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FUSARIUM 
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Mycotoxins are…. 

Aspergillus sp. 

    Penicillium sp. 

 Fusarium sp. 
…… 

• 39 nations with known regulations 
• Harmonized limits in the EU  



1960: Turkey X disease  
– Entdeckung der Aflatoxine 
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The mycotoxin issue in the EU 
• The majority of EU‘s RASFF  

(Rapid Alert System for Food and Feed) rejections 
were due to mycotoxin contamination  
(highest risk: aflatoxins in nuts and dried fruits) 

• Grain and foods based on these grains account for 
the largest contribution to mycotoxin exposure in all age 
classes of the EU population 

• Considering an average EU-wide production of 
wheat, maize and oats of about 203 Mt since 2005 
(worth about 32.95 billion €), losses can easily exceed 
1.5 billion € per year 



Climate change: plant pathogens and pests are 
moving at about 3-5 km/year towards the poles 

7 Bebber et al. (2013; Nature Climate Change)  





      “Fish which cannot be sold, can be   
 declared as such, and is allowed to      

 be sold to foreigners only“     

www.fischereiverein-karlshuld.de 

Swiss Food Regulation 
13th Century 

How can we manage the 
mycotoxins issue? 



2016 – New web site and logo 

www.mycotox-society.org/ 



The Objectives of the Society are to promote research on 
mycotoxins and toxigenic fungi thereby leading to prevention 
and reduction in exposure to mycotoxins, enhanced food 
safety and a greater public awareness on this area.  
 
The Society aims to increase scientific knowledge of 
mycotoxins and toxigenic fungi, through membership 
networking, scientific meetings, symposia, discussions, 
technical courses and publications. 
 

AIMS OF ISM 



 
• Reduction of registration fees for conferences/workshops  

co-organised by ISM 
• Individual ISM members are eligible to significantly reduced 

subscription rates and open access fees of three 
internationally recognised journals (FAC, TOXINS and WMJ).  

• 20% reduction on deposit/request of fungal strains from ITEM 
Collection (http://www.ispa.cnr.it/Collection) 

• Updating of all News related to ISM by e-mail 
• Supporting prevention and solution of mycotoxins  

problems in Third World countries 

BENEFITS FOR ISM MEMBERSHIP 



MEMBERSHIP IN THE 10YEARS OF 
THE SOCIETY 
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Global integration of research on  mycotoxins and 
toxigenic fungi for food/feed safety 
 
200-250 participants: scientists, policy makers, 
Industry, other stakeholders 

Activities of ISM 

In two weeks 45 people actively participated  at MycoRed – ISM  training courses (Detection techniques for mycotoxins in the food 
chain and Fusarium Laboratory Workshop).   20 international experts and assisted by 10 scientific tutors, in a multicultural and 
multidisciplinar climate, being involved into practical learning and making a live experience in the CNR ISPA labs, in addition Web-
lessons were followed also by 80 people, worldwide distributed. 

MYCORED NORTH  AMERICA 2012 

Fusarium Laboratory 
Workshop  

Bari, 3-8 June 2012 
 



International Conference on Mycological 
Aspects of Food and Feed Safety 

 (IC-MAFFS) 27 – 28 June 2013 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Location: Yogyakarta, Indonesia 

It was a big success 300 participants from 
more than 50 countries, having 73 lectures, 
88 oral presentations, 110 posters, 10 
exhibitors, 5 satellite meetings...  

Activities of ISM 



Mycotoxin Alliances and Networks 

JOIN  US  AT:  
http:// www.mycotox-society.org 

E-mail:  ism-secretary@mytocox-society.org  





Coordinator :  
Antonio F. Logrieco 

Coordinator: 
 Rudolf Krska 

MycoKey and MytoolBox: a 
model for good 

international cooperation 

ISM success stories 



The Coordinators participated at Food, Agriculture and Biotechnology  

FAB Flagship Initiative between the EU and China:  

Info day WP2018-2020, Shenzhen, China, November 28th 2017   

TASK FORCE Meeting 29 November 2017 

EU- dialogue 



Integrated  
multi-actor based 
approaches for safe 
food and feed 

Coordinator: Rudolf Krska 
Deputy Coordinator: Monique de Nijs 



●  23 partners (3 from China)         ●  11 countries 
●   4  end users                              ●  40% industry participation 

The                                   consortium 

Kick-off meeting 
@ BOKU/UFT, Tulln 



 
Research on fungal infection and 

mycotoxin formation 

• Considerable knowledge accumulated on factors 
affecting fungal infection and mycotoxins 

• Mitigation measures for pre- and post-harvest are 
well established 

However:- 
• Training and implementation of prevention 

measures by farmers and processors has been 
generally weak or lacking 

• Few incentives to producers to incur extra effort and 
additional costs to minimise mycotoxin contamination 



Good Agricultural Practice (GAP) 
• GAP is well documented by CAC, FAO, Government Agriculture 

Departments 
• Mostly they are lengthy detailed texts  
• NOT in user-friendly format 

 Examples 



Advice to farmers can be provided 
through smart tools 

• Selection of resistant cultivars 
• Cultural control of mycotoxins - crop debris, soil tillage 
• Soil & water management 
• Use of biopesticides 
• Optimum timing for fungicide spraying 
• Atoxigenic biocontrol measures – Aflasafe, 

AflaGuard™ 
• Timely harvesting 
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The                        Approach: MyToolBox-e-platform for 
Integrated Mycotoxin management 
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The                        Approach: MyToolBox-e-platform for 
Integrated Mycotoxin management 



The                        Approach: Pre-harvest 
Resistant plant cultivars  



The                        Approach: Pre-harvest 
Atoxigenic isolates of Aspergillus flavus 

Characterization of atoxigenic isolates  of A. flavus from Serbia in 
cooperation with the Univ. of Arizona/USDA 
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The                        Approach: Pre-harvest 
Atoxigenic isolates of Aspergillus flavus 

Successul isolate already filed  
for patenting!! 





The                        Approach: MyToolBox-e-platform for 
Integrated Mycotoxin management 



• CO2 production linked to nutritional losses  
• calculated as dry matter losses 
• risk of  ZEN contamination above EU limit 

The                        Approach: Post-harvest 
Real time environmental monitoring system 

2.5 tons  

Real time 
CO2/R.H./Temperature) 

Linking physical data with 
biological models of ZEN 
production  



Large scale storage of grains in China 



The                        Approach: MyToolBox-e-platform for 
Integrated Mycotoxin management 



www.mytoolbox.eu 



1st oven: 180°C for 8 min (caramelisation – browning) 
2nd oven: 100°C for 10 min (reduce moisture) 

Angelo 

The                        Approach: Post-harvest 
Sorting, food processing and baking 

Baking biscuits, bread and  
crackers in  
pilot plant: 

David 



Abundance 

Searching for 
corresponding 
 12C- and 13C- mass pairs:  

 D. Stadler et al., Food Chem. (in press): DON degradation: 6 % in crackers, 5 % in biscuits) 
and 2 % in bread (isoDON up to 3.9 %, norDON B 0.9 % and norDON C 1.2 %.  



The                        Approach: MyToolBox-e-platform for 
Integrated Mycotoxin management 



Gerd Schatzmayr, IFA-Food- & Feed Safety, 2016 

Safe Use Options: Bioethanol by-
products (DDGS) as feed ingredients 

F. Wu et al., 2008:  
Decreased weight gain in pigs (USA) due to 
including 20% DDGS contaminated with 
fumonisins in the feed  
=> losses of up to 147 million US$ annually 

In 2013: 5.2 million m³ of bioethanol 
produced from grains in Europe => 4.2 million 
tons of DDGS.  Estimated losses in feed 
production due to mycotoxin contaminated 
DDGS:  €15-20 million annually 



Naturally ahead © BIOMIN Holding GmbH 2017 
RESEARCH CENTER 

Application of MYCOzymes 

FUMzyme® 
 purified enzyme that is unique and specific for the 

biotransformation of fumonisin B1  
 Degradation product: hydrolyzed fumonisin B1 (HFB1) 
 EU authorization as feed additive for pigs and all avian 

species 

FUMzyme® 

ZENzyme® 
 purified enzyme that is unique and specific for the 

biotransformation of zearalenone 
 Degradation product: hydrolyzed zearalenone (HZEN) 

ZENzyme® 



Naturally ahead © BIOMIN Holding GmbH 2017 
RESEARCH CENTER 

Scope and proceedings 

Aim 
Evaluation of the applicability and effectivity of mycotoxin degrading enzymes during the bioethanol 
process to reduce the mycotoxin load in by-products 

 

Lab-scale 
process 

simulation 
development 

Lab-scale tests 
of MYCOzymes 

Scale-up 
(Südzucker) 



Gerd Schatzmayr, IFA-Food- & Feed Safety, 2016 

Safe Use Options: Bioethanol by-
products (DDGS) as feed ingredients 

www.ecologyandsociety.org/vol11/iss1/resp2/figure3.jpg 

Grains 

Successful application of FUMzyme®  
and ZENzyme® in the bioethanol  
process in lab-scale:  

FB1 degradation up to 100% 
ZEN degradation up to 89% 

1/3 CO2 

1/3 DDGS 

1/3 EtOH 



Gerd Schatzmayr, IFA-Food- & Feed Safety, 2016 

Other studies related to biogas 



The                        Approach: MyToolBox-e-platform for 
Dynamic tools for mycotoxin management 



Dynamic Pre-harvest Decision 
Tool for Farmer: Forecasting 

Closest/most 
relevant 

weather station 

model system 
Field location 
agronometric 

data 

Prediction tool:-  
• Traffic light system  
• Probability of different DON levels in grain 
• Several days warning 
• Advice on action to take 



The                        Approach:  
 
MyToolBox-e-platform tool:  
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The                        Approach: MyToolBox-e-platform for 
Dynamic tools for mycotoxin management 



Dynamic Post-harvest Decision Tool 
for Farmer: Silo Monitoring 

model system 
Sensors 
• Moisture 
• Temperature 
• Carbon dioxide 

 

Prediction sent 
to silo manager 

 



The                        Approach:  
 
MyToolBox-e-platform tools:  

 



www.mytoolbox.eu 



Backbone: Multi-toxin determination 
2005-2018 

XIC of +MRM (3 pairs): Period 2, 442.2/263.1 am... Max. 2360.0 cps.
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- LC-APCI-MS/MS 
- 9 mycotoxins 
- Mycosep clean-up 
- LOD deoxynivalenol: 65 pg  
 

Franz 

QTrap 2000 

Michael 

QTrap 5500 
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- LC-ESI-MS/MS 
> 600 fungal, plant and 
   bacterial metabolites  
- no clean-up 
- LOD deoxynivalenol: 0.3 pg 

223 analytes positive mode 
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The chemical structures of 87 mycotoxins 
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The chemical structures of 87 mycotoxins 



Emerging 
Mycotoxins 

New/unexpected 
 occurrence 

data 

Climate  
change 

New findings  
(e.g. masked toxins) 

Advanced LC-MS 
methods 

Plant  
breeding 
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What is Overlooked in Routine Analysis? 
Masked Mycotoxins, Emerging Mycotoxins, Other Fungal Metabolites 



• 1926 samples from 52 countries 
• Results indicate that considerably more than 25% (FAO figure) 
•  of agricultural commodities could be contaminated with mycotoxins  
• …also due to lower LOQs 
• Observed contamination percentages: 

• 88% for Zearalenone 
• 7-79% for B-trichothecenes 



Diagnosis: Tremor 

Multi-Toxin-Case Study: Semi-automated production 
of sprouted barley in Pretoria as feed for cattle 



Case study: Semi-automated production of 
sprouted barley in Pretoria 

black spots: 
 Aspergillus clavatus 



LC-MS/MS (+/-) analysis of barley seed grass 
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Kojic acid 

114 mg/kg 

Fusarinolic acid 

8 mg/kg 

Fusaric acid 

3.8 mg/kg 

Cytochalasin E 7 mg/kg 

Bikaverin 20 mg/kg 
+ Fumonisins (2 
mg/kg) 

+ Enniatins (200 
µg/kg) 

+ Tryptoquivaline 
derivatives 
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500 µg/kg 
Patulin 

Case study: Sprouted barley in Pretoria as feed 
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NFSCLN 



64 

The Canadian Total Diet Study  

 Since 1969 the TDS provides estimates of levels of 
exposure to contaminants (and nutrients) that Canadians 
are exposed to through the food supply 

 Procedure:  
Some 900 food items are purchased at 4 different stores in 

one Canadian city/year within 5 weeks 
Preparing the specific food as they ‘would be consumed’ in 

the average household kitchen following common recipes 
Processed foods are finally combined and homogenized to 

make ~160 food composite samples 
 => very low detection limits required 
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 E.g. composite “Bread, whole wheat“: 450 g loaf 
purchased in 4 stores. Toasted and non-toasted bread 
combined and well homogenized 

 Then analysed for the presence of toxic and 
nutritionally important chemicals 

 Analysed levels are used with food consumption data 
to provide estimates of dietary intakes of these 
chemicals by Canadians 

 

The Canadian Total Diet Study 
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Retail Sampling for surveys 
 

Determination of market share acc. to  
available ACNielsen data 

 where sample members report all retail purchases through 
scanning the barcodes on all their purchases 

 Then Random Sampling weighted by market share 

 If list of brands is short (e.g. corn flakes), a targeted 
survey for these products or a combination of  
“AC Nielsen“ sampling and survey can be done 

Retail sampling plan based on number of categories  
(e.g. 40 different breakfast cereals) and the total number of  

analyses that can be managed 



 R-TDS institutional framework (international)  

CPC was designated by FAO and WHO to 
coordinate the WTO funded Regional Total Diet 

Study in Benin, Cameroon, Mali and Nigeria  
2014-2018 



 
 

 
 

 
 

Publication (methodology) 



 Kitchen laboratory in Yaoundé 



 FOR MORE INFORMATION 

For more information, please contact the Scientific Committee Secretariat 

Luc Ingenbleek (CPC/LABERCA) 
Email : luc.ingenbleek@gmail.com 

Dr Jean-Charles Leblanc (FAO) 
Email : JeanCharles.Leblanc@fao.org 

Dr Philippe Verger (WHO) 
Email : vergerp@who.int 
 
 
 
 



The biomarker approach 



LC-MS/MS Dilute & Shoot Approach:  
 1 ml urine centrifuged and diluted 1:10 with ACN/H2O (10/90) 

 13C-DON as Internal Standard 

LOD values  
 DON: 4 ng ml-1 (0.05 ng ml-1 after PRiME HLB® SPE column) 

Assessing mycotoxin co-exposure through urine analysis 

15 min 5 

NIV 
(400ppb) 

DON 
(400ppb) 

FB2 
(200ppb) 

DOM-1 
(400ppb) 

Z4GlcA 
(100ppb) α-ZEL 

(100ppb) 

ZEN 
(40ppb) 

β-ZEL 
(100ppb) 

FB1 
(200ppb) 

D3GlcA 
(400ppb) 

AFM1 
(5ppb) OTA 

(5ppb) 

T-2 
(100ppb) 

HT-2 
(400ppb) 

Chromatograms of a urine sample spiked 
with 15 mycotoxins and key metabolites.  

   - MRM 

   + MRM 

LC: Agilent 1290 
MS: AB Sciex QTrap® 5500 
Column: Atlantis T3, 3 µm 
Flow: 0.6 ml min-1 

Eluents: H2O/ACN + 0.1% HAc 
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Biomarker study in Cameroon 

 175 volunteers tested on mycotoxin biomarkers 

 Urine collected from healthy persons (n=30) 
and persons living with HIV (n=145) from 
Yaounde and Bamenda 

Manuscript in preparation 

→ Six mycotoxins and 
metabolites determined in one 
urine sample simultaneously 
 
→ In total, 11 biomarkers were 
detected 
 

B. Warth, R. Krska et al.  



74 SRM of biomarkers found in the 
  urine sample breastfeeding mother 



 = multi-mycotoxin exposure assessment in human bio-fluids 
based on UPLC-MS/MS and labelled IS  

 using de-glucuronidation of mycotoxin metabolites, Oasis 
PRiME HLB® SPE columns (Waters) 

 => stable isotopes provided superior compensation for matrix    
 effects  

 => significantly higher sensitivity 



Entering the ppq levels in mycotoxin 
biomarker analysis 

Mycotoxins 
Number 
(%) 
positive 

Concentration (ng/mL) 

Maximum Mean Std Dev. Median 
AFM1 2012 17 (14.2) 1.54 0.34 0.45 0.08 
AFM1 2015 87 (72.5) 0.62 0.04 0.08 0.01 
AOH 8 (6.7) 0.20 0.06 0.06 0.03 
CIT 79 (65.8) 241.5 5.96 27.43 0.84 
DHC 69 (57.5) 16.89 2.39 3.56 1.00 
DON 2012 6 (5) 6.84 2.56 2.31 1.67 
DON 2015 23 (19.2) 6.22 2.37 1.88 1.79 
FB1 2012 16 (13.3) 12.77 4.56 2.82 3.84 
FB1 2015 85 (70.8) 14.88 1.09 2.04 0.48 
NIV 40 (33.3) 3.02 0.95 0.60 0.75 
OTA 2012 34 (28.3) 0.56 0.15 0.11 0.08 
OTA 2015 94 (78.3) 0.31 0.05 0.06 0.04 
ZEN 2012 13 (10.8) 6.84 3.13 2.28 2.40 
ZEN 2015 98 (81.7) 19.99 0.75 2.59 0.20 
α-ZEL 5 (4.2) 2.52 1.27 0.87 0.87 
β-ZEL 7 (5.8) 2.74 0.88 1.08 0.33 

Comparison of the results 
 

+58% 

+14% 

+57% 

+58% 

+71% 

Babcock University, Ilishan, Ogun States 



 

 International cooperation is crucial to control and mitigate the 
mycotoxin issue world wide 

 Entire food and feed chains shall be considered involving end users 
 Safe use options of mycotoxin contaminated batches include the 

production of biofuels 
 New ultrasensitive biomarker LC-MS/MS method enables improved 

mycotoxin exposure assessment quantifiable results increase from 
50% to 100% 

 More funding for EU-Africa- and EU-China cooperations in the area 
food safety is needed 

 Management programs that optimise both the mitigation-method´s 
(e.g. biocontrol) long-term revenue and the area-wide benefit  
 
 

 

Summary and Outlook 
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www.ifa-tulln.boku.ac.at/ 
mycotoxin-summer-academy/ 

2018 

incl. 1 week LC-MS-training 
 

Thanks  
for listening! 
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University of Natural Resources and Life 
Sciences, Vienna 
Department of Agrobiotechnology,  
IFA-Tulln 

Ass. Prof Dipl.-Ing. Dr. Wolfgang Kandler November 2018 80 

Open Post Doc Position 

Requirements: 
 Experience in CG-MS,  

ideally Agilent Mass Hunter Software 
 Knowledge in QA/QM 
 Scientific publications 
 
 
 

 

 Project Aquascreen (see BOKU FIS) 
biostability of water in storage and supply 

 8 months, 30 h/week (~2720 € monthly)  
 Detm. of volatile substances in water 
 Training in high-resolution ICP-MS 



University of Natural Resources and Life 
Sciences, Vienna 
Department of Agrobiotechnology,  
IFA-Tulln 

Ass. Prof Dipl.-Ing. Dr. Wolfgang Kandler 19 November 2018 81 

 
University of Natural Resources and  
Life Sciences, Vienna 
Department of Agrobiotechnology, IFA-Tulln 
Center for Analytical Chemistry 
 
Ass. Prof. Dipl.-Ing. Dr. Wolfgang Kandler 
 
Konrad-Lorenz-Str. 20, 3430 Tulln 
Tel.: +43-1-47654-97308, Fax: +43-1-47654-97308 wolfgang.kandler@boku.ac.at , 
www.boku.ac.at  
 
http://www.ifa-tulln.boku.ac.at/en/  
 
https://forschung.boku.ac.at/fis/suchen.projekt_uebersicht?sprache_in=en&ansicht_in=&menue_id_in=300&id_in=12478  

Contact 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 692195. 

www.multicoop.eu 

Disclaimer: The information expressed in this presentation reflects the authors’ views; the European 
Commission is not liable for the information contained therein.  
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