 
the mycotoxins distribution through the product, sub-sampling of visually non-edible (mouldy and/or 
rotten parts) and edible parts was done for 51 samples. Additionally, mycotoxins content was 
determined also in other fruit- and vegetable-based products. Overall 39 ketchups and tomato purees, 
and 26 apple juices purchased in both Czech supermarkets and farmers markets were analyzed.  
Alternaria mycotoxins (up to 1,905 µg/kg of tenuazonic acid) and enniatins (in the range from <0.1 to 
60 µg/kg) were detected as the most frequently occurring toxins in vegetables, i.e. tomatoes and 
products thereof. Also rather high concentration of mycophenolic acid (up to 769 µg/kg) was 
determined in mouldy non-edible portion of yellow pepper and cherry tomatoes, and also citrinin (26.6 
µg/kg) occurred in non-edible portion of parsley. On the other hand, for fruits and products thereof, the 
most frequently occurring mycotoxin was patulin (up to 24.6 µg/kg for apple juices and up to 290 µg/kg 
for non-edible portion of red grapes). For analytes isolation/purification, the QuEChERS-like procedure 
was employed, for identification and quantification, ultra-high performance liquid chromatography 
coupled with tandem mass spectrometry (UPLC-qtrapMS/MS) was applied. Acknowledgements: The 
financial support of the Ministry of Education, Youth and Sports of the Czech Republic (project MSM 
6046137305) and of the European Union Seventh Framework Programme (FP7/CSA/ 
KBBE.2010.2.6-01) under grant agreement No. 266061, ‘Safe food for Europe – coordination of 
research activities and dissemination of research results of EC funded research on food safety 
(FOOD-SEG)’ is gratefully acknowledged. 
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Maize is one of the main forage crops fed to ruminants in Europe, and as such is fed in the form of 
silage. There is a limited amount of data available on the occurrence of mycotoxins in maize silage. In 
ruminants mycotoxins can cause a diverse range of health and production problems, ranging from 
acute mycotoxicosis to the more commonly seen chronic problems. Symptoms may include reduced 
feed intake, diarrhoea, high somatic cell counts, mastitis, laminitis, reduced fertility and increased 
susceptibility to disease. The objective of this survey was to determine the prevalence of mycotoxins 
in maize silage samples in the Netherlands and the possible effects of these mycotoxins on health and 
performance of ruminants. In this survey 34 different ruminant farms (30 dairy and 4 veal calves) from 
different geographical locations in the Netherlands were included. The maize silage samples were 
analysed for 24 different mycotoxins using liquid chromatography-mass spectrometry. The samples 
were also analysed for the presence of the fungus Penicillium roqueforti. Mycotoxins produced by P. 
roqueforti have antimicrobial effects, reduce rumen functioning and increase susceptibility to other 
mycotoxins.  Furthermore a questionnaire was filled in at each of the different farms with questions 
regarding the health, production and reproduction status of the ruminants. In all the maize silage 
samples studied total 9 mycotoxins out of the 24 were detected. All samples tested showed 
contamination with mycotoxins ranging with variable levels. Of the tested samples, 59 % showed co- 
contamination with 3 or more mycotoxins. The fungus P. roqueforti was occurring in 85% of the 
samples. The results of the questionnaires showed diverse answers: decreased performance, 
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reproduction problems and increased disease incidence were often indicated. In conclusion, the 
results of this survey proved that in the Netherlands maize silage potentially is an important source of 
mycotoxins in ruminants. Although based on the questionnaires a significant one to one correlation 
between mycotoxins and effects on health and performance could not be shown, decreased 
performance, reproduction problems and increased disease incidence were often indicated.  Due to 
the fact that clinical signs of mycotoxicosis are often subtle and other factors can play a role in the 
above mentioned negative effects, the diagnosis is often missed. Therefore, when mycotoxin 
contamination is suspected to be responsible for decreased production/health problems an analysis 
for mycotoxin occurrence is important and inclusion of an effective mycotoxin inactivator in the diets is 
recommended. 
 
P48 

Assessment of risks for public and animal health related to the presence of 
citrinin in food and feed 
 
Katleen Baert

*
 and Elena Scaravelli, Josef Böhm, Sarah De Saeger, Johanna Fink-Gremmels, Peter 

Mantle, Maja Peraica, Rudolf Stetina, Natalie Thatcher, Terry Vrabcheva and Lutz Edler  
 
*
Unit on Contaminants,

 
European Food Safety Authority, Italy. Corresponding author: 

katleen.baert@efsa.europa.eu 
 
Citrinin is a mycotoxin produced by several species of the genera Aspergillus, Penicillium and 
Monascus and occurs mainly in stored grains. The European Food Safety Authority (EFSA) was 
asked by the European Commission to deliver a scientific opinion on the health risks from citrinin in 
food and feed. For the exposure assessment, occurrence data submitted to EFSA in response to a 
call for data and from the literature were examined. Following an EFSA call for data, analytical results 
from only 30 samples were submitted by one Member State. The reported citrinin concentrations in 
literature varied widely in grains both when intended for food (up to 420 µg/kg) and for feed (up to 998 
µg/kg), but in general, a high proportion (up to >90%) of left censored data were observed. The 
available occurrence data either submitted to EFSA in response to the call for data or from the 
literature were not adequate to carry out human and animal dietary exposure assessments. Hazard 
characterization revealed that citrinin is nephrotoxic and a no-observed-adverse-effect level (NOAEL) 
of 20 µg/kg body weight (bw) per day was identified from a 90-day study in rats. Due to the limitations 
and uncertainties in the toxicological database, the derivation of a health-based guidance value was 
not considered appropriate but a level of no concern for nephrotoxicity of 0.2 µg/kg bw per day could 
be determined. However, based on the available data a concern for genotoxicity and carcinogenicity 
could not be excluded at that level of no concern for nephrotoxicity. In the absence of adequate 
exposure data, characterisation of the risk of citrinin as a food contaminant was based on the estimate 
of the citrinin concentrations in grains and grain-based products that would result in an exposure equal 
to the level of no concern for nephrotoxicity. For high consuming toddlers, other children and adults 
this citrinin concentration is between 9 and 53 µg citrinin/kg and between 19 and 100 µg citrinin/kg for 
average consumers, respectively. For animals, risk characterisation was based on the estimate of the 
citrinin concentration in grains that would result in exceeding the NOAEL of 20 µg/kg bw per day for 
pigs, which ranged between 640 and 1,173 µg/kg feed. The CONTAM Panel concluded that the 
impact of uncertainties on the risk assessment is large, and more data regarding the toxicity and the 
occurrence of citrinin in food and feed in Europe are needed to enable refinement of the risk 
assessment of citrinin (EFSA, 2012. Scientific Opinion on the risks for public and animal health related 
to the presence of citrinin in food and feed. EFSA Journal 10: 2605). 
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The European Food Safety Authority (EFSA) was asked recently by the European Commission, to 
assess the risks to human and animal health related to the presence of some specific mycotoxins and 
plant toxins in food or in both food and feed. These mandates were assigned to the Panel on 
contaminants in the food chain (CONTAM Panel). Recently, EFSA has published risk assessments on 
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zearalenone in food, and risk assessments in relation to food and feed on Alternaria toxins, 
pyrrolizidine alkaloids (PA), T-2 and HT-2 toxins, phomopsins and citrinin. The risk assessment on 
opium alkaloids addressed these substances specifically in poppy seeds. The CONTAM Panel 
established a tolerable daily intake (TDI) for zearalenone of 0.25 μg/kg body weight (bw). Estimates of 
chronic human dietary exposure to zearalenone are below or in the region of the TDI and therefore not 
a human health concern. For Alternaria toxins, the threshold of toxicological concern (TTC) approach 
was used to assess the relative level of concern for dietary exposure of humans to these mycotoxins. 
For the genotoxic Alternaria toxins, alternariol and alternariol monomethyl ether, the estimated chronic 
dietary exposure exceeded the relevant TTC value. This suggests that additional toxicity data are 
needed for these Alternaria toxins. There were also indications that some Alternaria toxins could be a 
health concern for chickens. The CONTAM Panel applied the margin of exposure (MOE) approach for 
PAs and concluded that there is a possible health concern for those toddlers and children who are 
high consumers of honey. A group TDI of 100 ng/kg bw for the sum of T-2 and HT-2 toxins was 
established. For humans the estimated chronic dietary exposures to the sum of T-2 and HT-2 toxins 
are below the established TDI, and therefore not a health concern. Based on the available occurrence 
data on feed, the estimated exposures to the sum of T-2 and HT-2 toxins for ruminants, rabbits and 
farmed fish are considered unlikely to be a health concern, while for pigs, poultry, dogs and horses the 
risk of adverse health effects is low. The risk of phomopsins for human and animal health could not be 
assessed due to the absence of either relevant toxicity data on phomopsins or exposure/occurrence 
data. However, the available toxicity data in various animal species indicate that phomopsin exposure 
to human and animals should be kept as low as possible. The main outcomes of the risk assessment 
of citrinin and opium alkaloids are presented in a separate abstract in WMFmeetsIUPAC2012. In 
addition, the CONTAM Panel will assess the risks of tropane alkaloids, ergot alkaloids, 
sterigmatocystin, nivalenol, moniliformin, diacetoxyscirpenol, beauvericin and enniatins in food and 
feed in the near future. 
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Enniatins (ENNs) and beauvericin (BEA) are ubiquitous Fusarium mycotoxins, for which there is no 
legislation. While a large number of effects on cell level are described for these cyclodepsipeptides, no 
mycotoxicosis in animals or humans is known. Contaminated chicken feed was prepared, simulating 
the co-occurrence of ENNs and BEA on one hand with on the other hand also the presence of the 
classical Fusarium mycotoxins, below their maximal limits in chicken feed. Broiler chickens were fed 
with feed containing DON (1.7 mg/kg), HT-2 (0.49 mg/kg), T-2 (0.37 mg/kg), ZEA (0.75 mg/kg), ENN-A  
(0.028 mg/kg), ENN-A1 (0.49 mg/kg), ENN-B (12.7 mg/kg),  ENN-B1 (4 mg/kg) and BEA (10.3 mg/kg) 
during two weeks. The feed also contained small amounts of 3- and 15 AcDON. The concentrations of 
the mycotoxins in feed, liver and skin were measured using multi-mycotoxin LC-MS/MS methods. 
Carry-over was calculated as the concentration in skin or liver divided by the concentration in the feed, 
multiplied by 100. No toxic symptoms were observed during the experiment while the analysed organs 
of treated animals were not different from the organs of control animals. No DON, HT-2, T-2 or ZEA 
could be detected in the skin and the liver of treated animals. In contrast, there was a clear 
accumulation of ENNs and BEA into the skin and the liver of animals receiving contaminated feed, 
with maximal concentrations of 72 µg/kg ENN-B in the skin and 226 µg/kg BEA in the liver. Two weeks 
after starting the contaminated feed, the animals received again the control feed and ENNs and BEA 
were slowly eliminated from the skin and the liver. After one week, only the skin still contained a 
slightly higher level of ENN-B, ENN-B1 and BEA in comparison with the skin of control animals. Carry-
over rates were higher for BEA in liver and skin (1.57 and 1.16 % respectively) compared to ENNs 
(0.12 and 0.39%, respectively). Acknowledgements: This study was funded by the Federal Public 
Service of Health, Food Chain Safety and Environment (RF 09/6211). 
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Dietary aflatoxin B1 (AFB1) exposure from the consumption of contaminated maize and groundnuts is 
a known liver carcinogen and has been associated with impaired child growth in West Africa (Gong et 
al., 2002. British Medical Journal 325: 20-21), although the mechanism for the latter is currently 
unknown. One hypothesis is that AFB1 affects production of insulin-like growth factor (IGF) axis 
components such as IGF1, IGF2 and the IGF binding proteins (IGFBPs), which play an important role 
in child growth. In order to test this hypothesis, serum from 199 Kenyan children aged 6-17 years were 
analysed for aflatoxin-albumin adduct (AF-alb), IGF1 and IGFBP3 levels using ELISA. Children with 
AF-alb above were on average 5.9 cm shorter than children in the group with AF-alb levels below 400 
pg/mg, after adjusting for age (p=0.013). AF-alb was also inversely associated with plasma IGF1 and 
IGFBP3 levels (p=0.027; 0.03). Path analysis using structural equation modelling suggested that the 
association between AF-alb and IGF-1 contributes approximately 16% of the effect of AF-alb on child 
height. To explore the underlying mechanisms for these observed effects, non-tumourigenic liver cells, 
HHL-16, were treated with 0.5, 5 and 20 µg/ml AFB1 for 48 hours. RNA was extracted from AFB1-
treated and control cells and gene expression of IGF1, IGF2, IGFBP3 and IGF1R was analysed using 
qPCR. Expression was normalised against GADPH expression. There was significant dose-dependent 
reduction in expression for IGFBP3 and IGF1R. IGF2 expression was decreased in cells treated with 
all AFB1 doses while IGF1 expression was significantly reduced at the two higher doses. This study 
shows that AFB1 can affect IGF gene expression in vitro and is associated with altered protein levels 
in vivo, suggesting that a disrupted IGF growth axis may have a role to play in aflatoxin exposure-
related child growth impairment. Further research would be necessary to identify other mechanisms 
and factors that contribute towards aflatoxin-induced child growth retardation.  
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Contamination of maize by mycotoxins can result in significant problems for swine produces, resulting 
in reduced growth performance and decreased health of pigs. As a result, the swine industry can 
experience great losses due to mycotoxin contamination of feeds. Hundreds of mycotoxins exist, but 
the most common and harmful to pigs are aflatoxin (AF) and deoxynivalenol (DON). The FDA has an 
action level of 200 ppb AF, and an advisory level set at 1,000 ppb DON for growing pigs. However, 
concentrations of mycotoxins below these standards may still affect the growth and health of pigs if 
fed for an extended period of time. Thus, 2 experiments were conducted to investigate the effects of 
low levels of AF and DON on growth, feed intake, and oxidative stress in pigs. In experiment 1, sixty 
gilts (14 kg) were allotted to 4 treatments (5 replicates, 3 pigs per pen) representing A (undetectable 
AF or DON); B (64 ppb AF and 320 ppb DON); C (124 and 548); and D (182 and 768, respectively).  
In experiment 2, thirty gilts (8.8 kg) were allotted to 2 treatments (15 replicates, 3 pigs per pen) 
representing CON (undetectable AF and DON) and MTX (150 ppb AF and 1,100 ppb DON). For both 
experiments, average daily gain (ADG) and average daily feed intake (ADFI) were measured weekly, 
and pigs had free access to feed and water. Blood samples were collected at the end of each 
experiment to analyze malondialdehyde (MDA) and 8-hydroxy-deoxyguanosine (8-OHdG) as a 
measure of oxidative lipid and DNA damage, respectively. In experiment 1, ADG and ADFI linearly 
decreased (p=0.010 and 0.009, respectively) as dietary concentrations of AF and DON increased. 
Plasma MDA linearly increased (p=0.031) as AF and DON increased. In experiment 2, pigs fed MTX 
had reduced ADG (p=0.032) and tended to have reduced ADFI (p=0.053) compared with pigs fed 
CON. Plasma MDA and 8-OHdG were not altered (p>0.10) by mycotoxin contamination. This study 
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indicates that AF and DON together can decrease growth performance of pigs at low levels of 
contamination while simultaneously causing lipid peroxidation. Overall, this research shows that AF 
and DON below FDA regulations can still affect pigs by reducing growth and causing oxidative stress.   
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In medicinal chemistry an integrated approach of docking simulation and rescoring procedure is a 
well-known technique to discover and design new compounds of interest. Our previous work 
demonstrated that the study on the interactions of unsuspected molecules with alpa-form of oestrogen 
receptors could be also a valuable choice to discover new hypothetical xenoestrogens (Amadasi et al. 
2009. Chemical Research in Toxicology 22: 52-63). In this communication, we propose this approach 
for food safety, addressing a case study on the zearalenone group. Zearalenone and its phase I 
reductive metabolites are a well known set of mycotoxins able to bind oestrogen receptors (ERs) 
thereby interfering with the endogenous estrogenic response. Their endocrine disrupting behaviour is 
tightly related to their capability to competitively bind the ligand binding pocket (LBP) and to stabilize at 
least one of the functionally active conformational assets of the ligand binding domain (LBD). Focusing 
on a set of agonistic xenoestrogens (ZEA, alpha-ZAL, alpha-ZEL, beta-ZAL and beta-ZEL) and 
including also several well-known not estrogenic compounds as negative control, we improve and 
validate our ability to predict properly the interaction of these compounds with the agonist 
conformation of alpha-ER. Furthermore we also predict the interaction and the activity for 
zearalenone-14-sulfate (Z14S), zearalenone-14-glucoside (Z14G) and zearalenone-14-glucuronide 
(Z14Gu), which are well-known plant and mammals phase II metabolites of zearalenone. To our 
knowledge, no experimental data are so far available for Z14S and for Z14G, while the only reported 
result for Z14G is in agreement with our predictions (Poppeberger et al., 2006. Applied and 
Environmental Microbiology 72: 4404-4410). Although proposing an interactive model for three-
dimensional complexes not yet solved, this kind of computational aided analysis is a potentially 
intriguing tool to predict the binding event and to evaluate the xenoestrogenic role of any kind of 
chemicals and derivatives. 
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The concentrations of beauvericin (BEA) and of four enniatins (ENN-A, -A1, -B and 1B1) were 
measured in the diet and the faeces of rats, using in-house extraction and UPLC-MS/MS methods. 
The levels in the diet ranged from 1.1 µg/kg (ENN-A) to 58 µg/kg (ENN-B). BEA was intermediate (6 
µg/kg). The faeces were collected every 2 days during 18 days and lyophilized. The levels were stable 
from days 3-4 onwards, indicating steady-state had been reached. The ENN levels, ranging from 0.5 
µg/kg (ENN-A) to 10 µg/kg (ENN-B), were 2.3 to 6 times lower than in the feed. In contrast, the BEA 
level (6.5 µg/kg) was higher than in the feed. Since the rats ate 22 g feed per day and produced on 
average 5 g faeces (after lyophilization) per day, the diet-to-faeces transfer rates were below 10% for 
the ENNs, vs. approx. 25% for BEA. ENNs and BEA are all highly a-polar and are very similar to each 
other in their basic structure, the only difference being that BEA has 3 aromatic side-groups 
(phenylmethyl) whereas those of ENNs are aliphatic (isopropyl and/or sec-butyl). The remarkable 
difference observed in rates of excretion could be linked to this aromatic character. 
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Coeliac disease is a genetic disorder induced by dietary gluten in genetically susceptible individuals.  
Because of the permanent intolerance to gluten their food habit is characterized by a lifelong gluten-
free diet with high consumes of maize, rice and other cereals or pseudo-cereals products particularly 
susceptible to mycotoxin contamination therefore exposing the group to a risk factor. In cooperation 
with the Italian Association of Celiac disease (AIC) a monitoring on the occurrence of a group of 8 
mycotoxins (aflatoxin B1, ochratoxin A, fumonisins B1 and B2, deoxynivalenol, zearalenone and T-2 
and HT-2 toxins) was performed on gluten-free products in order to assess the exposure of the Italian 
celiac population to those contaminants. A number of 376 products were randomly purchased in 
pharmacies, specialized celiac stores and supermarkets distributed in South, Centre and North Italy. 
An in-house validated LC/MS method was used in order to quantify the mycotoxins. By combining 
consumption data (INRAN 2009) and values of contamination from the analysed samples, the intake 
was evaluated and upper and lower bound (LB and UB) exposure dietary assessment scenarios were 
defined for male and female groups for different age groups (children ≥ 3 to < 10 years old, 
adolescents ≥10 to < 18 years old and adults ≥ 18 to < 65 years old). The highlighted scenarios 
showed an unconcerned situation for aflatoxins, OTA, DON T-2 and HT-2. Having found noticeable 
contamination values only for fumonisins and ZEA, exposure scenarios were assessed only for these 
mycotoxins.  The worst scenario (consumes values at 95th percentile) dietary exposure to the sum of 
fumonisins ranged: from 376 to 1,067 ng/kg bw/day (minimum LB to maximum UB) for children; from 
354 to 673 ng/kg bw/day (minimum LB to maximum UB) for adolescents; from 261 to 481 ng/kg 
bw/day (minimum LB to maximum UB) for adults. Finally, the worst scenario dietary exposure to ZEA 
ranged: from 41 to 174 ng/kg bw/day (minimum LB to maximum UB) for children; from 28 to 117 ng/kg 
bw/day (minimum LB to maximum UB) for adolescents; from 21 to 90 ng/kg bw/day (minimum LB to 
maximum UB) for adults. In this dietary exposure framework, it is worth to mention that for children 
fumonisins’  exposure varies from 31% to 53% (LB and UB) of the TDI (2000 ng/kg bw/day) while ZEA 
exposure varies from 18% to 75% (LB and UB) of the TDI (250 ng/kg bw/day). These percentages are 
significant especially considering that those reference tolerable daily intakes are assessed on adults. 
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Fusarium species produce zearalenone (ZEA) and its metabolites alpha-zearalenol (alpha-ZOL) and 
beta-zearalenol (beta-ZOL) in a large variety of cereal crops worldwide. Zeranol (alpha-zearalanol, 
alpha-ZAL) and its metabolite, taleranol (beta-zearalanol, beta-ZAL) and zearalanone (ZAN), are 
present in biological samples of breeding livestock treated with zeranol, adopted as growth promoter 
agent, and are listed in the A4 group of the unauthorized substances of Directive 96/23/EC. All 
together, ZEA, alpha-ZOL, beta-ZOL, alpha-ZAL, beta-ZAL and ZAN, are members of the class of 
compounds known as resorcylic acid lactones. Some authors reported the occurrence of all this 
analytes in biological samples derived from animal feeding with zearelonen contaminated crop. To 
distinguish illegal use of zeranol from consumption of feed contaminated with Fusarium spp. toxins, 
official control laboratories should use a confirmatory method suitable for all these analytes. 
Nevertheless, there is an open debate on how to interpret the source of the residues, occurring 
naturally from mycotoxin feed contamination or from the use of growth promoter. According to 
Commission Decision 2002/657/EC requirements, an LC-MS/MS method was developed and 
validated for the confirmatory analysis of ZEA, alpha-ZOL, beta-ZOL, alpha-ZAL, beta-ZAL and ZAN. 
The simple and fast preparative steps (purification with immunoaffinity column) of the method together 
with the use of deuterium labelled internal standard, guarantee a precise determination of the analytes 
with significant advantages. Method validation was performed by InterVal Plus, software for matrix-
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comprehensive in-house validation. The mean recoveries ranged from 99 to 115% for all analytes with 
absence of interferences. In addition, good repeatability and within-laboratory reproducibility were 
obtained. 
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Neurological disease was observed in three ponies that grazed pasture in suburban Brisbane 
containing an estimated 24% Indigofera spicata for a period of 4 to 6 weeks in 2004 (Ossedryver et 
al., 2012. Australian Veterinary Journal, in press). Clinical signs included depression, ataxia, paresis, 
muscle fasciculations, dysphagia and halitosis. Neuropathology was not a feature of either of the two 
fatal cases, however, mild liver changes were seen in both. The I. spicata contained 2.66 mg 3-
nitropropionic acid (3-NPA) and 1.5 mg indospicine/g dry matter. Tissue residues of indospicine, but 
not 3-NPA were detected in serum from both euthanased ponies (28.3 and 28.1 μg/ml) and in heart, 
liver and muscle from the one pony in which this assay was performed (61.0, 28.2 and 16.0 μg/g 
tissue, wet weight, respectively). A similar neurological syndrome known as ‘Birdsville horse disease’ 
has been reported in horses in central Australia due to the consumption of the native legume I. linnaei, 
while internationally, this syndrome has also been reported in horses in Florida and Brazil, with the 
responsible plants recognised to be I. hendecaphylla and I. lespedezioides, respectively. The clinical 
signs seen in horses consuming Indigofera spp. resemble those reported in livestock poisoned by the 
nitro-containing plant species such as Astragalus, in possums and rats given 3-NPA and in humans 
with ‘mouldy sugarcane poisoning’ attributed to 3-NPA toxicity. It is therefore reasonable to conclude 
that 3-NPA is the most likely toxin responsible for this syndrome in horses, which is supported by the 
absence of neurological signs in other species administered pure indospicine. 
 
P58 

Cytotoxicity evaluation of two mycotoxins, roquefortine C and mycophenolic 
acid, associated with Penicillium roqueforti 
 
Kévin Fontaine, N. Hymery, J. Mounier, G. Barbier and E. Coton 
 
Technopôle de Brest Iroise, Laboratoire Universitaire de Biodiversité et Ecologie Microbienne, 
Université de Brest, France. Corresponding author: kevin.fontaine@univ-brest.fr 
 
Penicillium roqueforti plays an important role in cheese manufacturing as a fungal starter for the 
production of a number of blue cheeses (i.e., roquefort, gorgonzola, stilton) as well as a spoilage 
agent for many soft cheeses (Larsen et al., 2000). However, most Penicillium spp., including P. 
roqueforti, are known for their potential to produce secondary metabolites, like mycotoxins, under 
laboratory conditions (Frisvad et al., 2004). Even though cheese is not well suited to the production of 
mycotoxins, roquefortine C (ROQ C) and mycophenolic acid (MPA) have been detected in various 
concentrations in blue cheeses (Finoli et al., 2001; Kokkonen et al., 2005).  However, to this date there 
are no reports of acute toxicity linked to their consumption. The purpose of this study was to increase 
knowledge about the acute toxicity of the two main mycotoxins associated with P. roqueforti, ROQ C 
and MPA, by testing their cytotoxicity, on immunity cells, which are the target of numerous mycotoxins 
and on human intestinal epithelial cells which are the first cells exposed to mycotoxins. Cytotoxic 
assays were performed on several human cell lines of interest: (i) a myelomonocytic cell line (THP-1), 
(ii) monocytic cells isolated from human umbilical cord blood (CD14

+
) and (iii) a human intestinal 

epithelial cell line (Caco-2). The viability and mortality of cells were evaluated by the MTT bioassay 
and LDH leakage assay after a 24 and 48 h hexposition in a concentration range of 2.31x10

-5
 to 2.31 

µg/l for MPA and 2.56x10
-6

 to 0.256 µg/l for ROQ C. Preliminary results showed a decrease of 
viability, for each mycotoxin tested, in a dose-dependent manner on monocytic cells (THP-1 and 
CD14

+
) and a time-dependent manner for THP-1. THP-1 were found to be more sensitive to ROQ C 

than Caco-2, with IC50 values of 0.13 and 0.22 µg/l after 24 and 48 h exposure for THP-1 whereas 
IC50 are >  0.256 µg/l for Caco-2. ROQ C seems to be more cytotoxic than MPA on monocytic cells. 
Finally, CD14

+
 was found to be the most sensitive cell model for the in vitro cytotoxicity evaluation of 
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these two mycotoxins. In conclusion, the obtained IC50 indicated that the acute cytotoxicity of MPA and 
ROQ C is lower than other known mycotoxins (i.e., fumonisin, tricothecene). For a more in depth 
appreciation of the potential toxicity of these mycotoxins in a food safety context, various factors 
influencing their impact in vivo will have to be considered.  
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Fusarium graminearum is a fungus commonly found as a contaminant of cereals. It is pathogenic due 
to its ability to produce mycotoxins as toxic secondary metabolites. These include zearalenone (ZEA) 
and type-B tricothecenes, some of which have been associated with reproductive problems in pigs. 
Routes of exposure may include ingestion of contaminated feed and dermally or orally via 
contaminated bedding. Humans may also be exposed to these mycotoxins in the diet leading to 
potential adverse effects. Some F. graminearum mycotoxins have been characterised as endocrine 
disruptors by various modes of action. An in vitro bioassay guided approach was used to fractionate F. 
graminearum extrolite mixtures, to investigate the endocrine disrupting activity of the various 
mycotoxins and their mixtures present. Reporter gene assays (RGAs), incorporating natural steroid 
hormone receptors for estrogens, androgens, progestagens and glucocorticoids were used to identify 
endocrine disruption at the level of nuclear receptor transcriptional activity, and the H295R 
steroidogenesis assay was used to assess endocrine disruption at the hormone production level. Six 
F. graminearum isolates, taken from the bedding of pig herds with a history of reproductive problems, 
from two different chemotypes (3-acetyl-deoxynivalenol and 15-acetyl-deoxynivalenol) were analysed. 
These isolates were grown on rice and the cultures, as well as a non-fungal control, then extracted for 
mycotoxins. The extracts were chemically screened for major toxins by LC-MS before being tested at 
5 or 6 dilutions in the bioassays. Cell viability assays were run in parallel to assess any cytotoxic 
effects of the extracts in the bioassays. All of the F. graminearum extracts showed an agonist 
response in the oestrogen responsive RGA consistent with the presence of the estrogenic mycotoxin 
ZEA. Two of the six isolates were chosen for further fractionation due to their ability to also modulate 
steroidogenesis or have cytotoxic effects. A second chromatographic fractionation step resulted in a 
ZEA (+) and ZEA (-) fraction for the two isolates. Screening of these ZEA (+) and ZEA (-) fractions 
revealed estrogenic activity in both the ZEA (+) and ZEA (-) fractions. Further chemical analyses 
showed the presence of ZEA analogues in the ZEA (-) fraction including ZEA-sulphate. A further 
fractionation step to isolate ZEA-sulphate and the other ZEA analogues in the extracts was carried out 
and the activity measured in the bioassays. These results will be presented. The findings of this study 
will be of use in assessing the health risks following exposure to these complex mixtures of 
mycotoxins. 
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Ochratoxin A (OTA) is a mycotoxin produced by various species of the Aspergillus genus and one 
species of Penicillium, Penicillium verrucos. This mycotoxin has been reported as a contaminant in a 
range of foods including coffee, wine, grains, grapes, spices, cocoa and pork. OTA has been shown to 
induce many toxic effects in animals, the most prominent being nephrotoxicity. In this study we have 
investigated the potential endocrine disrupting effect of OTA using in vitro bioassays. A panel of 



WMFmeetsIUPAC2012  147 
5-9 November 2012, the Netherlands   

mammalian reporter gene assays (RGAs) incorporating natural steroid receptors for estrogens, 
androgens, progestagens and glucocorticoids have been used to assess nuclear receptor ant/agonist 
transcriptional activity, while the H295R steroidogenesis assay has been used to monitor any effects 
on estradiol, testosterone and progesterone hormone production. Cell viability assays were also run in 
parallel in order to assess any cytotoxic effects of OTA in the bioassays. At the receptor level, OTA 
(within a concentration range of 0.25-2,500 ng/ml) did not induce an agonistic response in the 
oestrogen, androgen, progestagen or glucocorticoid RGAs. An antagonistic effect was observed in all 
of the RGAs at the highest concentration tested (2500 ng/ml). However, while there was no significant 
cytotoxic effect observed in the cell viability assay at this concentration, there was a corresponding 
change in cell morphology which may be related to the resulting antagonistic effect. At the hormone 
production level, the H295R cells were exposed to OTA (within a concentration range of 0.1-1000 
ng/ml). Treatment of the cells with 1000 ng/ml OTA increased the production of estradiol (117 ± 14 
ng/ml) over 3 times that of the solvent control (36 ± 9 pg/ml). Overall the results indicate that OTA 
does not appear to interact with steroid receptors but has the potential to cause endocrine disruption 
by interfering with steroidogenesis. To our knowledge, this is the first study identifying the effect OTA 
may have on production of the steroid hormone estradiol thus acting as a potential endocrine 
disruptor. 
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Companion animals, including bitches, may be exposed to zearalenone (ZEA) toxins that are often 
present in feed, and ZEA intoxication may lead to ovarian dysfunction. This study involved evaluation 
of the degree of ZEA-induced hypo stimulation by determination of proliferative and apoptotic indices 
and description of the ultra-structural organization of ovarian follicles in pre-pubertal bitches subjected 
to experimental, long-term exposure to low-dose zearalenone mycotoxicosis. The experiment was 
performed on 30 clinically healthy, pre-pubertal beagle bitches aged 70 days, initial body weight of ± 8 
kg, randomly divided into three groups of 10 animals each: two experimental groups (EI and EII) and a 
control group (C). Over a period of 42 days, ZEA was administered per os to EI animals at a dose of 
50 μg/kg bw, and to EII bitches at a dose of 75 μg/kg bw. Control group animals were fed placebo 
containing no ZEA for 42 days. Analytical samples of the mycotoxin were administered daily in gelatin 
capsules before morning feeding. All bitches were subjected to ovariohysterectomy at the end of the 
experiment. Proliferation index and apoptotic index values, determined by immune-histological 
analyses, and the results of ultra-structural examinations of the ovaries revealed that experimental, 
ZEA-induced hyperestrogenism enhanced apoptosis, lowered the proliferative ability of follicular cells, 
contributed to organelle destruction, and resulted in ovarian hypo stimulation in pre-pubertal bitches. 
The observed changes were particularly intensified in EII animals, which were administered a higher 
dose of zearalenone.  
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Deoxynivalenol-3-beta-D-glucoside (D3G) and zearalenone-14-beta-D-glucoside (Z14G) are plant 
phase II metabolites of the Fusarium mycotoxin deoxynivalenol (DON) and zearalenone (ZEA), which 
have been shown to occur in naturally contaminated cereals and products thereof. They are actually 
considered as detoxification products, probably produced by a defence mechanism exerted by the 
plant to counteract fungal infection. Nevertheless, the toxicity of these substances is currently 
unknown for humans and it is also possible that these conjugated forms may be hydrolysed in the 
gastrointestinal tract releasing the native form of the mycotoxin. This study is the first attempt to 
consider both contributions due to digestive process and to gut microbiota fermentation to elucidate 
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the catabolism of masked mycotoxins in humans. The model is based on a digestive assay 
(Versantvoort et al., 2005. Food and Chemical Toxicology4 3: 31-40), followed by a 24 h faecal 
fermentation (Dall’Asta et al., 2012. Nutrition 28: 197-203). The model mimics all of the most important 
gastrointestinal catabolic steps apart from permeation or transport across the intestinal barrier. 
Intestinal microbiota assay was based on the use of faecal water obtained by healthy human 
volunteers as reaction media. The D3G and Z14G stability was assessed by HPLC-MS/MS 
considering both the enzymatic digestion and the intestinal fermentation steps: no hydrolysis or other 
degradation reaction have been observed upon enzymatic digestion in accordance with Berthiller et al. 
(2011. Toxicology Letters 206: 264-267). A 24 h experimental time was chosen mimicking the 
intestinal transfer of food: under these conditions complete hydrolysis of the masked forms with the 
release of the native toxin for DON and other degradation reaction for ZEA was observed. These 
results indicate the possible toxicological relevance of these masked forms, as the released native 
toxins may be reabsorbed by the intestinal barrier, a topic which should be more properly investigated. 
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The aim of our study was to obtain preliminary data on the in vivo metabolism of masked mycotoxins, 
which are needed for risk assessment. We investigated the absorption and the early metabolisation 
products of deoxynivalenol-3-glucoside (D3G), zearalenone-14-glucoside (ZEA14G), 3- and 15-acetyl-
DON (AcDON) in male rats. An LC-MS/MS multi-method was developed to analyse directly (without 
hydrolysis) the masked forms and their metabolites, sensitive enough to detect ng/g in organs and 
tissues. DON-3-glucuronide (D3GlcA) and the glucuronides of de-epoxy deoxynivalenol (DOM), ZEA, 
3- and 15-AcDON, alpha- and beta-zearalenol (ZEL) were synthesized using rat microsomes. In a first 
experiment, rats were fed orally D3G and ZEA14G, together with 

13
C-DON and 

13
C-ZEA by gavage of 

1 ml 20% ethanol containing 25 µg of each mycotoxin. In a second experiment, 3- and 15-AcDON 
were given orally to rats. The rats were sacrificed 55 minutes after administration and organs were 
collected and stored at -80°C until analysis. Toxins were mainly recuperated in the stomach, small and 
large intestines. Whereas D3G was hardly hydrolysed in the stomach, ZEA was clearly formed from 
ZEA14G, and a low level of ZEA-14-glucuronide (ZEA14GlcA) was identified in the intestines. Neither 
DOM, alpha- or beta-ZEL nor their glucuronides could be quantified. 

13
C-DON was recovered at 53 ± 8 

% in the stomach. In contrast to D3G, the acetylated forms of DON were hydrolysed in the stomach to 
DON. Glucuronidated 3-AcDON and 15-AcDON accumulated in the small intestines, together with 
D3GlcA in rats fed orally with 3- and 15-AcDON; in the intestines AcDONs could not be detected 
anymore. Small amounts of DON and D3GlcA were found in liver and bladder of one rat. Overall our 
results show that D3G is more stable in the stomach than AcDONs and ZEA14G. AcDONs can be 
glucuronidated in vivo before cleaving off the acetylgroup. These differences in the metabolism of 
masked mycotoxins can be important in the risk analysis of masked mycotoxins in food and feed.  
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Deoxynivalenol (DON) is a potent mycotoxin, known to compromise intestinal nutrient absorption and 
barrier function. It is produced by Fusarium moulds frequently contaminating cereals including wheat 
and maize. In addition to free DON, the plant metabolite DON-3-glucoside (D3G) is also detectable in 
cereals. D3G is stable under in vitro conditions simulating the upper human gut. Some bacterial 
strains isolated from human microbiota release DON from D3G. Furthermore, bacteria derived from 
animal digesta have been described that metabolise various mycotoxins. To date no study has fully 
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assessed the potential of human faecal microbiota to degrade D3G and DON. We therefore conducted 
in vitro batch culture experiments, assessing the activity of the human faecal microbiota to metabolise 
D3G and DON. Faecal slurry from five human volunteers was spiked with free DON or D3G and 
incubated between 1 hour and 7 days anaerobically at 37oC in M8 culture medium. Samples were 

extracted with acetonitrile, passed through C18 columns and mycotoxins were detected by LC-
MS/MS. Human faecal microbiota released DON from D3G very efficiently with the highest rate of 
hydrolysis observed after 4-6 hours (up to 38% of dose/hour). Investigations into other metabolic 
transformations of DON by faecal microbiota are ongoing. These results are the first evidence that 
mixed faecal microbiota release DON from its glycosylated form, hence increasing the toxic burden in 
exposed individuals.  
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Deoxynivalenol (DON), a trichothecene mycotoxin, is a widespread contaminant of feed and leads to 
growth retardation in animals. DON is transformed to de-epoxy-deoxynivalenol (DOM-1) by certain 
intestinal bacteria, such as the bovine strain Eubacterium BBSH 797. Strains that metabolise DON 
might be used as feed additives, if the metabolite is less toxic than DON or non-toxic. The objective 
was to compare the effect of DON and DOM-1 on the human hepatocellular liver carcinoma cell line 
HepG2. Cells at about 80% confluence were incubated with DON (0.98-128,000 ng/ml) or DOM-1 
(0.49-64,000 ng/ml) for 24 h. Cytotoxicity of DON and DOM-1 was studied via metabolic activity by the 
WST-1 assay. Cytotoxicity of DON was additionally studied via membrane integrity by determining the 
lactate dehydrogenase release. Stability of DON throughout the experiment was studied by LC-
MS/MS. DON was cytotoxic from 250 to 8,000 ng/ml, determined by the WST-1 assay. Greatest 
toxicity of DON was determined for 1000 ng/ml (40%). DON was not cytotoxic from 2,000 ng/ml to 
128,000 ng/ml. DOM-1, however, was not cytotoxic at any concentration. DON did not influence 
lactate dehydrogenase release. The added DON concentration was recovered at the end of the 
experiment by LC-MS/MS. Summing up, DOM-1 was not cytotoxic to HepG2 cells, whereas DON was 
cytotoxic. Due to this detoxification mechanism, Eubacterium BBSH 797 is used as DON detoxifying 
feed additive.  
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Mycotoxins are one of the most important chronic risk factors in our food chain, therefore it is 
important to estimate the exposure of the population to these toxins. Currently, the assessment of 
mycotoxin exposure is based on the occurrence in food and questionnaire data on food consumption. 
This indirect approach is not reliable due to the inaccuracy of food consumption data, the 
heterogeneous distribution in food, the exposure through inhalation and the presence of masked 
mycotoxins. A more accurate assessment of the exposure can be performed by direct measurements 
of biomarkers of exposure. The purpose of this project is to map the mycotoxin exposure in Belgium 
via biomarkers and to make a risk assessment. During the period September 2012 and December 
2013 morning urine of 300 adults and 100 children will be gathered across Belgium. The aim is to 
have a representative distribution between the different genders, ages, regions and seasons. Based 
on the toxic kinetic data a Food Frequency Questionnaire was drawn up whereby the consumption of 
some foodstuffs of both the last day and the previous month was asked. A general questionnaire was 
drawn up in order to collect personal and socio-demographic data. Aflatoxins, ochratoxin A, 
trichothecenes, zearalenone, fumonisins and their metabolites will be analyzed in urine using a 
validated LC-MS/MS method. The obtained results will be normalized in function of the creatinin 
content and the mycotoxin exposure through dietary intake in Belgium will be estimated. This 



150  WMFmeetsIUPAC2012 
5-9 November 2012, the Netherlands 

exposure will be evaluated considering the TDI values. Finally, the correlation between the measured 
biomarkers and the reported consumption of different foodstuffs will be examined. 
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Methods to monitor occupational exposure to seven frequently occurring mycotoxins have been 
developed. They have been successfully validated on experimental aerosols. Airborne contaminated 
particles were collected on foam pads, using the CIP 10 personal aerosol sampler with its inhalable 
health-related aerosol fraction selector. The samples were subsequently solvent extracted from the 
sampling media, percolated through an immunoaffinity column and analyzed by liquid chromatography 
with fluorescence detection for ochratoxin A (OTA) or fumonisin and aflatoxin derivatives.  The results 
from the controlled exposure studies were compiled to validate the methods and to show how they 
meet the reproducibility, user-friendliness and reliability criteria required for personal workplace 
sampling. The measuring procedure has been designed for a minimum air concentration of 0.03 ng/m

3
 

OTA, 2 ng/m
3
 fumonisins and 1 pg/ m

3 
aflatoxins in a wide range of dusty environments. Our study has 

shown that the airborne dust contamination could be much higher than that of raw matrix. Even if the 
food contamination is less than that required by the low regulatory control limits, the level of mycotoxin 
in the air may be significant, and hence so is the risk of exposure. The measurement results confirmed 
that workers may be exposed to mycotoxins when handling, milling, loading, storing or processing 
contaminated cereals, beans, seeds or spices. Several types of mycotoxins and very different 
contamination levels can pose relative difficulties for laboratories not participating in food proficiency 
testing. Thus, a specific air sampling strategy and a very detailed analytical protocol have been 
proposed and published as MetroPol methods. Laboratories can now perform occupational 
measurements using their own conventional analytical equipment. Our methods will be further 
improved, if this is possible, by applying the development protocol for DON and zearalenone and 
testing the use of a less expensive extraction device. We are currently evaluating molecularly 
imprinted polymer (MIP) cartridges commercially available for OTA to check whether these 
complementary analytical tools could allow better analytical sensitivity. 
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Intestinal epithelial cells (IECs) are known to be a critical component of the innate local immune 
response. In order to reduce the risk of infection by micro-organisms or intoxication by xenobiotic 
compounds, a variety of host defense mechanisms have evolved. Evidence has shown that upon 
ingestion of food or feed contaminated with food toxins (e.g., mycotoxins), IECs respond by regulating 
mucin secretions, which act as a physical barrier inhibiting bacterial infection and subsequent 
translocation. However, the effect of Fusarium toxins on mucin production remains unclear. 
Consequently, the aim of this study was to evaluate the individual and interactive effect of four 
common Fusarium toxins, deoxynivalenol (DON) (2μM), nivalenol (NIV) (2μM), zearalenone (ZEA) 
(40μM) and fumonisin B1 (FB1) (40μM) on the mRNA expression and secretion of secretory mucins, 
MUC5AC and MUC5B, using human intestinal epithelial cells (Caco-2) and mucin-producing cells 
(HT29-MTX). Our results showed that individual and mixtures of mycotoxins significantly modulated 
the mRNA expression of MUC5AC and MUC5B by up to 18.5-fold and 15.7-fold in HT29-MTX cells 
and by up to 54.2-fold and 26.5-fold in Caco-2 cells. Toxin exposure also significantly regulated 
MUC5AC and MUC5B protein production by up to 13.4 and 4.4% in HT29-MTX cells, respectively, and 
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25.6 and 26.4% in Caco-2 cells, respectively. These results suggest that IECs respond differently to 
the stimulation of DON, NIV, ZEA and FB1 by regulating the mRNA expression and production of the 
secretory mucins, which are an essential component of host mucosal immunity. 
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The objective of this study was to determine the effects of AFB1 on hepatic gene expression of 
growing barrows. Crossbred weanling pigs (n=15) were weighed, ear-tagged, and housed in individual 
pens with ad libitum access to feed and water. Pigs were assigned to 3 dietary treatments (5 
replicates) consisting of a standard maize-SBM based grower ration containing 0, 0.5, and 1.0 mg of 
AFB1/kg feed. Pigs fed 1.0 mg AFB1/kg feed had reduced (P<0.05) body weight gain and poorer feed 
conversion compared to controls. Microarray analysis was used to identify shifts in gene expression 
associated with physiological processes in pigs fed 0 and 1 mg AFB1/kg feed. On day 35, liver 
samples were collected from four pigs per treatment group. Ribonucleic acid (RNA) extraction and 
purification from liver tissue was conducted using the RNeasy Mini Kit (Qiagen), and integrity was 
confirmed by gel electrophoresis, after which hepatic mRNA (25 µl RNA) samples were analyzed by 
microarray using Affymetrix Genechip. Imaging and analysis were performed using the Affymetrix 
Genechip scanner 3000 and Affymetrix GCOS software, respectively. Statistical analysis of microarray 
data was done using a one-way ANOVA model. The gene list was built using Genespring GX, and 
validated by quantitative real-time PCR of selected genes. Genes with false discovery rates less than 
5% and fold change greater than 2.0 were considered differentially expressed. A total of 720 genes 
were probed, 238 had copy numbers highly correlated with treatment, with 80 genes down-regulated 
and 158 genes up-regulated in AFB1-treated pigs (1 mg AFB1/kg feed). Pigs fed diets containing 
AFB1 experienced up regulation of genes known to be associated with retinol metabolism 
(cytochrome P450-2A19, CYP2A19) and xenobiotic metabolism by cytochrome P-450 (glutathione S 
transferase theta 1, GSTT1). Genes associated with proteasome (proteasome activator subunit 1 and 
3, PSME1 and PSME3), p53 signalling pathway (TNF receptor superfamily, member 6, FAS; and 
cyclin G1, CCGN1), and antigen processing and presentation (PSME1 and PSME3) were down 
regulated in pigs fed AFB1. Results demonstrate that pigs fed 1.0 mg AFB1/kg feed for 21 days had 
reduced growth performance associated with altered hepatic gene expression. 
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Ochratoxin A (OTA) is nephrotoxic, hepatotoxic, teratogenic, immunotoxic and carcinogenic 
mycotoxin. It has been also suggested that OTA may be transferred across the placenta by active 
transport. Amounts of OTA in foetal blood have been found to be twice as big as those in maternal 
serum. As OTA exposure increases the risk of spontaneous abortion and congenital defects in the 
foetus, exposure to OTA – especially through the diet – should be minimized in pregnant women, 
in particular in the first trimester of pregnancy which is vital in terms of foetal development. In order to 
assess to what extent pregnant women are exposed to OTA in the Czech Republic, a pilot study took 
place in which OTA was determined in a set of 100 samples of blood serum (pregnant women in the 
first trimester, aged 19-40 years, East Bohemian Region). Validated HPLC-FD method was employed 
for OTA determinations. The blood serum samples were cleaned by means of immunoaffinity 
chromatography (Ochraprep columns, R-Biopharm, Germany). Recoveries were 82-86% in the range 
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0.5-1.0 µg/l blood serum. The average relative standard deviation of repeatability (RSDr) was 3.1%. 
The limit of quantification (LOQ) of OTA in blood serum was 0.1 µg/l. The mean OTA level of 0.15 µg/l 
(median: 0.13 µg/l) was determined in serum of the pregnant women concerned. This level does not 
seem to be significantly different from the mean level of 0.17 μg/l (median: 0.10 μg/l) found in women, 
blood donors who were not pregnant in the Czech Republic (results of biological monitoring). 
However, this mean level could still pose a hazard to foetus not only due to OTA toxic effects but 
especially to now discussed OTA carcinogenicity. As data on OTA levels in blood serum of pregnant 
women in the first trimester of pregnancy are scarcely available from the other countries, the obtained 
Czech data cannot be easily compared and definitely assessed. Acknowledgements: This study was 
financially supported by the specific research project (no. 2119/2012) of Faculty of Science, University 
of Hradec Kralove, Czech Republic. 
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Aflatoxin M1 (AFM1) analysis in urine has been considered as a biomarker of human exposition to 
AFB1, although assessments in Brazilian population are scarce. In the present study, an analytical 
method was validated and applied for determination of AFM1 in urine samples from residents in rural 
areas at University of Sao Paulo Campus in Pirassununga, Brazil. Volunteers were instructed to 
collect the early morning first urine in a plastic vessel previously supplied. Samples were separated in 

50 ml aliquots and kept frozen at - 20 C until analysis. Briefly, samples were thawed, centrifuged at 
3,500 rpm for 10 min and 20 ml was diluted with 20 ml of sodium acetate buffer (pH 5.0). The mixture 
was eluted through an immunoaffinity column (Aflatest; Vicam), which was washed with 40 ml of 
distilled water and retained AFM1 eluted twice with 0.7 ml of methanol. Extract was evaporated at 40 

C under nitrogen stream until dryness and dissolved in 1 ml methanol/water (1:1). One hundred 
microliters of samples and standards were injected into a liquid chromatograph (Shimadzu,  10VP) 
equipped with a fluorescence detector (10AXL), Phenomenex C18 column and pre-column. Isocratic 
mobile phase (water/methanol/acetonitrile, 60:20:20) and flow of 1.0 ml/min were employed. Limit of 
detection (0.6 pg/ml urine) and quantification (1.8 pg /ml urine) were estimated as signal/noise ratio 
3:1 and 10:1, respectively.  Linearity was evaluated at concentration range from 36 to 400 pg/ml, 
presenting R

2
=0.9990. Recovery was estimated by fortified urine samples at 1.8, 11.0 and 20.0 pg 

AFM1/ml urine, with obtained results of 90, 103 and 93 %, respectively. Three levels used for recovery 
were also evaluated for precision through triplicate preparation, extraction and analysis of fortified 
samples, giving coefficient of variations of 10% (1.8 pg/ml), 6% (11.0 pg/ml) and 7% (20.0 pg/ml). The 
method was applied to 10 urine samples collected from volunteers, with 6 samples presenting 
quantifiable AFM1 levels from 1.9 to 7.6 pg/ml and average concentration of 4.0 ± 2.2 pg/ml. These 
preliminary results indicate incidence of AFM1 in 60% of the samples, but values obtained are below 
the previous results reported in Brazil, where AFM1 levels ranged from 1.8 to 39.9 pg/ml. However, 
the high incidence suggests further investigation of AFM1 in all samples collected for the population 
under study.  
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Fumonisin B1 (FB1) is a common contaminant of maize products and estimation of probable daily 
intakes is an important tool to control the human exposition in a region. In the present study, the 
occurrence of FB1 in maize products consumed by 39 residents from Pirassununga city, state of São 
Paulo, and 20 residents from Erval Velho city, state of Santa Catarina State, were evaluated. Sample 
collections were performed 4 times from June/2011 to April/2012, within 3-month intervals. Samples of 
maize products collected were: maize flour (n=46), maize flakes (n=21), popcorn (n=47), maize 
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crumbs (n=6), polenta (n=13) and canned maize (n=10). Analysis of FB1 was performed by extraction 
of samples with methanol/water (3:1), filtration and clean-up using SAX columns. The fumonisin-
containing eluates were derivatized with OPA reagent and quantified by high-performance liquid 
chromatography with fluorescence detection. In addition, a questionnaire of food consumption 
frequency was obtained from each volunteer in order to obtain the individual consumption data for 
each maize product evaluated. Volunteers were individually weighed at the time of sample collection. 
The daily intake of FB1 was calculated by combining fumonisin contamination data obtained in maize 
products analyzed with the available food consumption data obtained in groups from São Paulo and 
Santa Catarina states. FB1 was detected and quantified in 85.8 and 83.3% of the samples collected 
from São Paulo and Santa Catarina, respectively. The mean concentrations of FB1 in maize products 
from São Paulo and Santa Catarina were 154.8 and 275.4 µg/kg, respectively. The average 
consumptions of maize products were 53.6 g/person/day in São Paulo and 207.8 g/person/day in 
Santa Catarina. Based on the fumonisin levels in maize products analyzed, the estimated probable 
daily intakes (PDIs) of FB1 in groups from São Paulo and Santa Catarina were 136.4 and 160.2 ng 
FB1/kg bw/day, respectively. Results of this trial indicate that the overall PDI of FB1 in the groups 
evaluated was much lower than the provisional maximum tolerable daily intake (PMTDI) of 2,000 
ng/kg bw/day as established by the World Health Organization. However, the high frequency of 
contamination with FB1 in the maize-based products evaluated and the possible involvement of the 
toxin as causative agent of oesophageal cancer, warrant concern about FB1 in maize products in 
Brazil. 
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Fumonisin B1 (FB1) in urine reflects individual exposure and represents an important biomarker for 
fumonisin risk assessment. In the present study, an analytical method was validated and tested for its 
applicability for FB1 analysis in urine samples from 15 residents in Pirassununga, state of São Paulo, 
Brazil. Samples of first urine in the morning were collected from 9 men and 6 women in a plastic 
vessel. The urine were separated in 50 ml aliquots and kept frozen at -20oC until analysis. Briefly, 

samples were thawed and filtered. Then 10 ml was diluted with 10 ml of phosphate buffer (pH 7.0) and 
applied onto an immunoaffinity column (Vicam). The retained FB1 was eluted with 5 ml of methanol. 
The extract was evaporated at 35oC under nitrogen stream until dryness and dissolved in 200 μl 

water/acetonitrile (50:50). Fifty microliters of the final extract and standards were derivatized with 200 
μl of OPA solution and injected into a liquid chromatograph (Shimadzu) equipped with a fluorescence 
detector, a Shimadzu CLC-ODS column (4.6mm x 25 cm) and a pre-column. The mobile phase 
consisted of acetonitrile/water/acetic acid (50:50:1) at a flow rate of 1ml/min. For recovery studies, 
three replicate samples of urine spiked with 50 ng/ml (n=9) and 200 ng/ml (n=9) were analyzed on 
different days. Recoveries ranged from 84.5 to 109.5% and averaged 97.3%. Two levels used for 
recovery were also evaluated for precision through triplicate preparation, extraction and analysis of 
fortified samples, giving coefficient of variations of 3.2% (50 ng/ml) to 16.3% (200 ng/ml). The limits of 
detection (LOD) of 31.2 ng/ml and quantification (LOQ) of 125.0 ng/ml were based on a signal/noise 
ratio of 3:1 and 10:1, respectively. Calibration curves were prepared using standard working solutions 
of six concentrations (125; 250; 500; 1,000; 2,000; 5,000 ng/ml) being linear between this interval 
(R

2
=0.9994). FB1 residues were not detected in urine samples from residents, suggesting that the 

population evaluated has low exposure to fumonisin B1. However, taking into account the frequent 
occurrence of FB1 in foods in Brazil, further studies are needed to confirm these data.  
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Aflatoxin intake by Brazilian population has been usually estimated by analyzes of a single type of
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food product like peanut, maize or milk collected in retail markets. In this study, the aflatoxin 
consumption was assessed by aflatoxin determination in peanut, maize, bean, milk and derivatives 
collected directly from home of residents in rural areas at University of Sao Paulo Campus in 
Pirassununga, Brazil, and a Food Frequency Questionnaire (FFQ) answered by volunteers. Samples 
were collected four times every three month, totalling 240 samples from 34 volunteers who answered 
the FFQs. Aflatoxin B1, B2, G1, G2 and M1 were determined by high performance liquid 
chromatography using a previous validated method with immunoaffinity column clean-up.  Thirty-five 
percent of peanut samples tested positive for aflatoxin (sum of AFB1, AFB2, AFG1 and AFG2) at 
levels of 0.05 to 36.7 μg/kg. Maize derivatives showed 42% positive samples for aflatoxins (0.05 to 8.3 
μg/kg), with a higher incidence in maize meal. Bean samples revealed the highest incidence of 
aflatoxins (75% positive samples), but at lower levels (0.025 to 0.042 μg/kg). Forty percent of fluid milk 
samples tested positive for AFM1 at concentrations from 0.009 to 0.069 ng/ml. In cheese, AFM1 was 
quantified in 30% of positive cheese at levels from 0.091 to 0.30 ng/g. Yoghurt samples had no 
detectable levels of AFM1. Only one peanut sample had aflatoxin concentration above the tolerance 
limit of 20 μg/kg adopted in Brazil for peanuts and maize derivatives. Aflatoxin intake was calculated 
considering the aflatoxin concentration values in the food products and the individual FFQ results. 
Peanut products had the highest contribution to aflatoxin intake, with a monthly ingestion varying from 
up to 124,119 ng. Low levels of aflatoxin were found in bean samples, however, the high consumption 
of this food by the population studied led to an average maximum intake of aflatoxins by bean 
consumption of 412 ng/month. This value was similar to the result found for maize consumption (492 
ng/month), although the aflatoxin concentration was around eight times higher in maize compared to 
bean. Milk is the main source of AFM1 in the diet of individuals, which intake values ranged from up to 
1,656 ng/month. Although low levels of aflatoxin were found in all types of samples, the consumption 
data reported indicate that the food products evaluated may contribute significantly for the overall 
human exposure in the population studied.  
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Aflatoxin B1 (AFB1), mainly produced by Aspergillus flavus and A. parasiticus, is frequently found as 
contaminant of cereals and by-products, causing a wide range of toxic effects. It is a genotoxic 
mycotoxin that leads to mutations and cancer in humans and animals. Strategies to limit the exposure 
include agricultural practices management, and the use of pesticides or microorganisms that might 
block the AFB1 biosynthesis. Nevertheless, the accumulation of aflatoxin intermediates, or even of 
other metabolic pathway products such as the cyclopiazonic acid, may be also toxic for consumers. 
This work was aimed to estimate the hepatic and intestinal cytotoxicities of the aflatoxins: AFB1, 
AFG1, AFB2, AFG2; the early metabolic precursor averantin (AVN); the late biosynthetic 
intermediates sterigmatocystin (SC) and o-methylsterigmatocystin (OMSC); and the cyclopiazonic acid 
(CPA). The human intestinal Caco-2 and hepatic HepG2 cell lines were incubated with the toxins for 
48 and 72 hours, and then the decrease in the ATP level was used as marker of cytotoxicity. The 
toxicity of AFB1 was studied in the range 0-30 μM. Besides, three levels of exposure (0.3, 3 and 30 
μM) were tested to assess comparatively the mycotoxin toxicities. Whilst the HepG2 cells were more 
sensible to AFB1 than the Caco-2 cells, the inverse was observed with OMSC and AFG1. In general, 
the Caco-2 and HepG2 cell susceptibilities to mycotoxins were in the following order, respectively: SC 
≈ OMSC > AFG1 > AVN ≈ CPA > AFB2 ≈ AFG2, and SC > OMSC ≈ AFG1 ≈ AVN ≈ CPA > AFB2 ≈ 
AFG2. The results of this study show that the metabolic precursors of aflatoxins and the CPA might 
have the same or even higher toxicity than AFB1 to intestinal and hepatic cells. This should be taking 
into account for the development of new strategies intended to reduce the aflatoxins intake. 
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Ochratoxin A (OTA) is a fungal toxin that is classified as a possible human carcinogen based on 
sufficient evidence for carcinogenicity in animal studies. The toxin is known to promote oxidative DNA 
damage through production of reactive oxygen species (ROS). The toxin also generates covalent DNA 
adducts, and it has been difficult to separate the biological effects caused by DNA adduction from that 
of ROS generation. In the current study, we have derived structure-activity relationships (SAR) for the 
role of the C5 substituent of OTA (C5−X = Cl) by first comparing the ability of OTA, OTBr (C5−X = Br), 
OTB (C5−X = H), and OTHQ (C5−X = OH) to photochemically react with GSH and 2′-deoxyguanosine 
(dG). Several kidney cells (OK or HK2) and human bronchial cells (WI) were exposed to these 
derivatives. Cell viability and DNA adduct formation were analysed. OTA, OTBr and OTHQ react 
covalently with GSH and dG following photo-irradiation, while the non-chlorinated OTB does not react 
photochemically with GSH and dG. These findings correlate with their ability to generate covalent DNA 
adducts (direct genotoxicity) in human bronchial epithelial cells (WI26) and human kidney (HK2) cells, 
as evidenced by the 

32
P-postlabeling technique. OTB lacks direct genotoxicity, while OTA, OTBr, and 

OTHQ act as direct genotoxins. In contrast, their cytotoxicity in opossum kidney epithelial cells (OK) 
and WI26 cells did not show a correlation with photoreactivity. In OK and WI26 cells, OTA, OTBr, and 
OTB are cytotoxic, while the hydroquinone OTHQ failed to exhibit cytotoxicity. Overall, our data show 
that the C5−Cl atom of OTA is critical for direct genotoxicity but plays a lesser role in OTA-mediated 
cytotoxicity. These SARs suggest different mechanisms of action (MOA) for OTA genotoxicity and 
cytotoxicity and are consistent with recent findings showing OTA mutagenicity to stem from direct 
genotoxicity, while cytotoxicity is derived from oxidative DNA damage. 
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Fumonisin B1 (FB1) and ochratoxin A (OTA) are mycotoxins classified as possible human 
carcinogens (IARC, 1993. Monographs on the evaluation of carcinogenic risks to humans 56: 397-
540; Pfohl-Leszkowicz and Manderville, 2012. Chemical Research in Toxicology 25: 252-262). They 
co-exist in human food products and have been shown to act synergistically in stimulating 
nephrotoxicity in pigs (Diaz et al., 2001. Revista Cientifica Facultad de Ciencias Veterinarias 7: 314-
321; Pfohl-Leszkowic and Manderville, 2007. Molecular Nutrition in Food Research 51: 61-99). The 
goal of the present study was to determine the combined impact of the toxins in cultured human 
kidney cells (HK2).  Parameters common to both FB1 and OTA (cytotoxicity and activation of mitogen-
activated protein kinase, MAPK), and features characteristic of the individual mycotoxins (DNA 
adduction by OTA and release of arachidonic acid (AA) by FB1) were measured. Treatment of HK2 
cells with the combined toxin mixture (FB1 + OTA) was found to stimulate cell proliferation. Under 
analogous conditions FB1 was weakly cytotoxic while OTA showed no impact on cell viability. The 
conditions for cell proliferation by (FB1 + OTA) were then examined for DNA adduction, release of AA 
and activation of MAPK. OTA-mediated DNA adduction, as measured by 

32
P-postlabeling, occurred at 

a quicker rate in the presence of FB1, with maximum levels being detected following 2 h incubation; 
with OTA alone adducts were not observed until 7 h incubation. Release of AA by FB1 was inhibited 
by OTA, although levels of AA, prostaglandins (PGs) and leukotrienes (LTs) were higher for the 
combined toxin mixture than for OTA alone.  Western blot analysis for MAPK activation showed the 
mycotoxins to synergistically enhance MAPK activity.  Our data suggests that stronger nephrotoxic 
damages to human kidney are likely from combined exposure of (FB1 and OTA) versus the individual 
mycotoxins, as resistance to apoptosis and stimulation of cell proliferation are key events in the 
development of tumours. 
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Deoxynivalenol (DON) and ochratoxin A (OTA) are mycotoxins that can be found in food individually 
or simultaneously with other compounds in the diet, such us resveratrol (RES) and catechins (CAT). 
The objective of the present work was to assess the effect of DON and OTA on the viability and 
oxidative status of Caco-2 cells, when these mycotoxins are combined with RES and CAT. Cell 
viability was determined using a MTS assay, based on the conversion of MTS tetrazolium salts to 
formazan. Intracellular reactive oxygen species (ROS) production was measured by using the 
dichlorofluorescein (DCF) assay. RES and CAT did not show toxic effects on viability of Caco-2 cells 
in the range of 0.5-160 μM during 24 and 48 h. The co-exposure of DON at non-toxic concentrations 
(0.5 µM) with increasing concentrations (1-100 µM) of RES induced a dose-dependent increase in 
cytotoxicity. The cytotoxicity of OTA at 40 and 80 µM increased significantly when co-exposed with 
increasing concentrations of CAT and RES. An increase of toxicity could also be observed for DON 
and OTA when co-exposed at non toxic doses. Results from DCF assay showed that Caco-2 cells did 
not produce ROS when the cells were treated with CAT (0.5-160 μM) or DON (0.25-30 μM) during 6, 
24 or 48 h). However, significant dose-dependent production of ROS was obtained when the cells 
were treated with RES and OTA for 24 and 48 h, but not for only 6 h. Binary mixtures of DON and 
OTA with RES and CAT were tested at different concentrations ranked from 10 to 160 μM. Despite of 
non significant effects were observed with the mixtures of OTA-RES, DON-RES and OTA-DON, a 
protective effect was found with the combinations OTA (5 and 80 μM) and DON (1 μM) with CAT with 
statistically significant differences versus the control. In conclusion, we have found that co-exposure of 
both mycotoxins increase the cytotoxic effect observed individually. Combinations of OTA with RES or 
CAT and DON with RES showed a dose-dependent effect intensifying the antiproliferative effect of the 
mycotoxin, despite the antioxidants didn’t show a cytotoxic effect. CAT can protect the cells against 
oxidative stress produced by OTA. RES has been reported as an important natural antioxidant; 
however it is able to produce ROS in Caco-2 cells. This could explain the increased cytotoxicity 
observed when co-exposed with DON. Further studies are being conducted to elucidate the 
mechanisms explaining the toxic effects observed. 
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Natural co-contamination with aflatoxin B1 (AFB1) and fumonisin B1 (FB1) especially in maize and 
rice has been reported as a worldwide problem and associated with a high incidence of human 
hepatocellular carcinoma. However, little is known about the interaction of these mycotoxins regarding 
their toxic and carcinogenic properties. The aim of this study was to assess the cellular oxidative 
status changes induced by AFB1 and FB1 individually or as a mixture in rat hepatocytes. BRL-3A rat 
liver cell line was exposed to 20 μM AFB1, 30 μM FB1 and AFB1/FB1 mixture (MIX = 20 μM AFB1 + 
30 μM FB1) for 0.5, 4 and 24 h at 37ºC in 5% CO2. To investigate the role of CYP450 and arachidonic 
acid (AA) metabolism in ROS generation, cells were pre-incubated with 5 μM ciprofloxacin (CYP450 
1A and 3A inhibitor) or 0.01 μM dexamethasone (AA metabolism inhibitor) for 30 min. 2',7'-
dichlorofluorescin diacetate, hydroethidine and 4,5-diaminofluorescein probes were used to determine 
intracellular reactive oxygen species (ROS), superoxide radical anion (O2

−
)
 
and reactive nitrogen 

species (RNS) intracellular contents, respectively, by flow cytometry. Oxidative damage of proteins 
was determined by measuring the levels of carbonyl groups, using the spectrophotometric DNPH 
method; lipid peroxidation was determinate by measuring the MDA level, using TBA test, with 
subsequent separation and quantification of the MDA-TBA adducts by HPLC. At short times, changes 
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in the oxidative status of BRL-3A exposed to MIX were detected. This treatment produced increased 
levels of ROS and O2

−
. At prolonged times, AFB1 and MIX raised RNS levels and all treatments 

increased ROS levels; MIX produced the greatest changes. The increase of ROS generation induced 
by these mycotoxins, alone or combined, was prevented by ciprofloxacin and to a lesser extent by 
dexamethasone, suggesting that this mechanism is mainly dependent on CYP450. Biomolecular 
oxidative damage was mainly caused by MIX, demonstrating a synergistic action between AFB1 and 
FB1, since individual mycotoxins slightly induced lipid peroxidation and did not produce changes in the 
oxidation of proteins. This work demonstrated that MIX potentiated the actions of the individual 
mycotoxins in oxidative stress induction. This mechanism could mediate the hepatotoxicity of AFB1 
and FB1, individual and combined.  
 
P80 

Effects of aflatoxin B1 and fumonisin B1, alone or combined, on the activity of 
aryl hydrocarbon receptor and cytochrome P450 1A  
 
V.S. Mary

1
, A. Valdehita

2
, J.M. Navas

2
, Hector R. Rubinstein

1
 and M.L. Fernandez-Cruz

2
 

 
1
CIBICI-CONICET, Facultad Ciencias Químicas, Universidad Nacional de Córdoba, Argentina and 

2
Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria, Spain. Corresponding author: 

hectorru@fcq.unc.edu.ar 
 
The activation of aryl hydrocarbon receptor (AhR) induces metabolizing enzymes, such as cytochrome 
P450 1A (CYP1A). Aflatoxin B1 (AFB1) genotoxicity is associated with its biotransformation by CYP1A 
to mutagenic AFB1-exo-8,9-epoxide. Co-exposure to AFB1 and fumonisin B1 (FB1) is a frequent 
situation in nature, and has been associated with a high incidence of human hepatocellular carcinoma. 
The aim of this study was to assess the ability of AFB1 and FB1, alone or combined, to induce AhR 
and CYP1A. Rat hepatoma cell lines H4IIE and DR-CALUX were exposed to AFB1 (0.6-30 μM), FB1 
(3-150 μM), or several AFB1-FB1 mixtures (MIX), for 0.5-24 h. Rat spleen mononuclear cells (SMC) 
were incubated with AFB1 (20 μM), FB1(10 μM) and MIX (20 μM AFB1+10 μM FB1) for 24 h. For 
determination of CYP1A1 activity in H4IIE, 7-ethoxyresorufin-O-deethylase (EROD) assay was used. 
For determination of AhR activity in DR-CALUX (H4IIE cell line transfected with luciferase as reporter 
gene under control of dioxin responsive elements, which are in promoter of AhR target genes), 
luminescence was quantified in a liquid scintillation counter. Measurement of CYP1A and AhR mRNA 
levels were carried out by real time RT-PCR in H4IIE and SMC. Exposure of H4IIE and DR-CALUX to 
different concentrations of AFB1 or several MIXs for 24 h resulted in significant increases of EROD 
and AhR activity, being greater for the MIX, despite the fact that FB1 did not produce any changes in 
activity of CYP1A1 or AhR. AFB1, alone or combined with FB1 significantly stimulated CYP1A mRNA 
levels, reaching maximal expression at 4 h, while FB1 caused a slight raise at 8 h treatment. Again, 
the highest levels were induced by the MIX. In SMC, AFB1, FB1 and MIX enhanced CYP1A mRNA 
levels, reaching maximal values at 4, 8 and 4 h, respectively. MIX significantly induced the highest 
expression of CYP1A. These changes were preceded by enhancement in AhR expression, since 
AFB1, FB1 and MIX increased AhR mRNA levels, with a maximal effect at 2, 4 and 2 h, respectively. 
These results indicated that a positive interaction occurred between both mycotoxins in the induction 
of CYP1A and AhR and they might suggest that mixtures of AFB1 and FB1 could raise AFB1 

bioactivation, generation of its mutagenic metabolite, and transformation of hepatocytes in malignant 
cells. 
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Hepatocellular carcinoma (HCC) or liver cancer is a common and often fatal disease in sub-Saharan 
Africa including South Africa (www.medicinenet.com.liver_cancer/article.htm). Besides well known risk 
factors like alcohol abuse and hepatitis B virus (HBV) food-borne mycotoxins c are also considered to 
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be a major but sometimes overlooked risk factor (Liu and Wu, 2010. Environmental Health 
Perspectives 118: 818-824; Wild and Gong, 2010. Carcinogenesis 31: 71-82; Shephard, 2008. Food 
Additives and Contaminants 25: 1246-1256). As maize is a staple food in rural South Africa (Liu and 
Wu, 2010)) and mycotoxin contamination of maize is common, reliable monitoring data are needed for 
accurate mycotoxin intake calculations. Prevalent mycotoxins in maize are aflatoxins (an IARC Group 
1 carcinogen) and fumonisins (an IARC Group 2B carcinogen). The aim of this study was to 
investigate the incidence of mycotoxin (both aflatoxin and fumonisin) contamination in staple crops 
(i.e. yellow and white maize, peanuts and beans). 74 Samples were collected from 49 smallholder 
farmers in two districts of Mpumalanga and Limpopo provinces of South Africa. The sample set 
comprised of 36 samples of yellow maize, 21 samples of white maize, and 17 samples of other crops 
(mainly beans). The samples were analysed for aflatoxin B1, B2, G1, G2 and fumonisin B1, B2, and 
B3 contamination with an in-house validated LC-MSMS method. The South African government has 
set maximum residue levels (MRLs) for aflatoxin levels in food ready for human consumption at 5 and 
10µg/kg (aflatoxin B1 and total aflatoxins, respectively) (Government notice No. R313 of 16 February 
1990, Regulations governing tolerances for fungus-produced toxins in foodstuffs). However, no 
regulation is in place related to fumonisin contamination in food. Five out of 74 samples (7%) were 
contaminated with AFB1 concentrations above the regulatory limit (5 µg/kg) and four of these samples 
(5%) exceeded 10 µg/kg for total aflatoxins. All five samples were of yellow maize collected in the 
Limpopo province. Although the incidence of aflatoxins in all samples was low, individual samples 
showed heavy contamination (range 1-133 µg/kg B1, 1-148 µg/kg (total). Twenty-seven (27) out of 74 
samples (36%) contained fumonisins (sum of B1 and B2) between 10 and 1000 µg/kg, and 9 (12%) 
samples contained fumonisins (sum of B1 and B2) between 1000 and 12200 µg/kg. As there are no 
MRLs in place for fumonisins in South Africa the obtained results were compared to MRLs set within 
EU regulation 1881/2006: 1000 µg/kg (sum of B1 and B2) for maize intended for direct human 
consumption. As a result nine samples would be non-compliant if the samples were to be exported to 
the EU. As with aflatoxin, the highest concentrations of fumonisins were encountered in samples 
collected in the Limpopo province. It would appear from this study that the population of area under 
study in the Limpopo province might be at risk of adverse effects from aflatoxins or fumonisins.  
Dietary exposure studies will be conducted in the area in order to assess and ameliorate the potential 
risk. 
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The Fusarium mycotoxin fumonisin B1 (FB1) is a frequent contaminant of maize-based foods and 
feeds. A promising detoxification strategy is conversion of fumonisins into their hydrolysed forms 
which are reported to be less toxic for pigs and rodents with respect to sphingolipid metabolism, do not 
induce neural tube defects and show reduced toxicity at hepatic and intestinal level (Voss et al. 2009. 
The Journal of Toxicological Sciences 112: 459-467; Grenier et al., 2012. Biochemical Pharmacology, 
in press). As recently reported, this hydrolysis of FB1 can be achieved by the enzyme FumD in vitro 
(Heinl et al., 2010. Journal of Biotechnology 145: 120-129). The aims of the present work were (i) to 
find out if spray dried FumD mixed into fumonisin containing feed is active in vivo, (ii) to determine the 
required dose of FumD for complete conversion of FB1 into HFB1 in growing piglets and (iii) to 
investigate different biomarkers for assessing the extent of hydrolysis. To this end, different unit 
concentrations of spray dried FumD (0.1-100 U/kg feed) were used in two feeding trials with growing 
piglets. FB1 concentrations in feed were 10 and 30 mg/kg and the feeding trials lasted for 6 and 2 
weeks, respectively. Faeces, serum and urine samples were collected at the beginning, at the half-
time and at the end of each feeding trial and analysed for the concentrations of fumonisins (FB1, 
pHFB1a, pHFB1b, HFB1). In addition, the ratio of the sphingoid bases sphinganine (Sa) to 
sphingosine (So) and the ratio of their phosphates was determined. All analyses were carried out by 
LC-MS/MS after different sample preparation methods. In both feeding trials, FumD proved to be 
active in vivo. Ten to 100 U/kg FumD in feed were required for complete gastrointestinal hydrolysis of 
dietary FB1. HFB1, but not FB1, could be determined in urine and faeces of the piglets receiving 100 
U/kg FumD in feed, whereas FB1, partially hydrolysed FB1, and HFB1 were found in urine and faeces 
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of the piglets fed lower doses of FumD. The Sa/So ratio and the ratio of their phosphates in serum 
corresponded nicely to the fumonisin patterns in urine and faeces. Hence, these three biomarkers of 
exposure (fumonisin pattern in faeces), absorption (fumonisin pattern and concentrations in urine) and 
effect (Sa/So ratio in serum) qualify as biomarkers for assessing the extent of hydrolysis of FB1 in 
vivo. 
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The hepatotoxic carcinogen aflatoxin B1 (AFB1) is a common grain contaminant that is mainly 
produced by the fungi Aspergillus flavus and Aspergillus parasiticus. Aflatoxin M1 (AFM1) is the major 
metabolite of AFB1 in mammals, being partially excreted into milk and is considered to be a human 
carcinogen. The regulatory AFM1 maximum concentration in milk is set at 0.05 µg/kg in Israel and the 
EU and at 0.5 µg/kg in the USA. Since milk yield and AFM1 carry-over in dairy cows are highly 
correlated, it was considered important to determine the AFM1 carry-over in Israeli Holstein-Friesian 
dairy cows known for very high milk production. Twelve cows in early to mid lactation period were 
utilized to determine AFM1 carry-over following daily oral administration of maize fortified with AFB1 
(80µg) for 7 days and to investigate the relationship between milk yield, AFM1 levels and carry-over 
rate. AFM1 levels in milk reached a plateau after 3 days of continuous AFB1 administration. The 
average steady-state carry-over rate of AFB1 to AFM1 into the milk was 2.4% in 6 low-yielding cows 
(means of 26-33 kg/day) and 5.8% in 6 high-yielding cows (means of 35-51 kg/day), being within the 
reported ranges reported in the literature. The carry-over was linearly correlated with milk yield and 
could be described by the linear equation: carry-over = 0.1633 x milk yield – 2.167. As most Israeli 
dairy cows consume on the average 25 kg of total mixed ratio and produce on the average of 44 kg 
milk daily and, consequently, the maximum level of AFB1 in feed for milking cows should not exceed 2 
µg/kg, a value 2.5 times lower than the limit set by the EU, to guarantee that AFM1 levels in milk 
remain under the regulatory maximum level. 
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We performed exposure and risk assessments based on surveillance studies of retail foods in Japan 
performed during the past six years (2004-2010). In the 28 foods selected for surveillance (2,061 
samples), OTA was detected in fourteen foods, including roasted coffee, canned coffee, raisins, 
buckwheat flour, buckwheat noodles, cocoa, beer, instant coffee, oatmeal, flour, rye, coffee beans and 
chocolate (data not shown) and the occurrence rates were 54.8, 57.9, 63.4, 57.4, 75.3, 98.7, 78.5, 
98.4, 28.0, 50.5, 44.0, 28.6 and 86.7%, respectively. These foods are considered to be the major 
contributors of exposure to OTA in Japan.  For fumonisins, in the 22 selected foods (1,505 samples), 
fumonisins were detected in eight foods, including maize grits, popcorn, cornflakes, maize starch, 
maize snacks, beer, dried figs and grains, the rates of occurrence were 100, 74.7, 43.0, 37.8, 86.7, 
47.1, 40.0 and 46.8%, respectively. These foods are considered to be the major contributors of 
exposure to fumonisins in Japan. Based on the surveillance data, we simulated the exposure to OTA 
and fumonisins in different age groups, including toddlers and young children (1-6 years old), older 
children (7-14 years old), adolescents (15-19 years old) and adults (over 20 years) and evaluated the 
risk of these mycotoxins by comparing the PMTDI for fumonisins and the PMTWI for OTA established 
by the FAO/WHO Joint Export Committee on Food Additives (JECFA). The exposure assessment for 
both mycotoxins in each age group in Japan indicated that the highest exposure occurred in toddlers 
and children, but in all cases the percentage of the PMTWI and PMTDI at the 99th percentile was less 
than 35% for OTA and 10% for fumonisins. 
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Fungal contamination caused by Aspergillus versicolor in swine: a 
toxicological problem 
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The poor air quality in a pig-confinement building can potentially place farmers at a higher risk to 
health than many other working environments. In fact, farmer’s exposure to airborne pollutants may 
reach to dangerous levels. Airborne microorganisms, such as fungi, are airborne pollutants highly 
detected in these pig-confinement buildings. Aspergillus versicolor is included in the group of the most 
frequently species found in damp indoor environments and is also known as being the major producer 
of the hepatotoxic and carcinogenic mycotoxin sterigmatocystin. The toxicity of this mycotoxin is 
manifested primarily in liver and kidney. The objective of this study was to characterize the fungal 
contamination caused by A. versicolor in seven Portuguese swine. Air samples were collected in the 
swine facilities at 140 L/minute, at one meter tall, onto malt extract agar supplemented with 
chloramphenicol (MEA). Air sampling was also performed outside premises, since this is the place 
regarded as reference. Concerning surfaces samples, they were collected by swabbing the surfaces 
of the same indoor places, using a 10 by 10 cm

2
 stencil disinfected with 70% alcohol solution between 

samples according to the international standard ISO 18593-2004. The obtained swabs were then 
platted onto MEA. All the collected samples were incubated at 27ºC for 5 to 7 days. After laboratory 
processing and incubation of the collected samples, quantitative (cfu/m

3
 and cfu/m

2
) and qualitative 

results were obtained, with identification of the isolated fungal species. Twelve different Aspergillus 
species were identified among the 62 collection points from where Aspergillus isolates were collected. 
In the studied settings, A. versicolor presents the highest airborne spore counts (3,210 cfu/m

3
) and the 

highest overall prevalence (41.9%), followed by A. flavus and A. fumigatus (8.1%). From the analyzed 
surfaces, A. versicolor was also detected in higher values (>300

 
cfu/cm

2
). In conclusion, it was 

possible to characterize the contamination caused by A. versicolor in the seven swine units. This study 
raises the potential public health and occupational problem in these settings. Two main factors 
contribute to that: the detected fungal load and also its toxigenic potential.  
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Human individuals can be exposed to a variety of mycotoxins at the same time, resulting in acute or 
chronic and potentially synergistic effects. Hence, there is a demand for proper exposure assessment 
by quantification of suitable biomarkers for different mycotoxins simultaneously. We recently 
developed a rapid and direct LC-MS/MS method for the quantitative measurement of fifteen 
mycotoxins and key metabolites in human urine including deoxynivalenol (DON), DON-3-glucuronide, 
DON-15-glucuronide, DOM-1, nivalenol (NIV), T-2 and HT-2 toxin, zearalenone (ZEA), ZEA-14-
glucuronide, α- and β-zearalenol, fumonisins B1 and B2, ochratoxin A and aflatoxin M1. This validated 
method was subsequently applied in pilot studies analysing urine samples obtained from 
Cameroonian, Croatian and Austrian volunteers. In 63% of Cameroonian samples (n=175) at least 
one analyte was detected and co-exposure to different mycotoxins was frequent. In total, eleven 
analytes (DON, D3GlcA, D15GlcA, NIV, FB1, FB2, ZEA, alpha-ZEL, Z14GlcA, AFM1 and OTA) were 
determined in the samples in varying incidence and quantity. In one single sample up to six analytes 
(AFM1, DON, D15GlcA, NIV, FB1, and OTA) were found at the same time. In Croatian (n=40) and 
Austrian (n=27) samples DON metabolites were ubiquitous. The concentrations of urinary DON and its 
glucuronide conjugates were used to estimate the daily intake of this toxin. Notably, in Austria 33% 
(Warth et al., 2012. Toxicology Letters, in press) and in Croatia 80% of individuals exceeded the 
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provisional maximum tolerated daily intake of 1 µg/kg bw/day assigned by WHO (WHO, 2001. FAO 
Food and Nutrition Paper Vol. 74), when assuming a urine excretion of 2 l per day, a urinary transfer 
rate of 72% (Turner et al., 2010. Biomarkers 15: 553-562) and a constant urinary excretion of DON 
throughout a day. Besides its use for exposure assessment, the method was applied to study human 
DON metabolism in vivo. DON and two closely eluting DON-glucuronides were determined and 
chromatographically separated in a naturally contaminated urine sample. In contrast to previous 
findings, we have tentatively identified D15GlcA as a major DON metabolite in human urine (Warth et 
al., 2012). These new findings clearly demonstrate the great potential of the developed multibiomarker 
method to critically assess exposure of humans to multiple naturally occurring mycotoxins.  
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Neurotoxicity of T-2 and HT-2 toxin? New experimental hints for an influence 
on the blood brain barrier in vitro 
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T-2 toxin, a type A trichothecene produced by various fungi of the Fusarium species, is a widespread 
contaminant of food and feed based on cereals. The main T-2 toxin metabolite, resulting of the 
deacetylation of T-2 toxin at the C-4 position, was characterized as HT-2 toxin in different in vivo as 
well as in vitro studies (Ohta et al., 1977. Journal of Biochemistry 82: 1591-1598; Weidner et al., 2012. 
Journal of Agricultural and Food Chemistry, submitted). Furthermore, the level of T-2 toxin often 
correlates to that of HT-2 toxin in infected cereals or processed food samples (Van der Fels-Klerx and 
Stratakou, 2010. World Mycotoxin Journal 3: 349-367). Concerning the toxicity, several acute as well 
as chronic effects were observed in animal studies after T-2 toxin exposure. Experiments regarding 
the nervous system reported an alteration of the brain neurotransmitter concentrations after dietary 
exposure to T-2 toxin (EFSA, 2011. EFSA Journal 9: 2481). An increase in the blood-brain barrier 
(BBB) permeability was detected in mice after percutaneous exposure to T-2 toxin (Ravindran et al., 
2011. Toxicology 280: 44-52). However, data on the effects of T-2 toxin and its main metabolite HT-2 
toxin on the BBB and the central nervous system are rather limited. In this study, the BBB was 
mimicked by using porcine brain capillary endothelial cells (PBCEC) seeded on polycarbonate filter 
systems. As an indicator for endothelial barrier function the transepithelial electrochemical resistance 
(TEER) was measured using a CellZscope

 
device. This model was already successfully applied in our 

group to study the effects of ergot alkaloids on the BBB (Mulac et al., Molecular Nutrition and Food 
Research 55: 1-11). First experiments on the cytotoxicity of T-2 and HT-2 toxin on PBCEC showed 
cytotoxic effects in the lower nanomolar range. A total disruption of the barrier function was observed 
in similar concentration ranges in a time dependent manner for both tested toxins. The loss of barrier 
integrity can result in the disintegration of the intercellular tight junction protein occludin. 
Immunocytochemical analysis of occludin using fluorescence microscopy revealed the loss of the tight 
junction protein after application of T-2 toxin. Further studies utilizing HPLC-MS/MS are currently 
performed to characterize any possible transport of the toxin and its main metabolite across the BBB 
in vitro. 
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Zearalenone and deoxynivalenol (ZEA, DON) are secondary metabolites of Fusarium moulds. 
Fusarium moulds infect grain during the growing season as well as during storage. In stressful 
situation they start to produce mycotoxins that contaminate harvested grain. The presence of 
mycotoxis in grains which provide the base for food and feed production poses a risk to human health 
and animal productivity. The current state of knowledge describes the impact of individual mycotoxins 
in terms of high doses reasonably well. There is little information about the impact of NOAEL (no 
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observed adverse effect level) doses in terms of mixed intoxication. The main aim of the performed 
experiment was to determinate the impact of mixed intoxication in NOAEL doses on the change in 
lymphocyte subpopulation (CD4

+
8

-
, CD4

-
8

+
 and CD4

+
8

+
) in peripheral blood. The research was 

performed on 72 pigs divided into 3 experimental groups: E1, E2, E3 respectively receiving ZEN, 
DON, ZEA+DON and a control group receiving placebo. Flow cytometry was used to determine the 
change of the percentage of lymphocyte subpopulation. Blood was collected from 3 random animals 
from each group on days 7, 14, 21, 28, 35 and 42. As a result of the performed analysis, a statistically 
significant decrease of lymphocytes CD4

+
8

+
 was found in the animals from group E3 (mixed 

intoxication) in day 35 of the experiment. The result should be considered in many ways: (i) a 
decrease in the number of lymphocytes CD4

+
8

+
 was observed in the group of animals treated with 

mixed intoxication, which may indicate the existence of additive synergism between the ZEA and 
DON; (ii) a decrease in the number of lymphocytes CD4

+
8

+
 occurred only on day 35 of intoxication, 

which indicates that it is a critical period in which a depletion in the body’s adaptability occurs; and (iii) 
a decrease in the number of lymphocytes CD4

+
8

+
 has implications related to the immune system’s 

function. Double-positive cells can act as immune memory cells, regulatory T cells or helper cells. A 
decrease in their number may cause: ineffective vaccination, allergic diseases or disorders of the 
immune response in disease. 
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Deoxynivalenol (DON) belongs to mycotoxins produced by Fusarium ssp. The molecular mechanism 
of toxicity of DON is related to inhibition of DNA, RNA and protein synthesis. It is known that some of 
the mycotoxins affect angiogenesis which is involve in many physiological and pathological processes. 
We still have a lack of information about molecular mechanism of angiogenesis in mycotoxins 
intoxications. One of the best models for study of these processes is the zebrafish (Danio rerio). The 
aim of the current studies was to examine effects of DON exposure during the critical period of 
vascular development in zebrafish embryos (6 hours to 3 days post fertilization). For the studies was 
used a transgenic zebrafish strain (Tg(fli1a:EGFP)y1) that allows directly evaluate development of 
blood vessels. Study focused on the development of subintestinal vessels plexus (SIV), analyzed 
using a confocal microscope (LSM 710, Zeiss). Embryos were treated with 2, 3, 5, 6, 10, 12, 18, 20, 
24, 30, 40, 60, 80 and 100 µM DON. None of the used doses had any significant effect on the 
embryonal development of zebrafish. Also no statistically significant differences in development of SIV 
were observed. In addition, the expression of vascular endothelial growth factor (VEGF) and 
cytochrome P4501A (CYP1A) was studied using Real-Time PCR. Exposure to 5, 20 and 100 µM DON 
caused a slight increase in the expression of both genes. The presented data suggest that DON has 
no teratogenic effects in the studied doses. Also the study did not show effect of DON on 
angiogenesis. Perhaps the higher dose of DON could influence on these processes. DON can affect 
on the embryos intoxication, as evidenced by the increased expression of cytochrome. Probably, 
zebrafish are less sensitive on DON action, than others animals. 
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ELISA test for the detection and quantification of the mycotoxin ochratoxin A 
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Ochratoxin A (OTA), a mycotoxin commonly produced by the moulds Aspergillus ochraceus and
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Penicillium viridicatum, can be found in wheat, maize, barley, green coffee and various dried fruits. In 
fact, OTA is a suspected carcinogen. OTA affects kidneys in animals exposed to naturally-occurring 
levels of this mycotoxin. The best protection against mycotoxin is monitoring for their presence in 
feeds and foods. That means testing all along the pathway from initial harvest of grains to the finished 
product. A polyclonal antibodies-based enzyme-linked immunosorbent assay (ELISA) test to detect 
and quantitate OTA in grain commodities was developed. The assay is a direct competitive ELISA in a 
microwell format. Free OTA in the sample is allowed to compete with enzyme-labeled OTA for the 
antibody binding sites. The absorbance signal generated by substrate reaction with the bound enzyme 
is inversely proportional to OTA concentrations. The detection limit of the assay is 0.25 ng/ml of OTA 
(2.0 ppb). The antibody used is very specific for OTA and has no cross reactivity with any other 
chemically related compounds. Samples are extracted by shaking ground samples (1:4) for 3 min with 
50% methanol/water and the extract filtrate then diluted 1:1 with the same extraction solvent before 
use in the ELISA test. The assay was validated with maize, wheat, barley, rye and sorghum with a 
mean recover of 88% of spiked commodities. Recovery of OTA from naturally contaminated samples 
of wheat and maize that been analyzed by HPLC ranged from 75 to 96% with a mean recovery of 
89%. The assay can be used to quantitate OTA in samples within 20 min (2x10 min incubation steps).  
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An automated on-line turbulent-flow clean-up high resolution mass 
spectrometric method using Orbitrap technology for the determination of 
mycotoxins in maize and wheat products 
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An automated method involving on-line clean-up and analytical separation in a single run using 
Turbulent Flow™ HPLC coupled to a high-resolution mass spectrometer (TLX-LC-HRMS) has been 
developed for the simultaneous determination of deoxynivalenol, T-2 toxin, HT-2 toxin, zearalenone 
and fumonisin B1 and B2 in maize and wheat products. The extract from homogenized samples after 
blending  with a mixture of 0.1% formic acid/acetonitrile (43:56) for 45 min, can be injected directly 
onto the Turbulent Flow™ (TLX) column for automated on-line clean-up followed by analytical 
separation. Detection was in full scan mode with a resolution of 100,000 (FWHM) and mass accuracy 
below 5 ppm. A special TLX column enabled specific binding of target mycotoxins, whereas higher 
molecular weight compounds, like fats and proteins and other matrix interferences with different 
chemical properties were removed to waste. In house method validation was performed by spiking 
blank materials with mycotoxin standard mixtures. The recovery and repeatability was determined by 
spiking at three concentration levels (50, 100 and 200% of legislative limit) with six replicates. Average 
recovery and RSD values were 82-112 and 1-19%, respectively. The method accuracy was confirmed 
with certified reference materials of representative matrices. TLX-LC-HRMS enables the elimination of 
manual sample preparation steps and reduces the total analysis time and costs per sample by 
automation and reusable TLX columns. Accurate mass analysis with detection of additional HCD 
fragment ion gives more specificity for target compounds and detection in full scan mode has the 
advantage of retrospective data evaluation. This TLX-LC-HRMS method is an alternative to 
conventional approaches to mycotoxin analysis in cereals which involve extensive time-consuming 
manual clean-up steps.   
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The accuracy, repeatability and reproducibility characteristics of a method using immunoaffinity 
column (IAC) clean-up with post-column derivatization and reverse phase liquid chromatography/
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fluorescence detection (RPLC/FLD) for determination of aflatoxins (AF; sum of aflatoxins B1, B2, G1 
and G2) in olive oil, peanut oil and sesame oil have been established in a collaborative study involving 
15 laboratories from 6 countries. Blind duplicates samples of a blank, spiked at levels ranging from 
0.25 to 20.0 µg/kg for AF were analyzed. A naturally contaminated peanut oil sample was also 
included. Test samples were extracted with methanol/water (55:45, v/v). After shaking and 
centrifuging, the lower layer was filtered, diluted with water, and filtered through glass microfiber filter 
paper. The filtrate was then passed through an IAC, and the toxins were eluted with methanol. The 
toxins were then subjected to RPLC/FLD analysis after postcolumn derivatization. Average recoveries 
of AF from olive oil, peanut oil and sesame oil ranged from 84 to 92% (at spiking levels ranging from 
2.0 to 20.0 µg/kg); of AFB1, from 86 to 93% (at spiking levels ranging from 1.0 to 10.0 µg/kg); of 
AFB2, from 89 to 95% (at spiking levels ranging from 0.25 to 2.5 µg/kg); of AFG1, from 85 to 97% (at 
spiking levels ranging from 0.5 to 5.0µg/kg); and of AFG1, from 76 to 85% (at spiking levels ranging 
from 0.25 to 2.5µg/kg). Relative standard deviations for within-laboratory repeatability (RSDr) ranged 
from 3.4 to 10.2% for AF, from 3.5 to 10.9% for AFB1, from 3.2 to 9.5% for AFB2, from 6.5 to 14.9% 
for AFG1, and from 4.8 to 14.2% for AFG2. Relative standard deviations for between-laboratory 
reproducibility (RSDR) ranged from 6.1 to 14.5% for AF, from 7.5 to 15.4% for AFB1, from 7.1 to 
14.6% for AFB2, from 10.8 to 18.1% for AFG1, and from 7.6 to 23.7% for AFG2. HorRat values were 
≤2 for the analytes in the three matrixes. Collaborators: M. Corelli; L. Carter; D. Hengst; S. Han; M.H. 
Iha; C.H. Guo; K. Kroeger; J.Q. Li; B. Malone and R. Malone; S. MacDonald and S. Anderson; 
M.Ofitserova; S. Ouyang; C. Sapp; K. Sui and J. Li; X. Wang; J.Z.Yang and W.X. Zhu.   
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Food safety testing growing in food industries, rapid detection becomes a hot topic. Early in the 
production line, samples must be tested speedily, accurately and efficiently. Nowadays, each batch in 
production is usually kept on stand-by until the batch approval by quality control laboratory. Presence 
of any food contaminant would mean product recalls and even product line disruption. To overcome 
these problems, POLYINTELL has developed an innovative kit for an early and rapid detection of 
patulin in food-related products that will be able to save considerable time to food industries. Patulin is 
a mycotoxin produced as a secondary metabolite of particularly Aspergillus and Penicillium fungi 
present in agricultural commodities. Contamination of agricultural commodities is a real problem due 
to their toxic effects such as genotoxicity. Several countries have instituted patulin restrictions in apple 
products. In European Union, the limit is set to 50 micrograms per kilogram (μg/kg) in both apple juice 
and cider, 25 μg/kg in solid apple products and 10 μg/kg in products for infants and young children. To 
propose an accurate and rapid solution for patulin detection, we have developed a kit based on 
molecularly imprinted polymers coupled with HPTLC (high performance thin-layer chromatography). 
This method is useful for a rapid QC method for selecting apple as raw material before its 
transformation by industrial process to apple puree or juice and could be complementary to the HPLC 
official method for validation. The method allows the quantification of 10, 25 and 50 ppb by 
fluorescence detection with 365 nm UV lamp or using a small portable fluorescence detector. The kit 
and some results will be presented and compared to classical analysis. 
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Zearalenone is a mycotoxin produced as a secondary metabolite of various Fusarium fungi. 
Zearalenone is known to cause estrogenic effects at relatively low levels, including infertility, reduced 
serum testosterone levels and sperm counts, reduced incidence of pregnancy, and change in 
progesterone levels. In addition, zearalenone can delay the breeding process and cost the producer 
significant economic and physical losses. In Europe, Regulation (EC) 1126/2007 sets maximum levels 
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for zearalenone in foodstuffs, including maize oil (400 µg/kg). In addition, the European Food Safety 
Authority reported that “notably high levels of zearalenone have been found in maize germ oil” and 
that “vegetable oil, especially maize germ oil and wheat germ oil, make an important contribution to 
the zearalenone exposure” (EFSA, 2011. EFSA Journal 9: 2197). POLYINTELL has developed an 
efficient clean-up and preconcentration method based on molecularly imprinted polymers (MIP) for the 
quantification of zearalenone from maize oil. A MIP is a synthetic material with artificially generated 
three-dimensional network, able to specifically rebind a target molecule. Based on this technology, we 
have developed a powerful technique of selective solid-phase extraction and clean-up before analysis 
of this compound (Hadj Ali et al., 2010. Journal of Chromatography A 1217: 6668-6673; Lucci et al., 
2010. Analytica Chimica Acta 672: 15-19). Clean-up with MIP zearalenone provides clear and 
unambiguous results at a broad range of concentration levels. This method uses a very quick sample 
preparation by simply diluting maize oil in a solvent before clean-up. This fast and simple method 
demonstrates high recovery yields with a low background where the use of immunoaffinity column is 
very fastidious and expensive.  
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A real-time triplex assay for the accurate quantification of trichothecene and 
fumonisin producing Fusarium species in maize 
 
Kurt Brunner

1
, V. Preiser

1
, D. Götsch

1
, R. Krska

2
 and R.L. Mach

1 

 

1
Institute of Chemical Engineering, Vienna University of Technology, Austria and 

2
Center for Analytical 

Chemistry, Department IFA-Tulln, BOKU Vienna, Austria. Corresponding author: 
kurt.brunner@tuwien.ac.at 
 
Fungi of the genus Fusarium produce a broad range of mycotoxins and maize is one of the preferred 
hosts of this plant pathogenic fungus. Numerous analytical methods have been developed to quantify 
the accumulation of these toxic compounds in agriculture derived samples. The knowledge of the toxin 
content in a sample is of particular interest for the food and feed industry but also for agriculture. 
However, for plant breeders and studies on agricultural practice the mycotoxin quantification might not 
always be the method of choice and has to be amended with other techniques. During the last decade 
several methods have been developed for the PCR based quantification of Fusarium biomass, either 
directly in the infected plant of in the harvested cereal. These methods have been applied for the 
evaluation of the Fusarium resistance of new genotypes, for the evaluation of crop rotation and tilling. 
Often the determination of the fungal biomass turned out to provide more feasible results than the 
mycotoxin quantification alone. We have developed a real-time triplex assay for the simultaneous 
quantification of trichothecene and fumonisin producing species. This triplex assay integrates the 
quantification of the maize adh1 gene as normalization to compensate for inconsistencies occurring 
during the DNA extraction from samples and allows a high-throughput screening of maize samples for 
Fusarium infection with an unprecedented accuracy. This poster presents the assay development and 
evaluation and finally the practical application of the quantitative PCR assay. 
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Dietary exposure of humans to mycotoxins has been measured traditionally by analysing mycotoxin 
contamination in food and beverages. However, this method does not measure the real individual 
exposure as food mycotoxin contamination is rather heterogeneous. Recently several methods have 
been published for measuring mycotoxins and their metabolites in urine, with the aim of measuring 
individual exposure using the mycotoxins and their metabolites as biomarkers. In humans (and 
animals) glucuronides are important phase II metabolites of xenobiotics in general and of DON and 
ZEN, two common food mycotoxins, in particular. Several DON glucuronide isomers were detected in 
rat urine (Lattanzio et al., 2011. Journal of Chromatography B 879: 707) and recently, Warth et al. 



166  WMFmeetsIUPAC2012 
5-9 November 2012, the Netherlands 

(2012. Toxicology Letters 211: 85) tentatively identified DON-15GlcA as the main glucuronide in 
human urine from Austrian volunteers, together with a minor amount of DON-3GlcA.  Njumbe Ediage 
et al. (2012. Analytica Chimica Acta 741: 58), using a direct LC-MS/MS method, did not detect DON-
glucuronide in DON-containing urines from volunteers in Belgium. We have developed a sensitive 
method for detecting DON and DON-glucuronides in human urine by combining a DON-immunoaffinity 
column (DON-IAC) and a UPLC-MS/MS method. DON and DON-glucuronides were detected in all 
urine samples from twelve Belgian volunteers. Without the DON-IAC the LC-MS/MS method failed to 
detect the DON-glucuronides. In the same urine samples, DON and DON-glucuronides were detected 
by a new direct UPLC-MS/MS method without sample clean-up, but using a high-end triple quadrupole 
MS. Acknowledgements: This study was funded by the Federal Public Service of Health, Food Chain 
Safety and Environment (RT 11/02). 
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During recent decades there has been an apparent increase in the occurrence of harmful algal blooms 
(HAB) in many marine and coastal areas. The causative algae of these blooms produce toxic 
compounds which not only exert adverse effects on other marine organisms but also on humans 
through their consumption in contaminated seafood (primarily shellfish). These toxins as classified are 
known to induce amnesic (ASP), diarrheic (DSP) and paralytic shellfish poisoning (PSP) initiating 
respiratory and digestive problems, memory loss, seizures, skin irritations or even fatalities in fish, 
birds and mammals (including humans). These toxins can be acutely lethal but as yet no antidote 
exists to any HAB toxin with palliative care customary. Monitoring of these HABs is therefore of 
upmost importance and an early warning detection tool would be extremely beneficial to the 
aquaculture and fisheries industry to allow economical and safety decisions to be made effectively in 
relation to the harvesting process for shellfish and the use of recreational waters. Comprehensive 
phytoplankton monitoring by microscopic techniques to visualise the algal intensity in waters where 
shellfish are produced is employed as an added element to shellfish monitoring programs. This type of 
monitoring allows species identification and its density but does not provide a measure of its toxicity. 
Surface plasmon resonance (SPR) optical biosensor technology was investigated for its ability in the 
detection of PSP, DSP and ASP toxins extracted from algae/ seawater samples both in a single 
(Biacore Q) and multiplex format (BioCop multiplex SPR prototype). Both toxic and non toxic algal 
cultures were established for the development of extraction procedures and for use in the validation of 
the final assay. Seawater samples from seven European locations were analysed using this 
methodology as part of the FP7 European project MIDTAL and compared to the conventional antibody 
based EIA techniques. 
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Alternaria species produce more than 70 secondary metabolites which are toxic to plants and some of 
them also have been reported to act as mycotoxins to humans and animals (alternariol, alternariol 
monomethyl ether, tentoxin, tenuazonic acid, altertoxins, etc.). They are the principal contaminating 
fungi in wheat, sorghum and barley. In addition to cereal crops, Alternaria species have been reported 
to occur in oilseeds such as sunflower and rape seed, tomato, apples, citrus fruits, olives and several 
other fruits and vegetables. Developing control measures to prevent the introduction of Alternaria and 
mycotoxin accumulation in food chain is essential. PCR-based techniques are being increasingly 
applied to detect and quantify mycotoxigenic fungi in food or during food processing. Particularly, real- 
time quantitative PCR (qPCR) is considered as a method faster than conventional culture-based 
methods and it is also highly sensitive and specific. However, DNA from dead cells can serve as a
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template during PCR amplification resulting in false positive results overestimating the presence of 
Alternaria spp. A promising technique to avoid this problem relies on the use of nucleic acid 
intercalating dyes, such as propidium monoazide (PMA), as a sample pretreatment prior to qPCR. 
PMA is a fluorescent photoreactive dye that binds covalently to DNA after photoactivation. 
Interestingly, PMA penetrates only into damaged membrane or dead cells, thus can be selectively 
used to modify only DNA from dead cells with compromised membrane integrity, while leaving DNA 
from viable cells intact. In our study, a primer pair (alt4-alt5) has been designed to amplify specifically 
Alternaria spp. by qPCR with a limit of detection of 100 conidia/g tomato. Additionally, PMA has 
successfully been tested for its potential usefulness in distinguishing viable and non-viable conidia of 
Alternaria spp. PMA toxicity for Alternaria conidia has also been studied. Quantification data obtained 
by PMA-qPCR indicated that DNA templates modified with PMA showed delayed amplification. A 
reduction of almost 9 cycles in the ΔCp between live and killed conidia of Alternaria spp. was 
observed. These results indicate that the PMA-qPCR method is a suitable technique for quantifying 
viable Alternaria spp. cells, which could be very useful for estimating potential risks of mycotoxins 
contamination.  
 
P99 

Mycotoxins in food and feed: rapid strip tests vs. HPLC-MS/MS reference 
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Mycotoxins are toxic natural secondary metabolites produced by several species of fungi on 
agricultural commodities in the field or during storage (Magan, 2006. Mycopathologia 162: 245-253). 
Up to 25 % of the worldwide cereal harvest is contaminated with mycotoxins. Because of the 
ubiquitary occurrence of mycotoxins in cereals and their various toxic effects on humans and animals, 
authorities such as the European Commission or the Grain Inspection, Packers and Stockyards 
Administration (GIPSA) have addressed the mycotoxin problem by adopting regulatory limits. 
Therefore, it is important to develop easy and rapid tests for the toxin determination besides existing 
standard analytical methods, e.g., HPLC-MS/MS. The simple strip tests, which are used for on-site 
screening, are called Lateral Flow Devices (LFDs) and are based on an immunochemical test 
principle. Each strip contains a test and a control line and, due to competitive assay format, the 
intensity of the emerging test line after testing is indirectly proportional to the amount of target 
mycotoxin present in the sample Molinelli et al., 2009. Analytical and Bioanalytical Chemistry 395: 
1309-1316). Several naturally contaminated corn samples were collected during the Austrian harvest 
season. All samples were ground, extracted and analyzed using the simple strips as well as HPLC-
MS/MS as reference method. The results were then compared to evaluate the performance of the strip 
tests versus the standardized laboratory method. Within this work a comparative study between LFDs 
and HPLC-MS/MS for the mycotoxins aflatoxin, deoxynivalenol, fumonisins (sum of FB1, FB2 and 
FB3), and zearalenone in corn will be presented.  
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Mycotoxins are metabolic by-products of fungi, which can contaminate grain and thus endanger 
human and animal food chains and compromise human health. Aflatoxin B1 (AFB1) belongs to a 
dangerous mycotoxin group (Group 1) with teratogenic, mutagenic and hepatotoxic effects. Since 
1960’s, the devastating consequences of AFB1 contamination have been studied. Harnessing natural 
biodegradation by some microorganisms or their enzymes is a promising option to reduce/eliminate 
AFB1 contamination in the food chain. Rhodococcus erythropolis is a well-known aromatic degrader of 
Gram-positive bacteria. It can be used for effective AFB1 degradation, including eliminating its 
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mutagenicity. Also, several other members of the same genus have been recognized to degrade 
AFB1 without releasing harmful end products. Thus, members of the Rhodococcus genus are 
potentially agents to decontaminate infected food and feed stuff. For supporting the development of 
new decontamination applications, a new flow cytometric based solid phase immunoassay is 
described here for monitoring enzymatic degradation of AFB1. AFB1-oxime was conjugated to 3.6 µm 
amino-modified polystyrene particles using covalent coupling. The conjugated microparticles were 
incubated under controlled conditions with Rhodococcus rhodochrous N12 (RRN12) cell extract 
produced by sonication and subsequent centrifugation of AFB1 grown biomass. A control experiment 
included Escherichia coli cell extract prepared by the same way. The degree of biodegradation was 
detected with FITC labelled anti-AFB1 MAbs. Both test samples and controls were assayed with an 
Accuri C6 flow cytometer and data analysis was performed with FCAP Array v3.0 software. With the 
new immunoassay method, Rhodococcus cell extract (6.0 mg/ml protein concentration) degrade 53% 
of AFB1 contents after 30 minutes and 81% after 24 h, both at 38°C. Control experiments yielded 
negligible degradation activity. The extent of biodegradation increased with increasing protein 
concentration of cell extract, incubation time and temperature. In conclusion, a sensitive 
microfluosphere based assay technology was developed for measuring AFB1-biodegradation activity 
in the presence of cell extract of mycotoxin degrader RRN12. This alternative new method is rapid, 
cost-effective, exact and compatible with other high throughput assay formats. The platform may 
provide a useful tool for measuring the biochemical parameters of catabolic enzymes responsible for 
toxin degradation. The toxin-conjugated microspheres function as a substrate agent for kinetic studies. 
Such a strategy is suitable for the selection of the enzymes responsible for AFB1 catabolism. This 
assay system could be used for degradation of other mycotoxins, e.g., zearalenone, T-2 toxin and 
ochratoxin A and developed further under a multiplex platform. 
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The objective of this research was to apply the near infrared spectroscopic technique (NIRS), with a 
wavelength range between 950-1650 nm, to determine the percentage fungal infection found in rice 
samples. The total fungal infection and yellow-green Aspergillus infection, which is often indicative of 
aflatoxigenic fungal infection, are the focus of this research. Spectra were obtained on 106 rice 
samples, by reflection mode, including 90 naturally contaminated samples and 16 artificially 
contaminated samples. All experiments were performed in triplicate. Calibration models for the total 
fungal infection were developed using the original and pre-treated absorbance spectra in conjunction 
with partial least square regression (PLSR). The statistical model developed from the untreated 
spectra provided the greatest accuracy in prediction, with a correlation coefficient (r) of 0.668, a 
standard error of prediction (SEP) of 28.874%, and a bias of -0.101%. For yellow-green Aspergillus 
infection, the most predictive statistical model was developed using pre-treated (maximum 
normalization) NIR spectra with the following statistical characteristics: r=0.437, SEP=18.723% and 
bias=4.613%. 
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AOAC certification for QuickTox Kit for QuickScan Aflatoxin 
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Third-party certification for a mycotoxin assay allows end-user confidence in results produced by the 
test. To this end, EnviroLogix obtained AOAC International Performance Tested Method certification 
for the quantitative, lateral flow assay, QuickTox Kit for QuickScan Aflatoxin. Acceptance criteria for 
assay performance over the range of 0-100 ppb in naturally contaminated corn samples were 
established prior to initiation of internal and external validations. Validation procedures included (i) 
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linearity studies to describe the assay response compared to the reference method, HPLC; (ii) internal 
and external matrix studies to allow recovery and limit of detection (LOD) calculations; (iii) selectivity 
studies to determine assay sensitivity for aflatoxin types and to identify any cross reactivity with other 
common mycotoxins; and (iv) robustness studies to identify assay conditions that could cause false 
results. All assay results in all studies were within the acceptable ranges. The assay showed linear 
dose responses over the range of 0-100 ppb with R

2
 values exceeding 0.98 in linearity, and internal 

and third party matrix studies. Mean recoveries in data combined from both matrix studies ranged from 
89-118% compared to HPLC and the assay LOD was 2.17 ppb.  Aflatoxin types B1, B2, G1, and G2 
were all detected with highest reactivity toward B1, the most prevalent form in corn. Assay results 
were not appreciably affected by other mycotoxins present at 100 ppm.  Robustness studies co-varied 
temperature (18-30°C), time (80-160% of nominal) and sample volume (+/- 20% of nominal). All 
results were within the acceptable ranges indicating assay robustness. Compared to HPLC, the 
QuickTox Kit for QuickScan Aflatoxin produces accurate and precise results employing simple, user 
friendly technology. The AOAC Research Institute has issued Performance Tested Method Certificate 
#041201 for this assay. 
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Ergot alkaloids are produced by fungi of the Claviceps spp., with its most frequent representative 
C. purpurea. These fungi are able to produce a wintering body, also known as sclerotium, mainly 
found on rye, wheat and triticale. Sclerotia contain different classes of alkaloids, the most prominent 
being ergometrine, ergotamine, ergosine, ergocristine, ergocryptine, ergocornine and their epimeric   
(-inine) forms. The amount and distribution of each alkaloid varies between fungal strains, the host 
plant and the geographical region. Ergot alkaloids show toxic effects in all animal species, the most 
prominent symptoms are feed refusal, dizziness, insufficient nursing of suckling animals due to 
agalactia and abortions. A method for routine analysis of ergot alkaloids in various grain and feed 
commodities was developed. For the cleanup of the crude extracts, MycoSep 150 cleanup columns 
were used, a simple single step solid phase extraction procedure. The following analysis of the extract 
was achieved with an optimized HPLC method with post column fluorescence detection. For the 
validation of this new method dried down ergot alkaloid calibrants were used. A set of twelve different 
ergot alkaloid liquid calibrants sold under the Biopure brand is available. They were added to samples 
of 9 different commodities prior to extraction. Six parallels of each blank commodity as well as six 
replicates of three spiking levels (100, 500 and 1000 μg/kg) were analyzed by different analysts. 
Finally, the obtained data was evaluated on precision, linearity and robustness with satisfying results. 
To crosscheck the accuracy of the analytical method an ergot alkaloid in rye matrix reference material 
(MRM), which is now available from Romer Labs, was used. This MRM material was characterized by 
five external laboratories to guarantee a correct level of ergot alkaloid contamination. Results of the 
method validation showed excellent recoveries for all analytes in all commodities. A sensitive limit of 
detection (10-25 μg/kg) and a low limit of quantification (30-90 μg/kg) were achieved for the 12 
different ergot alkaloids in rye. The method is reliable and easy to use for routine analysis of 
ergotamine, ergosine, ergocristine, alpha-ergocryptine, ergocornine, ergometrine, ergotaminine, 
ergosinine, ergocorninine, ergocryptinine, ergocristinine and ergometrinine. Romer Labs Analytical 
Service is offering this ISO 17025 accredited method for ergot alkaloid determination in agricultural 
commodities. 
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Scientists often try to avoid the formation of sodium or other adducts in LC-MS although sometimes 
more stable ions can be obtained. These adducts can influence sensitivity and fragmentation. In some  
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cases adduct formation will increase the sensitivity. Sodium is nearly always present at trace levels in 
the mobile phase. However changing mobile phase conditions can have an influence on the formation 
or stability of sodium adducts. The multi-residue method detects deoxynivalenol (DON), zearalenone 
(ZEA), aflatoxin B1, B2, G1 and G2 (AFB1, AFB2, AFG1, AFG2), fumonisin B1 and B2 (FB1, FB2), T-
2, HT-2 and ochratoxin A (OTA). Initially the mobile phase was a gradient elution of 0.1% formic acid 
in water and acetonitrile. Absolute detection limits are summarized in Table 1. Using this mobile phase 
(I), a sodium-adduct of T-2 was formed and not for HT-2. Fragmentation pattern, sensitivity and 
calibration curve showed optimal conditions. For HT-2, no similar properties were obtained. By 
changing  acetonitrile to methanol,  clear sodium adducts were  obtained for HT-2,  resulting in a much 
 
Table 1. Absolute detection limits on column using mobile phase I and II. 
 
Mycotoxin Absolute LOD on 

column (pg) 
Mobile Phase I

a
 

Absolute LOD on 
column (pg) 
Mobile Phase II

a 

 

DON 250 40 
ZEA 20 20 
AFB1 1 0.1 
AFB2 1 0.1 
AFG1 1 0.1 
AFG2 1 0.1 
FB1 <100

b 
<2

b
 

FB2 <100
b
 <2

b
 

T-2 <50
b
 2 

HT-2 50 2 
OTA 2 2 

a
Quantification was performed using 

13
C labelled internal standards for each analyte. 

b
Exact value was not determined, since it was far below the lowest legal limit 

 
lower LOD. But the response of the aflatoxins decreased. Additionally by adding 1mM ammonium 
formate instead of formic acid good results were obtained for all mycotoxins (mobile phase II). 
Absolute detection limits on column are summarised in Table 1. LOD for T-2 and HT-2 are decreased 
by using sodium adducts. Sensitivity for the other analytes was improved by changing mobile phase 
additive formic acid to ammoniumformate. Final evaluation of the method performance needs to be 
done on real samples. This is the only way to correlate the absolute detection limits on column and the 
LOD in sample matrix since matrix effects can suppress or enhance analyte responses. 
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In order to satisfy the increasing demand for fast and reliable quantitative screening tools for 
deoxynivalenol (DON) detection in foodstuffs, Tecna developed two different analytical screening 
methods: Celer DON, a fast enzyme immunoassay in microtiter plate and EZ FLOW  DON, a one-step 
lateral flow device. In the present work, a comparison between their performances on wheat is 
presented. EZ FLOW DON is a quick, easy to use lateral flow device for on-field analysis. Wheat 
samples are extracted in water, diluted in buffer and directly run on the device without any further step. In 
5 minutes results are achievable with the reader. The assay is quantitative in the range 0.125-5 ppm 
(extendable to 0.5-20 ppm by further dilution). The limit of quantification (LOQ) is 0.25 ppm. The 
accuracy was verified onto spiked wheat samples in the range 0.5-2 ppm: the mean recovery turned to 
be 98±12% (n=40). The trueness of the assay was verified  analyzing two naturally incurred wheat 
samples left over the materials of proficiency tests (code 05-0631-0061 and 02-2531-0002, Bipea, 
France). The mean recovery was 102±24% (n=16). Celer DON is a fast ELISA test kit that allows the 
achievement of results in 20 minutes after methanol/water extraction of samples. The calibration range 
is 0.04-5.00 ppm, and it is extendable to 0.20-25 ppm by sample further dilution. The LOQ was set at 
0.125 ppm. The accuracy was studied onto wheat spiked samples in the range 0.50-2.00 ppm. The 
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mean recovery was 104±12% (n=162). As well as for the lateral flow device, the trueness was 
investigated by analysing the same two naturally incurred wheat samples left over the materials of 
Bipea proficiency tests. The mean recovery was 104±15% (n=15). As a conclusion deriving from the 
present in-house comparative study, a small loss of sensitivity was observed for the lateral flow 
device, while the accuracy on both spiked and incurred reference samples were mainly comparable. 
EZ FLOW DON maintains therefore the high quality performances of Celer DON ELISA test kit but 
allows a faster, on-field and one-step analysis with no need for laboratory equipments and trained 
operators.   
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Patulin is a mycotoxin produced by several fungal species, mainly by Penicillium spp. and Aspergillus 
spp. Since patulin-producing fungi are widely spread, this toxin has been detected in food, feed and in 
mouldy water-damaged dwellings (Nielsen, 2003. Fungal Genetics and Biology 39: 103-117). Co-
occurrence of patulin with other mycotoxins has also been reported. Patulin is commonly analysed by 
liquid chromatography with UV detection. Liquid chromatography coupled to mass spectrometry (LC-
MS/MS) is considered as a more specific tool for mycotoxin detection and confirmation. Most of the 
LC-MS/MS methods for patulin have been applied in the context of single analyte determination using 
negative electrospray ionisation (ESI

-
) (Ito et al., 2004. Journal of Agricultural and Food Chemistry 52: 

7464-7468). LC-MS/MS methods for the simultaneous determination of patulin with other mycotoxins 
are scarce due to ionisation issues. In this study, the effect of different solvents, mobile phase 
additives and pH on the ionisation and fragmentation pattern of patulin was investigated. Preliminary 
results showed that under alkaline conditions and using methanol as organic modifier, an intense and 
stable signal for the methanol-adduct of patulin was obtained in the positive electrospray ionisation 
mode (ESI

+
). The fragmentation of this protonated methanol-adduct gave a strong and stable product 

ion signal. The product ion spectra were overall more useful than those obtained with the protonated 
or the deprotonated molecule. These findings indicate the possibility of using the protonated methanol-
adduct of patulin for its identification and quantification by LC-MS/MS. This presentation will highlight 
the generation of a stable and useful patulin signal by adduct formation as well as the optimisation of 
this signal by means of experimental design. Precursor ion (methanol adduct) structure confirmation 
and fragment assignment using multiple stage MS combined with high resolution MS will be 
presented. Furthermore, the successful inclusion of this toxin in a multimycotoxin LC-ESI

+
-MS/MS 

method and the application of this method to different analytical challenges will be demonstrated.  
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Patulin [4-hydroxy-4H-furo[3,2-c]pyran-2(6H)-one] is a mycotoxin produced by the fungi of the 
Aspergillus and Penicillium genus and studies have shown that it can have genotoxic properties.  
Patulin is frequently found in a number of fruits including apples and pears with brown rot and in many 
fruit based products including apple juice, apple puree and apple and pear based ciders and alcohols 
made with apple concentrate. This study was carried out to develop a precise, quick and easy method 
to determine patulin in apple juice, apple puree and various apple and pear based ciders, apple vodka 
and apple liqueur. EASIMIP PATULIN, is a column that contains a molecular imprinted polymer (MIP) 
specific to patulin. EASIMIP PATULIN was used for cleanup of patulin in apple juice, apple puree and 
apple based alcoholic drinks in conjunction with high performance liquid chromatography (HPLC). The 
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apple juices were extracted with acetic acid. Apple puree was treated with pectinase before diluting 
with water and the alcoholic drinks were degassed and diluted with water. EASIMIP PATULIN 
columns were conditioned prior to application of the sample at a steady flow rate in order to let the 
patulin bind to the MIP; subsequently the column was washed to eliminate any interfering components 
that have non-specifically bound to the column. Ethyl acetate was used to elute patulin from the 
column; the eluate was evaporated to dryness, before being reconstituted with dilute acetic acid and 
injected onto the HPLC. A standard curve was produced and a correlation coefficient of 99.99% was 
obtained. Chromatograms of all sample types processed using EASIMIP PATULIN contained less 
interfering peaks demonstrating the specificity of the cleanup column and improving the accuracy of 
quantification. An LOQ of 1 ppb was achieved with EASIMIP PATULIN for all test matrices; this level 
surpasses the current European Legislative limits for baby food (10 ppb) and apple juice, apple puree 
and alcoholic drinks derived from fruit (50 ppb). 
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Legislation for mycotoxins has increased over the years to include additional mycotoxins and food 
matrices. Fusarium mycotoxins are the most recent to be covered as they can be found in a wide 
range of commodities including cereals, cereal products including beer, baby food and animal feed.   
Immunoaffinity columns are rapidly becoming the routine standard method of choice for complying 
with regulatory mycotoxin analysis however there is a growing need for multi-mycotoxin analysis using 
a single extraction method. In response, R-Biopharm Rhône has produced a multi-toxin immunoaffinity 
column, DZT MS-PREP, which enables the isolation and concentration of four commonly occurring 
Fusarium mycotoxins; deoxynivalenol, zearalenone, T-2 and HT-2. The advantages of this new 
immunoaffinity column are that only one sample preparation method and one single LC-MS/MS run is 
required for quantifying all four mycotoxins therefore having greater sample throughput and a 
reduction in the use of solvents and consumables. The method was validated in-house using DZT MS-
PREP in conjunction with LC-MS/MS to test various beer samples from Europe.    Method repeatability 
was determined and recovery data ranged from 78-05% (RSD 0.8-3.9%). DZT MS-PREP

 
was shown 

to perform in line with current EU recommendations whilst providing a rapid and robust method of 
analysis enabling accurate, low level quantification of all 4 mycotoxins in various beer samples from 
Europe. 
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A large group of fungi of the genus Aspergillus, Penicillium and Byssochlamys produce the toxin 
patulin as a secondary metabolite. This mycotoxin is often found in rotting fruit and in many fruit juices 
and fruit based products due to its resistance to many industrial fruit processes. The purpose of this 
study was to develop a specific, fast, simple and sensitive method to determine patulin in different 
kinds of apple juice. EASIMIP PATULIN, a column containing a molecular imprinted polymer (MIP) to 
patulin was used to purify and concentrate patulin in cloudy apple juice prior to analysis by high 
pressure liquid chromatography (HPLC). Method validation was conducted to assess selectivity, 
recovery and repeatability of the MIP column using both spiked and blank cloudy apple juice samples.  
Each sample was extracted using acetic acid, vortexed and centrifuged. The MIP column was 
conditioned and the sample passed through the column to allow patulin to bind before being washed 
to remove unbound or interfering materials. Patulin was eluted using ethyl acetate, evaporated to 
dryness, reconstituted with acetic acid and injected onto the HPLC system. A standard curve was 
produced and linearity determined. Test results using the MIP columns on apple juice samples spiked 
at 1ppb, 10ppb and 30ppb were compared to analysis where no clean-up was used. SIMIP PATULIN 
was found to produce cleaner chromatography enabling more accurate and more sensitive detection. 
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An LOQ of 1 ng/g was achieved with EASIMIP PATULIN, which is 10 times lower than the level set by 
current European legislative limits for baby food (10 ng/g) and 50 times lower than legislative levels 
set for fruit juice. 
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Changes in regulation and decrease in MRLs of mycotoxins cause a need to refine methods of their 
analysis. Our research has been focused on the development and characterization of new schemes 
for aflatoxin B1 and ochratoxin A immunoassays. The benefits of a novel competitive immunoassay 
scheme have been demonstrated. The scheme is based on the separation by specific immune 
interaction and the introduction of a colloidal label. Using the Biacore system, the scheme allows 
reaching a limit of ochratoxin A detection equal to 40 pg/ml. This value is 10 times lower compared to 
the use of free antibodies and more than 100 times lower compared to the use of specific antibodies, 
directly conjugated with colloidal gold. Analysis time is 25 min including regeneration of the Biacore 
chip. The same approach allowed increasing signal amplitude, decreasing specific antibody 
concentrations and, as a result, decreasing detection limit. For aflatoxin B1, the limit of visual detection 
is equal to 100 pg/ml, which is 10 times lower compared to the traditional format of the assay. The limit 
of instrumental detection is 30 pg/ml. Analysis time is 25 min. Another advantage of this approach is 
the reduced consumption of specific antibodies; in our experiments, 50 times (2 instead of 100 ng per 
one analysis). In addition, the conjugate of colloidal gold with antibodies is a universal reagent that can 
be applied to detect different compounds. A novel ELISA using magnetic particles as solid support has 
been developed. Regimes of syntheses of magnetic particles, their conjugates and immunochemical 
interactions have been optimized. Stable magnetic particles with an average diameter of 10 nm and 
their conjugates with antibodies against aflatoxin B1 have been obtained. Advantages of magnetic 
carriers in ELISA are a significant increase in surface area for immobilization of reagents, a lack of 
diffusion limitation for specific reactions, and a quick and easy separation of analytical system 
compounds. These properties allowed us to achieve a detection limit of 20 pg/ml while having only 5 
min for specific interaction. The total duration of the analysis is 30 min, which is five times faster than 
common ELISA. Acknowledgements: This work was supported by grants 10-03-00990 and 11-08-
93968 of the Russian Foundation for Basic Research and by MYCORED project (contract 222690) of 
the Seventh Framework Programme. 
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Fusarium is one of the major fungi genera associated with maize and comprises several toxigenic 
species including Fusarium verticillioide and F. proliferatum, which are potent producers of fumonisins. 
Mycotoxins such as fumonisins are often present in widely varying levels within a sample, and 
standard detection methods typically only quantify the average toxin level within a selected sub-
sample, although many kernels may be considerably above or below this value. Near infrared 
spectroscopy (NIRS) is readily applicable to single kernels scanning, and when calibrated against a 
reference methodology offers the potential for high throughput screening and potentially sorting of 
maize samples. In this study we have developed a liquid chromatography-tandem mass spectrometry 
(UPLC-MS/MS) method to analyse individual maize kernels for total and individual fumonisin toxins 
(FB1, FB2 and FB3) and report the variation between kernel toxin levels and also the varying ratio of 
individual toxins FB1/FB2 /FB3 within three different maize samples. The total and individual toxin data 
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was then used to develop single kernel NIRS calibrations. The results showed skewed distributions 
towards zero values despite some individual kernels having levels of toxins much higher than average 
(tested from a separate bulk sub-sample).  For example one sample with a previously tested level of 
total fumonisins at 26.3 ppm, had a range from 1.2 to 1171 ppm for total fumonisin, with 1.1 to 714 
ppm for FB1 and 0.5 to 407 ppm for FB2.  Single kernel NIRS calibrations were developed for the 
individual toxins with varying degrees of accuracy, but the best was for FB1 with an R

2
=0.85 and 

SECV 29 ppm. This correlation of mycotoxin levels in naturally infected maize kernels with NIRS 
highlights the potential applications of this technology in the screening and sorting of infected maize 
kernels. 
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Yessotoxins (YTXs) are a group of polycyclic ether compounds, first isolated from the digestive glands 
of scallops Patinopecten yessoensis in Japan and accumulated in edible tissues of the filter feeding 
shellfish (such as mussels, scallops, etc.) exposed to dinoflagellates such as Protoceratium 
reticulatum, Lingulidinium polyedra and Gonyaulax spinifera. These compounds were first included in 
the group of diarrhetic shellfish poisoning (DSP) toxins, but diarrheic symptoms are not associated 
with these toxins and consequently nowadays these compounds are included in the group of lipophilic 
toxins.  Several YTX analogues have been identified over the last few years which presence in the 
Adriatic Sea has been reported. CarboxyYTX is one of the analogues of YTX being a metabolic 
product of YTX in the shellfish filter feeding toxic to mice after intraperitoneal injection. Several HPLC 
methods coupled to fluorescence or mass spectrometry have been developed for the analysis of 
YTXs. The application of high performance capillary electrophoresis (HPCE) with UV detection seems 
to be a good alternative for the analysis of these compounds, due to the simplicity and shorter analysis 
time. This work shows the application of HPCE for the analysis of YTX and carboxyYTX. After the 
optimization of the parameters affecting the electrophoretic separation, further optimization was 
carried out in order to increase the sensitivity and the efficiency of this technique. Different stacking 
approaches were carried out with this aim, which involve the variation of the conductivity in the media, 
using a pH variation and reverse polarity during the analysis. Field amplified sample stacking (FASS), 
pH-mediated sample stacking and large-volume sample stacking (LVSS) were the stacking modes 
applied in this study. The results obtained showed a significant increase of the sensitivity, making this 
approach a good and efficient alternative for the analysis of YTXs in standards and contaminated 
matrices.  
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An important task of the EU Reference Laboratory for Marine Biotoxins (EURLMB) is the organization 
and coordination of annual proficiency testing (PT) among the EU National Reference Laboratories, to 
evaluate their performance in the application of methodologies accepted in the EU for the control of 
marine biotoxins. An interesting situation was observed after evaluating the results of the proficiency 
testing study for lipophilic toxins in 2011, which reinforces the concern about the lack of reliability of 
the mouse bioassay (MBA), particularly for this group of toxins and the requirement of alternative 
methods for their control. The controversy about the applicability and reliability of the MBA for lipophilic 
toxins, justifies the investigation of the causes for these false positives, which basically defines the aim 
of this work. In this proficiency testing, a sample consisting of a blank mussel homogenate (whole 
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body) was distributed to 28 participants from the EU. The mussels (Mytilus galloprovincialis) were 
acquired at a retail market (Galicia, Spain). This sample was initially analyzed at the EURLMB by the 
EU LC-MS/MS reference method for lipophilic toxins under acidic conditions. The results obtained 
indicated that the total levels of OA were below LOQ, while no presence of DTX1, DTX2, PTX2, AZA1, 
AZA2, AZA3, YTX, homo-YTX, 45-OH-YTX and 45-OH-homo-YTX was detected. The same sample 
had been also analyzed by MBA showing negative results. Sixteen participants on this proficiency 
testing using LC-MS/MS reported levels of OA, PTX, YTX and AZA groups under the limits 
established in the EU legislation, however, some participants quantified low levels of total OA and 
SPX-1.  Among the participants using MBA, eleven laboratories reported positive results for lipophilic 
toxins, and eight laboratories submitted negative results. The same situation was observed in previous 
proficiency testing studies for lipophilic toxins, in which several false positives were also found for 
MBA. Additional studies were carried out at the EURLMB and also at the Analytical Chemistry and 
Food Department of the University of Vigo to confirm the results obtained for this particular sample, 
using two different LC-MS/MS approaches and different analysis conditions. Similar results were 
obtained in all cases, showing traces of SPX-1, GYM A and OA, all of them below the LOD and/ or 
LOQ. Confirmatory studies were also carried out at Cawthron (New Zealand) and similar results were 
observed for the same group of toxins in this particular sample. The sample was also analyzed for 
pinnatoxins (A, D, E, F, G) and brevetoxins, and the results obtained were all under the LOD. Further 
studies are being conducted at the EURLMB at present, analyzing this sample for ASP and PSP 
toxins. The possibility of synergistic effects between OA and SPX-1 is being also evaluated to 
elucidate if these effects could be the cause for the mice death. LC-MS/MS and MBA are being used 
as analytical tools for this evaluation.    
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Sterigmatocystin (STG) is one of the precursors in the biosynthetic pathway of aflatoxin and also 
known as a carcinogenic mycotoxin produced by some Aspergillus and Penicillium fungi. STG 
contamination has been reported from cereals and other food samples. Most of these analyses were 
carried out using either gas chromatography or thin-layer chromatography. However, the sensitivity of 
these methods was not so high and also most of these methods were not validated. Previously, we 
developed an analysis method for STG by combination of a multifunction column and an ODS column 
clean-up, and HPLC determination. However, this method needed the use of two different columns 
depending on STG concentration. This time, we have tested a newly developed multifunctional clean-
up column and a commercially available immunoaffinity column for the applicability to STG clean-up 
from various commodities. STG was extracted from agricultural commodities, i.e. rice, wheat, maize, 
buckwheat cottonseed and peanut, by acetonitrile/water (84:16), passed through these columns and 
analyzed by LC-MS. APCI-positive/SIM mode was used for STG analysis and m/z 325 for quantitation. 
Minimum quantitation amount of STG is 5 pg. Recoveries of STG from the multifunctional clean-up 
column at 1.0 μg/kg were 131% and at 20 μg/kg 90%. Recoveries of STG from immunoaffinity column 
at 1.0 μg/kg and 5 μg/kg were 70 to 99%, respectively, depending on commodities. These results 
showed the possibility of practical use of these MFC LC-MS and IAC LC-MS methods for STG 
analysis in various commodities. 
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Many cereal and other crops are susceptible to fungal attack in the field, production and/or during 
storage. Mycotoxins occur as secondary metabolites by a diverse group of chemical substances. They  
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have caused a variety of health problems in many target organs (Kuiper-Goodman, 2004. In: 
Mycotoxins in food: detection and control. Woodhead Publishing Ltd., pp. 3-31). As a secondary 
metabolite of the fungi species Aspergillus flavus, A. parasiticus and A. nomius, aflatoxins occur in 
humid areas. The contamination with aflatoxins in foods is a big problem for many countries. Aflatoxin 
B1 being commonly found in corn, peanuts, brazil nuts, cotton seed and pistachios appears nearly in 
all cases together with aflatoxin B2, G1 and G2. In Turkish Food Codex, the limit values are 10 ppb for 
total aflatoxins and 5 ppb for aflatoxin B1. In this study, the aflatoxin contamination of 63 food samples 
(dried fruits and vegetables, spices, teas, soup mixes, etc.) was determined by using the direct 
competitive enzyme-linked immunosorbent assay (CD-ELISA) method, according to the Ridascreen 
aflatoxin B1 and fast aflatoxin test kit manual (R-Biopharm, 2002, 2006). 66.1% of the tested samples 
were contaminated with total aflatoxins (≥10 ppb) and 70.7% of them with 5 ppb aflatoxin B1 (≥5 ppb).  
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To evaluate the performance and usefulness of some rapid test kits for analysis of HT-2 + T-2 and 
deoxynivalenol (DON) in oats and spring wheat, both lateral flow device (LFD) kits  suited for on-site 
detection and ELISA kits allowing simultaneous testing of several samples, were evaluated in this 
study. Mycotoxin analysis by LC-MS/MS was used as a reference method. Concentrations of HT-2 + 
T-2 were analysed in naturally contaminated Norwegian oat samples (n=68) using the following kits: 
Ridascreen Fast T-2, draft Ridascreen HT-2/T-2 (both ELISA, the latter not commercially available), 
and Rosa HT-2-T-2 (lateral flow device, LFD). The Rosa HT-2-T-2 kit offered the best reliability, 
achieving detection that was stable across toxin levels, whereas detection by both ELISA kits differed 
significantly among toxin levels. The LFD had the highest correlation with LC-MS/MS. The kits were 
also evaluated regarding agreement with LC-MS/MS (measured as Cohen’s kappa) at a HT-2 + T-2 
concentration of 1000 µg/kg. Agreement was greatest for the LFD, intermediate for draft Ridascreen 
HT-2/T-2 and lowest for Ridascreen Fast T-2. More results will be presented in the poster. 
Concentrations of DON + 3-ADON were analysed in Norwegian spring wheat (n=56) and oats (n=81) 
using the following kits: Ridascreen DON, Ridascreen Fast DON (both ELISA), Rosa DON, and Rida 
Quick DON (both LFD). DON + 3-ADON concentrations measured using test kits correlated relatively 
well with LC-MS/MS with R

2
 in the range 0.69-81 in wheat and 0.7-0.79 in oats. Toxin recoveries were 

within EU requirements for most kits. The accuracy of the kits varied between matrices and DON 
levels. More detailed results will be presented in the poster. Acknowledgements: This work was a 
part of the project ‘Reduced risk of Fusarium and mycotoxin contamination in Norwegian cereals by 
the development of a rapid screening system’ at Bioforsk in 2006-2009. 
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Aflatoxin is a naturally occurring toxin in food and feed crops, predominantly produced by toxigenic 
fungi Aspergillus flavus and Aspergillus parasiticus. Because of its potent carcinogenic properties, 
aflatoxin is of major concern to the food and feed producers around the world. Rapid and non-invasive 
detection methods to address this problem would be valuable tools for food and feed producers 
worldwide. Imaging methods including fluorescence hyperspectral and multispectral imaging have 
proven to have value in food safety applications. The current study assessed the severity of aflatoxin 
contamination in whole corn ears from a cornfield inoculated with spores from two different strains of 
A. flavus as well as aflatoxin production in corn ears from the same field due to natural infestation with 
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the aid of a fluorescence hyperspectral system. A small corn plot provided by the LSUAg Center, in 
Baton Rouge, Louisiana, USA was used during the 2008-growing season. Two groups of four hundred 
plants were inoculated with inoculums from two different strains of toxigenic A. flavus (AF-13 and 
NRRL-3357), both shown to be robust aflatoxin producers. One group of four hundred plants was 
designated as controls.  Any contamination detected in the controls was attributed to natural 
infestation. A subset of each group was imaged with a VNIR hyperspectral system under UV excitation 
and subsequently chemically analyzed using affinity column fluorometry. Harvested corn ears were 
shucked, shelled and stored in plastic bags (1 bag/ear). Contents of each bag were split into 6-7 trays 
for imaging because of field of view constraints of the hyperspectral sensor. Kernels were imaged in a 
single layer under a UV light source with excitation wavelength centered at 365 nm. Regions of 
interest were created for each tray 1) separating corn from background and 2) isolating all 
contaminated pixels. After imaging all trays were pooled into one sample/ear and processed for 
chemical analysis. Group differences were statistically analyzed. Results from this study may provide 
useful information for developing rapid, non-invasive instrumentation and/or methodology for whole 
ear inspection.  
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Stable isotope dilution assays (SIDAs) for the quantitation of enniatins A, A1, B, B1 and beauvericin 
were developed. The (

15
N)3-labeled enniatins and beauvericin were biosynthesized by feeding two 

Fusarium strains with Na
15

NO3 and subsequently isolated from the fungal culture. Standard solutions 
of (

15
N)3-labeled beauvericin, enniatin A, and enniatin A1 were accurately quantitated by quantitative 

NMR. Based on the use of the labelled products as internal standards, SIDAs were developed and 
applied to various food samples using LC-MS/MS. The sample extracts were directly injected without 
any tedious cleanup procedures. The limits of detection were below 5 µg/kg for enniatins A, A1, B, B1, 
and beauvericin, respectively. Recoveries were within the range between 90-120%, and good intra-
day and inter-day precision with coefficients of variation between 1.35-8.61% was obtained. Analyses 
of cereals and cereal products revealed frequent contaminations of barley, wheat, rye, and oats with 
enniatins B and B1, whereas beauvericin was not quantifiable. In addition, the fate of enniatins and 
beauvericin during beer brewing was investigated. Three batches of barley grains were used as 
starting material, one was naturally contaminated, two were artificially inoculated with Fusarium 
culmorum and F. avenaceum, respectively. Samples were taken from each key step of the malting 
and brewing process, their levels of enniatins and beauvericin were determined with the SIDA method 
developed. Significant increase of enniatins and beauvericin was found during malting for two batches, 
resulting in green malts contamination up to 344% compared to barley grains. 28-59% of enniatins 
and beauvericin in green malts diminished during kilning, with 2.5-28% of them being located in the 
discarded rootlets. In the subsequent mashing stage, 53-98% of enniatins and beauvericin were 
removed with spent grains. In the final beer product, only one batch still contained 36.7 ppb of enniatin 
B and 4.9 ppb of enniatin B1, which means the carryover of enniatins B and B1 from the initial barley 
grains to final beer was less than 0.11%. The contamination levels of enniatins and beauvericin in the 
other two batches were all below limits of detection. 
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Given the potential application of commercial immunoassay kits as screening tools for the 
determination of mycotoxins in food and feed, it is important that the performance of these 
immunochemical techniques should be evaluated to assess their reliability. In Belgium, the Federal 
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Agency for the Safety of the Food Chain (FAVV-AFSCA) has appointed the Veterinary and 
Agrochemical Research Centre (CODA-CERVA) as National Reference Laboratory for mycotoxins to 
evaluate the fast mycotoxin test kits that are currently available on the Belgian market. In 2008-2009 
kits for deoxynivalenol in cereals were assessed, in 2009-2010 the evaluation was repeated for 
ochratoxin A in cereals and in 2010-2011 immunoassays for aflatoxins in rice and corn were 
evaluated. The main points verified were recovery, accuracy, detection capability (CCβ), repeatability 
and cross-reactivity in corn and rice. The cross-reactivity, recovery, accuracy and detection capability 
experiments clearly show that these tests possess the selectivity and sensitivity to adequately screen 
samples and differentiate reliably positive from negative samples. The repeatability on the other hand 
is somewhat troublesome exceeding the recommendations set by Commission Regulation (EC) No 
401/2006.  Immunoassays are very powerful screening tools to assess a large number of samples in a 
very short timescale with a minimum of effort, costly labour hours or expensive lab equipment. It 
remains advisable however to analyse samples flagged by immunoassays as positive by reference 
methods or other confirmatory methods.  
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The health and safety of crops, and the eventual grain yield and quality, are highly dependent on the 
implementation of preventative measures, such as guaranteed pathogen-free seeds and clean 
handling by agricultural workers. Microbes and Fusarium spp. could have a greater negative impact on 
its sprouting capacity when seeds are stored for a longer time. Seed distributors should analyze each 
lot for the presence of microbial pathogens using internationally accepted analytical methods and keep 
up-to-date agricultural records by eliminating contaminated seeds. Unfortunately these methods are 
costly. One promising and economical strategy is to screen contaminated seeds by using an acoustic 
technique. An EUREKA project within the ITEA2 cluster with acronym ACOUSTICS has been 
approved by the EU and new equipment based on this project will be developed. Linked to this 
approach the treatment of seeds with anti-fungal bio-products could be performed to decontaminate a 
wide range of crops. Such an environmental beneficial plant-protection strategy developed through 
molecular analysis of sprouting cereal grains could easily be integrated into a sustainable agricultural 
practice to increase e.g. yield, quality and safety without environmental harm. The latter approach 
forms the basis for an on-going Lithuanian industrial biotechnology project with acronym 
BIOEKOTECH. 
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Since July 2011 the official method for the control of shellfish on the presence of lipophilic marine 
biotoxins is a liquid chromatography tandem mass spectrometric method (LC-MS/MS). With this 
method a single analysis takes approximately 20 min. An improved method based on the 
chromatographic separation of various lipophilic marine biotoxins under alkaline conditions using a 
BEH C18, 100x2.1 mm, 1.7 µm ultra-performance LC (UPLC)-column with a total analysis time of 5 
min has been developed. In order to evaluate the method performance characteristics of the 
developed quantitative UPLC-MS/MS method a single lab / single day validation was performed. 
Extracts were analysed using alternating positive and negative electrospray ionisation (ESI). 
Identification and quantification of the toxins was based on the ion transitions monitored by multiple 
reaction monitoring (MRM). Method performance characteristics were evaluated for various shellfish 
matrices such as mussel, oyster, cockle and ensis. The validation of the method was carried out 
according to EU commission decision 657/2002, which establishes criteria and procedures for the 
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validation of analytical methods. The specific toxin analogues validated included okadaic acid (OA), 
dinophysistoxin-1, -2 (DTX1, -2), pectenotoxin-2 (PTX2), yessotoxin (YTX), azaspiracid-1, -2 and -3 
(AZA-1, -2, -3), 13-desmethylspirolide-1 (SPX1), pinnatoxin E, -F, -G (PnTX E, -F, -G) and 
gymnodimine A (GYM). Where the latter five toxins belong to the group of the cyclic imines for which 
currently no legislation has been established yet. The following parameters were assessed: linearity, 
accuracy, repeatability, within-laboratory reproducibility, decision limit (CCα), selectivity and specificity. 
The matrix matched calibration curves are linear (r

2
 ≥0.997) over a concentration range of 20-

240 µg/kg for the OA and AZA group toxins, 125-1,500 µg/kg for YTX, 12.5-150 µg/kg for SPX1, 6.25-
75 µg/kg for PnTX G and 25-300 µg/kg for PnTX E, PnTX F and GYM. The accuracy for all toxins is 
between 90 and 104% with repeatability errors (RSDr) below 9%, with the exception of PnTX E 
(accuracy 122%; RSDr 23.1%) and SPX1 (RSDr 14.6%). Based on the acceptable results for linearity, 
accuracy, repeatability, within-laboratory reproducibility, CCα, selectivity and specificity, it is concluded 
that the method is suitable for official control purposes to quantitatively determine the lipophilic marine 
toxins, except for SPX1 in ensis and PnTX E. These compounds can only be qualified. 
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Fusaric acid (FA) is a polyketide-derived mycotoxin produced by a wide range of species of the fungus  
Fusarium and has been proposed to contribute to pathogenicity in some species. Relatively little is 
known about the biochemistry and genetics of FA biosynthesis. However, a putative FA biosynthetic 
gene (FUB) cluster was recently described in the maize pathogen Fusarium verticillioides. The 
putative cluster consists of five genes that were designated FUB1, FUB2, FUB3, FUB4 and FUB5 and 
that are predicted to encode a polyketide synthase, a protein without a predicted function, an 
aspartokinase, a hydrolase, and an acetyltransferase, respectively. To facilitate the determination of 
the role of FUB genes in FA biosynthesis, a simple and rapid LC-MS/MS method was developed for 
the quantitative analysis of FA in culture extracts of F. verticillioides strains in which individual FUB 
genes were inactivated by deletion of their protein coding regions. Deletion was accomplished via a 
combination of a split-marker design approach, protoplast transformation, and with hygromycin B 
resistance gene (HygB) as a selectable marker. The analytical method utilized a LC-MS/MS 
instrument consisting of an HPLC and an ion trap mass spectrometer, which was operated in positive 
mode and with an election spray ionization (ESI) interface. Quantitation of FA was done on the basis 
of the integrated intensity of the fragment ion (m/z 152) generated from the pseudomolecular ion (m/z 
180, [M+H]

+
) following the loss of C2H4. The analysis has revealed that deletion of FUB1, FUB3, FUB4 

and FUB5 results in markedly reduced or complete loss of FA production. These data support the 
hypothesis that FUB1-FUB5 constitutes a FA biosynthetic gene cluster in F. verticillioides. Further 
analysis of the FUB deletion strains will aid in elucidation of the biochemical pathway that leads to 
formation of FA in F. verticillioides. 
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The incorporation of flavourings from herbs and other plants into foods has a long tradition, dating 
back to the origins of cooking. Although there is a widespread belief that ‘natural is good’, some 
flavouring plant extracts have been found to contain plant toxins, whose carcinogenic or genotoxic 
effects have been already demonstrated or are currently under study (Van den Berg et al., 2011. Food 
and Nutrition Sciences 2: 989). The European Regulation (EC) No. 1334/2008 establishes limits for 
the use of some of these flavouring substances in some foods and beverages. However, due to lack of 
monitoring and enforcement data, the level of these plant toxins in food supplements and food- and 
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feed additives is still unknown. The aim of this work was the development and validation of an 
analytical method for the determination of those plant toxins that are amenable to gas chromatography 
in foodstuff. Depending on the selectivity and sensitivity, both different sample treatment techniques 
(liquid-liquid extraction (LLE), headspace (HS) or solid-phase microextraction (SPME)), and various 
types of gas chromatography combined with mass spectrometry (GC-MSD, GC-MSMS and GCxGC-
ToFMS) were assessed. This method was then used for the analysis of a wide range of samples to 
gain insight about the occurrence of these plant toxins in the Dutch market. 
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Glucosinolates (GLS), -D-thioglucopyranose-N-hydrosulfatases (cis-N-hydroximinosulfate esters), 
occur in important oil- and protein-rich agricultural crops belonging to the plant family of Brassicaceae. 
Several of these Brassica species, such as rapeseed or canola, are important feed ingredients. The 
interest devoted to this group of natural products is caused by the appreciable biological effects of 
both the intact GLS and the complex group of glusocinolate transformation products (thiocyanates, 
oxazolidinethiones and nitriles) in enzymatic and non-enzymatic reactions. Depending on the 
concentration and the type of compound, their biological effects can be toxic, anti-nutritional of 
beneficial for health. Directive 2002/32/EC lists volatile mustard oil, which includes allyl isothiocyanate 
and goitrin, as undesirable substances in animal feed. Furthermore, the Scientific Committee on 
Animal Nutrition (SCAN) and the European Food Safety Authority (EFSA) recommended the 
quantitative analysis of the intact glucosinolates, which are actually the specific substances 
responsible for the toxicity. The standard method ISO 9167-1:1992 is based on the determination and 
quantification of the desulfo-GLS forms by HPLC-UV and its accuracy relies on relative response 
factors with respect to sinigrin. This method is quite laborious; hence the need for simple, sensitive, 
robust and automated methods that can be easily transferred into the wider analytical community. The 
aim of this work was the development and validation of an analytical method based on HPLC and 
negative ion electrospray-tandem mass spectrometry HPLC-ESI-MS/MS. The negative ion ESI-
MS/MS confirmed previously described patterns: some fragments are common for the determination 
of both intact and desulfo-GLS in feed. 
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Aflatoxins are toxic metabolites produced by certain strains of the fungi Aspergillus flavus and A. 
parasiticus in or on foods and animal feeding stuffs. Aflatoxins have potent carcinogenic effects in 
susceptible laboratory animals and acute toxicological effects in humans. 18 different types of 
aflatoxins have been identified although the major members are aflatoxins B1, B2, G1 and G2, and M1 
in milk. Aflatoxin B1 is normally predominant in amount, in cultures as well as in food products. 
Although the extraction of aflatoxins using immunoaffinity clean-up and then detection by HPLC is 
common practice, and analyte recoveries measured by standard addition (spiking), there is no 
standardisation on the spiking procedure before the extraction which could potentially have an effect 
on the measurement of aflatoxin concentrations. In the UK, the Government Chemist is required to act 
as the national focus of technical appeal in specified areas where there is an actual or potential 
dispute between food businesses and regulator. Disputes involving aflatoxin contamination in foods or 
feeds account for a significant percentage of cases carried out by the Government Chemist. The 
analytical methods

 
used in this project for the analysis of aflatoxins have been established in LGC for 

many years, are ISO 17025 accredited, and have been used for the analysis of milk, spices, peanuts 
and numerous other sample types (matrices). The aim of this project was to investigate the effect – if 
any – of the spiking time (contact time) on the aflatoxins recovery. The matrices that were studied 
were peanuts, figs and chillies. Generally it was found that recovery is dependent upon contact time 



WMFmeetsIUPAC2012  181 
5-9 November 2012, the Netherlands   

and this effect is statistically significant. It is interesting to see that three different matrices which are 
commonly analysed for aflatoxins behave in a different way when spiked. Although care was taken 
that the experiment was carried out under strict repeatability conditions and that it was concluded 
within a reasonable time frame to minimise uncertainty, there appears to be a strong interaction 
between contact time and recovery for figs and peanuts. However, the interaction is not similar in 
these cases.  
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The objective of this study was to establish and validate a rapid, sensitive and simple method for the 
determination of aflatoxin B1, B2, G1 and G2 in food matrices by ultra high performance liquid 
chromatography (UHPLC) with post-column derivatisation using Kobra Cell. Ultra high performance 
liquid chromatography (UHPLC) offers increased performance compared with high performance liquid 
chromatography (HPLC), including shorter analysis times, increased sensitivity, reduction of amount of 
solvent and sample extract required. The reduced analysis time is a huge advantage for any 
laboratory when a fast turnaround or results is required. In order to be able to comply with legislative 
limits for various foods and especially baby foods, post column derivatisation is necessary to improve 
sensitivity. The detection of aflatoxins can be improved by using Kobra Cell, an electrochemical cell 
which generates a reactive form of bromine for derivatisation of aflatoxins B1 and G1, resulting in an 
enhancement of their natural fluorescence and making them more easily detected. However the use of 
a Kobra cell incorporated into an UPLC system has not previously been attempted. One of the 
advantages of Kobra Cell is rapid derivatisation, which occurs in a reaction coil between the Kobra 
Cell outlet and the detector inlet. The length of the coil is therefore critical and depends on the 
diameter of PEEK tubing and flow rate. However the additional dead volume which was introduced to 
the UPLC by the addition of the Kobra Cell had as expected a negative effect on the chromatography 
(separation and peak shape) and therefore on the sensitivity. In order to improve the method and 
overcome the difficulties mentioned above a few different combinations of dimension, length of PEEK 
tubing, flow rate and composition of mobile phase were tried to optimise method parameters. The 
method has been successfully validated for chilli powder with an LOD of 0.1ng/g for each aflatoxin. 
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Domoic acid is a neurotoxin, produced by certain species of diatoms, that can cause amnesic shellfish 
poisoning when bioaccumulated at high concentrations in shellfish. No ill effects may be observed in 
the host but consumption of contaminated shellfish can lead to gastrointestinal and neurological 
symptoms and potentially death for humans. For this reason the detection of domoic acid in shellfish is 
an essential part of fisheries management with an action limit having been set at 20mg/kg in shellfish 
tissue. Controversial animal based bioassays, used for the detection of other marine toxins, are not 
sensitive enough for the detection of domoic acid at its action limit and as such HPLC has become the 
confirmatory method of choice. LC methods tend to require highly trained operators, expensive 
equipment, lengthy and cumbersome sample preparations and so do not lend themselves well to rapid 
or portable analysis. To overcome these limitations, several technologies have been applied as rapid 
screening tools for the detection of domoic acid including receptor binding assays, dipsticks, ELISA 
and biosensors. Data is presented showing assay development and performance characterisation of 
newly developed biosensor methods. One being a fully automated 8 channel label-free biolayer 
interferometry approach that allows for the elimination of matrix interfering components by dilution 
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while still detecting domoic acid at its action limit. Another approach looks at the development of a low 
cost fluorescent biosensor that is capable of producing sensitivity data similar to its more expensive 
contemporaries. Both biosensor methods, having relatively small footprints and both being capable of 
using rapid and simple crude sample preparation techniques lend themselves well for ship based 
analysis. Further discussion will be presented as to their potential future roles in marine toxin 
screening. 
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Fusarium fungi are plant pathogens infecting major cereals used for food and feed and some of them 
produce mycotoxins such as trichothecenes, zearalenone and fumonisins. Recently, the existence of 
glucoside derivatives of mycotoxin was reported and deoxynivalenol-3-glucoside (D3G) is known as 
the typical one. Such derivatives are called ‘masked mycotoxins’, because they are not detected by 
conventional analytical methods due to their higher polarity. We previously reported the detection of 
masked mycotoxins derived from type B trichothecenes, nivalenol-glucoside (NIVGlc) and fusarenon 
X-glucoside (FUXGlc) in wheat grain. We further reported the detection those of type A 
trichothecenes, T-2 toxin (T-2) and HT-2 toxin (HT-2) in maize powder. In this study, we detected new 
di-glucoside derivatives of type A trichothecenes, T-2 toxin-di-glucoside (T2GlcGlc) and HT-2 toxin-di-
glucoside (HT2GlcGlc). Maize sample naturally contaminated with T-2 and HT-2 toxins was 
homogenized with acetonitrile/water (80:20, v/v) and centrifuged. The supernatant was loaded on a 
SPE column and the eluent was evaporated. The residue was dissolved in acetonitrile/water/acetic 
acid (5:94:1, v/v/v) and detection was performed with a high resolution LC Orbitrap mass spectrometer 
(LC-Orbitrap MS) ‘Exactive’ (Thermo Fisher Scientific). Chromatographic separation was performed on 
a HyPurity C18 column (250x3 mm i.d., 5 μm particle size) at 40

o
C. The system was operated in the 

full spectral acquisition mode in the mass range of m/z 70-1,000 at an ultra-high resolving power of 
100,000 FWHM (full width at half maximum) (m/z 200). An accurate mass/high resolution (AM/HR) full 
scan (scan event 1) and all ion fragmentation (HCD) spectrum acquisition with collision energy (scan 
event 2) were concurrently performed in a single run. Although the absolute structure of T2GlcGlc was 
not identified, two glucoses appeared to be conjugated at 3-OH position in tandem when considering 
the structure of T-2. Alternatively, the specification of the structure seems to be more complicated in 
the case of HT2GlcGlc, since HT-2 has two possible positions (at 3-OH and 4-OH) to be glusocylated. 
Hydrolysis of masked mycotoxins to their aglycons has also been reported, and it is suggested that 
they present an additional, potential risk to consumers. As far as we know, this finding is the first one 
to show that di-glucoside derivatives of type A trichothecenes are produced naturally in plant (maize). 
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The most frequent toxigenic fungi in Europe are Aspergillus, Penicillium and Fusarium species. They 
produce aflatoxin B1 (AFB1), ochratoxins, zearalenone (ZEA), fumonisin B1, T-2 toxin, HT-2 toxin and 
deoxynivalenol (DON), which are of increasing concern in human health. Development of methods 
allowing to detect a broad spectrum of mycotoxins in a sample is of great practical importance. The 
aim of the present study was to develop the technique for determination of mycotoxins by 
fluorescence polarization immunoassay in cereals. The 4 analytes ZEA, ochratoxin A (OTA), DON and 
AFB1 were used. Monoclonal antibodies to these mycotoxins were obtained from Gyeongsang 
National University (Korea) and Chung Shan Medical University (Taiwan). To get fluorescence tracers 
conjugates have been synthesized of ZEA, OTA, DON and AFB1 with different derivatives of 
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fluorescein, i.e. ethylenediamine thiocarbamyl fluorescein (EDF) and 4-(aminomethyl)fluorescein 
(AMF). Sample preparation method based on methanol/water extraction was used. Reference 
samples provided by FAPAS (York, UK) were analyzed for confirmation of efficiency and specificity of 
the developed technique. All antibodies and synthesized tracers were screened by FPIA and 
characterized by binding constants. The highest sensitive variants for target mycotoxins were four 
homologous combinations: DON-EDF-anti-DON, OTA-AMF-anti-OTA, ZEA-EDF-anti-ZEA and AFB1-
EDF-anti-AFB1. The limits of detection for DON, ZEA, AFB1 and OTA were 36, 5, 1.5 and 2.8 ppb, 
respectively. Cross-reactivity experiments were carried out. Test systems for OTA and AFB1 
determination showed great cross-reactivity with their structural analogues. The method was validated 
for wheat and maize by spiking blank samples at multiple levels. Recoveries varied between 75 and 
115% with RSDs not higher than 20%. The developed method was applied to the analysis of 
reference materials from FAPAS during interlaboratory study and certified reference materials from R-
Biopharm. The experimentally determined concentrations were in a good agreement with both types of 
certified values. In conclusion, a method for determination of ZEA, OTA, DON and AFB1 in cereals by 
fluorescence polarization immunoassay was developed and validated. Its efficiency was confirmed by 
an interlaboratory study.  
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Mycotoxins are secondary metabolites formed in agricultural products, such as cereals, nuts and 
(dried) fruits. Mycotoxin contamination of food and feed product imposes a risk to human and animal 
health and has serious economic impact. Since mycotoxins are natural occurring toxins, exposure 
cannot be 100% controlled. To meet international regulations and guidelines products are tested for 
the amount of mycotoxins. Yet, instead of testing large numbers of end-products, a more pro-active 
approach would have many benefits. In order to assure safe food and feed various quality assurance 
tools can be applied as GAP and GMP. During the production process of food and feed critical steps 
can be identified where it is possible to minimise the risk of unacceptable mycotoxin concentrations in 
the end product: This means a HACCP based approach for mycotoxin management. Quantitative 
lateral flow tests for mycotoxin analysis, like the Rida Quick tests in combination with the Rida Quick 
Scan, enabling on-site quantitative analysis for aflatoxin, deoxynivalenol, fumonisin and 
zearalenone, have proven to be a very valuable tool in this HACCP approach. With minimal laboratory 
equipment samples can be analysed within 10-20 min. Results show an excellent correlation with 
HPLC for many commodities in a wide measurement range. 
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Maximum levels of aflatoxins and ochratoxin A for the European market are stated in Commission 
Regulation (EC) No. 1881/2006. Additionally, national limits for certain products exist, e.g. limits for 
ochratoxin A in dried figs in Germany. To avoid import rejections or product recalls traders and 
processors need to guarantee that their goods do not exceed the given limits. To investigate the 
importance of industrial self-control in this context an overview on mycotoxin contamination in several 
thousands of nuts and dried fruit samples analyzed in our laboratory in 2010 and 2011 is given. 
Particularly, analysis of aflatoxins were requested for ~70% of all almond samples and ~60% of all 
hazelnut samples of all kinds (natural, diced, slivered, blanched, etc.) sent to our laboratory. Out of the 
hazelnut samples, 38% were tested positive on aflatoxins with 2% exceeding legal limits. In 2010, the 
percentage of contaminated almond samples was in the same range. However, only 27% of the almonds 
were tested positive on aflatoxins in 2011 but in approximately 100 almond samples analysed aflatoxin 
contents were still above the critical limit. In addition to aflatoxins, ochratoxin A contents are a critical 
factor for dried fruit marketability. Hence, analyses were requested on both parameters in 62% of all 
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dried fig samples. 29 and 33% were contaminated with aflatoxins in 2010 and 2011, respectively; 5% 
(2010) and 3% (2011) were not marketable as regards legal limits. The amount of figs tested on 
ochratoxin A above the limit of quantification was 40% in 2010 and 36% in 2011 with 4% of the samples 
exceeding the national limit of 8 µg/kg in both years. In contrast to dried figs, ochratoxin A analysis was 
ordered in only 30% of all received samples of dried apricot where sulphur fumigation is common 
practice. Ochratoxin A could be determined in 13% (6% above the limit of 2 µg/kg) and 26% (4% above 
the limit) of the samples in 2010 and 2011, respectively. Contamination with mycotoxins cannot be 
avoided. Hence, permanent industrial self-control remains the only possibility to protect consumers’ 
health and avoid cost-intensive rejections.  
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Quality control in the food chain has developed worldwide to a very important topic. Suppliers, 
distributors and purchasers are quite aware of mycotoxins in affected commodities. In the countries of 
origin, many small farmers supply their goods to one major producer. Already at this point, it should be 
ensured that each product supplied meets the same quality standard. Simultaneously, proper storage, 
hygiene and sorting, as well as appropriate transport conditions have to be guaranteed.  A constant 
quality assurance and traceability from origin to point of sale to the customer is therefore a prerequisite. 
Self-monitoring as well as inspections by independent companies is of high importance. In order to 
ensure the quality of the product, a great amount of experience in fields like weather conditions, 
production and processing, storage and transport conditions is an invaluable asset. Aflatoxins and 
ochratoxin A are distributed very inhomogeneously in a lot. Hence, the most critical point for reliable 
results is not the analytical part, but the sampling procedure. Thus, the European Commission laid down 
a protocol in Regulation (EC) No. 401/2006. This example shows how the essential steps of quality 
control for aflatoxins and ochratoxin A in nuts and dried fruits could work. Qualified and regularly trained 
staff takes samples according to the required procedure throughout the year in the countries of origin. 
Thereafter, the products are secured in separate rooms. Upon approval of the analytical results through 
the laboratory loading control and further securing of the goods in the shipping container can be 
arranged. Since the complete process from order to loading is documented, it is ensured, that the 
imported goods are conform EU law. Qualified sampling by an independent laboratory and appropriate 
analyses, in addition to self-, pre- and post-control are essential parts of quality assurance. 
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On-line processing is becoming increasingly popular for automated analysis due to the improvement of 
laboratory efficiency, enabling fast and effective clean-up and concentration of the target compound. 
Aflatoxins are toxic and carcinogenic fungal secondary metabolites. They are mutagenic, carcinogenic, 
immunosuppressive and teratogenic. Hence European Union legislative bodies are imposing very low 
limits for aflatoxin B1 and the sum of aflatoxin B1, B2, G1 and G2 in many affected matrices. Very 
sensitive methods are necessary to meet the official food control requirements. Therefore, standard 
reference procedures are based on immunoaffinity column clean-up coupled to liquid chromatography 
with fluorescence detection (LC-FLD). Immunoaffinity column clean-up is widespread in mycotoxin 
analysis due to its high sensitivity and selectivity. It is, however, the most critical and time consuming 
step in the process. Commercial laboratories are challenged to manage an increasing amount of 
samples with unvarying precision and sensitivity. This study utilised Immunoprep Online Aflatoxin 
coupled to LC-FLD achieving an optimized solution for these competing requirements. The described 
method had two key advantages, high-throughput analysis and improved quality. High-sample 
throughput was achieved because during the LC run of one sample, the next sample was simultaneously 
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passed through the affinity cartridge reducing analysis time to 15 min per sample. Improved quality was 
achieved by applying the calibration solution to the same cartridge as the sample extract. This allowed 
an additional and easy performance check of each cartridge. The application of the developed method 
meets the criteria of EU legislation. Repeatability and reproducibility have to be in the same range as for 
inter-national standard procedures. The coefficient of variation for the repeatability of aflatoxin B1 in a 
naturally contaminated nutpaste was 5.2% and for (within laboratory) reproducibility the coefficient of 
variation was 5.4%. Participation in different proficiency tests showed good agreement for rice, peanut 
paste, maize and figs. 
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In contrast to other chemical compounds like pesticides and dioxins, mycotoxins do not generally play a 
major role in public awareness. Nevertheless, this topic is still challenging. There are many strategies to 
control mycotoxin contamination, but the final toxin portfolio always depends on the ingredients and 
origin of the commodities. Mycotoxins produced by field fungi, e.g. deoxynivalenol, are distributed more 
homogeneously than toxins produced under storage conditions like ochratoxin A. The frequency of 
testing varies according to the toxicity, the concentration as well as the maximum level of a sample. 
Compared to other commodities, cereals are affected by an especially wide range of different toxins. 
Therefore, many laboratories use multimethods with LC-MS/MS detection. Some toxins can also be 
detected via screening tests. Due to high maximum limits, deoxynivalenol allows a broad range of quick 
tests like strip tests and ELISA in cereals. However, on account of high quantification limits, these tests 
are not sufficient for baby and dietary food. For other toxins like ochratoxin A, maximum levels in the EU 
are comparably low, thus the application of screening tests is rather difficult. What also needs to be 
considered in many cases is that the most time consuming step is not the analytical procedure, but 
sampling. A new technology for sampling dust with a specific particle size and for cereals could be an 
option for reliable and fast screening results. This method showed good correlation for deoxynivalenol 
and zearalenone (wheat, maize, r>0.85). Unfortunately, for many of the affected commodities there are 
no screening tests for aflatoxins and ochratoxin A. These toxins do not only have a reasonably low 
maximum limit but, more importantly, the analytical work is quite challenging due to high contents of fat, 
protein or sugar in e.g. nuts and dried fruit. These components require an efficient clean-up according to 
the well-known reference methods, which use immunoaffinity column clean-up combined with liquid 
chromatography with fluorescence detection (LC-FLD). 
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Dried fig is the product obtained from dried ripe fruits of cultivars from Ficus carica domestica L., 
Moraceae family. It is an important nutrition source in the Mediterranean region since the beginning of 
human history. Based on archaeological findings, figs were most probably one of the first domestically 
used plants, approx. 12,000 years ago. Aflatoxin contamination can be a potential problem in products 
such as tree nuts, maize, groundnuts, oilseeds, cocoa products, spices and dried fruits such as dried 
figs. An aflatoxin test procedure generally consists of three steps: sampling, sample preparation and 
analytical step. Sample size, sample preparation method and analytical method are very important for 
aflatoxin analysis. Because of the variability associated with the aflatoxin test procedure, the true 
aflatoxin concentration of a bulk lot cannot be determined with 100% certainty. Some good lots may 
be rejected by the sampling plan (sellers risk or false positives) and some bad lots may be accepted 
by the sampling plan (buyers risk or false negatives). The sources of error in the aflatoxin test 
procedure should be determined so that the errors can be effectively reduced. In this study, an 
aflatoxin sampling plan was defined by the aflatoxin test procedure and the accept/reject limit. Sixteen 
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10-kg samples of dried figs were taken from each of 20 lots that were suspected of aflatoxin 
contamination. The total variance associated with testing dried figs was estimated. Uncertainty 
estimates (variances) associated with sampling, sample preparation and analysis were used to 
calculate operating characteristic (OC) curves describing the performance of the aflatoxin sampling 
plans for dried figs. The performances of several aflatoxin sampling plan designs for dried figs were 
evaluated by using OC curves. A convenient sampling method was determined to decrease the 
uncertainty in aflatoxin analysis due to sample homogenization. 
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In our research we used the xMAP technology of Luminex to develop a multiplex suspension array 
immunoassay for the simultaneous detection of the mycotoxins aflatoxin B1 (AFB1), fumonisin B1 

(FB1), deoxynivalenol (DON), ochratoxin A (OTA), zearalenone (ZEA) and T-2 toxin (T-2). The 
paramagnetic beads (6.5 μm) used are internally dyed with two or three fluorochromes to create up to 
500 unique bead sets. The beads are excited with red light for classification. This creates the 
possibility for using just one reporter molecule, which is the fluorescent protein R-phycoerythrin (R-
PE), excited by green light. The bead sets are carboxylated which facilitates the easy covalent 
coupling of antibodies to the bead surface. Detection molecules were created by the conjugation of 
mycotoxins to R-PE. In this way, we created unique reporter molecules for each assayed mycotoxin. 
Both xMAP suspension flow cytometry and planar array formats were used during the development of 
this fast direct inhibition immunoassay. The FlexMap 3D flow cytometer is capable of characterising 
500 unique analytes in a single well. The MagPix system is a planar random array platform using a 
monolayer of paramagnetic beads captured by a magnetic source in a flow chamber and LED lights 
combined with CCD imaging and therefore technically differs from the flow cytometry formats. It can 
detect 50 analytes in a single well. Initially, this assay was a 3-plex for the detection of FB1, ZEA and 
OTA. Using this 3-plex, wheat and maize reference materials were analysed. The accuracy for OTA 
and ZEA was satisfactory, but for FB1 high overestimations were observed. At a later stage, AFB1, 
DON and T-2 were added and for these six mycotoxins we checked for cross-reactions of the used 
antibodies with known metabolites and some masked mycotoxins. Using this 6-plex, a large collection 
of international beers was screened covering many beer styles. The samples included many micro-
brews and South-African home-brews. Preliminary results showed high concentrations of DON (up to 
700 ppb), but also for AFB1 (up to 3 ppb) in certain beers. For the confirmation of these results, we 
are setting up a dedicated LC-MS/MS method including the detection of the available masked 
mycotoxin forms. In the future, this assay can be easily extended with other mycotoxins of interest, 
provided that relevant antibodies are available. 
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Beer is one of the oldest alcoholic beverages known in the world. Remnants of beer-like brews were 
found in ancient pottery jars dating more than 7,000 years back. With a total global beer consumption 
of 180 million litres in 2010, beer became the most popular alcoholic beverage. Just a small part of the 
total beer consumption concerns craft beers. Nowadays, however, craft beer is booming and is often 
referred to as ‘the new wine’.  Especially in the USA, new micro-breweries are emerging fast and they 
claim a bigger market share every year. Worldwide, these new breweries are very creative and 
responsible for a whole new range of beer styles. In 2012, the database of a globally respected beer 



WMFmeetsIUPAC2012  187 
5-9 November 2012, the Netherlands   

rating website (www.ratebeer.com) contained 184,000 unique beers which could be divided over 73 
original beer styles. Regardless of the style, the ingredients of beer generally are water, barley, hops 
and yeast. Barley, and to a lesser extent hops, can be contaminated with mycotoxins. Mycotoxins are 
secondary metabolites produced by fungi. They are very stable and, to a certain extent, can survive 
the very stringent brewing process. During steeping, germination and kilning contaminating fungi are 
still able to grow and produce mycotoxins. This is also the process where seedlings most likely 
conjugate certain mycotoxins into masked forms that can escape routine detection. In our research, 
we used the xMAP multiplex technology featuring colour-encoded microspheres to build a fast direct 
inhibition immunoassay for the simultaneous detection of the mycotoxins aflatoxin B1 (AFB1), 
fumonisin B1 (FB1), deoxynivalenol (DON), ochratoxin A (OTA), zearalenone (ZEA) and T-2 toxin (T-
2) in beer. The specific monoclonal antibodies were coupled to the microspheres. For the detection we 
created unique reporter molecules by the conjugation of the aforementioned mycotoxins to R-
phycoerythrin. Both xMAP flow cytometry (Flexmap 3D) and planar array (Magpix) formats were used 
during the development of this fast direct inhibition immunoassay. With the developed assay a total of 
815 international beer samples were screened covering 58 beer styles originating from 36 counties of 
which 45% were craft-brews. In some beers we found high levels of mycotoxins exceeding the 
tolerable daily intake. To confirm these results, a dedicated LC-MS/MS method was implemented that 
detected the same 6 mycotoxins, as well as their metabolites including masked forms. Confirmation is 
pending. 
  
P138 

LC-APCI-MS method for the analysis of five Alternaria toxins in apple juice and 
tomato sauce 
 
Ambra Prelle, D. Spadaro, A. Garibaldi and M.L. Gullino 
 
Agroinnova, University of Turin, Italy. Corresponding author: ambra.prelle@unito.it 
 
Alternaria species are ubiquitous pathogens and saprophytes, indigenous into the soil and many 
species are plant pathogens that damage crops in the field and cause postharvest decays. Since 
Alternaria grows well at low temperatures, it is associated with extensive spoilage of fruits and 
vegetables during storage. Many vegetables become particularly susceptible to Alternaria rot as a 
result of chilling injury. The occurrence of Alternaria on a variety of fruits and vegetables and the wide 
diversity of possible growing, handling and storage procedures suggest that Alternaria spp. may 
represent a hazard comparable to other more extensively studied mould genera such as Aspergillus, 
Penicillium, and Fusarium. Alternaria is able to produce several toxic secondary metabolites, called 
Alternaria mycotoxins (AT), which include alternariol (AOH), alternariol monomethyl ether (AME), 
altenuene (ALT), tentoxin (TEN) and tenuazonic acid (TEA). Our work describes a new analytical 
method for the simultaneous quantification of five Alternaria mycotoxins (alternariol, alternariol 
monomethyl ether, altenuene, tentoxin and tenuazonic acid): liquid chromatography-triple quadrupole 
mass spectrometry equipped with atmospheric pressure chemical ionisation (APCI) and optimized in 
different food matrices. A single extraction was applied to recover the five mycotoxins from various 
products such as apple juices and tomato sauces. Different solid phase extraction (SPE; Discovery 
DSC-Si, LiChrolut Si, LiChrolut EN, Strata Florisil, Strata C18-U, Strata X, Bond Elut-Mycotoxin, C18 
Set-Pak and Oasis HLB) and clean-up procedures were selected and tested to optimize the 
purification step for each food matrix. Limits of detection (LOD) and quantification (LOQ) were in the 
range 0.21-9.71 ng/g and 0.70-32.35 ng/g, respectively. Recovery rate was generally above 70%. 
Twenty-seven out of 50 samples analysed (18 apple juices and 9 tomato sauces) appeared to be 
positive to at least one mycotoxin investigated. ALT was the most common Alternaria toxin found in 22 
samples, followed by AOH (in 13 samples), TeA (5 samples) and TA in 2 samples. 
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Since 1988, the Agricultural Laboratories Quality Service (KDLL) scheme operated by DUCARES on 
behalf of the Product Board of Animal Feed (PDV) has offered broad support in improving 
methodology and providing proficiency testing to ensure the quality of the analytical work. The KDLL 
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proficiency testing program is ISO/IEC 17043 accredited and set up in accordance with the ‘split level’ 
and ‘single level’ design. In the KDLL programme, different proficiency tests are organized focused on 
chemical, microbiological and microscopic parameters in animal feed and raw materials. Examples are 
aflatoxins, ochratoxin A, deoxynivalenol, zearalenone, polychlorinated biphenyls, organic carbon,  
polycyclic aromatic hydrocarbons, minerals, proximate analysis, vitamins, fatty acids, mineral oils and 
veterinary drugs incorporated in animal feed. A unique data set of proficiency tests for aflatoxin B1, 
aflatoxin B2, aflatoxin G1,  aflatoxin G2 in animal feed has been gathered over almost 10 years over 
the period 2003 until 2012. Feed and raw material types that were analyzed in these proficiency tests 
were: cattle feed, rice feed meal, coconut extracted/expeller, palm kernel extracted and peanut 
extracted/expeller. In the proficiency tests, incurred and spiked samples were dispatched to the 

participants. The used analytical techniques were the PDV prescribed OSP‐1a method for aflatoxin 

B1, immunoaffinity (IAC), LC-MS/MS and screening methods. We will show results of proficiency tests 
with four aflatoxins in various matrices over the years. When analyzing the data of the proficiency 
tests, the average of the HORRAT(R) is between 0.8-1.5 and of the HORRAT(r) is between 0.3-0.8. 
These values are within the limits of acceptability. Remarkable is the average of the ratio of the 
reproducibility and repeatability, which tends to be higher due to the differences in the used methods. 
The results obtained by the prescribed OSP-1a method for aflatoxin B1 show a better reproducibility 
than the results obtained by the IAC method. Proficiency testing is an excellent tool to measure the 
performance of analytical methods for aflatoxins. 
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The main pathogen associated with FHB (Fusarium head blight) in common and durum wheat in 
Argentina is Fusarium graminearum Schw., perfect stage Gibberella zeae (Schw.) Petch. Also 
deoxynivalenol has been reported in both types of wheat. However, during a non-FHB epidemic year 
the predominant Fusarium species found in common and durum wheat are those belonging to the 
Gibberella fujikuroi species complex (mainly F. proliferatum). Moreover, fumonisin contamination has 
been reported in both kinds of wheat and wheat products in many countries but not in Argentina, 
where fumonisins were reported only in durum wheat. In the present study, 135 common wheat and 
40 durum wheat samples were analyzed in order to determinate the presence of fumonisin B1 (FB1). 
Samples were collected from the main wheat production area in Argentina during the 2011 harvest 
season. Mycotoxins were extracted using SAX columns and analyzed by HPLC-MS/MS. FB1 
contamination was present in 92% of the samples ranging from 0.13 to 1304 ng/g, 130 out of 135 and 
30 out of 40 common and durum wheat samples, respectively. Twenty nine common wheat samples 
showed FB1 levels ranging from 10 to 680 ng/g, while amounts from 0.14 to 10 ng/g were detected in 
101 common wheat samples. Most of the durum wheat samples showed FB1 levels ranging from 0.13 
to 10 ng/g (19 durum wheat samples) but 11 durum wheat samples showed levels ranging from 10 to 
1,304 ng/g, being the highest concentration found in this study. This is the first report of fumonisin 
contamination in common wheat in Argentina. 
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T-2 toxin and HT-2 toxin are trichothecenes type A mycotoxins produced by fungi of the Fusarium 

genus, which are commonly found in various cereal crops and processed grains. These toxins have 

been shown to cause a variety of toxic effects in both animals and humans, including protein synthesis 

inhibition, immunity system alterations and haematopoiesis inhibition. The EU recommended limits for 
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the sum of toxins are under discussion after EFSA's (European Food Safety Authority) recent 

evaluations. To monitor the contamination levels of these toxins in cereals and feed, it is mandatory to 

have a rapid, easy-to-use, robust and reliable screening tool with sufficient cross-reactivity for the HT-

2 metabolite. The present work shows the performances of Celer T2, a new quick ELISA test kit for 

the quantitative determination of T-2 and HT-2 toxins in cereals and feed. Thanks to a proper 

immunogen design, a polyclonal antibody with 100% cross-reactivity for T-2 toxin and 72% for HT-2 

was obtained. The measuring range of the assay is 0.025-1.00 ppm and can be extended up to 5 ppm 

by dilution of sample extracts. The assay was in-house validated for whole wheat, wheat flour, oats, 

maize and poultry feed. The limit of quantification (LOQ) was set at 0.025 ppm for wheat and maize 

and 0.050 ppm for oats and feed. The mean recovery for 0.1-1 ppm spiked samples was 12518% for 

whole wheat, 11614% for wheat flour, 1147% for oats, 1009% for hulled oats, 10913% for maize, 

and 11320% for poultry feed. The trueness was investigated on reference samples left over the 

materials of different proficiency schemes and turned always to be satisfactory.  The test kit was 

submitted to an interlaboratory trial. In order to verify the variability of the assay itself, the sample 

preparation was omitted. Four different laboratories performed an analytical session where three 

curves were run and the concentrations of two different T-2 solutions (0.04 and 0.20 ppm) were 

determined. The B/Bo (%) of the calibrations curves and the results of the solutions were analysed by 

Kruskal-Wallis ANOVA test; the populations of data never turned to be different one to each other. The 

interlaboratory CV of the results was 17 and 10%, respectively for 0.04 and 0.20 ppm solutions. In 

conclusion, Celer T2 showed good performances during the whole in-house validation, both on spiked 

and incurred samples. The robustness of the reagents was confirmed during the inter-laboratory trial, 

thus demonstrating its suitability to a routine implementation.  
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Duplicate diet studies are an indispensable part of toxicological evaluation of contaminants, such as 
mycotoxins, in food. As only certain foodstuffs will contribute to the human exposure to mycotoxins, 
24-hour duplicate diet compilation results in highly diluted samples. To make accurate exposure 
estimates possible, it is of utmost importance to have analytical methods available which combine 
reliability and ruggedness with extremely low limits of quantitation (LOQ). A method involving 
extraction with acetonitrile/water, two clean-up steps (MycoSep SPE and immunoaffinity 
chromatography), silylation and determinative measurement by GC-MS, was developed and validated. 
Isotopically labelled HT-2 (

13
C22) was added to each sample and used as internal standard for 

quantification of both HT-2 and T-2. The LOQ for both mycotoxins was 0.01 µg/kg in freeze-dried food 
mixture. Trueness (recovery) and precision (reproducibility) were 91-106 and <12%, respectively. As 
of 2001, a combined temporary tolerable daily intake (tTDI) for HT-2 and T-2 toxins of 0.06 µg/kg body 
weight/day exist, established by the Joint FAO/WHO Expert Committee on Food Additives (JECFA). 
By analysing duplicate diets sampled in 1976, 1978, 1984 (spring and autumn), 1994 (spring and 
autumn) and 2004 (spring and autumn) an accurate dietary intake calculation for human exposure to 
T-2 and HT-2 was possible for adults. During spring and autumn of 2006 duplicate diets were also 
collected of toddlers and infants (2-6 years of age). Estimates of the dietary intake of T-2 and HT-2 
toxins of adults and toddlers and infants will be presented. Additional samples collected in 2011 are 
currently being analysed to supplement the data set.   
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Fusarium toxins called trichothecenes form the most commonly found mycotoxin group in Europe, 
among them deoxynivalenol (DON) occurs at the highest rate. There is a need for rapid, sensitive, on-
site methods (e.g., immunosensor) to determine DON contamination. The objective of this study is to 
develop specific monoclonal antibodies (mAbs) against DON with no cross-reactivity to other 
trichothecenes. An important aspect is to use suitable DON-protein conjugates as antigens. Different 
kind of linkers and their location at various sites of DON can affect the activity of the generated 
antibodies. Therefore, several DON haptens synthesized via different strategies were prepared and 
detected by thin-layer chromatography (TLC) and mass spectrometry (MS). At first, DON-3,15-
hemiglutaryl (DON-3, 15-HG) and DON-3-HG were synthesized according to existing methods. To 
avoid cross-reactivity of the antibody to 3-acetyl-DON or 15-acetyl-DON, other linkers without carboxyl 
function were used. A new linker for DON immunogen synthesis, was the highly reactive cyanuric 
chloride (CC). Furthermore, other functional groups out of the hydroxyl groups on C3 and C15 of the 
DON structure were used for the synthesis of haptens. Carboxy methyl oxime (CMO) and carboxy 
propyl imine (CPI) were coupled to DON via the C8 keto function of DON. All DON haptens were 
coupled to bovine serum albumin (BSA) and ovalbumin (OVA), to make respectively immunogens and 
coating antigens. After immunization and cell fusion, indirect enzyme-linked immunosorbent assay 
(ELISA) was used for the screening of hybridoma supernatant to obtain stable cell lines which can 
produce specific mAbs to DON. Further hybridoma selection is still going-on. Acknowledgements: 
This work was done thanks to the contribution of MFKK (Hungary), Lund University (Sweden), 
University College Ghent (Belgium), HGFA (Hungary), SEEDYZ (Greece), CESFAC (Spain), ASEMAC 
(Spain), Synagra (Belgium), EASRET (Greece), Impuls Ltd. (Poland), OSV Srl (Italy), Dunagabona 
Ltd. (Hungary), Dimitriaki S.A. (Greece), ETIA (France), Bioforum S.A. (Greece), EST Ltd. (United 
Kingdom). The research has received funding from the European Community's Seventh Framework 
Program (FP7/2007-2013) under grant agreement No. 243633. 
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The LC-MS/MS technology popularity is constantly increasing. More and more laboratories are now 
using LC-MS/MS also for mycotoxin routine analysis. Nevertheless, a problem with LC-MS/MS can be 
interferences from matrix components leading to differences in analyte ionization. Ionization 
efficiencies can vary between matrix samples and pure standard calibrants. Hence, the mass 
spectrum shows different signal intensities and because of this the sample analyte peak cannot be 
compared to the calibration curve (made from pure standard calibrants) for concentration calculation. 
To overcome this ionization effect, internal 
standards have to be used. One possibility are 
isotope labelled standards, where one or a number 
of constituting atoms are replaced by a different 
stable isotope. One possible isotope can be 

13
C. 

13
C-labelled mycotoxins still have the same 

characteristics as their 
12

C analogues, eluting at 
the same retention time in chromatography. When 
the detection is performed with mass spectrometry, 
both eluted forms are found and can be separated 
because of the mass difference between 

12
C and 

13
C mycotoxins. The 

13
C peak, representing the 

known amount of 
13

C labelled mycotoxin added 
can be used to calculate the unknown amount of 
the 

12
C mycotoxin. Using fully stable 

13
C-labeled 

mycotoxins as internal standards has several 
advantages over deuterated (

2
H) internal 

app:ds:mass
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standards. Replacing 
12

C by 
13

C changes the total mass of the atom only slightly, while using 
Deuterium, the mass doubles, thus, 

2
H labelled mycotoxins might show retention time shifts. This 

presentation will demonstrate the different procedures of how to apply an internal standard. Also, it will 
illustrate the importance of internal standards for quantitative mycotoxin analyses on an LC-MS/MS 
system. LC-MS/MS by itself, ideally together with fully stable 

13
C-labeled internal standards, is the 

basis for multi-mycotoxin analysis. 
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The popularity of LC-MS/MS methodologies for analysis of mycotoxins is increasing. However, 
interferences from matrix components in these methods can lead to differences and difficulty in 
analyte ionization. Ionization efficiencies can vary between matrix samples and pure standard 
calibrants, causing the mass spectrum to show different signal intensities. Because of this, the sample 
analyte peak cannot be compared to the calibration curve (made from pure standard calibrants) for 
concentration values. 

13
C isotope-labelled internal standards were used to help overcome this 

ionization effect by stabilizing the system to the effects of signal suppression and signal enhancement. 
Furthermore clean-up of the matrix was necessary to analyze complex sample matrices for a wide 
variety of mycotoxins, while reaching the low limits of detection necessary in the globalization of trade. 
A method utilizing this technology was developed for the simultaneous detection of 15 mycotoxins in 
cereal grains, mixed feeds, and maize by products. The mycotoxins included aflatoxins (B1, B2, G1, 
and G2), ochratoxin A, zearalenone, type A trichothecenes and type B trichothecenes.  LODs ranged 
from 0.02 to 0.16 μg/g for the aflatoxins and ochratoxin A. LODs ranged from 0.28 to 68.65 μg/kg for 
the various type A trichothecenes, type B trichothecenes and zearalenone. The RSD of multiple 
repetitions of spiked samples was less than 15% overall, with most data showing RSD less than 10%.  
Recoveries of the mycotoxins from spiked matrices varied by mycotoxins, however, all recoveries 
were greater than 70% for all included mycotoxins. The use of 

13
C isotope-labelled internal standards 

in conjunction with the MycoSpin 400 multitoxin clean-up column allows for a method which is 
applicable to analysis of a wide variety of matrices, with no limitations by molecular mass and a 
straightforward sample preparation.  
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Mycotoxins are known to harm the health of humans and animals. They are known either as 
carcinogenic or otherwise cytotoxic and impair the immune system. Therefore, different countries have 
set regulations on mycotoxins. In the EU mycotoxin limits are harmonized in Commission Regulation 
(EC) No. 1881/2006 of 19 December 2006 and the amended Commission Regulation (EC) No. 
1126/2007 of 28 September 2007. In July 2010 two new analytical methods for measuring aflatoxin B1 
and zearalenone in infant food have been adopted as European benchmark (EN 15850, EN 15851). 
Both methods are based on an immunoaffinity column clean-up HPLC-FLD detection. We will present 
the possibility to analyze aflatoxin B1 (AFB1) and zearalenone (ZEA) at a comparable detection level 
implemented into a LC-MS/MS screening method. For our measurements different AB SCIEX Triple 
Quad LC/MS/MS System was used. In one single LC-MS/MS run of 13 min 18 compounds were 
detected; 12 of them in the positive ionization mode and 6 of them in the negative ionization mode. 
Scheduled MRM algorithm with fast pos/neg switching was applied here for measurement. The crude 
extracts of different infant foods were just diluted and injected without any additional sample 
preparation. Detection limits of AFB1 and ZEA were found to be comparable to the required values by 
EN standards. With this study we can demonstrate the possibility to analyze AFB1 and ZEA at the 
defined infant food levels without sample concentration and implemented into a LC-MS/MS screening 
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method. Reproducibility in matrix was found to be lower than 10%. New Analyst software allows us to 
perform a scheduled MRM for both positive and negative experiment in one injection. So, we can 
demonstrate that both reproducibility and quantitation accuracy can be improved with no 
compromising on instrument sensitivity. The use of sMRM acquisition technique with positive/negative 
switching has enabled shorter run times without the loss in sensitivity. Additionally we want to 
demonstrate the approach of screening for mycotoxins at infant food concentration levels with a 
TripleTOF 5600 System. Due to its high resolution capabilities matrix effects can be further 
discriminated. Additionally quantitation and high resolution library confirmation can be achieved with 
just one single injection. 
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LC-MS/MS using electrospray ionization (ESI) is a powerful analytical tool for the analysis of a wide 
molecular weight range of polar, semivolatile and thermally labile compounds. Especially triple 
quadrupole based mass analyzers are popular for targeted quantitation of hundreds of food 
contaminants in a single analysis because of their extra degree of selectivity and sensitivity when 
operated in multiple reaction monitoring (MRM) mode. Advancements in LC-MS/MS technology, 
including hybrid systems like triple quadruple linear ion trap (QTRAP) and triple quadrupole time-of-
flight (TripleTOF), now provide the ability to perform non-targeted screening on a routine basis. 
However, since this workflow does not use a target analyte list, compound detection is not based on 
any a priori knowledge, such as retention times and information on molecular and fragment ions. In 
addition, full scan chromatograms are very rich in information and contain easily thousands of ions 
from both any compounds present in the sample as well as from the sample matrix itself. Here we 
present residue results of using a novel approach of comparative multi-target screening using a 
generic extraction and LC separation procedure followed by high resolution and accurate mass 
MS/MS detection. TOF-MS and MS/MS data was acquired using an AB SCIEX TripleTOF 5600 
system. TOF-MS and MS/MS information was used to screen for targeted food contaminants. 
Furthermore, new software tool XIC Manager was used to do comparative general unknown screening 
for analysis of food contaminants. Quantitative information was achieved by performing single 
concentration standard addition at the level of the maximum residue level (MRL). Identification was 
based on retention time, accurate mass quasi-molecular ion, isotopic pattern and MS/MS 
fragmentation pattern. 
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There are now over 400 recognised mycotoxins found in animal feedings materials and it has been 
reported that as much as 25% of the world's cereal grains may be contaminated with mycotoxins. The 
analysis of animal feeds including silage represents a major analytical challenge due to the complexity 
and in-homogeneity of these matrices. Although permitted limits for mycotoxins are set at relatively 
high (mg/kg) concentrations in the EU, toxic effects, e.g. immunotoxicity and feed uptake problems in 
certain species (poultry and porcines) are often observed at low (μg/kg) concentrations. For this 
reason there is often an economic requirement to achieve low detection limits in this matrix. There is 
also a high potential for co-contamination in this matrix (due to pre and post harvest infestation) 
resulting in the occurrence of tricothecenes, aflatoxins, fumonisins, ochratoxin , patulin , T-2/HT-2 and 
Alternaria toxins for example within a single sample. Within this paper we report the development of a 
quantitative method for the determination of circa 25 relevant mycotoxins in a variety of animal feed 
extracts. A generic and simplified sample extraction protocol based on 84:16 (v/v) acetonitrile/acidified 
water for the recovery of mycotoxins was used, and analysed using an Acquity UPLC and Xevo TQ-S 
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tandem quadrupole mass spectrometer. We investigated the affect of matrix dilution coupled to high 
instrument sensitivity to overcome common analytical challenges such as ion suppression. We also 
exploited the functionality of the Xevo TQ-S: to monitor background interference profile simultaneously 
during MRM transitions; the use of product ion confirmation to provide additional confidence in 
identifications; and Quanpedia for automated MRM scheduling. 
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In recent years, LC-MS/MS based multi-analyte methodology has been successfully introduced into 
the field of mycotoxin analysis. Most of the related methods, however, still focus on those mycotoxins 
that are addressed by regulations, as these compounds are of greatest concern due to their well-
documented toxic effects. In contrast to that, occurrence data on the other 300-400 substances that 
are regarded as mycotoxins ranges from scarce to non-existent. The chemical diversity of the analytes 
is the main obstacle for the development of a method targeting a broad range of fungal metabolites. In 
order not to adulterate the metabolite pattern by sample clean-up, raw extracts have to be analysed 
without any further pre-treatment. This, however, emphasizes the Achilles Heel of quantitative LC-
MS/MS analysis, as the occurrence of matrix effects, which negatively affect method accuracy and 
precision, is far more likely to occur in crude extracts. In this study, the applicability of an LC-MS/MS 
protocol covering 320 metabolites has been explored for four different matrices: apple puree for 
infants (high water content), hazelnuts (high fat content), maize (high starch or protein content, low fat 
content) and green pepper (‘difficult matrix’). Validation has been performed according to SANCO 
document No. 10684/2009 for pesticides (http://ec/europa.eu/food/plant/protection/resources/ 
qualcontrol_en.pdf).  In case of the three former matrices, signal suppression/enhancement as well as 
recoveries of the extraction step were within the target range of 70-110% for more than 80% of the 
investigated analytes, whereas considerable matrix effects and extraction losses were observed for 
half of all the analyst in pepper. The LOQs were below the maximum levels set in the related EU 
regulations with the exception of aflatoxins and ochratoxin A in baby food and aflatoxin M1 in milk. The 
accuracy of the method was verified by the analysis of certified reference materials and by 
participation in proficiency tests. Z-scores were generally between -2 and 2 even for complex matrices 
such as coffee, pepper and animal feed. Based on these results we conclude that quantitative LC-
MS/MS analysis of such a large number of fungal metabolites in crude extracts is feasible even in 
complex matrices provided that matrix effects are well characterized.  
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The manifestation of ‘mould’ in the indoor environment in conditions of moisture damage and 
dampness has been related to a variety of adverse health outcomes, in particular to upper respiratory 
symptoms, exacerbation and new onset of asthma, general symptoms and recurrent respiratory 
infections. However, due to often diffuse and non-specific complaints from the inhabitants as well as 
frequent co-exposure towards other indoor biological components (including bacteria and house dust 
mites) and also chemical indoor pollutants emitted from materials, etc. establishment of 
epidemiological ‘causality’ (cause-effect relationship) is a challenging task. This holds especially true 
for the role of fungal secondary metabolites, as toxic effects caused by exposure to these compounds 
are difficult to pin down and amount to a crucial problem in risk assessment of indoor mould growth. 
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This is to a great part caused by a methodological gap, as most of the related analytical methods have 
thus far focused on macrocyclic trichothecenes  and sterigmatocystin produced by Stachybotrys 
chartarum and Aspergillus versicolor, respectively. Furthermore, low analyte concentrations and the 
complexity of the relevant matrix (i.e. house dust) pose additional analytical problems. In this study, 
100 floor dust samples collected in homes in Eastern Finland in the course of the LUKAS2 birth cohort 
study (that has recruited 224 one-year-old children during 2004/2005) have been analysed using an 
LC-MS/MS based multi-analyte approach. Background information including moisture damage 
observations in these homes established via building inspections as well as various health outcomes 
of the children was available. 43 different metabolites were identified with concentrations ranging up to 
779 and 279 ng/g for viomellein and ochratoxin A, respectively. The most prevalent being 
sterigmatocystin and its biosynthetic precursors, enniatins and moniliformin, the anthraquinone 
derivatives emodin and skyrin, 3-nitropropionic acid and the unspecific metabolites tryptophol and 
brevinamid F; stachybotrylatam, metabolites produced by Penicillium or Alternaria and bacterial 
metabolites occurred less often. Preliminary, crude statistical analyses indicated that levels of some of 
the metabolites showed positive association with moisture damage in the buildings, but those findings 
reached statistical significance only in few cases, e.g. for some of the less frequently detected 
Penicillium metabolites and alamethicin. 
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The food industry is continuously searching for rapid, simple and quantitative tests for mycotoxins 
analysis. Deoxynivalenol (DON) is the most well-known mycotoxin contaminating cereals such as 
wheat, barley and maize. Lateral flow immunochromatographic assay (LFIA) has played an important 
role in point of care and over the counter tests in the last three decades. Although LFIA has been 
primarily used for qualitative detection, recent technologies make it possible to generate quantitative 
measurement. A portable, cost-effective and fully equipped LFIA test for DON, based on a confocal 
optical reader with built-in calibration, was successfully developed (Faulstich et al., 2009. In: Lateral 
flow immunoassays, Humana Press; Liu et al., 2012. Food Control 26: 88-91). The test is considered 
particularly attractive for measuring DON in those places where there is no laboratory setting 
available. The results generated exhibited good levels of linearity (spiked and naturally contaminated 
samples with R

2
=0.99 and 0.96, respectively) and repeatability (CV for 1 mg/kg DON in naturally 

contaminated wheat lower than 15%), providing a useful and practicable tool for DON screening in 
wheat and other relevant products in the cereals supply chain. The sensitivity meets legislative levels 
and the entire testing protocol is simple, easy to use with a running time of about 10 min including 
sample extraction, with a detection limit of about 0.30 mg/kg in wheat spiked samples. The validity 
was confirmed under room temperature conditions and results, collected on wheat, flour, semolina and 
pasta samples, were in good agreement with confirmatory LC-MS analysis. A further implementation 
of the system for on-site screening of wholemeal flours will be also presented.  
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Preparation of matrix reference materials such as compound feed with well-known levels of 
contaminants is of paramount importance for proficiency tests (PTs) and for research projects dealing 
with the fate and the transfer of contaminants in the food chain. Existing matrix reference materials 
have emphasized on ‘traditional’ mycotoxins such as aflatoxins, ochratoxin A, fumonisins, patulin and 
some trichothecenes. However, one of the most common grain-contaminating genus of fungi, 
Fusarium spp., is also capable of producing several toxic secondary metabolites including the so-
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called emerging mycotoxins as fusaproliferin, beauvericin and enniatins. So far, no matrix reference 
material is available for these toxins. As LC-MS/MS multimycotoxin methods become routine, the 
need for multimycotoxin matrix reference materials is clear. Coping with this shortage, the Belgian 
National Reference Laboratory prepared a cocktail reference material which combined regulated 
(deoxynivalenol, zearalenone) and non-regulated mycotoxins (T-2 toxin, HT-2 toxin, enniatin A, A1, B, 
B1 and beauvericin) in wheat flour, a filling matrix. It successfully passed the homogeneity study as 
recommended in the IUPAC Technical Report and ISO Guide 35:2006. Stability was monitored after 4 
and 12 months storage. Samples were kept at -80, -20, +4 and +24°C. The reference temperature 
was -80°C. Statistically significant concentration decreases were observed mainly for T-2 toxin at 24°C 
(approximately 0.15% per day). In all other cases the decreases are smaller than 0.05% per day, 
showing that instability is not considered as a relevant issue for the use of the material when storage 
is performed at -20 or +4°C. A proficiency test was performed for assigning the mass fractions values 
of mycotoxins in this material. Another filling matrix such as maize flour is tested before submitting our 
panel of reference materials to the European reference. Further collaboration with other laboratories, 
institutes and projects is needed within this process and is proposed through the organization of our 
NRL proficiency. 
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The KOBRA CELL is an electrochemical cell fitted between the HPLC column and the fluorescence 

detector of an HPLC. The unit contains a platinum working electrode and a stainless steel auxiliary 

electrode, separated by an ion exchange membrane. The principle of the technique is to deliver to the 

KOBRA CELL the mobile phase containing the bromide salt as a derivatisation agent precursor and 

aflatoxins. Bromine is then generated electrochemically by applying a constant potential at the working 

electrode. The resulting electrochemical reaction enables aflatoxins B1 and G1 to be derivatised                

in situ to their brominated derivatives, which gives an enhanced fluorescence signal and therefore 

greater sensitivity in analysis. This poster highlights the stability of data recorded monthly over 4 years 

which has demonstrated the consistency of results and allowed the laboratory to confidently maintain 

accreditation to the ISO 17025 standard. 
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European legislative limits for total aflatoxin, ochratoxin A and zearalenone are in place for cereals 
and cereal products including beer. The demand for faster, less labour intensive tests is increasing 
alongside the growing need for multi-toxin analysis using a single extraction method. In response to 
these needs, R-Biopharm Rhône Ltd. has developed AO ZON PREP, an immunoaffinity column (IAC) 
which enables the isolation and concentration of aflatoxin B1, B2, G1, G2, ochratoxin A and 
zearalenone in samples prior to analysis by HPLC. Two HPLC conditions were developed; one for the 
simultaneous detection of total aflatoxin and ochratoxin based on the use of the KOBRA CELL for 
derivatisation and a second for zearalenone. For the analysis of beer, a method was developed using 
spiked beer samples which were degassed, pH’d and passed through an IAC. The column was 
subsequently washed with PBS and the toxin eluted by passing methanol followed by water through 
the column. The eluate was split into 2 separate vials and injected onto two different HPLC systems. 
Analysis using the single column was rapid and results showed average recoveries ranging from 73-
104% thus meeting EC performance criteria for the respective mycotoxins. Sample preparation and 
run time were reduced leading to greater throughput as well as a reduction in required consumables, 
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reagents and associated costs. In conclusion, AO ZON PREP was found to be successful in isolating 
and quantifying aflatoxin, ochratoxin A and zearalenone using a single extraction method. 
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Gossypol is a toxic compound produced by cotton plants. Gossypol is found in all parts of cotton 
plants, with the highest levels found in seeds. Cotton plant seeds are used for the production of fibre 
and oil. The remaining meal after the production of fibre and oil can be used as a protein source in 
feeding stuff as long as the amount of gossypol does not exceed the maximum levels as set in 
Regulation (EC) No. 2002/32. The official method described in Commission Directive No. 72/199/EEC 
for the determination of free gossypol in feed materials is based on a UV spectrophotometric method 
where free gossypol is determined after forming an adduct with aniline (Schiff-base). This 
spectrophotometric method also measures other gossypol related compounds that react with aniline. 
The EFSA opinion recommends that the current official EU method for free gossypol should be 
replaced by a more specific analytical method (EFSA, 2008. EFSA Journal 908: 1-55). In this work we 
described the development and validation of a method based on LC-MS/MS. Method development 
included testing different extraction conditions, different chromatographic conditions and columns, and 
evaluation of the stability of free gossypol under various conditions. The performance of the method 
was tested at the applicable maximum levels in various compound feeds (sheep, chickens and 
piglets), cotton meal and cotton seeds. For cottonseed and cotton meal a comparison was made for 
the quantitative results obtained by the LC-MS/MS method vs. the official EU spectrophotometric 
method. 
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Species of the genus Aspergillus section Nigri are worldwide distributed; they can contaminate 
agricultural products at different stages including pre-harvest, harvest, processing and handling. Some 
members of this group are able to produce mycotoxins, ochratoxin A (OTA) and fumonisin B2. These 
black aspergilli are one of the more difficult groups with regard to classification and identification. In 
the present study, we evaluated the discriminatory power of inter-simple sequence repeat polymerase 
chain reaction (ISSR-PCR) analysis derived from seven ISSR primers to distinguish morphotypic 
species. For this purpose, 25 morphotyped black Aspergillus species isolated from different 
commodities were identified based on phenotypic criteria and species-specific primers. Additionally, all 
the strains were tested for OTA production. Species identity was confirmed by partial calmodulin gene 
sequence analysis. A pairwise similarity matrix was calculated using the Dice coefficient and a 
dendrogram was generated by the unweighted pair group method with arithmetic mean (UPGMA). 
The dendogram showed three different clusters: the uniseriate cluster (I), the A. carbonarius cluster 
(with two sub-clusters II.A and II.B), and the A. niger aggregate cluster (with three sub-clusters III.A, 
III.B and III.C). The sub-cluster II.A grouped five strains with a similarity of 82% with A. carbonarius 
A2034 reference strain (bootstrap value 100%). All these isolates were OTA producers and amplified 
by the A. carbonarius specific primers. One isolate (sub-cluster II.B) showed a similarity of 36% with A. 
carbonarius A2034, was not amplified by A. carbonarius-specific primers and was not an OTA 
producer. This isolate was confirmed as A. ibericus by sequencing. Out of 17 isolates of A. niger 
aggregate, ten isolates were clearly identified as A. niger (71% similarity with A. niger FRR5695 
reference strain, bootstrap value 100%), confirmed by specific primers (sub-cluster III.A); five isolates 
showed a similarity of 70% with A. tubingensis ITEM4845 (bootstrap value 96%). All these five strains 
were amplified by the A. tubingensis specific primers and did not produce OTA (sub-cluster III.B). Two 
strains closely related to this cluster but not identical, were finally confirmed as A. acidus by 
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sequencing. Based on these results, ISSR-PCR is a reliable tool for identifying black aspergilli. 
Besides, species-specific bands were found that represent target sites for the possible development of 
specific primers for the species. 
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Mycotoxins undoubtedly belong to the most toxic natural chemical contaminants and their occurrence 
in wide range of raw materials and food products may represent a health risk to consumers. 
Regulatory limits are already established in some countries, and a number of countries are setting or 
improving their corresponding legislation for mycotoxins. In order to establish a balance between 
importing and exporting countries and ensure food safety for domestic products, reliable, fast and 
cost-effective analytical strategies are highly desired for routine control of mycotoxins in various kinds 
of foodstuffs. Numerous analytical procedures have already been introduced for simultaneous 
determination of regulated mycotoxins. However, the official and routine laboratories still tend to apply 
a diverse set of methods to determine each analyte. The use of immunoaffinity columns (IACs) for 
sample clean-up and analyte preconcentration is a favourite and very often the applied procedure. 
Because LS-MS based instrumentation is becoming more and more affordable for routine, control and 
industrial laboratories; this technique represents a suitable, reliable and high-throughput analytical 
strategy for monitoring mycotoxins in various food matrices. The great advantage of IACs is their 
specifity to target analytes; but many of the available columns have antibodies specific to only one or 
group of closely related mycotoxins, e.g. fumonisins or aflatoxins. Here we investigate the use of IACs 
intended for determination of all of regulated mycotoxins. The development of multi-mycotoxin method 
which allows the detection and determination of several co-occurring mycotoxins in a single run will be 
more cost-effective and faster compared to conventional single determination methods. Aflatoxins B1, 
B2, G1, G2, ochratoxin A, fumonisins B1 and B2, deoxynivalenol, HT-2, T-2 and zearalenone, were 
analyzed using the  developed and validated analytical method which employed a high performance 
liquid chromatography coupled to tandem mass spectrometry instrumentation. Artificially as well as 
naturally contaminated cereals and nuts samples were tested within this pilot study. Performance 
characteristics of the method as well as recoveries of targeted analytes will be discussed. 
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Risk assessment studies and legislation, i.e. Commission Regulation (EC) No.1881/2006 and 
No.165/2101, are available for multiple mycotoxins such as aflatoxins, ochratoxin A, deoxynivalenol, 
zeoralenone, fumonisin, T-2 and HT-2 toxin in cereals, maize and dried plant products (e.g. nuts, 
spices and dried fruits). Also, patulin in apple and apple products is widely documented (Baert, 2007. 
Ph.D thesis, Ghent University). However, limited data are available for mycotoxins associated with 
fresh produce and their derived products. Recently, EFSA published a report on the status of fresh 
produce and possible mycotoxins (EFSA, 2011. EFSA Journal 9: 2407). It indicates the need for 
further research on hazard identification and risk assessment studies. A  multi screening method was 
developed with LC-TOF-MS to screen moulded fresh produce (tomatoes, onions, sweet bell peppers 
and soft red fruits) from different countries (Belgium, Spain, India, Brazil, South Africa, Egypt) for the 
presence of a multitude of mycotoxins possibly associated with fresh produce (alternariol (AOH), 
alternariol monomethyl ether (AME), ochratoxin A (OTA), fumonisins (FB1, FB2, FB3)). In total 320 
moulded products were investigated.  AOH and AME were found in all four types of fresh produce (30 
and 25% prevalence, respectively). Fumonisins and ochratoxin A seems not to play a major role as a 
mycotoxin hazard, with exception of FB2 in moulded bell peppers from India. In total 173 samples of 
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derived tomato products (such as ketchups, concentrates, dried tomatoes) were screened. AOH and 
AME were respectively found in seven and five derived tomato products (concentrates and purees). 
The presence of these Alternaria mycotoxins in both fresh produce and derived food products urges 
the need for a dietary exposure risk assessment, with quantitative mycotoxin concentration data and 
consumption data. 
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Beer is one of the most popular beverages worldwide. It is brewed from malted cereal grains, and 
hence is known to be potentially contaminated with mycotoxins. In addition to the Fusarium 
mycotoxins deoxynivalenol (DON) and 3-acetyldeoxynivalenol (3-ADON), previous studies reported 
also the occurrence of the conjugated mycotoxin deoxynivalenol-3-glucoside (D3G) in beer. Here, we 
present the first triple quadrupole LC-MS/MS based method for the determination of DON, D3G and 3-
ADON in beer. Sample preparation includes degassing, precipitation, evaporation and reconstitution. 
Method performance characteristics were determined for six different beer categories, namely pale, 
wheat, dark, bock and non-alcoholic beers, as well as shandies. For the in-house validation three 
individual beers for each category were spiked at eight levels prior to sample preparation. The 
repeatability of the overall method was excellent with relative standard deviations from 4 to 16% for all 
analytes and types of beer. Limits of detection were in the sub- or low-µg/l range. The determined 
apparent recoveries were 39-69% for D3G, 60-90% for DON and 96-124% for 3-ADON for the 
different types of beer. Dark and bock beers showed the lowest apparent recoveries due to the 
complexity of these beers. Shandies yielded the highest relative standard deviations probably due to 
different fruit lemonades used as ingredients. Furthermore, 374 beer samples from 38 countries were 
surveyed for the occurrence of DON, D3G and 3-ADON. 348 and 289 out of the 374 beer samples 
were tested positive for D3G and DON, respectively, while no 3-ADON was detected in any sample. 
Average concentrations of all beers of 6.9 µg/l D3G and 8.4 µg/l DON have been found, proving a 
significant trichothecene load due to beer consumption. Bock beers with a higher gravity also contain 
more mycotoxins on average, whereas non-alcoholic and shandies were contaminated to a lesser 
extent. In the most contaminated sample, a single pale beer from the Austria, 81 µg/l of D3G and 89 
µg/l of DON and were quantified, underlining the importance of this study.  
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Zearalenone (ZEA) is a well-known legislatively regulated mycotoxin produced widely by toxigenic 
fungi species belonging to Fusarium genus. Estrogenic and other adverse effects exhibited by ZEA on 
humans and animals have been documented in the scientific literature (Zinedine et al., 2007, Food 
and Chemical Toxicology 45: 1-18) and recently reviewed in a Scientific Opinion of the EFSA 
CONTAM Panel in which also ZEA derivatives alpha-zearalenol (alpha-ZOL) and beta-zearalenol 
(beta-ZOL) are evaluated (EFSA, 2011. EFSA Journal 9: 2197). Both alpha- and beta-ZOL can 
emerge as hepatic metabolites of ZEA or can be produced by Fusarium species and various yeast 
strains. The presence of ZEA in cereals at high concentrations (predominantly maize grains, maize-
based food/feed products and silages) is well documented due to a routine testing (Yazar et al., 2008. 
International Journal of Molecular Sciences 9: 2062-2090). However, determination of equally toxic 
metabolites alpha- and beta-ZOL is not routinely performed resulting in the serious underestimation of 
the inherent toxicity of tested samples. The occurrence of alpha-ZOL and beta-ZOL in a range of feed 



WMFmeetsIUPAC2012  199 
5-9 November 2012, the Netherlands   

matrices including silage has been reported by (De Saeger et al., 2003. Analytica Chimica Acta 487: 
137-143). The current validation study has been initiated in response to the above mentioned facts. 
The potential of ZEA dedicated AO ZON PREP immunoaffinity cartridges (R-Biopharm) to selectively 
isolation/preconcentration of not only target analyte ZEA but also its derivatives alpha- and β-ZOL was 
tested. As documented by our experiments, thanks to high cross-reactivity of particular antibody, our 
assumption was verified employing immunoaffinity clean-up and ultra-high performance liquid 
chromatography coupled to tandem mass spectrometric detection (UPLC-MS/MS system; QTRAP 
5500, AB SCIEX). Recoveries as high as 93-103% were obtained for alpha- and beta-ZOL by analysis 
of artificially contaminated maize, barley, wheat and lager beer. The RSD value of our analyses did 
not exceed 4% in any of validation experiments. Acknowledgements: The study was undertaken 
under the financial support of following projects: QI111B044, OC10059 and QI111B154. 
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A rapid ultra-performance liquid chromatographic (UPLC) method has been developed for the 
simultaneous determination of nivalenol (NIV) and deoxynivalenol (DON) in wheat. Ground samples 
were extracted with water and aliquots of filtered extracts were cleaned up through immunoaffinity 
columns containing a monoclonal antibody specific for NIV and DON. Toxins were separated and 
quantified by UPLC with photodiode array detector (λ=220 nm) in less than 3 min. The analytical 
column was an Acquity UPLC BEH C18 (2.1 mm×100 mm, 1.7 µm). Mean recoveries from blank 
wheat samples spiked with NIV and DON at levels of 100-2,000 µg/kg (each toxin) ranged from 81 to 
88% for NIV and from 85 to 95% for DON, with relative standard deviations (RSDs) lower than 7%. 
Similar recoveries were observed when methanol/water (80:20, v/v) was used as extraction solvent. A 
statistical comparison (SNK test) between different extraction solvents and modes by using a wheat 
sample naturally contaminated with NIV and DON showed that water extraction provided a significant 
increase (p<0.001) in toxins concentrations (mean values of 6 replicate analyses) with respect to 
methanol/water (80:20, v/v). No significant difference was observed between shaking (60 min) and 
blending (3 min). The limit of detection (LOD) of the method was 20 µg/kg for NIV and 30 µg/kg for 
DON (signal-to-noise ratio 3:1). The immunoaffinity columns showed saturation of NIV/DON binding 
sites at levels higher than 2,000 ng in blank wheat extracts spiked with the corresponding amount of 
mycotoxin, as single mycotoxin or sum of NIV and DON. The range of applicability of the method was 
from LOD to 4,000 µg/kg, as single mycotoxin or sum of NIV and DON in wheat. This is the first UPLC 
method using immunoaffinity column clean-up for the simultaneous and sensitive determination of NIV 
and DON in wheat. Acknowledgements: This work was supported by the Italian Ministry of 
Agricultural, Food and Forestry Policies (MiPAAF, project ‘MICOPRINCEM’). 
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As mycotoxins are to a major extent heat-stable and resistant to degradation or removal during 
processing used for food and feed production, there is a high need to prevent their occurrence already 
in raw materials at a very early stage, preferably by excluding even the growth of mycotoxin producing 
moulds. Besides a primary contamination with mycotoxins like ochratoxin A (OTA) where for example 
raw coffee beans or grain in the field are already infested with different moulds, a secondary infection 
might also take place due to unfavourable storage conditions. In the food and feed industry a strong 
focus is therefore laid on quality standards (following e.g. IFS or BRC requirements). For this purpose, 
an early detection system is needed with which the absence of mycotoxin-producing fungi, just like for 
mycotoxins, can be guaranteed to the consumer or customer. MALDI-TOF mass spectrometry was 
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developed in the late 1980s and has now reached an advanced stage to allow for routine 
measurement of microorganisms. Whereas rapid and reliable identification of especially bacteria in 
various food and feed matrices is possible, rather limited reference data sets of fungi playing a major 
role in mycotoxin formation are available. For example, Penicillium verrucosum as an OTA-producing 
mould grows preferentially at lower temperatures (in cooler climate zones) in Europe, Canada and 
Northern Asia and is well-known for its ability to produce OTA in pastry, grapes, grape juice, beer, 
peanuts or coffee beans. So far, the database in use contains only main spectra for two Penicillium 
species, P. chrysogenum and P. camemberti. In our investigation we focussed on an extension of the 
MS data base by introducing new main spectra for other Penicillium strains (e.g. P. expansum and P. 
verrucosum), in addition to Aspergillus strains (e.g. A. niger and A. ochraceus) and several Alternaria 
species such as A. alternata. To generate the data set required for main spectra and to create the new 
entry in the dendrogram, two sample preparation steps (i.e. standard ethanol/formic acid extraction 
and a direct transfer protocol) were compared and the instrument parameters were elaborated. In 
most cases, high score values were obtained for the different moulds, thus enabling, reliable mould 
identification in food and feed. 
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The contamination of food and feed with fungi and mycotoxins is a matter of concern. The formation of 
mycotoxins by a broad spectrum of different fungi shows significant regional and seasonal variation 
and depends on a series of factors such as water content, pH of food and feed and the respective raw 
materials, relative humidity of air during storage, etc. The mycotoxin ochratoxin A (OTA) having 
nephrotoxic, immunotoxic, genotoxic and teratogenic properties was first discovered in Aspergillus 
ochraceus but it is also produced by A. niger and several Penicillium strains. In general, Aspergillus 
and Penicillium fungi can be found on coffee beans, cereals, maize, fruit as well as in wine and beer 
and via feed also, for example, in cheese. There are already a series of rapid methods (e.g. 
immunoassays) commercially available for the detection of single mycotoxins and also instrumental 
analytical methods such as LC-MS/MS for the simultaneous detection of a number of mycotoxins. 
However, there is a need for the food and feed industry, especially taking into account the HACCP 
concept and standards such as IFS and BRC, to exclude the presence of moulds that can produce 
mycotoxins in raw materials and final products. The main goal of our still on-going project was to 
develop a combined monoclonal antibody-based immunochemical method as an early detection 
system. For this purpose, the mycotoxin OTA was selected. It was decided to develop monoclonal 
antibodies for the detection of a series of OTA producing fungi with a focus on A. ochraceus, A. niger 
(carbonarius), P. verrucosum and P. expansum. Upon the immunization of Balb/c mice with different 
mycelia, monoclonal antibodies were successfully produced that detect the four selected fungi with 
high sensitivities. Different immunochemical formats were developed starting with the ELISA format. 
As a proof-of-concept, wheat bread and apples were inoculated with the four fungi and the samples 
were analysed after defined incubation periods. It was demonstrated that several fungi such as A. 
niger could be reliably detected by the monoclonal antibody-based ELISA before they became visible 
on the food sample. Further results on the successful transfer of the monoclonal antibodies to other 
immunochemical assay formats (membrane-based lateral flow assay, impedimetric biosensor) will also 
be presented. 
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Aflatoxin is a mycotoxin mainly produced by Aspergillus flavus and Aspergillus parasiticus fungi
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that grow naturally in maize. It can lead to very serious health problems such as liver damage and 
lung cancer if the level of the toxin in the grain is high. Consequently, many countries have established 
strict guidelines for permissible levels. Conventional chemical-based analytical methods used to 
screen for aflatoxin such as thin-layer chromatography (TLC) and high performance liquid 
chromatography (HPLC) are time consuming, expensive and require the destruction of samples as 
well as proper training for data interpretation. Thus, it has been a continuing effort within the research 
community to find a way to rapidly and non-destructively detect and possibly quantify aflatoxin 
contamination in maize. One of the more recent developments in this area is the use of spectral 
technology. Specifically, fluorescence hyperspectral imaging offers a potential rapid and non-invasive 
method for contamination detection in maize infected with toxigenic A.flavus spores. The current 
hyperspectral imaging system is designed for scanning flat surfaces, which makes it suitable for 
imaging single kernel or a group of maize kernels. In the case of a whole maize ear, it is preferable to 
be able to scan the circular surface of the maize cob for whole ear inspection. This study describes the 
development of a hyperspectral imaging system for whole maize ear imaging. The new instrument is 
based on a hyperspectral line scanner incorporated with a rotational stage for turning the maize cob. 
Lab and field inoculated maize ears with A. flavus will be used for testing the instrument. 
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Measurement of mycotoxins using mass spectrometry techniques represents a real analytical 
challenge given their diverse extraction efficiencies and signal suppression/enhancement properties in 
matrixes encountered in the feed and food industry. These differences are largely due to the structural 
diversity of mycotoxins. Currently, methods have been developed to normalize LC-MS/MS data by 
comparing the instrument response to an isotopically enriched version (isotopologue) of a particular 
toxin. Our method sets the basis for a novel approach using non-analogous mycotoxins to normalize 
classes of mycotoxins which have similar extractability and which experience similar matrix 
suppression/enhancement effect to the isotopologue during analysis. The method uses four 
isotopologues to normalize the MS signal of known concentrations of 10 mycotoxins from a certified 
feed material by serving as surrogates for their extraction, detection and quantification by UPLC-
MS/MS using a Waters Aquity system coupled to a TQD detector in multiple reaction monitoring 
mode. Mycotoxins were extracted from certified reference material (MT-Corn-999D) using 84% 
acetonitrile (ACN), 0.1% formic acid overnight in silanized glass vessels. At the end of the extraction 
time, tubes were spun at 10,000 x g for 30 min and the supernant was collected for analysis. Extracts 
were dried and reconstituted in 95% water, 5% ACN, 0.1% formic acid containing 10mM ammonium 
acetate. Calibration curves were created for a mixture 47 mycotoxins prepared from ACN or MeOH 
stock solutions. The signal intensities of each mycotoxin were normalized to the signal of one of four 
isotopologues which had previously been mixed at a ratio of 4:2:2:1 ([

13
C18] -ZEA: [

13
C15] -DON: [

13
C17] 

-AFB1: [
13

C17] -FB1. The internal standard mixture was spiked into each standard or sample at a ratio 
of 20 µl of internal standard mixture to 400 mg equivalent of standards or samples. The 
precursor/product ions pairs used for quantification were determined by infusing individual standard 
solutions and observing the most intense transitions during MS/MS. The normalized calibration curves 
of the 47 mycotoxins were built using 1/x weighting. The data showed that the R

2
 values of the curves 

were greater than 0.99 for all toxins. Recoveries for toxins were significantly improved the mycotoxins 
present using the appropriate isotopologue as determined by spiking experiments. For instance, 
recovery of zearalenone by external calibration was 2% while we achieved 94% recovery using [

13
C18] 

-ZEA normalization. Our work is to our knowledge the first example that uses isotopically labelled 
internal standards to normalize non-analogous mycotoxins in LC-MS/MS for quantification purposes.   
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Development of a QuEChERS based extraction method for the determination of 
multiple mycotoxins in spices using liquid chromatography coupled to triple 
quadrupole mass spectrometry  
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A new method for the determination of multiple mycotoxins, based on the QuEChERS (Quick, Easy, 
Cheap, Effective, Rugged and Safe) based extraction procedure was developed in highly pigmented 
and complex spice matrices, namely red chilli (Capsicum annum), black and white pepper (Piper 
nigrum). HPLC-MS/MS has been used for the quantification and confirmation of fifteen chemically 
diversified mycotoxins (aflatoxins (B1, B2, G1, G2), ochratoxin A (OTA), trichothecenes (type A, T-2 
and HT-2 toxin; type B, deoxynivalenol (DON), 3- and 15-acetyldeoxynivalenol (3- and 15-ADON)), 
fumonisins (FB1, FB2, FB3), sterigmatocystine (STERIG) and roquefortine C (ROQ C). Different 
extraction combinations were studied and optimized in order to obtain better recoveries. Acetonitrile 
was found to give comparatively clear extracts with better salt partitioning while methanol containing 
extraction mixtures resulted in dark extracts because of a lack of partitioning. As a final optimized 
extraction procedure, mycotoxins were extracted from the hydrated spices using acidified acetonitrile 
(1% formic acid), followed by partitioning with sodium chloride and anhydrous magnesium sulphate; 
excluding the use of dispersive solid phase extraction (d-SPE) and pre-concentration step. Significant 
matrix effects (ion suppression of 35 to 65%) due to co-eluting matrix components were compensated 
using the matrix matched calibration curves. Electrospray ionization at positive mode was used to 
detect simultaneously the 15 analytes in a single run time of 20 min under gradient elution, by injecting 
10 µl in the chromatographic system. Addition of formic acid in mobile phases produced uniform peaks 
with better ionization especially for fumonisins. Multiple reaction monitoring was applied to choose at 
least two fragment ions per analyte. The potential of the method to be used for confirmatory purposes 
according to Commission Decision 2002/657/EC has been assessed. Optimized extraction and 
instrumental conditions gave correlation coefficients in the range of 0.987 to 0.999 for all the analytes. 
Determinations performed using this method provided recoveries of 87-111% for most of the toxins 
except OTA. These values were in accordance with the performance criteria set by the Commission 
Regulation (EC) No. 401/2006. Intra-day repeatability expressed as relative standard deviation was 4 
to 22% for most of the mycotoxins in different matrices. The limit of detection (LOD) ranged from 3 to 
36 µg/kg depending on the matrices and type of analyte. The method was applied on 10 spice 
samples; OTA (1/10), FB1 (4/10) and STERIG (5/10) were detected. Ion ratio was also considered for 
the evaluation of positive findings.   
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Rice is the most common staple food consumed in Nigeria. For health reasons people now prefer to 
consume the local unpolished rice over the processed foreign ones. Igbemo-Ekti is a town located in 
Ekiti State, a rice producing region in Nigeria. The rice is very popular amongst inhabitants of Ekiti 
State. The storage facilities in the town are still traditional. This work was undertaken to assess the 
mycological quality of stored rice in order to ascertain the microbiological safety. Rice samples were 
aseptically collected in dry sterile sample bottles from ten rice store houses in Igbemo-Ekiti. The 
samples were transported to the laboratory immediately after collection and stored at 4

°
C until required 

for analysis. Physical observations were carried out on the samples, i.e. obvious mould growth, odour 
and cleanliness. The rice samples were cultured on potato dextrose agar using the pour plate and 
seed distribution methods after surface sterilization in 1% hypochlorite solution. The plates were 
incubated at 25°C for 5-7days. The result obtained showed that the major fungi isolated from these 
samples were Aspergillus niger (10%), A. flavus (10%), A. fumigatus (70%), Botrytis cinerea (20%), 
Fusarium spp. (10%) Mucor mucedo (90%) Penicillium citrinum (40%), Rhizopus nigricans (10%) and 
Trichoderma viride (10%). The fungal counts on the rice samples were in the range from 1.0x10

2
 to 
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7.0x10
5
 cfu/g. As some of these fungi could be mycotoxigenic, it can be concluded that there is need 

for a programme to control these organisms in stored rice. Therefore, it was recommended that 
storage conditions in the stores should be improved by means of modern storage facilities and that 
cleanliness should be maintained by frequent cleaning and fumigation of the store houses. An 
enlightenment campaign is also necessary for farmers and traders who handle rice in order to 
understand the consequences of mould growth on the stored rice. 
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Mycotoxins are secondary fungal metabolites that are capable of causing disease and death in 
humans and animals. The present work was a preliminary study focused on mycotoxin awareness 
amongst traders and farmers in some local government areas of Ekiti State, Nigeria. A questionnaire 
on mycotoxin awareness was distributed among 200 respondents in each of the four local government 
areas visited. Simple percentages were used to analyse the collected data. These showed that in Ekiti 
the people are ignorant of mycotoxins produced by moulds but they are aware of the existence of 
fungi. The general finding was that the people consumed some foods with mould growth as long as 
the taste did not any changes. In view of the data obtained, it is hereby suggested that studies should 
be carried out to ascertain the mycotoxin content of food and feedstuff in these areas. It was 
concluded that an intensive effort towards awareness is needed at grass-roots level in order to inform 
the people and to reduce mycotoxins in food and feedstuff and their transfer into humans.  
 
P169 

Kinetic study of aflatoxins degradation in the presence of ozone 
 
Sofia Agriopoulou

1
, J. Kapolos

1
, A. Koliadima

2
 and G. Karaiskakis

2
 

 

1
Department of Food Technology, Technological Educational Institute of Kalamata, Greece and 

2
Department of Chemistry, University of Patras, Greece. Corresponding author: 

sofia.agriopoulou@teikal.gr 
 
The aim of the present work was to study the influence of ozone on the degradation of aflatoxins B1, 
B2, G1 and G2 as well as to produce kinetic equations for the above procedure. Ozone concentrations 
of 8.5 ppm, 13.5 ppm and 20 ppm were applied on neutral aqueous aflatoxin solutions at different 
temperatures, namely 298 K, 308 K, 318 K and 328 K. An appropriate volume of the stock solution in 
CH3CN was added into 50 ml volumetric flask containing buffer solution. Two different aflatoxin 
solutions were prepared with final concentrations of 10 ppb for B1 and G1 and 2.5 ppb for B2 and G2 
(first solution), and 2 ppb for B1 and G1 and 0.5 ppb for B2 and G2 (second solution). For each 
experiment fresh solutions were prepared. Ozone was produced by using an ozone generator for the 
transformation of O2 molecules to O atoms and then forming O3 by using high voltage current. Ozone 
was canalized to a constant conditions environmental chamber in order to control temperature and 
relative humidity and after that, through a two port valve, was lead firstly to an ozone analyzer. When a 
constant concentration of ozone was measured the gas stream was guided to a double wall beaker 
which was maintained to constant temperature by connecting with a heating circulator. The aflatoxin 
aqueous solution (first or second) was exposed on ozone stream for 20 min while every two minutes 
samples for HPLC/post-column derivatization analysis were collected. Using reference curves for the 
four above mentioned toxins, the percentage of the degradation for each one was calculated and 
finally kinetic equations were produced. From the results, G1 seems to be the less resistant toxin 
whilst G2 is the most resistant. Regarding the two other toxins, B1 has the same behaviour as G1 and 
B2 as G2. This can be attributed to the different chemical structure of B1 and G1 and especially to the 
double bond of the furan ring. Kinetic equations for the degradation of G1 and B1 were produced and 
an order of 0.5 for the toxin’s concentration was calculated for both toxins. The constant rates, k, of 
the above procedure were also determined.  
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Fumonisins are a group of structurally related mycotoxins predominantly produced by Fusarium 
verticillioides and F. proliferatum. They are found worldwide as frequent contaminants of corn 
products. Fumonisin B1 (FB1), the most abundant representative, is carcinogenic in rodents and 
human exposure to FB1 is linked to oesophageal cancer and neural tube defects. Classical 
mycotoxicoses in domestic animals are porcine pulmonary oedema and equine euco-
encephalomalacia. At molecular level, fumonisins inhibit the ceramide synthase, a key enzyme in 
sphingolipid metabolism. The resulting imbalance of sphingolipids and sphingoid bases is responsible 
for the toxic effects of these secondary metabolites. Since fumonisins are highly stable, chemical and 
physical detoxification strategies remained unsatisfactory at large scale. Therefore, biological 
degradation represents an alternative approach. Our technological goal is to provide enzymes as a 
feed additive that can degrade fumonisins in the gastrointestinal tract of animals. We previously 
identified a gene cluster of eleven open reading frames (fumA-K) associated with FB1 degradation in 
Sphingopyxis sp. MTA144, predicted to encode transcriptional regulators, transmembrane proteins 
and catabolic enzymes. FumD, a type-B carboxylesterase, was found to catalyze the first step in the 
FB1 breakdown pathway. It hydrolyzes two tricarballylic acid (TCA) side chains from the FB1 
molecule, resulting in hydrolyzed FB1 (HFB1), which serves as substrate for further enzymatic 
degradation. Cellular localization of native FumD is still unknown, but prediction of a signal peptide 
and results of N-terminal protein sequencing suggest proteolytic maturation of FumD and a possible 
periplasmic residence. Recombinant FumD was heterologously expressed in Pichia pastoris and 
enzyme characteristics have been determined to evaluate its suitability as a feed enzyme. To 
determine kinetic parameters and specific enzyme activity, a new LC-MS/MS approach based on TCA 
release during FB1 degradation was developed. Finally, to optimize recombinant FumD production in 
P. pastoris and to investigate direct correlations between gene copy number and protein yield, 
expression studies using multicopy plasmids are under progress. In conclusion, expression host 
strains for large scale production of FumD, and analytical methods for FumD activity assays, are being 
developed, so that an application of the enzyme as feed additive for gastrointestinal fumonisin 
detoxification can be further evaluated. 
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Mycotoxin contamination is a serious problem in developing countries where climatic conditions and 
agricultural and storage practices are conducive to fungal growth and mycotoxin production. 
Ochratoxin A (OTA) is a mycotoxin with nephrotoxic, teratogenic, immunosuppressive, and 
carcinogenic properties. Aspergillus carbonarius seems to be the most important source of OTA 
because of the high proportion of producing strains and high amounts produced. The influence of 
Saccharomyces cerevisiae RC008 and RC016, previously selected for their aflatoxin B1 binding ability 
and beneficial properties, against A. carbonarius under different interacting environmental conditions 
was evaluated. Studies on the lag phase, growth rate and OTA production were carried out under 
different regimes of aw (0.95 and 0.99); pH (4 and 6), temperature (25 and 37°C) and oxygen 
availability (normal and reduced). Both yeast strains showed a great antagonistic activity, decreasing 
growth rate compared to the control. The RC016 strain showed the greatest inhibitory activity at all 
assayed conditions. A. carbonarius was able to produce large amounts of OTA. A significant decrease 
of OTA levels in comparison with the control were observed with the yeast interaction. The use of live 
strains with both, beneficial and bio-control properties, able to prolong the safe storage of feedstuff 
and exert beneficial properties after animal consumption, are important to be included in a novel 
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product to animal feed. This study demonstrated that selected S. cerevisiae strains exerted in vitro 
inhibition of A. carbonarius. The inhibition was effective against on both fungal growth and OTA 
production, and was significantly influenced by environmental conditions. The use of S. cerevisiae 
RC008 and RC016 as animal feed additive could be an alternative to control mycotoxigenic fungi in 
stored feedstuff.  
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Yeast is frequently fed to livestock for its nutritional value in the form of commercially formulated 
additives. In previous studies, Saccharomyces cerevisiae strain RC16 isolated from pig intestine was 
able to bind AFB1 in vitro. In this study, the ability of S. cerevisiae RC16 to counteract detrimental 
AFB1 effects in Wistar rats was evaluated. Thirty-six animals (male, 8 weeks old, similar weight) were 
kept in metabolic cages for 60 days. Six diet treatments (n=6) were applied: (T1) control: 
uncontaminated feed; (T2) yeast control: daily oral dose of S. cerevisiae 10

8
 cells/ml; (T3) feed 

amended with 40 µg/kg AFB1; (T4) feed amended with 100 µg/kg AFB1; (T5) feed amended with 40 
µg/kg AFB1 + daily oral dose of S. cerevisiae 10

8
 cells/ml; 

 
and (T6) feed amended with 100 µg/kg 

AFB1 + daily oral dose of S. cerevisiae 10
8
 cells/ml. Animals were fed 30 g of feed per day and water 

ad libitum. Animals were weighed three times a week and the total weight gain (TWG), progressive 
weight gain (PWG), feed efficiency (FE) and feed conversion (FC) parameters were determined. 
Genotoxicity was evaluated trough the rodent bone marrow micronuclei assay. Histopathological 
lesions were evaluated in liver tissue. S. cerevisiae RC16 was able to improve all production 
parameters in animals fed 40 and 100 µg/kg AFB1 (p≤0.05). In T6, genotoxicity was significantly 
reduced compared with T3, T4 and T5 (p≤0.05). Treatments with yeasts attenuated necrotic lesions 
from moderate to sparse (T5) and from sparse to none (T6). The beneficial effect may be due to the 
adsorption of the mycotoxin by the yeast cell wall in the intestine, which reduces its bioability 
improving animal performance. Moreover, an increment in AFB1 concentration in faeces of yeast-
treated rats was detected by HPLC, confirming in vivo adsorption. These results indicate a potential 
use of strain RC16 for the formulation of feed additives destined to livestock.  
 
P173 

In vivo studies of chronic aflatoxin B1 exposure on rat gut villi in the presence 
of probiotic Saccharomyces cerevisiae RC016 strain 
 
C.A. Dogi

1
, A. Cristofolini

2
, A. Fochesato

1
, R. Armando

1
, G. Pena

1
, S. Chulze

1
, A. Dalcero

1
 and 

Lilia Cavaglieri
1
 

 
1
Departamento de Microbiología e Inmunología, Universidad Nacional de Río Cuarto, Argentina and 

2
Departamento de Microscopía Electrónica, Universidad Nacional de Río Cuarto, Argentina. 

Corresponding author: lcavaglieri@exa.unrc.edu.ar 
 
Aflatoxin contamination is a worldwide problem that compromises food and feed safety. Chronic AFB1 
exposure is linked to impaired growth and immune function and chronic diseases. In previous studies 
we have demonstrated that Saccharomyces cerevisiae RC016 has beneficial properties and 
mycotoxin binding abilities in vitro. The aim of the present study was to evaluate the toxic effect of 
chronic AFB1 exposure on rat gut villi in the presence of probiotic S. cerevisiae RC016 strain in vivo. 
Male Wistar rats (36) were divided into six diet groups: (i) commercial diet and PBS (1 ml) orally 
administered; (ii) control diet and S. cerevisiae (1x10

9
 cells/ml in PBS) orally administered; (iii) 

commercial diet with AFB1 40 µg/kg; (iv) commercial diet with AFB1 100 µg/kg; (v) commercial diet 
with AFB1 40 µg/kg and S. cerevisiae (1x10

9
 cells/ml in PBS); and (vi) commercial diet with AFB1 100 
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µg/kg and S. cerevisiae (1x10
9
 cells/ml in PBS). The assay was carried out during 60 days. At the end 

of the experiment rats were sacrificed by decapitation and the small intestines were recovered and 
histologically evaluated. Cell apoptosis was evaluated by Tunel’s technique. The morphometric 
parameters included villi length and width, intestinal crypt depth and quantification of goblet cells. The 
results showed a higher apoptotic index in rat cells receiving the diet (ii), even though higher than that 
observed in the control diet (i). Both doses of AFB1 (iii and iv) diminished the apoptosis index whereas 
the index increased again when AFB1 and the yeast were combined in the diet (v and vi). The same 
trend was observed for all the morphometric parameters evaluated and S. cerevisiae RC016 appears 
to exert its beneficial effect only in the presence of high toxin levels. The results agree with previous in 
vitro studies demonstrating that AFB1 removal increased in relation to AFB1 concentration. Apoptosis 
plays a fundamental role in cellular remodelling to maintain tissue homeostasis. The presence of the 
toxin inhibits tissue remodelling leading to atrophy or at least not allow adequate remodelling. The 
results obtained in the present study showed that S. cerevisiae RC016 would favour this tissue 
remodelling, allowing gut remodel their cells and thereby improves tissue homeostasis. 
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Mycotoxins are secondary metabolites produced by fungi in the field, during storage or handling. 
Mycotoxins in animal diets negatively affect animal health and performance. The aim of the present 
study was to evaluate the impact of aflatoxins (AFs) and deoxynivalenol (DON) on performance, organ 
health and immunological parameters in pigs, and to investigate the efficacy of a mycotoxin inactivator 

UNIKE Plus to counteract these negative effects. Gilts (n=135, 8.80.4 kg body weight (bw)) were 
allotted to 3 treatments (15 replicates, 3 pigs per pen): PC (positive control without AFs and DON); NC 
(negative control with 150 µg AFs/kg and 1,100 µg DON/kg); and NC+UP (NC + UNIKE

 
Plus). Feed 

intake and bw were recorded weekly and blood collected every other week. On day 42, pigs were 
euthanized to obtain liver, kidney, and spleen tissues. Pigs fed NC had decreased average daily gain 
(ADG) (p<0.05), tended to have reduced average daily feed intake (ADFI) (p=0.090), and tended to 
have decreased gain:feed (G:F) (p=0.052) compared with pigs fed PC. Pigs fed NC+UP tended 
(p=0.086) to have increased G:F by 4.4% compared with pigs fed NC. On day 42, pigs fed NC tended 
(p=0.097) to have a greater basophil count than pigs fed PC, and had a greater (p<0.05) monocyte 
count than pigs fed PC, and NC+UP. Pigs fed NC had greater serum IgG (p<0.05) than pigs fed PC. 
Pigs fed NC had a greater serum IgM (p<0.05) than pigs fed PC, and NC+UP. Cytokine tumour 
necrosis factor alpha was not affected by dietary treatments. Pigs fed NC had a greater liver weight as 
% of bw than pigs fed PC. Pigs fed NC had greater (p<0.05) liver bile ductule hyperplasia, 
megakaryosis, and vacuolation than pigs fed PC, and all treatments differed from pigs fed NC for 
megakaryosis. Pigs fed NC+UP had reduced bile ductule hyperplasia and vacuolation. Kidney 
vacuolation tended (p=0.066) to be greater in pigs fed NC than pigs fed PC, and NC+UP. The results 
of the study showed that a combination of aflatoxins and deoxynivalenol negatively affected 
performance, organ health and immune status in pigs. Inclusion of the mycotoxin inactivator UNIKE 
Plus in the diets showed an improvement of the studied parameters against the negative effects of 
these mycotoxins. 
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Dankook University in South Korea evaluated protection against zearalenone (ZEA) in pigs by 
Calibrin-Z (CAZ), a processed calcium montmorillonite. In experiment 1 (EXP I), 144 gilts were fed 8 
treatments: (a) control; (b) control + 0.2% CAZ; (c) control + 200 ppb ZEA; (d) control + 200 ppb ZEA 
+ 0.05% CAZ; (e) control + 400 ppb ZEA; (f) control + 400 ppb ZEA + 0.10% CAZ; (g) control + 800 
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ppb ZEA; and (h) control + 800 ppb ZEA + 0.2% CAZ for 28 days. At the end of EXP I, 64 pigs from 
treatments a, c, e, and g were fed either control diet without ZEA or control diet + 0.2% CAZ for 18 
days to determine their recovery rate (experiment 2; EXP II). In EXP I, pigs fed 800 ppb ZEA had a 
worse average daily gain (ADG) and feed efficiency (FE) compared to pigs fed the control diet 
(p<0.05). Addition of 0.2% CAZ to the 800 ppb ZEA diet improved FE (p<0.05). Vulva size increased 
linearly as ZEA increased (p<0.05). Addition of CAZ reduced vulva size in the 400 and 800 ppb ZEA 
treatments (p<0.05). Dry matter, crude protein (CP) and gross energy (GE) digestibility decreased as 
dietary ZEA increased (p<0.05); they improved with CAZ supplementation. Serum liver enzymes 
increased linearly as dietary ZEA increased on day 14 but not on day 28. Serum malondialdehyde 
(MDA) increased and total superoxide dismutase (TSD) decreased as dietary ZEA dosage rate 
increased (p<0.05); CAZ supplementation reversed the effects of ZEA on serum MDA and TSD 
activity. In EXP II, the recovery stage, 0.2% CAZ increased ADG in pigs pre-fed 200, 400, or 800 ppb 
ZEA diets as compared to pigs pre-fed the same ZEA diets followed by the control diet without CAZ 
(p<0.05). Pigs fed 0.2% CAZ showed a reduced vulva size throughout the study compared to pigs fed 
the control diet, regardless of pre-fed ZEA dosage rate (p<0.05). Vulva size reduction was significantly 
improved in pigs fed diet with CAZ. Serum MDA was reduced in pigs fed CAZ supplementation on day 
18 and TSD increased in these pigs on day 9 (p<0.05). In conclusion, ZEA had negative effects on pig 
production other than the well-know oestrogenic effects, which continued even after ZEA 
contaminated feed was removed. Calibrin-Z prevented the negative effects of ZEA and accelerated 
the recovery of pigs intoxicated with ZEA. 
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Two experiments (EXPs) conducted at Shandong Agricultural University in China investigated the 
effects of dietary zearalenone (ZEA) in pigs and the possible ameliorative effects of Calibrin-Z (CAZ), 
a processed calcium montmorillonite. In EXP I, 20 postweaning gilts allotted to 4 treatments 0, 1, 2, or 
3 ppm ZEA added to a basal diet and fed for 21 days. Faecal and urine samples were collected daily 
from day 3 to day 18 for determination of apparent digestibility. In EXP II, 30 pigs were allotted into 6 
treatments and fed diets containing ZEA ppm/CAZ (%) (0/0, 0/0.1, 1/0, 1/0.1, 1/0.2, and 1/0.4) for 21 
days. In both experiments, reproductive organs were isolated and relative weights determined. Blood 
was withdrawn at the beginning of each experiment, and serum and liver samples were collected at 
the end of both trials and malondialdehyde (MDA), glutathione peroxidase (GPX) and total superoxide 
dismutase (TSD) were measured. Serum antibody titre production in response to classical swine fever 
(CSF) vaccination was determined at day 1 and day 21 in both studies. In EXP I, reproductive organ 
weight increased as dietary ZEA increased. Overall dry matter, organic matter, crude protein, and 
energy digestibility decreased linearly as dietary ZEA increased (p<0.05). Serum and liver MDA 
increased linearly and GPX and TSD enzyme activities decreased as dietary ZEA increased (p<0.01). 
Antibody titre response to CSF vaccination was reduced in pigs fed 2 or 3 ppm ZEA but was not 
different between pigs fed the 0 and 1 ppm ZEA diets. In EXP II, pigs fed 1 ppm ZEA without CAZ 
showed higher serum and liver MDA (p<0.01) and lower GPX and TSD (p<0.05). Reduced enzyme 
and increased MDA concentrations were ameliorated by CAZ addition. Serum IgG was decreased by 
1 ppm ZEA but the addition of CAZ improved IgG. Antibody titre response to CSF vaccination was not 
different between 0 and 1 ppm ZEA; addition of 0.1% CAZ to the basal diet increased the titre 
response to the vaccination (p<0.05). In conclusion, ZEA affected reproductive organs in pigs but also 
showed a negative impact on nutrient digestibility, oxidative stress, response to vaccination and total 
IgG. Supplementation of 0.1 to 0.4% Calibrin-Z could ameliorate the detrimental effects of ZEA in pigs. 
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A mycotoxin binding product needs to bind a high amount of mycotoxin in a short time before it 
reaches the small intestine, as mycotoxins are rapidly adsorbed from the small intestinal lumen into 
the animal’s body where they cause illness. Therefore, in vitro binding tests were conducted to 
compare three mycotoxin binding products on rate of binding at levels approximating field conditions. 
The three products were: (i) Calibrin-Z, a thermally processed calcium montmorillonite (CAZ); (ii) a 
yeast glucomannan-based product (YGP); and (iii) an enzyme-based product (EBP). The mycotoxins 
tested were: aflatoxin (AF), fumonisin (FUM), ochratoxin A (OTA), T-2 toxin (T-2) and zearalenone 
(ZEA). Tests conducted at Trilogy Labs (Missouri, USA), used the same amount of each binder added 
to each toxin. Incubation  took place at 37

o
C in a  pH 3.0 phosphate buffer  during 1, 10, and 100 min. 

 
Table 1. Percent of mycotoxin adsorption by different binders (1 g/kg) at 1 min. 

 
AF 
(30 μg/kg) 

FUM 
(1,250 μg/kg) 

OTA 
(225 μg/kg) 

T-2 
(300 μg/kg) 

ZEA 
(250 μg/kg) 

CAZ 99.8 95.0 99.0 69.1 95.7 

YGP 94.6 3.8 61.8 4.2 75.4 

EBP 98.9 19.2 76.8 7.0 64.8 

 
Calibrin-Z outperformed the other two products for all mycotoxins except AF, as all three products 
adsorbed close to 100% AF from the first minute. Of the three products, Calibrin-Z bound the highest 
concentrations of FUM, OTA, T-2 and ZEA; the greatest differences were seen at 1 min (Table 1).  
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Ochratoxin A (OTA) is a mycotoxin produced by several species of the Aspergillus and Penicillium 
genera. Due to its toxicity to humans and animals the International Agency for Research on Cancer 
(IARC) has classified OTA as a group 2B carcinogen. This toxin can contaminate a wide variety of 
foodstuffs and maximum permitted levels have been established by the EU and other countries to 
reduce the risk of human exposure. Prevention through pre-harvest management is the best method 
for controlling OTA contamination. Biological control using antagonist microorganisms has been 
proposed for a long time as a good option to control plant pathogens and toxigenic fungi. One of the 
advantages of biocontrol is that it could be used together with fungicides reducing the environmental 
and toxicological risks of the chemical compounds. Yeasts are good candidates to use as biological 
control agents due to their biology and non-toxic properties. The mechanism most probably involved in 
filamentous fungi biocontrol by yeast is competition for essential factors, parasitism and production of 
fungal growth inhibiting compounds. Until now there is no information on the volatile compounds 
production by yeasts strains with antifungal properties against Aspergillus section Nigri. The aim of 
this work was to determine the effect of volatile compounds produced by indigenous yeasts, potential 
biocontrol agents isolated from grapes, on Aspergillus carbonarius growth, OTA pks expression and 
OTA production. Out of 100 yeast strains isolated, 40 were able to produce volatile compounds that 
affected  A. carbonarius growth. The 5 more promissing strains were studied to evaluate the effect on 
OTA pks gene expression and OTA production. The results showed that there was a good correlation 
between OTA biosynthesis gene expression and phenotypic production of OTA in the presence or 
absence of the biocontrol yeasts strains. The external growth parameters also moderate mycotoxin 
biosynthesis via their influence on gene transcription. 
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Ochratoxin A (OTA) is a mycotoxin produced by species that belong mainly to the Aspergillus and 
Penicillium genera and occurs on different commodities such as cereals, coffee, cocoa beans, dried 
fruits, grapes and wine. Biological control offers a tool to reduce the impact of ochratoxigenic species. 
In previous studies we have demonstrated that Kluyveromyces thermotolerans strains can control both 
growth and OTA production of Aspergillus section Nigri strains. There is no information about the 
mechanisms related to this control. A viable hypothesis can be that the presence of the biocontrol 
agents affects OTA biosynthesis by affecting the transcription patterns of the pks enzyme, one of the 
key enzymes in the OTA biosynthetic pathway. The aim of this work was to determine the effect of two 
strains of K. thermotolerans (RCKT4 and RCKT5) on OTA pks expression by ochratoxigenic species 
including Penicillium nordicum (BFE487), P. verrucosum (BFE808), A. carbonarius (RC13I) and A. 
niger aggregate (BFE631). The results showed that both K. thermotolerans strains evaluated had a 
strong influence on the expression of mycotoxin biosynthesis genes. The production of OTA can be 
regarded as an adaptation imposed by stress conditions to these ochratoxigenic species. The 
activation of pks gene can be a cause or a consequence of a stress imposed to the ochratoxigenic 
species. A viable hypothesis can be that the influence of external factors on the OTA biosynthesis 
pathway is regulated at the transcription level.   
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Argentina is subject to climate conditions favourable for the production of a wide range of agricultural 
products. Peanut exportation increased 0.55 million tons consolidating Argentina as the first worldwide 
exporter. Contamination of different agricultural commodities with ochratoxin A (OTA) occurs 
predominantly postharvest. Aspergillus niger aggregate and A. carbonarius are among the major 
storage fungi found regularly in peanuts stored throughout the world. Therefore, there has been 
increased interest in the research in using natural antimicrobial or antifungal substances that may 
replace synthetic pesticides or contribute to the development of new pest control agents. Essential oils 
(EOs) from boldo (Pëumus boldus Mol.), poleo (Lippia turbinata var. integrifolia (Griseb.)), clove 
(Syzygium aromaticum L.), anise (Pimpinella anisum) and thyme (Thymus vulgaris) obtained by 
hydrodistillation were evaluated for their effectiveness against the growth of A. niger aggregate and A. 
carbonarius and accumulation of OTA. The evaluation was performed by compound dissolution at 
doses of 0, 500, 1,500 and 2,500 µl/l in peanut meal extract agar (PMEA) and exposure to volatiles of 
boldo, poleo (0, 1000, 2,000 and 3,000 µl/l) and clove oils (0, 1000, 3,000 and 5,000 µl/l), taking into 
account the levels of medium water activity (0.98, 0.95, 0.93 aw). Statistical analyses on growth of 
Aspergillus strains indicated that the major effect was produced by oil concentrations followed by 
substrate aw and that reductions in antifungal efficiency of the oils tested were observed in the vapour 
exposure assay. At all aw levels, complete fungal growth inhibition was achieved with boldo EO at 
doses of 1,500 and 2,000 µl/l by contact and volatile assays, respectively. Contact exposure by poleo 
and clove EOs showed total fungal inhibition at the middle level tested (1,500 µl/l), regardless of aw, 
while their antifungal effects in headspace volatile assay were closely dependent on medium aw. The 
fumigant activity of poleo (2,000 µl/l) and clove oils (3,000 µl/l) caused growth rate inhibition of 66.0 
and 80.6% at 0.98 and 0.93 aw, respectively. The antiochratoxigenic property of the volatile fractions of 
boldo, poleo and clove EOs (1000 µl/l) was more significant at low aw levels; inhibition percentages 
were estimated at 14.7, 41.7 and 78.5% at 0.98, 0.95 and 0.93 aw, respectively. Our results suggested 
that boldo, poleo and clove oils had metabolic effects on the OTA biosynthesis pathway of both 
Aspergillus species. This finding opens the possibility to use them as effective non-toxic 
biopreservatives against OTA contamination in stored peanuts by vapour exposure. 
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Aspergillus flavus and A. parasiticus are the best adapted fungal species to peanut storage with the 
ability to produce the major significant mycotoxins, aflatoxins. Aflatoxins in general and specifically 
aflatoxin B1 (AFB1) are mutagenic, teratogenic and hepatocarcinogenic secondary metabolites. 
Vegetative growth and subsequent aflatoxin production by A. flavus and A. parasiticus were found to 
be sensitive to 1000 µl/l of essential oils (EOs) extracted from Pëumus boldus (Mol.) (boldo) and 
Lippia turbinata var. integrifolia (Griseb.) (poleo) leaves in contact and volatile assays. The aim of the 
present work was to evaluate the antifungal and antiaflatoxigenic properties of boldo (B) and poleo (P) 
mixtures present in the headspace of peanut extract medium at three water activity levels (0.98, 0.95, 
0.93 aw). The study was conducted to determine the existence of additive and/or synergistic effects 
that can increase the effectiveness of oils, to achieve inhibitory effects at lower concentrations. The 
treatments were the following: boldo-poleo mixtures, 250 + 500 µl/l; 250 + 1000 µl/l; 250 + 1,500 µl/l; 
500 + 500 µl/l; 500 + 1000 µl/l; 500 + 1,500 µl/l; 750 + 500 µl/l; 750 + 1000 µl/l; and 750 + 1,500 µl/l. At 
all water activities assayed mixtures with B750-P1000 and B750-P1,500 were able to produce a 
significant increase in lag phase. Increase of poleo concentrations from 500 to 1,500 µl/l only showed 
a significant effect (p=0.05) on Aspergillus growth when was combined with 750 µl/l of boldo, resulting 
in increase in growth inhibition of 24.2 and 40.3% at 0.98 and 0.95 aw, respectively. At 0.93 aW and in 
presence of B500-P1,500 and mixtures that contained the highest dose of boldo (750 µl/l) the strains 
were not able to growth. In eleven day-old Aspergillus cultures treated with 750 µl/l boldo, AFB1 
accumulation was reduced by 84.9 and 99.8% at 0.98 and 0.95 aw, respectively. While the highest 
AFB1 inhibition levels were observed at 0.93 aw, the mixtures with 500 and 750 µl/l boldo EO 
produced 100% inhibition. Although the vapour released by the treatments that contained 500 µl/l 
poleo EO significantly reduced (p<0.001) AFB1 accumulation, increasing concentrations of this EO 
(1000-1,500 µl/l) did not show any major inhibitory effects. In conclusion, boldo appeared to be the 
most effective EO. The volatile fraction of this oil at doses >750 µl/l is an effective potential compound 
for inhibition of Aspergillus section Flavi growth and AFB1 production over a range of environmental 
conditions in peanut-based medium. 
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In Argentina, the large volume of peanuts entering the storage systems at harvest time exceeds the 
storage capacity; it cannot adequately kept dry or is exposed to sunlight. Under these conditions, 
peanuts increase in moisture and temperature due to biological activity, resulting in loss of quality and 
nutritional value, fungal growth and accumulation of toxic metabolites such as aflatoxins. Therefore, 
there is a need for effective control measures against fungal and mycotoxin contamination to enhance 
the shelf life of food during postharvest processing. Boldo and poleo essential oils (EOs) with a high 
efficacy as antifungal and aflatoxin inhibitors in vitro, may be used as ecofriendly alternatives to 
synthetic preservatives. This study was carried out to evaluate if boldo and poleo EOs have the ability 
to maintain their antifungal activity after subjecting them to environmental variations. Experiments 
were performed to determine the thermostable nature of the oils, the stability during sunlight and UV 
exposure and storage time. Different glass vials containing 3 ml of each oil were subjected to: different 
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temperature treatments for 1 h in incubators already adjusted at 40, 60 and 80 °C; sunlight during 30 
and 60 min; UV light (260 nm) during 15 and 30 min; and storage during 6 months at 4 °C. The 
fungitoxicity of the oils from each set was tested against Aspergillus flavus and A. parasiticus strains at 
2,000 µl/l on peanut based medium. After exposure of boldo EO to UV light during 30 min the 
inhibitory activity on A. flavus strains was reduced by 29.1% compared to EO without treatment. 
Sunlight exposition reduced the inhibitory capacity of this oil by 29.6 and 30.9% at 30 and 60 min, 
respectively. When the thermostability of the oil was tested, it was found that its activity was not 
altered at temperatures ranging from 40 to 80 °C. Boldo EO showed a stable activity during the first 
five months of storage, however, at six month its inhibitory activity was reduced by 48.4 and 66.5% on 
A. flavus and A. parasiticus strains, respectively. The volatile activity of poleo EO was not altered after 
exposure to heat, sunlight and UV. However, a total loss of inhibitory activity was observed at sixth 
month of storage. In conclusion, our study demonstrated that the inhibitory activity of volatile fractions 
of boldo and poleo oil remained stable under temperature changes while the antifungal capacity of 
these oils was subject to variations due to factors related to light and storage time. 
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With the trend towards conservation tillage and maize cropping, the risk for Fusarium head blight 
(FHB) and mycotoxin contamination in wheat increased. Globally, Fusarium graminearum (FG) is the 
most prevalent FHB causing fungus and the main source of deoxynivalenol (DON) and zearalenone 
(ZEA) contamination of wheat. Since the use of synthetic fungicides is not allowed in organic farming, 
we examined the effect of antifungal botanicals (ABs) on FG and F. crookwellense (FC), a nivalenol 
(NIV) producer. Based on promising results with botanicals rich in tannins (Krebs et al., 2007. 9. 
Wissenschaftstagung Ökologischer Landbau 1: 329-332), we used suspensions of ground meals of 
Chinese gall (Galla chinensis), Rheum palmatum and Frangula alnus. In vitro, we examined their 
effect on growth and spore germination of FG and FC and compared it with those of tannic acid, a 
compound of plants and gallnuts, and with Pronto Plus, a fungicide containing tebuconazole and 
spiroxamine. The fungicide completely inhibited the growth and germination of FG at a concentration 
of 0.2%. With concentrations (w/w) of 1% tannic acid or gallnut, growth inhibition varied between 75 
and 90%, respectively, and was near 100% for the spore germination, whereas the performance of the 
other ABs was low. With tannic acid an EC50 of 0.3-0.45% resulted for FG and FC. In the climate 
chamber and the field, flowering wheat was artificially infected and treated one day before or/and after 
infection with suspensions of 5% of ABs or tannic acid and 0.2% of Pronto Plus.  In climate chambers, 
highest disease and DON reductions were obtained with the fungicide with up to 98% reduction 
compared with 80% and 75% for tannic acid and the best AB, respectively. Similar results were 
achieved for NIV and yield data. While the performances of the fungicide and of tannic acid were 
always good for disease, mycotoxin and yield data, it varied for the ABs. Although in field trials, best 
performance was observed with the fungicide, in 2010, tannic acid and gallnut demonstrated efficacies 
as good as that of the fungicide. In an additional field trial with maize stubbles as infection source, 
Pronto Plus, tannic acid and the ABs reduced the DON content from 4ppm to 0.5ppm, 1ppm and 2 
ppm, respectively. These high efficacies under field conditions are based on well timed applications 
according to the forecasting system FusaProg (Musa et al., 2007. Bulletin OEPP/EPPO 37: 283-289) 
and underline the high potential for tannic acid and gallnut as natural fungicides for FHB control.               
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Cereals represent a major part of human diet with a world cereal production of 2.3 billion tons in 2011.  
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Significant fractions of the cereal production contain detectable amounts of mycotoxins, which are 
known to be a severe health risk for animals and humans. Hence, mycotoxins represent a major food 
safety challenge with a large impact on global trade. The biology of mould fungi and their produced 
mycotoxins have been subject of extensive research in the past decades. It has turned out that in 
cereals fungal infection and resulting mycotoxin contamination may occur either at the field, during 
storage or during processing by cross-contamination. Suitable countermeasures include good 
agricultural practice, proper and immediate drying of harvested crop, ensuring adequate storage 
conditions, proper sampling and mycotoxin level control, sorting of contaminated material, as well as 
the optimization of mechanical processing with respect to mycotoxin reduction. In this contribution, 
mycotoxin solutions along the grain value chain from an industrial-scale processing perspective are 
presented. The value chain thereby extends from grain collection points, over large-scale oversea 
terminals all the way through grain processing plants such as wheat mills, pasta production or malting 
plants. In particular, the focus is on advanced grain drying solutions, automated sampling solutions, 
and the removal of contaminated kernels by optical sorting.   
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Aflatoxin B1 is one of the most hazardous mycotoxins due to its mutagenic and cytotoxic effects, and 
zearalenone causes various problems associated with reproduction thorough its oestrogen effect. 
Strong biological effect of these mycotoxins allows monitoring mycotoxin levels on the base of their 
geno-/cytotoxicity or oestrogenicity. Among biodetoxification processes, biotransformation seems to 
be the most promising approach. However, insufficient data present the residual biological effect of 
biotransformation, which would be the core of a successful biodetoxification. Appropriate bioreporter 
systems, besides monitoring food and feedstuffs, are suitable for evaluating biodetoxification 
processes. To investigate the biological effect of aflatoxin B1 and zearalenone prokaryotic and 
eukaryotic test organisms were applied: the genotoxicity testing SOS-Chromotest optimized for 
Escherichia coli, the cytotoxicity testing method that is based on Aliivibrio fischeri luminescence, and 
the Saccharomyces cerevisiae BLYES strain that contains human oestrogen receptor for detecting 
oestrogenicity. By the application of these bioassays, a combined toxicity-profiling method was 
developed and adapted to experiments for testing mycotoxin biodegradation (1-4 µg/ml). Moreover, 
results of biodegradation experiments were confirmed by parallel chemical analytical and ELISA tests. 
In the present work more than fifty microbes – from a collection of environmental isolates – were 
tested to degrade zearalenone and aflatoxin B1 simultaneously. On the base of this combined toxicity-
profiling method the most appropriate microorganisms with the weakest residual oestrogen or geno-
/cytotoxic effect were selected, which are belonging to the Rhodococcus, the Pseudomonas, and the 
Streptomyces genus. Our findings underline the necessity of such biotests, since remaining hazardous 
biological effects may occur even after substantial toxin degradation. We concluded that the adopted 
combined profiling method is a cost-effective, prompt and reliable tool for screening simultaneous 
zearalenone and aflatoxin B1 degrading microbes. Moreover, the use of this monitoring system would 
be appropriate for elucidating the metabolism of mycotoxins (e.g. screening of thousands of clones 
originated from transposone and UV mutagenesis clone libraries). Acknowledgements: This study 
was supported by the NKTH TECH_08-A3/2-2008-0385 MYCOSTOP grant, Gábor Baross 
Programme-HALEDC09 and TÁMOP-4.2.1B-11/2/KMR-2011-0003. 
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Maize can be colonized by fungal communities at harvest and storage. Fungal contamination reduces 
the quality and quantity of grain and can contaminate the cereal with mycotoxins such as aflatoxins. In 
addition to damage the stored grain, insect contamination of food commodities contribute to the 
dispersal of viable fungal spores of Aspergillus section Flavi. To avoid mycotoxin contamination, 
stored products can be treated with food grade antioxidants and natural phytochemicals. These 
substances also show insecticide effects and decrease the dispersion of aflatoxigenic Aspergillus 
during storage. Another alternative that deserves to be further investigated is the biological control of 
insects by using of entomopathogenic fungi. We have isolated and identified potential 
entomopathogenic fungi from the maize agro-ecosystem. Strategies have been employed to increase 
efficiency and accelerate insect mortality by combining entomopathogenic fungi with sublethal doses 
of antioxidants and phytochemicals. So, tolerance of entomopathogenic fungi to sublethal doses of 
these substances will allow to select the appropriate doses and to schedule chemical treatments in 
order to minimize any deleterious effects on entomopathogenic efficacy. The purpose of this study 
was to determine the compatibility of 21 Purpureocillium lilacinum strains with food grade antioxidants 
2(3)-t-butyl-4 hydroxyanisole (BHA) and 2,6-di-tert-butyl-p-cresol (BHT), and natural phytochemicals 
transcinnamic acid (3-phenyl-2-propenoic acid) (CA) and ferulic acid (trans-4-hydroxy-3-
methoxycinnamic acid) (FA). Studies were carried out in vitro, in 3% maize meal extract agar (MMEA) 
over the aw range 0.99-0.95. Solutions of food grade antioxidants or natural phytochemicals alone 
(BHA 1 mM; BHT 7 mM; CA 1 mM; FA 7 mM) or their mixtures (BHA + BHT, 0.7 + 6 mM; CA + FA, 0.6 
+ 2 mM) were added to sterilized MMEA in an adequate volume to achieve the desired concentration. 
Entomopathogenic fungi were grown on potato dextrose agar (PDA) for 7 days at 25°C to obtain 
heavily sporulating cultures. Each plate of MMEA was inoculated with 100 µl of 10

7
 spores/ml of the 

fungal strain to be assayed. Petri plates were incubated at 25°C for 25 days. Fungal count was 
determined as cfu/ml in each treatment. The antioxidants BHA, BHT, BHA + BHT and CA did not 
significantly influence viable spores count compared to the control. Furthermore, some treatments 
showed higher counts than the control. All strains showed compatibility percentages above 80 when 
grown in the presence of BHT, BHA + BHT and CA. Three strains showed compatibility percentages 
between 80 and 90 in some treatments; the remaining 18 showed compatibility percentages between 
90 and 100 and in some cases compatibility percentages above 100. BHT, BHA + BHT and CA did not 
affect viability of spores of the P. lilacinum strains evaluated. 
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Fusarium verticillioides (Sacc.) Nirenberg is a seed-transmitted pathogen that infects maize. This 
pathogen has been reported as the most prevalent in maize in Argentina. It produces several toxins 
that have potential toxicity for humans and animals and is responsible for the loss of yield and quality 
in maize grains. Therefore, the control of F. verticillioides colonization in maize has become an area of 
interest in crop safety production. Biological control of F. verticillioides with formulations of Bacillus 
amyloliquefaciens and Microbacterium oleovorans was evaluated. 2009/2010 was the first maize 
growing season wherein these biocontrol agents were applied as active components of two 
formulations, after four consecutive maize growing seasons (2004/2005, 2005/2006, 2006/2007 and 
2007/2008) wherein B. amyloliquefaciens and M. oleovorans were applied in liquid cultures. Maize 
seeds were inoculated with a freeze-drying formulation of biocontrol agents and grown in the field. 
Pathogen incidence (expressed as log10 per g of maize) and fumonisins accumulation (according to 
the official method AOAC No.995.15) in harvested grain were determined. During the harvest season 
2009/2010, cumulative rainfall values (420.4 mm) were below average and occurred mainly in 
December being scarce in the other months. The average yield was 5,474 kg/ha. The number of 
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viable propagules of F. verticillioides on kernels treated with both biocontrol agents did not differ from 
those on kernels of naturally infected plants and on plants from seeds inoculated with the pathogen. 
The number of colony forming units was something like 5 log for all treatments. Fumonisin B1 
concentrations in harvested maize were significantly reduced by both formulations. Treatment with 
formulations of M. oleovorans showed a reduction of 72 to 77.5%; with formulations of B. 
amyloliquefaciens the reduction was of 50%. Pearson correlation showed a weak correlation between 
fumonisin B1 with yield and incidence and a modest correlation between yield and incidence. So, the 
application of both formulations produced significant reduction in fumonisin B1 content in maize. The 
addition of these formulations could significantly improve the quality of grains. They also have the 
advantage of being stable both to prolonged storage and environmental fluctuations in the field.  
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Kluyveromyces spp. have biocontrol efficacy against Aspergillus section Flavi in maize. Temperature 
and osmotic stress play an important role in the biocontrol system. Ecological fitness, the ability of an 
organism to survive and replicate, is closely related to the performance of biocontrol agents. Thus, 
enhancing stress tolerance may represent a strategy for improving efficacy. Heat shock treatment, 
characterized by the induction of a trehalose-6-phosphate synthase gene and other specific proteins, 
can enhance the ability of yeasts to withstand unfavourable environmental conditions such as freeze 
drying, hydrostatic pressure, high temperature and oxidative stress. The aims of this study were (i) to 
determine the heat shock survival on yeast cells and (ii) to determine the accumulation of endogenous 
compatible solutes of yeast cells. Kluyveromyces spp. L16 and L25 were initially grown in MSB 
(molasses, 20 g/l + soy powder, 10 g/l) and NYDB 75% (nutrient broth, 6 g/l + dextrose, 7.5 g/l + yeast 
extract, 3.75 g/l), osmotically modified to 0.99, 0.97 and 0.95 aw using the non-ionic solute glucose. 
These media supported rapid growth rate and high biomass production. When cultures reached the 
stationary phase of growth, cells were harvested by centrifugation. The cells were incubated for 1 h in 
separate water baths set at 35, 40 and 45°C and then a new count of viable cells was done on meal 
extract agar plates. Yeasts cells were grown in meal extract broth with aw modified by NaCl and 
glycerol, and pH 3, 5 and 7, for the quantification of intracellular compatible solutes. Twenty five mg 
cell material was analyzed for the intracellular solutes trehalose, glycerol, erythritol, arabitol, glucose 
and mannitol. The viability of L16 and L25 increased with increasing temperature. Unexpectedly, at 
45°C cells showed an increased count (12 log cfu/ml). The manipulation of biocontrol agents L16 and 
L25 by changes in aw with different types of solutes, incubation times and pH affected the 
accumulation of compatible solutes. Solutes accumulating in higher amounts were glycerol and 
arabitol. Cells grown under unmodified aw condition showed accumulation of a significant amount of 
trehalose. The tolerance of both yeasts to water potential modifications and heat shock could increase 
the potential for biological control of Aspergillus section Flavi during grain storage. Furthermore, these 
results could have important implications for optimizing and improving formulations.  
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Aflatoxin B1 is a naturally occurring mycotoxin that is produced as secondary metabolite by 
Aspergillus spp., especially A. flavus and A. parasiticus. This toxin is the most severe toxin due to its 
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carcinogenic, mutagenic and teratogenic properties. Hence, methods for toxin detoxification/ 
degradation have been received increasing interest from both scientific communities and industries. 
The biological method is an interested way and Bacillus subtilis is the one of bacteria that has an 
ability to degrade this toxin. In this study, 32 isolates of Bacillus spp. from various fermented cereal 
products were screened for aflatoxin B1 degradation ability. Results indicated that all isolates 
exhibited aflatoxin B1 degrading activity. 10 isolates having the highest activity were grouped by 
(GTG)5-PCR genomic fingerprint. Results showed that the isolates could be divided into 9 groups. 
Furthermore, 9 isolates that are representative from each group, were tested for their haemolytic 
activity. The results revealed that 8 isolates were beta-haemolytic and only 1 isolate was alpha-
haemolytic, being Bacillus spp. IRU-1A. Hence, Bacillus spp. IRU-1A was identified by 16s rDNA 
sequencing and it was shown that this strain was B. subtilis subsp. inaquosorum.  
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Shiitake mushroom (Lentinus edodes), Donko type, was powdered using grinder and liquid nitrogen. 
Thereafer, shiitake powder was immersed in 300 ml of water at room temperature for one day. Wet 
shiitake was then added to 800 ml chloroform and left at room temperature for 6 days. The mixture 
was filtered and separated by a separatory funnel and the chloroform phase was removed by rotary 
evaporation. The extract was investigated regarding antifungal activity on fungi producing mycotoxins, 
i.e. Aspergillus parasiticus, A. ochraceus, Penicillium citrinum, Fusarium oxysporum, F. moniliforme 
and F. verticillioides. Antifungal activity of the chloroform extract was tested at 50, 25, 12.5 and 6.25% 
of shiitake extract. All Petri dishes were incubated at 25ºC for 5 days. The results indicated that growth 
inhibition of A. parasiticus, A. ochraceus, P. citrinum, F. oxysporum, F. moniliforme and F. 
verticillioides by 50% shiitake extracts was 34.0, 18.3, 63.0, 61.8, 76.5 and 53.8%, respectively. 
Moreover, chemical components of the extract were determined by thin layer chromatography (TLC) 
with the mobile phase hexane/ethyl acetate (30:70). The results revealed 9 spots developing on the 
TLC plate. Purification of these fractions is under investigation using UV/Vis spectrophotometry and 
NMR. 
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Ochratoxin A (OTA), a mycotoxin contaminating mainly cereals but also other crops, can be 
accumulated in meat and is not destroyed by food processing. It is nephrotoxic for pigs and poultry, 
implicated in Balkan endemic nephropathy and associated with urothelial cancer in human. One of the 
most promising and economical strategies for reducing animal exposure to mycotoxins is the 
utilization of adsorbents in feed to reduce gastrointestinal absorption of mycotoxins. The aim of this 
study was to evaluate the capacity of several yeasts to decrease genotoxicity of OTA and to establish 
if the decrease is only due to adsorption of OTA onto the yeast product. Human renal cells were 
exposed to OTA (10 µM) alone or in the presence of yeast enriched with glutathione (GSH) (10 µM) or 
selenomethionine (SE) (10 µM). In parallel, 10 poultries per group were fed two days with feed 
including yeast product and were then fed seven days with feed including yeast product and OTA. 
Viability of cells was evaluated using MTS test. Genotoxicity was evaluated by detection of DNA-
adduct using P

32
 post labelling method. In addition, OTA derivatives formed in human renal cells or in 

liver and kidney of poultry were analysed after extraction by HPLC coupled to fluorimetric detection. 
OTA significantly decreased cell viability (60%; p<0.01) and induced formation of two OTA-DNA
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adducts. Addition of pure GSH or GSH-yeast partially restored cells viability (70 vs. 60%; p<0.05) and 
avoided DNA adduct formation, explained by conversion of OTA into OTB and 4-OH OTA. Pure SE 
did not restore viability whereas SE-yeast had an antagonistic effect (110 vs. 60%; p<0.01). SE and 
SE-yeast increased OTA-DNA adduct formation correlated to the appearance of new OTA 
metabolites. The decrease of OTA toxicity observed with yeast was not only correlated to adsorption 
but also to biotransformation of OTA modulated by the yeast. DNA adduct patterns were correlated 
with OTA derivatives formed in the kidney. OTA genotoxicity was decreased better by GSH-yeast. 
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Post-harvest losses on fruit and vegetables are mainly due to damage caused by pathogens during 
harvest, storage, transit and marketing. Some species of Penicillium are important plant pathogens 
causing decays on various fruit and vegetables through their antioxidant proteins and hydrolytic 
enzymes. Particularly, Penicillium expansum can cause blue mould rot. P. expansum is able to 
produce patulin, a carcinogenic, mutagenic and teratogenic mycotoxin. Patulin can be found in several 
fruit-derived products including apple, pear, peach and apricot juices and nectars. The use of microbial 
antagonists to control post-harvest diseases of fruit and vegetables is one of the most promising 
alternatives to traditional fungicides. Some components of the microbial community present on the 
surface of fruit and vegetables, such as bacteria and yeasts, showed significant antagonistic activity 
against P. expansum. The efficacy of three antagonistic yeasts, i.e. Metschnikowia pulcherrima strain 
MACH1, M. pulcherrima strain GS9, and Metschnikowia fructicola strain AL27, on P. expansum 

growth and patulin accumulation was evaluated on apples stored at room temperature (221°C for 7 

days) and cold temperatures (11°C for 56 days). To increase the potential range of application of the 
biocontrol agents (BCAs), their efficacy was evaluated on four cultivars of apple, i.e. Golden Delicious, 
Granny Smith, Red Chief and Royal Gala. AL27 was more effective than MACH1 and GS9 in the 
control of blue mould rot and the reduction of patulin accumulation. In most cases, the efficacy of AL27 
was similar to the chemical control used, which made the antagonist as competitive as chemical 
fungicides. In vitro experiments also showed that AL27 reduced conidial germination and germ tube 
length of P. expansum more than the other strains. The three BCAs were more effective in the control 
of blue mould rot on Golden Delicious than on the other tested cultivars. 
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The use of natural bioactive substances for the control of mycotoxigenic fungi in cereals has attracted 
attention due to problems associated with chemical agents such as environmental pollution, chemical 
residues in food products and the development of fungal species resistant to chemical treatments. The 
study and utilization of antifungal compounds obtained from natural sources to replace synthetic 
fungicides are in progress. Chitosan, a natural polycationic polysaccharide obtained by deacetylation 
of chitin from crustacean shells is non-toxic, biodegradable and biocompatible. Chitosan exhibits 
antifungal properties and represents an alternative to the use of chemical substances for pest control. 
The objectives of the present investigation were to determine the efficacy of chitosan (0.5, 1.0, 2.0 and 
3.0 mg/ml) at different water availability (0.995, 0.99, 0.98, 0.96 and 0.93) at 25ºC on growth rate of 
and fumonisin production by F. verticillioides and F. proliferatum isolated from Argentinean maize. In 
general, the presence of chitosan affected growth and fumonisin production; this effect depended on 
the dose used and aw applied. Chitosan increased the lag phase and reduced the growth rate of both 
Fusarium species significantly at all concentrations used, especially at 0.93 aw. It also significantly 
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reduced the production of fumonisin by both Fusarium species, especially at 3.0 mg/ml and 0.93 aw. In 
conclusion, chitosan shows promise in controlling both growth of and fumonisin production by isolates 
of F. verticillioides and F. proliferatum over a range of environmental regimes. 
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The emerging risk management metrics, i.e. food safety objectives (FSO), performance objectives 
(PO) and performance criteria (PC), were applied to aflatoxins (total AFs, AFB1, AFB2, AFG1 and 
AFG2) and ochratoxin A (OTA) presence in pistachio through their determination in 8 bulk industrial 
lots of raw and roasted pistachio. In order to determine the sampling uncertainty the EU official 
sampling plan (Commission Regulation (EU) No. 178/2010) in quadruplicate was considered. 
Aggregate samples of 20 kg were obtained from 100 elemental samples of 200 g of each sampled lot, 
mixed and divided into two equal subsamples of 10 kg before grinding. After grinding, two subfractions 
of 10 g were analyzed. Mycotoxins were quantified simultaneously by high performance liquid 
chromatography following the method by Rahmani et al. (2010. Food Additives and Contaminants Part 
A 27: 1683-1693) with modifications. OTA was not detected in any of the lots tested, while almost all 
the lots contained AFs, even three of them presenting more than 300 μg/kg. AFB1 and AFB2 were 
present in all sampled lots of raw pistachio and in 5 lots of roasted pistachio. Moreover, the lots that 
were more contaminated with AFB1 were also most contaminated with AFB2, although AFB1 
contamination was always higher than AFB2. AFG1 and AFG2 were only present in 2 lots of raw 
pistachio, their mean values being lower than 0.5 and 0.1 μg/kg for AFG1 and AFG2, respectively. The 
effect of roasting on presence of AFs in pistachio in PC was evaluated to achieve a given PO, taking 
into account as FSO the EU maximum levels (Commission Regulation (EC) No. 165/2010). 

Percentages of AFs reduction were 87.6211.89, 81.0515.51 and 86.74%11.31 for AFB1, AFB2 
and total AFs, respectively. Roasting would ensure compliance of AFB1 and AFs to the maximum 
levels before human consumption (FSO), as long as the raw lots are selected following the EU 
maximum levels for nuts to be subjected to sorting or other physical treatment before human 
consumption. These results, however, did not take into account the impact that sampling uncertainty 
may have on the number of rejected lots. Given the high percentage of uncertainty attributed to 
sampling uncertainty (up to 99%), the final PO for the final roasted product may need to be 
dramatically decreased in order to comply with the set FSO (FSO=PO + uncertainty). The major 
variability was associated with the subfraction selection and, therefore, an increase in the number of 
analyzed subfractions could be an alternative to reduce the uncertainty. 
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Actinobacteria are a class of filamentous, soilborne, Gram-positive bacteria. This class is already 
known to be a major source of secondary metabolites useful for the pharmaceutical and agronomic 
industry. In our study, new Actinobacteria from extreme ecosystems have been isolated and studied 
as potential biocontrol agents against aflatoxin B1 (AFB1) production. Aflatoxin B1 is the only 
mycotoxin confirmed as human carcinogenic by the International Agency for Research on Cancer 
(Group 1). Aspergillus flavus is a producer of AFB1 and is found on many foodstuffs including maize, 
peanuts, pistachios, nuts, etc. Regarding this sanitary risk for the health consumers, the European 
Union and many other countries in the world have limited the maximum quantity of AFB1 in food and 
feed. In order to reduce the AFB1 production by A. flavus NRRL 62477, we have studied the direct 
impact of 40 Actinobacteria. Co-cultures were realized during 10 days on optimized media allowing the 
growth of both microorganisms in Petri dishes at 28°C. The results showed a reduction of AFB1 
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production in the presence of many Actinobacteria without fungal growth inhibition. This characteristic 
is essential to us for a further application of Actinobacteria as biocontrol agent in the field. 
Acknowledgements: ANR Aflafree 2011-2015 No.11 003 01, Agrimip. 
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Mycotoxins are natural contaminants of livestock feeds and impair production efficiency. One method 
to reduce exposure of animals to mycotoxins is by using specialized feed additives known as 
mycotoxin adsorbents (MA). These use nonspecific binding to sequester mycotoxins preventing them 
from being absorbed into the bloodstream. Current research has shown that MA can reduce 
symptoms of mycotoxicoses but quantitative evidence of reduced exposure has yet to be 
demonstrated. The current study sought to quantify the adsorptive capabilities of a yeast cell wall-
derived MA (GMA). In the first experiment, male Sprague-Dawley rats were randomly placed in groups 
of 10 and were fed either a control diet or a diet containing 1, 3 or 5% w/w GMA (Integral; Alltech, Inc., 
Nicholasville, KY). Rats were fed this diet for 7 days and then exposed by oral gavage to a tracer dose 
of 

3
H-8,9-aflatoxin B2. Faeces and urine were collected 24 h after dosing. The rats were sacrificed by 

CO2. The dose collected in each sample was compared between groups using SAS and no significant 
difference was observed between any GMA group and the control. Due to the kinetics of the digestive 
pathway, it was thought that total excretion after a set time did not provide as much information as 
excretion over time. In the second experiment, rats were grouped as before using only the 5% GMA 
and control diets. Faeces and urine were collected for 6, 12, 18, 24, 48 and 72 h after dosing. The 
amount of excreted dose was higher amongst the GMA-treated rats compared to the control during 
the first 18 h after the initial dosing. After 18 h, excretion of dose in both groups was lower. Using 
ANOVA with a factorial design indicated a significant interaction between diet and time (p<0.05). The 
natural logarithm of the excreted dose was used for linear regression analysis and showed that the 
excretion rate in the GMA-treated rats was faster than the control. Based on this model, it was 
concluded that GMA reduced transit time of aflatoxin and reduced exposure in rats.  
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The use of agricultural pesticides has increased during the past years for insect, pest and disease 
control in Argentina. Glyphosate has been reported as a toxicological and environmental safe 
herbicide, however, the potential non-target effects of glyphosate on soil microorganisms are still a 
topic of great concern amongst stakeholders in soil conservation. The aim of the present study was to 
evaluate the effect of glyphosate on (i) lag phase, (ii) growth rate and (iii) aflatoxin B1 production by A. 
flavus strains on maize meal extract agar under different environmental conditions. Four strains of A. 
flavus isolated from soil destined to maize crop were used (AFS 54, AFS 56, AFS 57 and AFS 63). 
The aw of the basic medium was adjusted to 0.98, 0.95 and 0.93 by the addition of glycerol and 
different levels of glyphosate (0.5, 1.0, 1.5, 2.0, 5.0 and 10 mM) were added. The plates were needle-
inoculated centrally and incubated for 28 days at 25ºC. The radius of the colony was plotted against 
time and linear regression was applied to obtain growth rate; the lag phase was obtained by 
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extrapolation to the x axis. At day 7, 14, 21 and 28 three agar plugs were removed from different 
points of the colony and extracted with chloroform; AFB1 was detected and quantified by HPLC. The 
control treatments showed an increase in lag phase and a decrease in growth rate when aw was 
decreased for all strains assayed. The lag phase showed a further increase at the highest 
concentrations of glyphosate. A significant increase in growth rate was observed at 0.5 mM of 
herbicide at 0.93 and 0.95 aw. At 0.5 mM and 0.98 aw glyphosate did not significantly affect growth. At 
concentrations greater than 2.0 mM glyphosate strains AFS 56 and AFS 57 showed a significant 
increase in growth rate; the same was observed for AFS 54 and AFS 63 at concentrations above 5.0 
mM glyphosate. In control measurements the optimum aw level for AFB1 production was 0.98 at 7 
days of incubation, while 0.95 and 0.93 resulted in a reduction of the level of toxin produced. AFB1 
production was significantly influenced by the presence of different glyphosate concentrations at 
certain aw and incubation times. In conclusion, glyphosate influenced growth and aflatoxin production 
of A. flavus strains. 
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Aspergillus flavus and A. parasiticus, the main aflatoxin producing fungal species, are xerophilic fungi. 
With expected increasing temperature and decreasing rain in future climate scenarios, these fungi 
may find conditions that are more suitable for their development. This study aimed to estimate the 
impact of climate change on A. flavus infection and aflatoxin B1 (AFB1) production in maize. A 
mechanistic model, AFLA-maize, was developed to predict A. flavus growth and AFB1 production in 
maize and it was linked with crop phenology and climate change data. Meteorological data were 
generated at European scale (50x50 km gridded) based on a stochastic weather generator (LARS-
WG), calibrated for current climate with observed daily data and adjusted for climate change under the 
A2 and B2 IPCC emission scenarios. These daily site-specific climate scenarios data were used as 
input for modelling. AF index, also designated as meteorological risk index for AFB1 contamination in 
maize during harvest, at the European level was calculated. The risk of AF contamination was 
predicted for present conditions and in each of two climate change scenarios using the AFLA-maize 
model. Results were used for statistical analysis and mapping. According to the results, in a +2°C 
warming condition, a clear increase in AF risk was shown in typical European agricultural areas such 
as centre and south of Spain, south of Italy and Balkans, including Turkey. A median of 5 and 10 days 
advance of flowering and harvesting dates, respectively, was predicted. The warming condition of 
+5°C depicted a situation dramatically different, with a considerable enlargement of AF risk areas and 
an overall decrease in AF risks. Consequently, the extended areas of south-east Europe would 
present medium to low risks. In this scenario, a consistent advance in flowering and harvesting dates 
at 10 and 15-20 days, respectively, was estimated. In summary, at +2°C, higher levels of 
contamination are expected in the areas where maize is currently grown, whereas at +5° C, the levels 
of contamination are predicted to be lower. At the latter scenario, however, the areas with 
contamination risk are expected to be wider with an extension towards northern EU countries. The 
predictions confirmed that maize is a cereal crop of concern for AFB1 contamination and that both 
human and animal populations could be exposed to a high AF risk, at least in some EU regions.  
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Mycotoxins T-2 and HT-2 are the main representatives of the trichothecenes A group and their
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presence was proved mainly in small grain cereals such as oats, wheat and barley infected by 
toxinogenic fungal strains of the Fusarium genus. Considering the risk of consumers’ dietary exposure 
to these toxic natural contaminants, maximum limits are being prepared by the European Commission 
and data on their occurrence are collected by the European Food Safety Authority (EFSA). Cereal-
based foods are of prime importance in human nutrition, thus the control of mycotoxins occurrence in 
raw materials and derived food products is of high importance to protect final consumers’ health. As 
HT-2 and T-2 toxins are relatively stable under the conditions of food processing technologies, the 
transfer of these toxins from cereals into products thereof can easily occur. For analytical 
determination of these two toxins several analytical approaches have already been described using 
both bioanalytical and instrumental tools. Nowadays, HPLC-MS-based methods are predominantly 
used. The aims of the present study were to ascertain the mean levels of T-2 and HT-2 toxins in oats 
harvested in the Czech Republic, and to investigate and describe the impact of agricultural practices 
on the levels of representative trichothecenes A and B. Developed and optimized analytical method 
employing QuEChERS-like extraction and UPLC-MS/MS instrumentation were employed to study the 
effect of oats variety, pre-crop, fertilizers application, locality and year (2008-2011) of harvest on 
contamination with mycotoxins. T-2 and HT-2 toxins, deoxynivalenol and nivalenol were the most 
often detected analytes in examined oats samples. On average, 60 to 83% of oats samples were 
found positive for trichothecenes A each year of the study. The oats variety, locality and harvest year 
were shown to significantly affect the levels of HT-2 and T-2 toxins; no relation to applied fertilizer was 
observed. Although all measured levels of T-2 and HT-2 toxins were below expected legislation limits, 
their incidence is rather high and ongoing routine control of oat samples and oat-derived products is 
highly recommended. Acknowledgements: The data were obtained under the financial support of 
Ministry of Agricultural, Czech Republic as a part of QH81060 project. 
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While Fusarium graminearum Schwabe (telemorph Gibberella zeae (Schwein.) Petch), being member 
of the section Discolor, causes red ear rot of maize most severely occurring in years and locations 
with frequent rainfalls and low temperatures during summer and early fall, F. verticillioides (Sacc.) 
Nirenb., belonging to the section Liseola, is frequently isolated from maize plants showing pink ear rot 
symptoms prevailing in drier and warmer climates. Both diseases are often accompanied by a high 
mycotoxin contamination in the kernels, and their co-occurrence and production of mycotoxins in 
maize plants have been well documented. However, there are contradictory reports concerning the 
interactions between F. graminearum and F. verticillioides in terms of growth and mycotoxin 
production in both artificially-infected maize kernels and pure cultures. To understand the 
consequences of the interactions between the causal organisms of maize ear rot with respect to 
mycotoxin accumulation, we investigated growth behaviour and mycotoxin production of both fungi 
cultivated on different artificial media and maize cobs under various experimental designs. Having 
been cultivated on the same agar plate, both fungi showed similar growth rates on all media tested 
and no negative interaction was visible. Neither any inhibition zones nor growth retardation of either 
candidate could be detected even in the regions were the fungi overgrew each other. Mycotoxin 
production depended on the inoculation scheme characterized by placing agar discs from precultures 
of the corresponding fungi side by side either in short or long distances. We observed an induction of 
trichothecene production of F. graminearum by F. verticillioides and a reduction of fumonisins 
production the other way round. Using maize cobs, harvested at dough stage, as a substrate with the 
same inoculation pattern similar results were found. Deoxynivalenol concentrations increased by 30% 
and fumonisin B1 and B2 reduced by 70% when both fungi were cultivated on the same cob. Both 
fungi grew absolutely unimpaired from each other on maize cobs even in the overgrowing zones. 
Affects on mycotoxin production increased the closer the growing zones came in contact with each 
other. 
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Climate change has become one of the most critical issues for the future of our planet. Europe has 
warmed by almost 1°C over the past century, faster than the global average. Europe’s natural 
environment, including agricultural food production systems, will be highly affected by climate change 
effects. The foreseen climate change effects will obviously have implications for food production, food 
security and food safety. In particular, contamination of food with natural toxins, like marine biotoxins 
and mycotoxins, is expected to increase. However, to date, quantitative estimates on climate change 
impacts on food safety are scarce. The aim of the current research project was to assess the impact of 
climate change effects on frequency of harmful algal blooms and related marine biotoxins as well as 
on mycotoxins in cereal grains in north-west Europe in 2040. As a case study the project focused on 
abundance of Dinophysis spp. and related toxins in the North Sea coastal zone and deoxynivalenol 
(DON) in wheat in the terrestrial area. The study combined climate change projection data with a 
wheat phenology model and predictive DON model, as well as hydrodynamic models and ecological 
models. Climate change data for the period 2031-2050, as based on the IPCC A1B emission scenario, 
were used as the starting point of the analyses. Empirical models were developed for the wheat 
phenology and predictive DON model in north-west Europe. Climate change data were used as input 
in both models and output of the wheat phenology model were also used in the DON predictive model.  
Hydronamic models used climate change data and output of these models were used in the ecological 
models to describe abundance of Dinophysis spp. Additional statistical analyses, using national 
datasets, were performed to link Dinophysis spp. abundance with marine biotoxin levels. Results 
showed that – in general – climate change increases DON contamination in wheat, with higher 
occurrence of the toxin in spring wheat, as compared to winter wheat. Furthermore, abundance of 
Dinophysis spp. was expected to increase. However, the relation with contamination of shellfish is 
unsure. Moreover, results showed variation between years, and regions. Based on the study results, it 
is recommended to closely monitor levels of mycotoxins and marine biotoxins in future, in particular 
related to risky situations associated with favourable climatic conditions for toxin producing organisms. 
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Shellfish products may be contaminated with marine biotoxins which – after consumption – may lead 
to human illness. Marine biotoxins and possible responsible toxic phytoplankton are regularly 
monitored in the shellfish production waters of the Netherlands. The aim of the current study was to 
evaluate the results of this monitoring program regarding the presence of toxic phytoplankton species 
and marine biotoxins during the last 10 years, and to investigate the possible relationship between 
levels of toxins and phytoplankton species. Results showed that the presence of paralytic shellfish 
poisoning (PSP) toxins producing phytoplankton was negligible, but amnesic shellfish poisoning (ASP) 
toxins and diarrheic shellfish poisoning (DSP) toxins producing phytoplankton were present in nearly 
each year in each production area. Dinophysis acuminata was the main DSP toxins producing 
species, followed by D. rotundata and, next, by Prorocentrum lima. Only a few shellfish samples were 
positive for ASP and PSP toxins, with low amounts. An episode of DSP toxicity occurred at the end of 
2002. In 2007 and 2008, samples were chemically analysed for DSP toxins. Half of the samples of 
2007 but none of the 2008 samples contained these DSP toxins and rat bioassay results were 
negative. Cell counts of DSP toxins producing phytoplankton and levels of DSP toxins in 2007 showed 
a positive but weak relationship. There was a time lag of 5 weeks between the peak in DSP toxins 
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producing phytoplankton and increasing  DSP toxins levels. This relationship needs to be confirmed in 
future research using chemical methods to quantify DSP. Results could then be used to further specify 
the current monitoring program in the Netherlands towards the most risky situations regarding DSP 
toxicity in shellfish. 
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Climate change models have predicted a marked decrease in summer precipitation and increase in 
temperature, which could result in concomitant drought stress episodes in Southern Europe 
(European Commission, 2007. COM/2007/354/final). These new climate conditions could lead to a 
worldwide change in mycotoxin occurrence in different crops. Due to the global importance of cereals 
in the diet and their susceptibility to mould invasion, changes in mycotoxin occurrence in the predicted 
situations is of concern (Molinié et al., 2005. Food Chemistry 92: 391-400). In wheat, main efforts in 
mycotoxin control in the field have been directed towards species of Fusarium. However, the presence 
of ochratoxin A (OTA) in wheat and wheat products described in several parts of the world makes it 
necessary to pay attention to ochratoxigenic fungi, too (Duarte et al., 2010. Food Microbiology 27: 
187-198). To control fungal spoilage of wheat different fungicides are frequently employed. The aim of 
this study was to know how the potential increase in temperature and decrease of humidity due to 
climate change might affect the effectiveness of wheat chemical antifungals in the field. Five chemical 
antifungals (25.9% tebuconazole + 60% N,N-capramide dimethyl; 12.7%tebuconazole + 12.7% 
prothioconazole + 59.5% N,N-amidedimetildecano; 12.5% epoxiconazole; 12.5% tetraconazole; and 
70% methyl thiophanate) were tested in vitro on wheat seeds by recording growth and OTA production 
of five Aspergillus carbonarius and three A. steynii isolates incubated under current and future climatic 
conditions. Inoculated wheat was incubated under two alternating temperature cycles and two relative 
humidity (RH) regimes (20/30ºC at 25% RH and 25/35ºC at 40% RH) with a photoperiod (14/10 h 
lightness/darkness). Regarding growth control, azoles were more effective than methyl thiophanate 
that generally did not affect fungal growth or stimulated it. With regard to azoles, epoxiconazole and 
tetraconazole were effective against both ochratoxigenic species, although their effectiveness might 
be compromised under the predicted conditions. In contrast, tebuconazole increased their 
effectiveness under warmer and drier conditions. All antifungals reduced production of OTA by A. 
carbonarius under the present conditions, tebuconazol being the most effective. However, under the 
predicted conditions, none of the antifungals was effective in preventing OTA production by any of the 
isolates tested. This means that in some cases antifungals, while limiting fungal growth, induced a 
stress situation triggering OTA production. Further studies should be conducted, as the antifungals 
were applied at flowering and not directly on the grain. 
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P. verrucosum is able to produce the two hepatotoxic and nephrotoxic mycotoxins ochratoxin A and 
citrinin. It occurs mainly on wheat but can occasionally be found on NaCl-rich foods like cheeses, dry 
cured meats and brined olives. To compete and survive under these physiological different growth 
conditions P. verrucosum has developed an adaptation mechanism by shifting the metabolite 
production according to the specific environment. It was shown earlier that a high NaCl environment 
favours the biosynthesis of ochratoxin A, whereas conditions which induce oxidative stress shifts the 
secondary metabolite profile towards citrinin. Interestingly, citrinin is known to have antioxidant 
properties, is able to bind divalent cations and is discussed to be a light protectant. Under 
experimental conditions citrinin biosynthesis could be highly induced during growth under illumination 
with white light or in the presence of divalent cations like Cu

2+
. These conditions induce an oxidative 

environment, which was demonstrated by measuring the reactive oxygen species (ROS) content of P. 
verrucosum cells. The G-protein/cAMP/PKA signalling pathway is a possible signalling pathway that 
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may trigger the adaptation to oxidative stress by among other responses the production of citrinin. 
That this is obviously the case could be confirmed by external applications of different concentrations 
of cAMP leading to a dose responsive decrease in citrinin biosynthesis. On the other hand, it could be 
shown by measuring the internal cAMP concentration that under conditions which support citrinin 
biosynthesis the concentration of intracellular cAMP is reduced, demonstration an inverse relationship 
between cAMP concentration and citrinin biosynthesis which was also shown for Monascus sp. 
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Maize contamination with fumonisins has been a subject of concern in several countries worldwide. In 
Brazil, most of the maize production is contaminated with fumonisins and in some regions all the 
production is contaminated at levels of concern. Researchers around the world have tried to determine 
biotic and abiotic factors responsible for influencing maize contamination with fumonisin. During maize 
growth, fungicides are used to control fungal leaf diseases. This study had the objective to evaluate 
the influence of fungicide use on fumonisin contamination of maize grains. Twenty-six genotypes were 
used to compare the levels of fumonisin B1 and B2 contamination between two trials with and without 
fungicide use. All evaluated genotypes consisted of genetically modified organisms with Bt genes, 
since most of the maize grown in Brazil consists of Bt genotypes. The field studies were established at 
two locations: Itararé (24°16' 30,89'' S, 49°10' 01,53'', and altitude of 1,143 m) and Capão Bonito 
(24°02' 13.3'' S   48°22' 45.6'', and altitude of 709 m), both cities located in São Paulo State. There 
were four replicates in each trial. The maize was planted at 62,500 seeds per hectare by direct 
sowing. The fungicide treatment consisted of two applications of epoxiconazol + pyraclostrobin (0.75 
l/ha of Opera); the first application occurred at 8 to 9 leaves stage and the second at the start of 
flowering. Fumonisin B1 and B2 analysis was carried out by HPLC with fluorescence detection using 
the European Committee of Standardization method (EN16006:2011) with O-phtaladehyde (OPA) 
post-column derivatization. Data of contamination were subjected to ANOVA and means were 
compared by Tukey's multiple range test (p≤0.05). The contamination levels were quite different 
between locations. In Itararé, the contamination means of all genotypes were under 1,000 µg/kg but in 
Capão Bonito they were above. The use of fungicides did not influence the fumonisin contamination 
levels at both field trials and the genotypes did not show any difference of contamination in Itararé; 
however, in Capão Bonito some difference among genotypes contamination levels occured in the 
trials with or without fungicide use. The results showed that the fungicides used did not influence the 
fumonisin contamination of the evaluated genotypes grown at those two locations, however, some 
genotypes presented lower levels than others. Acknowledgements: This research had the financial 
support of Fundação de Amparo à Pesquisa do Estado de São Paulo. Project 2010/20567-7.  
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Penicillium expansum, a producer of patulin, causes significant decay of apples and is recognized as 
a main source of patulin in apples and in apple products. Accumulation of patulin by P. expansum 
differs depending on apple cultivars. Because taste, firmness and levels of apple constituents may 
vary depending on the harvest time of the cultivars, we investigated the relationship between patulin 
accumulation and polyphenol, pectin, and amino acid content, and fruit hardness of various cultivars. 
Iwai, Tsugaru, Akibae, Shinano-Sweet, Shinano-Gold, Fuji, Sensyu, and Indo (n=5, 6), cultivars were 
used.  P. expansum was inoculated on the apples and cultured for 6 days at 20°C. Patulin, total 
polyphenol, chlorogenic acid, water soluble pectin, hydrochloric acid soluble pectin, asparagine, 
aspartic acid, firmness, sugar content, and pH of juice were measured and the relationship between 
these factors and the amount of patulin were evaluated. Patulin accumulation and the levels of 
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chlorogenic acid, pectin, and aspartic acid and pH did not demonstrate any significant (p＞0.05) 

relationship. On the other hand, the correlation between patulin accumulation and the levels of total 
polyphenol, asparagine, and sugar and firmness of fruit were significant (r=0.32 (p＜0.01), r=0.75 
(p＜0.01), r=-0.44 (p＜0.01), r=-0.59 (p＜0.01), respectively. These correlations may be useful in the 
evaluation of apple quality and potential for patulin contamination. 
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Fusarium diseases in cereals and associated mycotoxin contamination of grains are causing 
increasing problems for growers, livestock producers and the food and feed industries in Norway. 
Besides weather factors, such as rainfall and temperature in the critical periods around flowering and 
preharvest, inoculum production and disease development are also influenced by agricultural 
practices. Bioforsk and the Norwegian Agricultural Extension Service are performing several field trials 
to study the effects of tillage practice, crop rotation and fungicide treatment on the development of 
Fusarium spp. and mycotoxin in cereals. In a three year study, various types of soil management have 
been compared to determine whether the amount of crop debris and tillage practice influences the 
survival of Fusarium spp. in residues. High incidence of F. avenaceum has been registered in crop 
debris collected from these fields, and F. graminearum is also highly prevalent. Results on Fusarium 
incidence in plant debris and mycotoxin contamination of the subsequent crops of oats and spring 
wheat will be presented from field trials performed in 2010-2012. Field trials with integrated pest 
management in oats and spring wheat were established at five locations in 2010. Oilseed rape, peas 
and field beans are included in the rotations. Fungicide treatments have been performed according to 
the disease risks forecasted by the VIPS expert system (www.vips-landbruk.no). Results will be 
presented on the mycotoxin contamination of cereals harvested from plots receiving different 
management practices in the years 2010-2012.  
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Fusarium graminearum, the most important head blight pathogen of wheat produces the trichothecene 
mycotoxin, deoxynivalenol (DON) and an oestrogenic mycotoxin zearalenone (ZEA) during infection. 
Rainfall at anthesis is known to influence the production of these mycotoxins in wheat grain but less is 
known of the impact of rainfall later in the growing season as the wheat ripens. This preliminary study 
was designed to investigate the effect of various pre-harvest water regimes, fungicide and harvesting 
time on concentration of DON and ZEA in wheat grain. Field experiment plots of winter wheat (cv. 
Solstice) in a full-factorial split-plot design were inoculated with F. graminearum-infected oat grain at 
stem extension and mist irrigated at mid-flowering to encourage head blight infection. Fungicide 
Proline

275
 at 0.75 of the maximum field rate (prothioconazole, 0.54 l/ha) was applied to split plots at 

mid-flowering. Plots were either covered by a small polytunnel to mimic dry conditions, irrigated by 
sprinklers or left as non-irrigated uncovered control plots after the mid-milk growth stage. Plots were 
harvested when ripe (early harvest) and three weeks later (late harvest). Harvested grains were 
analysed for DON and ZEA using Ridascreen ELISA assays. Very little head blight was observed in 
the experiment despite the use of oat grain inoculum and mist irrigation at flowering. This was thought 
to have occurred due to the limited rainfall just before and during flowering. Factorial split-plot analysis 
of variance (ANOVA) identified no significant interactions (p>0.05) in the DON concentration between 
the fungicide, irrigation and harvesting time. The main effects of irrigation and fungicide were 
significant. DON concentration was significantly (p=0.025) higher in irrigated (432 µg/kg) compared to 
covered and control plots (222 and 281 µg/kg respectively). DON concentration was significantly 
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(p=0.001) reduced in Proline
275 

treated (232 µg/kg) compared to untreated (387 µg/kg) plots. For ZEA 
there was a significant interaction between harvest time and irrigation regime (p=0.027) and between 
fungicide and irrigation regime (p=0.048). Covered and control plots remained low irrespective of 
harvest date or fungicide treatment (approx. 2 µg/kg) whereas irrigated plots were significantly 
(p<0.001) higher with a mean of 18 µg/kg. For the irrigated plots, later harvesting resulted in a nearly 
5-fold increase in ZEA concentration from 8 to 38 µg/kg and Proline

275
 treatment reduced the mean 

ZEA concentration by 74% from 34 to 9 µg/kg. Results indicate that rainfall occurring late in the wheat 
growing season can significantly increase Fusarium mycotoxins DON and ZEA and that an application 
of the fungicide Proline

275
 can significantly reduce these mycotoxins in such conditions. 
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In Europe, climate change predictions suggest that there will be regions which become hotspots for 
significant changes in climate resulting in a decrease in summer precipitation, an increase in 
temperature (+2-4ºC) concomitant with drought stress episodes and a doubling of CO2 (350 to 700-
1000 ppm). This will have a profound impact on food production and availability in the next 10-20 
years. At present predictions on changes in mycotoxin contamination are purely based on historical 
data sets. There is practically no direct data on the effect of interactions between these factors on 
growth and mycotoxin production by mycotoxigenic fungi. This objective of this study has been to 
examine the effect of interactions between water stress, temperature and CO2 (350 and 1000 ppm) on 
growth of Aspergillus niger, A. westerdijkiae, A. flavus, Fusarium verticillioides and F. graminearum 
and their relevant mycotoxin production for the first time. This has shown that in most cases the effect 
on growth of raising temperature by +4ºC under water stress conditions in the presence of 1000 ppm 
CO2 is limited. Thus growth will occur for some species while for others, where the conditions are 
marginal for growth (e.g. 30 and 35ºC for F. graminearum) very little growth occurs. For other species 
growth may only be slightly reduced . For fungi such as A.westedijkiae and A.niger ochratoxin 
production was significantly reduced in the presence of elevated CO2 under water stress regimes. For 
other mycotoxigenic fungi toxin production may be stimulated. In some cases a switch was observed 
under water and temperature stress from one to other mycotoxins (e.g. F. verticilliodes, fumonisin B1 
to B2 and B3). In conclusion, this type of data is essential to help in determining which mycotoxins 
may become important under changing climate change conditions. Such changes may also affect 
yield of crops and nutritional quality. The data here will help in the provision of more accurate data to 
evaluate the relative risk of mycotoxin contamination of staple food commodities under climate change 
scenarios and how this may impact on consumer exposure.  
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Grain at harvest or during the harvesting process is contaminated with fungal spores which under 
favourable conditions may grow and produce mycotoxins in store. For the long term storage of 
harvested grains several techniques have been employed over the years but today more than ever the 
need for environmental friendly techniques that do not leave residues on the grains is necessary. 
Ozone (O3) can be generated on site from air and thus reduces storage and transportation costs. It 
also rapidly decomposes to oxygen without leaving any residues. However, O3 can be corrosive to 
many materials. However, it also has proven to be efficient in reducing insect populations in some 
stored grain studies. Very few studies have examined the efficacy of O3 against fungal populations 
and mycotoxin production during the storage of treated grain. The aim of this study was to examine 
the efficacy of O3 in reducing the total populations of grains, but also on the control of fungal growth 
and mycotoxin production in grains exposed and subsequently stored at different environmental 
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conditions. Grain was exposed to O3 in a glass column at 100-200 ppm O3 for 60 min (6 l/min) and the 
fungal populations determined by serial dilutions. Grain treatments included a range of water activity 
(aw) levels, with and without, inoculation with mycotoxigenic species (F. verticillioides, maize; F. 
graminearum, wheat). After treatment the grain was stored for up to 30 days at 25ºC at the same 
treatment aw levels. At the end of the storage time the samples were analysed by LC-MS/MS for 
mycotoxin production. Up to 2 log reduction in total populations was observed in natural grain samples 
after exposure to 200 ppm ozone for 60 min in the glass column system. Mycotoxin contamination was 
generally reduced (fumonisins; DON) in the samples treated with O3 stored for up to 30 days 
compared to the controls, but this effect was less pronounced in the wetter samples stored for longer 
time periods. Similar observations were made for the total populations isolated from the treated 
samples at the end of the storage time. It was noted that in the glass column system at specific aw 
levels there was a gradient in changes in moisture content as the O3 flowed through the system. Thus, 
longer columns could result in more variable effects on mycotoxin contamination. Overall it appears 
that O3 has the ability to reduce fungal populations in grains and extend the safe storage time. 
However, more studies are required in order to establish the most effective combination of O3 
concentration and exposure time to optimise the system for different grain types. 
Acknowledgements: The authors are grateful to the EU for funding this work via the FP7 MYCORED 
Project (G.A. 222690). We also wish to thank the Department IFA-Tulln, BOKU Vienna, Austria for 
performing the toxin analysis of the oat samples. 
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There has been interest in finding alternatives to fungicides to control mycotoxigenic fungi. Fusarium 
graminearum and Penicillium verrucosum are important contaminants of cereals pre- and post-
harvest. They contaminate grain with deoxynivalenol (DON) and ochratoxin A (OTA) for which strict 
legislative limits exists in Europe and North America. It has been recently demonstrated that aw x 
temperature interactions affect both key TRI gene expression and DON production (Schmidt-Heydt et 
al., 2011. Journal of the Royal Society Interface 8: 117-120). This study has examined and compared 
the effect of different kinds of anti-fungal compounds (butyl hydroxyanisole, prochloraz, thyme 
essential oil; approx. ED50 concentrations) and water availability on growth, qPCR of the TRI5 and 
OTA pks gene expression and on phenotypic mycotoxin production. The TRI5 and OTA pks gene 
expression was significantly influenced by both imposed water stress and by the different types of anti-
fungal compounds. Interestingly, differential stimulation of the TRI5 and OTA pks gene expression 
was observed in the presence of ED50 concentrations of some of these anti-fungal compounds under 
different water stress conditions. This was subsequently correlated with phenotypic mycotoxin 
production. The results suggest that environmental stress affects relative efficacy of antifungal 
compounds. Suboptimal concentrations may have some efficacy against growth but may result in a 
stimulation of mycotoxin production, especially under environmental stress. This may influence 
efficacy of such compounds under climate change type scenarios where combinations of 
environmental stress factors may occur. These factors can have a profound effect on expression of 
gene markers of both DON and OTA biosynthetic pathways and influence phenotypic production of 
these two mycotoxins.  


