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FRUIT STARCH

AGRANA's research and innovation activities are concentrated
at the AGRANA Research & Innovation Centre (ARIC) in Tulln,
Austria. Here, around 90 employees work on research projects
in the fruit, starch and sugar sectors in an area of around 4,000
square meters. These include the optimization of production
technologies, the development of new products and new
applications for existing products. The close cooperation with
our production sites and customers makes ARIC a versatile
and solution-orientated partner.

As a processor of agricultural raw materials for

the food and animal feed market, intensive
mycotoxin monitoring is an essential part of
quality assurance and quality management. It
enables the development of mycotoxin
prevention and management strategies at the
AGRANA Research & Innovation Center in
Tulln.
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45™ Mycotoxin Workshop Vienna, Austria, June 02—-05, 2024

Programm Overview

Sunday, June 2" 2024
6:00 pm Welcome reception
-9:00 pm Location: Holzhofer's Meierei
Homepage: https://www.meierei.at/

Address: Hauptallee 3, 1020 Vienna

How to reach: U-Bahn: U1l (red line) or U2 (violet line) to station “Praterstern”. Thereafter it is a
ca. 10 min walk through the “Prater Hauptallee”.
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45™ Mycotoxin Workshop

Monday, June 3 2024

8:30 am
-9:30 am

9:30 am
-9:45 am

9:45 am
-11:00 am

9:45 am
-10:00 am

10:00 am
-10:15 am

10:15 am
-10:30 am

10:30 am
-10:45 am

10:45 am
-11:00 am

Registration |
Location: Foyer of the ceremony hall of the University of Vienna

Opening and Housekeeping
Location: Main ceremony hall of the University of Vienna

Transformation and detoxification

Location: Main ceremony hall of the University of Vienna
Chair: Michael Sulyok, BOKU University

Chair: Laura Soler Vasco, INRAE

001: Reactions of the mycotoxin citrinin under food processing conditions
Lea Briickner, Katharina Hadenfeldt, Lina Schiirmann, Benedikt Cramer,

Hans-Ulrich Humpf
University of Muenster, Germany

002: Microbial zearalenone transformation through phosphorylation does not
mitigate its toxicity
Ivan Pavlov?, Muhammad Asaduzzaman?, Ting Zhou?,

Imourana Alassane-Kpembit!
1: University of Montreal; 2: Guelph Research and Development Centre, Agriculture and Agri-
Food Canada

003: Insights into mycotoxin fate during digestion: the effect of individual and
combination exposures

Carolina Sousa Monteiro!, Eugénia Pinto?3, Miguel A. Faria’, Sara C. Cunha'’

1: LAQV-REQUIMTE, Laboratory of Bromatology and Hydrology, Faculty of Pharmacy, University
of Porto, Portugal; 2: Laboratory of Microbiology, Biological Sciences Department, Faculty of
Pharmacy of University of Porto, Porto, Portugal; 3: Interdisciplinary Centre of Marine and
Environmental Research (CIIMAR/CIMAR), University of Porto, Matosinhos, Portugal

004: Enzymatic detoxification of fumonisins in bioethanol production: a
promising mitigation strategy for safer DDGS

Julian Witt, Nicolas Hardt, Stefan Helmer, Christian Leggewie
Biomin Phytogenics GmbH, dsm-firmenich R&D Center Dortmund, Germany

005: Detoxification of deoxynivalenol by glutathione transferases

Herbert Michimayr'?, Martin Siller’3, Lidija Kenjeric**, Gerlinde
Wiesenberger!, Maria Doppler®?, Alexandra Malachova**, Manuel Hofer’,
Wolfgang Schweiger®’, Barbara Steiner’?, Karl G. Kugler®, Klaus F. X. Mayer?,
Hermann Buerstmayr’, Rainer Schuhmacher®, Rudolf Krska®°, Nikolaos E.

Labrou'’, Anastassios C. Papageorgiou?, Gerhard Adam?

1: University of Natural Resources and Life Sciences Vienna (BOKU), Department of Applied
Genetics and Cell Biology, Institute of Microbial Genetics (IMiG), Tulln, Austria; 2: Turku
Bioscience Centre, University of Turku and Abo Akademi University, Turku, Finland; 3: dsm-
firmenich ANH Research Center Tulln, TFZ Tulln, Technopark 1, 3430 Tulln, Austria; 4: FFoQSI
GmbH — Austrian Competence Centre for Feed and Food Quality, Safety and Innovation, Tulln,
Austria; 5: University of Natural Resources and Life Sciences Vienna (BOKU), Department of
Agrobiotechnology, IFA-Tulln, Institute of Bioanalytics and Agro-Metabolomics, Tulln, Austria; 6:
University of Natural Resources and Life Sciences Vienna (BOKU), Core Facility Bioactive
Molecules: Screening & Analysis, Tulln, Austria; 7: University of Natural Resources and Life
Sciences Vienna (BOKU), Department of Agrobiotechnology, IFA-Tulln, Institute of Biotechnology
in Plant Production, Tulln, Austria; 8: Plant Genome and Systems Biology, Helmholtz Zentrum
Miinchen, Neuherberg, Germany; 9: Institute for Global Food Security, School of Biological
Sciences, Queen’s University Belfast, Belfast, Northern Ireland; 10: Laboratory of Enzyme
Technology, Department of Biotechnology, School of Applied Biology and Biotechnology,
Agricultural University of Athens, Athens, Greece

Vienna, Austria, June 02-05, 2024
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45% Mycotoxin Workshop Vienna, Austria, June 02-05, 2024

Monday, June 3 2024 Page No

11:00 am
-11:30 am

11:30 am
-12:30 pm

11:30 am
-11:45 am

11:45 am
-12:00 pm

12:00 pm
-12:15 pm

12:15 pm
-12:30 pm

12:30 pm
-2:00 pm

Coffee break |
Location: Small ceremony hall of the University of Vienna

Mycotoxins and alternative food

Location: Main ceremony hall of the University of Vienna
Chair: Doris Marko, University of Vienna

Chair: Benedikt Cramer, University of Muenster

006: Aflatoxins contamination in tiger nuts: implications for food safety and 32
regulation

Marta Sopel, Alwin Kruijt, Josipa Grzetic Martens
Wageningen Food Safety Research

007: Multi-mycotoxin determination in meat alternatives: occurrence, dietary 33
exposure, risk characterization, and potential burden of disease

Octavian Augustin Mihalache?, Raquel Torrijos'?, Chiara Dall'Asta’

1: Department of Food and Drug, University of Parma, Parco Area delle Scienze 17/A, 43124,

Parma, Italy; 2: Department of Food Science and Toxicology, Faculty of Pharmacy, University of
Valencia, Ave. Vicent Andrés Estellés s/n, 46100, Burjassot, Spain

008: Uptake of beauvericin, deoxynivalenol, zearalenone and other 34
mycotoxins by black soldier fly larvae growing on contaminated maize

Marcus Trentzsch?, Kipkoech Carolyne?, Jakob Kiihn?, Christoph Gottschalk?,

Julia Jaster-Keller?, John M. Wesonga?, Ronald Maul3, Christoph Hutzler?,

Stefan Weigel®

1: German Federal Institute for Risk Assessment (BfR), Department for Safety in the Food Chain,
Max-Dohrn-Str. 8-10, 10589 Berlin, Germany; 2: Jomo Kenyatta University of Agriculture and

Technology, Department of Horticulture and Food Security, P.O. Box 62000, 00200 Nairobi,

Kenya; 3: Max Rubner-Institut, Federal Research Institute of Nutrition and Food, Department of

Safety and Quality of Milk and Fish Products, Hermann-Weigmann-StraRe 1, 24103 Kiel, Germany

009: Phosphorylation of deoxynivalenol and zearalenone in insects 35
Gerhard Adam?, Maria Doppler?3, Herbert Michimayr!, Gerlinde

Wiesenberger?, Christoph Bueschl?, Tamara Krska', Rainer Schuhmacher?,

Christian Hametner?, Franz Berthiller?, Rudolf Krska?

1: Institute of Microbial Genetics, Department of Applied Genetics and Cell Biology, University of

Natural Ressources and Life Sciences, Vienna (BOKU), Tulln, Austria; 2: Institute of Bioanalytics

and Agro-Metabolomics, Department of Agrobiotechnology (IFA Tulln), University of Natural

Ressources and Life Sciences, Vienna (BOKU), Tulln, Austria; 3: Core Facility Bioactive Molecules:

Screening & Analysis, University of Natural Resources and Life Sciences, Vienna (BOKU), Tulln,

Austria; 4: Institute of Applied Synthetic Chemistry, Technische Universitat Wien, Vienna, Austria

Lunch break |
Location: Small ceremony hall of the University of Vienna



45™ Mycotoxin Workshop

Monday, June 3™ 2024

2:00 pm
-3:30 pm

2:00 pm
-2:15 pm

2:15 pm
-2:30 pm

2:30 pm
-2:45 pm

2:45 pm
-3:00 pm

3:00 pm
- 3:15 pm

3:15 pm
-3:30 pm

Toxigenic fungi: Genetics, biology, new secondary metabolites
Location: Main ceremony hall of the University of Vienna
Chair: Gerhard Adam, BOKU University

Chair: Sarah De Saeger, Ghent University

010: Fighting mycotoxin contaminations by studying the compositional and
metabolomic dynamics of a Meta-Fusarium exposed to abiotic and biotic
stress

Valentin Fiévet, Laetitia Pinson-Gadais, Stéphane Bernillon, Louis Carles,

Florence Richard-Forget
INRAE (UR1264 Mycsa), France

011: Chemically diversified metabolite profiles in Penicillium roqueforti
populations associated with ecological niche specialisation and
domestication

Ewen Crequer!, Emmanuel Coton?, Gwennina Cueff!, Johan V Christiansen3,
Jens C Frisvad?, Ricardo Rodriguez De La Vega?, Tatiana Giraud?, Jean-Luc

Jany?!, Monika Coton?

1: Univ. Brest INRAE, Laboratoire Universitaire de Biodiversité et Ecologie Microbienne, F-29280
Plouzané, France; 2: Université Paris-Saclay, CNRS, AgroParisTech, Laboratoire Ecologie
Systématique et Evolution, UMR 8079, France; 3: Department of Biotechnology and
Biomedecine, Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark

012: Expansion of the multi-locus gene alighment approach to improve
identification of the fungal species Alternaria alternata
Adetoye Adeyemo, Markus Schmidt-Heydt

Max Rubner-Institute, Germany

013: Genetic variability of the pathogenic Fusarium proliferatum from
different hosts leads to significant differences in fumonisin production
Alessandra Villani', Antonia Susca?, Stefania Somma?, Mario Masiello?,
Marthe De Boevre?, Sarah De Saeger?, Hye-Seon Kim3, Stephen Harding?,

Robert H. Proctor?, Antonio Moretti

1: Institute of Sciences of Food Production, Italy; 2: Center of Excellence in Mycotoxicology and
Public Health, Ghent University, Ghent, Belgium; 3: USDA-ARS, NCAUR, Mycotoxin Prevention
and Applied Microbiology Research Unit, Peoria, IL, USA

014: Volatile organic compounds: effective biomarkers and biocontrol tools
against mycotoxins?

Laurie Josselin?, Alessandra Villani?, Salvatore Cervellieri?, Thomas Netti?,
Daria Carella?, Caroline De Clerck3, Robert H. Proctor?, Antonia Susca?,
Vincenzo Lippolis?, Marie-Laure Fauconnier’, Antonio Moretti’

1: Laboratory of Chemistry of Natural Molecules, Gembloux Agro-Bio Tech, University of Liege,
Gembloux, Belgium; 2: Institute of Sciences of Food Production, National Research Council, Bari,
Italy; 3: AgriculturelsLife, Gembloux Agro-Bio Tech, University of Liege, Gembloux, Belgium; 4:
Mycotoxin Prevention and Applied Microbiology Unit, United States Department of Agriculture
(USDA), National Center for Agricultural Utilization Research, Peoria, IL, USA

015: Interactions among strains of black aspergilli and ochratoxin A
reduction

Julia Marqueés, M. Rosa Bragulat, F. Javier Cabafies, Gemma Castella
Universitat Autonoma de Barcelona, Spain

Vienna, Austria, June 02-05, 2024
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45% Mycotoxin Workshop Vienna, Austria, June 02-05, 2024

Monday, June 3 2024

3:30 pm [|Poster session | Coffee break Il

- 4:30 pm [|Location: Small ceremony hall of the University of Vienna

Uneven poster presenters should be at their poster from 3:45pm to 4:15 pm

4:30 pm Meeting of the Society for Mycotoxin Research

- 6:00 pm Location: Main ceremony hall of the University of Vienna
6:15 pm Transfer to the Buschenschank

-7:00 pm Location: Vienna city center
7:00 pm Buschenschank Fuhrgassl-Huber

- 11:00 pm Location: Buschenschank Fuhrgassl-Huber

11:00 pm Transfer back to the city center

- 11:45 pm Location: Vienna city center

Homepage: https://www.fuhrgassl-huber.at/de/buschenschank/essen-trinken.html

Address: Neustift am Walde 68, 1190 Wien

How to reach: a bus transfer will be provided, but you can also reach it by public transport by taking
the tram 38 (direction Grinzing) from the station “Schottentor” (right outside the University building,
but on the lower level) to the station “Gatterburggasse” and then the bus 35A (direction Salmannsdorf)
to the station “Neustift am Walde”.
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https://www.fuhrgassl-huber.at/de/buschenschank/essen-trinken.html

45™ Mycotoxin Workshop

Tuesday, June 4" 2024

8:00 am
-9:00 am

9:00 am
-10:30 am

9:00 am
-9:15 am

9:15 am
-9:30 am

9:30 am
-9:45 am

9:45 am
-10:00 am

10:00 am
-10:15am

10:15 am
-10:30 am

Registration Il
Location: Foyer of the ceremony hall of the University of Vienna

Toxicology and risk assessment of mycotoxins

Location: Main ceremony hall of the University of Vienna
Chair: Ariane Vettorazzi, University of Navarra

Chair: Sonja Hager, University of Vienna

016: 4D model for intestinal toxicity profiling: a case study on Fusarium
mycotoxins fumonisin B1 and deoxynivalenol

Janice Bergen?, Claudia Iriarte-Mesa?, Maximilian Jobst!, Francesco Crudo?,
Doris Marko?, Freddy Kleitz?, Franz Berthiller?, Giorgia Del Favero!

1: University of Vienna - Faculty of Chemistry, Department of Food Chemistry and Toxicology,
Vienna, Austria; 2: University of Vienna - Faculty of Chemistry, Department of Functional
Materials and Catalysis, Vienna, Austria; 3: Department of Agrobiotechnology, IFA-Tulln,
University of Natural Resources and Life Sciences, Vienna (BOKU), Austria

017: Identification of cellular targets of ochratoxin A utilizing a
chemoproteomic approach

Johannes Borchers?, Leonie Lutz!, Stephanie Lamer?, Andreas Schlosser?,
Angela Mally?

1: University of Wiirzburg, Department of Toxicology, Wiirzburg, Germany; 2: University of
Wiirzburg, Rudolf Virchow Center, Wirzburg, Germany

018: The presence and impact of phytoestrogens and zearalenone on the
health of piglets

Dino Grgic'?, Barbara Novak?, Elisabeth Varga?, Dian Schatzmayr?, Barbara
Doupovec?, Doris Marko?

1: Department of Food Chemistry and Toxicology, Faculty of Chemistry, University of Vienna,
Vienna, Austria; 2: Doctoral School in Chemistry, University of Vienna, Vienna, Austria; 3: dsm-
firmenich, Animal Nutrition & Health R&D Center, Tulln an der Donau, Austria; 4: Unit Food
Hygiene and Technology, Centre for Food Science and Veterinary Public Health, Clinical

Department for Farm Animals and Food System Science, University of Veterinary Medicine,
Vienna, Vienna, Austria

019: Mechanisms underlying the combined effects of the mycotoxins
deoxynivalenol and enniatin B in a liver cell model

Denis Habauzit, Sylvie Huet, Kevin Hogeveen, Valérie Fessard, Thibaut Léger
ANSES (French Agency for Food, Environmental and Occupational Health & Safety), France
020: The potential contribution of multiple mycotoxin exposure to
esophageal cancer risk: insights from a case-control study in the Arsi-Bale
districts, Ethiopia

Roger Pero-Gascon'?, Girma Mulisa®#, Tamrat Abebe3, Valerie McCormack®,

Fazlur Rahman Talukdar>®, Marthe De Boevre?, Sarah De Saeger'”’

1: Ghent University, Belgium; 2: Flanders Research Foundation, Belgium; 3: Addis Ababa
University, Ethiopia; 4: Adama Hospital Medical College, Ethiopia; 5: International Agency for
Research on Cancer, France; 6: University of Cambridge, UK; 7: University of Johannesburg,
South Africa

021: Immunosuppressive and antiestrogenic effects of Alternaria mycotoxins:

alterperylenol and altertoxin | as novel emerging health concerns
Francesco Crudo?, Vanessa Partsch'?, Dennis Braga®, Giorgia Del Favero?,

Elisabeth Varga'?, Doris Marko?

1: Department of Food Chemistry and Toxicology, Faculty of Chemistry, University of Vienna,
Vienna, Austria; 2: Doctoral School in Chemistry, Faculty of Chemistry, University of Vienna,
Vienna, Austria; 3: Unit Food Hygiene and Technology, Centre for Food Science and Veterinary
Public Health, Clinical Department for Farm Animals and Food System Science, University of
Veterinary Medicine, Vienna, Austria
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45™ Mycotoxin Workshop

Tuesday, June 4" 2024
10:30 am | Coffee break Ill
- 11:15 am| Location: Small ceremony hall of the University of Vienna
11:15 am Analytics
-12:30 pm Location: Main ceremony hall of the University of Vienna
Chair: Michael Rychlik, TU Munich
Chair: Elisabeth Varga, University of Veterinary Medicine Vienna
11:15 am 022: Accelerating quantification of fungal analytes with fast polarity
-11:30 am  switching and scheduled MRM - is it on the cost of method performance?
Lidija Kenjeric'?, Alexandra Malachova?, Rudolf Krska?3, Michael Sulyok?
1: FFoQSI GmbH, FFoQSI Austrian Competence Centre for Feed & Food Quality, Safety and
Innovation, Tulln, Austria; 2: University of Natural Resources and Life Sciences Vienna (BOKU),
Department of Agrobiotechnology (IFA-Tulln), Institute of Bioanalytics and Agro-Metabolomics,
Konrad-Lorenz-StralRe 20, 3430 Tulln an der Donau, Austria; 3: Institute for Global Food Security,
School of Biological Sciences, Queens University Belfast, University Road, Belfast, BT7 1NN,
Northern Ireland, United Kingdom
11:30 am 023: Patulin adducts and antibodies for immunoanalysis
-11:45 am Josep Vicent Mercader?, Hadyn Duncan?, Ismael Navarro-Fuertes?, Consuelo
Agullo?, Antonio Abad-Somovilla%, Antonio Abad-Fuentes?
1: Spanish Council for Scientific Research, Spain; 2: University of Valencia
11:45 am 024: Progressing towards rapid multiplex detection: a fluorescence
-12:00 pm immunoassay for ergot alkaloids, trichothecenes, and Fusarium toxins
Peter Carl*?, Timm Schwaar?, Nick Gundermann®, Rudolf J. Schneider?,
Matthias Koch?, Daniel Lépez-Puertollano?, Josep V. Mercader®
1: SAFIA Technologies GmbH, Germany; 2: Federal Institute for Materials Research and Testing
(BAM), Berlin, Germany; 3: Spanish Council for Scientific Research, Institute of Agrochemistry
and Food Technology, Valencia, Spain
12:00 pm | 025: Untargeted and rapid approaches for screening of deoxynivalenol
-12:15 pm in wheat bran
Vincenzo Lippolis?, Leonardo Ciaccheri?, Salvatore Cervellieri!, Antonio
Moretti!, Anna Grazia Mignani?, Annalisa De Girolamo?
1: Institute of Sciences of Food Production (ISPA), National Research Council of Italy (CNR), Italy;
2: Institute of Applied Physics “Nello Carrara” (IFAC), National Research Council of Italy (CNR),
Italy
12:15 pm | 026: Mycotoxins in plant-based diets in Belgium
-12:30 pm Maria Agustina Pavicich!, Moustapha Soungalo Drabo?, Lief Roose?, Abdi
Mohamed?, Celine Meerpoel®, Katleen Raes?, Sarah De Saeger?
1: Centre of Excellence in Mycotoxicology and Public Health, Department of Bioanalysis, Faculty
of Pharmaceutical Sciences, Ghent University, Ghent, Belgium; 2: Research Unit VEG-i-TEC,
Faculty of Bioscience Engineering, Ghent University, Kortrijk, B-8500, Belgium; 3: School of Plant
Sciences, Haramaya University, P.O. Box 138, Dire Dawa, Ethiopia
12:30 pm | Lunch break Il
- 2:00 pm | Location: Small ceremony hall of the University of Vienna
12:50 pm [|Meeting of the Editorial Board Members of Mycotoxin Research
- 1:50 pm [|Location: Erika-Weinzierl-Saal

Chair: Hans-Ulrich Humpf, University of Muenster
Chair: Rebecca Shreeve, Springer Nature

11
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45™ Mycotoxin Workshop

Tuesday, June 4" 2024

2:00 pm
-3:15 pm

2:00 pm
-2:15 pm

2:15 pm
-2:30 pm

2:30 pm
-2:45 pm

2:45 pm
-3:00 pm

3:00 pm
-3:15 pm

3:15 pm
-4:30 pm

3:30 pm
-4:00 pm

Biomonitoring

Location: Main ceremony hall of the University of Vienna
Chair: Franz Berthiller, BOKU University

Chair: Hans-Ulrich Humpf, University of Muenster

027: Urinary multi-mycotoxin biomonitoring and diet analysis in UK children

Praosiri Charusalaipong, Ruth Slater, Margaret-Jane Gordon, Silvia W. Gratz
University of Aberdeen

028: Multiple mycotoxin exposure during pregnancy and its association with
adverse pregnancy outcomes: a prospective cohort study in rural Bangladesh
Nicholas Nana Adjei Kyei®?%3, Jillian Waid3*, Nurshad Ali®, Benedikt Cramer®,
Hans-Ulrich Humpf®, Sabine Gabrysch'?3

1: Institute of Public Health, Charité — Universitatsmedizin Berlin, Germany; 2: Heidelberg
Institute of Global Health, Heidelberg University, Germany; 3: Research Department 2, Potsdam
Institute for Climate Impact Research (PIK), Germany; 4: Helen Keller International-Bangladesh
Country Office, Dhaka, Bangladesh; 5: Department of Biochemistry and Molecular Biology,
Shahjalal University of Science and Technology, Sylhet, Bangladesh; 6: Institute of Food
Chemistry, Westfalische Wilhelms-Universitat Miinster, Germany

029: Longitudinal biomonitoring of mycotoxins in pregnant women from the
Yale Pregnancy Outcome Prediction Study
Magdalena Krausova?, Kolawole I. Ayeni!, Yasmin Borutzkil, Yunyun Gu?,

Caroline Johnson?, Benedikt Warth*
1: University of Vienna, Austria; 2: Yale School of Public Health,United States of America

030: Online solid phase extraction coupled to LC-MS/MS enables sensitive
high-throughput analysis of mycotoxin biomarkers in urine

Michael Kuhn, Benedikt Cramer, Hans-Ulrich Humpf
Institute of Food Chemistry, University of Minster, Germany

031: Human biomonitoring of multiple mycotoxins in the Flemish child and
adult population: results of the FLEXiGUT project
Elias Maris'?, Roger Pero-Gascon', Marthe De Boevre?, Jeroen Raes?, Tim

Nawrot3, Adrian Covaci®, Lynn Vanhaecke®, Sarah De Saeger*

1: Centre of Excellence in Mycotoxicology and Public Health, University of Ghent, 9000 Ghent,
Belgium; 2: Laboratory of Molecular Bacteriology, VIB-KU Leuven, 3000 Leuven, Belgium; 3:
Centre for Environmental Sciences, Hasselt University, 3590 Diepenbeek, Belgium; 4:
Toxicological Centre, University of Antwerp, 2610 Wilrijk, Belgium; 5: Laboratory of Integrative
Metabolomics, University of Ghent, 9820 Merelbeke, Belgium

Poster session Il Coffee break IV

Location: Small ceremony hall of the University of Vienna

Uneven poster presenters should be at their poster from 4:00pm to 4:30 pm
Coffee break sponsored by:

dsm-firmenich ese

Discussion: Quality of Human Biomonitoring Data
Location: Main ceremony hall of the University of Vienna

Chair: Hans-Ulrich Humpf. Universitv of Muenster
Chair: Sarah De Saeger, Ghent University
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45™ Mycotoxin Workshop

Tuesday, June 4t" 2024

4:30 pm Guided Tour

- 6:00 pm Location: Vienna city center
Pick-up in front of the University building

One tour will be offered in German, the others in English

7:00 pm Conference Dinner
-11:30 pm Location: Wiener Rathauskeller

Homepage: https://wiener-rathauskeller.at/eventlocation/rittersaal/

Address: Rathausplatz 1, 1010 Vienna
How to reach: it is only a five minutes’ walk from the conference site away
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Wednesday, June 5" 2024 Page No

8:00 am ||Registration lll
- 9:00 am | Location: Foyer of the ceremony hall of the University of Vienna

9:00 am  Environmental impact on mycotoxins & indoor moulds
- 10:30 am Location: Main ceremony hall of the University of Vienna
Chair: Christoph Gottschalk, German Federal Institute for Risk Assessment
Chair: Marco Camardo Leggieri, Universita Cattolica del Sacro Cuore

9:00 am = 032: Sorption and stability of Fusarium mycotoxins in agricultural soils 58

-9:15 am Sven Korz, Katherine Munoz
Institute for Environmental Sciences, RPTU (University of Kaiserslautern-Landau), Landau,
Germany

9:15 am | 033: Navigating complexity: modelling mycotoxin to face climate change 59

-9:30 am Marco Camardo Leggieri, Paola Battilani
Universita Cattolica del Sacro Cuore, Italy

9:30 am | 034: The impact of weather and climatic change to mycotoxins in 15 years 60

- 9:45 am Alexander Platzer, Younos Cherkaoui, Gerd Schatzmayr
dsm-firmenich, Animal Nutrition and Health R&D Centers, Switzerland and Austria

9:45 am | 035: Neurological disease with hazardous indoor macrocyclic trichothecenes 61
-10:00 am exposure
Irene Hanchett Grant?, Noem Olivo?, Jake B. Geller?, Herman Sabath?,

Harriet Ammann®

1: Integrative Medicine Group, United States of America; 2: CRO Services (Independent CRO),
USA; 3: Geller Consulting Associates, President, USA; 4: Indoor Environmental Diagnostics &
Solutions, LLC. USA; 5: NA

10:00 am 036: Fungal bioaerosol in historic places - An invisible cateran 62
-10:15 am Elena Pieckova?’, Rendata Lehotska?, Sofia Wimmerova?

1: Faculty of Medicine; 2: Faculty of Public Health, Slovak Medical University, Bratislava, Slovak

Republic

10:15 am 037: The link between sporulation and satratoxin production in 63
- 10:30 am Stachybotrys chartarum
Sebastian Ulrich?, Christiane Baschien?, Robert Kosicki3, Magdalena

Twaruzek?, Reinhard K. Straubinger?, Frank Ebel*

1: Chair of Bacteriology and Mycology, Department of Veterinary Sciences, Faculty of Veterinary
Medicine, Institute for Infectious Diseases and Zoonosis, LMU Munich, Sonnenstr. 24, 85764
OberschleiRheim, Germany; 2: Leibniz--Institute DSMZ-German Collection of Microorganisms and
Cell Cultures, Inhoffenstr. 7B, 38124 Braunschweig, Germany; 3: Kazimierz Wielki University,
Faculty of Biological Sciences, Department of Physiology and Toxicology, Chodkiewicza 30, 85—
064 Bydgoszcz, Poland

10:30 am ||Coffee break V
- 11:15 am| Location: Small ceremony hall of the University of Vienna

14
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Wednesday, June 5t 2024
11:15 am Toxicity and modelling

-12:30 pm

11:15 am
-11:30 am

11:30 am
-11:45 am

11:45 am
-12:00 pm

12:00 pm
-12:15 pm

12:15 pm
-12:30 pm

12:30 pm
-1:00 pm
1:00 pm

Location: Main ceremony hall of the University of Vienna
Chair: Giorgia Del Favero, University of Vienna
Chair: Francesco Crudo, University of Vienna

038: The mycotoxin food contaminant alternariol impedes oxaliplatin-
induced immunostimulation
Sonja Hager?, Judith Gufler'?, Petra Heffeter?, Doris Marko?

1: Department of Food Chemistry and Toxicology, Faculty of Chemistry, University Vienna,
Vienna, Austria; 2: Doctoral School in Chemistry, Faculty of Chemistry, University of Vienna,
Vienna, Austria; 3: Center for Cancer Research, Medical University of Vienna, Vienna, Austria

039: Digging into the mechanics of alternariol toxicity — spotlighting kinases
inhibition at a “kinome” level
Lorenzo Pedroni?, Florinda Perugino’?, Gianni Galaverna?, Doris Marko?,

Chiara Dall'Asta?, Luca Dellafiora?

1: Department of Food and Drug, University of Parma, Parma, Italy; 2: Department of Biology,
University of Naples Federico Il, Naples, Italy; 3: Department of Food Chemistry and Toxicology,
University of Vienna, Vienna, Austria

040: A new level to rise the current understanding of ochratoxin A toxicity
from a molecular standpoint: an in silico journey
Lorenzo Pedroni?, Florinda Perugino!?, Gianni Galaverna?, Chiara Dall'Asta?,

Luca Dellafiora®
1: Department of Food and Drug, University of Parma, Parma, Italy; 2: Department of Biology,
University of Naples Federico Il, Naples, Italy

041: Determination of TK parameters and iTTC of tenuazonic acid through a
human toxicokinetic trial and PopTK modelling

Lia Visintin?, En-Hsuan Lu?, Hsing-Chieh Lin?, Truong Nguyen?, Weihsueh
Chiu?, Sarah De Saeger'?, Marthe De Boevre?

1: Centre of Excellence in Mycotoxicology and Public Health, Ghent University, Ghent, Belgium;
2: Interdisciplinary Faculty of Toxicology, Texas A&M University, College Station, USA.; 3:

Department of Biotechnology and Food Technology, University of Johannesburg, Gauteng, South
Africa

042: Dietary exposure: the mycotoxin deoxynivalenol increases the
genotoxicity of haem iron

Delphine Payros'?, Marion Garofalo!, Margaux Lalaurie®, Marie Penary?,
Florence Mompart?, Sylvie Puel!, Nathalie Naud?, Florence Blas-Y-Estrada®,
Mikaél Albin?, Aurélia Astruc?, Julien Vignard?, Philippe Pinton?, Gladys
Mirey?, Elodie Rousseau-Bacquié?, Fabrice Pierre?, Francoise Guéraud?,

Isabelle P. Oswald?
1: INRAE, UMR1331, Toxalim, Research Centre in Food Toxicology, Toulouse, France; 2: IRSD,
Université de Toulouse, INSERM, INRAE, ENVT, UPS, Toulouse, France

Closing
Location: Main ceremony hall of the University of Vienna

Lunch package
Location: Foyer of the ceremony hall of the University of Vienna

15

Vienna, Austria, June 02-05, 2024

Page No

64

65

66

67

68



45™ Mycotoxin Workshop Vienna, Austria, June 0205, 2024
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1:00 pm
- 6:00 pm

1:00 pm
- 1:45 pm

1:45 pm
- 3:00 pm

3:00 pm
-4:00 pm

4:00 pm
-5:00 pm

5:00 pm
- 6:00 pm

Optional Trip to Tulln
Location: Tulln, Lower Austria
Pre-registration required

Transfer to Tulln (bus provided)

Visit of cereal fields (250 different varieties) & Fusarium research
at the IFA-Tulln

Visit Romer Labs

Visit the dsm-firmenich Tulln Research Center

Buffer time + Transfer back to Vienna

© E. Varga

Romer"A dsm-firmenich ese

Labs

Making the World’s Food Safer
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managment

Turning science Iinto
sustainable solutions

Through innovative production technologies and advanced, scientific know-
how, we have pioneered several trend-setting solutions for a range of animal
nutrition products.

An in-depth understanding of what the customer’s needs and concerns are,
has enabled us to create and deliver solutions in-line with performance
and efficiency goals. h

Our Mycofix® portfolio is the state-of-the-art solution to deactivate
mycotoxins, including patented enzymatic biotransformation
technology. The safety and efficacy of the most complete mycotoxin
risk management is proven by 7 EU authorizations for mycotoxin
deactivating substances.

Learn more
at dsm-firmenich.com/anh
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45™ Mycotoxin Workshop

Nr

Vienna, Austria, June 02-05, 2024

List of Abstracts — Poster Presentations

Presenting Author ‘ Title

PO1 Ayeni, Biomonitoring of mycotoxin exposure and associated 71
Kolawole impact on the gut microbiome in Nigerian infants
P02 Bulgaru, Exploring the potential of rapeseed meal to counteract 72
Cristina Valeria |intestinal inflammation induced by mycotoxins in pigs
P03 Gajecka, Cohort study investigating zearalenone concentrations and 73
Magdalena selected steroid levels in patients with sigmoid colorectal
cancer or colorectal cancertle
P04 Lilly, Comparative proteomic analysis unveils differential 74
Mariska responses to HFB1 and FB1 in porcine IPEC-J2 cell line
PO5 Habrowska- The role of FOXO3a/PI3K/Akt pathway in the induction of 75
Gorczynska, oxidative stress by active metabolites of zearalenone:
Dominika E. a-ZEL and B-ZEL in prostate cancer
P06 Hart, Tremorgenic mycotoxicosis in dogs 76
Leon
P07 Herter, Development and application of isotopic labeled 77
Sven-Oliver ergot alkaloids
P08 Kowalska, High glucose concentration modulates the response of 78
Karolina colon cancer cells to alternariol
P09 Koziet, Alternariol induces DNA damage in ovarian cancer cells- the 79
Marta J. role of G protein coupled receptor 1
P10 Krapf, Immunomodulating effects of Alternaria toxins activation 80
Solveig on the toll like receptor — NFkB/AP-1 signalling pathway
P11 Kulcsar, The effect of combined exposure of Fusarium mycotoxins 81
Szabina on lipid peroxidation, antioxidant defense and fatty acid
profile in the kidney of laying hens
P12 De Saeger, Investigating the progressions of hepatocellular carcinoma 82
Sarah and post-kidney transplant failure cause d by multiple
mycotoxin exposure through uniting epidemiological and
multi-omics studies
P13 Munoz, Mycotoxigenic fungi in maize production systems in 83
Katherine Makueni, Kilifi and Kisumu Counties in Kenya
P14 Pereira, Human bioacessibility and intestinal transport simulation of 84
Cheila mycotoxins — Sparus aurata case study
P15 Mayer, Impact of DON, ZEN, and their metabolites DOM-1 and 85
Elisabeth HZEN on B cell proliferation and antibody production
P16 Riahi, Evaluation of the efficacy of an advanced anti-mycotoxins 86
Insaf agent on the biomarkers of exposure and effects, in broiler
chickens exposed to fumonisin
P17 Riahi, In vivo effects of an anti-mycotoxins product in weaned pigs 87
Insaf challenged by fumonisins: insights into the animal
performance and antioxidant status
P18 Thamhesl|, OCHRAzyme®: a shield against ochratoxin A in swine 88
Michaela production
P19 Sara, Possible role of mycotoxins in endometrial cancer 89
Levente development
P20 Urbanek, Insights on the influence of estrogenic mycotoxin on the 90
Kinga A. postmenopausal breast cancer
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Nr Presenting Author Title Page No
P21 Gere Pasztiné, The beneficial effect of luteolin and chrysin in E. coli 91
Erzsébet lipopolysaccharide-ochratoxin A caused inflammation in a

porcine intestinal model
P22 Attyn, Dietary supplements as source of mycotoxins? 92
Iwona
P23 Berger, Seed coating in maize: effects on plant development and 93
Beatrice Fusarium toxin contamination
P24 Brunkhorst, Analysis of ergot alkaloids in a variety of simple and 94
Julie L. complex matrices by liquid chromatography-tandem
quadrupole mass spectrometry
P25 Camaj Ibrahimi, Assessment of zearalenone levels and nutritional content in 95
Arieta wheat samples from Kosovo mills: implications for food
safety and quality
P26 Alassane-Kpembi, |Low doses of DON trigger apoptosis and alter GnRH 96
Imourana stimulation of gonadotrope cells
P27 De Girolamo, Simultaneous determination of six Alternaria toxins in 97
Annalisa wheat using liquid chromatography and UV/DAD detection
P28 Twaruzek, Mycotoxins presence in woodworking environments from 98
Magdalena Portugal
P29 Freitag, LC-MS/MS and multivariate statistics to study regional and 99
Stephan yearly mycotoxin occurrence patterns in Austrian wheat
P30 Leandro Rodrigues, | Evaluation of agitation effect on patulin production of two 100
Emelin Aspergillus clavatus strains isolated from apples
P31 Mc Kenna, Mycotox-I — mitigating the risks of toxigenic fungi in Irish 101
Naoise cereal grain
P32 Mercader, A rapid immunoassay for alternariol analysis in food using 102
Josep V. novel haptens and monoclonal antibodies
P33 Nadeak, Studying the protein composition of mycotoxigenic 103
Dedy L. Fusarium spp.-infected wheat: a mid-infrared spectroscopy
approach
P34 Neuendorff, Thermal degradation of citrinin during extrusion cooking 104
Florian
P35 Rennhofer, Screening for deoxynivalenol in wheat using mid-infrared 105
Patrick photoacoustic spectroscopy
P36 S4, Assessing mycotoxin exposure in children: a comprehensive 106
Soraia study of cereal-based products in Portugal
P37 Schale, Investigations on mycotoxin occurrence and microbial 107
Daniela status of mould-ripened cheeses from the German market
P38 Schneidemann, Quantification of aflatoxin in different types of nuts after 108
Sarah inoculation with Aspergillus flavus
P39 Shala-Mayrhofer, | Insights from 8 years of mycotoxin pre-harvest monitoring 109
Vitore in maize as part of the Austrian plant protection alert
service
P40 Sz6ke, Use of chicken anti-zearalenone immunoglobulin (IgY) in 110
Zsuzsanna mycotoxin neutralization and immunoassay-based
detection
P41 Taschl, 20 years of insights on world mycotoxin occurrence 111
Ines
P42 Torovic, Mycotoxin contamination of cereal-based gluten-free food 112
Ljilja
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Nr Presenting Author Title
P43 Torrijos, Determination of regulated and emerging mycotoxins in 113
Raquel plant-based beverages from the Italian market by liquid
chromatography-tandem mass spectrometry
P44 Hutzler; Detection and characterisation of citrinin and modified 114
Christoph forms of citrinin by LC-HRMS
P45 Ulloa Campos, Synthesis of alternative haptens and generation of high- 115
Diego A. affinity antibodies to citrinin
P46 Venslovas, Variability of mycotoxin contamination in winter and spring 116
Eimantas barley in Lithuania
P47 Kosicki, Fungal and mycotoxins contamination in non-alcoholic 117
Robert beverages - the case of tea from Portuguese market and
coffee beans from Brazil
P48 Zabotto Potential of a digital micromirror detector-based near- 118
Evangelista, infrared spectrometer for mycotoxin screening
Mariane
P49 Sulyok, The global pattern of microbial secondary metabolites in 119
Michael the indoor environment
P50 Jedziniak, Biomonitoring of mycotoxins in companion animals serum: 120
Piotr whether the research findings support the usefulness of this
approach?
P51 Schatzmayr, Unveiling OAH: a groundbreaking enzymatic approach to 121
Dian OTA detoxification in broiler production
P52 Streit, Pushing the limits — detection of ochratoxin A at sub-ppb 122
Barbara levels in fish plasma using LC-MS/MS
P53 Balkova, Cell wall as a barrier: EXPANSINs against mycotoxins? 123
Darina
P54 Fischle, Isomeric behavior of phenylspirodrimane-derivates 124
Alica obtained from Stachybotrys chartarum
P55 Groppi, Metabolome study of Fusarium verticillioides on different 125
Emie Poaceae-based culture media
P56 Gutzkow, Confirmation of Aspergillus versicolor as producer of 126
Kim Lara mycotoxins on hard cheese
P57 Korz, The role of soil in the biosynthesis, sorption, degradation 127
Sven and biological effects of mycotoxins:
Conceptualization poster
P58 Krska, The ceramide synthase CER1 plays a role in self-protection 128
Tamara against FB1
P59 Montaser Kouhsari,| Screening for the biologically active secondary metabolites 129
Mehrsima from Stachybotrys spp.
P60 Munoz, Awareness and mycotoxin prevention strategies among 130
Katherine small maize farmers in Kenya
P61 Réant, Citizen science project to determine fungal diversity from 131
Charlotte moldy foods in consumer households and evaluate
mycotoxin exposure risk
P62 Roder, Fungal insights: isolation and characterization of soil 132
Christian filamentous fungi from maize fields of smallholder farmers
in Kenya
P63 Vansteelandt, Fungal endophytes as biocontrol agents against the 133
Marieke phytopathogen Fusarium verticillioides
P64 Valente, Epoxide opening fungal GSTs expressed in yeast confer 134
Nina strong resistance to multiple trichothecenes
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Presenting Author Title

P65 Al Ayoubi, Averufin, a precursor of aflatoxin, induces cytotoxicity and 135
Carine mitochondrial dysfunction in human liver cells
P66 Al-Ayoubi, Butyrate alleviates epithelial barrier dysfunction induced by 136
Carine the mycotoxin deoxynivalenol in cell monolayers derived
from pig intestinal organoids
P67 Vettorazzi, Mutagenic characterization of emerging mycotoxins 137
Ariane
P68 Gufler, The food mycotoxin deoxynivalenol enhances 138
Judith immunomodulatory properties of the anticancer drug
oxaliplatin
P69 Jobst, In depth mitochondrial profiling reveals early signs of 139
Maximilian toxicity after exposure to deoxynivalenol and fusaric acid in
bladder cancer cells
P70 Keuter, Proteomic effects of different mycotoxins on human cells 140
Lucas
P71 Marin, Effects of individual and combined exposure of swine 141
Daniela epithelial intestinal cells to Alternaria mycotoxins
P72 Partsch, Exploring immunotoxic Alternaria mycotoxins: insights into 142
Vanessa the NF-kB signaling pathway modulation and molecular
mechanism
P73 Pavicich, Ochratoxin A and Aflatoxin M1 in cheese: method 143
Maria A. validation, natural occurrence, and risk assessment
P74 Perugino, Unveiling the mechanisms of toxicity of enniatins —what’s 144
Florinda beyond their ionophoric characteristics?
P75 Poér, Interactions of alternariol, zearalenone, a-zearalenol, and - 145
Miklds zearalenol with CYP enzymes and OATP transporters
P76 Preveraud, Toxicokinetic approach to measure the efficacy of a 146
Damien mycotoxin deactivator against aflatoxin B; and zearalenone
in pigs
P77 Risuglia, A. & Occupational exposure to mycotoxin: 147
Stefanelli, M. innovative methodological approaches
P78 Moretti, Fungicides activity against mycotoxigenic fungi associated 148
Antonio to wheat diseases and their involvement in trichothecene
production
P79 Almasoud, An assessment of the prevalence of aflatoxin M, level in 149
Yaser F. milk and milk powder in Saudi Arabia using high
performance liquid chromatography and dietary risk
assessment
P80 Crosta, Impact of climate change-related factors on Aspergillus 150
Matteo flavus growth and the effectiveness of biocontrol
P81 Cuji¢, Analysis of 34 mycotoxins using Agilent 6460c LC-MS/MS 151
Svetlana
P82 Dick, Mycotoxin analysis in plant-based milk alternatives via 152
Fabian UHPLC MS/MS
P83 Dolezalova, Occurrence of mycotoxins in different types of beer 153
Tereza
P84 Moll, Kinetics and structures of bacterial zearalenone lactonases 154
Dieter ZenA
P85 Hwang, Co-occurrence of mycotoxins in red pepper powder over 155
Du-hwan the past 5 years: a study utilizing immunoaffinity columns

and high-performance liquid chromatography (HPLC)
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Nr Presenting Author Title ‘ Page No
P86 Jang, Anaylsis of ergot alkaloids in grains produced and consumed 156
Won-Bum in Republic of Korea by liquid chromatography-tandem
mass spectrometry
P87 Kos, Challenge of aflatoxins in the context of climate change: 157
Jovana insights from Serbia
P88 Schamann, Distribution of mycotoxins in moldy jams 158
Alexandra
P89 Krujit, Advancements in analytical methodology for aflatoxins and 159
Alwin ochratoxin A detection in nutmeg and cocoa powder: a
focus on matrix suppression challenges
P90 Labudova, Assessment of zearalenone hydrolase ZenA's efficacy via 160
Silvia EFSA-recommended biomarkers: Insights into successful
ZEN degradation
P91 Vlachou, Strengthening member states’ capabilities in mycotoxins 161
Christina analysis to support robust monitoring programmes: the

activities of the Joint FAO/IAEA Centre’s Food Safety and
Control Laboratory

P92 Martinez Reyes, Screening aerobic soil bacteria for trichothecene 162
Natalia detoxification
P93 Nguegwouo, Assessment of aflatoxins in marketed fish: a potential 163
Evelyne forgotten risk in Cameroon
P94 Noldin, Optimization of hydrothermal treatment with sodium 164
Anika metabisulfite to inactivate deoxynivalenol in contaminated
maize
P95 Schmidt-Heydt, From AflaZ to SoLFOOD and beyond German-Kenyan world 165
Markus nutrition projects aimed at reducing food loss in sub-
Saharan Africa
P96 Radic, Moniliformin in maize: current knowledge and insights 166
Bojana
P97 Steiner, From certificate to reality: a quality assessment of 167
David mycotoxin reference material
P98 Wuppermann, SMART matrix removal for multi-mycotoxin analysis using 168
Frederik N. CrossTOX column
P99 Shao, Biotransformation of deoxynivalenol by black soldier fly 169
Sugin larva
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001 - Reactions of the mycotoxin citrinin under food processing
conditions

Lea Briickner, Katharina Hadenfeldt, Lina Schiirmann, Benedikt Cramer, Hans-Ulrich Humpf

Institute of Food Chemistry, University of Miinster, Miinster, Germany

Citrinin is attracting worldwide attention due to its toxic effects (nephrotoxic, teratogenic and
embryotoxic). In the European Union, however, legal limits for citrinin currently only exist for red yeast
rice supplements. An extensive analysis of grain and grain-based products for citrinin, led to the finding
that processed cereals contain significantly lower levels of citrinin than unprocessed cereals. Overall,
citrinin was only detected in 8 % of all samples analyzed. [1] In contrast, data from the analysis of
human blood and urine indicate that citrinin exposure is higher than it would be assumed based on
the data on its occurrence in food. [2, 3]

One possible explanation for this discrepancy is the reaction of citrinin with food components to form
modified or matrix-bound citrinin. [4] The matrix-bound citrinin could be released, particularly in the
gastrointestinal tract, by the corresponding intestinal enzymes or the microbiota in the large intestine.

As part of this research project the reaction of citrinin with food matrix as well as the degradation of
citrinin during thermal processes was investigated. Using model experiments, it was shown that citrinin
can react with both carbohydrates and proteins and that new, bound forms of citrinin are formed.
Stable isotope labeled citrinin was used to unequivocally identify citrinin-based residues attached to
protein fractions as well as carbohydrates.

In addition, the reactions of citrinin were also investigated under food processing conditions like baking
and process parameters such as the baking temperature, baking time or the water content in the
dough were varied within a technologically reasonable range. The resulting degradation of citrinin and
formation of reaction products were characterized and quantified using high-resolution UHPLC-DAD-
ESI-QTOF methods.

Funding: We thank the Deutsche Forschungsgemeinschaft (HU 730/14-1) for funding of this project.

[1] Lépez, P.; de Nijs, M.; Spanjer, M.; Pietri, A.; Bertuzzi, T.; Starski, A.; Postupolski, J.; Castellari, M.; Hortés, M., Generation
of occurrence data on citrinin in food. EFSA supporting publication 2017: 14 (2):EN-1177. 47 pp. doi:
10.2903/sp.efsa.2017.EN-1177

[2] Ali, N.; Blaszkewicz, M.; Degen, G. H., Occurrence of the mycotoxin citrinin and its metabolite dihydrocitrinone in urines
of German adults, Archives of toxicology 2015: 89, 573-578, doi:10.1007/s00204-014-1363-y.

[3] Ali, N.; Degen, G. H., Citrinin biomarkers: a review of recent data and application to human exposure assessment, Archives
of Toxicology 2019: 93, 3057-3066, doi:10.1007/s00204-019-02570-y.

[4] Rychlik, M., Humpf, HU., Marko, D. et al., Proposal of a comprehensive definition of modified and other forms of
mycotoxins including “masked” mycotoxins. Mycotoxin Res 2014: 30, 197-205, doi: 10.1007/s12550-014-0203-5.

27



45% Mycotoxin Workshop Vienna, Austria, June 02—-05, 2024

002 - Microbial zearalenone transformation through
phosphorylation does not mitigate its toxicity

Ivan Pavlov?!, Muhammad Asaduzzaman?, Ting Zhou?, Imourana Alassane-Kpembi?

!Department of Veterinary Biomedicine, University of Montreal, Montreal/QC, Canada
2Guelph Research and Development Centre, Agriculture and Agri-Food Canada, Guelph/ON, Canada

Among mycotoxins considered a serious threat due to their ubiquity and abundant presence in food
and feed, the resorcylic acid lactone zearalenone (ZEN) consistently ranks as one of the leading
compounds. Its occurrence is associated mainly with contamination by Fusarium fungi leading to
significant direct and indirect economic losses worldwide. The chemical structure of ZEN is close to the
steroid hormone 17B-estradiol. Hence, one of the major toxic effects of ZEN is linked to its ability to
competitively bind the estrogen receptor, resulting in various reproductive disorders and decreased
fertility in mammals, particularly in pigs. Thus, one of the most important tasks for the near foreseeable
future is to neutralize ZEN or decrease its toxic effect to a minimum.

Various strategies to minimize the exposure of farm animals to mycotoxins are being developed. In the
case of ZEN, transformation through the enzymatic activity of certain microorganisms is a promising
deactivation method. For instance, two novel microbial C-14 and C-16 phosphorylation products ZEN-
14-phosphate (ZEN-14-P) and ZEN-16-phosphate (ZEN-16-P) produced by Bacillus sp. S62-W have been
reported recently [1]. However, the residual toxicity and stability of ZEN-14-P and ZEN-16-P compared
to their parent compound remain unknown. This study aimed to investigate the cytotoxicity, oxidative
stress, pro-inflammatory activity, and estrogenic activity of phosphorylated ZENs. We compared the
cytotoxic effects of ZEN and its phosphorylation products using IPEC-J2 cells and human endometrial
Ishikawa cells, performed reactive oxygen species assay, and investigated the influence of ZEN-14-P
and ZEN-16-P on the expression of proinflammatory cytokines in IPEC-J2 cells. We explored the
estrogenic effect of phosphorylated ZENs by observing the alkaline phosphatase activity and estrogen-
responsive gene expression in Ishikawa cells, and the proliferation of endometrial glands in pre-
pubertal gilt uterine explants. Using LC-MS/MS, we traced metabolic pathways involved in the
biotransformation of ZEN and its phosphorylation products in IPEC-J2 and Ishikawa cells.

Our results showed that exposure to ZEN-14-P and ZEN-16-P significantly decreased the viability of
IPEC-J2 and Ishikawa cells. Like ZEN, phosphorylation products significantly induced oxidative stress in
IPEC-J2 cells at 10 puM. They activated the expression of pro-inflammatory cytokines in IPEC-J2 cells at
concentrations 5 uM and 25 uM correspondingly, increased the activity of alkaline phosphatase in
Ishikawa cells in a dose-dependent manner (10° — 10° uM), and induced the expression of estrogen-
responsive genes at 10 uM. Exposure to 30uM ZEN and its phosphorylated derivatives stimulated the
proliferation of endometrial glands in prepubertal gilt uterine explants. Finally, LC-MS/MS analysis
revealed that although ZEN-14-P and ZEN-16-P are partially hydrolyzed to ZEN, different metabolic
pathways are involved in the biotransformation of ZEN and its phosphorylation products.

The obtained results allow us to conclude that C-14 or C-16 phosphorylation by Bacillus sp. S62-W does
not decrease the toxicity of ZEN. This confirms the need to continue the search for a suitable biological
system of ZEN neutralization in agricultural commodities.

[1] Zhu, Y.; Drouin, P.; Lepp, D.; Li, X-Z.; Zhu, H.; Castex, M.; Zhou, T. A novel microbial zearalenone transformation through
phosphorylation. Toxins. 2021;13(5):294. doi:10.3390/toxins13050294
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Approximately half the global population relies on rice as a daily dietary staple, making it a
fundamental nutritional source for billions. Despite its nutritional significance, rice, like other foods,
can serve as a significant route for exposure to various contaminants, with mycotoxins such as
ochratoxin (OTA), citrinin (CIT), and zearalenone (ZEN) frequently detected [1]. Only a fraction of
mycotoxins are released during digestion and become bioaccessible, being this fraction dependent on
the dietary matrix and the interaction with other molecules. This effect leads to varied bioavailability
and potential toxic effects, reason why it should be better evaluated for accurate risk assessment.

To address this, two distinct rice varieties, Carolino white (CW) and Carolino brown (CB), with and
without turmeric, were boiled and spiked with OTA, CIT, and ZEN, both individually and in combination.
Afterward, the samples were submitted to the INFOGEST harmonized in vitro digestion protocol for
bioaccessibility evaluation [2]. Additionally, the in vitro intestinal absorption of mycotoxins, isolated
and in co-exposure conditions, was examined for CW rice with and without turmeric, using a co-culture
model of Caco-2/HT-29 cells.

Bioaccessibility of OTA and ZEN, whether alone or in combination, exhibited similar patterns in both
CW and CB rice, regardless of turmeric presence. Conversely, CIT bioaccessibility in CW rice was higher
when isolated compared to in combination (62.00% vs. 25.00%, without turmeric; 87.56% vs. 53.87%,
with turmeric), whereas the opposite trend was observed in CB rice (66.38% vs. 75.20%, without
turmeric; 43.89% vs. 59.44%, with turmeric). Notably, all individual exposures demonstrated greater
bioaccessibility with CW rice with turmeric (CIT: 87.56%; OTA: 59.24%; ZEN: 58.05%). When mycotoxins
are combined, the higher bioaccessibility of each one varies with the type of rice. When turmeric is
present, bioaccessibility increases, except for CIT in CB rice. Following a 3-hour in vitro transport assay,
all mycotoxins traversed the monolayer cells, with ZEN exhibiting the highest absorption fraction,
followed by CIT and OTA. These findings underscore the impact of seasonings, additional meal
components, like turmeric, and the co-presence of mycotoxins on final bioaccessibility and intestinal
absorption.

This research provides novel qualitative and quantitative insights into the fate of mycotoxins in rice
during digestion and intestinal absorption, contributing to the development of mycotoxins mitigation
strategies and enhanced risk assessment. However, further investigations through in vivo studies are
crucial to complement and validate these findings.

[1] Pandey, AK.; Samota, MK.; Kumar, A.; Silva, AS.; Dubey, NK., Fungal mycotoxins in food commodities: present status and
future concerns, Frontiers in Sustainable Food Systems, 2023;7. doi: 10.3389/fsufs.2023.1162595

[2] Brodkorb, A.; Egger, L.; Alminger, M.; Alvito, P.; Assungdo, R.; Balance, S.; et al, INFOGEST static in vitro simulation of
gastrointestinal food digestion, Nature Protocols, 2019, 14(4) 991-1014. doi: 10.1038/s41596-018-0119-1
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DDGS in bioethanol production: a promising mitigation strategy

Julian Witt, Nicolas Hardt, Stefan Helmer, Christian Leggewie
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Mycotoxins pose a significant threat to both human and animal health, with their presence in
agricultural products such as corn. Due to their accumulation in certain side streams, fumonisins are a
concern during bioethanol production, especially in Dried Distillers Grains with Solubles (DDGS) that
usually ends up in animal feed. This study investigates the efficacy of enzymatic detoxification in
mitigating mycotoxin risk, particularly focusing on fumonisins, during the production of bioethanol.
Our findings demonstrate the successful implementation of an enzymatic process for the
detoxification of fumonisins, resulting in fumonisin-free DDGS, a valuable byproduct utilized in animal
feed. By using the enzyme as a processing aid, fumonisins were effectively degraded, ensuring the
production of safe and high-quality DDGS. This approach not only addresses the health hazards
associated with mycotoxin contamination but also enhances the sustainability and economic viability
of bioethanol production by increasing the value of byproducts. Overall, enzymatic detoxification
emerges as a promising strategy for mitigating mycotoxin risk in bioethanol production and other
processes, offering a pathway towards safer and more sustainable ethanol-based fuel, feed and food
production systems.
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Fungi of the genus Fusarium represent a significant challenge to global cereal production as they cause
severe crop losses and contamination with mycotoxins. Deoxynivalenol (DON) produced by the
widespread species Fusarium graminearum is a frequently occurring mycotoxin in Europe. This toxin
facilitates spread of the fungus on the host plant and is also highly toxic to humans and animals after
ingestion of contaminated cereal products. Since DON is chemically very stable and not destroyed by
heating, biocatalytic strategies for its detoxification are of major interest.

Plant glutathione transferases (GSTs) have important functions in stress response and catalyze the
detoxification of xenobiotics by conjugation to glutathione (GSH). Based on transcriptomic data from
Fusarium infected wheat, twelve highly induced GSTs were heterologously expressed and purified,
biochemically characterized and assayed for activity with DON. Quantification of DON-GSH adducts by
liquid chromatography coupled to mass spectrometry showed that four of the selected tau class GSTs
conjugated DON by the reversible Michael addition reaction at the C-10 position (DON-10-GSH) and/or
non-reversible epoxide opening (DON-13-GSH). Especially the latter reaction is of key interest as it
permanently eliminates the epoxide group, which is mainly responsible for the toxicity of DON. The
crystal structure of a wheat GST in complex with DON-13-GSH was solved at a resolution of 1.83 A and
provided novel insights into the binding of DON at the active site of tau class GSTs.

In addition, fungal FuA class GSTs were investigated regarding activity with DON. GSTs, homologous to
the previously characterized GST that is encoded in the wheat QTL Fhb7 were selected from several
fungal genera including Epichloé, Trichoderma and Fusarium. Interestingly, all selected candidates
were able to detoxify DON by epoxide opening, but not the Michael addition. The physiological role of
this activity in fungi is so far unclear. Our recent findings and their implications will be presented and
discussed.
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Aflatoxins (AF) are naturally occurring mycotoxins produced by fungi, particularly Aspergillus flavus
and Aspergillus parasiticus, posing a significant threat to food safety [1]. This study explores the
presence of aflatoxins in tiger nuts (Cyperus esculentus), a versatile edible tuber cultivated across the
eastern hemisphere, including Southern Europe, Africa, Madagascar, the Middle East, and the Indian
subcontinent.

Tiger nuts, widely used in products such as horchata de chufa and as carp fishing bait in the EU market,
are gaining popularity as a healthy and sustainable alternative to dairy milk and gluten-free flour [2].
However, the susceptibility of tiger nuts to aflatoxin contamination during storage and processing,
particularly in warm and humid environments, raises concerns for consumer safety [3]. Thus, there is
a need for vigilant monitoring and control of aflatoxin contamination in tiger nuts.

Currently the establishment of harmonized maximum limits for aflatoxins in tiger nuts is being
deliberated within the European Union. The results of the here presented study will contribute to the
ongoing dialogue on regulatory measures. Additionally, the study further offers supplementary data
on the aflatoxin occurrence in this widely consumed and versatile food source.

The study focuses on aflatoxins B1, B2, G1, and G2, including a survey on approximately 40 samples,
offering valuable data for further risk assessment.

Funding: The study was financed by the European Commission and the Netherlands Food and
Consumer Product Safety Authority (NVWA), project: EU Reference laboratory mycotoxins & plant
toxins, subproject 2: Method development and survey for aflatoxins in tiger nuts (WOT-02-001-064).

[1] EFSA Panel on Contaminants in the Food Chain (CONTAM). Risk assessment of aflatoxins in food. EFSA Journal, 2020,
Volume 18, Issue 3

[2] Rubert, J., Sebastia, N., Soriano, J. M., Soler, C., Mafies, J. One-year monitoring of aflatoxins and ochratoxin A in tiger-nuts
and their beverages. Food Chemistry, 2011, 127.2: 822-826.

[3] Rosellé-Soto, E., Poojary, M. M., Barba, F. J., Lorenzo, J. M., Maiies, J., Molto, J. C. Tiger nut and its by-products
valorization: From extraction of oil and valuable compounds to development of new healthy products. Innovative Food
Science & Emerging Technologies, 2018, 45: 306-312.
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This study aimed to examine the presence of sixteen mycotoxins in 105 meat alternatives derived from
wheat, legumes, and vegetables from Italy. The targeted mycotoxins included aflatoxins (AFB1, AFB2,
AFG1, AFG2), fumonisins B1 and B2 (FB1, FB2), alternariol (AOH), alternariol monomethyl ether (AME),
tentoxin (TEN), ochratoxin A (OTA), zearalenone (ZEN), T-2/HT-2 toxin, deoxynivalenol (DON), enniatin
B (ENNB), and beauvericin (BEA). The occurrence of these mycotoxins ranged from 0% (AFB2) to 97.4%
(ENNB). Co-occurrence of mycotoxins varied from binary combinations to mixtures of up to twelve. To
evaluate the dietary exposure and potential health risks, we modeled a scenario considering Italian
consumers’ replacement of meat consumption with the consumption of meat alternatives. Cumulative
exposure to Alternaria mycotoxins and trichothecenes indicated potential health risks, while exposure
to aflatoxins and ochratoxin A suggested concerns regarding liver and renal cancer in the modeled
scenario. Additionally, we assessed the risk of liver cancer from AFB1 exposure and quantified the
potential disease burden using Disability-Adjusted Life Years (DALYs). The risk of liver cancer was found
to be very low up to 0.05 cases per 100,000 individuals, with an associated burden of disease of 0.83
DALYs per 100,000 individuals. Considering the increased availability and consumption of meat
alternatives and the ongoing shift towards plant-based diets, continuous monitoring is essential to
keep mycotoxin occurrence at safe levels. New regulatory frameworks that include dietary trends and
mycotoxin contamination could be taken into consideration to ensure consumers’ food safety.
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2Jomo Kenyatta University of Agriculture and Technology, Department of Horticulture and Food
Security, P.O. Box 62000, 00200 Nairobi, Kenya
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Mycotoxins are one of the major concerns affecting global food and feed safety. Black soldier fly (BSF)
larvae are used for animal feed as a rich protein source. This can provide an opportunity for mycotoxin-
infected grains to re-enter the food chain, if the BSF larvae can efficiently grow on feed contaminated
with these harmful toxins without accumulating them and subsequently allowing the resulting larvae
to be used as animal feed with minimum food safety issue. To test this, a study was conducted in which
BSF larvae were exposed to mixtures of clean and naturally mycotoxin contaminated maize in defined
ratios. One-day- and 5-day-old larvae were used for the experiment. The insects were reared on the
different feed ratios, and at the end of the feeding experiment the larvae were separated from the
feed residues and frass. Prior to blanching, part of the larvae was not fed for 24 hours to give them the
opportunity to clean their gut. Extraction of mycotoxins from insects and feed was accomplished based
on the modified methods of Camenzuli et al. [1] and DIN EN 17641:2022-12, respectively.
Quantification was carried out using LC-MS/MS. Insect and feed samples were screened for 16
mycotoxins which had been found in amounts above the limit of quantification in feed samples
previously screened for 76 mycotoxins. Of the 16 mycotoxins measured via LC-MS/MS the 3 most
abundant ones found in all feed ratios and all insect samples exposed to mycotoxin containing feed
mixtures were beauvericin (BEA), deoxynivalenol (DON) and zearalenone (ZEN). As key finding for DON
and ZEN BSF larvae were able to reduce the toxin content of the feed significantly while, whereas for
the more lipophilic compound BEA an accumulation was observed. Survival rates varied between 59
and 96%, with the lowest survival rate observed in larvae fed only contaminated feed. The average
weight of the harvested larvae was 0.16 g in the contaminated feed and 0.23 g in the larvae fed with
maize without mycotoxin contamination.

Funding: This project is supported by the German Federal Ministry of Food and Agriculture, grant No.
2819DOKA01

[1] Camenzuli L. et al, Toxins. 2018 Feb 24;10 (2) :91. doi: 10.3390/toxins10020091.
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The use of insects for protein production from agricultural side-stream and waste material like wheat
bran has a low footprint and is considered to be an environmentally friendly alternative to raising
animals. Insects have furthermore been proposed as a means to utilize highly Fusarium-mycotoxin
contaminated grain, as they are unharmed by levels toxic to farm animals, and no relevant mycotoxin
residues were found in the insect products.

As insects are not only used for animal feed, and some - for instance mealworms [1]- received novel
food status, the situation that a large portion of the Fusarium toxins deoxynivalenol and zearalenone
are unaccounted and most likely disappear into unknown compounds of uncharacterized toxicity is
unsatisfactory. We therefore aimed to elucidate the degradation pathway in insects. We injected a
mixture of 12C and *3C labeled deoxynivalenol into mealworms to determine the fate of this toxin using
LC-HRMS based stable isotope-assisted screening and MetExtract Il data evaluation [2]. We found that
the formation of a deoxynivalenol-phosphate is a major novel detoxification pathway, but in addition,
further still unknown metabolites containing DON and phosphate exist. Insects (and also nematodes)
contain a large number of candidate phosphotransferases in their genomes, that are annotated as
“choline-kinases” or “ecdysteroid-kinases”. We have constructed a phosphatase deficient E. coli host
and used it as a host to test candidate genes by heterologous expression. We could show that some
Tribolium castaneum (red flour beetle) and Drosophila melanogaster proteins are indeed able to form
DON-phosphate from DON and ATP. Also, treatment of induced E. coli whole cells with the mycotoxins
DON and ZEN led to formation of DON-phosphate and zearalenone-phosphate, respectively.
Purification by prep-HPLC and consecutive NMR allowed identification of the structure as DON-15-
phosphate, and, in case of ZEN by comparison with standards, ZEN-14-phosphate was identified.
Heterologous expression of a DON converting enzyme in toxin sensitive yeast caused increased DON
resistance, indicating that phosphorylation is clearly a detoxification mechanism. Interestingly, DON-
15-phosphate was quite inert to phosphatase treatment, yet, potentially the identified novel
conjugates might be converted back to the parental toxins by intestinal enzymes, so that the identified
phosphate-conjugates can be considered to be novel modified mycotoxins.

Funding: Supported by FWF (SFB Fusarium) and GFF Niederosterreich (project MycoTen).

[1] EFSA: Safety of frozen and dried formulations from whole yellow mealworm (Tenebrio molitor larva) as a novel food
pursuant to Regulation (EU) 2015/2283. doi.org/10.2903/j.efsa.2021.6778

[2] Bueschl C, Kluger B, Neumann NKN, Doppler M, Maschietto V, Thallinger GG, Meng-Reiterer J, Krska R, Schuhmacher R.
MetExtract II: A software suite for stable isotope-assisted untargeted metabolomics. Anal Chem. 2017 Sep 5;89(17):9518-
9526. doi: 10.1021/acs.analchem.7b02518.
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Fusarium species are causal agents of Fusarium head blight (FHB), a devastating fungal disease
affecting cereal crops [1-3]. In addition to yield losses, FHB is responsible for grain contamination with
mycotoxins that are a major health and food safety concern. A broad range of Fusarium species have
been associated with the FHB disease complex [1,3,4]. Each of these species produces one or more
mycotoxins, including type A and type B trichothecenes, zearalenone, enniatins, and beauvericin [1-
3,5]. Since different Fusarium species share the same ecological niche during the infection, they are
likely to interact with each other, which can significantly modulate the FHB outcomes (symptoms and
mycotoxins contamination) [1,6-8]. However, most of the studies so far focused on single Fusarium
species, which has proven to be insufficient for the comprehensive understanding of FHB [3,4,9].

In this context, the aims of the present PhD are to investigate the regulation of mycotoxins production
by a synthetic community, called “Meta-Fusarium”. To this end, seven major FHB species encountered
in Europe (F. graminearum, F. culmorum, F. poae, F. avenaceum, F. sporotrichioides, F. langsethiae,
F. tricinctum) [1] were chosen to build the Meta-Fusarium (one strain/species). The compositional
dynamics between species will be studied under various environmental conditions, temperature and
oxidative stress variations. A species-specific quantification method (qPCR) has been re-evaluated for
this study and high sensitivity and specificity were obtained by combining specific primers with a
hydrolysis probe targeting the single-copy gene TEF1-a [10]. Furthermore, the phenotyping of each
selected strain revealed that F. culmorum, followed by F. graminearum, has a significantly faster
germination rate and earlier biomass development compared to other strains, particularly enniatin
producers (F. avenaceum and F. tricinctum). Faster growth rate and earlier mycotoxin production could
constitute a competitive advantage for the species considered, strengthening its infectious potential
and predominance in the community. This will be confirmed by looking at the species composition in
the Meta-Fusarium. In addition, the production of secondary metabolites by the Meta-Fusarium,
including mycotoxins, will be determined via Liquid Chromatography paired with Mass Spectrometry
(LC/MS).

Overall, the Meta-Fusarium will be considered in ecophysiology analyses as an individual fungus that
operates as a whole for investigating how microbial interactions modulate FHB processes. This PhD
work will deliver key scientific insights regarding the functioning of the FHB species complex, and
therefore fill existing gaps of knowledge that hamper the development of efficient strategies to
minimize mycotoxins in cereals. The susceptibility of the Meta-Fusarium to biocontrol agents such as
Pythium oligandrum [11] and biomolecules including tick defensin y-core TC3 [12], ferulic acid [13],

and pterostilbene [14], will also be evaluated.

[1] Karlsson |, Persson P, Friberg H. Fusarium Head Blight From a Microbiome Perspective. Frontiers in Microbiology. 2021;12. doi:10.3389/ fmich.2021.628373

[2] Stepien t, Chetkowski J. Fusarium head blight of wheat: pathogenic species and their mycotoxins. World Mycotoxin Journal. 2010;3(2):107-119. doi:10.3920/WMJ2009.1193

[3] Xu X, Nicholson P. Community Ecology of Fungal Pathogens Causing Wheat Head Blight. Annual Review of Phytopathology. 2009;47(1):83-103. doi:10.1146/annurev-phyto-080508-
081737

[4] Wang Q, Song R, Fan S, Coleman JJ, Xu X, Hu X. Diversity of Fusarium community assembly shapes mycotoxin accumulation of diseased wheat heads. Molecular Ecology. n/a(n/a).
doi:10.1111/mec.16618

[5] Mielniczuk E, Skwaryto-Bednarz B. Fusarium Head Blight, Mycotoxins and Strategies for Their Reduction. Agronomy. 2020;10(4):509. doi: 10.3390/agronomy10040509

[6] Venkatesh N, Keller NP. Mycotoxins in Conversation With Bacteria and Fungi. Frontiers in Microbiology. 2019;10(403). doi: 10.3389/fmicb.2019.00403

[7] Wagacha JM, Oerke EC, Dehne HW, Steiner U. Interactions of Fusarium species during prepenetration development. Fungal Biology. 2012;116(7):836-847.
doi:10.1016/j.funbio.2012.05.001

[8]  Xu X, Nicholson P, Ritieni A. Effects of fungal interactions among Fusarium head blight pathogens on disease development and mycotoxin accumulation. International Journal of Food
Microbiology. 2007;119(1):67-71. doi:10.1016/j.ijfoodmicro.2007.07.027

[9] Leslie JF, Moretti A, Mesterhazy A, et al. Key Global Actions for Mycotoxin Management in Wheat and Other Small Grains. Toxins. 2021;13(10):725. doi: 10.3390/toxins13100725

[10] Elbelt S, Siou D, Gelisse S, et al. Optimized real time QPCR assays for detection and quantification of Fusarium and Microdochium species involved in wheat head blight as defined by
MIQE guidelines. Published online February 27, 2018. doi:10.1101/272534

[11] Rey P, Le Floch G, Benhamou N, Tirilly Y. Pythium oligandrum biocontrol: its relationships with fungi and plants. Published online January 1, 2008:43-67.

[12] Leannec-Rialland V, Cruz AC, Atanasova V, et al. Tick defensin y-core reduces Fusarium graminearum growth and abrogates mycotoxins production with high efficiency. Scientific
Reports. 2021;11(1):1. doi:10.1038/541598-021-86904-w

[13] Atanasova-Penichon V, Barreau C, Richard-Forget F. Antioxidant Secondary Metabolites in Cereals: Potential Involvement in Resistance to Fusarium and Mycotoxin Accumulation.
Frontiers in Microbiology. 2016;7. doi:10.3389/fmicb.2016.00566

[14] Tran T, Atanasova-Penichon V, Tardif C, Richard-Forget F. Stilbenoids as Promising Natural Product-Based Solutions in a Race against Mycotoxigenic Fungi: A Comprehensive Review.
Journal of agricultural and food chemistry. 2023;71. doi: 10.1021/acs.jafc.3c00407
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Fungi are known to produce a multitude of chemically diversified metabolites, yet their ecological roles
are not always clear. The blue cheese making fungus Penicillium roqueforti thrives in different
ecological niches and produces many interesting metabolites, including mycotoxins. So far, three P.
roqueforti populations have been domesticated for cheese production and two populations thrive in
other anthropized environments [1]. Our study focused on evaluating differences in targeted and
untargeted metabolite production profiles between populations using HPLC-HR-Q-TOF and UHPLC-Q-
TOF-HR-MS/MS [2]. Many fatty acids and terpenoids were produced among non-cheese populations
but lacked in cheese strains. Among cheese populations, the Termignon cheese population had an
intermediate metabolite profiles between cheese and non-cheese populations. The non-Roquefort
population, the cheese population with the strongest domestication syndrome, produced the lowest
quantities of measured metabolites, including the main mycotoxins which was linked to genetic
modifications in the biosynthesis gene clusters (also confirmed by quantitative trait loci approach
based on strain crosses [3]). In the Roquefort population, we detected no PR toxin nor eremofortins A
or B, but found no indel or frameshift mutation, suggesting downregulation. Our results suggest that
domesticated cheese populations were selected for lower toxin production while populations from
other anthropized environments maintained high metabolite diversity, the bioactivities of these
compounds being likely important in these ecological niches.

[1] Crequer, E., Ropars, J., Jany, J.-L., Caron, T., Coton, M., Snirc, A., Vernadet, J.-P., Branca, A., Giraud, T. & Coton, E. (2023)
A new cheese population in Penicillium roqueforti and adaptation of the five populations to their ecological niche.
Evolutionary Applications, 16, 1438-1457.

[2] Crequer, E., Coton, E., Cueff, G., Christiansen, J.V., Frisvad, J.C., Rodriguez De La Vega, R., Giraud, T., Jany, J-L. & Coton,
M. Different metabolite profiles across Penicillium roqueforti populations associated with ecological niche specialisation and
domestication. (preprint DOI: 10.1101/2024.01.12.575369)

[3] Caron, T., Crequer, W., Le Piver, M., Le Prieur, S., Sammy, B., Snirc, A., Cueff, G., Roueyre, D., lace, M., Chassard, C., Simon,
A., Rodriguez de la Vega, RC., Coton, M., Coton, E., Foulongne-Oriol, M., Branca, A. & Giraud, T. Generation of diversity in the
blue cheese mold Penicillium roqueforti and identification of pleiotropic QTL for key cheese-making phenotypes. bioRxiv
2024.02.22.581506; doi: https://doi.org/10.1101/2024.02.22.581506
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Alternaria alternata is part of a genus comprised of over 600 different species that occur globally and
can harm humans, plants and thereby the economy[1, 2]. Yet, even though some species are causing
tremendous issues, the past years have shown that the identification of Alternaria species found in
comparative mycobiome screenings of plant material and the confirmation of existing Alternaria
isolates was rather inconsistent[3]. Identifications are mostly done on the basis of spore
morphology[4], chemotype [5] and molecular markers[6]. In this work we used strains isolated from
the wild as well as commercial strains of the DSMZ (German collection of microorganisms and cell
cultures) as a reference, to show, that the variation between different members of the Alternaria
alternata species is comparable to the variation between different species of the genus Alternaria in
regards to spore morphology and chemotype. The deciding factor for the improvement of
identification methods is the concatenation of multiple molecular markers. Up until this point, most
researchers used a concatenation of up to three molecular markers. Some of those markers being
stronger some weaker depending one species in focus. We could clearly show that the concatenation
of five molecular markers strongly improves the likeliness of a correct assignment, thus a better
distinction between the different Alternaria species.

[1] Adeyeye, S.A.O., Fungal mycotoxins in foods: A review. Cogent food agric., 2016. 2(1): p. 1213127.

[2] Marshall, H., et al., Novel decontamination approaches and their potential application for post-harvest aflatoxin control.
Trends Food Sci Technol., 2020. 106: p. 489-496.

[3] Dettman, J.R. and Q. Eggertson, Phylogenomic analyses of Alternaria section Alternaria: A high-resolution, genome-wide
study of lineage sorting and gene tree discordance. Mycologia, 2021. 113(6): p. 1218-1232.

[4] Simmons, E.G., Alternaria an identification manual, fully illustrated and with catalogue raisonné 1796-2007. CBS
biodiversity series. Vol. 6. 2007: CBS Fungal Biodiversity Centre, 2007. 775.

[5] Kelman, M.J., et al. Chemotaxonomic Profiling of Canadian Alternaria Populations Using High-Resolution Mass
Spectrometry. Metabolites, 2020. 10, DOI: 10.3390/metabo10060238.

[6] Pavén, M.A., et al., PCR detection and identification of Alternaria species-groups in processed foods based on the genetic
marker Alt a 1. Food Control, 2010. 21(12, Supplement): p. 1745-1756.
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Fusarium proliferatum is reported as one of the most important plant-pathogenic fungal species able
to both colonize a wide range of plant hosts and produce a relevant number of mycotoxins, including
fumonisins. The wide geographical range of F. proliferatum can be attributed to its occurrence on an
extraordinarily wide range of crops (i.e., asparagus, date palm, fig, garlic, onion, rice, sorghum, and
wheat). The growing importance of this ubiquitous species requires understanding of its biology and
evolution. In a number of our previous studies, we have shown that some F. proliferatum isolates
recovered from fig in Turkey, date palm in Iran and Tunisia, onion in Serbia, and sugarcane in Iran, did
not produce fumonisins. Therefore, we investigated the genomic and metabolomic variability among
F. proliferatum isolates from diverse geographic, climatic and plant origins for better understanding
the biological base of such variability. The (un)targeted metabolomic approach revealed the presence
of fumonisin biosynthetic intermediaries in extracts of cultures from fumonisin-nonproducing isolates.
On the other hand, genome sequencing of F. proliferatum strains isolated from different geographic
origin and plant hosts was performed and the gene content and organization of the fumonisin gene
cluster revealed no significant differences in gene occurrence, orientation, and genome location
among fumonisin-producing and nonproducing F. proliferatum strains, except in the coding region of
some fum genes, including FUM14, involved in the esterification of the tricarballylic moieties to the
hydroxyls at C-14 and C-15 of fumonisins. We also analyzed genomes by the assessment of variation
in further mycotoxin biosynthetic gene clusters distributions and we employed a population genomics
approach to determine whether any observed genetic variation is associated with geographic, climate
and/or plant origin. We found that the populations are mostly correlated with their geographical
origin, even though migration between groups was observed. This result is crucial for the development
of effective control strategies for disease management of agricultural products contaminated by F.
proliferatum.
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Mycotoxins contaminate 25% of the world's food supply [1], prompting the development of effective
detection methods as well as strategies to mitigate their occurrence. They are secondary metabolites
produced by fungi, just like another major family, the volatile organic compounds (VOCs).

Recent studies demonstrate that the VOCs profile can be species specific, reflect the active metabolic
pathways in the fungus, therefore highlighting some VOCs as excellent potential biomarkers. In
parallel, the implication of these VOCs in the species communication and self-regulation was
highlighted [2].

In this context, the study focused on two major problematic fungal species, Aspergillus flavus and
Fusarium verticillioides, producers of significant classes of mycotoxins found in maize: aflatoxins and
fumonisins. Potential biomarkers for both species to detect fungal and mycotoxin contamination were
identified. Thus, A. flavus and F. verticillioides contamination can be respectively detected by the
presence of epizonaren and 4-epi-a-acrocadiene, while their respective mycotoxin production can be
related to the emission of germacrene D and B-acorenol [3][4]. Concurrently, the application of a
certain concentration of VOC naturally emitted by microorganisms as a biocontrol agent has shown
inhibitory effects on fumonisin production by F. verticillioides, which were also studied at a genetic
level.

[1] Eskola, M.; Kos, G.; Elliott, C.T.; Hajslova, J.; Mayar, S.; Krska, R. Worldwide Contamination of Food-Crops with Mycotoxins:
Validity of the Widely Cited ‘FAO Estimate’ of 25%. Crit. Rev. Food Sci. Nutr. 2020, 60, 2773-2789,
doi:10.1080/10408398.2019.1658570.

[2] Werner, S.; Polle, A.; Brinkmann, N. Belowground Communication: Impacts of Volatile Organic Compounds (VOCs) from
Soil Fungi on Other Soil-Inhabiting Organisms. Appl. Microbiol. Biotechnol. 2016, 100, 8651-8665, doi:10.1007/s00253-016-
7792-1.

[3] Josselin, L.; De Clerck, C.; De Boevre, M.; Moretti, A.; Haissam lJijakli, M.; Soyeurt, H.; Fauconnier, M.L. Volatile Organic
Compounds Emitted by Aspergillus Flavus Strains Producing or Not Aflatoxin B1. Toxins (Basel). 2021, 13,
doi:10.3390/toxins13100705.

[4] Josselin, L.; Proctor, R.H.; Lippolis, V.; Cervellieri, S.; Hoylaerts, J.; De Clerck, C.; Fauconnier, M.L.; Moretti, A. Does
Alteration of Fumonisin Production in Fusarium Verticillioides Lead to Volatolome Variation? Food Chem. 2023, 438, 138004,
doi:10.1016/j.foodchem.2023.138004.
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Ochratoxin A is a mycotoxin produced during the infection of grapes in vineyards by toxigenic strains
of species belonging to Aspergillus section Nigri, commonly known as black aspergilli. Many studies
have shown that A. carbonarius is the main responsible source of OTA in wine and dried vine fruits
from main viticultural regions worldwide [1]. Black aspergilli live as saprophytes in the top layer of
vineyard soil, acting as the primary source of infection. The use of non ochratoxigenic strains of
Aspergillus section Nigri in vineyards to compete with naturally toxigenic A. carbonarius strains found
in the field could be an effective strategy for reducing OTA in grapes. There are few studies about the
effect of interaction between A. carbonarius and non-ochratoxigenic black aspergilli on growth and
OTA production. Methods for studying these fungal interactions are usually done by co-culturing
strains to be tested in solid media [2] but these methods are time-consuming and are not suitable
when many isolates must be screened. In our laboratory, we developed a method to study fungal
interactions using microtiter plates which allows rapid detection of growth and OTA production [3]. In
the present study a total of 289 non-ochratoxigenic strains of Aspergillus section Nigri isolated from
grapes, vineyard soil and air were analyzed. Strains were identified by molecular methods as A.
brasiliensis (n=42), A. japonicus (n=3), A. niger (n=6), A. tubingensis (n=116), A. uvarum (n=75) and A.
welwitschiae (n=46). In vitro interactions were carried out between an ochratoxigenic strain of A.
carbonarius and these non-ochratoxigenic strains to evaluate their potential for controlling OTA
production. The effect of fungal interaction was determined by assessing OTA production by HPLC. Of
the total strains assayed, 66 strains were able to significantly decrease the production of OTA when
were co-inoculated with an OTA-producing strain of A. carbonarius. Percentage of OTA reduction was
up to 98% depending on the strain assayed. These results showed that these non-ochratoxigenic
strains are susceptible to be assessed as potential biological control agents against A. carbonarius.

Funding: This research was supported by the Ministerio de Economia y Competitividad of the Spanish
Government (PID2020-116152RB-100).

[1] Cabaries, F.J.; Bragulat, M. R., Black aspergilli and ochratoxin A-producing species in foods. Current Opinion in Food
Science, 2018, 23:1-10. doi: 10.1016/j.cofs.2018.01.006

[2] Magan, N.; Lacey, J., Effect of water activity, temperature and substrate on interactions between field and storage fungi.
Transaction of the British Mycological Society, 1984, 82(1) 83-93. doi: 10.1016/5S0007-1536(84)80214-4

[3] Castella, G.; Bragulat, M. R.; Cigliano, R. A.; Cabaries, F. J., Transcriptome analysis of non-ochratoxigenic Aspergillus
carbonarius strains and interactions between some black aspergilli species. International Journal of Food Microbiology, 2020,
317: 108498. doi: 10.1016/j.ijfoodmicro.2019.108498

41



45% Mycotoxin Workshop Vienna, Austria, June 02—-05, 2024

016 - 4D model for intestinal toxicity profiling: a case study on
Fusarium mycotoxins fumonisin B1 and deoxynivalenol

Janice Bergen23, Claudia Iriarte-Mesa®*, Maximilian Jobst>%3, Francesco Crudo?, Doris Marko?,
Freddy Kleitz*, Franz Berthiller®, Giorgia Del Favero'?

IDepartment of Food Chemistry and Toxicology, Faculty of Chemistry, University of Vienna, Vienna,
Austria
2Core Facility Multimodal Imaging, Faculty of Chemistry, University of Vienna, Vienna, Austria
3Vienna Doctoral School in Chemistry (DoSChem), University of Vienna, Vienna, Austria
4Department of Functional Materials and Catalysis, University of Vienna, Vienna, Austria
>Department of Agrobiotechnology, IFA-Tulln, University of Natural Resources and Life Sciences,
Vienna (BOKU), Austria

For food contaminant mycotoxins, rapid toxicological screening is essential to support regulatory
actions and ensure food safety. This is a priority as global crop contamination exceeds the former
estimates, with affected commodities reaching up to 80% [1]. In this regard, in vitro cell culture models
promise to offer cost favourable and ethically compliant solutions. However, to date, several
limitations hamper the predictivity reachable via cell-based assays in comparison to animal models.
Here we present a novel workflow combing intestinal cells and nanomaterials to open a new
perspective in the evaluation of the toxicity of mycotoxins. Deoxynivalenol (DON) and fumonisin B1
(FB1) were chosen due to their frequent occurrence and described activity at intestinal level.
Additionally, since both toxins can alter lipid metabolism [2, 3], palmitic acid (PA), one of the most
prevalent fatty acids in the human diet, was included to evaluate potential interactions. A co-culture
of Caco2/HT29-MTX-E12 cells was differentiated to form a functional 3D layer covered by mucus. Then,
tailored rod-shaped mesoporous silica nanoparticles (MSNs) were created to probe the penetration
through the mucous layer and the integrity of the cell-cell junctions at the nanoscale. To simulate
mechanical cues potentially exerted by the microbiome, “bacteria-like” MSNs (bacNPs, 200x450 nm)
were used to mimic the physical interaction with the intestinal cells. Moreover, smaller rod-shaped
MSNs (srNPs, 35x160 nm) were synthesized to simulate the effect of the particulate matter in the
intestine as previously described [4]. Firstly, DON (10 uM) was used as reference to establish the model
comparing the performance of different particles shapes and optimization of kinetic of penetration of
the materials through the mucous layer. To assess barrier integrity, intercellular distances (ICD) were
measured using phase contrast images [4]. Afterwards, cells were treated with FB1 (10-100 uM) or PA
(25 uM, 100 uM) or a combination thereof for 24h, following application of bacNPs or srNPs for 6
hours. In absence of mucus, the incubation with bacNPs in control cells induced a significant reduction
of cell-cell distance. When cells were exposed to PA and FB1, intercellular distances increased
significantly upon incubation with the MSNs, suggesting a relaxation of the cell-cell junctions. These
effects were not observable in the presence of mucus, inferring for a buffering capacity of the latter.
SrNPs enabled to probe cell-cell interactions independently from the presence of mucus. Furthermore,
differences in cells-nanoparticles interactions advocated for a rearrangement of the epithelial layer.
Confocal imaging confirmed that DON, FB1 and PA significantly modulate the cell membrane, alter the
cell layer thickness, and induce significant changes in nuclei morphology. Importantly, these effects
were observed in a non-cytotoxic concentration range, shedding new lights on potential detrimental
effects related to chronic exposures.

[1] Eskola, M., et al. Crit Rev Food Sci Nutr, 2020. 60(16): p. 2773-2789.

[2] Del Favero, G., et al. Arch Toxicol, 2021. 95(6): p. 2201-2221.

[3] Robert, H., et al., J Toxicol Environ Health B Crit Rev, 2017: p. 1-27.

[4] Iriarte-Mesa, C., et al., Nano Lett, 2023. DOI: 10.1021/acs.nanolett.3c00835

42



45% Mycotoxin Workshop Vienna, Austria, June 02—-05, 2024

017 - Identification of cellular targets of Ochratoxin A
utilizing a chemoproteomic approach

Johannes Borchers?, Leonie Lutz!, Stephanie Lamer?, Andreas Schlosser?, Angela Mally?

1University of Wiirzburg, Department of Toxicology, Wiirzburg, Germany
2University of Wiirzburg, Rudolf Virchow Center, Wiirzburg, Germany

The mycotoxin Ochratoxin A (OTA) is a widespread food contaminant that induces nephrotoxicity and
renal tumors in rodents and is classified as a potential human carcinogen (IARC 2B)[1]. The proposed
mechanism of action involves the induction of mitotic aberrations, although the underlying
mechanisms remains poorly understood. Recent research has suggested replicative stress as a
plausible early key event and cause for mitotic complications [2]. However, the precise molecular
processes triggering replicative stress and the direct molecular targets of OTA remain unknown.
Elucidation of the sequence of key events involved in the mechanism of OTA carcinogenicity, including
identification of the molecular initiating event (MIE), is considered critical for evidence-based
evaluation of the health risks associated with human dietary exposure to OTA.

In this study, we used a chemoproteomic workflow to identify direct molecular targets of OTA. To this
end, OTA was immobilized on a stationary phase through covalent coupling to amine-functionalized
agarose beads via its carboxy-group. OTA functionalized beads were then incubated with cell lysates
prepared from kidney epithelial cells to capture binding proteins which were subsequently analyzed
via tandem mass spectrometry. Using affinity chromatography, we were able to identify several small
GTPases as a set of significant and specific OTA binding proteins. These small GTPases, known as the
Ras superfamily, are involved in the regulation of various critical cellular processes, including protein
trafficking, mitosis, cell adhesion and tight junctions, and thus provide several plausible mechanistical
links to observed OTA adverse effects. Initial docking studies suggest binding to conserved GTPase
functional sites. Interestingly, small GTPase members were also shown to be transcriptionally
deregulated in response to OTA [3, 4], providing further support for a role of small GTPases in the
mechanism of OTA toxicity.

Taken together, OTA-affinity chromatography has unveiled small GTPases as mechanistically plausible
target proteins, offering valuable starting points for further mechanistic investigations.

[1] Chain, E.Panel o.C.i.t.F., et al., Risk assessment of ochratoxin A in food. EFSA Journal, 2020. 18(5): p. e06113.

[2] Klotz C., B.J., BrodeJ., Mally A., The Role of Replication Stress in Ochratoxin A Genotoxicity. Naunyn-Schmiedeberg's Arch
Pharmacol, 2022. 395.

[3] Jennings, P., et al., Transcriptomic alterations induced by Ochratoxin A in rat and human renal proximal tubular in vitro
models and comparison to a rat in vivo model. Arch Toxicol, 2012. 86(4): p. 571-89.

[4] Arbillaga, L., et al., In vitro gene expression data supporting a DNA non-reactive genotoxic mechanism for ochratoxin A.
Toxicol Appl Pharmacol, 2007. 220(2): p. 216-24.
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Isoflavones (ISF) are frequently abundant in soy-based animal feed, existing as aglycones (e.g., daidzein
(DAI) and genistein (GEN)) or as their glycosides daidzin and genistin, exhibiting notable endocrine
activity due to structural similarity with 17B-estradiol. They often co-occur with the mycoestrogen
zearalenone (ZEN), which has a strong binding affinity to both estrogen receptors (ERa and ERPB) [1].
Since 2019, the prevalence and concentrations of ISF in various feed commodities have been analysed
in addition to ZEN. Previously, the focus was primarily on assessing individual effects, but nowadays,

more attention is given to investigate combined effects.

Thus, we evaluated the in vitro estrogenic potential of ZEN and a-zearalenol (a-ZEL) alone or in
combination with ISF and the DAI-metabolite equol (EQ) using two different cell assays. Initially, we
conducted the alkaline phosphatase assay (ALP) with Ishikawa cells expressing both estrogen
receptors. Subsequently, selected combinations of ISF and ZEN were tested in stably transfected hERa-
Hela-9903 cells expressing only ERa using the luciferase reporter gene assay. Additionally, a 14-day
feeding trial with 40 female weaning piglets was carried out with five different groups. A control group
(without soy) was compared with groups fed ISF and ZEN (870-1100 ug/kg), either individually or
combined. An additional group received the ZEN-degrading enzyme zearalenone hydrolase ZenA
(ZENzyme®) along with ZEN and ISF. Vulva dimensions (width and length) and uterus weight were
assessed post-euthanasia on day 15.

Data on occurrence suggest that ISF are present in nearly half of the 4700 measured samples (42-46
%) at concentrations in the range of mg/kg feed, while ZEN is detected in 55 % of all samples with
median concentrations up to 100 pg/kg depending on the feed commodity. In the ALP assay, we
observed that particularly the low concentrations of ZEN or a-ZEL (0.001-0.01 nM) in combination with
low ISF concentrations (0.001-0.1 uM) significantly amplified the estrogenic response compared to the
single substances [2]. However, testing ISF in the hERa-HelLa-9903 cells was challenging due to
luciferase superinduction at concentrations exceeding 1 uM [3]. Feeding trial data demonstrated that
ZEN significantly increased vulva area (p = 0.0167) and uterus weight (p = 0.0165) compared to the
control after 14 days. Combining ZEN+ISF also significantly enlarged vulva area (p = 0.0101), with higher
uterus weight than ZEN alone (p = 0.0042). Inclusion of the zearalenone hydrolase ZenA (40 U/kg) in
ZEN+ISF diets alleviated these clinical effects.

Given the frequent co-occurrence of these substances in feed [1], there is considerable interest in
exploring their combined impact on animal reproductive systems and devising countermeasures.

Funding: This research was funded by the Austrian Research Promotion Agency (FFG) and Biomin
Holding GmbH through the Bridge project “ISOMYCOTOX — Combinatory endocrine activity of

mycoestrogens and soy isoflavones in porcine feed” (No 880656).

[1] Grgic, D.; Varga, E.; Novak, B.; Miller, A.; Marko, D. Isoflavones in Animals: Metabolism and Effects in Livestock and Occurrence in Feed. Toxins 2021. 13(12):
836. Doi: 10.3390/toxins13120836

[2] Grgic, D.; Betschler, A., Fritholz, R. et al. Estrogenic in vitro evaluation of zearalenone and its phase | and Il metabolites in combination with soy
isoflavones. Arch Toxicol 96, 3385-3402 (2022). https://doi.org/10.1007/s00204-022-03358-3

[3] Grgic, D.; Novak, B., Varga, E. et al. Estrogen receptor a interaction of zearalenone and its phase | metabolite a-zearalenol in combination with soy
isoflavones in hERa-HelLa-9903 cells. Mycotoxin Res 40, 97-109 (2024). https://doi.org/10.1007/s12550-023-00506-1
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Cereal and crop production throughout the world is facing contamination by natural substances such
as mycotoxins. Consequent to climate change and its impact on the development of toxin-producing
fungus, mycotoxin contamination of food and feed has been increasing in the last decades, raising
consumer health concern worldwide. The genus Fusarium can produce a wide range of mycotoxins.
Among the main ones, deoxynivalenol (DON) has been found in a broad panel of foodstuffs while the
enniatins, with enniatin B (ENNB) as the major produced variant, are considered as emerging
mycotoxins. Moreover, enniatins can be found in mixture with DON in food. If DON is regulated in
Europe, no regulation for enniatins is currently available, due to a lack of information on their toxicity.
However, the mechanism of action driving the combined effect of DON and ENNB have not been well
characterized. Therefore, the aim of this study was to investigate the toxic effects of these two
mycotoxins, alone and in combination, on the HepaRG liver cell model by using a multiomic approach.

First, the toxicity of the 2 mycotoxins (ENNB and DON) alone and in mixture at equivalent
concentration was assessed on HepaRG cells by High Content Analysis (HCA). Several toxicological
endpoints were investigated such as viability (cell number), DNA damage (yH2AX), apoptosis (caspase-
3), cell cycle analysis, and pro-inflammatory response (IL-8 release). Proteomic and metabolomics
analyses were also performed, in order to decipher the mechanisms involved in their toxicity.

DON induced a dose-dependent decrease of cell number, and increased caspase 3 and yH2AX as well
as IL-8 release. In contrast to DON, ENNB decreased slightly cell viability (around 20 %) and did not
affect caspase 3 and yH2AX staining. However, similarly to DON, ENNB increased IL-8 release. The
combination of these two mycotoxins limited the cell death and the increase in yH2AX and caspase 3
induced by DON. The mixture slightly decreased the IL-8 release provoked by each toxin. The molecular
mechanisms involved in single toxin and mixture responses were compared using proteomics (on cell
content) and metabolomics (on cell culture medium). We showed that the protective effect of ENNB
observed on DON mortality involved lipids and mitochondria. Indeed, DON treatment increased the
abundance of long chain saturated dicarboxylic acids, signs of a defective fatty acid oxidation (FAO).
DON also increased the abundance of histones and proteins associated to mitochondrial respiration
and decreased specifically the abundance of proteinsimplicated in FAO. These effects were attenuated
by ENNB in the cells treated with the mixture, suggesting opposite effects of the two toxins on HepaRG
cells. This study provided new findings on the molecular events involved in DON and ENNB toxicity on
liver cells and highlighted that their combined effects should not be ruled out in risk assessment.
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Esophageal cancer (EC) is a malignancy with a poor prognosis and a five-year survival rate of less than
20%. It is the ninth most frequent cancer globally and the sixth largest cause of cancer-related deaths.
The incidence of EC has been found to vary significantly by geography, indicating the importance of
environmental and lifestyle factors along with genetic factors in the onset of the disease. Several
studies suggest that mycotoxin exposure may be a potential etiological factor for EC in the countries
of the African EC belt [1]. In this work, we investigate mycotoxin exposure in a case-control study from
the Arsi-Bale districts of Oromia regional state in Ethiopia, where there is a high incidence of EC while
alcohol and tobacco use — two established risk factors for EC — are very rare. Internal exposure to 41
mycotoxins and metabolites was assessed by liquid chromatography-tandem mass spectrometry in
plasma samples of EC cases (n=166) and location-matched healthy controls (n=166) who shared similar
dietary sources. Evidence of mycotoxin exposure was observed in all plasma samples, with 10 different
mycotoxins being detected in samples from cases, while only 6 different mycotoxins were detected in
control samples. Ochratoxin A was detected in all cases and controls, while tenuazonic acid was
detected in plasma of 145 (87.3%) cases and 71 (42.8%) controls. The absence of a mycotoxin
regulatory policy in Ethiopia and low awareness of the study participants on mycotoxins may have
contributed to chronic exposure to these mycotoxins. Ochratoxin A concentration in plasma was lower
in cases than in controls (Mann—Whitney U test, p-value < 0.001), while in cases the concentration was
higher for tenuazonic acid (p-value < 0.001), whose exposure has been described to cause the
development of precancerous lesion on esophageal tissue in mice [2]. The mycotoxins citrinin,
cyclopiazonic acid, deoxynivalenol, and zearalanone were detected in samples from both cases and
controls with variable frequency (0.6 to 19.9%). Aflatoxin B2, enniatin B, nivalenol, and a-zearalenol
were detected only in plasma from cases. Noteworthily, logistic regression analysis adjusting for
confounders (age, gender) indicated that the probability of developing EC increased with increasing
number of mycotoxin co-exposures (odds ratio 3.51, p-value < 0.001). This result emphasizes the need
to characterize the effect of mycotoxin co-exposure as part of the exposome and include it in risk
assessment, since currently mycotoxin safety levels do not consider the additive or synergistic effects
of mycotoxin co-exposure.

[1] Lipenga, T.; Matumba, L.; Vidal, A.; Herceg, Z.; McCormack, V.; De Saeger, S., De Boevre, M., A concise review towards

defining the exposome of oesophageal cancer in sub-Saharan Africa. Environ. Int.,, 2021, 157, 106880. doi:
10.1016/j.envint.2021.106880

[2] Yekeler, H.; Bitmis, K.; Ozgelik, N.; Doymaz, M.Z.; Calta, M., Analysis of Toxic Effects of Alternaria Toxins on Esophagus of
Mice by Light and Electron Microscopy. Toxicol. Pathol., 2001, 29(4) 492-497. doi: 10.1080/01926230152499980
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Alternaria molds can produce a wide variety of structurally diverse mycotoxins, some of which may
pose a severe threat to human health. Critical information on the immunomodulatory and
estrogenic/antiestrogenic properties of members of this class of emerging contaminants is still scarce.
Of note, a complex extract of Alternaria mycotoxins was found, in the course of the present study, to
suppress the LPS-induced activation of the NF-kB pathway in human THP-1 Lucia™ monocytes and to
exert antiestrogenic effects in the endometrial Ishikawa cell line. Building upon these findings, the
study aimed to evaluate the immunomodulatory properties of well-known Alternaria mycotoxins such
as alternariol (AOH), alternariol monomethyl ether (AME), and tenuazonic acid (TeA), along with the
perylene quinones alterperylenol (ALP) and altertoxin-1 (ATX-I), known to be present in the extract.

Additionally, the study assessed the antiestrogenic effects of ALP and ATX-I.

In particular, the immunosuppressive and immunostimulatory properties of the mycotoxins were
assessed in THP-1 Lucia™ monocytes by performing the NF-kB reporter gene assay in the presence or
absence of LPS stimulation (respectively), while the antiestrogenic properties were evaluated in
Ishikawa cells using the alkaline phosphatase assay under co-stimulation with estradiol (E2). To better
resemble the in vivo condition, a co-culture model of Caco-2 and HT29-MTX-E12 cells, separated from
THP-1 Lucia™ cells by a semipermeable membrane, was employed to assess the immunosuppressive
effects of some mycotoxins. The transepithelial electrical resistance (TEER) and the paracellular
diffusion of Lucifer Yellow were also assessed to ensure the maintenance of membrane integrity.
Viability of THP-1 monocytes and Ishikawa cells exposed to the various test conditions was consistently
assessed in parallel by applying the CellTiter Blue (CTB) assay.

Results from the NF-kB assay in THP-1 Lucia™ cells demonstrated the ability of AOH and AME to
suppress the LPS-induced activation of the NF-kB pathway, while TeA (0.1-250 uM) did not show any
immunomodulatory properties up to 250 pM. Remarkably, ATX-l and ALP exhibited pathway
suppression even at concentrations as low as 1 uM, with reductions of approximately 20% and 90%,
respectively. Notably, exposure to 2 uM ALP resulted in a complete pathway suppression, while partial
suppression was observed with ATX-1 (up to 50 uM). In the co-culture model, ATX-l and ALP suppressed
the activation of the NF-kB pathway of THP-1 cells located in the basolateral compartment, starting
from 5 uM. TEER measurements, the Lucifer Yellow assay, and the CTB assay collectively confirmed
that the observed immunosuppressive effects were not attributable to cytotoxicity and that the
integrity of the cell membrane was maintained throughout the incubation period. Regarding the
antiestrogenic effects, ALP induced such effects starting from 0.4 uM, whereas ATX-l only mediated
slight suppression within the concentration range of 2-10 uM.

Taken together, results of this study demonstrate the ability of Alternaria mycotoxins to exert
immunosuppressive and antiestrogenic effects, with ATX-l and ALP being the most potent
immunosuppressive compounds among those investigated. In light of these findings, further
comprehensive investigation and data collection are imperative to fully understand the potential risks
associated with exposure to Alternaria mycotoxins.
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Our in-house method is fully validated and capable of quantifying several hundreds of fungal
metabolites in 40 minutes, with 2 injections in positive/negative ionization modes, 20 minutes each.
To explore the extent to which the method can be accelerated without compromising accuracy and
precision, we applied fast polarity switching (FPSW) alongside scheduled multiple reaction monitoring
(sSMRM). This combined approach significantly decreased the consumption of eluents and energy and
thus facilitated a green transition of our method, resulting in notable efficiency gains as well. We tested
9 different setups to compare the applicability of HPLC & UHPLC columns to explore variations in
method performance between FPSW and positive/negative polarity as well as the impact of
accelerated gradients, ranging from 20 minutes measurement time to 10 minutes measurement time.
To determine whether the implementation of these accelerated methods is feasible without significant
deterioration of data quality, all 9 methods were validated according to SANTE 11312/2021(V2).
Validation was carried out on 5 distinct samples of oats and muesli. Samples spiked on a high
concentration level (pre- and post-extraction) were tested to determine both repeatability as well as
intermediate precision, matrix effects, and recoveries of the extraction. In addition, three low-
concentration levels were employed to determine the detection limits (LOD) and quantification (LOQ).
The final analysis of the validation data is pending due to the extensive number of validated setups.
Results retrieved so far indicate that matrix effects are not significantly affected by FPSW, while
repeatability and intermediate precision still comply with official criteria. However, applying a fast
UPLC gradient on top of FPSW severely compromises data quality, especially on lower concentration
levels.

[1] European Commission. (2021). SANTE/11312/2021 Analytical quality control and method validation procedures for
pesticide residues analysis in food and feed.

48



45% Mycotoxin Workshop Vienna, Austria, June 02-05, 2024

023 - Patulin adducts and antibodies for immunoanalysis

Josep V. Mercader?, Hadyn Duncan?, Ismael Navarro-Fuertes?, Consuelo Agull4?, Antonio Abad-
SomovillaZ and Antonio Abad-Fuentes?

Ynstitute of Agrochemistry and Food Technology (IATA), Spanish Council for Scientific Research
(CSIC), Agusti Escardino 7, Paterna 46980, Valencia, Spain.
2Department of Organic Chemistry, University of Valencia, Doctor Moliner 50,
Burjassot 46100, Valencia, Spain.

Nowadays, immunoassays constitute rapid alternative strategies to reinforce the safety of our food
supply through efficient monitoring of chemical contaminants. Over the past few decades, specific
high-affinity antibodies have been generated for almost all of the internationally regulated mycotoxins.
The only exception, until now, was patulin, a secondary metabolite produced by Penicillium expansum.
In 1986, the first attempt to obtain anti-patulin antibodies was reported [1]. The same approach was
further followed by other authors, but low antibody titers and poor recognition of free patulin was
observed again [2]. Later, de Champdoré et al. designed a different immunizing hapten; however, the
antibodies generated failed to recognize free patulin [3]. Recently, we reported on the intrinsic
difficulties to generate specific high-affinity antibodies to patulin through conventional approaches [4].
Therefore, it seems that the strategies described so far are not adequate for the generation of specific
high-affinity antibodies to patulin, and the obtained binders are not suitable for the development of
rapid tests for food immunoanalysis. Furthermore, the lack of commercially available immunoassays
for the analysis of patulin probably highlights the inherent drawbacks of generating antibodies against
this elusive mycotoxin.

In this project, an innovative approach was explored to generate antibodies by taking advantage of the
high electrophilic properties of patulin. Thus, patulin adducts were synthesized by reaction with thiol-
containing molecules, and the corresponding bioconjugate was prepared [5]. The immunogenicity of
the different adducts was evaluated in rabbits. Moreover, a collection of monoclonal antibodies with
affinity values in the low nanomolar range was raised for the first time. These novel immunoreagents
were evaluated by competitive enzyme-linked immunosorbent assay, and a prototype
immunochromatographic strip was applied to the analysis of apple juice samples contaminated with
patulin at international regulatory levels.

[1] Mehl, M. et al. Inmunological determination of the mykotoxine patuline. Pharmazie 1986, 41, 147-148. PMID: 3725855.

[2] McElroy, L. J. et al. The production of polyclonal antibodies against the mycotoxin derivative patulin hemiglutarate. Can.
J. Microbiol. 1993, 39, 861-863. DOI: 10.1139/m93-128; Sheu, F. et al. The synthesis of antigens and the product of antibodies
against patulin derivatives. J. Food Drug. Anal. 1999, 7, 65-72. DOI: 10.38212/2224-6614.2883; Mhadhbi, H. et al. Studies on
the affinity chromatography purification of anti-patulin polyclonal antibodies by enzyme linked immunosorbent assay and
electrophoresis. Food Addit. Contam. 2005, 22, 1243-1251. DOI: 10.1080/02652030500239417.

[3] de Champdoré M. et al. A new competitive fluorescence assay for the detection of patulin toxin. Anal. Chem. 2007, 79,
751-757. DOI: 10.1021/ac0618526.

[4] Duncan H. et al. Chemical strategies for triggering the immune response to the mycotoxin patulin. Sci. Rep. 2021, 11,
23438. DOI: 10.1038/s41598-021-02916-6.

[5] Abad-Fuentes et al. Bioconjugados y anticuerpos para la inmunodeteccion asistida por derivatizacidén de la micotoxina
patulina. ES patent 2020, P202030133.
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Ergot alkaloids, potent mycotoxins produced by Claviceps spp., particularly Claviceps purpurea, pose significant
health risks when they contaminate rye and related cereals, leading to ergotism in humans and mammals [1]. In
response, the European Union has established Regulation 2023/915, setting maximum residue levels for the sum
of 12 principal ergot alkaloids and other mycotoxins including fumonisins (FUM), deoxynivalenol (DON),
zearalenone (ZEN), and T2/HT2 toxins in food products. Given the prevalent co-occurrence of mycotoxins, their

simultaneous detection is crucial for ensuring the safety of food and feed [2, 3].

Traditionally, chromatographic techniques such as liquid chromatography coupled with (tandem) mass
spectrometry (LC-MS/MS) have been employed for multiplex detection of mycotoxins [4, 5]. While effective,
these methods require specialized facilities, expensive equipment, and skilled personnel. Immunoassays like
ELISA and lateral flow assays offer a more accessible alternative for rapid mycotoxin detection, yet they generally
lack the capability for concurrent multi-toxin screening.

This study introduces the SAFIA (Suspension Array Fluorescence Immunoassay), a particle-based immunoassay
utilizing fluorescence-encoded microparticles for the simultaneous detection of multiple analytes [6, 7]. The
assay's innovative advancement comes with the inclusion of ergot alkaloids, a novel addition to its existing
detection capabilities for fusarium toxins and trichothecenes, thereby expanding its scope to a broader range of
mycotoxins. The assay employs antibodies targeting the ergoline moiety common to all major ergot alkaloids,
facilitated by a synthesized hapten mimicking the ergoline structure. This hapten was conjugated to amino-
functionalized beads, and a panel of five monoclonal antibodies was evaluated for hapten recognition, binding
specificity, and competitive binding efficiency.

Our findings demonstrate that all antibodies displayed similar affinities towards the hapten and lysergol (a stable
and less hazardous analogue of lysergic acid used for calibration), achieving detection limits as low as 2 ppb.
Cross-reactivity studies and analysis of round-robin test material indicated a significant underestimation of ergot
alkaloid levels in samples. However, accurate detection of ergot alkaloids remains feasible through the
application of a correction factor to the results, which compensates for this underestimation and ensures the
assay's effectiveness. Despite this adjustment, the necessity for enhancements in antibody specificity to improve
assay accuracy is evident. Furthermore, the inclusion of the ergot assay in a multiplexed setup for detecting FUM,
DON, ZEN, and T-2 toxins showed no interference, although an unexpected inhibition among four out of five
ergot antibodies was observed. This underscores the need for an improved immunogen structure to achieve
optimal detection of ergot alkaloids.

In conclusion, our study presents a promising approach for the multiplexed detection of ergot alkaloids alongside
other mycotoxins, highlighting the potential of SAFIA in enhancing food and feed safety through improved
mycotoxin screening. Future work will focus on refining antibody specificity and assay configurations to
overcome current limitations and ensure accurate, comprehensive mycotoxin detection.

[1] Christopher L. Schardl, Daniel G. Panaccione, Paul Tudzynski, Chapter 2 Ergot Alkaloids — Biology and Molecular Biology, Editor(s):
Geoffrey A. Cordell, The Alkaloids: Chemistry and Biology, Academic Press, Volume 63, 2006, Pages 45-86, https://doi.org/10.1016/51099-
4831(06)63002-2.

[2] Gruber-Dorninger C, Jenkins T, Schatzmayr G. Global Mycotoxin Occurrence in Feed: A Ten-Year Survey. Toxins. 2019; 11(7):375.
https://doi.org/10.3390/toxins11070375

[3] dsm-firmenich: World Mycotoxin Survey, The Global Threat, January — December 2023

[4] Sulyok, M., Stadler, D., Steiner, D., Krska, R., Anal. Bioanal. Chem., 2020, 412, 2607-2620. https://doi.org/10.1007/s00216-020-02489-9
[5] Kuner M, Kiihn'S, Haase H, Meyer K, Koch M., Toxins, 2021; 13(5):342. https://doi.org/10.3390/toxins13050342.

[6] Carl, P.; Sarma, D.; Gregério, B. J. R.; Hoffmann, K.; Lehmann, A; Rurack, K.; Schneider, R. J., Anal. Chem. 2019, 91 (20), 12988-12996.
doi: 10.1021/acs.analchem.9b03040

[7] Carl, Peter, Lebensmittelchemie 77, 97-128 (2023), https://doi.org/10.1002/lemi.202300403
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Durum wheat bran for direct human consumption is one of the most commonly added components in
high-fiber breakfast cereals, bread and baked goods. Deoxynivalenol (DON) is a Fusarium mycotoxin
commonly occurring in wheat and derived products with several adverse and toxic effects in animals
and humans. Although bran fractions produced by milling of wheat have numerous health benefits,
cereal bran is the part of the cereal with the highest concentration of DON, thus representing a risk for
consumers. To protect consumers from the exposure of DON through the consumption of cereals and
cereal-based products, the EC has set DON maximum permitted levels in these food products, and
specifically a level of 750 pg/kg for wheat bran. Conventional analytical methods for determination of
DON in wheat and derived products mainly imply sample preparation and the use liquid
chromatography coupled with UV/DAD or MS detection. Although these methods show high accuracy
and precision, they are destructive, expensive, time consuming and unsuitable for screening purposes.
Reliable screening methods, to assess the compliance of the food with the legislation in force and
reduce the number of samples to be analysed by confirmatory methods, is highly demanded. Factors
like low cost of analysis, minimal sample preparation and environmentally friendly methods are of
paramount importance, therefore untargeted “green” approaches based on the use of electronic nose
(e-nose) and spectroscopic techniques have been proposed as tools for the screening of cereal samples
for DON content in a fast and non-destructive way.

In the present work, a comparison of performance parameters among untargeted and rapid
approaches, recently developed at CNR, is described for screening of DON in wheat bran using the
following techniques: i) e-nose; ii) Raman spectroscopy; iii) Fourier transformed infrared spectroscopy
(FT-IR) in the near and middle range; iv) Fluorescence spectroscopy with a portable reader [1-4].
Furthermore, advantages and drawbacks of these approaches will be presented.

The combination with multivariate statistical analysis allowed to classify contaminated wheat bran
samples based on their mycotoxin content using a cut-off limit set at 400 pg/kg DON to make a decision
of whether to accept the sample as compliant with respect to the EU ML for DON in wheat bran or to
carry out a further analysis by a confirmatory method. The prediction ability (accuracy) of the resulting
models were up to 94% for e-nose, 85% for RAMAN spectroscopy, 91% for FT-IR spectroscopy and 92%
for fluorescence spectroscopy. Results indicated that the presented approaches might be promising,
inexpensive, and easy-to-use screening tools to rapidly discriminate wheat bran samples for DON
content and verify the compliance with the EU regulatory levels.

[1] Lippolis, V.; Cervellieri, S.; Damascelli, A.; Pascale, M.; Di Gioia, A.; Longobardi, F.; De Girolamo, A. J. Sci. Food Agric. 2018,
98, 4955-4962.

[2] Mignani A.G., Ciaccheri L., Mencaglia L.L., De Girolamo A., Lippolis V., Pascale M. Proc SPIE 9916, Sixth European Workshop
on Optical Fibre Sensors, 99160W, 2016.

[3] De Girolamo, A.; Cervellieri, S.; Cortese, M.; Porricelli, A.C.R.; Pascale, M.; Longobardi, F.; von Holst, C.; Ciaccheri, L,;
Lippolis, V. J. Sci. Food Agric. 2019, 99, 1946—1953.

[4] Ciaccheri L., De Girolamo A., Cervellieri, S., Lippolis V., Mencaglia L.L., Pascale M., Mignani A.G. Molecules 2023, 28, 7808.
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Food consumption patterns are changing towards more sustainable and healthier diets. Part of this
change is the rapid adoption of plant-based diets, including high-protein, fiber-rich, and whole grain
food products. Plants are susceptible to fungal infection, causing economic losses and an associated
health risk, since some fungi can produce mycotoxins: secondary metabolites causing toxic effects in
humans and animals. Whether these diets contribute to a higher exposure to mycotoxins still needs to
be evaluated. The aim of this study was to assess the mycotoxin distribution (i.e., profiles and contents)
in vegetarian high-protein or fiber-rich food products in the Belgian market. Therefore, a total of 208
different commercially available plant-based high-protein or fiber-rich food products were sampled in
Belgium and analyzed using in-house developed and validated liquid chromatography tandem-mass
spectrometry (LC-MS/MS) methods for multiple-mycotoxins analysis. Quantifiable levels of alternariol,
alternariol monomethyl-ether (AME), sterigmatocystin, deoxynivalenol (DON), DON-3-glucoside, 3-
ADON, fumonisin B (FB) 1, FB2, FB3, zearalenone, citrinin, FUS-X, enniatin B, ergot alkaloids, T2 and
HT2 toxin were detected in the samples. Up to 8 different mycotoxins were found in one product (1
%), while 15 (7 %) were contaminated with 5; 15 (7 %) with 4; 20 (10 %) with 3; 40 (19 %) with 2; 58
(28 %) with 1 and 58 (28%) were not contaminated. FB1 was the most frequent mycotoxin, being
present in 20 % of the samples in a range from 1.2 to 288.6 pg/kg, followed by ENN B (19 %) in a range
from 0.8 to 178.6 ug/kg and AME (16 %) in a range from 1.0 to 9.1 ug/kg. It is of paramount importance
to control mycotoxin exposure in these dietary transitions to ensure food safety. The gathered data
contributes to exploring whether consumers need further protection by expanding or adding
maximum regulatory limits for some mycotoxins in plant-based protein-rich and high-fiber food
products, and it is being used to perform a risk assessment within the Belgian population.

Funding: This research is funded by the Belgian Federal Public Service Health, Food Chain Safety and
Environment through the contract RT 22/07 MYCOPROF.
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Mycotoxin exposure is frequently reported in humans and children are known to be particularly at risk
to exceed safe levels of exposure. This study aims to assess multi-mycotoxin exposure in UK children
and to identify major food groups contributing to exposure. Four repeat urine samples were collected
from 29 children (13 boys, 16 girls, aged 4.37+-1.29 years) and food diaries recorded to assess their
exposure to eleven mycotoxins. Urine samples (n=114) were hydrolysed with B-glucuronidase,
enriched through immunoaffinity columns and analysed by LC-MS/MS using established protocols [1].
Food diaries were analysed using WinDiet software and intake of the most high-risk foods for
mycotoxin contamination summarised. Cereal-based foods comprised the high-risk food group which
was most frequently consumed. Oat foods were also analysed as sources of T-2/HT2-toxin, while dried
fruits, cheese and pork products were identified as potential sources of ochratoxin A (OTA), while
coffee and wine were not consumed by children. The most prevalent mycotoxins found in urine
samples were deoxynivalenol (DON, 95.6% of all samples), OTA (88.6%) HT-2 toxin (56.9%),
zearalenone (ZEN, 55.3%) and nivalenol (NIV, 26.3%). Average daily mycotoxin excretion ranged from
12.10 pg/d (DON) to 0.03 pg/d (OTA). Comparing mycotoxin intake estimates to tolerable daily intakes
(TDI) demonstrates frequent TDI exceedances (DON 35.1% of all samples, T-2/HT-2 13.2%, NIV 4.4%
and ZEN 1.8%). OTA was frequently detected at low levels. When mean daily OTA intake was compared
to the bench mark lower dose (BMDL10, 4.73 ug/kgBW/d) for non-neoplastic lesions, the Margin of
Exposure (MoE) of 58 is low, indicating a health concern when compared to the reference value of 200
[2]. In conclusion, this study demonstrates frequent exposure of UK children to multiple mycotoxins
and health-based guidance values are often exceeded.

[1] Gratz, S.W.; Currie, V.; Duncan, G.; Jackson, D., Multi-mycotoxin exposure assessment in UK children using urinary
biomarkers- a pilot survey. J Agri Food Chem 68 (1), 351-357. Doi: 10.1021/acs.jafc.9b03964

[2] EFSA, Panel on Contaminants in the Food Chain (CONTAM); Schrenk, D.; Bodin, L.; Chipman, J.K.; Del Mazo, J.; Grasl-
Kraupp, B.; Hogstrand, C.; Hoogenboom, L.; Leblanc, J.; Nebbia, C.S.; et al. Risk assessment of ochratoxin A in food. EFSA J.
2020, 18,e06113.
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There is limited and inconsistent evidence, primarily from cross-sectional studies, linking mycotoxins
to adverse birth outcomes. This study investigates the potential role of maternal dietary exposure to
multiple mycotoxins in the development of several adverse pregnancy and birth outcomes. We
analyzed data from 436 singleton pregnancies enrolled in a prospective cohort study in rural Habiganj
district, Bangladesh, between July 2018 and November 2019. Thirty-five urinary mycotoxin biomarkers
were quantified using liquid chromatography coupled with tandem mass spectrometry and used to
estimate dietary mycotoxin exposure. Multivariable regression models, adjusted for potential
confounding and clustering, were fitted to assess the associations between maternal exposure to
frequently occurring mycotoxins (ochratoxin A-OTA, citrinin- CIT, and deoxynivalenol- DON) and
pregnancy loss, preterm birth (PTB), low birth weight (LBW), born small-for-gestational-age (SGA) and
small-vulnerable newborn. The results indicate that only in 16 of 436 pregnancies (4%) were urine
samples free from all investigated mycotoxins. Biomarkers for six major mycotoxins were detected in
the urine samples. OTA (95%), CIT (61%), and DON (6%) were most frequently detected, with at least
two mycotoxins co-occurring in the majority of women (63%). There was evidence that maternal
dietary intake of OTA was associated with higher odds of having a LBW baby, with the odds increasing
in a dose-dependent manner. We found no evidence of associations between pregnancy loss, PTB,
SGA, small-vulnerable newborns, and maternal dietary exposure to OTA, CIT, and DON, albeit with
large confidence intervals, so findings are consistent with protective as well as large harmful effects.
Exposure to multiple mycotoxins during pregnancy is widespread in this rural community and
represents a health risk for mothers and babies. Tailored public health policies and interventions must
be implemented to reduce mycotoxin exposure to the lowest possible level.
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029 - Longitudinal biomonitoring of mycotoxins in pregnant
women from the Yale Pregnancy Outcome Prediction Study

Magdaléna Krausova?, Kolawole I. Ayeni', Yasmin Borutzki?, Yunyun Gu?,
Caroline Johnson?, Benedikt Warth?

tUniversity of Vienna, Faculty of Chemistry, Department of Food Chemistry and Toxicology,
Wahringer StralRe 38, 1090 Vienna, Austria
2Yale School of Public Health, Department of Environmental Health Sciences, New Haven, CT 06510,
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Natural contaminants such as mycotoxins can potentially adversely influence the developing fetus via
dietary exposure of pregnant women. However, longitudinal data on occurrence of mycotoxins and on
their dynamic exposure patterns in pregnant women is scarce.

Here, we present data on mycotoxin exposure profiles of pregnant women (n=50) from the Yale
Pregnancy Outcome Prediction Study (YPOPS) cohort. Human biomonitoring assays based on LC-
MS/MS were applied to quantify mycotoxins levels in serum (n=200) and urine (n=200) samples,
collected in a longitudinal manner, at 4 time-points during pregnancy.

The results showed that serum samples were contaminated with ochratoxin A (OTA) (detection rate:
49%, median: 0.07 ng/mL), citrinin (detection rate: 32%, median: 0.02 ng/mL), enniatin B (detection
rate: 97%, median: 0.01 ng/mL) and enniatin B; (detection rate: 12%, median: 0.003 ng/mL).

The most prevalent mycotoxins quantified in urine included deoxynivalenol (DON) (detection rate:
99%, median 21 ng/mL), alternariol monomethyl ether (AME) (69%, median: 0.04 ng/mL), zearalenone
(ZEN) (63%, median, 0.2 ng/mL) and a-zearalenol (22%, median 0.1 ng/mL). Other mycotoxins detected
in urine (detection rate <5%) included alternariol (AOH) (median 0.8 ng/mL), deepoxy-deoxynivalenol
(median 0.5 ng/mL), dihydrocitrinone (median 1.6 ng/mL), ochratoxin A (median 0.02 ng/mL), tentoxin
(median 0.05 ng/mL) and B-zearalenol (median 0.2 ng/mL).

Estimated exposure assessment based on the urine data showed that overall, 35 % and 4% of samples
exceeded the tolerable daily intake for DON and ZEN, respectively. For AOH and AME toxins, several
individuals exceeded the threshold of toxicological concern. For all the individuals with OTA
concentrations above the limit of quantification, the estimated margin of exposure for neoplastic
effects of OTA was below 10,000 indicating possible health concern.

In conclusion, the results suggest stable exposure dynamics to a mixture of mycotoxins with high
exposure to DON and to a less extent ZEN, OTA and Alternaria toxins. However due to limited sample
size, further large-scale studies are required to assess the exposure patterns in pregnant women.
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030 - Online Solid Phase Extraction coupled to LC-MS/MS enables
sensitive high-throughput analysis of mycotoxin biomarkers in urine

Michael Kuhn, Benedikt Cramer, Hans-Ulrich Humpf

Institute of Food Chemistry, University of Minster, 48149 Miinster, Germany

Monitoring human exposure to mycotoxins is crucial for identifying new risk factors and performing
risk assessment. Analysis of mycotoxin biomarkers allows the estimation of individual mycotoxin
exposure and enables correlations to possible health impacts.

For a comprehensive exposure assessment, multi-biomarker analysis in urine is the favored approach.
However, this approach faces low analyte concentrations and is often accompanied with strong matrix
effects needing extensive sample preparation. Online sample clean-up using solid phase extraction
(SPE) can effectively reduce laboratory work, while enriching structurally divers analytes in a single
step. Here we present an SPE based online sample clean-up coupled to LC-MS/MS, developed for
sensitive, high-throughput analysis of more than 30 different mycotoxin biomarkers in urine.

The method allows the direct injection of urine samples and comprises different mycotoxins including
the polar trichothecene deoxynivalenol (DON) and its glucuronides, aflatoxin Mj, ochratoxin A,
fumonisins, various metabolites of zearalenone (ZEN), Alternaria toxins altenuene, alternariol, and
alternariol monomethyl ether as well as sterigmatocystin, penitrem A, paxilline, and different
enniatins.

In this approach, direct measurement of conjugated glucuronides of e.g., DON, ZEN or HT-2 toxin is
favored over enzymatic hydrolysis. Parameters for mass spectrometric detection were optimized for
sensitive acquisition of at least two MRM transitions per mycotoxin biomarker. An optimized sample
enrichment with different steps during loading, washing and eluting of the online-SPE achieves
detection limits in the low pg/mL to low ng/mL urine range. With a special instrumental setup using
two online-SPE cartridges, equilibration time for the stationary phases was further reduced enabling
high-throughput measurements in less than 18 minutes. We present analytical data gathered from
human urine samples showing the sensitive and robust detection of mycotoxin biomarkers.
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031 - Human biomonitoring of multiple mycotoxins in the Flemish
child and adult population: results of the FLEXiGUT project
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Practically everyone undergoes chronic, low-dose, variable dietary exposure to mycotoxins throughout
their lives and little is known about the risk of chronic multiple mycotoxin exposure. Some mycotoxins
have been shown to impact the gut microbiome and have been linked with adverse effects on
vulnerable structures in the intestines and the impairment of intestinal integrity [1]. Evidence for the
involvement of the gut microbiome-inflammatory axis in chronic diseases is supported by the recent
discovery of the cross-disease Bacteroides2 enterotype and its link to faecal calprotectin as a gut
inflammatory marker, as well as to serum C-reactive protein, a systemic inflammatory marker [2].

In this work, we developed an analytical method for the identification and quantification of 41
mycotoxins and metabolites in human biospecimens by LC-MS/MS. Multi-mycotoxin exposure was
investigated in serum samples from the Flemish adult population (n=385) participating in the Flemish
Gut Flora Project (FGFP) cohort and urine samples from Flemish children (n=243) from the
ENVIRONAGE birth cohort. In serum samples, 14 different mycotoxins and their metabolites were
detected. All subjects were exposed to ochratoxin A and 27.3% of participants were exposed to two or
more mycotoxins. In urine samples, deoxynivalenol and tenuazonic acid had the highest detection
frequency (around 90%), demonstrating that most participants were exposed to more than one
mycotoxin. A comparison of the different mycotoxin exposure patterns and concentrations in serum
and urine samples will be discussed.

Future research aims to investigate associations between multi-mycotoxin exposure and dietary
patterns, alterations of the gut microbiota, chronic low-grade gut inflammation, and related biological
diseases, e.g. DNA damage related to gastrointestinal cancer. This research is part of the Flemish
exposome project, FLEXiGUT, a human large-scale observational study that combines human
biomonitoring of dietary and environmental contaminants, metabolomics, microbiome research, and
epidemiology to investigate the complex human exposome using a multi-omics approach [3].

[1] Akbari, P.; Braber, S.; Varasteh, S.; Alizadeh, A.; Garssen, J.; Fink-Gremmels, J. The Intestinal Barrier as an Emerging Target
in the Toxicological Assessment of Mycotoxins. Archives of Toxicology. Springer Verlag March 1, 2017, pp 1007-1029. doi:
10.1007/s00204-016-1794-8.

[2] Vieira-Silva, S.; Sabino, J.; Valles-Colomer, M.; Falony, G.; Kathagen, G.; Caenepeel, C.; Cleynen, I.; Van Der Merwe, S.;
Vermeire, S.; Raes, J. Quantitative Microbiome Profiling Disentangles Inflammation- and Bile Duct Obstruction-Associated
Microbiota Alterations across PSC/IBD Diagnoses. NatuRe MICRoBloloGy | 2019, 4, 1826. doi: 10.1038/s41564-019-0483-9.

[3] Pero-Gascon, R.; Hemeryck, L. Y.; Poma, G.; Falony, G.; Nawrot, T. S.; Raes, J.; Vanhaecke, L.; De Boevre, M.; Covaci, A.;
De Saeger, S. NC-ND License FLEXiGUT: Rationale for Exposomics Associations with Chronic Low-Grade Gut Inflammation.
Environ Int 2022, 158, 160-4120. doi: 10.1016/j.envint.2021.106906.
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032 - Sorption and stability of Fusarium mycotoxins
in agricultural soils

Sven Korz, Katherine Mufioz

Institute for Environmental Sciences, RPTU (University of Kaiserslautern-Landau), Landau, Germany
Mycotoxins can enter soils through in situ production [1] or wash-off from contaminated crops [2].
However, it is unclear how the soil type affects the fate of these molecules. Soil fractions, such as humic
acids [3] or clay [4], have been identified as important adsorbents. Schenzel et al. (2012) investigated
the mobility of mycotoxins from fields to water bodies: Polar mycotoxins DON and NIV were detected
more frequently in drainage water from contaminated fields compared to the non-polar, e.g., ZEN [5].
This suggests that a mycotoxin soil contamination from crops is possible. However, the fate of
mycotoxins in the soil column, as determined by the processes of sorption and degradation, has not
yet been fully elucidated.

We conducted a laboratory study that assessed the abiotic sorption and desorption behaviour of four
frequently in-crops detected mycotoxins (DON, NIV, 15a-DON and ZEN), in three agricultural reference
soils (sand, silt and clay), based on the OECD guideline 106 [6]. The mycotoxins were spiked into a
sterile soil, at two concentrations (10 and 1 ug g-1 soil). Microbial degradation was conducted in soil
microcosms by spiking the mycotoxins into fresh reference soils, incubated at 60 % water holding
capacity for 14 days. The soils were extracted with a mixture of methanol and water (9:1, v:v) and
measured via LC-MS/MS. The soil activity was monitored using the MicroResp method [7].

Our results indicate that DON (LogKow -0.7*) remained in solution for the silt and clay soil, with a
minimal sorption to soil (<6 % sorption), indicative of a strong mobility and availability in the soil
column. NIV (LogKow -2.2*) moderately sorbed to particles of all soil types (>35 %). 15a-DON (LogKow
0.3*) sorption was strongly depending on the soil type with a strong sorption in the clay (96 %) but
weaker sorption onto silt (63 %) and sand (26 %). Strongest sorption was observed for ZEN (LogKow
3.6*) with a of >87 % sorption in all soils showing retention on soil particles. Our results are in line with
previous studies [5], however the properties of the soil are determinant in the mobility of the
mycotoxins and therefore in its availability for soil biogeochemical processes. Analysis of microbial
degradation in the soil microcosms is in progress at the moment of abstract submission.

By the sorption behaviour, it can be concluded that the polar molecules, DON and NIV, are more
susceptible to runoff to surface waters. In contrast the metabolites 15a-DON and ZEN are likely
retained in soils, but still available for biogeochemical processes. Our results also show that soil
properties play an important role, especially for 15a-DON, binding to clay and organic substances but
not to sand. (*Predicted data was generated using the US Environmental Protection Agency’s EPISuite.)

Funding: The project was founded by the German Research Foundation (DFG), ID 496549265.

[1] H.Hestbjerg, K. F. Nielsen, U. Thrane, and S. EImholt, ‘Production of Trichothecenes and Other Secondary Metabolites by Fusarium culmorum and Fusarium
equiseti on Common Laboratory Media and a Soil Organic Matter Agar: An Ecological Interpretation’, J. Agric. Food Chem., vol. 50, no. 26, pp. 7593-7599, Dec.
2002, doi: 10.1021/jf0204320.

[2] J. Schenzel, H.-R. Forrer, S. Vogelgsang, K. Hungerbiihler, and T. D. Bucheli, ‘Mycotoxins in the Environment: |. Production and Emission from an Agricultural
Test Field’, Environ. Sci. Technol., vol. 46, no. 24, pp. 13067-13075, Dec. 2012, doi: 10.1021/es301557m.

[3] M. Haus, D. Zatko, J. Vaskova, and L. Vasko, ‘The effect of humic acid in chronic deoxynivalenol intoxication’, Environ. Sci. Pollut. Res., vol. 28, no. 2, pp.
1612-1618, Jan. 2021, doi: 10.1007/s11356-020-10581x.

[4] D. M. Holanda and S. W. Kim, ‘Efficacy of Mycotoxin Detoxifiers on Health and Growth of Newly-Weaned Pigs under Chronic Dietary Challenge of
Deoxynivalenol’, Toxins, vol. 12, no. 5, p. 311, May 2020, doi: 10.3390/toxins12050311.

[S] J. Schenzel, K.-U. Goss, R. P. Schwarzenbach, T. D. Bucheli, and S. T. J. Droge, ‘Experimentally Determined Soil Organic Matter—Water Sorption Coefficients
for Different Classes of Natural Toxins and Comparison with Estimated Numbers’, Environ. Sci. Technol., vol. 46, no. 11, pp. 6118-6126, Jun. 2012, doi:
10.1021/es300361g.

[6] OECD, ‘Test No. 106: Adsorption -- Desorption Using a Batch Equilibrium Method’, in Guidelines for the Testing of Chemicals: Section 1, vol. OECD Publishing,
2000, p. 44. doi: 10.1787/9789264069602-en.

[7] C.D.Campbell, S.J. Chapman, C. M. Cameron, M. S. Davidson, and J. M. Potts, ‘A Rapid Microtiter Plate Method To Measure Carbon Dioxide Evolved from
Carbon Substrate Amendments so as To Determine the Physiological Profiles of Soil Microbial Communities by Using Whole Soil’, Appl. Environ. Microbiol., vol.
69, no. 6, pp. 3593-3599, Jan. 2003, doi: 10.1128/AEM.69.6.3593-3599.2003.
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033 - Navigating complexity: modelling mycotoxin
to face climate change

Marco Camardo Leggieri, Paola Battilani

Department of Sustainable Crop Production, Universita Cattolica del Sacro Cuore, Piacenza, Italy

Understanding the variability among mycotoxin-producing fungal populations associated with host
crops across diverse geographic regions and over different years requires an understanding of their
ecology. Throughout the crop growth cycle, weather variables serve as critical drivers for fungal
activity. Predictive models, leveraging meteorological data as inputs, play a significant role in assisting
stakeholders by identifying risk areas and elucidating contamination dynamics based on historical,
current, and projected meteorological data. These models empower tactical and strategic decision-
making within value crop chains. The growing focus on cropping systems highlights their influence on
mycotoxin contamination. The integration of cropping system data into modeling, with the help of
machine learning approaches, has significantly improved model performance.

Mycotoxin management faces new challenges due to climate change, altering the prevalence and
distribution of mycotoxin-producing fungi and their interactions. Research efforts have explored these
dynamics, laying the foundation for model enhancements. Although only few pathosystems have been
thoroughly examined, the developed methodologies are crucial and could potentially be applied to
other crops and fungi, especially through mechanistic models. Climate change-induced factors such as
warmer temperatures and other abiotic stress weaken crop resistance, heightening vulnerability to
fungal infections and mycotoxin contamination. Changes in fungal interactions are expected to
influence future mycotoxin prevalence and co-occurrence patterns. Understanding these complexities
is vital for effective mycotoxin management.

Improving predictive modeling, expanding research on different pathosystems, and facilitating the
application of effective mitigation strategies are crucial. Future research should focus on investigating
shifts in mycotoxigenic fungal co-occurrence under climate change scenarios, as well as the production
of modified mycotoxins. Adapting farming practices and developing new strategies for controlling
mycotoxin contamination are imperative responses to climate change. A comprehensive
understanding of these complexities is crucial for ensuring food safety and security and preventing
adverse effects on human and animal health.
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to mycotoxins in 15 years
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Climate change is defined as a significant variation of average weather conditions over several decades
or longer leading to extreme weather events. It is assumed, that these changes have a clear impact on
mold growth and mycotoxin production throughout the cultivation period of crops. We were
investigating the influence of distinct weather patterns over a 15-years period on the occurrence of
deoxynivalenol, zearalenone, fumonisins, ochratoxin A and aflatoxins. Results of more than 200,000
maize- and wheat samples from 12 different countries were correlated with significant weather
patterns such as temperature, precipitation rate, relative humidity, dewpoint, wind speed and
direction. Several significant correlations between weather features and mycotoxin concentrations
could be found: Aflatoxins occur under warmer (dryer) conditions; Fumonisins were increased under
warmer and dryer conditions; the occurrence fusarium toxins correlated with lower temperature and
zearalenone occurred when weather was colder and more humid. We can conclude that mycotoxin
risk will change as occurrence pattern changes and therefore risk evaluation will be needed.
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035 — Neurological Disease with Hazardous Indoor Macrocyclic
Trichothecenes Exposure

Irene H. Grant, Noemi Olivo, Jake B. Geller, Herman Sabbath, Harriet Ammann

Trichothecenes are extremely toxic amphiphilic neurotoxins that easily penetrate and permanently
damage on contact with skin, mucosa, phagocytes, neurons and the blood brain barrier. They directly
enter the brain via olfactory nerve axonal transport in the nasal mucosa. The impact of hazardous
indoor macrocyclic trichothecenes exposure on health is currently poorly defined since human
research is unethical. Unlike Fusarium’s simple trichothecenes DON and T2 in agriculture, macrocyclic
trichothecenes from Stachybotrys and Trichoderma contaminate water damaged indoor
environments. Binding dusts, they remain toxic despite disinfection.

Define neurological illness and epidemiological correlates due to hazardous indoor macrocyclic
trichothecenes exposure.

Prospectively monitored 76 (37M, 39F) adults/children exposed to 33 indoor- dust macrocyclic
trichothecenes, with comprehensive environmental-mycological and medical investigations: [fungal
IGGs, urine mycotoxins (Aflatoxin, Gliotoxin, Ochratoxin, Trichothecenes), immune
parameters(neutrophils,  lymphocyte-subsets, monocytes, IGG/IGA/IGM/IGE,  subclasses),
immunosuppressants, malnutrition deficiencies (protein, Vitamin D, zinc), Methylenetetrahydrofolate
Reductase (MTHFR) single-nucleotide-polymorphisms C677T-A1298C.]

Analyzed exposure-related neurological outcomes and correlated exposure variables.

Categories Rated: neurological disease severity, overall disease severity, environmental mold
contamination severity, environmental-trichothecenes-dust contamination severity, hazardous
exposure activities, exposure duration, mycotoxin/macrocyclic trichothecenes-contaminated dust
exposure, mucosal injury, cellular and immunoglobin deficiencies, and mycotoxin/macrocyclic
trichothecenes urine excretion. For each category, Pearson analysis correlations were based on disease
severity defined by measurable formal disability classification/medical events/injuries.

Outcomes: Neurological disease 54/76 (71%) exposed, with 30/54 (56%) disabled [15/54 (28%)
permanently], 17/54 (31%) hospitalized, 17/54 (31%) lost employment or schooling, cognitive
impairment 52/54 (96%), encephalopathy 26/54(48%): 69% female]), severe unrelievable pain 23/54
(43%), unrelievable burning 16/54 (30%).

Mold exposure frequencies: Aspergillus 50/54 (93%), Chaetomium 45 (83%) [22 airborne], Penicillium
39 (72%), Mucor/Rhizopus 37 (69%), Stachybotrys 35 (65%) [13 airborne], Aspergillus niger 35 (65%),
Alternaria 32 (59%), Trichoderma 19 (35%), Bipolaris 3 (5%), Fusarium 3 (5%). Airborne Chaetomium
and Stachybotrys spores significantly correlated with severe disease, unrelieved pain and unexplained
burning.

Statistical Correlations: Neurological disease severity significantly correlated with immunodeficiencies,
personal unprotected exposure intensity, mucosal injury, hazardous dust-producing activities, and
urine trichothecenes excretion. Significantly no correlation was found between neurological disease
severity and exposure duration, environmental mold or mycotoxin contamination, or genetic MTHFR
mutation.

Neurological Disease with indoor macrocyclic trichothecene exposure correlated strongly with dust
producing conditions [unprotected exposure intensity, hazardous dust producing activities] and
expected trichothecenes injuries: immunodeficiencies, mucosal injury [expected with inhalation] and
urinary trichothecenes excretion. Collaborative research is urgently needed.
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036 — Fungal Bioaerosol in Historic Places — An Invisible Cateran
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Microbes can be aerosolized via dispersion from their growths, incl. colonized surfaces. Bioaerosols
might contribute to spreading of infections, acute intoxications, allergies, leading even to pre-
and cancer ill health conditions. In specific environment of historic places, decomposing potential of
fungi present must be in focus as well. Quantitative and qualitative analysis of airborne mycobiota at
the places of deposition of conserved human remains, extrapolation of inhalatory risk related to that
part of bioaerosol for specialists and visitors, and its capability to deteriorate historic objects, incl.
statistical processing of experimental data, were the aim of 10-y-lasting study in Slovakia and Hungary.
There were 9 localitites studied: Sladkovi¢ovo and Krasna Hérka (mummies), Solosnica, Okoli¢né,
Kovarce and Bratislava (skeletal remains), Trnava and Esztergom (skeletal remains in reliquaries),
Hlohovec (archive and curiosities). In total, 178 samples were collected: 87 (human remains), 24 from
surfaces (cloths, bandages, reliquaries, coffins, walls in deposition buildings etc.), and 67 air samples
(in- and outdoors related). Aspergillus spp. (A. versicolor, pathogenic A. fumigatus, A. niger), Penicillium
spp. (Penicillium chrysogenum), Alternaria spp. (Alternaria alternata), Rhizopus spp. (Rhizopus oryzae,
R. nigricans, R. stolonifer) were isolted the most frequently. Rhizopus spp. in the indoors is counted
among indicator organisms of presence of organic nutrient sources, i. e. mummies and skeletal remains
in this study. Cellulolytic Chaetomium sp. was recovered from historical cloths and material from the
archive as expected. Seventy six species of fungi (cultivable, and combined with PCR from the air) were
isolated generally. The highest number of potentially inhaled fungal propagules in 1 hour-time
(visitors), or 8 hours (personnel) was calculated at the location of Sladkovicovo (173, resp. 2,212 colony
forming units - cfu/m?3). Indoor sources of the aerosolized fungal propagules were proved esp. at the
locations with glass-covered underground spaces without air circulation (Celtic exponates in Bratislava
and a gothic crypt in Okoliéné). There was no statistically relevant seasonal difference identified
between quantity and qualitative composition of airborne mycobiota. Between paired localities, there
were no statistically relevant differences in quantities of air fungal isolates (non-parametric Wilcoxon
test, p > 0.05), exc. of Sladkovi¢ovo (mummies, osseal remains, cloths etc.) and Hlohovec (paper). In
the mausoleum, genetic similarity 100 % was found in indoor isolates and outdoor air as the source in
the case of Penicillium chrysogenum, Aspergillus versicolor and A. niger. A. westerdijkiae was released
from the indoor surface growths as shown by genetic analysis of RAMP PCR. The highest activity in
terms of their enzymatic one, incl. cellulase and lignin decomposition capability, lipase and proteases,
was detected in Aspergillus spp., Penicillium spp. and Trichoderma spp. (proteolytic acitivity, incl.
proteases active in human haemostatic system). Keratinolytic fungi were not found. Toxicity was
proved only in isolates of A. ochraceus (ochratoxin A) by HP-TLC. Indoor environment with complex
historical organic material is colonized by the fungi (pathogens, toxic) able to cause ill health due to
their quantity in long stays. After active presentations of aeromycobiota characterizations in the
particular localitites studied and of its possible negative health effects on the present people, the
prevent hygienic measures in workers with conserved human remains have got remarkable.
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Stachybotrys chartarum
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Stachybotrys chartarum is a fungus frequently isolated from damp building materials or improperly
stored animal forage. Human and animal exposure to the highly cytotoxic secondary metabolites
(satratoxins) of this mold is linked to severe health effects (1-3). Based on the mutual exclusive
production of satratoxins or atranones the species S. chartarum was subdivided into chemotypes A
and S (4). Potato dextrose agar (PDA) was reported to be the optimal nutrition medium for satratoxin
production. In our studies, the growth of S. chartarum chemotype S strains on PDA from two
manufacturers led to divergent results, namely, well-grown and sporulating cultures with high
satratoxin concentrations (20.8 * 0.4 pg/cm?) versus cultures with sparse sporulation and low
satratoxin production (0.3 + 0.1 pg/cm?). Further experiments performed with the two media provided
strong evidence for a link between satratoxin production and sporulation (5). A comparison of three-
point and one-point cultures grown on the two types of PDA demonstrated an inter-colony
communication that influences both sporulation and mycotoxin production of S. chartarum
chemotype S strains. In addition, a chemically defined cultivation medium was developed in this study
to investigate the impact of several nitrogen and carbon sources on growth of S. chartarum and its
production of satratoxins. Increasing concentrations of sodium nitrate were found to positively affect
mycelial growth, the level of sporulation and satratoxin production, while ammonium nitrate and
ammonium chloride had an inhibitory effect. Potato starch was the superior and most reliable carbon
source tested. Additionally, we observed that the level of sporulation was correlated to the production
of satratoxins. We identified a chemically well-defined cultivation medium suitable for standardized in
vitro testing of the capacity of S. chartarum isolates to produce satratoxins (6).

[1] Dearborn et al. (2002) doi.org/10.1542/peds.110.3.627

[2] Forgacs et al. (1958) doi.org/10.1111/j.2164-0947.1958.tb00638.x
[3] Semis et al. (2020) doi.org/10.1093/cid/ciaa231

[4] Andersen et al. (2003) doi.org/10.1080/15572536.2004.11833031
[5] Tribelhorn et al. (2022) doi.org/10.3390/toxins14080515

[6] Tribelhorn et al. (2023) doi.org/10.1128/aem.00163-23

63



45% Mycotoxin Workshop Vienna, Austria, June 02—-05, 2024

038 — The mycotoxin food contaminant alternariol impedes
oxaliplatin-induced immunostimulation
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Nutrition and diet during anticancer therapy impacts not only the patient’s life quality but might also
affect treatment outcome. While a possible direct or indirect interference is well-studied for several
natural food constituents or supplements, the interaction of food contaminants, such as mycotoxins,
with anticancer drugs is often overlooked and rarely investigated. This is surprising considering the
global rise of mycotoxin occurrence in food. The immune system plays an integral part in the efficiency
of several anticancer therapies, including oxaliplatin, whose immunostimulatory activity augments the
anticancer immune response. Consequently, especially mycotoxins with immunosuppressive
potential, such as alternariol (AOH), are of great concern for these therapies. Thus, the aim of this
study was to investigate, whether AOH interferes with the immunostimulatory activity of oxaliplatin.

The effect of AOH on oxaliplatin anticancer activity as well as immunomodulation was assessed, first,
via combinatorial cell viability measurements on colon cancer cells as well as the monocytic THP-1
Lucia NF-kB reporter cells. Subsequently, the single compounds and combinations were tested for NF-
KB pathway activation (via luciferase production and western blot), monocyte differentiation (via flow
cytometry of marker expression) and macrophage polarization (via qPCR and ELISA of cytokine
expression) in THP-1 cells. In line with its immunostimulatory activities, oxaliplatin alone activated NF-
kB signaling in monocytes and induced the expression of polarization markers of pro-inflammatory M1
macrophages (interleukin 8, tumor necrosis factor a and cyclooxygenase 2), while reducing anti-
inflammatory M2 cytokine interleukin 10. However, this shift to more immunostimulatory
macrophages was significantly suppressed by AOH, which reduced oxaliplatin-induced NF-kB pathway
activation as well as increased anti-inflammatory interleukin 10.

In conclusion, AOH was able to suppress the immunostimulatory potential of oxaliplatin.
Consequently, the food contaminant AOH might affect the outcome of especially immunologically
active therapies, which should not only be considered in future risk assessment of food contaminants,
but also during anticancer therapy.

Funding: This work was supported by the Austrian Science Fund (FWF) grant number ESP-87.
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Alternariol (AOH) severely threatens food safety being a mycotoxin widespread through the Globe and
able to contaminate many food commodities. From a toxicological standpoint, AOH may induce DNA
strand breaks and poison topoisomerases, exerting genotoxic effects [1]. Several studies also described
the possible disrupting activity of AOH over the endocrine system [2,3]. AOH has been also described
to inhibit certain kinases [4], enzymes with key regulatory roles in nearly every aspect of cell biology.
Of note, kinase inhibitors may have a low specificity suggesting that AOH might inhibit several
members of the kinase family besides the few identified so far. This may draw a new scenario toward
a better understanding of its mechanisms of toxicity.

This work used an in silico workflow to seek possible target kinases out the human “kinome” whose
structural information was available in the Protein Data Bank (PDB) at the time of analysis. With this
respect, more than 500 kinases have been described in humans and 350 of them had a resolved and
available 3D structure in the PDB. Through target fishing, the structurally resolved subset of 350
kinases was screened to identify possible targets of AOH. A final short list of targets was then defined
using molecular modelling based on docking, molecular dynamics and umbrella sampling simulations.

The analysis identified most of those kinases were already known targets of AOH, such as CDK2, CK2,
Aurora A Kinase and GSK3pB, eventually confirming the procedural reliability. A short list of newly
identified possible targets was also defined including kinases for secondary messengers, like PI3K, and
protein kinases supervising many biological processes, like those of the JAK/STAT axis. The
requirements a kinase pocket must have to be an optimal target of AOH have been profiled, providing
a useful bait to catch which AOH metabolites may retain the inhibitory activity (such as AOH sulfates).
The outcome of this massive kinases screening may provide a useful blueprint to (re-)interpret the
mechanics of AOH toxicity and design new and more focused investigations toward a significant level
up inits risk assessment.

[1] Fehr et al. Alternariol acts as a topoisomerase poison, preferentially affecting the lla isoform. Mol. Nutr. Food Res. 2009,
53, 441-451 pp. doi: 10.1002/mnfr.200700379

[2] Dellafiora et al. An integrated in silico/in vitro approach to assess the xenoestrogenic potential of Alternaria mycotoxins
and metabolites. Food Chem. 2018, 248, 253-261 pp. doi:10.1016/j.foodchem.2017.12.013

[3] Styputa-Trebas et al. Nonsteroidal mycotoxin alternariol is a full androgen agonist in the yeast reporter androgen bioassay
Environ. Toxicol. Pharmacol., 2017, 55, 208-211 pp. doi:10.1016/j.etap.2017.08.036

[4] Aly et al. Cytotoxic metabolites from the fungal endophyte Alternaria sp. and their subsequent detection in its host plant
Polygonum senegalense. J Nat Prod. 2008, 71, 972-980 pp. doi:10.1021/np070447m
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Ochratoxin A (OTA) is a well-known mycotoxin mainly produced by fungi belonging to Penicillium and
Aspergillus genera. It contaminates food and feed worldwide rising concerns for human and animal
health [1]. Over the last 60 years, OTA toxicity has been widely investigated revealing a variety of
adverse effects, including nephrotoxicity, hepatotoxicity and possibly carcinogenicity [1]. Along with
OTA, certain food commodities can be contaminated also by 2’R-OTA, an OTA diastereoisomer known
to be produced upon thermal treatments like roasting and baking of OTA-containing food and showing
an apparently lower toxicity compared to its 2’S counterpart [2]. Although OTA has been extensively
studied, the underpinning mechanisms of action have yet to be completely described and understood.
For the sake of identifying novel possible biological targets involved in its toxicity, we exploited the
outcome of a target fishing campaign [3] that identified the strong chemical similarity between OTA
and the Protein Data Bank (https://www.rcsb.org) ligand UN9, a known inhibitor of the human
OGFOD1. Interestingly, the OGFOD1 inhibition by OTA might uncover some of the still unknown
mechanisms of this mycotoxin, including but not limited to those related to the protein synthesis
impairment. Therefore, we applied a molecular modelling pipeline which previously succeeded to
predict the inhibitory potential of ligands [4] to estimate the OGFOD1 inhibition by both OTA and 2'R-
OTA. In particular, the procedure eventually estimated the free energy of binding as it already proved
to be a valuable mean to calculate the inhibitory activity of compounds being related to binding affinity
and inhibitory capacity [5]. The results collected consistently identified OGFOD1 as possibly inhibited
by OTA and its 2'R stereoisomer. This is consistent with the current knowledge of OTA’s molecular
toxicology, it may fill some gaps from a mechanistic standpoint and eventually describes OGFOD1 as a
mechanistic knot interlacing the yet scarcely connected molecular actors and events associated with
the OTA toxicity. This could pave the way for further dedicated analysis focusing their attention on the
OTA-OGFOD1 interaction, expanding the current understanding of OTA network toxicity at a molecular
level.

[1] Vettorazzi, A. et al., 2014. Ochratoxin A kinetics: A review of analytical methods and studies in rat model. Food and
Chemical Toxicology 72, 273-288.

[2] Bryla, M. et al., 2021. Transformation of ochratoxin A during bread-making processes. Food Control 125

[3] Dellafiora, L. et al., 2020. An In Silico Target Fishing Approach to Identify Novel Ochratoxin A Hydrolyzing Enzyme. Toxins
12.

[4] Pedroni, L. et al., 2022. An In Silico Framework to Mine Bioactive Peptides from Annotated Proteomes: A Case Study on
Pancreatic Alpha Amylase Inhibitory Peptides from Algae and Cyanobacteria. Nutrients 14.

[5] Cournia, Z. et al., 2017. Relative Binding Free Energy Calculations in Drug Discovery: Recent Advances and Practical
Considerations. Journal of Chemical Information and Modeling 57, 2911-2937.
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Mycotoxins are toxic fungal secondary metabolites, produced by genera such as Aspergillus, Fusarium,
Alternaria, and Penicillium. It has been estimated that up to 80% of the world’s food crops are
contaminated by mycotoxins. Tenuazonic acid (TeA) is the major secreted mycotoxin of Alternaria
alternata, which is a dominant pathogen of numerous plants, fruits, and vegetables. The European
Food Safety Authority declared that the European population’s dietary exposure to TeA is by far the
highest among the different Alternaria toxins. Apart from its acute toxicity toward rodents (LD50 = 81-
186 mg/kg-bw) and chicken embryos (LD50 = 0.55 mg/egg), TeA showed adverse effects in several
animal-feeding trials, such as vomiting and hemorrhages in lungs and gastrointestinal tract. To date,
human toxicokinetic (TK) parameters of TeA are unknown and the risk assessment of TeA can only be
achieved assessing the dietary TeA external exposure. In this study, 10 different human subjects
received a single oral dose of TeA at the Threshold of Toxicological Concern (TTC) to investigate the
comprehensive toxicokinetics of TeA in blood, urine, and faeces. The study was approved by the Ethical
Committee of Ghent University Hospital (B670201630414). A total of 113 urine, 128 capillary blood
(collected via MitraTM tips, VAMS), and 32 faeces samples were extracted. Additionally, urinary and
blood samples were subjected to enzymatic hydrolysis of phase ll-conjugates [1]. The samples were
analyzed using ultrahigh performance liquid chromatography-Xevo TQ-XS for the quantification of TeA.
A multi-compartmental TK model with Bayesian Hierarchical Population structure (PopTK) was fit to
the human blood and excretion profiles using non-compartmental parameters derived from allometric
scaling of pigs data obtained by Fraeyman et al. (2015) as prior-distributions. The post-distributions of
the model’s parameters allowed the calculation of the human population TK parameters for TeA:
elimination half-life (ti2) = 1.94 x/+ 1.96 h, elimination rate (ke)) = 0.36 x/+ 1.96 h-1, maximum blood
concentration (Cmax) = 0.32 x/+ 1.74 ng/mL, time to Cax (Tmax) = 0.21 x/+ 1.13 h, area under the curve
(AUC) = 977.60 x/+ 1.60 ng/(L-kg bw), total clearance (Cl) = 1.56 x/+ 1.68 L/(h-kg bw), and volume of
distribution (Vd) = 4.38 x/+ 1.74 L/(kg bw) (geometric mean x/+ geometrical standard deviation). The
model allowed also the determination of the Vd for the phase ll-conjugates of TeA (Vd phase Il = 1.35
x/+7.05 L/(kg bw)) that accounted for 8% of the dose ingested. The population values of Cl and urinary
excreted fraction were used to estimate individual exposures from human biomonitoring data [2,3].
The modelled population parameters will be applied for the calculation of the internal TTC (iTTC) from
which margins of exposure and hazard quotients based on internal exposure can be derived.

[1] Visintin, L.; Garcia Nicolas, M.; Vangeenderhuysen, P.; Goessens, T.; Alladio, E.; Pomian, B.; Vanhaecke, L.; De Saeger, S.;
De Boevre, M. Unraveling Biomarkers of Exposure for Tenuazonic Acid through Urinary Metabolomics. Food Chem. Toxicol.
2023, 182 (October), 114183. https://doi.org/10.1016/j.fct.2023.114183.

[2] De Ruyck, K.; Huybrechts, I.; Yang, S.; Arcella, D.; Claeys, L.; Abbeddou, S.; De Keyzer, W.; De Vries, J.; Ocke, M.; Ruprich,
J.; De Boevre, M.; De Saeger, S. Mycotoxin Exposure Assessments in a Multi-Center European Validation Study by 24-Hour
Dietary Recall and Biological Fluid Sampling. Environ. Int. 2020, 137 (December 2019), 105539.
https://doi.org/10.1016/j.envint.2020.105539.

[3] Asam, S.; Habler, K.; Rychlik, M. Determination of Tenuazonic Acid in Human Urine by Means of a Stable Isotope Dilution
Assay. Anal. Bioanal. Chem. 2013, 405 (12), 4149-4158. https://doi.org/10.1007/s00216-013-6793-5.
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Oswald?

'INRAE, UMR1331, Toxalim, Research Centre in Food Toxicology, Toulouse, France.
2IRSD, Université de Toulouse, INSERM, INRAE, ENVT, UPS, Toulouse, France

Throughout their life, humans are exposed to a wide range of food contaminants and neoformed
products, resulting from the cooking or processing of food by the food industry. This brings up the
concept of the food chemical exposome. Mycotoxins are the most common natural contaminants in
our plates. Among them, deoxynivalenol (DON) is found in almost 50% of cereals, leading to the
exposure of 80% of people. Although not carcinogenic, DON exacerbates DNA damage induced by
genotoxic products such as bacterial toxins, pesticides or reference genotoxins as cisplatin, etoposide
and phleomycin. We hypothesized that under realistic conditions of multi-exposure, DON may also
exacerbate the genotoxic potential of nutrients and/or neo-formed products from red meats and
processed meat. Indeed, consumption of processed and/or red meat is associated with the
development of several chronic diseases, including colorectal cancer.

The aim of this study was therefore to investigate the 'cocktail' effects of DON and heme iron on
intestinal genotoxicity and genetic instability, using in vitro and in vivo approaches.

In vitro, our results show that exposure of intestinal epithelial cells to heme iron induces H2AX
phosphorylation whereas DON alone did not. In mixture, co-exposure of cells to heme iron and DON
induced an exacerbation of H2AX phosphorylation in the nuclei and DNA fragmentation, reflecting an
increase of DNA damage. To evaluate the effect of DON-heme iron cocktail on genetic instability,
micronuclei formation and chromosomal aberrations were evaluated. Heme iron induces an increased
proportion of cells with micronuclei and chromosomal aberrations (endoreplication and polyploidy) as
compared to control or cells only exposed to DON. In cells exposed to DON and heme iron, the effects
were exacerbated, suggesting an increase in genomic instability. To confirm these in vitro data, rodent
animal experiments were conducted. DON and heme iron were administered in the diet at realistic
concentrations. In the colon of rats fed 4 weeks with a diet containing heme iron and co-contaminated
by DON, H2AX phosphorylation was increased as compared to DON-exposed animals alone (no DNA
damage) and heme iron exposed animals.

These data show that, in the intestine, the genotoxic effects induced by heme iron are exacerbated by
the co-exposure to DON. As heme iron is considered to be a central agent in the promoting effect of
meat products on the risk of colorectal cancer, these results suggest that the dietary co-exposure to
the mycotoxin DON and heme iron should be taken into account in food contaminants risk assessment.

Funding: Olga Triballat Institute, Toxalim, ANR Genomyc
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Since 2016, the Austrian Chamber of Agriculture in cooperation with the Austrian Agency for Health
and Food Safety (AGES) carries out pre-harvest monitorings for mycotoxins (deoxynivalenol,
zearalenone, fumonisins and aflatoxin) in grain maize. Mycotoxin contamination in maize in Austria is
mainly related to the occurrence of Fusarium graminearum, F. subglutinans, F. verticillioides and
F. proliferatum and is highly dependent on weather conditions [1].

The examined grain maize samples originate from 35 locations in three different climatic regions
(northern wetland, Pannonian region, and south-eastern region) and cover four maturity groups (very
early to early, medium early, medium early to medium late, medium late to very late). Site-specific
composite samples containing up to 36 varieties are used to mitigate genetic variation in susceptibility
to cob rot and small-scale differences in disease pressure [2]. Each location is sampled two to three
times at two-week intervals from the beginning of September to map the progression in mycotoxin
contamination. Within a week, the cobs are harvested, processed, analyzed using ELISA tests and the
data obtained is made publicly available on the homepage of the Austrian plant protection alert service
(https://warndienst.lko.at).

In 2023, a total number of 290 mycotoxin analyses showed some regional exceedances of the critical
value for deoxynivalenol concentration in unprocessed maize in food (1750 pg/kg) which was linked
to the warm and wet weather in August including enormous rainfall in the south of Austria. As in
previous years, zearalenone and fumonisin levels remained unremarkable in 2023, except for isolated
higher values. Only the samples from the east and south-east of Austria were tested for aflatoxins,
corresponding to the higher temperature requirements of the fungi Aspergillus flavus and A.
parasiticus. However, no significant levels of aflatoxin contamination have been detected. These
trends were largely confirmed by the mycotoxin quantities recorded at the same locations at the time
of the main harvest.

The pre-harvest monitoring provides initial data on the regional mycotoxin contamination to be
expected about one month before harvest. It can be used as a decision-making aid for determining the
harvest date, particularly in the case of wet autumn weather and is an important tool for preventing
increased mycotoxin concentrations in the harvested crop [2].

[1] Kuchling, S.; Mechtler, K.; Reiter, E., Felder, H., Griesbacher, A., Deoxynivalenol in Kérnermais — Erkenntnisse aus funf
Jahren Mykotoxinmonitoring im Rahmen der Sortenwertpriifung. ALVA-Tagungsberichte, 2016, 189-191.

[2] Shala-Mayrhofer, V.; Mechtler, K.; Reiter, E., Mykotoxinbelastung und Erntezeitpunkt zur Toxinreduktion:
Vorerntemonitoring bei Mais bietet Entscheidungshilfe. Der Pflanzenarzt, 2018, 71(5) 24-25.
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Compared to the LC-MS/MS method with quadrupole devices frequently used in routine target
analysis of mycotoxins, analysis with LC-HRMS devices offers the advantage of not only being limited
to the target analytes, but also to its already known or unknown modifications and transformation
products. Biomarkers for citrinin are often found in human biomonitoring [1] without exactly knowing
the source for this exposure. There is only limited knowledge about the occurrence of citrinin in food,
as citrinin analysis are rarely performed in routine. Citrinin has different functional groups which allow
the molecule to undergo chemical und enzyme mediated reaction in multiple ways. We detected
citrinin and modified forms of citrinin while screening analyses with HRMS in different food and feed
samples. As the reason for the source of the citrinin exposure resulting in the citrinin findings in human
biomonitoring is still unclear, it might also be possible that modified forms of citrinin may contribute
to the overall exposure.

An extract of an inoculate of a citrinin building fungus was analyzed by LC-HRMS for modified forms of
citrinin. By comparison to literature data and the use of HRMS software tools numerous of modified
forms of citrinin were detected.

Taking into account the knowledge of the modified forms of citrinin, all citrinin positive samples were
analyzed once again using modified analytical methods using inclusion lists for triggering the recording
of HR-MS/MS spectra for already known modifications of citrinin. Additionally, by software tools based
on a reaction data base the identification of additional metabolites of citrinin was processed.

In summary, several modified forms of citrinin could be identified in food and feed real samples. E.g.
the detected modifications based on the following chemical reactions and combinations of them:
desaturation, methylation, decarboxylation, reduction by loss of oxygen.

[1] Degen GH, et al., Toxins (Basel). 2022 Dec 30;15(1):26. doi: 10.3390/toxins15010026.
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Citrinin is a nephrotoxic secondary metabolite produced by several fungal species. Citrinin occurs
mainly in stored grains, but also in other plant products such as beans, vegetables, and spices [1].
However, acceptable levels of citrinin have not yet been regulated for most foodstuffs. Recently, the
European Commission has set a maximum permitted level of 100 pg/kg for food supplements based
on rice fermented with the red yeast Monascus purpureus [2]. Moreover, EFSA has indicated the need
for more data on the occurrence of citrinin as well as additional performance criteria for the analysis
in food and feed. The aim of this study was the synthesis of novel haptens of citrinin to generate high-
affinity antibodies [3].

To produce antibodies against mycotoxins, a synthetic functionalized analogue, so-called hapten, must
first be prepared and covalently conjugated to proteins. Rational design and synthesis of haptens is
critical to generate powerful antibodies and the development of sensitive and selective
immunoanalytical methods. The articles published so far describe the preparation of immunizing
conjugates of citrinin by direct conjugation of the mycotoxin to the carrier protein through its own
carboxylic group. However, this might not be the most adequate strategy because one of the most
characteristic moieties of the toxin is modified. In this study, citrinin haptens with a linker located in
an alternative position were prepared by total synthesis or by functionalization of citrinin. The
designed haptens were prepared by coupling an azide-functionalized spacer arm to different
previously prepared intermediates [4]. Conjugation to proteins was carried out by click-chemistry, and
their immunogenicity was evaluated in rabbits. Haptens with a spacer arm blocking the carboxylic acid
position of citrinin seem to be less suitable for generating high-affinity antibodies. On the contrary,
haptens that keep free the characteristic carboxylic moiety of the mycotoxin elicited a good immune
response. Finally, a collection of monoclonal antibodies was generated from immunized mice.

[1] Abramson D, Usleber E, Martlbauer E. Determination of citrinin in barley by indirect and direct enzyme immunoassay. J.
AOAC Int. 1996, 79, 1325-1329. DOI: 10.1093/jaoac/79.6.1325.

[2] COMMISSION REGULATION (EU) 2023/915 of 25 April 2023 on maximum levels for certain contaminants in food and
repealing Regulation (EC) No 1881/2006. Off. J. Eur. Union 2023, L119, 103.

[3] EFSA Panel on Contaminants in the Food Chain (CONTAM); Scientific Opinion on the risks for public and animal health
related to the presence of citrinin in food and feed. EFSA J. 2012, 10(3), 2605. DOI: 10.2903/j.efsa.2012.2605.

[4] Abad-Fuentes et al. Inmunorreactivos para el analisis rapido de citrinina. ES patent 2023, P202330902.
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Barley is commonly affected by microscopic fungal infections, and various types of barley may respond
differently to these infections, leading to differences in the production of mycotoxins [1]. The crops
selected for our study were spring malting barley and feed barley. Their mycotoxin contamination was
compared with winter barley, which is increasing in popularity in our country due to its earlier harvest
time compared to other cereals. Over the past decade, there has been a notable decline in Lithuania's
spring barley yield, dropping from 660 tonnes to 393 tonnes. In contrast, the yields of winter barley
have shown an upward trend, rising from 26 tonnes to 174 tonnes during the same period [2]. The aim
of this study was to evaluate whether winter barley is likely to have lower mycotoxin contamination.

Mycotoxin contamination of two spring barley varieties, feed barley and malting barley, and one winter
barley variety was assessed for the period 2020-2022. A total 84 winter and spring barley samples were
collected and analyzed in 2020-2022 period. Mycotoxin detection was carried out using High-
Performance Liquid Chromatography - Mass Spectrometry (HPLC-MS) methodology, identifying
concentrations of deoxynivalenol (DON), T-2, HT-2, zearalenone (ZEA), nivalenol (NIV), and enniatins
(ENN) B, B1, A, and A1l. Statistical analysis was performed using SPSS Statistics, version 25 (IBM Inc.).
To assess significant differences in mycotoxin concentrations, the T-test method was employed.

Although the concentrations of mycotoxins detected were not high, it is noticeable that, as expected,
the concentrations of many mycotoxins were lower in winter barley. Mean concentrations of T-2, HT-
2, ENN Al and NIV in winter barley did not reach the limit of detection (LOD), while mean
concentrations of ZEA and ENN B, B1 and A were significantly lower in winter barley compared to
spring barley (P<0.05). However, winter barley more often had traces of DON, while in spring barley
mean DON concentration did not reach LOD.

In spring barley, the higher concentrations of the different mycotoxins also depended on different
meteorological conditions. Notably, during dry and warm growing seasons coupled with rainy and cool
harvest conditions, spring barley exhibited significantly higher ZEA concentrations, which were
observed to be 14 times greater than those in winter barley during the same year of the study
(P<0.001). Conversely, under rainy growing conditions and dry, warm weather during harvest, spring
barley showed significantly higher concentrations of NIV (P<0.001) and ENN B (P<0.05), B1 (P<0.05), A
(P<0.01), and A1 (P<0.05) compared to winter barley.

In conclusion, the broad-spectrum mycotoxin studies showed that winter barley was contaminated at
lower levels compared to spring barley.

[1] BenesSova, K.; Bosko, R.; Bélakova, S.; Pluhackova, H.; Kfdpek, M.; Pernica, M.; Svoboda, Z., Natural contamination of Czech
malting barley with mycotoxins in connection with climate variability. Food Control, 2022, 140. doi:
10.1016/j.foodcont.2022.109139

[2] Official Statistics Portal. Retrieved 29" of February, 2024. https://osp.stat.gov.It/statistiniu-rodikliu-analize#/
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Agriculture constitutes one of the most sensitive sectors that could be affected by the climate change.
Among the xenobiotics contaminating agricultural crops, fungi and mycotoxins are the most
challenging since their presence represents an economic burden due to crops loss and a serious health
effects related for animal and human with severe repercussions. This study intends to characterize the
fungal and mycotoxins contamination in tea available in Portuguese market and in coffee from two
Brazilian industries.

A total of 40 tea samples (17 green (raw) tea; 13 black (fermented) tea; 10 herbal infusions or white
tea) were purchased from different markets located in Lisbon district. All products were directly
available to consumers either in bulk (13) and or in individual packages (27). Coffee beans collected
from the two industries (10 in one and 8 in another). Fungal research was performed by employing
culture based-methods (covering the azole-resistance profile) and molecular tools. Mycotoxins were
analyzed by an LC-MS/MS system. Separation and detection was carried out using high performance
liquid chromatograph (HPLC) Nexera (Shimadzu) with a mass spectrometry detector API 4000 (Sciex).

Concerning tea samples, the highest fungal counts were obtained in green raw tea (87.7 % MEA; 69.6
% DG18). Aspergillus sp. was the most prevalent genus in all samples on MEA (54.3 %) and on DG18
(56.2 %). One Aspergillus section Fumigati isolate from green tea beverage recovered form
itraconazole-Sabouraud dextrose agar (SDA) medium, presented itraconazole and posaconazole E-test
MICs above MIC90 values. In the raw tea 23 of the samples (57.5 %) presented contamination by one
to five mycotoxins in the same sample, being the mycophenolic acid (MA) (the most prevalent),
fumonisin B2 (FB2) (with higher concentrations) and sterigmatocystin the most reported.

Regarding coffee beans, Aspergillus genera was the one of the most common observed and sections
with clinical relevance and with toxigenic potential (Candidi, Circumdati and Nidulantes) were
recovered. Sections Circumdati and Nidulantes were also detected by qPCR. Four mycotoxins were
detected, namely Aflatoxin B2 (AFB2), FB2, ochratoxin A and MA. MA was the most prevalent with
higher concentrations.

Overall, results obtained in both beverages claim attention to food safety concerns and the need of
applying a One Health approach to tackle the contamination found.

Funding: This work was supported by Instituto Politécnico de Lisboa, Lisbon, Portugal for funding the
Projects IPL/2023/FoodAIIEU_ESTeSL; IPL/2023/ASPRisk ESTeSL; IPL/2023/ARAFSawmil ESTeSL.
H&TRC authors gratefully acknowledge the FCT/MCTES national support through the PhD Grants:
Ul/BD/151431/2021, IPL/2022/InChildhealth/BI/12M and 2023/01366/BD. This work was also
supported by national funds through FCT/MCTES/FSE/UE, UI/BD/153746/2022 and CE3C unit
UIDB/00329/2020 within the scope of a PhD Grant.
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In animal production, near-infrared (NIR) spectroscopy is used to predict the nutritional composition
of feed and identify digestible and metabolisable energy, amino acid profiles, and protein, lipid, and
carbohydrate levels [1]. However, it is not commonly used for mycotoxins analysis.

The common analytical methods for mycotoxins, including enzyme-linked immunosorbent assays
(ELISA) and liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS), have some
limitations, such as relying on laboratory equipment such as mills, reagents, and consumables for
sample preparation, hampering their on-site implementation. On the other hand, NIR spectroscopy
methods are rapid and non-destructive, thus requiring less or no sample preparation, making them
ideal candidates for mycotoxin screening [2].

Benchtop NIR spectroscopy has been used to screen for mycotoxins, but the true strength of NIR
spectroscopy is the use of portable devices for on-site analysis. Moreover, portable NIRs have
advantages such as reduced cost, increased safety for the environment and operators, improved
accuracy of the method by preserving the sample, non-destructive analyses, and ergonomic design for
enhancing their ease of use [3].

In this sense, portable NIR equipment is more advantageous than benchtop devices. A portable device
has been developed based on a digital micromirror array (DMD). The DMD is flexible and robust
because no moving parts are used. Consequently, the wavelength accuracy and scanning speed are
greatly improved compared to other detector systems such as linear array detectors. In this study, a
custom-built portable NIR spectrometer was developed with a DMD detector to screen for mycotoxin
contamination in maize.

[1] Xiccato, A. T. G., Trocino, A., De-Boever, J. L., Maertens, L., Carabafio, R., Pascual, J. J., Perez, J. M., Gidenne, T., Falcao-E-
Cunha, L., Prediction of chemical composition, nutritive value and ingredient composition of European compound feeds for
rabbits by near infrared reflectance spectroscopy (NIRS). Animal Feed Science and Technology 2003 104, 1-4, 153-168. Doi:
10.1016/50377-8401(02)00294-8

[2] Freitag, S., Sulyok, M., Zitek, A., Grausgruber, H., Krska, R., Infrared spectroscopy for rapid mycotoxin screening. In: 73rd
Conference of the Vereinigung der Pflanzenziichter und Saatgutkaufleute Osterreichs, Irdning. Proceedings 2022, Irdning:
SAATGUT, 73-74

[3] Santos, C. A. T., Lopo, M., Pascoa, R. N. M. J., Lopes, J., A Review on the Applications of Portable Near-Infrared
Spectrometers in the Agro-Food Industry. Applied Spectroscopy 2013, 67, 11, 1215-1233. doi: 10.1366/13-07228
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Moisture damage and mold manifestation at home is associated with an increased risk for upper and
lower respiratory tract morbidity including development of asthma. The related exposures include
those to airborne cell wall components, spores, volatile organic compounds and (toxic) secondary
microbial metabolites. As considers the latter, their contribution to the reported health effects has
been a matter of a controversial debate. In an earlier study we did not find any evidence indicating
that the metabolites determined by LC-MS/MS (liquid chromatography coupled to tandem mass
spectrometry) would explain the association between moisture damage, mold, and the development
of asthma [1].

However, this knowledge gap is caused to a large extent by the lack of comprehensive data sets. In the
pre-LC-MS/MS era research focused on macrocyclic trichothecenes from Stachybotrys spp. and on
sterigmatocystin from Aspergillus versicolor. LC-MS/MS offers (beside multi-analyte capability) the
sensitivity that is required to cover the low concentration of microbial metabolites in house dust, but
this matrix remains a challenge due to its complexity [2].

In this work we have re-validated our multi-analyte method for the matrix dust and have applied it to
more than 1000 samples from the US and from Finland. More than 300 different individual compounds
have been samples with maximum concentrations exceeding 100 pg/g sample. Mycotoxins that are
addressed by regulatory limits set for food were found just in very few dust samples. Overall there is
only limited overlap between the pattern of microbial metabolites present in dust compared to the
range of compounds that are usually found in food matrices. Most notably, metabolites produced by
lichens are present in almost every single dust sample.

[1] Kirjavainen, P.V.; Taubel, M.; Karvonen, A.M.; Sulyok, M.; Tittanen, P.; Krska, R.; Hyvarinen, A.; Pekkanen, J., Microbial
secondary metabolites in homes in association with moisture damage and asthma. Indoor Air, 2016, 26 448-456.
doi:10.1111/ina.12213

[2] Lindemann, V.; Schmidt, J.; Cramer, B.; Humpf, H.-U.., Detection of Mycotoxins in Highly Matrix-Loaded House-Dust
Samples by QTOF-HRMS, IM-QTOF-HRMS, and TQMS: Advantages and Disadvantages, Analytical Chemistry 2022, 94(10)
4209-4217. doi:10.1021/acs.analchem.1c04254
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The aim of the study was to determine the presence and concentrations of selected mycotoxins that
could potentially be present in commercial dog and cat foods with simultaneous analysis of body fluids
(serum) collected from these animals. With data on the occurrence of mycotoxins in pet food and their
metabolic forms in biological material taken from companion animals it will be possible to assess the
exposure of companion animals.

Samples of pet food and biological material (serum) were taken by veterinary clinic staff with the
consent of the owners of the treated dogs and cats. It was planned to take samples from 35 dogs and
58 cats, of different breeds, sexes and health status. In particular, animals with diagnosed
gastrointestinal and excretory diseases were selected for testing. The collected samples of
feedingstuffs (81) were analysed using the LC-MS/MS-based method for the determination of 8
mycotoxins (AFL B1, DON, FB1, FB2, OTA, T-2/HT-2, ZEN) [1] while plasma samples were analysed for
the determination of 22 mycotoxins and their metabolites (15Ac-DON, 3Ac-DON, AFL B1, AFL B2, AFL
G1, AFL G2, BEA, DAS, DON, ENA, ENA1, ENB, ENB1, HT-2, NIV, OTA, STG, T-2,alfa-ZAL, alfa-ZEL, beta-
ZAL, beta-ZEL, ZEN) [2].

A low percentage of mycotoxins above the method's limit of quantification (1.12%) was found in the
pet food samples analysed (ZEN in one sample). This was mainly due to the fact that most of the
animals were fed a BARF diet or a meat diet with low amounts of cereals. This diet also contributed to
the low plasma biomarker levels of toxins. In four serum samples from cats (6.8%), OTA was detected
in the range of 4.4-17.2 ng/ml, while in serum samples from dogs (four samples representing 11.4%),
OTA was also detected in the range of 3.4-31.4 ng/ml.

The results of the study indicate that biomonitoring of companion animals based only on serum
promotes the detection of mycotoxins that remain in body fluids for a long time (OTA is an example).
For mycotoxins such as DON or ZEN, it is necessary to rely on other matrices (urine, hair). This
significantly confirms that the application of a biomonitoring tool in body fluids is still a major
challenge.

[1] Jedziniak, P.; Panasiuk, t.; Pietruszka, K.; Kolano K.: Zbytniewski, R., Inter-laboratory validation of liquid chromatography—
tandem mass spectrometry multi-mycotoxin determination in animal feed — method transfer from the reference laboratory
to regional laboratories. Journal of Veterinary Research 2023, 67 (3), 397-406. doi.org/10.2478/jvetres-2023-0045

[2] Tkaczyk, A.; Jedziniak, P.; Zielonka, t.;, Dgbrowski, M.;,0chodzki, P.; Rudawska A., Biomarkers of deoxynivalenol, citrinin,
ochratoxin a and zearalenone in pigs after exposure to naturally contaminated feed close to guidance values. Toxins, 2021,
13 (11), 750. doi.org/10.3390/toxins13110750
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Zearalenone (ZEN) and aflatoxin B1 (AFB1) are mycotoxins highly prevalent worldwide and can impair
the performance and health of pigs. Preventive solutions such as the use of dietary mycotoxin
deactivators (MD) can help in reducing the exposure to ZEN and AFB1 in animals. The aim of this study
was to perform a toxicokinetic study in pigs focusing on the plasma concentration-time profiles of
these 2 toxins, alone or in combination with a MD.

The study was conducted on 12 healthy pigs (6 males/6 females) of 8 weeks of age with an initial
average BW of 13.8 kg (ethical approval n° 2017/106). The acclimatization period was 1 week (days 1-
7). The pigs were randomly allocated into 2 mixed sex treatment groups of 6 pigs per group. On day 8,
after fasting for 12 hours, the pigs were given an intragastric single bolus of ZEN and AFB1 (group 1:
ZEN 0.5 mg/kg BW and AFB1 0.1 mg/kg BW) or the same ZEN and AFB1 challenge with a MD (Unike®
Plus at 0.1 g/kg BW; group 2). Oral absorption and systemic exposure of ZEN and AFB1 were evaluated
by comparing the plasma toxicokinetic parameters of the glucuronide conjugate of ZEN (ZEN-GIcA) and
AFB1.

For ZEN-GIcA, the area under the instrument response-time curve (AUCO-4h) for group 1 was 616.9
responses*h whereas it decreased to a level of 379.2 response*h with the addition of MD. Therefore,
MD reduced the oral bioavailability of ZEN by 38.5%. For AFB1, the area under the plasma
concentration-time curve (AUCO0-4h) for group 1 was 32.3 ng/ml*h whereas it decreased to a level of
14.3 ng/ml*h with the addition of MD. Therefore, the oral bioavailability of AFB1 with MD is 44.3%
compared to group 1.

This toxicokinetic model developed for swine has shown a great sensitivity that allow to quantity
different levels of mycotoxin exposure. Unike® Plus was able to reduce the systemic exposure to ZEN
as well as AFB1. This preventive strategy is necessary to limit the appearance of clinical symptoms and
therefore, can help to control the development of infectious diseases and maintain the performance
of animals.

146



45% Mycotoxin Workshop Vienna, Austria, June 02—-05, 2024

P77 — Occupational exposure to mycotoxin:
innovative methodological approaches

Anna Risuglia?, Rosa Celeste Zumpano?, Federica Incoronato?, Sergio Spicaglia’, Federica letto?,
Monica Mollica3, Vittorio Vinciguerra3, Rinaldo Botondi3, Franco Mazzei?, Mara Stefanelli®

!Dept. of Tecnological Innovations and Safety of Plants, Products and Antropic Settelments
(DITSIPIA), INAIL, Via di Fontana Candida 1 00078, Monte Porzio Catone, Rome, Italy
2Department of Chemistry and Drug Technologies (DCTF), Sapienza University of Rome, P.le Aldo
Moro, 5 00185 Rome, Italy
3Department for Innovation in Biological, Agro-food and Forest systems (DIBAF), University of Tuscia,
Via S. Camillo de Lellis, 01100, Viterbo, ltaly

INAIL, the National Institute for Insurance against Accidents at Work, is a public, non-profit entity
safeguarding workers against physical injuries and occupational diseases. With a view to enhancing its
research in the field of health and safety at work, INAIL has created a collaborative research project
(BRIC) to develop a scientific network of excellence with universities and research institutions.
Recently, there has been growing interest, especially in the agro-zootechnical sector, in the exposure
of workers to dust contaminated by mycotoxins [1]. In fact, although the effects of some mycotoxins
on human health resulting from the ingestion of contaminated foods are known [2], few studies have
investigated the effects of occupational exposure and relevant thresholds. On the contrary, the limits
for foods have been regulated by the European Commission [EC Regulation 1881,/2006 [3].

Moreover, in the occupational sector, there are no standard protocols for the sampling and analysis of
mycotoxins, making it even more challenging to study the correlation between exposure and observed
effects. Itis, therefore, of vital importance to assess workers' exposure to these contaminants through
the development of innovative methodological approaches. To this end, in 2023, the INAIL —BRIC ID18
Project was created to improve the effectiveness of research in the innovation, prevention, and
occupational accidents and diseases sectors. The project is focused on the development of a series of
activities to characterize exposure to mycotoxins (aflatoxin B and ochratoxin A) in work environments
and to understand which factors can influence exposure. This goal could be achieved by developing
sampling methodologies coupled with electrochemical immunosensors for "in situ" analysis, by
evaluating cytotoxicity through in vitro tests on monocellular line (A549) and with lung models, using
trans-well models designed to replicate the pulmonary air-liquid-interface (ALI). This innovative
approach would enable us to identify possible threshold values to obtain a correct risk assessment.

[1] Viegas, S.; Viegas, C.; Oppliger, A. Occupational Exposure to Mycotoxins: Current Knowledge and Prospect. Annals of Work
Exposures and Health,2018, 62 (8) 923-941. doi: 10.1093/annweh/wxy070

[2] De Ruyck, K.; Huybrechts, I.; Yang, S., Arcella, D.; Claeys, L.; Abbeddou, S.; De Keyzer, W.; De Vries, J.; Ocke, M.; Ruprich,
J.; De Boevre, N.; De Saeger, S. Mycotoxin exposure assessments in a multi-center European validation study by 24-hour
dietary recall and biological fluid sampling. Environment International, 2020, Volume 137, 105539.
https://doi.org/10.1016/j.envint.2020.105539.

[3] European Commission Regulation (EC) No 1881/2006 of 19 December 2006 Setting Maximum Levels for Certain
Contaminants in Foodstuffs. [(accessed on 12 December 2022)]. Available online:
http://data.europa.eu/eli/reg/2006/1881/0j
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To protect wheat against the wide range of pathogenic fungi that can colonize plants along the whole
crop cycle, chemical treatments remain one of the most effective tool. Among wheat pathogens, a
great concern is represented by mycotoxigenic fungi, mainly belonging to Fusarium and Alternaria
genera, that are associated to diseases such as Black Point, Fusarium Head Blight (FHB) and Fusarium
Root Rot (FRR), causing serious concern for both their phytopathological and the toxicological risk
associated to mycotoxin accumulation in the final products. Wheat diseases. Multiple Fusarium and
Alternaria species can co-occur on wheat kernels and produce a wide spectrum of mycotoxins. The
most frequent species associated to FHB and FRR are Fusarium graminearum and F. culmorum.
However, also F. crockwellense, F. poae, F. langhsethiae, F. sporotrichioides, and members of Fusarium
incarnatum equiseti and Fusarium tricinctum Species Complexes can occur on wheat. The most toxic
mycotoxins produced by Fusarium species on wheat are trichothecenes, classified into two main
groups: type-A, including T-2 and HT-2 toxin, and type-B, including deoxynivalenol (DON), nivalenol
(NIV), and their acetylated forms. In particular, DON, mainly synthesized by F. graminearum and F.
culmorum, is the most frequent mycotoxin detected in wheat kernels and by-products, and its
maximum levels are internationally regulated by food safety organizations. The sensitivity of the most
frequent Fusarium species to seven molecules (up to six concentrations), with different mode of action,
Tebuconazole, Metconazole, Difenoconazole, Prothioconazole, Azoxystrobin, Fluazinam and Folpet,
used alone or in mixture, have been evaluated by mycelial growth assays. We also included in the
sensitivity test A. alternata, as the most occurring species of Alternaria genus on wheat. All tested
Fusarium strains showed high sensitivity to azole fungicides. In particular, Prothioconazole, used alone
or in mixture with Difenoconazole or Azoxystrobin, was the most effective molecule. Alternaria strains
showed lower sensitivity than Fusarium species to all tested fungicides. Preliminary results, based on
the conidial germination assay, showed a different sensitivity profile among and within the tested
fungal species. The multi-site fungicide Folpet showed a great activity to inhibit conidial germination
more than mycelial growth. Indeed, at the two highest concentration (50 and 100 mg/L) all strains
were completely inhibited. We also evaluated the effects of sub-lethal doses of Difenoconazole or
Azoxystrobin in mixture with Prothioconazole on type B trichothecenes production. Although a strict
correlation between fungicide doses and mycotoxin production was not observed, an increased
amount of NIV was observed when F. graminearum and F. culmorum strains were grown on liquid
medium amended with 0.75 mg/L of Difenoconazole and in two out of three F. graminearum strains
grown in presence of 0.5+0.375 mg/L of Axoxystrobin+Prothioconazole. Furthermore, a different
distribution of mycotoxins in supernatant and fungal biomass was observed, with NIV detected only in
mycelial biomass and DON mainly in supernatant. Studies are in progress to elucidate the role of
fungicides on mycotoxin biosynthetic pathways and the molecular mechanisms associated to different
sensitivity among fungal species.
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Saudi Arabia is experiencing continuous growth and a rising interest in the milk industry. Milk is known
to be susceptible to mycotoxin contamination, especially with regard to the toxin Aflatoxin M1 (AFM1).
Exposure to aflatoxin M1 mainly occurs through the consumption of contaminated milk. Previous
investigations showed that about 25% of milk samples exceeded the limit for Aflatoxin M1. Saudi Food
and Drug Authority (SFDA) has taken strong actions to limit the contamination of milk with AFM1,
increase the control of aflatoxin and modify the regulation. Whereas, the maximum limit laid down by
the Saudi Food and Drug Authority (SFDA) for aflatoxin M1 in milk and milk powder is 0.5 ug/kg. 363
Milk samples were randomly collected from different regions in Saudi Arabia (168 Milk and 195Milk
powder) and analyzed using LC/MS-MS. The regulation of mycotoxins in Saudi Arabia performed an
essential impact in lowering aflatoxin M1 contamination in milk, which is not regarded a serious hazard
to human health.
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Peanut is a legume widespread in the world for its great nutritional quality; unfortunately, the high
susceptibility of the plant to Aspergillus flavus infection makes aflatoxin contamination a serious
problem for this product. The changing climatic conditions are expected to cause warm and dry periods
with high CO2 levels, conducive for A. flavus [1][2]. Biocontrol, using non-aflatoxigenic strains, is the
most effective pre-harvest mitigation strategy exploited; however, future climatic conditions may
influence the effectiveness of this practice [3]. Therefore, the objective of this study was to assess the
effect of simulated climate change scenarios on the efficacy of a non-aflatoxigenic A. flavus strain, the
active ingredient of AF-X1, a biocontrol product, to reduce fungal growth and mycotoxins production
of an aflatoxigenic one. Different interacting conditions of temperature (T, 25, 30, 35°C), water activity
(aw, 0.85, 0.90), and CO2 concentration (400, 1000 ppm) were selected. The assay was carried out by
using three ratios of A. flavus spore suspensions (100% aflatoxigenic, 100% non-aflatoxigenic, 50/50%
aflatoxigenic:non-aflatoxigenic; 105 spores ml-1) inoculated on peanut-based medium and incubated
for 10 days. Results showed a significant impact of T and aw on the growth rate, with a reduction when
aw decreased and T shifted from the fungus's optimal T of 30°C. The non-aflatoxigenic strain showed
a significantly higher growth rate than the aflatoxigenic one when growing singularly, whereas in the
co-inoculum the difference was not significant, but the growth rates were significantly lower compared
to the single inoculum. Similarly, the production of aflatoxin was significantly influenced by T and aw,
with the optimum at 30°C and 0.90 aw. Considering the interactions between the different inoculum
ratios and the tested factors, the results showed a significant reduction in aflatoxin production when
the biocontrol agent was applied, irrespective of T and aw conditions. These findings provided
evidence for the first time that climate change will not reduce the efficacy of biocontrol agents made
of non-aflatoxigenic A. flavus strains on peanuts.

Funding: Matteo Crosta carried out this work within the PhD School “Agrisystem” of the Univerista
Cattolica del Sacro Cuore (Italy). The PhD project “Enhancement of Italian peanut supply chain” is co-
financed by the Italian Ministry of Education and Merit, through the PON program, and the Univerista
Cattolica del Sacro Cuore.

[1] P. Battilani et al., “Aflatoxin B 1 contamination in maize in Europe increases due to climate change,” Sci. Rep., vol. 6, no.
December 2015, pp. 1-7, 2016, doi: 10.1038/srep24328.

[2] A. Medina, A. Akbar, A. Baazeem, A. Rodriguez, and N. Magan, “Climate change, food security and mycotoxins: Do we
know enough?,” Fungal Biol. Rev., vol. 31, no. 3, pp. 143-154, 2017, doi: 10.1016/j.fbr.2017.04.002.

[3] J. W. Dorner, “Management and prevention of mycotoxins in peanuts,” Food Addit. Contam. - Part A Chem. Anal. Control.
Expo. Risk Assess., vol. 25, no. 2, pp. 203-208, 2008, doi: 10.1080/02652030701658357.
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In this article a multi mycotoxin sample preparation and analysis method for EU regulated and
emerging mycotoxins on Agilent 6460c UHPLC-MS/MS is being described. The method is based on
“dilute and shoot” principle. Sample preparation involves extraction with organic solvent,
centrifugation of the extracts and to compensate the matrix effects in electrospray ionization, the
extracts are mixed with isotopically labelled internal standards (9) for each group of mycotoxins. The
internal standard addition is performed in the needle of the autosampler, befor injection onto UHPLC-
MS/MS. Method validation in terms of linearity, selectivity, sensitivity, accuracy, and precision was
performed for all the 34 mycotoxins (AFLATOXIN B1, B2, G1, G2, a — ZEARALENOL,  — ZEARALENOL,
ZEARALANONE, ZEARALENONE, DIACETOXYSCIRPENOL, HT-2, T-2, NEOSOLANIOL, 3-ACETYL and 15-
ACETYL DEOXYNIVALENOL, DEOXYNIVALENOL, NIVALENOL, DEOXYNIVALENOL-3-GLUCOSIDE,
FUMONISIN B1, B2, B3, FUSARIC ACID, MONILIFORMIN, FUSARENON X, OCHRATOXIN A, BEAUVERICIN,
ENNIATIN A, Al, B, B1, CITRININ, PATULIN, ERGOSINE, ERGOCRYPTININE and ALTERNARIOL) in 8
complex feed matrix (corn, compound feed, wheat, barley, soya meal, wheat bran, sunflower meal,
total mixed ration). The limits of quantitation (LOQs) were from 0.05 ngmL-1 to 4 ngmL-1. The method
recoveries of the 34 mycotoxins spiked in 8 feed categories were in the range of 65.5%—125.7% after
internal standard correction, with relative standard deviations (RSDs) below 15.1%. This data proves
that this is robust method for analysis of 34 mycotoxins using LC-MS/MS. The detection of mycotoxins
in food and feed samples is a matter of great importance due to their inherent toxicity. Therefore, the
implementation of effective monitoring programs and stringent legal regulations can significantly
contribute to the reduction and carry over of these mycotoxins in food chain.
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Plant-based milk alternatives are an increasingly important commodity, increasingly favored by
consumers as a substitute for animal milk. Despite their sustainability, these products face a
substantial challenge, primarily associated with the frequent contamination of their raw materials by
molds, which produce a diverse array of mycotoxins.

In the presented study we developed a multi-mycotoxin method to analyse 28 different Alternaria,
Aspergillus and Fusarium toxins in plant-based milk alternatives in one LC-MS/MS run. Clean-up is
conducted using a modified QUEChERS approach followed by dispersive solid phase extraction. The
method was validated according to Hadrich and Vogelgesang [1].

The screening of 100 plant-based milk alternatives displayed resource-specific contamination patterns.
The sample selection consists of drinks based on oat, almond, soy, rice, cashew, spelt, pea, hazelnut,
buckwheat, pistachio, millet, sunflower, hemp, tiger nut, chestnut, macadamia, chia, barley, and
walnut.

Despite the high dilution of the raw materials for plant-based milk alternatives, mycotoxins were
detected in all samples, with only two exceptions. In general, however, it was observed that plant-
based milk alternatives do not represent a significant health risk in terms of the investigated mycotoxin
contamination due to their relatively low levels. Nevertheless, elevated levels of specific toxins were
observed in individual cases.

[1] Vogelgesang, J. and J. Hadrich (1998). "Limits of detection, identification and determination: A statistical approach for
practitioners." Accreditation and Quality Assurance 3(6): 242-255.
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Department of Food Analysis and Nutrition, University of Chemistry and Technology, Prague, The
Czech Republic

Beer is one of the most wildly consumed alcoholic beverages in the world. According to a KirinHoldings
report published at the end of 2023, global beer consumption in 2022 was 1,921 million hectolitres
[1,2]. Raw materials used to brew the beer can be contaminated with mycotoxins, toxic secondary
metabolites of microscopic filamentous fungi, which are usually transferred to the final product [3].
The most common mycotoxins detected in malting barley include DON and its glycosides and the acetyl
forms:  deoxynivalenol-3-glucoside  (D3G), 3-acetyldeoxynivalenol  (3-ADON) and 15-
acetyldeoxynivalenol (15-ADON) from the trichothecene group produced by fungi of the Fusarium
species [4, 5]. Other mycotoxins may also be present depending on the origin of the malt and other
ingredients used, such as T-2 and HT-2 toxin (T2/HT2), zearalenone (ZEA) and mycotoxins from the
fumonisin group (FB). The aim of the study was to analyse a wide range of mycotoxins in a broad range
of beers, and to assess the fulfilling of the tolerable daily intake associated with the consumption of
this popular alcoholic beverage. The analysis was focused on beers with an extractable wort content
(EWC) of 12 vol% and above. The beers were selected to represent different categories of beer (light,
dark, semi-dark, bottom and top fermented), and different type of malt or cereal ingredients (barley,
wheat, rye and oats). The analytes were isolated from degassed beer samples by dilution and shaking
with acetonitrile followed by centrifugation. For separation and detection of mycotoxins in the
samples, a multi-detection method for the determination of 57 mycotoxins using high-performance
liquid chromatography with tandem mass spectrometry (UHPLC-MS/MS) was used. Matrix effects and
limits of quantification were determined for different types of beer, varying in EWC and type of malt
and cereal ingredients. Statistical processing of the measured data was performed to clarify the
relationships between the mycotoxin content and the character of the beer (EWC, content of different
malts or fermentation method).

[1] World Health Organization. Global Status Report on Alcohol and Health 2018. World Health Organization, 2018.
iris.who.int, https://iris.who.int/handle/10665/274603.

[2] Global Beer Consumption by Country in 2022. © 2007-2024 Kirin Holdings Company, Limited., December 23, 2022,
https://www.kirinholdings.com/en/newsroom/release/2023/1222 04.pdf.

[3] Rausch, Ann-Kristin, et al. , Development and Validation of a Liquid Chromatography Tandem Mass Spectrometry
MultiMethod for the Determination of 41 Free and Modified Mycotoxins in Beer". Food Chemistry, Vol. 338, February 2021,
p. 127801, https://doi.org/10.1016/j.foodchem.2020.127801.

[4] Ciont, Calina, et al. , Beer Safety: New Challenges and Future Trends within Craft and Large-Scale Production". Foods, Vol.
11, No. 17, September 2022, p. 2693, https://doi.org/10.3390/foods11172693.

[5] Peters, Jeroen, et al. ,,Mycotoxin Profiling of 1000 Beer Samples with a Special Focus on Craft Beer". PLOS ONE, Vol. 12,
No. 10, October 2017, p. e0185887, https://doi.org/10.1371/journal.pone.0185887.
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Fungal zearalenone (ZEN) lactonases have been known and investigated for more than 35 years.
However, we found that the catalytic properties of these enzymes were not suitable for their use as
animal feed additives for gastrointestinal degradation of ZEN. Therefore, we looked for new enzymes,
and found a family of bacterial lactonases, ZenA, with ZEN hydrolysing activity [1]. We studied
members of the ZenA family in detail, including biochemical characterization, presteady-state kinetics,
and X-ray crystallography with and without bound ligands. The ZenA homologues from some bacterial
species showed discernibly higher substrate affinities and turnover rates than the previously described
fungal ZEN lactonases. With a global analysis, based on numerical integration, of presteady-state
(stopped-flow and quench-flow) kinetic data recorded at different temperatures, we determined
kinetic and thermodynamic parameters for individual steps of the catalytic cycle. One of these steps
was a closing motion in the lid of the lactonase over ZEN, which was also observed by analysis of X-ray
crystal structures. Some structural features of ZenA homologues, including a B-sheet (the “flake”)
involved in tetramer interactions and the oxyanion hole conformation, are new to the known diversity
of a/B hydrolases. The knowledge about structure, kinetics and thermodynamics of ZenA provides a
base for enzyme engineering toward technical applications for zearalenone detoxification.

[1] Frubauf, S., Pihringer, D., Thamhesl, M., Fajtl, P., Kunz-Vekiru, E., Hobartner-Gussl, A., Schatzmayr, G., Adam, G.,
Damborsky, J., Djinovic-Carugo, K., Prokop, Z., Moll, W.-D., Bacterial Lactonases ZenA with Noncanonical Structural Features
Hydrolyze the Mycotoxin Zearalenone. ACS Catal. 2024: 3392-3410 (ahead of print). doi:10.1021/acscatal.4c00271
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Du-Hwan Hwang, Won-Bum Jang, Hae-Soon Lee, Jin-Hyun Kim, Seung-Hyeon Jung

Food Safety Science Institute, OTTOGI Corporation, Anyang, Republic of Korea

Recently, Korean food is popular all over the world. One of the reasons is the spicy taste provided by
red peppers. Although red pepper powder is widely used in Korea, it can promote the growth and
production of mycotoxins by providing a suitable environment for fungal growth. The mycotoxins
mainly detected in red pepper powder are aflatoxin and ochratoxin A, which are harmful substances
for human health. Therefore, in this study, we established an analysis method using an immunoaffinity
column and High Performance Liquid Chromatography (HPLC) for aflatoxin and ochratoxin A.™! The
samples were extracted with mixture of methanol and 0.5% NaHCOs in water (70:30 v/v) and cleaned
up with an immunoaffinity column. This method has the advantage of being able to analyze total
aflatoxin, ochratoxin A through a single-column purification process. The mobile phases used consisted
of water, methanol, ACN, and acetic acid. This chromatography method was validated for aflatoxin and
ochratoxin A using linearity, accuracy, precision, detection, and quantitative limitations. Linear
calibration curve was obtained with a correlation coefficient (R?) of over 0.999. The limits of detection
and quantification were 0.2 and 0.6 pg/kg for AFB1, 0.05 and 0.15 pg/kg for AFB2, 0.2 and 0.6 pg/kg
for AFG1, 0.05 and 0.15 pg/kg for AFG2, 0.1 and 0.3 ug/kg for OTA, respectively. This method was
applied to the mycotoxin analysis 707 red pepper powder collected from the Korean market over the
last 5 years. These results showed that total aflatoxin and ochratoxin A analysis method in this study
was appropriate.

[1] Mary W Trucksess, Carol M Weaver, Carolyn J Oles, Frederick S Fry, Gregory O Noonan, Joseph M Betz, Jeanne | Rader,
Determination of Aflatoxins B1, B2, G1, and G2 and Ochratoxin A in Ginseng and Ginger by Multitoxin Immunoaffinity Column
Cleanup and Liquid Chromatographic Quantitation: Collaborative Study, Journal of AOAC INTERNATIONAL, Volume 91, Issue
3, 1 May 2008, Pages 511-523, doi: https://doi.org/10.1093/jaoac/91.3.511
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Ergot alkaloids are mycotoxins produced by fungi of the Claviceps genus, mainly by Claviceps purpurea.
Recently obtained information has shown the necessity of controlling ergot alkaloids in imported
grains such as rye, wheat, oats etc. Although these mycotoxins are not currently regulated in Korea,
recently, detection information has been continuously reported in foods, and the probability of
exposure to food containing ergot alkaloids are expected to increase due to increased consumption of
grain products. A method was developed to identify and quantify ergot alkaloids in various matrices
including rice, wheat, barley, oats, and other matrices. The alkaloids included in this analysis are
ergometrine, ergosine, ergotamine, ergocryptine, ergocornine, ergocristine, as well as their
corresponding -inine isomers. The method was optimized by extracting the sample with acetonitrile
containing 2mM ammonium carbonate, purifying it with a Mycosep cartridge, and establishing a
simultaneous analysis method by liquid chromatography coupled with tandem quadrupole mass
spectrometry using Xbridge C18 column. The chromatograms were achieved through acetonitrile and
water containing 3 mM ammonium carbonate as the mobile phase, with a flow rate of 0.25 mL/min.
The linear calibration curve was obtained with a correlation coefficient(r?) of over 0.999, and the
average recoveries of the ergot alkaloids ranged from 86 % to 108 %. The validated method was
successfully applied to grains and grain products. A total of 135 samples, comprising 12 grain
categories, were analyzed for the monitoring of ergot alkaloids.
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Aflatoxins pose significant threats to both human and animal health, with far-reaching consequences
on the economy and social well-being. In Serbia, the impact of climate change on aflatoxins occurrence
has become increasingly evident, particularly in maize production. Over a 15-year period, aflatoxins
exhibited varying prevalence rates in maize samples from Serbia. While in some years, aflatoxins were
entirely absent or detected in less than 10% of samples, in others, moderate to high detection rates
were observed, with contamination percentages reaching up to 70% in certain years. These high
occurrences coincided with moderate to extreme drought conditions and higher air temperatures
compared to long-term averages. Moreover, in almost every other year over the past fifteen years,
rising air temperatures and a lack of precipitation, along with the presence of aflatoxins, were
recorded. Given maize's status as a staple food and feed ingredient, contaminated maize can further
contaminate numerous other maize-derived products intended for human and animal consumption.
However, the greatest influence of aflatoxins contamination is observed on the subsequent
contamination of milk and dairy products, through animal feed containing contaminated maize. Risk
assessment studies, related to AFM1 presence in milk in Serbia, highlight varying levels of risk
associated with aflatoxins contamination, with children identified as particularly vulnerable age
category. The high levels of milk contamination in 2013 prompted several changes in the Regulation of
maximum level for aflatoxin M1 (AFM1) in milk in Serbia. Despite adjustments made over a decade
ago, this maximum level remain inconsistent with European Union Regulation.

The registered climate changes in Serbia, including a warming trend and prolonged droughts, are
recognized as the main reasons behind the increased prevalence and frequency of aflatoxins
contamination. This is particularly significant as maize is one of Serbia's main agricultural commodities,
positioning the country as a leading maize exporter both in Europe and globally. Due to the heightened
prevalence of aflatoxins, renowned for their acute and chronic toxicity which surpasses that of all other
mycotoxins, they have become a pressing concern for Serbia. Furthermore, future climate change
predictions suggest that the warming trend, favorable to Aspergillus species and aflatoxins synthesis,
will continue, posing a significant challenge for the agricultural sector in Serbia. Effectively addressing
the challenge associated with the climate change and increased occurrence of aflatoxins in Serbia
necessitates fortified control strategies, incorporating continuous monitoring, augmented
investments, a multidisciplinary approach, and comprehensive education of all stakeholders in the
food and feed chain.

Funding: This research was funded by The Ministry of Science, Technological Development and
Innovation of the Republic of Serbia (451-03-66/2024-03/200222)

157



45% Mycotoxin Workshop Vienna, Austria, June 02—-05, 2024

P88 — Distribution of mycotoxins in moldy jams

Melita Krpan?, Alessia Caprio?, Alexandra Schamann?, Alexandra Malachova?, Manfred Gdssinger?,
Roman Labuda?, Rudolf Krska®?, Michael Sulyok!

YInstitute of Bioanalytics and Agro-Metabolomics, Department of Agrobiotechnology, University of
Natural Resources and Life Sciences, Vienna, Tulln, Austria
2FFoQSI GmbH — Austrian Competence Centre for Feed and Food Quality, Safety & Innovation, Tulln,
Austria
3Héhere Bundeslehranstalt und Bundesamt fiir Wein- und Obstbau, Klosterneuburg, Austria
4Research Platform Bioactive Microbial Metabolites (BiMM), Institute of Food Safety, Food
Technology and Veterinary Public Health, University of Veterinary Medicine Vienna, Tulln, Austria

One frequently asked question in the field of food safety is if a moldy jar of jam should be completely
disposed of or if scraping off the mold but consuming the jam underneath is sufficient to prevent a
health risk. Official food safety authorities recommend discarding the jar due to potential risks [1].
However, in a time when the focus is on global food waste, this recommendation could be questioned.
The presence of a filamentous fungus can be recognized visually as well as by its musty odor. However,
the potentially toxic secondary metabolites produced by fungi can penetrate from the mycelium into
deeper layers of food [2] and cannot be detected sensorially. Until now, the penetration of mycotoxins
in moldy jams has been scarcely investigated. To fill this gap, 69 moldy jam jars were collected from
various Austrian producers. The contaminating fungal species were identified morphologically as well
as by partial sequencing of the internal transcribed spacer (ITS) region of the rDNA. In addition, the
secondary metabolites produced by the individual fungal species were measured using an in-house
validated LC-MS/MS method covering more than 500 different mycotoxins [3]. Penicillium crustosum,
P. brevicompactum, Aspergillus versicolor, and A. niger were identified as the most frequently
contaminating species. LC-MS/MS measurements revealed that 1 cm below the mycelium, most
secondary metabolites were reduced by > 85% compared to the concentrations in the mycelium,
except for cyclopeptine and averufin. In the next step of the study, apricot jams were inoculated with
spores of A. niger, P. brevicompactum, and P. crustosum, and the samples were stored for 14 days at
room temperature. Again, the secondary metabolites produced were measured using LC-MS/MS. A
reduction of the concentration of detected metabolites of 2 90%, except for mycophenolic acid,
andrastins, and quinolactacin A, was measured in the layer 0-1 cm below the mycelium compared to
concentrations in the mycelium, and a reduction of > 99% was observed in the layer 2-4 cm below the
mycelium, except for mycophenolic acid. According to the data from this study, consuming jam located
some centimeters below the fungal mycelium might pose a low health risk, while the mycelium itself
and any layer within at least 3 cm directly below it should definitely be discarded. However, this
recommendation only applies to the fungal species used and a relatively short incubation time of 14
days.

[1] USDA — U.S. Department of Agriculture, Molds on Food: Are They Dangerous? https://www.fsis. usda.gov/food-
safety/safe-food-handling-and-preparation/food-safety-basics/molds-food-are-they-dangerous (assessed 27.02.2024)

[2] Olsen, M.; Lindqvist, R.; Bakeeva, A.; Leong, S. L.; Sulyok M., Distribution of mycotoxins produced by Penicillium spp.
inoculated in apple jam and creme fraiche during chilled storage. International Journal of Food Microbiology, 2019, 292: 13—
20. doi:10.1016/j.ijffoodmicro.2018.12.003

[3] Sulyok, M.; Stadler, D.; Steiner, D.; Krska, R., Validation of an LC-MS/MS-based dilute-and-shoot approach for the
quantification of 500 mycotoxins and other secondary metabolites in food crops: challenges and solutions. Analytical and
bioanalytical chemistry, 2020, 412 (11) 2607-2620. doi:10.1007/s00216-020-02489-9.
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In response to a mandate from the European Commission, in 2023 a proficiency test (PT) was organized
to assess the detection of aflatoxins (AF) and ochratoxin A (OTA) in cocoa powder [1]. During the
material assessment, the analytical method based on QUEChERS extraction proved to be inadequate
for aflatoxins quantification in cocoa powder. Despite the aflatoxin concentration in the cocoa sample
slightly exceeded the Limit of Quantification (LOQ) for this commodity (set as 1 pg/kg), the analysis
faced difficulties in peak integration owing to the strong matrix suppression and interference.

This study proposes the development and evaluation of an additional immunoaffinity clean-up (IAC)
step following QUEChERs extraction, specifically tailored for matrices within food commodity group 6
(Difficult or unique commodities) according to SANTE/11312/2021v2 [2] and (EU) 2023/2782 [4]. The
primary objective is to enhance the signal-to-noise (S/N) ratio, overcoming matrix interference
challenges, and establishing a suitable LOQ for aflatoxins and ochratoxin A for effective enforcement
purposes. Currently, owing to challenges in the analysis of cocoa powder samples, the minimum LOQ
required for OTA by legislation is aligned with the legal limit, established at 3 pg/kg [3, 4].

Optimization efforts will be concentrated on two key commodities, nutmeg and cocoa powder, with a
focus on aflatoxins and ochratoxin A. By addressing challenging matrix interferences through method
refinement and incorporating Immuno Affinity Clean-up (IAC) into the QUEChERS method, this
research aims to contribute to the improvement of analytical methodologies for mycotoxin detection
in complex food matrices. The outcomes of this study will not only enhance the reliability of AF and
OTA determination but will also advance the analytical tools available for enforcing regulatory limits
in cocoa powder and related commodities.

Funding: The study was financed by the Netherlands Food and Consumer Product Safety Authority
(NVWA), project: Method optimization and validation of mycotoxins and plant toxins (WOT-HH-001-
008).

[1] D.P.K.H. Pereboom, M.M. Sopel, J. Grzetic Martens and J.G.J. Mol. Proficiency test for mycotoxins aflatoxins B1, B2, G1,
G2 and ochratoxin A in maize flour and cocoa powder; EURLPT-MP10 (2023). Wageningen, Wageningen Food Safety Research,
WEFSR Report XXXX.XXX. — not published

[2] SANTE/11312/2021 v2 Guidance document on analytical quality control and method validation procedures for pesticide
residues analysed in food and feed. Implemented by 01/01/2024

[3] Commission Regulation (EU) 2023/915 of 25 April 2023 on maximum levels for certain contaminants in food and repealing
Regulation (EC) No 1881/2006. OJ L 119, 5.5. 2023

[4] Commission Implementing Regulation (EU) 2023/2782 of 14 December 2023 laying down the methods of sampling and
analysis for the control of the levels of mycotoxins in food and repealing Regulation (EC) No 401/2006. OJ L, 2023/2782,
15.12.2023
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Fusarium mycotoxins are common contaminants of food- and feedstuff. Zearalenone (ZEN), produced
in particular by Fusarium graminearum and F. culmorum, competitively binds to estrogen receptors
causing reproductive disorders and estrogenic dysfunction in humans and animals. Swine have been
shown to be very sensitive to ZEN. Thus, importance to have effective strategies to eliminate or
inactivate mycotoxins in food and feed is constantly raising. Our group recently developed the enzyme
zearalenone hydrolase ZenA (ZENzyme®) that catalyses the degradation of ZEN in the gastrointestinal
tract of animals. ZenA exhibits lactonase activity against ZEN, forming the non-estrogenic hydrolysed
zearalenone (HZEN). HZEN spontaneously converts to decarboxylated HZEN (DHZEN).

In a recent study, we proved the ZEN-degrading efficacy of ZenA by means of biomarker of exposure
analysis (ZEN and its metabolites a-zearalenol [a-ZEL], HZEN and DHZEN) in plasma of piglets.
Additionally, we analysed ZEN and its metabolites in fecal samples, another important matrix for
comprehensive evaluation of the ZEN degradation pathway in pigs.

We studied a total of three groups: negative control (basal diet), positive control (basal diet
contaminated with 200 pg/kg ZEN) and the test group (basal diet contaminated with 200 pg/kg ZEN
and supplemented with 10 U/kg ZenA). Each group was composed of 12 weaned piglets (male and
female) and keptin 2 pens per group (6 animals per pen). In a seven-day adaptation period, the piglets
were fed ad libitum with the non-supplemented and non-contaminated control feed. During the 49-
day treatment period, the piglets had free access to water and diets. Faeces and blood samples were
taken on days 7, 13 and 49. All analytes were measured by validated LC-MS/MS methods. For statistical
evaluation, an “individual within pen-based approach” was used.

In plasma of ZenA-treated animals, concentrations of ZEN and a-ZEL were decreased compared to the
toxin control group. In case of ZEN this reduction was significant (p = 0.0040). Similarly, in faeces of the
ZenA group we detected a significant reduction of ZEN (p = 0.0007) accompanied by a significant
increase of the non-estrogenic metabolite HZEN (p <0.0001). Furthermore, a significant reduction of
a-ZEL (p <0.0001), which is the predominant ZEN-metabolite in swine, was observed in fecal samples.

These findings suggest that the application of ZenA as feed additive shows potential as a preventive
measure against ZEN-related issues in swine, by preventing ZEN-absorption to blood.
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Mycotoxins occurrence in food is a global concern, threatening food security and requiring the
adoption of appropriate food safety standards, along with relevant legislative actions and robust
monitoring programmes in the countries, to safeguard public health and facilitate food trade.
Additionally, changing climate conditions and food safety crises in the food supply caused by
pandemics or natural catastrophes intensify known risks and present emerging mycotoxin
contamination risks, compromising food and feed safety and nutritional security.

The Food Safety and Control Laboratory (FSCL) of the Joint FAO/IAEA Centre of Nuclear Techniques in
Food and Agriculture in Seibersdorf, Austria, assists the Member States of IAEA in improving laboratory
and regulatory practices and methodologies in the area of food safety through research and method
development and validation, technology transfer and the provision of data and expertise to support
the development of international standards and guidelines, as well as providing necessary tools for
response to emerging and emergency food safety issues affecting Member States.

FSCL develops and transfers rapid screening and confirmatory analytical methods, based on nuclear
and complementary techniques, to support countries to produce valid analytical data on the
occurrence of mycotoxins in food, which are essential for risk assessment and provide feedback on the
effectiveness of the regulations and practices put in place to ensure food safety. Cost-effective and
efficient rapid screening solutions, based on electrochemical immunosensors using screen-printed
electrodes, are being developed and are appropriate for use both in cases of crises in the food supply,
but also within the framework of regular food control plans. Sensors for screening the sum of aflatoxins
B1, B2, G1 and G2 in pistachio [1] and the sum of fumonisins B1, B2 and B3 in maize have been already
validated and optimized. Regarding confirmatory approaches, FSCL focus on multi-analyte methods,
putting efforts to simplify the sample preparation procedure. Recently developed method protocols
include the determination of aflatoxins and fumonisins in maize and millet by LC-MS/MS, while a newly
adopted technique, the supercritical fluid chromatography coupled to tandem mass spectrometry,
using carbon dioxide (CO;) as mobile phase, provides strengthened analytical capabilities, allowing for
higher performance and sensitivity for greener chemical analysis. Additionally, FSCL is participating in
a project investigating the impact of climate change on food safety, developing and validating sensitive
analytical methods for mycotoxins testing in dryland crops.

[1] Pérez-Fernandez, B.; Maestroni, B.M.; Nakaya, S.; Bussalino, S.; Vlachou, C.; de la Escosura-Muiiiz, A., Development,

optimization and validation of an electrochemical immunosensor for determination of total aflatoxins in pistachio. Food
Control 2023: 152 (109859). doi: 10.1016/j.foodcont.2023.109859.
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Trichothecene mycotoxins are a vast group of harmful fungal metabolites which are characterized by
a tetracyclic 12,13-epoxytrichothecene common skeleton. Deoxynivalenol (DON) is a widely
distributed trichothecene, often found in cereal derived food and feed. While the application of
fungicides stands as a common approach to mitigate pathogenic fungi and mycotoxin levels, other
strategies such as cultivating fungal-resistant plant varieties and employing post-contamination
interventions like thermal treatments, activated carbon, and probiotics have been explored. Despite
the efforts made to avoid contamination, there is evidence of a chronic dietary exposure to low
concentrations of this toxin that raise concern for human and animal health [1]. In this context,
enzymatic detoxification emerges as a compelling alternative for contaminated grain.

In this study, a multi-method approach was employed to screen for aerobic soil bacteria capable of
detoxifying trichothecenes, focusing on DON. Soil samples were collected from various sources,
including fields with a known presence of trichothecene producing Trichoderma, fields with crops
infected with Fusarium, artificially Trichoderma-inoculated soils, and soil from diverse cultivars.
Screening involved cultivation in a mineral medium amended with DON as the only carbon source.
Subsequent HPLC analysis revealed significant reductions in DON content across samples, indicating
potential detoxification.

Following screening, bacterial populations were cryopreserved for further analysis. Culturing on solid
media allowed for the assessment of population diversity and to discard obvious presence of fungi.
Preculture in glucose was utilized to prepare bacterial cultures for DON degradation assays. These
cultures with DON were analyzed by HPLC and UHPLC-HRMS. HPLC-UV-chromatograms demonstrated
the degraded of DON by bacteria and UHPLC-HRMS allowed the tentative identification of 3-keto-DON
as a potential intermediate of the DON metabolism by bacteria.

Further research will focus on isolating the bacteria responsible for detoxification, test the toxicity of
the resulting compounds and identify the enzymes responsible for DON detoxification. The
identification of environmentally friendly solutions holds promise for safeguarding food and feed
quality, addressing critical challenges in agricultural and public health domains.

[1] Knutsen, H. K.; Alexander, J.; Barregard, L.; Bignami, M.; Briischweiler, B.; Ceccatelli, S.; Cottrill, B.; Dinovi, M.; Grasl-
Kraupp, B.; Hogstrand, C.; Hoogenboom, L.; Nebbia, C. S.; Oswald, I. P.; Petersen, A.; Rose, M.; Roudot, A. C.; Schwerdtle, T.;
Vleminckx, C.; Vollmer, G., ... Edler, L., Risks to human and animal health related to the presence of deoxynivalenol and its
acetylated and modified forms in food and feed, 2017, EFSA Journal, 15(9) doi.org/10.2903/J.EFSA.2017.4718
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Fresh and smoked fish are widely consumed in Cameroon. The traditional nature of smoking, the lack
of hygiene in production, the poor preservation of stocks and the long storage time for certain types
of fish considerably favor the contamination of products by molds, which secrete toxic molecules called
mycotoxins. Today there are more than 400 types of mycotoxins, Aflatoxins being the most formidable.
These toxins are considered carcinogenic in humans. It is in this perspective that we proposed to
evaluate the total Aflatoxins in the fish marketed and consumed by the populations of the city of
Yaoundé in Cameroon. On the one hand, it was a question of conducting a survey of fish consumers
and sellers in points of sale, composites sampling fish of three species [Marquereau (Scomber
scombrus), Cod (Gadus morhua) and Bifaka (Ethmalosa fimbriata)], randomly in some markets of the
city to evaluate the total Aflatoxins contents (B1, B2, G1, G2) by the quantitative ELISA method and
finally to estimate the level of exposure of the populations. It emerges from this study that of the 30
composites samples analyzed, 96.1% contained total Aflatoxins and two samples had total Aflatoxins
levels above the standard, which is 20 ppb. These first results on composites samples of fish show that
the risk is present in Cameroon and in order to improve the quality of marketed fish in mycotoxins, a
more thorough control must be done from the production chain to the consumers.
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Deoxynivalenol (DON) contamination, produced by various Fusarium species infecting cereal crops, is
not completely avoidable by agricultural measures. Hence, reliable inactivation strategies for
contaminated grains are needed. Treatment of DON contaminated cereals with sodium metabisulfite
(SBS) showed to be effective to inactivate DON by wet preservation in dependence of moisture and
treatment time [1]. However, wet preservation may not be applied to traded feed materials.
Therefore, the present study aimed to titrate the optimal conditions for the inactivation of DON by
hydrothermal processing, a process which may be included in grain handling or feed processing.

The experiments were carried out on a stationary experimental conditioner (Type RF72W/RK3,
Suddeutsche Elektromotoren — Werke Bruchsal) where 20 kg of DON contaminated maize kernels or
maize meal (4.12 £ 0.98 mg DON /kg) were mixed for two minutes with or without the addition of SBS
prior to the addition of saturated steam for the adjustment of moisture and temperature. The addition
of steam (0-3 %, m/m), the processing time (10-600 seconds) and the dose of added SBS (0-10 g/kg)
were varied sequentially. All variations of steam addition and processing time were carried out with
and without SBS addition to kernels and meal separately. In the first run the processing time was set
to 60 seconds starting after completion of the steam addition and in the first two runs SBS addition
was set to 5 g/kg, where it was added. The optimum settings for the next run were based on the
efficiency of DON reduction of the previous run. DON was analyzed by HPLC with DAD after clean-up
with immuno-affinity columns (DONPREP®, R-Biopharm Rhéne Ltd., Glasgow, Great Britain) [2].

DON concentrations were only reduced when SBS was added to the conditioning process. The
increasing steam addition of up to 3 % resulted in lower final DON concentrations in both maize kernels
and maize meal. The range of 10 to 600 seconds of conditioning time seemed to be less important as
the DON inactivation effectiveness did not differ between variations. The dose of added SBS was of
marked importance, as the effectiveness of inactivation increased with increasing SBS doses in the
tested range of up to 10 g/kg. The optimal reduction of DON was reached with an addition of 3 %
saturated steam and 10 g/kg SBS at a conditioning time of 10 seconds.

The important factors for DON inactivation using SBS in the conditioning process were the dose of
added SBS and the amount of steam addition. The conditioning time seems to be of minor importance.

Funding: The financial support of this project by BASF (Ludwigshafen, Germany) is gratefully
acknowledged.

[1] Paulick, M.; Rempe, I.; Kersten, S.; Schatzmayr, D.; Schwartz-Zimmermann, H. E.; Danicke, S., Toxins, 2015, 7(3) 791-811.
doi: 10.3390/toxins7030791

[2] Oldenburg, E.; Bramm, A.; Valenta, H., Mycotoxin research, 2007, 23(1) 7-12. doi: 10.1007/BF02946018
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Maize a widely consumed food in Africa, is frequently contaminated with aflatoxins leading regularly
to fatal outbreaks of aflatoxicosis. In Kenya, a region with high-risk for aflatoxin contamination, the
situation is even worse due to climatic changes. Heavily contaminated maize cannot be safely used for
consumption, resulting in economic and nutritional losses.

As an interdisciplinary German-Kenyan research consortium the Max Rubner-Institut (MRI,
coordinator), the Julius-Kiihn Institut (JKI), the University of Landau (RPTU), the Eastern Africa Farmers
Federation (EAFF) and the Kenya Agricultural and Livestock Research Organisation (KALRO) focus on
deciphering the genetics of aflatoxin chemotypes found in Kenya, the influence of insects and the soil
microbiome on plant health and susceptibility to fungal infections, and the carry-over from aflatoxin
into dairy products as part of the AflaZ project.

As a follow-up, the SoLFOOD project goes one step further and, building on the research findings of
the AflaZ project, aims to improve the smallholder maize production chain in Kenya, with a focus on
reducing food losses due to fungal infections and aflatoxin contamination, and to develop alternative
utilization strategies for mycotoxin-contaminated maize, starting in the soil and ending with the
utilization and detoxification of harvested products for subsistence and commercial use.

Funding: AflaZ, FKZ.: 2816PROC12; SoLFOOD, FZK:2822NIPS04; funded by the Federal Ministry of Food
and Agriculture (BMEL)

m Federal Ministry
of Food

and Agriculture
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Moniliformin (MON) is recognized as one of the increasingly prevalent emerging mycotoxins, primarily
produced by Fusarium fungi. The toxicity of MON is under ongoing investigation, while current
knowledge indicates that MON may cause negative health impacts including hematotoxicity and
cardiotoxicity, while carcinogenicity data has not been identified. It is not possible to determine acute
or chronic reference values for health due to the lack of toxicity data, and therefore maximum levels
for its presence in food and feed remain undefined. It is important to point out that the most applied
analytical method for the determination of MON content is liquid chromatography with tandem mass
spectrometry (LC-MS/MS). However, none of the applied analytical methods have been formally
validated in interlaboratory studies, nor is there a certified reference material available for MON.
Certainly, the demand for the development of appropriate analytical methodology is increasing
significantly due to its frequent occurrence and potential health risks. The confirmation that MON has
become a subject of scientific research and one of the most prevalent mycotoxins in maize in recent
years comes from the latest world reports on the presence of a large number of different mycotoxins
in cereals. The results obtained in this study confirmed the high prevalence of MON in maize which
coincides with previous studies on the high frequency of occurrence of MON both in Serbia and in the
world. On the other hand, it should be pointed out that according to the variety of Fusarium species
that produce it, it can be noted that MON can be a very common contaminant of maize independent
of the prevailing climate conditions. In contrast, MON concentration levels in maize probably depend
on the climate conditions during the growing season. Considering the widespread occurrence of MON
in cereals, and the fact that maize is the most affected crop, it is very important to examine potential
methods of reducing MON content. Understanding the dynamics of moniliformin in maize may aid in
a more encompassing assessment of the agricultural and environmental factors which encourage its
occurrence. Further research in this area could contribute to the development of effective strategies
for the control of this mycotoxin, thereby preserving food and feed safety.

Funding: This research was funded by The Ministry of Science, Technological Development and
Innovation of the Republic of Serbia (451-03-66/2024-03/200222).
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Mycotoxin reference materials play a pivotal role in ensuring the accuracy and reliability of analytical
methods employed in the detection of these harmful substances in food and feed. This study addresses
the critical need for reliable mycotoxin standards and presents a comprehensive quality assessment of
reference materials from nine distinct suppliers available in the market. Specifically focusing on
Aflatoxin B1, Deoxynivalenol, and Zearalenone, three prominent mycotoxins of concern, our research
scrutinizes the certified values provided on the Certificate of Analysis (CoA) and evaluates the
qualitative integrity of Certified Reference Materials (CRMs) produced under the stringent ISO 17034
standard. Our evaluation extends to a comprehensive comparison against the JRC (Joint Research
Centre) European Union Reference Standards for these substances.

By employing independent analytical approaches including High-Performance Liquid Chromatography
with Diode Array Detection (HPLC-DAD) and Fluorescence Detection (HPLC-FLD), Liquid
Chromatography Tandem Mass Spectrometry (LC-MS/MS) [1], and High-Performance Liquid
Chromatography coupled with Orbitrap Mass Spectrometry (HPLC-Orbitrap-MS), our study aims to
triangulate the quality assessment of mycotoxin reference materials, thereby providing valuable
insights into the veracity of the certificates provided. Through rigorous evaluation using multiple
methodologies, we seek to enhance confidence in the reliability and accuracy of mycotoxin reference
standards, ultimately contributing to the improvement of food and feed safety standards.

Furthermore, the utilization of HPLC Orbitrap-MS provides insights into the complex composition of
these reference materials, shedding light on any unexpected or undesired substances present. This
aspect of the analysis is particularly significant in describing the landscape of mycotoxin reference
material production, as it can unveil potential similarities in contamination profiles, thereby hinting at
shared sources or manufacturing processes among apparent distinct suppliers.

By leveraging HPLC Orbitrap-MS technology, our study not only contributes to the assessment of
mycotoxin reference material quality but also offers a glimpse into the underlying complexities of the
supply chain in this domain. Through the detection and characterization of contamination patterns,
we aim to provide valuable information regarding the limited number of actual reference material
producers in this field, ultimately enhancing transparency and accountability within the industry.

[1] Sulyok, M., Stadler, D., Steiner, D. et al. Validation of an LC-MS/MS-based dilute-and-shoot approach for the quantification
of >500 mycotoxins and other secondary metabolites in food crops: challenges and solutions. Anal Bioanal Chem 412, 2607—
2620 (2020). https://doi.org/10.1007/s00216-020-02489-9
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Matrix removal and analyte concentration are the main challenges for multi-mycotoxin analysis. Many
easy sample clean-ups, e.g. QUEChERS-like approaches, struggle with matrix interferences or reduction
of analytes due to a selective binding to the dispersive reagents employed, which were added to trap
matrix interferences. As a consequence, a compensation by internal standards is needed, reference
samples need to be analysed and repetitive analysis is necessary to compensate and evaluate these
interference effects. An easy non-dispersive SPE clean-up facilitates the sample clean-up and works for
different types of matrices — not only cereals but feed stuff with higher matrix burden interferences
(e.g. DDGS, compound feed) even food matrices, which contain high sugar or fat or oil such as dried
fruits or nuts could be processed easily.

The CrossTOX® column allow a differentiated clean-up with removal of fat and oil or sugar from crude
extracts without rendering the content of mycotoxins. This could be demonstrated for quality control
materials from various origins and feeding stuff, which is often subjected to multi-mycotoxin analysis.
All regulated mycotoxins from aflatoxin to zearalenone, including all highly regulated and
trichothecene mycotoxins could be analysed by the clean-up procedure using the CrossTOX® column.
High recoveries and correct toxin quantifications were achieved easily, while the detectable toxin
amounts indicate a suitability for high sample throughput even at demanding levels. Recovery rates
for various mycotoxins (aflatoxins B/G, ochratoxin A, zearalenone, fumonisin B1/B2, nivalenol,
Deoxynivalenol and derivatives thereof, T2/H-T2, sterigmatocystine) comply with any food and feed
analysis. The detected levels of individual mycotoxins in QC material are comparable to traditional
clean-up methods. The proposed multi-mycotoxin analysis covers the need of food, and feed testing
routine laboratories, and is fit for changing challenges due to different prevalence of mycotoxins that
originate from the global climate change or seasonally changing weather conditions.

A sample clean-up just by pressing the crude extract through the cartridge via a plastic syringe with a
standard Luer outlet is simple and easy and thus dedicated for high sample throughput. Due to several
frits and the sorbents, the SPE cartridge substitutes the use of a syringe filter and accelerates the
sample clean-up dramatically. Processed samples could be analysed by LC-MS/MS using H-ESI and a
gradient chromatography.

The fast and easy sample processing facilitates the clean-up and analysis of various sample matrices
within the shortest time possible, reducing downtime of analytical devices and matrix interferences.
The CrossTOX column substitutes the syringe filtration prior to LC-MS/MS analysis and removes matrix
interferences — not only turbidity or insoluble matrix components very efficient, these lead to better
analysis, higher throughput and reduced costs for maintenance of the analytical devices. The high
compatibility to various matrices makes the CrossTOX a powerful tool in multi-mycotoxin analysis.
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Contamination of grains, such as corn and wheat, with the Fusarium mycotoxins including
deoxynivalenol (DON) has long been a serious problem around the world. It is anticipated that the
effects of climate change will result in greater mycotoxin contamination events, as higher
temperatures lead to an increased incidence of crop—associated fungal diseases, with greater severity
and persistence. Currently there is still no satisfactory way of mitigating DON in feed; no biological,
physical or chemical means of destroying mycotoxins has been approved in any jurisdiction. Recently
insect digestion has been investigated as a novel approach for detoxification of contaminated grains.
Insects have been demonstrated to be able to convert food waste into high quality protein or animal
feed. It has been reported that black soldier fly larvae (BSFL) effectively decomposes food waste and
BSFL can be used as nutritional supplements for animals and other valuable sources. In addition,
research has shown that mycotoxins did not accumulate in the larvae when black soldier fly larvae
were fed with mycotoxin—contaminated feed (1). However, research on the mechanism of the
accumulation or degradation of mycotoxins in BSFL is limited. In this study, BSFL was fed with DON
spiked corn meal and was harvested at different growth stages. Frass excreted by the larva were also
collected. Our study showed that the growth of BSFL was inhibited by the addition of DON in the feed
at the earlier growth stage, but the growth rate resumed at the later growth stage in the DON treated
group. DON was not detected in the larvae, but found in the frass. A portion of DON in the feed was
biotransformed into 3-acetyl-DON.

[1] Purschke B, Scheibelberger R, Axmann S, Adler A, Jager H. Impact of substrate contamination with mycotoxins, heavy
metals and pesticides on the growth performance and composition of black soldier fly larvae (Hermetia illucens) for use in
the feed and food value chain. Food Addit Contam Part A Chem Anal Control Expo Risk Assess. 2017 Aug;34(8):1410-1420.
doi: 10.1080/19440049.2017.1299946.
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