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Proven solutions reduce costs and time.
VICAM offers leading Mycotoxin Testing Solutions to protect and enhance 
the global food chain. Precise and reliable detection for more safety!

The leader in breakthrough mycotoxin testing solutions offers a broad 
portfolio of approved tests to provide validated monitoring solutions for 
companies. VICAM’s rapid Mycotoxin Test Kits are the most powerful 
and cost-effective way. And we are proud to be VICAM’s partner for more 
than 20 Years!

• Multi-analyte columns for LC/MS/MS
• Qualitative test strips for rapid screening
• Solvent-free Mycotoxin testing
• Successful use in more than 100 countries
• Quantitative immunoassays for Fluorometer or HPLC 
• Reliable and cost-effective

For further information ruttmann.de/vicam
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Program 

Monday, June 31st 2021 
 Welcome 

9:00 Opening of the 42nd Mycotoxin Workshop 
Hans-Ulrich Humpf, Organizing Committee, University of Münster 
Manfred Gareis, President of the Society for Mycotoxin Research 
 

 Biomonitoring 1: New developments in the field of human biomonitoring of 
mycotoxins, Chairs: G. H. Degen, M. De Boevre 

9:20 

 

Multiple mycotoxin exposure and risk assessment among a rural Pakistan population 
by human biomonitoring approach 
Lei Xia, Hifza Rasheed, Michael Routledge, Hang Wu, Yunyun Gong 

9:35 

 

Biomarkers of deoxynivalenol (DON) and its modified form DON-3-glucoside (DON-
3G) in humans 
Qinghua Wu, Ying Deng 

9:50 

 

Ochratoxin A and citrinin in serum of blood donors 
Alexandra Jaus, Peter Rhyn, Max Haldimann, Céline Fragnière Rime, Judith Jenny-Burri, 
Otmar Zoller 

10:05 Mechanic protection gloves used in waste sorting industry: suitable as passive 
method to sample for fungal burden 
Carla Viegas, Marta Dias, Beatriz Almeida, Anita Quintal Gomes, Magdalena Twaruzek, 
Robert Kosicki, Jan Grajewski, Susana Viegas 

10:20 Exposure assessment of the Portuguese population to multiple mycotoxins �t a human 
biomonitoring study 
Carla Martins, Ricardo Assunção, Arnau Vidal, Marthe De Boevre, Sarah De Saeger, 
Duarte Torres Torres, Ana Goios, Carla Lopes, Paula Alvito, Carla Nunes 

10:35 Coffee break 

 Analytical Developments: Recent developments in the field of mycotoxin analysis 
Chairs: S. De Saeger, M. Sulyok 

11:00 
 

SPONSOR: CrossTOX �t Non dispersive SPE clean-up for LC-MS/MS multi mycotoxin 
analysis in different matrices 
Frederik, N. Wuppermann, Uwe Aulwurm, Angelika Köpf 

11:15 
 

Online SPE-UHPLC-MS/MS for rapid and sensitive analysis of mycotoxins in urine 
Jessica Schmidt, Benedikt Cramer, Paul C. Turner, Rebecca Stoltzfus, Jean H. Humphrey, 
Laura E. Smith, Hans-Ulrich Humpf 
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11:30 
 

The magic of in-sample calibration: Matrix-matching every sample 
Wiebke Derz, Paul Elsinghorst 

11:45 
 

To filtrate or not to filtrate �t does it make a difference?  
�t A case story on Alternaria metabolites 
Hannes Puntscher, Georg Aichinger, Elisabeth Varga�U���E���š���o�]�����•�]�À�v���U���&�Œ���v�����•���}��Crudo, 
Benedikt Warth, Doris Marko 

12:00 Deoxynivalenol quantification of single wheat kernels by near infrared hyperspectral 
imaging 
Antoni Femenias, Antonio J. Ramos, Vicente Sanchis, Sonia Marín 

12:15 Lunch break 

 Biomonitoring 2 / Indoor: Human biomonitoring of mycotoxins and exposure through 
indoor environments, Chairs: Y. Gong, Ch. Gottschalk 

13:00 
 

SPONSOR: Mastering complex samples: Simultaneous analysis of aflatoxins and 
sterigmatocystin using a NEW immunoaffinity column sample prep with LC 
Nancy Collette 

13:15 
 

Experimental archaeology reveals potential health risk in ancient populations due to 
storage mycotoxins 
Jean-Michel Savoie, Eric Yebdri, Sylvain Chéreau, Francis Fleurat-Lessard, Jérôme Ros, 
Cécile Dominguez 

13:30 

 

Mould infested building materials: A novel method for mycotoxin quantitation using 
UHPLC-MS/MS  
Viktoria Lindemann, Tim Schleiner, Benedikt Cramer, Hubert Fels, Hans-Ulrich Humpf 

13:45 Gliotoxin: promising indoor microfungal mycotoxin dust-contamination hazard 
marker as well as human biomarker for Aspergillus infection correlating with 
neurological disease and multiple immune deficiencies 
Irene Hanchett Grant, Noemi Olivo, Jake Geller, Herman Sabath, Harriet Maria Ammann 

14:00 Assessment of multi-mycotoxin exposure in a rural county of Chile by urinary 
biomarker determination and association with food consumption 
Claudia Foerster, Gisela Rios-Gajardo, Carlos Maldonado, Sandra Cortés, Catterina 
Ferreccio 

14:15 Coffee break 
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Short Analytics: Poster-style presentations on analytical developments 
Chair: B. Cramer 

14:30
-

16:00 

Occurrence of mycotoxins in winter cereal varieties 
Robert Kosicki�U���D���P�����o���v�����d�Á���Œ�µ�Ï���l�U�������Œ�š�}�•�Ì���Z�µ���Ì�l�]�U���W���Á���s�����}�‰�]���Œ���s���U���:���v���'�Œ���i���Á�•�l�] 

Multi-mycotoxin occurrence in dairy cattle and poultry feeds from Machakos town, 
Kenya 
David Chebutia Kemboi, Phillis Emelda Ochieng, Gunther Antonissen, Siska Croubels, 
Sheila Okoth, Johannes Faas, Barbara Doupovec, Erastus K. Kang'ethe, Marie-Loise 
Scippo, Johanna Lindahl, James K. Gathumbi 

Mycotoxin survey in feed materials and feeding stuffs in Poland in years 2015-2020 
�D���P�����o���v�����d�Á���Œ�µ�Ï���l�U���W���Á���s���^�l�Œ�Ì�Ç���o���Á�•�l�], Robert Kosicki, Jan Grajewski 

Multiple mycotoxin contamination in rice and wheat samples collected from rural 
Pakistan  
Lei Xia, Hifza Rasheed, Michael Routledge, U Ling Liew, Ka Lau, Yunyun Gong 

Aflatoxin M1 in cheese marketed in Serbia 
�^���v���Œ�����:���l�“�]��, Nenad �W�}�‰�}�À�U���D�]�o�]�������•�]�À�l�}�À�������o�}�“�U�����Œ���P���v�����>�i�µ���}�i���À�]�����W���o�]���U���>�i�]�o�i�����d�}�Œ�}�À�]�� 

Aflatoxin M1 in Europe between 1990-2018 
Andreia Vaz, Filipa Mourão, Patrício Costa, Paula Rodrigues, Armando Venâncio 

Mycotoxins and bacterial pathogens in organic cereal-based infant foods 
Christina Rehagel, Ömer Akineden, Ewald Usleber 

Development of an LC-MS/MS method to monitor mycotoxin-mixtures in infant feces 
Magdaléna Krausová, Dominik Braun, Lukas Wisgrill, Benedikt Warth 

Screening determination of ochratoxin A in spices available on the Czech market using 
EIA method coupled with immunoaffinity columns  
Darina Pickova, Jakub Toman, Veronika Frkova, Vladimir Ostry, Frantisek Malir 

Prevalence of mycotoxigenic fungi and mycotoxins in figs  

�:�µ�Œ�P�]�š���� �:�}�À���]�“�]���v�&�U�� �s�]�}�o���š���� �����o�]�µ�l�}�v�]���v�&�U�� ���Œ�}�v�]�µ�•�� �����l�µ�š�]�•�U�� �/�v���•���� ���Œ�À���•���]�š�&�U�� �'�����]�u�]�v���•��
�'���Œ�µ�o�]�•�U���'�]�v�š���Œ�&���s���]���]�µ�o�]���v�&�U���Z�]�u�À�Ç�����•���&���o�l���µ�•�l���• 

Dietary supplements based on Epilobium parviflorum as a source of mycotoxins? 
�/�Á�}�v�������s�š�Ç�v�U���D���P�����o���v�����d�Á���Œ�µ�Ï���l 

Prevalence of secondary metabolites from lichenized fungi in the indoor environment 
Michael Sulyok, Gianni Rossini, David Lark, Rudolf Krska 

Three Fit for Purpose Sample Preparation Methods for the Determination of Aflatoxin 
M1 in Milk and Infant Formula with the QSight® LC-MS/MS 

Derek Joseph Mattern, Aristide Ganci, Phillipe Boniteau, Jingcun Wu, Tyrally Ordinario, 
Feng Qin 

Determination of Twelve Mycotoxins in Foods by Stable Isotope Dilution LC-MS/MS 
Aristide Ganci1, Derek J. Mattern2, Phillipe Boniteau3, Jingcun Wu4, Tyrally Ordinario4, 
Feng Qin4 
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 Short Miscellaneous: Poster-style presentations: climate - occurrence �t processing, 
Chair: H.-U. Humpf 

14:30 
- 

16:00 

SPONSOR: Mycotoxin analysis via Polytox air sampler  
Carolin Hintermeier, Andreas W. Hüttl, Christoph H. Haselbeck, Meysam Pajoahesh, 
Markus M. Hefele, Jes Johannsen 

Influence of interacting climate change abiotic factors on growth, aflD and aflR gene 
expression and aflatoxin B1 production by Aspergillus flavus strains in vitro and on raw 
pistachio nuts 
Alaa Baazeem, Alicia Rodriguez, Angel Medina, Naresh. Magan 

Aspergillus from grapes: ochratoxin A risk in relation to climate change scenarios 
Carla Cervini, Giancarlo Perrone, Angel Medina, Naresh Magan 

Effect of temperature related to dried fig drying on growth, gene expression and 
aflatoxin production by an Aspergillus flavus strain 
Ana Isabel Galván, Alicia Rodríguez, Margarita López-Corrales, Manuel Joaquín Serradilla, 
Santiago Ruiz-Moyano, Antonio Jesús Galán, María Vázquez, María de Guía Córdoba 

The accumulation of deoxynivalenol in spring wheat grains as influenced by the water 
activity and incubation time 
�^�]�P�]�š�����:���v���À�]���]���v�&�U���^�l���]���Œ�&���^�µ�‰�Œ�}�v�]���v�& 

Diversity of extremotolerant Aspergillus niger isolates based on their extrolite profiling 
Sanja Nosalj, Elena Pieckova, Alexandra �a�]�u�}�v�}�À�]���}�À�� 

Risk of changes in nutritive value and mycotoxin concentration in maize grains during 
storage 
Eimantas Venslovas, Yuliia Kochiieru, Audrone Mankeviciene, Sigita Janaviciene, Lauksme 
Merkeviciute-Venslove 

Improving the health of fattening piglets by the use of mycotoxins risk management in 
feed 
Violeta Baliukoniene, Bronius Bakutis, Asta Bobin, Jurgita Jovaisiene, Gintare Vaiciuliene, 
Rimvydas Falkauskas, Gediminas Gerulis 

Application and catalytic mechanism of amphiphilic laccase nanoflower in the aflatoxin 
B1 degradation in peanut oil 
Tianying Lu, Xiaoyang Li 

The variation of deoxynivalenol, 3-acetyl-deoxynivalenol and 15�æacetyl-deoxynivalenol 
contamination during baking 
Yuliia Kochiieru, Audrone Mankeviciene, Jurgita Ceseviciene, Eimantas Venslovas, Sigita 
�:���v���À�]���]���v�& 
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 Targeted inoculation with Fusarium culmorum: The determination of Fusarium toxins 
during the malting process 
Eva Maria Biehl, Michael Rychlik 

Prevalence of glycosylated trichothecenes in oats 
Jens Chr. Meyer, Inga Hennies, Michael Sulyok  

Stevia rebaudiana �t healthy supplementation or risk area? 
�/�Á�}�v�������s�š�Ç�v�U���D���P�����o���v�����d�Á���Œ�µ�Ï���l 

The risk from the presence of mycotoxins in dietary supplements based on Echinacea 
purpurea 
Gabriela Pilarska�U���D���P�����o���v�����d�Á���Œ�µ�Ï���l 

The usability of herbal plants extracts to reduce mycotoxins concentrations in maize 
silage 
�'�]�v�š���Œ�&�� �s���]���]�µ�o�]���v�&�U�� �:�µ�Œ�P�]�š���� �:�}�À���]�“�]���v�&�U�� ���Œ�}�v�]�µ�•�� �����l�µ�š�]�•�U�� �Z�]�u�À�Ç�����•�� �&���o�l���µ�•�l���•�U�� �'�����]�u�]�v���•��
�'���Œ�µ�o�]�•�U���s�]�}�o���š���������o�]�µ�l�}�v�]���v�& 

 
 Short Toxicology 1: Poster-style presentations on toxicological research,  

Chair: M. Esselen 

14:30 
- 

16:00 

Deoxynivalenol (DON) induces apoptosis and autophagy in normal prostate epithelial 
cells via inhibiting PI3K-Akt-mTOR 
�D���Œ�š�����:�µ�•�š�Ç�v�����<�}�Ì�]���s, Karolina Kowalska, Kinga Anna Urbanek, Dominika Ewa Habrowska-
�'�•�Œ���Ì�Ç�w�•�l���U���<���u�]�o�������}�u�]�w�•�l���U�����P�v�]���•�Ì�l�����t���v�������W�]���•�š�}�Á�•�l��-Ciesielska 

Deoxynivalenol affects steroid hormones production in prostate cancer cells 
Kinga Anna Urbanek�U�� �<���Œ�}�o�]�v���� �<�}�Á���o�•�l���U�� �<���u�]�o���� ���}�u�]�w�•�l���U�� ���}�u�]�v�]�l���� ���Á����Habrowska-
�'�•�Œ���Ì�Ç�w�•�l���U���D���Œ�š�����:�µ�•�š�Ç�v�����<�}�Ì�]���s�U�����P�v�]���•�Ì�l�����t���v�������W�]���•�š�}�Á�•�l��-Ciesielska 

DON sensitize prostate cancer cells to apoptosis caused by TRAIL 
Dominika Ewa Habrowska-�'�•�Œ���Ì�Ç�w�•�l���U�� �<���Œ�}�o�]�v���� �<�}�Á���o�•�l���U�� �D���Œ�š���� �:�µ�•�š�Ç�v���� �<�}�Ì�]���s�U�� �<�]�v�P���� ���v�v����
�h�Œ�����v���l�U���<���u�]�o�������}�u�]�w�•�l���U�����P�v�]���•�Ì�l�����t���v�������W�]���•�š�}�Á�•�l��-Ciesielska 

ER�t participates in AOH- induced oxidative stress in the non-small cell lung cancer cell 
line A549 
Karolina Kowalska�U�� �D���Œ�š���� �:�µ�•�š�Ç�v���� �<�}�Ì�]���s�U�� �<�]�v�P���� ���v�v���� �h�Œ�����v���l�U�� ���}�u�]�v�]�l���� ���Á���� �,�����Œ�}�Á�•�l��-
�'�•�Œ���Ì�Ç�w�•�l���U���������š�����Z�µ�Œ���Œ�Ì�U���<���u�]�o�������}�u�]�w�•�l���U�����P�v�]���•�Ì�l�����t���v�������W�]���•�šowska-Ciesielska 

Transfer of the neurotoxin penitrem A and penitrem E across the blood-brain barrier in 
vitro 
Maria Hahn, Matthias Behrens, Svetlana A. Kalinina, Hans-Ulrich Humpf 
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 Exploring the mechanistic source of DNA-damaging and the endocrine effects of a 
naturally occurring Alternaria toxin mixture. 
Georg Aichinger, Dino Grgic, Julia Beisl, Elisabeth Varga, Doris Marko 

Interspecies differences in kinetics for intestinal microbiota mediated metabolism of 
3�æacetyl-deoxynivalenol and 15-acetyl-deoxynivalenol 
Jing Jin, Fuguo Xing, Karsten Beekmann, Marta Baccaro, Albertus Spenkelink, Ivonne 
M.C.M. Rietjens 

Impact of co-exposure to the mycotoxin deoxynivalenol and the bacterial toxin 
cereulide on intestinal barrier integrity and toxin uptake in human intestinal cells 
Julia Beisl, Elisabeth Varga, Dominik Braun, Benedikt Warth, Monika Ehling-Schulz, Giorgia 
Del Favero, Doris Marko 

Comparative description of the effects of aflatoxin B1, versicolorin A and 
sterigmatocystin on the global transcriptome in intestinal cells 
Carine Al Ayoubi, Imourana Alassane-Kpembi, Thierry Gauthier, Olivier Puel, Laura Soler 

How maternal exposure to aflatoxin B1 impacts the development of progeny intestinal 
immune system 
Patricia Bastos-Amador, Elsa L. Duarte, Paula Alvito, Ricardo Assunção, Manuela Ferreira 

Determination of pharmacokinetic parameters of efavirenz and aflatoxin B1: An 
approach to unravel possible Interactions 
Orphélie Jacqueline Lootens, An Vermeulen, Jan Van Bocxlaer, Sarah De Saeger, Marthe 
De Boevre 

Prevention of combined effects of aflatoxin B1 and ochratoxin A by dietary byproduct 
antioxidants on protein expression of cytochrome P450 enzymes in piglet�[s liver and 
kidney 
Roua Gabriela Popescu�U�� �����v�]���o���� �D���Œ�]�v�U�� �/�}�v���o�]���� �f�	�Œ���v�µ�U�� �^���Œ�P�]�µ�� ���u�]�o�� �'���}�Œ�P���•���µ�U�� ���v������
Dinischiotu 

Influence of selected mycotoxins on the metabolic profile of HepG2 cells using HILIC-
MS/MS 
Andrea Gerdemann, Matthias Behrens, Melanie Esselen, Hans-Ulrich Humpf 

Biological detoxification of DON: adsorption, biodegradation or both? A rapid, simple 
and inexpensive method for evaluating biodegradation only  
B. Borràs-Vallverdú, A.J. Ramos, S. Marín, V. Sanchis, JJ. Rodríguez-Bencomo 
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Tuesday, June 1st 2021 

 Toxicology 1: New insights into the toxicity and mode of action of mycotoxins, 
Chairs: D. Marko, M. Esselen 

9:00 
 

Emerging mycotoxins trigger ferroptotic cell death in a fish primary cell model by 
affecting oxidative phosphorylation 
Sofie Søderstrøm, Liv Søfteland, Kai Kristoffer Lie  

9:15 
 

Investigation of exposure to mycotoxins as possible carcinogens 
Liesel Claeys, Inge Huybrechts, Marthe De Boevre, Claire Renard, Marie-Pierre Cros, 
Beatrice Fervers, Marc Gunter, Sarah De Saeger, Michael Korenjak, Jiri Zavadil 

9:30 
 

Antifungal activity of fermented and unfermented rooibos and honeybush extracts 
against Fusarium species 
Beauty Omoruyi, Mariska Lilly, Wentzel Gelderblom 

9:45 
 

Toxicological evaluation of selected mycotoxins using the Zebrafish model system 
Victor Kagot, Marthe De Boevre, Paul Coucke, Hanna De Saffel, Andy Willaert, Sheila 
Okoth, Sarah De Saeger 

10:00 
 

Mitochondrial toxicity and changes to cellular bioenergetics by Fusarium mycotoxins - 
alternate mechanisms of action 
Naeem Sheik Abdul, Jeanine Marnewick 

10:15 Coffee break 

 Toxicology 2: New insights into the toxicity and mode of action of mycotoxins 

10:45 
 

�K���Z�Œ���š�}�Æ�]�v���������Æ�‰�}�•�µ�Œ�����]�v���µ�����•���l���Ç���‰���š�Z�}�o�}�P�]�����o���(�����š�µ�Œ���•���}�(���W���Œ�l�]�v�•�}�v�[�•�����]�•�����•�����]�v���š�Z����
brain in vitro and in vivo 
Ariane Vettorazzi, Maria Izco, Elena González-Peñas, Adela López de cerain, Lydia 
Alvarez-Erviti 

11:00 
 

On the estrogenic activity of alternariol and its dibenzo-�r-pyrone scaffold: a target 
fishing study to mine novel biological targets 
Luca Dellafiora, Daniele Del Rio, Gianni Galaverna, Chiara Dall'Asta 

11:15 
 

Combined Alternaria alternata toxins activate the aryl hydrocarbon receptor pathway 
and alter the colonic immune response in vitro 
Julia Hohenbichler, Georg Aichinger, Veronika Spindler, Gudrun Pahlke, Michael Rychlik, 
Giorgia Del Favero, Doris Marko 
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11:30 
 

Ribosome inhibition induced by deoxynivalenol exacerbates DNA damage caused by 
various mutagens 
Marion Garofalo, Delphine Payros, Eric Oswald, Jean-Philippe Nougayrède, Isabelle 
Oswald 

11:45 In vitro interactions of Alternaria mycotoxins with the gut microbiota: a bidirectional 
relationship 
Francesco Crudo, Georg Aichinger, Jovana Mihajlovic, Elisabeth Varga, Luca Dellafiora, 
Benedikt Warth, Chiara Dall'Asta, David Berry, Doris Marko 

12:00 Lunch break 

 Short Biomonitoring: Poster-style presentations on biomonitoring research,  
Chair: H.-U. Humpf 

13:00 
- 

14:00 

�^�t�Z���š�����Œ�����u�Ç���}�š�}�Æ�]�v�•�M�_��- Knowledge and behavioral aspects regarding mycotoxins in 
a German student sample 
Mara-Michelle Wagner, Florian Pauli, Juliane Christ, Katherine Muñoz, Gerhard Reese 

Dietary exposure to aflatoxins in European countries and the associated burden of 
disease 
Carla Martins, Susana Viegas, Ricardo Assunção 

Early-life exposure to aflatoxin B1 and associated effects on gut microbiota: 
preliminary results under earlyMYCO project 
Inês Silva, Elsa L Duarte, Patricia Bastos Amador, Manuela Ferreira, Ricardo Assunção, 
Cátia Salvador, Ana Teresa Caldeira 

earlyMYCO �t a mother & child cohort in Portugal to assess exposure to mycotoxins 
Carla Martins, Ricardo Assunção, Débora Serrano, Marthe De Boevre, Sarah De Saeger, 
Paula Alvito, Cristina Vidigal, Elisabete Lamy, Carla Nunes 

earlyMYCO: Assessing the risk associated to the early-life exposure to mycotoxins 
Ricardo Assunção, Carla Martins, Baltazar Nunes, Sónia Namorado, Susana Silva, Sara 
M. Pires, Paula Alvito  

Human biomonitoring of multiple mycotoxins in biological samples of Portuguese 
�Z�����Œ�o�Ç�D�z���K�Z���u�}�š�Z���Œ-and-child pairs 
Lia Visintin, María García-Nicolás, Ellen Dhondt, Carla Martins, Ricardo Assunção, 
Débora Serrano, Paula Alvito, Cristina Vidigal, Elisabete Almeida, Carla Nunes, Sarah De 
Saeger, Marthe De Boevre 

Human biomonitoring of mycotoxins under HBM4EU: update on key outputs 
Paula Cristina Alvito, Ricardo Manuel Assunção, Lola Bajard, Hans Mol, Carla Martins, 
Marcel Mengelers, Sonia Namorado, Elsa Vasco, Annick van den Brand, Susana Viegas, 
Maria Joao Silva 
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 Exposomics study in rural Burkina Faso: Experimental design for biospecimen 
collections 
Yuri Bastos Moreira, Trenton Dailey-Chwalibóg, Laeticia Celine Toe, Patrick Kolsteren, 
Carl Lachat, Sarah De Saeger, Marthe De Boevre 

Human biomonitoring of multiple mycotoxins in the Spanish population: assessment 
of exposure in plasma samples 
Beatriz Arce-López, Ángel Irigoyen, Reyes López de Mesa, Elena Lizarraga, Elena 
González-Peñas 

The presence of ochratoxin A in breast-milk, urine and serum of lactating women 
Karolina Ropejko, Ma�P�����o���v�����d�Á���Œ�µ�Ï���l 

 

 Short Fungal control: Poster-style presentations on fungal control and mycotoxin 
formation, Chair: S. Kalinina 

13:00 
- 

14:00 

Antifungal and anti-aflatoxigenic properties of different organs of Cannabis sativa L.: 
Relation to phenolic content and antioxidant capacities 
Anthony Al Khoury, Ali Atoui, Richard Maroun, Jean- Denis Bailly, Andre Khoury 

Aflatoxin producers �t a current information 
Darina Pickova, Vladimir Ostry, Frantisek Malir 

Innovative mitigation strategies to shield peanut supply chain against aflatoxin 
contamination in Ethiopia 
Carla Cervini, Carol Verheecke-Vaessen, Abdi Mohammed, Naresh Magan, Angel 
Medina 

Maximizing in situ production of aflatoxins and fumonisins for the use in 
experimental animal feeds 
Phillis Emelda Ochieng, Siska Croubels, Gunther Antonissen, Marie-Louise Scippo, David 
Chebutia Kemboi, James Kinuthia Gathumbi, Barbara Doupovec, Johanna Lindahl, Sheila 
Okoth 

Microbiome of Cider-Apples and occurence of patulin-producing Penicillium 
expansum 
Reem Al Riachy, Caroline Strub, Noël Durand, Benjamin Guibert, Hugues Guichard, 
Vincent Chochois, Félicie Lopez-Lauri, Angélique Fontana, Sabine Galindo-Schorr 

Control of patulin produced by Penicillium expansum by an antagonistic yeast in 
peach 
Paula Tejero, Alicia Rodríguez, Ana Martínez, Rocío Casquete, Catalina M. Cabañas, 
Carlos Moraga, Alejandro Hernández, Alberto Martín 

Mycoviruses regulate mycotoxin production in Fusarium graminearum 
Simon Schiwek, Petr Karlovsky 
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 Variation in fumonisin production by different clonal isolates of Fusarium 
verticillioides MRC 826 in maize in planta 
Mariska Lilly, Wentzel Gelderblom 

Study of biocontrol mechanisms of microbial agents against Fusarium graminearum in 
order to optimize their performance (specificity, durability). 
Cheikh Ahmeth Tidiane Dieye, Caroline Strub, Noël Durand, Angélique Fontana 

Effects of malting on Alternaria mycotoxins 
Sophie Scheibenzuber, Marina Bretträger, Martina Gastl, Michael Rychlik 

 
 Short Toxicology 2: Poster-style presentations on toxicological research, 

Chair: M. Esselen 

13:00
- 

14:00 

Mycotoxins �t An issue deserving a One Health approach! 
Susana Viegas, Ricardo Assunção, Carla Martins, Carla Viegas 

Comparing the effect of oral and gavage administration of a fumonisin esterase on 
the absorption of fumonisin B1 in piglets 
Kaat Neckermann, Barbara Doupovec, Dian Schatzmayr, Gunther Antonissen, Silvio 
Uhlig, James Gathumbi, Véronique Delcenserie, Siska Croubels 

Effects of deoxynivalenol (DON) on jejunal microRNA expression and selected serum 
gut health markers in piglets 
Maia Segura-Wang, Caroline Emsenhuber, Suzana Ilic, Nicole Reisinger, Ursula Ruczizka, 
Maximiliane Dippel, Moritz Bünger, Bertrand Grenier, Veronika Nagl 

Inactivation of deoxynivalenol and zearalenone in mixed feed in weaned piglets 
Linn Carlson, Angelika Grümpel-Schlüter, Jeannette Kluess, Dian Schatzmayr, Susanne 
Kersten, Sven Dänicke1 

Effects of feed naturally contaminated with Fusarium mycotoxins on reproduction 
status of dairy cows 
Rimvydas Falkauskas, Bronius �����l�µ�š�]�•�U�� �:�µ�Œ�P�]�š���� �:�}�À���]�“�]���v�&�U�� �s�Ç�š�µ�}�o�]�•�� �•�]�o���]�š�]�•�U�� �'�����]�u�]�v���•��
�W�Œ�]���}�š�l���•�U���'�����]�u�]�v���•���'���Œ�µ�o�]�•�U���'�]�v�š���Œ�&���s���]���]�µ�o�]���v�&�U���s�]�}�o���š���������o�]�µ�l�}�v�]���v�& 

Individual effects of some Fusarium mycotoxins on the lipid peroxidation and 
glutathione-redox system in poultry 
Szabina Kulcsár, Benjámin Kövesi, Miklós Mézes, Krisztián Balogh, Erika Zándoki, Zsolt 
Ancsin 

Studies on the intestinal metabolism of �r- and �t-glucosylated modified mycotoxins 
T-2 and HT-2 toxin in the pig cecum model 
Matthias Kasimir, Matthias Behrens, Mareike Schulz, Henning Kuchenbuch, Christine 
Focke, Hans-Ulrich Humpf 

Prioritizing mycotoxins of genotoxic concern: an in silico and in vitro approach 
María Alonso, María Font, Adela López de Cerain, Elena González-Peñas, Ariane 
Vettorazzi 
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 The presence of fungal flora of patients on microlaryngoscopy 
�D���P�����o���v���� �d�Á���Œ�µ�Ï���l�U�� ���Á���o�]�v���� �^�}�•�Ì���Ì�Ç�w�•�l���U�� �,���v�v���� �D�����l�]���Á�]���Ì-Nartowicz, Anna 
Sinkiewicz 

Shifting the consumption of white rice to brown rice: are mycotoxins obfuscating the 
potential health benefits? 
Fátima Ariés, Inês Coelho, Sandra Gueifão, Isabel Castanheira, Ricardo Assunção 

 
14:00 Brigitte Gedek Award: Awarding of the Brigitte Gedek Prize 

Manfred Gareis, President of the Society for Mycotoxin Research  
Madeleine Plötz, Vice President of the Society for Mycotoxin Research 

14:15 Coffee break 

14:30 Annual Meeting of the Society for Mycotoxin Research 
Annual Meeting of the Society for Mycotoxin Research. Agenda of the Meeting will be 
sent to Members of the Society. Non-Members are welcome to join the meeting as 
guests. 
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Wednesday, June 2nd 2021 

 Toxicology 3 and Phytopathology: Effects of mycotoxins on animals and plants, 
Chairs: N. Magan, O. Puel 

9:00 
 

Predicting mycotoxin toxicity using mass-spectrometry profiling 
Laura Soler Vasco, Valérie Labas, Ana Paula Teixeira-Gomes, Charles Banliat, Isabelle 
Paula Oswald 

9:15 
 

Calcination improves the in vivo efficacy of a Tunisian clay to bind aflatoxin G1 in 
broiler chickens: a toxicokinetic approach 
Roua Rejeb, Siegrid De Baere, Mathias Devreese, Richard Ducatelle, Siska Croubels, 
Madiha Hadj Ayed, Gunther Antonissen 

9:30 
 

Levels of mycotoxin biomarkers in urine and serum after experimental exposure of 
the pigs to contaminated feed 
Agnieszka Tkaczyk�U���W�]�}�š�Œ���:�����Ì�]�v�]���l�U���B�µ�l���•�Ì���•�]���o�}�v�l���U���D�]���Z���s���������Œ�}�Á�•�l�]�U���W�]�}�š�Œ���K���Z�}���Ì�l�]�U��
Adrianna Rudawska 

9:45 
 

Investigation of the transfer of Alternaria toxins into wheat plants using a 
hydroponic cultivation system 
Julia Jaster-Keller, Nicole Lorenz, Arnold Bahlmann, Marina E.H. Müller 

10:00 Priority effects influence the production of mycotoxins of Fusarium and Alternaria 
Annika Hoffmann, Gunnar Lischeid, Matthias Koch, Peter Lentzsch, Marina E. H. Müller 

10:15 Coffee break 

 Climate Change: Impact of climate change on fungal growth, mycotoxin production 
and control, Chairs: S. Viegas, K. Munoz 

10:45 
 

Impacts of environmental factors on ochratoxigenic fungi and the insights on their 
regulatory mechanism 
Gang Wang, Haiyong Zhang, Yang Liu, Fuguo Xing 

11:00 
 

Implanting of Aspergillus section Flavi in French maize fields in relation with climate 
changes 
Sylviane Bailly, Anwar El Mahgubi, Ophélie Rocher, Olivier Puel, Beatrice Orlando, 
Jean-Denis Bailly 

11:15 
 

Climate change abiotic conditions produce changes in the kinetics of Aspergillus 
flavus transcriptomic and metabolomic profiles 
Angel Medina, Mathew Gilbert, Esther Garcia-Cela, L. Castano Duque, Carol 
Verheecke-Vaessen, Brian Mack, Michael Sulyok, Deepak Bhatnagar, Naresh Magan 
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11:30 
 

Use of probabilistic models to understand the growth and mycotoxin production by 
Fusarium species in small grain cereals 
Esther Garcia-Cela, Carol Verheecke-Vaessen, Naresh Magan, Angel Medina, Inga Ósk 
Jónsdóttir 

11:45 Impact of climate change conditions on Fusarium spp. from oats and their associated 
mycotoxin production 
Carol Verheecke-Vaessen, Amal Kahla, Alejandro Lopez, Angel Medina, Esther Garcia-
Cela, Fiona Doohan, Naresh Magan 

12:00 Lunch break 

 Genetics / Metabolites: Regulation of mycotoxin biosynthesis and fungal 
metabolites, Chairs: S. Kalinina, A. Jagels 

13:00 SPONSOR: Analysis of mycotoxins in cannabis and cannabis products 
Claire Milligan 

13:15 EXUDATES: a way to conquer the external environment by Penicillium expansum 
Ophélie Rocher, Zetina Chrystian, Pichereaux Carole, Sophie Lorber, Comera Christine, 
Olivier Puel 

13:30 Fusapyrone biosynthesis in Fusarium mangiferae depends on the histone 
methyltransferase FmKmt1 involved in H3K9me3 
Anna Katharina Atanasoff-Kardjalieff, Friederike Lünne, Svetlana Kalinina, Joseph 
Strauss, Hans-Ulrich Humpf, Lena Studt 

13:45 Self-protection mechanisms of the fumonisin producer Fusarium verticillioides 
Slavica Janevska, Vito Valiante 

14:00 Stachybotrys chartarum as a source of novel biologically active secondary 
metabolites and products for the semi-synthetic approach 
Katharina Steinert, Nina Berg, Hans-Ulrich Humpf, Svetlana A. Kalinina 

14:15 Coffee break 

 Fungal control: Strategies to control fungal growth and mycotoxin production, 
Chairs: L. Studt, S. Janevska 

14:45 The inhibitory effects of natural plant extracts on fungal growth and mycotoxins 
production in stored agro-products 
Fuguo Xing, Xu Li, Bowen Tai, Huijuan Hua, Ping Wang, Limin Wang, Yang Liu 

15:00 Effect of Mimosa tenuiflora aqueous extract on aflatoxin B1 production in 
Aspergillus flavus: role of condensed tannins 
Christopher Hernandez, Laura Cadenillas, Anwar Elmaghubi, Isaura Caceres, Vanessa 
Durrieu, Céline Mathieu, Jean-Denis Bailly 
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15:15 The in vitro modulation of intestinal growth and inflammatory indices by fumonisin 
B1 (FB1) and hydrolysed fumonisin B1 (HFB1) 
Mariska Lilly, Nabeela Gamiet, Stefan Abel, Elisabeth Mayer 

15:30 Agricultural mulching and fungicides �t Impacts on fungal biomass and mycotoxin 
occurrence 
Maximilian Meyer, Dörte Diehl, Gabriele Ellen Schaumann, Katherine Munoz 

15:45 Monitoring of the competitiveness of an aflatoxigenic and a non-aflatoxigenic A. 
flavus strain on maize by Droplet Digital PCR 
Alexandra Schamann, Markus Schmidt-Heydt, Rolf Geisen 

16:00 Closing Remarks: Outlook to the 43rd Mycotoxin Workshop 2022 
Manfred Gareis, Hans-Ulrich Humpf 
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Biomonitoring 1: New developments in the field of human 
biomonitoring of mycotoxins 

 

Multiple mycotoxin exposure and risk assessment among a rural 
Pakistan population by human biomonitoring approach 

Lei Xia1, Hifza Rasheed2, Michael Routledge3, Hang Wu3, Yunyun Gong1*  

 

1 School of Food Science & Nutrition, University of Leeds, Leeds, UK  
2 Pakistan Council of Research in Water Resources, Islamabad, Pakistan 

3 School of Medicine, University of Leeds, Leeds, UK 
*corresponding author: y.gong@leeds.ac.uk 

 
The present study used a human biomonitoring (HBM) approach to assess the exposure of the five 
most important mycotoxins: aflatoxin B1 (AFB1), deoxynivalenol (DON), fumonisin B1 (FB1), ochratoxin 
A (OTA) and zearalenone (ZEN) in Pakistan. 292 human urine samples were collected along with 24-
hour dietary recall questionnaires from six villages in Punjab Province, Pakistan. The levels of 
mycotoxin urinary biomarkers were analysed by a highly sensitive LC-MS/MS method. This was the 
first assessment of simultaneous exposure of major mycotoxins in Pakistan using a biomonitoring 
approach. A high prevalence of AFM1 (66%, mean 20.8 ± 41.3 pg/mL), OTA (99%, mean 134.7 ± 312.0 
pg/mL) and FB1 (77%, 17.4 ± 26.8 pg/mL) were revealed for the studied population, whereas the 
prevalence for urinary DON and ZEN biomarkers were less than 40%.  Furthermore, 82% of the 
population tested positive for at least three mycotoxin biomarkers in their urine samples. The 
probable daily intake (PDI) derived from the urinary biomarker concentrations revealed a high 
exposure risk to OTA, with 89% of the participants exceeding the established tolerable daily intake 
(TDI=16 ng/kg bw/day), but none of the participants had PDI exceeding the established TDI for DON, 
FB1 and ZEN.  Probabilistic risk assessment (PRA) was used to further assess the exposure risk for 
AFB1, OTA and FB1 due to the high prevalence of their urinary biomarkers in the studied population. 
The margin of exposure (MoE), produced by PRA, suggests that the exposure to AFB1, FB1 and OTA 
are of health concern and require risk management actions considering their (possible) 
carcinogenicity and genotoxicity. Furthermore, PRA was also used to calculate the AFB1 induced liver 
cancer risk and showed a range of 0.36 �t 1.54 case/105 individuals/year, which is significant 
compared to the age standard rate for liver cancer in Pakistan (7.6/105 individuals/year for males and 
2.8/105 individuals/year for females). The regional difference observed for the distribution of 
mycotoxins will guide the priority of future research on health effects and interventions to 
mycotoxins.  
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Biomarkers of deoxynivalenol (DON) and its modified form DON-3-
glucoside (DON-3G) in humans 

Qinghua Wu1*, and Ying Deng1 

 

1College of Life Science, Yangtze University, Jingzhou 434025, China 
*corresponding author: wqh212@hotmail.com 

 
To date, considerable research has been devoted to biomarkers of deoxynivalenol (DON) and its 
modified form DON-3-glucoside (DON-3G) in humans. Since these both cause toxic effects in humans, 
identifying the biomarkers of these toxins is crucial for human health. In the present work, we 
systematically assess the profiles of human DON biomarkers in different regions, ages, sexes, and 
dietary habits; the specific features of DON biomarkers in pregnant women are discussed separately. 
We highlight recent advances in our knowledge of human DON-3G biomarkers. Free DON and DON-
glucuronide (DON-GlcA) are the major biomarkers of DON in human urine, whereas DON-3-sulphate 
and the deepoxy product DOM-1 are the secondary biomarkers. The amount of DON exposure in 
children and adolescents is higher than that in adults, whereas the elderly show the lowest levels, 
suggesting that young people, including children, face greater health risks from this toxin. DON can 
cross the placental barrier from mothers and may inhibit foetal growth and immune function. The 
vegetarian population shows a higher risk of exposure to DON and DON-3G due to their greater 
consumption of vegetables and cereals. Animal studies show that females excrete DON and its 
principal metabolites, including DON-3-GlcA, in their urine more rapidly than males. DON-15-GlcA is 
the most prominent urinary biomarker of DON-3G. This work should help to further understanding 
the specific profiles of human DON and DON-3G biomarkers. 
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Ochratoxin A and citrinin in serum of blood donors 
Alexandra Jaus1, Peter Rhyn1, Max Haldimann1, Céline Fragnière Rime1, Judith Jenny-Burri1, 

Otmar Zoller1*  

 
1Federal Food Safety and Veterinary Office (FSVO), Bern, Switzerland 

*corresponding author: otmar.zoller@blv.admin.ch 
 

Mycotoxins such as ochratoxin A (OTA) and citrinin (CIT) are commonly found in food and therefore 
represent a potential risk to human health. Analytical studies of mycotoxins and their metabolites in 
human biological fluids, such as serum, can be a powerful tool to estimate human exposure. 

A method was developed and validated for the following analytes (LOQ in ng/mL in square brackets): 
�K�d���� �€�ì�X�í�•�U�� �î
;�Z-�}���Z�Œ���š�}�Æ�]�v�� ���� �~�î
;�Z-�K�d���•�� �€�ì�X�í�•�U�� �}���Z�Œ���š�}�Æ�]�v�� ���o�‰�Z���� �~�K�d�r�•�� �€�ì�X�î�ñ�•�U�� ���/�d�� �€�ì�X�ì�ñ�•�� ���v���� ���]�Z�Ç���Œ�}-
citrinone (DH-CIT) [0.25]. The serum was extracted with a strongly acidic solvent mixture. After 
centrifugation, online SPE with an Oasis HLB cartridge was used as cleanup, followed by LC-MS/MS 
analysis with scheduled multiple reaction monitoring. 

This method was applied to serum samples from regular blood donations from all regions of 
Switzerland. The samples were chosen with the aim of a balanced recruitment in terms of gender 
and age within each collection centre (female and male donors from 19 to 75 years). During 
2019/2020 (2020-campaign), 700 samples were collected and analysed. From 240 donors of this 
campaign, a second sample was obtained two to nine months after the first sample. Furthermore, 
506 samples collected in 2005/206 were analysed. Since we also had data available of OTA serum 
concentrations from a 1992/1993 campaign with a similar cohort (main difference: narrower age 
distribution), it was possible to monitor the trend of OTA concentrations over almost 30 years. 

�K�À���Œ���o�o�U�� �K�d���� �Á���•�� �����š�����š������ �]�v�� �õ�õ�9�� ���v���� �î
;�Z-OTA in about 50% of the samples. The median 
concentration of all samples was around 0.3 ng/m�>���(�}�Œ���K�d�������v�������Œ�}�µ�v�����ì�X�í���v�P�l�u�>���(�}�Œ���î
;�Z-OTA. OTA 
levels were significantly higher in males than in females and higher in Ticino than in other regions of 
Switzerland. With the second sample of the 2020-campaign it was possible to compare the levels of 
OTA an�����î
;�Z-OTA of individuals after a few months with the respective first sample. 

�E�}�� �•���u�‰�o���� �•�Z�}�Á������ ���v�� �K�d�r�� �À���o�µ���� �����}�À���� �š�Z���� �>�K�Y�X�� ���/�d�� ���v���� ���,-CIT were rarely detected. Concen-
trations of CIT above the LOQ were found in only 1 to 2% of the samples and traces in about 15% of 
the samples. Only two samples showed DH-CIT values slightly above the LOQ. 

 

 

 

 

 

 

 

Acknowledgements: We thank the central coordinators of the Blood Transfusion Service of the Swiss 
Red Cross, all the teams of the regional blood collection centres and all blood donors for their 
important contribution to providing the samples. 
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Mechanic protection gloves used in waste sorting industry: suitable 
as passive method to sample for fungal burden 

Carla Viegas1,2, Marta Dias1, Beatriz Almeida1, Anita Quintal Gomes1,4�V���D���P�����o���v���d�Á���Œ�µ�Ï���l5, Robert 
Kosicki5, Jan Grajewski5, Susana Viegas1,2,3* 

 
1H&TRC- Health & Technology Research Center, ESTeSL- Escola Superior de Tecnologia da Saúde, 
Instituto Politécnico de Lisboa. 2NOVA National School of Public Health, Public Health Research 

Centre, Universidade NOVA de Lisboa. 3Comprehensive Health Research Center (CHRC)  
4. University of Lisbon Institute of Molecular Medicine, Faculty of Medicine, Lisbon, Portugal.  

5Faculty of Biological Sciences, Department of Physiology and Toxicology Kazimierz Wielki University 
Bydgoszcz Poland 

*corresponding author: susana.viegas@ensp.unl.pt 
 

In Portuguese waste industries, personal protective equipment, such as mechanical protection gloves 
(MPG) are of mandatory use. During their use, sweat is released and consequently the material 
humidity and temperature inside the glove increases leading to favorable conditions for the 
�u�]���Œ�}�}�Œ�P���v�]�•�u�[�•�� �P�Œ�}�Á�š�Z�X�� �d�Z�]�•�� �•�š�µ���Ç�� �]�v�š���v���•�� �š�}�� ���•�•���•�•�� �š�Z���� �(�µ�v�P���o�� ���v���� �u�Ç���}�š�}�Æ�]�v�•�����}�v�š���u�]�v���š�]�}�v��
present in this protection equipment as potential passive sampling method to assess occupational 
exposure.  

Sixty-seven gloves were analised by culture-based methods and molecular tools targeting 4 different 
Aspergillus sections (Circumdati, Flavi, Fumigati and Versicolores). 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).    

Seven different fungal species were found on gloves. The most commonly found was Aspergillus sp. 
(50.46%), followed by Mucor sp. (37.88%) and Penicillium sp. (9.43%). Among Aspergillus genus, 
seven different sections were identified, with section Nigri being the most prevalent (89.97%), 
followed by Fumigati (7.03%) and Flavi (1.58%). Aspergillus sections were detected by molecular 
tools in all but one glove sample (98.51%). Only one Aspergillus section was detected in 14.93% (10 
out 67) of the gloves samples, while in 83.58% of the samples (56 out of 67) two or more sections 
were detected. In 5 samples (7.46%), all four sections targeted were detected.  

Concerning mycotoxins results, from the thirty nine mycotoxins analyzed six were detected: 
neosolaniol detected in 2 (2.9%) samples (<LOQ); roquerfortine C detected in 29 (43.2%) samples 
(<LOQ �t 69.3 ng/g); griseofulvin detected also in 29 samples (<LOQ-34.9 ng/g); mycophenolic acid in 
60 (89.5%) samples (<LOQ �t 77.4 ng/g) and sterygmatocystin detected in 2 (2.9%) samples (<LOQ). 

Overall, the MPG mimics the total burden of exposure to fungal contamination in this occupational 
setting and also estimates what type of exposure can occur by ingestion through hand-mouth 
contact.  

Key-words: Mechanical Protection Gloves; Waste sorting Industry; Fungal contamination; 
Mycotoxins.  

This work was supported by FCT (02/SAICT/2016 �t Project nº 23222), IPL 
(IPL/2018/WasteFRPD_ESTeSL). The project is co-financed by FCT �t Fundação para Ciência e 
Tecnologia and by the Polish Minister of Science and �,�]�P�Z���Œ�������µ�����š�]�}�v�U���µ�v�����Œ���š�Z�����‰�Œ�}�P�Œ���u���^�Z���P�]�}�v���o��
�/�v�]�š�]���š�]�À���� �}�(�� ���Æ�����o�o���v�����_�� �]�v�� �î�ì�í�õ�t2022 (Grant No. 008/RID/2018/19) and Polish National Agency for 
Academic Exchange (PPN/BIL/00231). 
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Mycotoxins constitute a relevant group of food contaminants with associated health outcomes such 
as estrogenic, immunotoxic, nephrotoxic and teratogenic effects. Human biomonitoring studies have 
been globally developed to assess the exposure to mycotoxins at individual level and to several 
compounds simultaneously. This study aimed to present data obtained within a human 
biomonitoring study to assess the exposure of the Portuguese population to multiple mycotoxins. 

In the scope of the National Food, Nutrition, and Physical Activity Survey of the Portuguese General 
Population (2015-2016), 24h-urine samples from 94 participants were analyzed by liquid 
chromatography�tmass spectrometry (LC-MS/MS) for the simultaneous determination of 42 
�u�Ç���}�š�}�Æ�]�v�•�[���µ�Œ�]�v���Œ�Ç�����]�}�u���Œ�l���Œ�•�X�� 

Results revealed the exposure of Portuguese population to aflatoxins, zearalenone, deoxynivalenol, 
ochratoxin A, alternariol, citrinin and fumonisin B1�X�� �&�]�À���� �•���u�‰�o���•�� ���]���� �v�}�š�� �‰�Œ���•���v�š�� ���v�Ç�� �u�Ç���}�š�}�Æ�]�v�•�[��
urinary biomarker. Results obtained under this study allowed to confirm the simultaneous human 
exposure to two (45%), three (22%, four (6%) and five (2%) mycotoxins. Risk characterization data 
revealed a potential concern since the reference intake values of ZEN, DON, OTA and FB1 were 
exceeded by some of the participants. The number of extra-cases of HCC 0.13-0.16 derived from 
exposure to aflatoxins implied a mean annual DALY of 1.7 years/100,000. 

The present study generated, for the first time and within a HBM study, reliable data on internal 
exposure to multiple mycotoxins at individual level for the Portuguese population. These data 
contribute for supporting risk managers in the establishment of preventive policy measures to 
ensure public health protection. 
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Analytical developments: Recent developments in the field 
of mycotoxin analysis 

 

SPONSOR: CrossTOX �t Non dispersive SPE clean-up for LC-MS/MS 
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The analysis of mycotoxins by LC-MS/MS instrument is becoming more and more established, 
especially with the focus that multiple mycotoxins in matrices can be analysed simultaneously. Many 
laboratories use simple extraction procedures and simple filtration to reduce the turbidity of the 
matrix in LC-MS/MS. This minimized purification procedure carries the risk of matrix interference 
that influences the sensitivity of the analytical instrument or reproducibility of data. Typically, this 
effect is compensated by the addition of internal standards to confirm the data and with increased 
instrument cleaning cycles. 

The CrossTOX column, in difference to above, was designed to remove matrix components which 
interfere with the analytical device or interfere with the quantification, while still retaining the 
analytes of interest in the sample to be quantitatively measured. This column is incorporated in the 
protocol by replacing the commonly used syringe filter, resulting not only in good recoveries but 
reduced downtime of the analytical device and in significantly reduced costs for internal standards. 

High matrix removal and high recoveries from matrices such as cereals (e. g. corn, rice, wheat, spelt), 
nuts (e. g. hazelnut, walnut, peanuts, almonds) and even dried fruits and herbs will be presented for 
up to 17 mycotoxins, covering 11 regulated mycotoxins. The recovery rates of standard solutions 
measured for individual toxins ranges from 90-105.  

Up to 0.6 gram per column can be loaded, resulting in a matrix load of 0.2 gram matrix equivalents 
per milliliter. 

Matrix removal was demonstrated by HPLC-UV, in comparison to a UV-detectable standard, for 
harmonisation.  

For all toxins measured, the recoveries are in accordance with the European acceptance levels for 
contaminants at a given contamination level. 

The non-dispersive CrossTOX column could improve the common applied dilute-and-shoot approach 
as for majority of the matrices and analytes, costly isotopically labelled standards can be saved and 
at the same time cleaning and downtime of the LC-MS/MS can be reduced. This improves the high 
throughput of mycotoxin analysis and facilitates the quantitative analysis of the increasing number of 
samples to be tested. 

Including a FREESTYLE SPE QuEChERS system, a fully automated CrossTOX clean-up is possible. In 
combination with an online connection to the LC-MS/MS, samples can be analysed man-power 
optimized in 24/7 operation without any manual interaction from extract to chromatogram. 
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Within the scope of assessing the human exposure to mycotoxins, biomarker-based approaches have 
gained increased importance. The quantitative determination of mycotoxins and their metabolites in 
physiological samples is enabled by modern liquid chromatographic separation techniques with mass 
spectrometric detection. In order to increase sensitivity and specificity, sample preparation often 
comprises clean-up procedures such as immunoaffinity chromatography or offline solid phase 
extraction. Owing to the high time and cost expense of these approaches, its applicability for the 
analysis of large sample cohorts, which is necessary for a reliable exposure assessment, is limited. 

For this reason, an online solid phase extraction-ultra high performance liquid chromatography 
method combined with detection via tandem mass spectrometry (online SPE-UHPLC-MS/MS) was 
developed allowing the analysis of 11 key mycotoxins and mycotoxin metabolites in human urine. 
Sample preparation was simplified to centrifugation and reliable quantitation was ensured by stable 
isotope dilution or rather matrix calibrations. Besides a high robustness, method validation displayed 
the increased sensitivity of the newly developed method compared to established dilute and shoot 
approaches. The method�[�• applicability was confirmed analysing 50 urine samples from an 
intervention trial in Zimbabwe using both a dilute and shoot and the presented online SPE approach 
[1,2]. The comparison of the obtained results revealed a considerably higher number of detects and 
quantifiable mycotoxin levels after online SPE clean-up. Consequently, the developed online SPE 
method provides a valuable tool for human biomonitoring of mycotoxin exposure including sensitive 
biomarker detection, less effort for sample handling as well as a high time efficiency. 

 

[1] Gerding, J.; Ali, N.; Schwartzbord, J.; Cramer, B.; Brown, D. L.; Degen, G. H.; Humpf, H.-U.: A 
comparative study of the human urinary mycotoxin excretion patterns in Bangladesh, Germany, and 
Haiti using a rapid and sensitive LC-MS/MS approach. Mycotoxin Res 2015, 31, 127-136, DOI 
10.1007/s12550-015-0223-9. 

[2] Warensjö Lemming, E.; Montano Montes, A.; Schmidt, J. Cramer, B.; Humpf, H.-U.; Moraeus, L.; 
Olsen, M.: Mycotoxins in blood and urine of Swedish adolescents �t possible associations to food 
intake and other background characteristics. Mycotoxin Res 2020, 36, 193-206, DOI 10.1007/s12550-
019-00381-9. 
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Analysis of mycotoxins by chromatography/mass spectrometry often faces significant matrix effects 
as the analytes of interest must be extracted from complex samples. A common strategy to alleviate 
associated drawbacks is the use of isotopically labeled internal standards and, in many cases, what is 
referred to as a matrix-matched calibration. Construction of such a matrix-matched calibration curve 
relies on the availability of a blank material from which a set of calibration levels is prepared using 
native and stable-labeled isotopologues of each analyte of interest. This can often be a very laborious 
and cost-intensive task and not always a suitable blank material is available. 

However, this downside may be overcome by construction of what is called an in-sample calibration 
curve (ISCC), a methodology known from proteomics [1], which we adopted to meet the typical 
scenario of mycotoxin analysis. The original concept of ISCC requires the construction of a calibration 
curve from the selective quantification of different isotopologues of the added internal standard. Yet 
it is not limited to the latter and may instead consider the isotopologues of the analyte itself and 
their native abundance. This means that in a first step a suitable set of MRM transitions involving 
native isotopologues of the analyte is selected and their probability of occurrence calculated. This 
will provide a linear relationship between the observed MRM intensities on the y-axis with their 
probability of occurrence on the x-axis in a single experiment. To transform this x-axis into a 
concentration domain one can easily use the MRM intensity from the known amount of a single 
spike with an [UL]-13C-labeled internal standard present in the same experiment. Fortunately, such 
[UL]-13C-labeled internal standards are very common in mycotoxin analysis. 

 

As a proof of concept, we compared this new strategy to a conventional five-point, matrix-matched 
calibration using the recently published myco-DES protocol for mycotoxin analysis of cereals [2]. 
Savings in [UL]-13C-labeled internal standards ranged from 50% to 93% with considerably reduced 
measurement times while analytical performance was unaffected. As such the adapted ISCC 
methodology allows a matrix-matched calibration of every sample at no extra cost. 

[1] Gu, H. et al. In-sample calibration curve using multiple isotopologue reaction monitoring of a stable 
isotopically labeled analyte for instant LC-MS/MS bioanalysis and quantitative proteomics. Anal. Chem. 2019, 
91, 2536-2543. 

[2] Schlegel, K.M. & Elsinghorst, P.W. myco-DES: Enabling remote extraction of mycotoxins for robust and 
reliable quantification by stable isotope dilution LC-MS/MS. Anal. Chem. 2020, 92, 5387-5395. 
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To filtrate or not to filtrate �t does it make a difference?  
�t A case story on Alternaria metabolites 
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To prevent clogging of the HPLC columns, membrane filtration is often used in sample preparation 
for HPLC-MS/MS analysis. However, it also bears a great potential of analyte losses, a fact which is 
often neglected. The genus Alternaria can produce a variety of metabolites with potentially adverse 
effects on human health, but food occurrence data are inconsistent for some of these mycotoxins. A 
complex extract of Alternaria toxins was filtered using several types of syringe filters. Significant 
losses were observed. A comparison to published food surveys indicated a correlation of the applied 
type of filtration with lower incidence reports of alternariol monomethyl ether (AME) in food 
underlining the importance of this step during analytical method development. Based on these 
results there might be an underestimation of certain compounds in human exposure assessment 
when an inappropriate filter material was used. 

In the light of these results, apples especially those with fruit peel spots were investigated using a 
validated LC-MS/MS method for 17 Alternaria metabolites. For the first time, altertoxin II, an 
epoxide-holding perylene quinone, was unambiguously identified in a naturally infected, 
unprocessed apple. Negligible concentrations of tentoxin were determined 24 h after harvest, and 
the dibenzopyrones alternariol, AME as well as AME-3-sulfate were detected after six months of 
storage. Overall, these contamination patterns can be considered unlikely to be of toxicological 
concern for consumers. However, an inconspicuous peel lesion (0.5 × 1 cm) separately sampled from 
a stored apple, exhibited considerably high concentrations of 14 Alternaria toxins, including 
dibenzopyrones, their barely studied modified forms (glucosides and sulfates) and altertoxin II. 
Considering the toxicological potential of this compound, contaminations in such infected fruit parts 
should not be underestimated, e.g. in the case of exposure through the consumption of fresh 
smoothies or fruit juices. 

In conclusion, potential issues with sample filtration are outlined in this presentation. Previous food 
occurrence data should be critically re-evaluation in the light of the results at hand. 
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Deoxynivalenol is a well-known mycotoxin that has high incidence in cereals such as wheat, barley 
���v�����}���š�X���/�š�•���‰�Œ���•���v�������‰�Œ�}���µ�����•�������š���Z���Œ���i�����š�]�}�v�•���]�v���š�Z�����(�}�}�����]�v���µ�•�š�Œ�Ç���Á�Z�]���Z�����Œ�������•�•�}���]���š�������š�}���(���Œ�u���Œ�[�•��
economical losses and yield reduction. DON has been found heterogeneously distributed through 
cereal batches, thus analytical strategies can be imprecise for its quantification, as few high-
contaminated kernels could produce an entire batch rejection. Alternatives to conventional analytical 
methods have been studied, such as near infrared hyperspectral imaging (HSI-NIR), which is able to 
obtain spectral information of each pixel of the sample. Consequently, the heterogeneity could be 
overcome due to the rapid analysis of single kernels. The objective of the present study is the 
calibration of HSI-NIR for a rapid, non-destructive and eco-friendly quantification of DON in single 
wheat kernels. A total of 300 kernels contaminated with DON between <LOD and 135 mg/kg were 
scanned by HSI-NIR and subsequently analyzed by UHPLC to build multivariate predictive models. PLS 
regressions were full cross-validated obtaining different performances according to the spectral 
pretreatment applied. The predictive model which presented higher performance was for the 
Multiplicative Scatter Corrected (MSC) spectra, which had an R2 of 0.87 and a root mean square error 
of prediction (RMSEP) of 4.99 mg/kg. The model was simplified by 13 latent variable selection for 
which a an R2 of 0.82 and a RMSEP of 5.80 mg/kg were achieved. The results confirmed that, despite 
the RMSEP is far from the EU legal limit (1.25 mg/kg), high-contaminated kernels could be detected 
and rejected, thus the overall contamination of wheat batches could be reduced. It is also 
demonstrated the high-potential of HSI-NIR for single kernel analysis, thus, further studies of 
prediction and classification would have a high importance in cereal industry for mycotoxin 
management.  
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Biomonitoring 2 / Indoor: Human biomonitoring of 
mycotoxins and exposure through indoor environments 
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Analyzing complex samples for aflatoxins such as roasted coffee, cocoa, spices, Chinese herbs, and 
dog food has been an analytical challenge.  Challenges include both the removal of matrix materials 
so that chromatographic peaks can be clearly separated from aflatoxin peaks and obtaining high 
recoveries for all four aflatoxins:  B1, G2, G1, and G2.  VICAM has developed a new aflatoxin 
immunoaffinity column, AflaTest WB SR+, and a universal method that can be used for many types of 
complex samples giving recoveries of aflatoxin B1, G2, G1, and G2 greater than 90%.  In addition, the 
antibody will bind sterigmatocystin, another potent carcinogen, aflatoxin M1, and aflatoxin M2.  
AflaTest WB SR+ has exceptional solvent tolerance for solvent concentrations as high as 40% methanol 
or 30% acetonitrile.  Performance exceeds both AOAC and CEN requirements for aflatoxin 
immunoaffinity columns.  Column capacity is up to 1000 ng of total aflatoxin, and detection as low as 
50 pg aflatoxin quantitatively.  
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Pits of various shapes are frequently found by archaeologists in excavations of sites occupied by pre-
industrial rural communities. They were probably used for storage of grain. In an attempt to re-
discover various peasant skills that made it possible to preserve cereals either as food or for sowing, 
pits were dug. Einkorn (Triticum monococcum) was stored in these air-tight underground silos for 12 
months, as it could have been done by ancient populations. 

By recording climatic conditions at 3 points inside the silos, we observed periods where humidity and 
temperature would have been conducive for the development of fungi. Grains collected after storing 
in 4 different pits were characterized for their integrity, germinability, bread making tests and 
contamination by mycotoxins. The grains were not suitable for sowing, but bread could be made. 
OTA concentrations varied from 5 to 380 µg Kg-1, with the highest concentrations close to the walls 
of the pits. With BMDL10 of 4.73 to 14.5 µg Kg-1 body weight (bw) per day (EFSA scientific opinion), 
daily consumption by adults should have been lower than a dozen of g. Other foodstuff such as vine 
products or dried fruits and nuts were also susceptible to increase the exposure to OTA. Ancient 
populations using airtight-pits as grain silos might most probably suffer kidney troubles due to 
chronic exposure to OTA, in addition to the famous Saint Anthony's fire due to intoxications by ergot 
alkaloids. 
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Mould is ubiquitously spread in the environment and can contaminate not only food but also 
interiors. In indoor environments growth of mould takes place especially after water damages and is 
generally promoted by an increased room air humidity. Studies imply that people living in mould 
affected housing show an increased incidence of diseases, especially of the respiratory tract [1]. 
Therefore, it can be assumed that mould and in particular mycotoxins evoke or contribute to these 
illnesses. Although several mycotoxins have already been detected in indoor materials [2,3], human 
exposure to mould and mycotoxins in indoor environments has not been conclusively assessed. 
Therefore, the potential correlation between mould, fungal metabolites, and health problems 
encountered needs further exploration.  

In order to support risk assessment, a new method based on the separation of analytes by ultra high 
performance liquid chromatography combined with detection by tandem mass spectrometry 
(UHPLC-MS/MS) was established. The method allows the simultaneous detection and quantitation of 
38 mycotoxins from different fungal genera such as Aspergillus, Alternaria, and Fusarium. 
Additionally, a special focus was set on Stachybotrys metabolites including satratoxins, 
stachybotrychromenes, and phenylspirodrimanes. Analyzed samples originated from different mould 
infested premises and covered various materials from wallpaper to gypsum and press board to 
insulation and styrofoam. Determined mycotoxin contents were correlated with results of routine 
microbiological analyses such as the microscopic and morphologic genus identification and the 
colony forming unit assay. 

[1] Robbins, C. A.; Swenson, L. J.; Nealley, M. L.; Gots, R. E.; Kelman, B. J.: Health Effects of 
Mycotoxins in Indoor Air: A Critical Review. Appl Occup Environ Hyg 2000, DOI: 
10.1080/10473220050129419. 

[2] Tuomi, T.; Reijula, K.; Johnsson, T.; Hemminki, K.; Hintikka, E.-L.; Lindroos, O.; Kalso, S.; 
Koukila-Kähkölä, P.; Mussalo-Rauhamaa, H.; Haahtela, T.: Mycotoxins in Crude Building 
Materials from Water-Damaged Buildings. Appl Environ Microbiol 2000, DOI: 
10.1128/AEM.66.5.1899-1904.2000. 

[3] Jagels, A.; Stephan, F.; Ernst, S.; Lindemann, V.; Cramer, B.; Hübner, F.; Humpf, H.-U.: Artificial 
vs. Natural Stachybotrys Infestation�tComparison of Mycotoxin Production on Various 
Building Materials. Indoor Air 2020, DOI: 10.1111/ina.12705. 
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Background: Markers for both indoor fungal contamination and prodromal/subclinical non-invading Aspergillus 
biofilm-infections are needed. Gliotoxin indicates Aspergillus fumigatus hyphae proliferation; 
Bis(methylthio)gliotoxin appears specifically useful in detecting A. fumigatus and diagnosing invasion. We 
investigated whether exposure to environmental Gliotoxin in dust correlated with disease or with urinary 
causes elevation. 

Cerebrospinal-fluid promotes A. fumigatus Gliotoxin production sufficient to injure astrocytes, neurons, 
microglia within hours causing astrocyte swelling, apoptosis, dead-space extracellular microdomains, hindering 
diffusion, weakening local CNS immunity, already vulnerable from blood-brain-barrier immune response 
blockade. 

An immunosuppressive virulence factor, Gliotoxin induces apoptosis of phagocytes (neutrophils, eosinophils, 
granulocytes, macrophages/astrocytes), thymocytes, splenocytes, mesenteric lymph nodes, selectively 
depletes bone-marrow mature lymphocytes and impairs neutrophil signaling/phagocytosis, macrophage 
antigen-presentation/oxidative killing, transcriptions factor NF-kappaB activation, blocking cytotoxic T-
lymphocyte generation, interferon-gamma production. 

Materials/methods: Prospective monitoring 24(11M,13F) adults/children exposed to 13 combined 
Gliotoxin/Trichothecenes-contaminated indoor-environments: Comprehensive environmental-
mycological/medical investigations, fungal IGGs, urine mycotoxins (Aflatoxin, Gliotoxin, Ochratoxin-A, 
Macrocyclic Trichothecenes), neutrophils/lymphocyte subsets/monocytes/ 
IGG,IGA,IGM,IGE/immunosuppressant medications/malnutrition(protein/Vitamin D/zinc). 

With each category scored, Pearson analysis correlated disease severity (from measurable formal disability 
classification/medical events/injuries), hazardous activities, duration, environmental microfungal-mycotoxin 
contamination, Immune deficiencies, fungal diagnostics, urinary mycotoxins. 

Conclusions: 
�x Gliotoxin detection appears useful and independently specific for both environmental and medical 

testing. 
�x Environmental Gliotoxin strongly correlated with environmental microfungal contamination 

(p<.00001) but not disease severity or human Gliotoxin excretion. 
�x Urine Gliotoxin significantly correlated with combined immune deficiencies (p=.0054), neurological 

disease (p=.0466), Disease Severity (p=.0410), fungal-infection biomarkers (p=.0410), and cell-
mediated immune defects (p=.0234), but not environmental Gliotoxin. 

�x Gliotoxin excretion into urine significantly correlated with immune deficiencies and neurological 
���]�•�����•���U���Á�Z�]���Z���]�•�����}�v�•�]�•�š���v�š���Á�]�š�Z���'�o�]�}�š�}�Æ�]�v�[�•���•�Ç�•�š���u�]�������(�(�����š�•���]�v���À�]�š�Œ�}�����v�����]�v���À�]�À�}���•�š�µ���]���•�X 

�x Urine Gliotoxin testing is not a reliable marker for hazardous indoor microfungal or mycotoxin 
exposure, and probably indicates endogenous production from an active Aspergillus biofilm or 
infection. 

�x Gliotoxin's and macrocyclic trichothecenes' relationship needs investigation. 
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Assessment of multi-mycotoxin exposure in a rural county of Chile 
by urinary biomarker determination and association with food 

consumption 
Claudia Foerster1*, Gisela Rios-Gajardo2, Carlos Maldonado1, Sandra Cortés3, Catterina Ferreccio3 
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Humans are exposed to multiple mycotoxins mainly from food consumption. The aim of this work was to evaluate 
the prevalence and level of exposure to mycotoxins in inhabitants of a rural area of Chile and explore the most 
probable sources of these hazards. The study subjects were a sample of the Maule Cohort (MAUCO, n = 172) in 
Molina, Region del Maule, Chile. A sample of their first-morning urine was taken as part of their year 2 follow-up 
(from May to November 2017), and was frozen until analysis. In addition, they were asked what foods they 
consumed on the previous day and also their responses of habitual food consumption in the basal survey were 
assessed. The urine samples were submitted to enzyme hydrolysis and solid-phase extraction. The elution was 
evaporated and reconstituted in acetonitrile and the internal standard mixture. Subsequently, the extracts were 
injected into the Triple quadrupole mass spectrometer for analysis. Associations between the presence and levels of 
mycotoxins and food consumption were assessed by regression models. A p-value <0.05 was considered significant. 

Results of limit of detection (LOD), quantification (LOQ), prevalence and concentration (mean [SD]) of mycotoxins in 
the urine of the participants were: for AFB1 LOD/LOQ 0.1 and 0.08 ng/ml, prevalence of 8%, mean 0.3 (0.3) ng/ml; 
for AFM1 LOD/LOQ 0.8 and 1.1 ng/ml, prevalence 2% mean 1.8 (1.0) ng/ml; OTA LOD/LOQ 0.4 and 2.1 ng/ml, 
prevalence 0.6% mean 1.3 ng/ml; DON LOD/LOQ 6.6 and 19.7 ng/ml, prevalence of 63% mean 60.7 (78.7) ng/ml; ZEN 
LOD/LOQ 0.5 and 1.7 ng/ml, prevalence 0.6% mean 1.1 ng/ml; �r-ZEL LOD/LOQ 1.2 and 3.7 ng/ml, prevalence of 4.1% 
mean 41.8 (115) ng/ml; �t-ZEL LOD/LOQ 0.7 and 2.3, prevalence 3.5%, mean 17.4 (16.1) ng/ml. 

The 172 participants had an average age of 57 years (SD 9.3 years) and no differences were observed between the 
sexes in age, education, ethnicity, the current habit of smoking, drinking alcohol and physical activity. Significant 
differences were seen in agricultural work, where men were more (p = 0.001) and the age groups between 45-54 
years and 65-75 years had significantly more DON than the 35-44 and 55-64 groups (p = 0.03). No differences were 
observed between food consumption, nor the percentage of mycotoxin occurrence between men and women. 
Participants who consumed capsicum, meat, coffee and tea, legumes, peanuts, walnuts and ginger, had a 
significantly higher presence of DON in urine. No associations were observed between food consumption the day 
before and the presence of ZEN, �r-ZEL and ß-ZEL or aflatoxins in urine. Regarding the relationship between the levels 
of DON, aflatoxins and ZEN metabolites and grams per day of food consumed, no significant relationships were 
observed, with the exception of the association between ZEN metabolites and coffee consumption R2=0.99. 
Regarding the presence of mycotoxins in urine and habitual food consumption, aflatoxins were associated with the 
consumption of dairy products, nuts and cereals. The presence of DON was associated with the habitual 
consumption of dairy products, nuts, cereals, and capsicum, and the presence of ZEL metabolites with the 
consumption of capsicum, nuts, cereals. High consumers of dairy products, cereals, nuts and capsicum were 
associated with the presence of DON in the urine and the presence of aflatoxins and ZEN in urine were associated 
with high consumers of cereals and capsicum. 

Exposure was calculated using the Probable Daily Intake (PDI). The mean (SD) PDI for DON was 1,759 (6,899) ng/kg 
bw adjusted creatinine, 7,637 (12,446) ng/kg bw adjusted creatinine for ZEN and 1.11 (1.2) ng/kg bw adjusted 
creatinine for AFB1. Compared to TDI (or MoE for aflatoxins), 57% of DON exposures were of public health concern 
along with 100% of the participants positive for aflatoxins and zearalenone metabolites. 

In conclusion, high prevalences and concentrations of DON, low prevalences and high concentrations of ZEN 
metabolites, and low prevalences and concentrations of aflatoxin were observed. This translates into exposures of 
DON, ZEN, and aflatoxins of public health concern in the study subjects of this population. The foods most associated 
with these exposures were dairy products, nuts, cereals, and capsicum, foods that must stay in the priority of the 
Surveillance Program. More research is needed to assess the exposure of a representative sample of the Chilean 
population. 
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Toxicology 1: New insights into the toxicity and mode of 
action of mycotoxins 

 

Emerging mycotoxins trigger ferroptotic cell death in a fish primary 
cell model by affecting oxidative phosphorylation 

Sofie Søderstrøm1*, Liv Søfteland1 & Kai K. Lie1 

 
1Institute of Marine Research (IMR), Bergen, Norway 

*corresponding author: sofie.soderstrom@hi.no 
 

Beauvericin (BEA) and enniatin B (ENNB) 
are emerging mycotoxins frequently 
observed in plant-based fish feed. They 
have ionophoric properties and have 
shown cytotoxic potential in mammalian 
models. Sensitivity in fish is still unknown. 
Primary hepatocytes isolated from 
Atlantic salmon (Salmo salar) were used 
as a model and exposed to BEA and ENN B 
(0.05, 0.5, 1.5, 2.5, 5 and 10 µM) for 48 
hours. Microscopy, cell viability 
assessments, and RNA sequencing was 
used to characterize the toxicodynamics of BEA and ENNB. BEA became cytotoxic at >5 µM and ENNB 
���š�� �H�� �ñ�� �R�D�X�� ���Æ�‰�}�•�µ�Œ���� �š�}�� �ñ�� �R�D�� ���v���� ���E�E���� �����µ�•������ �š�Z���� �Z���‰���š�}���Ç�š���•�� �š�}�� �Œ�}�µ�v���� �µ�‰�� ���v���� �(�}�Œ�u�� ���o�]�•�š���Œ-like 
features on the cell membrane, consistent with ferroptosis. Transcriptomic analysis at non-cytotoxic 
�o���À���o�•���Œ���À�����o�����������������v�������E�E�����~�G���î�X�ñ���R�D�•���š�}�W���í�•�����(�(�����š���š�Z�����Œ���š�����}�Æ�]�����š�]�À�����‰�Z�}�•�‰�Z�}�Œ�Ç�o���š�]�}�v�V���î�•���]�v���µ������
compensatory effects associated with cellular metabolism including antioxidant defense; and 3) early 
initiation of ferroptotic necrosis. Summarized, BEA and ENNB exposure particularly affect 
mitochondrial function. Initially, the hepatocytes can metabolically compensate for the inflicted 
oxidative stress. But when exceeding 5 µM, the mycotoxins trigger an unhealthy metabolism causing 
accumulation of iron-dependent lipid peroxidation leading to ferroptosis. The mapping of affected 
pathways provides useful knowledge about the toxic action of these emerging mycotoxins, and the 
initiation of the newly discovered regulated cell necrosis pathway, ferroptosis, in Atlantic salmon 
hepatocytes. 
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Investigation of exposure to mycotoxins as possible carcinogens 
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Given the ubiquitous nature of human exposure to multiple mycotoxins, there exists an urgent need 
for understanding the mechanistic contributions of these toxins to tumorigenesis. The European 
Prospective Investigation into Cancer and Nutrition (EPIC) study revealed significant associations of 
exposure to deoxynivalenol (DON) and patulin (PAT) with hepatocellular cancer risk, while exposure 
to DON, PAT and Fusarium toxins may increase colorectal cancer risk. Multi-mycotoxin exposures 
were associated with both hepatocellular and colorectal cancers development. Building on the 
epidemiological results, we devised experimental studies analogous to our work on aflatoxin B1 to 
gain better understanding of the mechanistic roles of DON and PAT in colorectal and liver 
carcinogenesis. 

Previous experimental in vitro and in vivo exposure studies using aflatoxin B1 and ochratoxin A 
provided a proof-of-principle for the genome-scale analysis of characteristic mycotoxin-induced 
mutation spectra associated with specific DNA adducts on guanines and with oxidative DNA damage, 
respectively. Here, analogous effects of DON, PAT and their combination on epithelial liver and colon 
cancer cell lines (HepG2 and HT-29) and primary mouse embryonic fibroblasts (MEF) were 
investigated. The cyto- and genotoxicity was evaluated using, respectively, the colorimetric MTT 
assay and �vH2Ax immunostaining. Clones amenable to whole-genome sequencing analyses were 
generated before and after chronically (6-8 weeks) exposing the two human cell lines to the 
mycotoxins, whereas MEF-derived clones were obtained upon exposure, senescence bypass and 
clonal outgrowth. 

The independent exposures to DON and PAT induced both cytotoxicity and genotoxicity in both, 
HepG2 and HT-29, and in MEFs, suggesting potential exposure�tspecific mutagenic effects. Co-
exposure to a mixture of DON and PAT induced augmented cytotoxic effects in all cell systems. 
Genome-scale sequencing of the extracted DNA from the chronically single and co-exposed cell lines 
is carried out to identify exposure-specific mutational signatures that will then be assessed in human 
cancers by computationally screening the human pan-cancer whole-genome sequencing data. RNA 
sequencing as well as measurements of oxidative stress upon short-term exposure will address the 
role of relevant DON and PAT-induced genomic and cellular toxicity. 

Our findings will yield new and important mechanistic insights, thereby providing a rationale for a 
targeted reduction of relevant dietary mycotoxin exposures and associated cancer-risk control in 
policy development and regulations at national and international levels. 
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Antifungal activity of fermented and unfermented rooibos and 
honeybush extracts against Fusarium species 

Beauty Omoruyi*, Mariska Lilly, Wentzel Gelderblom 
 

Cape Peninsula University of Technology, South Africa 
*corresponding author: Omoruyie@cput.ac.za 

Mycotoxins produced by several Fusarium species does not only have a significant effect in the 
reduction of maize yield and grain quality, but have led to food safety concerns. The antifungal 
activity of rooibos (Aspalathus linearis) and honeybush (Cyclopia spp.) tea extracts reduced the 
growth of plant pathogen Botrytis cinerea, but their efficacy against Fusarium spp. is unknown. In this 
study, we examined the effect of fermented and unfermented rooibos and Cyclopia subternata 
aqueous extracts as well as green tea (Camellia sinensis) against 10 Fusarium species. Viability of 
conidia was determined by measuring ATP using the BacTiter-GloTM assay and IC50 was calculated 
with GraphPad Prism 5.01 software. Fermented rooibos extract (20 gm/ml) decreased the spore 
viability of Fusarium verticillioides MRC 8559, Fusarium globosum MRC 6647, and Fusarium 
subglutinans MRC 8553 to 13.5 %, 13.6 %, and 9.5 %, respectively, while unfermented rooibos 
decreased their spore viability to 18.1%, 18.7% and 28.0%. The fermented C. subternata (20 mg/ml) 
extract exhibited a significant reduction in spore viability of F. globosum MRC 6122, Fusarium 
proliferatum MRC 8550 and F. subglutinans MRC 8553 by 12.0 %, 6.0 % and 3.1 %, respectively. 
While the unfermented C. subternata had a less inhibitory effect on the conidia of these strains at 
34.1 %, 81.3 % and 36.7 %. Overall, the fermented rooibos and honeybush extracts showed a higher 
antifungal activity against the Fusarium species than the unfermented extracts. 
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Toxicological evaluation of selected mycotoxins using the Zebrafish 
model system 
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Mycotoxins are secondary metabolites produced mostly by fungi of the genera Aspergillus, 
Penicillium and Fusarium. Mycotoxins are known to exert deleterious effects on human and animal 
health. High prevalence of aflatoxins, fumonisins and other  emerging, unregulated mycotoxins have 
been detected in maize samples from Kenya yet their toxicological implications along with a detailed 
mechanistic insight on human development are still not well understood. This study, examines 
aflatoxin B1 (AFB1), fumonisin B1 (FUMB1), cyclopiazonic acid (CPA), and aflatoxicol (AFC) for 
cardiotoxicity, morphological parameters, survival parameters and locomotor behavior in zebrafish 
embryos and larvae upon exposure to the �u�Ç���}�š�}�Æ�]�v�•�X�� ���š�� �ò
®�Z�}�µ�Œ�•�� �‰�}�•�š-fertilization (hpf), zebrafish 
embryos were treated with mycotoxin concentrations of 1 ng/mL, 5 ng/mL, 25 ng/mL, 75 ng/mL, and 
125 ng/mL for AFB1, CPA, and AFC, and from 1 µg/mL to 125 µg/mL for FUMB1. Morphological and 
survival parameters were observed every 24 hours up to 96hpf, cardiotoxicity assessment was done 
at 48 hpf, while locomotor behavior was assessed at 96 hpf using a Noldus Daniovision video tracking 
system . Preliminary results show that AFB1 does not have a significant effect on the heart function. 
However, at 25 and 75 ng/ml AFB1, hyperlocomotion is observed. The highest concentration of AFB 1 
(125 ng/mL) results in developmental defects in the pectoral fins from 72hpf on and 96% lethality at 
96hpf. Further experiments and subsequent results for the other mycotoxins will be presented 
during the conference. With new insights on the toxic effects of these emerging mycotoxins in the 
zebrafish model, this study will contribute to the lean existing toxicity data that is required to support 
legislative decisions for mycotoxins control. 
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Mitochondrial toxicity and changes to cellular bioenergetics by 
Fusarium mycotoxins - alternate mechanisms of action 

Sheik Abdul, N.1, Marnewick, J.L1* 
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Fusarium spp. are prolific producers of fumonisins, trichothecenes and zearalenone, which are three 
of the most prevalent mycotoxins globally, as well as neglected toxins such as fusaric acid. Over the 
last decade fusariotoxin induced mitochondrial dysfunction has emerged as an alternate mechanism 
of action, and its role in metabolic toxicity is now being appreciated. These toxins can induce 
mitochondrial dysfunction by different mechanisms including impairment of oxidative 
phosphorylation and respiratory chain activity as well as inducing mitochondrial stress and hindering 
the removal of damaged mitochondria. Additionally, the production of reactive oxygen species and 
the generation of reactive metabolites, has been shown to damage key mitochondrial proteins. The 
potential impact that these toxins have on metabolic pathways have been made possible by 
technological developments in areas such as molecular biology, metabolomics and other innovative 
methodologies, including in vitro energy substrate manipulation. This lecture focusses on the 
different fusariotoxins that epitomise the recent discoveries encompassing the diverse molecular 
mechanisms utilised by these toxins to not only cause mitochondrial dysfunction but also rewire 
critical metabolic pathways. These works illustrate how fusariotoxins control the direction of major 
metabolic pathways to alter the metabolic endpoints of cells. Understanding the complex interplay 
between metabolism and toxicity will help identify aberrant metabolic finalities linked to diseases 
thought to be induced by fusariotoxins, such as cancer. 



42nd Mycotoxin Workshop  May 31st �t Jun 2nd 2021 

46 
 

Toxicology 2: New insights into the toxicity and mode of 
action of mycotoxins 

 

Ochratoxin A exposure induces key pathological features of 
�W���Œ�l�]�v�•�}�v�[�•�����]�•�����•�����]�v���š�Z�������Œ���]�v��in vitro and in vivo 
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�d�Z���� �‰�Œ�]�u���Œ�Ç�� �����µ�•���� �}�(�� �W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•���� �~�W���•�� �]�v the majority of patients is still unclear; however, 
several environmental risk factors have been associated with PD. People living in a rural area might 
be at significantly increased risk of getting PD due to exposure to potential neurotoxins present in 
the environment.  Mycotoxins are a group of natural-occurring fungal metabolites contaminating a 
huge variety of crops. The mycotoxin ochratoxin A (OTA) was previously reported to be neurotoxic 
and to cause striatal dopamine depletion after single intraperitoneal administration to mice. To 
further identify if OTA exposure could have a role in the development of PD, wild type mice were 
orally treated with low doses of OTA (0.21 or 0.5 mg/kg b.w.) four weeks. The long-term effects of 
OTA on PD related molecular features (alpha-synuclein pathology, dopaminergic dysfunction and 
motor deficits) were evaluated six months after the end of the treatment. Immunohistochemical and 
biochemical analyses demonstrated a loss of dopaminergic cells associated with a decrease of 
dopaminergic innervation in the striatum responsible for motor impairments. Phosphorylated alpha-
synuclein levels were also increased in the brain. Similar to PD, LAMP-2A protein levels were 
decreased. The mechanism was further validated in vitro in a human SH-SY5Y neuroblastoma cell 
line. Cell cultures exposed to OTA exhibited decreased LAMP-2A protein levels, impairment of the 
chaperone-mediated autophagy pathway and decreased alpha-synuclein turnover which was linked 
to the deregulation of miRNAs, all reminiscent of PD. Our results provide preliminary data to 
understand the potential neurodegenerative effect of OTA as well as contribute with an 
experimental system able to detect other long-term effect neurotoxins. 

 

 

 

Funding. This study was funded by European Regional Development Fund (FEDER) "A way to make 
���µ�Œ�}�‰���—���~�ò�&�Z�^�������ì�ì�ô�•�U�����Ç���š�Z�����^�D�]�v�]�•�š���Œ�]�}�������������}�v�}�u�]���U���/�v���µ�•�š�Œ�]�����Ç�����}�u�‰���š�]�š�]�À�]�������U�����P���v���]�������•�š���š���o��
������ �/�v�À���•�š�]�P�����]�}�v�_���}�(���š�Z���� �^�‰���v�]�•�Z���'�}�À���Œ�v�u���v�š���~���'�>�î�ì�í�ó-85732-R) (MINECO/AEI/FEDER, UE) and the 
¨Gobierno d���� �E���À���Œ�Œ���_�� �~�î�ì�í�õ-project 43). Part of this work was carried out in the MITOX Research 
group of the University of Navarra.   
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On the estrogenic activity of alternariol and its dibenzo-�r-pyrone 
scaffold: a target fishing study to mine novel biological targets 
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The Alternaria mycotoxin alternariol shares with urolithins, which are health-promoting gut 
metabolites of ellagitannins, a dibenzo-�r-pyrone scaffold. Depending either on the hydroxylation or 
substitution patterns, molecules having this scaffold have been described interacting with the 
estrogen-related cell machinery resulting in an estrogenic activity in vitro and suggesting a possible 
role as xenoestrogen. Taking into account the polyphenolic nature of these compounds, their 
estrogenicity likely involves mechanisms other than the well described interaction and activation of 
estrogen receptors. Specifically, a divergence in the network of biological targets might determine 
the opposite outcome these two structurally related classes of compounds are meant to have in 
living organisms. 

In this respect, the present work was focused on the estrogenic activity of dibenzo-�r-pyrones and 
pursued the identification of possible biological targets other than estrogen receptors. Emphasis was 
then placed on studying the effects of the inter-class chemical differences and how they may 
influence the respective interaction with targets. 

The work relied on an in silico target fishing approach to identify possible novel additional targets 
involved in the estrogenic response followed by experimental confirmatory trials. As a main 
outcome, the dibenzo-�r-pyrone scaffold was described in silico as able to inhibit the 17�t-
hydroxysteroid dehydrogenase I, a key enzyme in estrogens biosynthesis in charge of producing 17�t-
estradiol. Of note, this result was found of particular relevance as may explain in part the mild 
estrogenic activity described for these compounds so far. The prediction was than confirmed 
experimentally using both a cell-free biochemical assay and a cell-based model system. Afterwards, a 
thorough 3D modeling analysis was done to highlight whether the chemical differences between 
alternariol and urolithins may impact their respective capability to interact with the enzyme. The 
molecular modeling described that alternariol might have a more pronounced capability to anchor 
the substrate binding site likely resulting in a stronger inhibitory potential compared to the urolithins 
under analyses. 

This work described for the first time the 17�t-hydroxysteroid dehydrogenase I as a biological target 
of alternariol and urolithins extending knowledge on the mechanistic aspects of their estrogenicity. 
In addition, alternariol was described as an inhibitor possibly more potent compared to the health-
promoting counterpart. The relevance of this specific result to the in vivo condition needs to be 
verified with priority in the light of describing precisely the molecular basis of the diverse final 
outcome these compounds are supposed to elicit in living organisms. 
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Combined Alternaria alternata toxins activate the aryl hydrocarbon 
receptor pathway and alter the colonic immune response in vitro 
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Food contaminating mycotoxins produced by Alternaria alternata fungi such as altertoxins (ATX) and 
alternariol (AOH) have been shown to activate the aryl hydrocarbon receptor (AhR) [1]. AhR 
activation affects phase-I-metabolism enzymes and is known to interfere with multiple pathways 
including, among others, inflammatory cascades and antioxidative signaling. Thus, our mechanistic 
studies highlighted the potential of Alternaria toxins to activate the AhR pathway also in 
combinations or in complex mixtures by assessing the 7-ethoxyresorufin-O-deethylase (EROD) 
enzyme activity in MCF-7 breast cancer cells [2]. Building on this, we further examined in depth the 
implications of the AhR activation triggered by Alternaria mycotoxins at intestinal level. For this 
approach we selected a non-transformed colonic epithelial cell line (HCEC-1CT) to assess potential 
downstream effects of AhR activation on the immunocompetence, following pro-inflammatory 
stimulation. Transcript levels of pro-inflammatory cytokines were measured via qRT-PCR and 
epithelial barrier function proteins via confocal microscopy. 

EROD experiments revealed a dose-dependent increase of enzyme activity by two complex mixtures 
of Alternaria toxins as well as altertoxin I (ATX-I), ATX-II and AOH. For binary mixtures, AOH and ATX-
II showed synergistic interactions in this respect [2]. Focusing on these two toxins in the colonic cell 
system, qRT-PCR experiments revealed immunosuppressive potential targeting the transcription of 
two cytokines TNF-�r and IL-8. Modulation of the transcription of matrix metalloproteinase MMP-2 
implied also potential effects in epithelial restitution and barrier functions. This was supported by 
structural modifications of membrane bound proteins such as integrin �t1, claudin 4 and zona 
occludens 1. Mechanistically, immunofluorescence experiments showed an impact of ATX-II and AOH 
on the translocation profile of AhR, Nrf2 and NF-�nB.  

To conclude, our data sustain the hypothesis that Alternaria mycotoxins can interfere with pathways 
relevant for colonic immune responses, antioxidant capacity and the structural integrity of intestinal 
cells.  

1. Pahlke, G., et al., Impact of Alternaria toxins on CYP1A1 expression in different human tumor 
cells and relevance for genotoxicity. Toxicol Lett, 2016. 240(1): p. 93-104. 

2. Hohenbichler, J., et al., Alternaria alternata Toxins Synergistically Activate the Aryl 
Hdrocarbon Receptor Pathway in vitro. Biomolecules, 2020. 10(7): 1018 
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Intestinal cells form the first barrier against the "dietary exposome". This comprises chemical or 
microbial genotoxic substances, that can induce a variety of DNA damages. The dietary exposome 
also includes mycotoxins, such as deoxynivalenol (DON), which is the most prevalent mycotoxin in 
the European food chain. DON binds eukaryotic ribosomes, leading to translation inhibition and 
ribotoxicity. DON is not genotoxic by itself, but it was recently shown that it exacerbates the DNA 
damage induced by the bacterial genotoxin colibactin. Here, we examined whether DON modulates 
the DNA damages inflicted by a variety of DNA damaging compounds with different modes of action. 
Using phosphorylated H2AX and RPA32 as DNA damage markers, we observed that DON, at a dose as 
low as 1 µM, exacerbated the DNA damages induced by cisplatin, etoposide and phleomycin. In 
contrast, de-epoxy-deoxynivalenol (DOM-1), a modified form of DON unable to inhibit the ribosome, 
did not exacerbate DNA damage. Conversely, several ribosome inhibitors exacerbate DNA damage 
indicating that synthesis inhibition explain DNA damage exacerbation. Therefore, contamination with 
DON at realistic levels aggravates DNA damage induced by various mutagens to which intestinal cells 
are exposed.  This suggests that health risks from the exposure to a mixture of chemical and fungal 
contaminants give rise to greater risks than the exposure to single compounds. Consequently, 
legislations, which are based on the effects of contaminants taken separately, should consider the 
effects of mixtures. 
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The human gut microbiota plays a key role in the maintenance of human health. Factors able to 
modify its composition might predispose the host to the development of pathologies. Among the 
various xenobiotics introduced through the diet, Alternaria mycotoxins are speculated to represent a 
threat for human health. However, limited data is currently available about the bidirectional relation 
between gut microbiota and Alternaria mycotoxins. In the present work we investigated the in vitro 
effects of different concentrations of a complex extract of Alternaria mycotoxins (CE; containing 
eleven mycotoxins; e.g. 2.3 µM altersetin and 0.153 µM alternariol (AOH), at the maximum CE 
concentration tested) on human gut bacterial strains belonging to five of the most dominant human 
gut microbial phyla. Furthermore, the ability of the bacterial strains to adsorb or metabolize the 
mycotoxins of the extract was also studied.  

Results from the minimum inhibitory concentration (MIC) assay showed the scarce ability of CE to 
inhibit the growth of the tested strains, since considerable MIC values were found only for 
Bacteroides vulgatus (50 µg/mL) and Clostridium innocuum (100 µg/mL). However, the growth 
kinetics of most of the strains were negatively affected by exposure to the various CE concentrations, 
mainly at the highest dose. Interestingly, despite most of the observed modifications in bacterial 
growth were found to be mainly attributable to modifications of the stationary-phase growth yield, 
increased doubling times or prolongation of the lag phase were sometimes observed, depending on 
the strain and on the specific CE concentration tested. The CE was also found to antagonize the 
formation of biofilms, already at concentrations of 0.5 µg/mL. LC-MS/MS data analysis of the 
mycotoxin concentrations found in bacterial pellets and supernatants after 24 h incubation showed 
the ability of bacterial strains to adsorb some Alternaria mycotoxins (e.g. AOH, AOH monomethyl 
ether, and altersetin), thus reducing the amount of mycotoxins potentially absorbable at the 
intestinal level. Of note, the tendency of these mycotoxins to accumulate within bacterial pellets, 
especially in those of Gram-negative strains, was found to be directly related to their lipophilicity. 

Taken together, this study highlights the potential role of Alternaria mycotoxins in impacting the gut 
microbiota and, vice versa, the importance of the latter in mediating the systemic bioavailability and 
detoxification of these abundant food contaminants consumers are constantly exposed to. 
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Mycotoxins often display a pleiotropic toxicity, whose characterization includes a tedious evaluation 
of all cellular functions. Tools that enable, comprehensive functional analysis in a high throughput 
technique are largely needed for toxicity screening. Here we used a molecular profiling methodology 
known as ICM-MS (Intact Cell MALDI-TOF Mass Spectrometry) for screening the toxicity of 
mycotoxins. ICM-MS is based in the acquisition and comparison of MS profiles that depend on the 
peptide/protein composition of the studied cellular population, and so they evolve following a 
response to an insult. Our hypothesis was that each mycotoxin shapes the ICM-MS profile of a given 
cell type in a specific way, and that these profiles can be modeled to build a toxicity-predicting tool. 
The main objectives of this study were (i) to determine if the ICM-MS profile of intestinal cells 
exposed to regulated mycotoxins (deoxynivalenol, zearalenone, aflatoxin-B1, Fumonisin-B1, patulin, 
ochratoxin-A) was toxin-specific, (ii) if these profiles changed according to toxicity kinetics and dose-
response effect and (iii) if we were able to build a toxicity-predictive model using ICM-MS profiles 
that could be used to explore the toxicity of unknown mycotoxins. Intestinal Caco-2 cells were 
exposed for a short period (24h) to low concentrations of mycotoxins (0.1, 1, and 10µM) and 
analyzed by ICM-MS. The specific bioinformatics tools, ClinProTools, were employed to process and 
compare the MS profiles. Non-linear multivariate analysis was applied to build predictive models of 
cellular toxicity associated with the known effect of the tested mycotoxins. Identification of the 
molecular masses represented in the profiles was achieved using in-house produced databases. 
Results showed that ICM-MS intestinal cells phenotyping was specific and allowed to differentiate 
the response to each specific mycotoxin, with cross-validation (specificity) and recognition values 
(sensitivity) higher that 85%. We obtained and tested a model able to classify the mycotoxin effect by 
their general known effect (cytotoxic, genotoxic and other, non-acute effect). ICM-MS profiles 
changed with exposure times and toxin concentration. The abundance of several molecular masses 
varied with toxin concentration and/or exposure time, representing potential biomarkers. ICM-MS 
profiling, in conclusion, represents a promising toxicity-screening tool, and results allows for the 
discovery of new potential biomarkers. 
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Aflatoxins are of major global concern for food and feed safety because of their carcinogenicity (IARC 
class I) and negative effects on animal health and performances. Adding a mycotoxin detoxifier to the 
feed is the most common post-harvest mitigation approach. Among the mycotoxin detoxifiers, clays 
are known for their adsorbing characteristics, and are used as feed additives to overcome the 
negative effects of aflatoxicosis in livestock farming. Recently, it has been demonstrated in vitro that 
calcination of clay minerals enhanced the adsorption of aflatoxin G1 (AFG1) and G2 (AFG2)1. 
Calcination is a process in which clay minerals are heated to different temperatures. The European 
Food Safety Authority (EFSA) stated that the efficacy of detoxifiers should be investigated based on 
toxicokinetic studies. Little or no information is available on the absolute oral bioavailability and the 
toxicokinetic parameters of AFG1. The goal of this study was to investigate (a) the toxicokinetic 
characteristics of AFG1 and (b) the effect of calcination of a Tunisian purified clay on different 
toxicokinetic parameters of AFG1. In this study, a total of forty, 3 weeks-old healthy broiler chickens 
were randomly distributed into four groups of 10 animals (��"Õ"Ö/��"Ò"Ó, 5/5). Group 1 was administered 
AFG1 (2 mg/kg BW) by single intravenous injection (IV), group 2 received an intra-crop bolus (PO) of 
AFG1 (2 mg/kg BW) without any clay, group 3 was dosed AFG1 PO together with an oral bolus of 
purified clay (CP, 1 g/kg BW), and group 4 received AFG1 PO with an oral bolus of calcinated clay (CC, 
1 g/kg BW). Blood was collected at several time points after administration. Plasma levels of AFG1 
were quantified using an in-house validated liquid chromatography tandem-mass spectrometry 
method and toxicokinetic parameters were analyzed. After the PO administration, maximum plasma 
concentration (Cmax) of AFG1 was observed at 10 min which indicates a rapid absorption of the 
mycotoxin. A statistically significant difference in the area under the plasma concentration-time 
curve was observed for group 4 (7.98±3.46 h*ng/ml) in comparison with group 2 (13.27±4.25 
h*ng/ml) and group 3 (16.17±5.24 h*ng/ml) with a p-value of 0.001. Consequently, a significant 
reduction in the oral bioavailability between both clay-dosed groups was observed (14.51±4.65 and 
8.72±3.78 for the CP and CC respectively) with a p-value of 0.001, indicating that calcination of the 
purified clay was efficient in adsorbing AFG1. 
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Monitoring of the exposure of animals to mycotoxins may include not only an analysis of toxin 
contamination in the diet but also the analysis of toxins in biological matrices with the use of 
biomarkers of exposure. The goal of this study was a) to evaluate the most suitable biomarkers for 
deoxynivalenol (DON), zearalenone (ZEN), ochratoxin A (OTA), and citrinin (CIT) in porcine plasma 
and urine after exposure of the pigs to contaminated feed, and b) to determine the kinetics of the 
disappearance of mycotoxin biomarkers. 

In the animal experiment, a total of 24 pigs were divided into three groups: a control and two 
experimental (located separately in the metabolic cages). Pigs were exposed to feed prepared from 
maize and rye naturally contaminated with DON, ZEN, OTA, and CIT at following concentrations: 559 
± 23, 16 ± 2, 114 ± 8, 36 ± 5 µg/kg feed in experimental group I and 1126 ± 91, 35 ± 4, 225 ± 22, 71 ± 8 
µg/kg feed in group II, for 14 days. Then, both experimental groups received feed free of mycotoxins 
for the next 14 days to determine the kinetics of the disappearance of mycotoxin biomarkers. Urine 
samples were collected every day in the morning (24-hour urine) and blood samples �t once a day 
from different groups (3h after feeding). Plasma biochemical parameters were also controlled during 
the experiment. Multi-mycotoxin LC-MS/MS methods were applied to determine biomarkers of 
���Æ�‰�}�•�µ�Œ�����]�v���‰�]�P�[�•���µ�Œ�]�v�������v�����•���Œ�µ�u���•���u�‰�o���•�X�����}�š�Z���u���š�Z�}���•���Á���Œ�����À���o�]�����š���������}�v�����Œ�v�]�v�P���š�Z�����P�µ�]�����o�]�v���•��
specified by the EMEA (European Medicines Agency).  

Following maximum levels of biomarkers were found in urine samples from experimental groups (I, 
II): DON (51, 117 ng/mL), ZEN (2, 4 ng/mL), OTA (30, 59 ng/mL), CIT (48, 84 ng/mL) and their 
metabolites: alpha-zearalenol (1,8; 2,95 ng/mL), deepoxy-deoxynivalenol (13, 29 ng/mL), ochratoxin 
alpha (OT�r) (10, 20 ng/mL) and dihydrocitrinone (DH-CIT) (146, 312 ng/mL). In serum samples 
maximum concentrations of biomarkers from experimental groups (I, II) were for: DON (10, 24 
ng/mL), OTA (207, 450 ng/mL), CIT (10, 29 ng/mL), OT�r (<LOQ; 1 ng/mL) and DH-CIT (<LOQ; 4 
ng/mL). 

It was the first prolonged exposure experiment for multiple mycotoxins in pigs. The urinary and 
serum concentration of all biomarkers correlated well with the respective toxin intake what 
demonstrates that they are suitable biomarkers of exposure in pigs. Urine (collected in 24 hours) is a 
good candidate to monitor DON, ZEN, OTA, and CIT exposure, serum �t DON, OTA, and CIT (only 
traces of ZEN were found). Additionally, OTA has quantified in urine as well as serum samples in 
experimental groups even after two weeks after changing contaminated feed for control in contrast 
to other mycotoxins, which were quantified only during feeding with contaminated feed.  
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Mycotoxins act mainly as pathogenicity factors in host plants. Mostly the effects of the infestation by 
phytopathogenic fungi are clearly recognizable, but mycotoxins are also detected in plants which 
exhibit no visual symptoms of fungal infection. In this case it is likely that the mycotoxins are 
produced by endophytic fungi without visually observable effects or the toxins are absorbed from 
soil by the roots. The transfer from soil into the plant has already been shown for several xenobiotics 
like pharmaceuticals and personal-care products. Concerning mycotoxins, only limited data are 
available, which are mainly focused on the metabolic fate of zearalenone and deoxynivalenol in 
durum wheat [1, 2]. Even though fungi of the genus Alternaria are ubiquitous in the environment, 
currently no studies on the transfer of Alternaria toxins (ATs) from soil into the plant have been 
carried out so far.  

The aim of the project is to estimate the importance of this entry pathway and its contribution to the 
total accumulation of Alternaria toxins in wheat plants for a better understanding of the "soil-plant-
phytopathogen" system. For this purpose, a hydroponic cultivation system was developed and the 
nutrition solution was spiked with 4 mg/L of Alternariol (AOH), Alternariol monomethyl ether (AME) 
and Tenuazonic acid (TeA). The plants grew in a climate chamber under optimal growth conditions 
until the tillering stage, were harvested after one and two weeks and divided into leaves, root necks 
and roots. The samples were freeze-dried and ground into a fine powder for further quantification of 
the added Alternaria toxins.  

Quantification was performed using a validated LC-MS/MS in-house method. After two weeks of 
cultivation, the treated roots had the highest mycotoxin levels in the case of all three mycotoxins 
(65.5 mg/kg AOH, 34.2 mg/kg AME, and TeA 4.8 mg/kg on a fresh weight basis), followed by the root 
necks and the lowest levels in the leaves. For a large part (90-98%) of the supplemented mycotoxins, 
the fate is unknown, as they could not be detected in the remaining nutrient solution, nor in the 
wash water. Only a small part was detected in the plant parts. A larger percentage of the mycotoxins 
may have been metabolized. The preliminary high-resolution Q-TOF-MS/MS data show a large 
metabolite spectrum of mycotoxin conjugates (glucosides, malonylglucosides, diglucosides, sulfates, 
acetylated forms, etc.). 

To our knowledge, this is the first study, which investigated the transfer of mycotoxins into the 
different wheat plant parts using a hydroponic system in a climate chamber for cultivation.  

[1]  Gianni & Dall'Asta et al. (2013). Durum Wheat (Triticum Durum Desf.) Lines Show Different 
Abilities to Form Masked Mycotoxins under Greenhouse Conditions. Toxins. 6. 81-95. 
10.3390/toxins6010081. 

[2]  Renato & Dall'Asta et al. (2017). Plant organ cultures as masked mycotoxin biofactories: 
Deciphering the fate of zearalenone in micropropagated durum wheat roots and leaves. PLOS 
ONE. 12. e0187247. 10.1371/journal.pone.0187247. 
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The mycotoxigenic fungal pathogens Fusarium and Alternaria are one of the leading contributors to 
losses in cereal crops.  Against them are naturally occurring antagonists such as pseudomonads, 
which compete with the fungi on the wheat-ear. However, studies investigating the interaction of 
these groups often neglect the temporal aspect of the infection process and the associated priority 
effects. In our study, which we would like to present here, the focus was on the influence that the 
initial colonizer has on the subsequent colonizers (Hoffmann et al., 2021). Pseudomonas stood out 
for its ability to inhibit the growth of phytopathogenic fungi and their mycotoxin production. In a 
climate chamber experiment, wheat-ears were successively inoculated with two different strains 
(Alternaria tenuissima, Fusarium graminearum, or Pseudomonas simiae). The development of the 
infection process and the production of mycotoxins were tracked over three weeks using qPCR and 
HPLC. All three strains presented different characteristics and strategies in dealing with co-
inoculation. Our conclusions about species-specific priority effects in a natural environment and the 
role of the mycotoxins involved contribute significantly to the development of effective biocontrol 
strategies. 
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Ochratoxin A (OTA) is produced by Aspergillus and Penicillium species, contaminating various 
foodstuffs such as cereal crops, fruits, vegetables and nuts, and is classified as a possible human 
carcinogen (group 2B) by the International Agency for Research on Cancer. The contamination of 
ochratoxigenic fungi and the subsequent OTA occurs at all stages of crop planting, harvest, storage 
and processing, and OTA production are affected by environmental factors. Here, we discuss the 
impacts of light and carbon sources on ochratoxigenic Aspergillus ochraceus and A. carbonarius. The 
results showed that the growth of the both fungi were extremely inhibited by UV-B. Short-
wavelength (blue, violet) significantly inhibited the production of OTA. Infection experiments of 
pears showed the pathogenicity of the both fungi were significantly decreased under UV-B radiation. 
As for carbon sources, we found glucose and maltose were the most inducing media for OTA 
production by A. ochraceus, followed by sucrose and the nutrient-rich Yeast Extract Sucrose and 
Potato Dextrose Agar. Furthermore, we demonstrated light-related genes in velvet complex (laeA, 
veA, and velB), as well as carbon catabolite repression gene creA, played crucial roles in asexual 
development, secondary metabolism, and fungal virulence in A. ochraceus. These research provides 
theoretical basis in the control and prevention of ochratoxigenic fungi. 
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It is widely accepted that Aflatoxin B1 (AFB1) is a major contaminant in regions where hot climate 
conditions favour the development of aflatoxigenic species. Global warming may lead to the 
appearance of aflatoxins (AFs) in maize produced in Europe. It was the case in France in 2015 where 
the exceptionally hot and dry climatic conditions were favourable for AFs production and led to the 
contamination of 6% (n=114) of field and 15% (n=81) of pre-storage samples analyzed. 

In 2018 and 2019, quite similar meteorological conditions were observed in France during summer. It 
raises the question of the possible durable implanting of aflatoxigenic species in French fields. To 
assess this possible emerging threat, about 200 maize samples were collected yearly on French 
territory at harvest and analyzed for fungal contamination. Isolates belonging to section Flavi were 
isolated, identified at species level and characterized for their toxigenic potential. 

In 2018, 3.6% of the 195 samples were contaminated with aflatoxins and this proportion was only 
2.2% among the 183 samples of the 2019 harvest. These samples displayed a mean total fungal count 
ranging from 1 to 2.105 CFU/g, which is common on that type of substrate. However, surprisingly, 
54% and 56% of the 2018 and 2019 samples respectively were contaminated with Aspergillus section 
Flavi, suggesting an important implanting of these species in French fields. Mean counts for 
Aspergillus section Flavi were about 6 102 CFU/g in aflatoxin negative samples and increased to 104 
cfu/g in aflatoxin contaminated samples.  

Among the 462 Aspergillus section Flavi strains that were isolated, 426 displayed typical features of 
Aspergillus flavus, 30 were identified as Aspergillus parasiticus, 1 strain corresponded to A. nomius 
and 1 to A. tamarii. All these strains were characterized for their ability to produce both aflatoxins 
and cyclopiazonic acid. All A. parasiticus strains produced the 4 aflatoxins (B1, B2, G1 and G2) as well 
as the A. nomius one. Concerning A. flavus strains, about 25% of strains produced B type aflatoxins 
and 78% produced cyclopiazonic acid. All together more than 80% of strains were able to produce at 
least one toxin. 

A first analysis of the geographical repartition of Aspergillus section Flavi strains did not allow to 
correlate their location with specific production areas. An in-depth analysis of agricultural practices is 
ongoing to try to identify if some specific practices could prevent from the development of 
Aspergillus section Flavi, promote the presence of toxigenic strains or, contrary, the implanting of 
non-toxigenic ones. A multifactorial analysis integrating agronomy and climate will also be carried 
out. 

From these results, it appears that, even if the frequency of contamination of maize samples with 
aflatoxins is still limited in France, the aflatoxigenic species are well implanted in fields. First results 
on the 2020 harvest confirm this fact and highlight an even more frequent presence of Aspergillus 
section Flavi.  
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In this study we examined the temporal impacts (over 10 days) of interacting climate change related 
abiotic factors of temperature (30, 37oC), water availability (0.985 and 0.93 water activity (aw) and 
exposure to CO2 (400, 1000 ppm) on the kinetics of transcriptomic and metabolomic responses of A. 
flavus when colonising stored maize. This included examination of the temporal changes in aflatoxin 
biosynthesis genes, global transcriptomic response of this species using RNAseq and effects on the 
metabolite profiles using LC-MS/MS. Generally, the results have shown that CO2 x temperature x 
water stress interactions impacted on a number of genes co-expressed in relation to temporal 
colonisation patterns. Moreover, the results showed significant changes at elevated temperature x 
CO2 and water stress on the temporal differential expression of the aflatoxin gene cluster genes 
(compared with control conditions 30oC, 400 ppm CO2 and 0.985 aw). In addition, we describe several 
changes in the production patterns of different secondary metabolites in A. flavus especially under 
water stress + elevated CO2 or temperature.  

These results may be useful for a better understanding of functional relationship between A. flavus 
colonization of maize grain under existing and future interacting abiotic stresses and improve our 
understanding of how this affects phenotypic toxin contamination of this staple food grain. 
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Fusarium species can cause head blight and are infecting cereals worldwide. They not only have an 
impact on yield and quality but also contaminate grains with mycotoxins. This has downstream 
effects on food safety for both food and feed supply chains. Regulations, with maximum limits, exist 
for the relevant Fusarium mycotoxins (e.g. type A and B trichothecenes, zearalenone and 
fumonisins). There is interest in a better understanding of the effect of key interacting abiotic factors 
which determine colonisation and mycotoxin production in small grain cereals. 

This study has, thus, examined the ecophysiological relationship between temperature x water 
availability (water activity, aw) on growth and mycotoxin production by F. asiaticum, F. graminearum 
and F. langsethiae. These were carried out on simulated cereal-based matrices and identified the 
optimum and marginal boundary conditions for both growth and relevant mycotoxin production.  

An innovative probabilistic modelling approach was used. Data were pooled and a predictive 
mathematical model was developed for contour maps of the marginal and optimum conditions for 
these two key interacting abiotic parameters. These were carried out for F. asiaticum 
(deoxynivalenol), F. graminearum (zearalenone) and F. langsethiae (T-2/HT-2 toxins). Comparison 
between these models and previously published models were made. Such predictive models can help 
to define the ecological niches of these Fusarium species and the relative risk of mycotoxins 
exceeding regulation limits.  
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Oats and oat-based product consumption are increasing in the UK and Ireland due to their health 
benefits. It has been shown that Fusarium langsethiae has a preference to infect oats manifesting no 
visible symptoms. However, the grain can be contaminated with type A trichothecenes, T-2/HT-2 
toxins, for which EU directives exist on maximum indicative levels in oats destined for human 
consumption and feed. Until now, there has been no information on how Climate Change (CC) 
scenarios could influence the infection of oats by this pathogen, the production of the mycotoxins 
and thus oat grain quality.  

Our objective was to examine the impact of CC with and without acclimatisation of Fusarium spp. 
isolated from the oat mycobiota. First, we examined the impact of interacting CC environmental 
factors: water stress (0.98-0.95 aw), CO2 (400 vs 1000 ppm) and temperature (25-30-34°C) on three 
different strains of F. langsethiae growth and T-2/HT-2 production without acclimatisation. All strains 
exposed to elevated CO2 had a reduction in both lag phases prior to growth and growth rate, 
regardless of the aw examined when compared to ambient CO2. For T-2 and HT-2 mycotoxin 
production, T-2 showed the most intra-species variability in response to the interacting abiotic stress 
factors, with the 3 strains having different environmental conditions for triggering an increase in T-2 
production.   

Secondly, 7 F. langsethiae strains including those above and other strains of Fusarium spp. (2 strains 
of F. poae, 1 of F. sporotrichioides) were acclimatised for 10 generations under either ambient or 
elevated CO2 conditions (400 vs 1000 ppm). The growth rate was monitored for each generation and 
the mycotoxin production at generations 1, 4, 7 and 10 analysed. The results obtained illustrates the 
potential impact of elevated CO2 on the mycotoxin content of the UK and Ireland oats. 
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Studies demonstrate that under favourable conditions Aspergillus moulds can produce aflatoxins 

on marijuana plants. Mycotoxins are secondary metabolites produced by moulds, however not all 

fungi can produce mycotoxins. Even those with the ability to produce mycotoxins may not produce 

them all of the time as growth depends on temperature, pH, humidity and the presence of plant 

substrates. Uncured or inadequately processed marijuana plant material could offer the right 

conditions for growth of moulds. 

Some mycotoxins are human carcinogens and as a result are legislated throughout the world. Strict 

maximum levels are in place internationally for foods to ensure consumer safety. Legislation of 

cannabis and cannabis products for either medicinal or recreational use in a number of countries 

now brings safety to the forefront and such products now need to be scrutinised for contaminants 

to the same extent as food or pharmaceuticals. This means applying the same safety values for 

mycotoxins as applied to foodstuffs and conducting routine monitoring to ensure standards are 

maintained. 

In terms of mycotoxin analysis, immunoaffinity columns are already well established for the clean-up 

of a diverse range of complex matrices for all the regulated mycotoxins, including aflatoxin.  These 

products have been rigorously validated and have been applied to a variety of botanical products 

such as herbal medicines which have matrix similarities to cannabis. 

Cannabis and cannabis products contain multiple components, known as sample matrix. The 

presence of sample matrix can lead to issues in analysis. It is therefore, necessary to perform sample 

clean-up to prepare the samples for analysis. This presentation will discuss how immunoaffinity 

clean-up is effective in removing the sample matrix prior to analysis by HPLC or LC-MS/MS. 
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Penicillium expansum, the main agent responsible for blue mold in apples, is a major producer of 
mycotoxins such as patulin, a toxin that can be found in processed apple products.  

The production of secondary metabolites (SMs) is usually orchestrated by a series of genes organized 
in clusters. Thus, the patulin gene cluster contains 15 genes, named from patA to patO, regulated by 
a specific transcription factor coded by patL, essential for patulin production. In the absence of this 
transcription factor, all the expression of pat genes is drastically diminished, leading to the absence 
of production of this mycotoxin. In addition, the mutation in the patL gene affects the morphology of 
the fungus and it is no longer able to produce exudates, which appear as droplets secreted on the 
surface of the wild type (WT) mycelium. The emission of extracellular vesicles has been previously 
described in fungi and participates to their virulence since they allow the production and secretion of 
toxic metabolites in the external environment. In this context, we were interested in the 
characterization of SMs present in the exudates of P. expansum (NRRL 35695) by HPLC-DAD and LC-
HRMS analysis. We identified several SMs such as patulin, ascladiol, communesin A, and andrastin A. 
A proteomic study was also performed in order to analyze the totality of the proteins in the exudates 
and to determine their potential function. Our study identified 194 proteins, most of which (78%) 
have a signal peptide and were secreted. Most of the proteins found in the exudates are involved in 
the metabolism of carbohydrates, which in turn would degrade the apple, feed the fungus, and 
renew its wall to allow its expansion. Also found were PatE, PatB, PatO, and PatF, four proteins 
involved in patulin biosynthesis. PatE is the last enzyme and catalyzes the transformation of ascladiol 
into patulin. Since all four proteins have a signal peptide to address them to cell compartments or to 
the external environment, it is assumed that they are involved in the final steps. The presence of the 
protein PatE and ascladiol in the exudates confirms that the final step could occur outside the fungus. 
The spatiotemporal localization of the proteins could shed light on the course of the patulin 
biosynthesis pathway. In parallel, a transcriptomic study was carried out on the deletion mutant 

Pe�vpatL. The results showed that 20 proteins found in the exudates including PatE, PatB, PatO, and 

PatF, i.e. 10% of the total number, were down-regulated in the deletion mutant Pe�vpatL with an 
expression 2- to 346-fold lower expression than in the WT strain.  
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Fusarium is a species-rich group of mycotoxigenic plant pathogens that ranks as one of the most 
economically important fungal genera in the world. The genus comprises at least 300 
phylogenetically distinct species that collectively can cause agriculturally significant diseases on 
virtually all crop plants. For example, Fusarium mangiferae is the causal agent of the mango 
malformation disease and as such detrimental to the southern hemisphere. During growth and 
infection, these fungi produces a plethora of bioactive secondary metabolites (SMs), including toxins 
that are of health concern for humans and animals. 

Changes in the chromatin structure (e.g. by deposition of posttranslational modifications of histones) 
play a key role in regulating fungal SM gene expression. Posttranslational tri-methylation of histone 3 
lysine 9 (H3K9me3) is considered a hallmark of heterochromatin and as such associated with gene 
silencing. Here, we show that the histone methyltransferase FmKmt1 is involved in H3K9me3 in 
F. mangiferae. Contrary to other fungi, loss of FmKmt1 had only moderate impact on fungal 
development, but distinctly affected SM biosynthesis. While FmKmt1 was found to repress 
beauvericin biosynthesis in F. mangiferae, removal of FmKMT1 resulted in an almost complete loss of 
fusapyrone (FPY) and its derivate deoxyfusapyrone (dFPY), �v-pyrones previously only known from 
Fusarium semitectum. By a combination of bioinformatics, co-expression studies and reverse 
genetics, we identified the polyketide synthase FmPKS40 (FmFPY1) to be involved in FPY biosynthesis 
and delineate putative cluster borders. FPY biosynthesis is most likely facilitated by a seven-gene 
cluster (FmFPY1-FmFPY7), repressed by high nitrogen but independent of the ambient pH in F. 
mangiferae. The FPY gene cluster is conserved also in other members of the Fusarium fujikuroi 
species complex. However, attempts to induce expression of the respective genes in these fusaria 
failed, suggesting that other environmental stimuli are required for FPY biosynthesis in these species.  
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Fumonisin mycotoxins produced by species of the genus Fusarium detrimentally affect human and 
animal health upon consumption, due to the inhibition of ceramide synthase. In the present work, 
we set out to identify mechanisms of self-protection employed by the FB1 producer Fusarium 
verticillioides. Fluorescence microscopy revealed that fumonisin biosynthesis is compartmentalized: 
while an early step (aminotransferase Fum8) takes place in the endoplasmic reticulum, the final 
biosynthetic step (dioxygenase Fum3) occurs in the cytosol, and is thereby spatially separate from 
the fungal ceramide synthases. 

Additionally, two cluster-encoded self-protection mechanisms were identified. First, the ATP-binding 
cassette transporter Fum19 acts as a repressor of the FUM gene cluster. Appropriately, FUM19 
deletion and overexpression increased and decreased, respectively, levels of intracellular and 
secreted FB1. Second, the cluster genes FUM17 and FUM18 were shown to be two of five ceramide 
synthase homologs in F. verticillioides. The ability of FUM18 to fully complement the yeast ceramide 
synthase null mutant LAG1/LAC1 demonstrated its functionality, while co-expression of FUM17 and 
CER3 (cluster-independent homolog) partially complemented, likely via heterodimer formation. Cell 
viability assays revealed that Fum18 contributes to the fungal self-protection against FB1, and 
increases resistance by providing FUM cluster-encoded ceramide synthase activity. 
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Stachybotrys chartarum is a fungus occurring on dead plant materials and on buildings and indoor 
environments affected by water damages. Due to its secondary metabolites, long-term exposure to 
Stachybotrys may pose adverse health effects to humans. The metabolic profile is showing a broad 
structural diversity and is dependent on nutrient supply along with environmental conditions such as 
humidity and temperature. The phenylspirodrimanes (PSD) represent a major group of Stachybotrys 
metabolites and demonstrate broad spectra of biological activities. Some of the PSD possess a highly 
reactive dialdehyde moiety that not only leads to the formation of lactones and lactams but also is 
known to react with primary amines and makes this group of compounds therefore applicable for 
further N-capping derivatization reactions [1]. 

This project addresses the serine proteases inhibition properties of Stachybotrys metabolites and the 
possibility to enhance these activities by derivatization. For this purpose, the starting compounds 
were isolated and purified from Stachybotrys cultures on a large scale and an approach was 
developed to perform derivatization with different primary amines followed by subsequent 
purification. The products were screened for activity on various serine proteases with the focus on 
factors of the blood coagulation cascade (e.g. IIa, XIIa, and Xa). Additional emphasis was placed on 
the (cyto)toxicity of isolates and synthesized derivatives.  

The results show that derivatization of the test compounds with arginine and agmatine has a major 
impact on the inhibitory activity on factors IIa and XIIa. Interestingly, the experiments on epithelial 
lung carcinoma A549 cells demonstrate that the toxicity of the isolated substances can be reduced to 
a minimum by derivatization. Consequently, the obtained results show an interesting structure-
activity relationship, which will be exploited and extended in upcoming screening experiments in the 
scope of microscale syntheses. Using LC-MS/MS analysis the reactions of the starting materials with 
various primary amines and peptides will be monitored and the products will be screened for their 
anticoagulant activity and cytotoxicity. 

 

[1]  Jagels, A.; Lindemann, V.; Ulrich, S.; Gottschalk, C.; Cramer, B.; Hübner, F.; Gareis, M.; Humpf, H. 
U. Exploring Secondary Metabolite Profiles of Stachybotrys Spp. By LC-MS/MS. Toxins (Basel). 
2019, 11 (3), 1�t22. https://doi.org/10.3390/toxins11030133. 
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Mycotoxins are mainly produced by Aspergillus, Fusarium and Penicillium species. In order to control 
mycotoxins contamination, many strategies and methods have been trialed. Of them, natural plant 
extracts (NPEs) are safe, efficient and environmentallly-friendly choices. From more than 50 NPEs, 
cinnamaldehyde, eugenol, methyl jasmonate, and citral were proved to effectively inhibit the fungal 
growth (Aspergillus flavus and A. Ochraceus) and mycotoxins production (AFB1 and OTA). Using SEM 
and TEM analysis, the inhibitory mechanism of 4 NPEs on fungal growth were revealed. Using RNA-
seq analysis, the inhibitory mechanism of 4 NPEs on fungal growth and mycotoxins biosynthesis were 
deciphered. For example, we found that methyl jasmonate (MeJA) could inhibit A. flavus growth and 
AFB1 production with a dose-dependent manner. Morphological ultrastructure deteriorations were 
observed in A. flavus treated with MeJA. Some middle- and later- step genes were significantly down-
regulated, which might be due to the decrease of global regulators, especially AtfB. More 
importantly, two novel regulators (AFLA_085880 and AFLA_015850) were found to be involved in the 
inhibition, and were recognized as the critically positive regulators for AFs productions. On the basis 
of mechanism research, a complex plant antimold agent was developed by mixing the NPEs. We 
found the complex antimold agent could successfully inhibit the growth of toxigenic fungi and 
subsequent contamination with mycotoxins (AFB1, DON and ZEN) in maize during storage of 12 
months. In addition, we developed NPEs microcapsules using calcium alginate as coating material to 
improve the efficient, reduce the smell and slow release. We found that microcapsules prolonged the 
shelf life of peanuts to 60 days while only cinnamaldehyde show the strong antifungal in 15 days. 
Taken together, the NPEs have good application prospects and could be a safe and effective natural 
agent against fungal growth and mycotoxins contamination during storage of agro-products. 
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Aflatoxin B1 (AFB1) is a natural carcinogen frequently contaminating many crops in tropical and 
subtropical regions. Ongoing climate changes are widening their distribution to regions usually 
considered as free such as southern and central Europe and it is feared that contamination will 
continue to increase in these regions in coming years. The use of plant bioactive compounds is more 
and more evaluated as an alternative strategy to the use of pesticides to control AFB1 
contamination. Indeed, some plant secondary metabolites (polyphenols, alkaloids and terpenes) 
have demonstrated antifungal and/or anti-aflatoxigenic activity. Their use could therefore ensure 
food safety with no negative impact on the environment. 

In this context, the objective of this work was to evaluate the impact of Mimosa tenuiflora bark 
Aqueous Extract (MAE) on the growth of Aspergillus flavus and AFB1 production. M. tenuiflora is an 
endemic plant of Mexico widely known in traditional medicine as an effective remedy to treat skin 
burns, ulcers and wounds. 

MAE inhibited in a dose-dependent manner the synthesis of AFB1 by A. flavus, with no significant 
impact on fungal growth. This inhibition was correlated with a down modulation of the two internal 
regulators of the AFB1 cluster, namely aflR and aflS. This led to a subsequent inhibition of the other 
cluster genes, with the exception of aflT, which is not regulated by neither aflR nor aflS.  

MAE also targeted the expression of different genes involved in oxidative stress response. The 
conidial catalase gene catA was upregulated as well as transcription factors mtfA, atfA and msnA. By 
contrast, the expression of sod1 was decreased.  

In order to better identify the nature of the anti-AFB1 compounds present in MAE, a two steps bio-
guided fractionation was made using first macroporous absorption resin (MAR) purification. It led to 
refine polyphenols, allowing the separation of other hydrophilic compounds (saccharides, organic 
acids) (fraction F). Secondly, polyvinylpolypyrrolidone (PVPP) purification was used to isolate non-
tannic compounds from precipitated tannins (fraction Sf). The activity of F and Sf fractions against 
AFB1 production was then analyzed. 

F, that displayed a high polyphenol content (551 mg GAE/g DM extract) and a strong antioxidant 
activity (DPPH IC50 = 9 mg/L), had an increased antiaflatoxinogenic activity compared to MAE. By 
contrast, Sf, that lost antioxidant activity (DPPH IC50= 400 mg/L) and condensed tannins, also 
displayed a strongly reduced antiaflatoxigenic activity. 

These results demonstrate that condensed tannins present in MAE play a key role in its anti-AFB1 
effect, in relation to their strong antioxidant capacity. 
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Environmental enteropathy (EE) is a subclinical condition associated with the disruption of the 
epithelial barrier and increased permeability of the small intestine resulting in chronic inflammation. 
Mycotoxins, such as fumonisins, are secondary metabolites produced by various Fusarium species. 
Fumonisin B1 (FB1), the most abundant, is known to disrupt membrane integrity and function. FB1 
can be converted to a less toxic metabolite, hydrolysed fumonisin B1 (HFB1), by a microbial 
carboxylesterase. In the current study, the modulating effects of FB1 and HFB1 on the growth and 
inflammatory indices of the intestinal porcine enterocyte (IPEC-J2) cells were investigated. The cell 
survival indices for individual treatments that were assessed included: cell viability, apoptosis, and 
cell proliferation while the inflammatory responses were monitored by immune-detection of 
interleukin 8 (IL-8). Tumour necrosis factor-alpha (TNF-�r) and interleukin 6 (IL-6) were determined 
through qPCR. HFB1 decreased cell viability and cell proliferation at concentrations >250 µM in a 
dose-dependent manner after 24 hours of exposure stimulating apoptosis while cell proliferation was 
inhibited up to 50% at >16.5 µM. However, no induction of IL-8 was detected at these 
concentrations. FB1 showed no effect on cell viability, although IL-8 and caspase-3 activity were 
slightly increased and cell proliferation decreased at concentrations >125 µM. Therefore, it appears 
that HFB1 has a greater impact on cell growth and inflammatory markers than FB1. Currently, the 
interactive responses of combined FB1 and HFB1 are being assessed in a co-exposure model. This 
study will contribute to an understanding of the underlying mechanism involved in the modulation of 
inflammatory response and disruption of intestinal homeostasis and health by the fumonisins. 
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Plastic and straw mulching are often combined with fungicide application to protect crops against 
fungal diseases and thus improving growth and harvest conditions. However, their influence on 
fungicide entry into soil and the resulting consequences for soil fungal biomass and mycotoxin 
occurrence and thus soil quality are still unknown. 

The objective of this study was to investigate the impact of plastic and straw mulching, combined 
with fungicide application, on soil concentrations of fungicides, soil fungal biomass and mycotoxin 
occurrence. It was assumed that mycotoxin occurrence may increase in the soil as result of a stress-
mediated response of the soil fungi to the fungicide application. Soil samples were taken from 
plastic- and straw-covered (PC and SC) experimental plots in a strawberry cultivation, treated with 
fungicides (Fenhexamid, Cyprodinil and Fludioxonil), depending on soil depth (0�t10, 10�t30, 30�t60 
cm) and time (one month prior to fungicide application and respectively one week, five weeks and 
four months afterwards). Fungicides and mycotoxins (Deoxynivalenol, 15-Acetyldeoxynivalenol, 
Nivalenol and Zearalenone) were both quantified with liquid chromatography-high resolution mass 
spectrometry (LC-HRMS) after liquid-solid extraction with methanol and methanol-water mixture 
(9+1, v/v), respectively. Furthermore, soil analyses comprised ergosterol (proxy for fungal biomass), 
soil microbial carbon and nitrogen (microbial biomass), soil organic carbon, dissolved organic carbon 
and pH.  

Fludioxonil and Cyprodinil concentrations were two to three times higher under SC than under PC 
one week after fungicide application in the topsoil (0�t10 cm). These differences decreased with soil 
depth and time and were no longer observed after four months. Fenhexamid was not detected, 
presumably because of its fast dissipation in soil. The higher Fludioxonil and Cyprodinil 
concentrations under SC stronger reduced the fungal biomass and shifted microbial community 
towards larger bacterial fraction in the topsoil and enhanced the abundance and concentration of 
Deoxynivalenol and 15-Acetyldeoxynivalenol five weeks after fungicide application. The higher 
Deoxynivalenol and 15-Acetyldeoxynivalenol concentrations after fungicide application might be 
interpreted as a stress response of certain fungi strains to the fungicide residues, which was 
corroborated by the significant positive correlation between Cyprodinil and Deoxynivalenol 
concentrations.  

However, although PC and SC caused different amounts of fungicide residues in soil, their impact on 
fungal biomass and mycotoxin occurrence were minor and transient (< 4 months) and seem thus not 
critical for soil quality. 
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The contamination of cereals and nuts with the mycotoxin aflatoxin produced mainly by Aspergillus 
flavus and A. parasiticus poses a serious problem worldwide. Particularly in Sub-Saharan countries, 
aflatoxin endangers the food safety and leads to serious health risks of the population. For several 
years, non-aflatoxigenic A. flavus strains are used as biocontrol system in the field to reduce the 
aflatoxin biosynthesis of toxigenic strains. However, the complex interaction between toxigenic and 
non-aflatoxigenic A. flavus strains is not yet fully understood. The non-aflatoxigenic A. flavus strain 
AF36 was the first strain which was used as commercial biocontrol product and its application on 
maize fields was authorized in Texas and Arizona in 2012 [1]. To get a better understanding of the 
competitiveness of aflatoxigenic and non-aflatoxigenic A. flavus strains, a droplet digital PCR (ddPCR) 
system was developed, which enables the differentiation and quantification of AF36 and the 
toxigenic strain MRI19. A single nucleotide polymorphism in the pksA gene of the aflatoxin gene 
cluster, which is responsible for the inability of AF36 to produce aflatoxin [2], was chosen as binding 
site for two specific probes. The competitiveness of the two A. flavus strains was analyzed by mixing 
the spores in varying proportions and inoculating maize-based agar and maize kernels. The fungi 
were incubated at 25 °C for a period of 7 days on maize-based agar and up to 20 days on maize 
kernels. In contrary to the expectation, the aflatoxigenic strain seemed to be the more competitive 
strain at most inoculated spore ratios. Nevertheless, the aflatoxin B1 biosynthesis of the aflatoxigenic 
strain was already remarkedly inhibited by the addition of 20 % of spores of the non-aflatoxigenic 
strain. On maize-based agar, the aflatoxin B1 biosynthesis was inhibited at a spore ratio of 50:50 for 
the aflatoxigenic to the non-aflatoxigenic strain, whereas it was still not completely inhibited at a 
spore ratio of 20:80 on maize kernels. The study demonstrates that the ddPCR system can be applied 
for the monitoring of the competitiveness of the two strains and in further analysis it can be used to 
get a better understanding of the inhibiting effect of non-aflatoxigenic A. flavus strains in biocontrol 
products. 

 

[1] Abbas HK, Accinelli C, Shier WT (2017) Biological control of aflatoxin contamination in U.S. crops 
and the use of bioplastic formulations of Aspergillus flavus biocontrol strains to optimize application 
strategies. Journal of Agricultural and Food Chemistry 65: 7081-7087. 

[2] Ehrlich KC, Cotty PJ (2004) An isolate of Aspergillus flavus used to reduce aflatoxin contamination 
in cottonseed has a defective polyketide synthase gene. Applied Microbiology and Biotechnology 65: 
473-478.  
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Occurrence of mycotoxins in winter cereal varieties 
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Mold contamination of cereal grains can be a serious problem in food and feed production. In 
addition to the decrease in production efficiency, a major problem may be contamination of raw 
materials with mycotoxins. Mycotoxins can be formed both during plant growth in the field 
(trichothecenes and zearalenone) as well as during storage (ochratoxin A). Due to the inability to 
completely eliminate them from raw materials to ensure the safety of consumers as well as livestock, 
it is extremely important to monitor the widest possible spectrum of these compounds. 

The aim of this study was to evaluate the mycotoxins levels in winter cereal varieties. The research 
was carried out as part of the BIOSTRATEG project. The study material was collected in 5 locations 
throughout Poland and consisted of 7 varieties of winter cereals (35 samples): wheat (Artist), barley 
(Kosmos), triticale (Meloman) and 4 varieties of rye (population - �����w�l�}�Á�•�l�]�����'�Œ���v���š�����v�����&���Œ�u���^���À������
Seed (FSS), hybrid - KWS Binntto and KWS Serafino). Trichothecenes (NIV, DON, 3ADON, MAS, DAS, 
T-2, HT-2) and ZEN were determined using HPLC-MS/MS method. The samples were clean-up on the 
Bond Elut® Mycotoxin (Agilent) columns. Ochratoxin A was determinated using HPLC-FLD method. 
The samples clean-up was performed using OchraPrep column (R-Biophram Rhône Ltd). 

DON was the most frequently occurring mycotoxin and was detected in 28 samples (80%). Its mean 
���}�v�����v�š�Œ���š�]�}�v���Á���•���í�ò�X�ï���…�P�l�l�P�X���d�Z�����u���Æ�]�u�µ�u���À���o�µ�����Á���•���Œ�����}�Œ���������]�v���š�Z�����š�Œ�]�š�]�����o�����•���u�‰�o�����~�í�ò�ó���…�P�l�l�P�•�X��
�d�Z���� �Z�]�P�Z���•�š�� �u�����v�� ���}�v�����v�š�Œ���š�]�}�v�•�� �Á���Œ���� �}���š���]�v������ �(�}�Œ�� �š�Z���� �š�Œ�]�š�]�����o���� �•���u�‰�o���•�� �~�ï�ò�X�ì�� �…�P�l�l�P�•�X�� �ð�ò�9�� �}�(�� �š�Z����
analyzed samples contained T-2 toxin, with mean co�v�����v�š�Œ���š�]�}�v�� �}�(�� �í�X�ï�� �…�P�l�l�P�X�� �d�Z���� �u���Æ�]�u�µ�u��
���}�v�����v�š�Œ���š�]�}�v�� �}�(�� �š�Z�]�•�� �u�Ç���}�š�}�Æ�]�v�� �Á���•�� �Œ�����}�Œ�������� �]�v�� ���� �����Œ�o���Ç�� �•���u�‰�o���� �~�í�ð�X�ó�� �…�P�l�l�P�•�X�� �����Œ�o���Ç�� �•���u�‰�o���•��
contained T-�î���š�}�Æ�]�v�����š���š�Z�����Z�]�P�Z���•�š���u�����v�����}�v�����v�š�Œ���š�]�}�v���~�ò�X�ô���…�P�l�l�P�•�X���^�]�u�]�o���Œ�o�Ç�U�����v���}�À���Œ���o�o���‰���Œ�����v�š���P�����}�(��
contamination (43%, 15 samples) was recorded for the HT-2 toxin. Its mean concentration was 4.1 
�…�P�l�l�P�X�����������Œ�o���Ç���•���u�‰�o�������}�v�š���]�v�������,�d-�î���š�}�Æ�]�v�����š���š�Z�����Z�]�P�Z���•�š�����}�v�����v�š�Œ���š�]�}�v���}�(���ï�î�X�ì���…�P�l�l�P�X���d�Z�����Z�]�P�Z���•�š��
mean concentrations of HT-�î���š�}�Æ�]�v���Á���Œ�����(�}�µ�v�����]�v���<�t�^���<�}�•�u�}�•�������Œ�o���Ç���•���u�‰�o���•���~�í�ó�X�ò���…�P/kg). MAS was 
�����š�����š�������]�v���í�í���•���u�‰�o���•���~�ï�í�9�•�X���d�Z�����u���Æ�]�u�µ�u�����}�v�����v�š�Œ���š�]�}�v���Á���•���(�}�µ�v�����]�v�������Œ�o���Ç���•���u�‰�o�����~�î�X�ò���…�P�l�l�P�•�X��
ZEN was detected in 11% of the samples and the maximum value of this toxin was found in a wheat 
�•���u�‰�o�����~�ì�X�ï���…�P�l�l�P�•�X���E�/�s�����v�����ï�����K�E���}�����µ�Œ�Œ�������]�v���î�ò�9��and 9% of the samples, respectively. The highest 
���}�v�����v�š�Œ���š�]�}�v���}�(���E�/�s���Á���•���}���š���]�v�������]�v���š�Z�����š�Œ�]�š�]�����o�����•���u�‰�o�����~�í�ñ�X�í���…�P�l�l�P�•�����v�����ï�����K�E���]�v�����������Œ�o���Ç���•���u�‰�o����
�~�ñ�X�í���…�P�l�l�P�•�X���d�Z�����Z�]�P�Z���•�š���u�����v���E�/�s�����}�v�����v�š�Œ���š�]�}�v���Á���•���Œ�����}�Œ���������]�v���Á�Z�����š���•���u�‰�o���•���~�ñ�X�ï���…�P�l�l�P�•�X 

Winter cereals contained the Fusarium metabolites, but their concentrations were low and none of 
the tested sample did not exceed the maximum acceptable levels of mycotoxins (Commission 
Regulation 1881/2006 EC and Commission Recommendation 2013/165/EU). 

Financial support: The National Centre for Research and Development project no 
���/�K�^�d�Z���d���'�î�l�î�õ�ó�õ�í�ì�l�í�î�l�E�����Z�l�î�ì�í�ò�W�� �^�����À���o�}�‰�u���v�š�� ���v���� ���•�•���•�•�u���v�š�� �}�(�� �š�Z���� �•�µ�•�š���]�v�����o���������•�]�•�� �(�}�Œ�� �����}�v�}�u�]���U��
productive and biosafe livestock nutrition system utilizing the Poland's natural resources, and particularly the 
�u�}�����Œ�v���Œ�Ç�����À���Œ�]���š�]���•�_�X 
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Mycotoxins are common in grains in sub-Saharan Africa and negatively impact human and animal 
health as well as animal production. This study assessed the occurrences of mycotoxins, some plant, 
and bacterial metabolites in 16 dairy and 27 poultry feeds, and 24 feed ingredients from Machakos 
town, Kenya, in February and August 2019. We analyzed the samples using a validated multi-toxin 
liquid chromatography-tandem mass spectrometry method. 

A total of 153 mycotoxins, plant, and bacterial toxins, were detected in the samples. All the samples 
were co-contaminated with 21 to 116 different mycotoxins and/or metabolites. The occurrence and 
range of commonly occurring and EU regulated mycotoxins reported were: aflatoxins (AFs) (70%; 
range 0.2�t318.5 µg/kg), deoxynivalenol (82%; range 22.2�t1037 µg/kg), ergot alkaloids (70%; range 
0.4�t285.7 µg/kg), fumonisins (90%; range 32.4�t14,346 µg/kg), HT-2 toxin (3%; range 11.9�t13.8 
µg/kg), ochratoxin A (24%; range 1.1�t24.3 µg/kg), T-2 toxin (4%; range 2.7�t5.2 µg/kg) and 
zearalenone (94%; range 0.3�t910.4 µg/kg). Other unregulated emerging mycotoxins and metabolites 
including Alternaria toxins, Aspergillus toxins, Fusarium metabolites, Penicillium toxins, cytochalasins; 
plant metabolites and phytoestrogens; bacterial metabolites; and unspecific metabolites such as 
depsipeptides, were also detected at varying levels. Except for total AFs, where 30% of the samples 
had levels above the EU regulatory limit, all the other mycotoxins detected had average 
contamination levels below the limits. Ninety-six percent of all the samples were contaminated with 
more than one of the EU regulated mycotoxins. These co-occurrences of mycotoxin may lead to 
synergistic, additive and antagonistic effects of the individual mycotoxins posing a health hazard to 
the animals and humans. There is therefore a need for stronger enforcement of regulations to 
protect animal health and productivity and ensure food safety. 
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Mycotoxins are secondary metabolites produced by several fungi, mainly from Penicillium, Fusarium, 
and Aspregillus genera. They can contaminate many raw materials both in the field and during 
storage under very different conditions. This study aimed to evaluate mycotoxin contamination 
levels of raw materials and products for animals in Poland in the years 2015-2020. Producers, 
farmers, and veterinary doctors delivered a total of 3980 samples (642 maize samples, 2027 feed 
samples, 990 small grain samples, 142 maize silage samples and 179 TMR samples). Samples were 
analyzed for the occurrence of several mycotoxins, including aflatoxins, fumonisins, ochratoxin A, 
deoxynivalenol, nivalenol, T-2 toxin, H-2 toxin, and zearalenone. Trichothecenes, zearalenone, and 
fumonisins were determined using the LC-MS/MS technique. Ochratoxin A and aflatoxins were 
determined using the HPLC-FLD method. Deoxynivalenol and zearalenone were the most common 
contamination in maize samples (97.3% and 98.41%, respectively) and feed samples (99.75% and 
100% samples, respectively). They were also present in all maize silage and TMR samples. The 
highest concentration levels of deoxynivalenol and zearalenone were 16889 µg/kg in the wheat 
sample and 1420 µg/kg in the maize sample. Additionally, in 51 samples, mycotoxins level (mainly 
deoxynivalenol and zearalenone levels) was above recommended levels set by the European Union. 
The present study showed that both feeding and raw materials are contaminated by mycotoxins, 
often by more than one. 

This study was supported by the Polish Minister of Education and Science, under the program 
"Regional Initiative of Excellence" in 2019 - 2022 (Grant No. 008/RID/2018/19). 
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In recent years, high contamination by major mycotoxins was reported in staple crops from Pakistan, 
including aflatoxin B1 (AFB1), deoxynivalenol (DON), fumonisin B1 (FB1), ochratoxin A (OTA) and 
zearalenone (ZEN). We collected 62 rice and 195 wheat samples along with 24-hour dietary recall 
questionnaires from six villages in Punjab Province, Pakistan to assess the exposure risk from those 
five major mycotoxins in 2014. The levels of mycotoxin contamination have been analysed by a 
highly sensitive LC-MS/MS method. A high prevalence of AFB1 (66%, mean 5.0 ± 11.9 µg/kg) was 
found in rice samples with 27% of the rice samples showing higher contamination than the EU 
regulation limit (2 µg/kg). A high prevalence of ZEN was also found in the collected rice samples 
(100%, mean 5.2 ± 3.2 µg/kg), but none of them showed contamination levels higher than the EU 
regulation limit (75 µg/kg). For DON, FB1 and OTA, all of those three mycotoxins were found to 
contaminate less than 10% of the rice samples and none of the rice samples showed levels higher 
than the EU regulation limits. For wheat samples, the most frequently detected mycotoxin was ZEN, 
which was found in 33% of the collected wheat samples with a mean concentration of 0.7 ± 0.8 
µg/kg. The other screened mycotoxins were found in less than 5% of the wheat samples. None of the 
wheat samples showed higher contamination levels than the EU regulation limits. Overall, the 
carcinogenic mycotoxin AFB1 contamination in rice suggests intervention strategies are required to 
reduce the contamination levels. For the other mycotoxins, considering the climate change and the 
recently reported high contamination levels, continuous monitoring of their occurrence in the staple 
crops is required. 
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Aflatoxin M1 in cheese marketed in Serbia 
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Aflatoxin M1 (AFM1) is a toxic and carcinogenic metabolite of aflatoxin B1. In addition to milk, the 
presence of this toxin has been proven in dairy products, since milk processing cannot destroy it. The 
concentration of AFM1 in cheese can be several times higher than in milk from which cheese was 
made. Since maximum allowed content of AFM1 in milk for cheese production in Serbia is 0.25 
µg/kg, this study was conducted in order to explore the incidence of AFM1 in cheese marketed in 
Serbia.  

A total of 60 samples (36 samples originating from Serbia and 24 imported from eight European 
countries) were sampled from October 2019 until June 2020 from the supermarkets in Novi Sad 
(Vojvodina, Serbia). The samples differed in consistency, origin, process of production and 
maturation. Analysis of AFM1 content in 55 samples of cow's milk, 3 goat's milk and 2 sheep's milk 
was performed by enzyme linked immunosorbent assay method (Veratox®Aflatoxin M1, Noack, 
USA), followed by confirmation with high-performance liquid chromatography after immunoaffinity 
�‰�µ�Œ�]�(�]�����š�]�}�v���~�¤�o�(���^�š���ŒTMM1R, RomerLabs, Austria), pre-column derivatisation with trifluoroacetic acid, 
and fluorescence detection.  

AFM1 was detected in 70.0% of total cheese samples (above 25 ng/kg), including 65.2% of soft and 
73.0% of semi-hard/hard cheeses. An analysis of cheese originating from Serbia revealed 77.8% of 
positive samples. In more detail, out of 20 samples of semi-hard cheese, 80.0% contained AFM1 in 
concentrations from 46 to 591 ng/kg, whereas 75.0% of soft cheese samples were contaminated with 
54 to 237 ng/kg of toxin. Analysis of imported cheese showed a lower frequency of positive samples, 
as well as lower concentrations of AFM1, than in domestic cheeses. Namely, in 58.3% of imported 
cheese samples AFM1 concentrations ranged from 26 to 81 ng/kg.  

The overall mean AFM1 level in analysed samples was 99±116 ng/kg, with two of domestic semi-hard 
cheeses (3.3%) showing concentrations above the maximum permitted level of 250 ng/kg established 
in some EU countries, and even 450 ng/kg specified as maximum level for hard cheese. 

From the findings of present study, it can be concluded that high percentage of cheese samples 
contaminated with AFM1 strongly suggest the need for intensive monitoring. 

 

This work was supported by a grant from the Provincial government Autonomous Province of 
Vojvodina, Republic of Serbia, Provincial Secretariat for Higher Education and Scientific Research, 
Project number 142-451-2468/2019-03. 
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Aflatoxin M1 (AFM1) is a carcinogen metabolite that can be present in milk from lactating animals 
that consume aflatoxin B1 (AFB1) contaminated feed. AFM1, in addition to being hepatotoxic and 
causing carcinogenic effects, is relatively stable during milk pasteurization, storage and processing of 
various dairy products, which makes it a potential food contaminant. Consumption of dairy products 
has expanded rapidly over the past decade and, given the toxicity of this compound, its presence in 
milk and milk products poses a high risk to the health of the consumer. 
The occurrence of AFM1 in milk has been reported in many studies and considering the impact of 
AFM1 on human health and the economy, it is extremely important to study and understand the 
occurrence of this toxin in different countries of Europe over the years (from 1990-2018). The 
objective of this work was to study the trend of the occurrence of AFM1 in dairy products, including 
milk, cheese, butter and yogurt. To achieve this objective, an extensive literature search was made, 
in the databases Science Direct, Web of Sciences, Scopus and B-on, on quantitative AFM1 data, to 
evaluate the possible correlation between AFM1 concentration and sampling year, different types of 
milk products, applied heat treatment, and animal species' influences. For the study of heat 
treatment and animal species, only milk samples were considered. 
Data from 106 papers (representing 65,901 samples) were extracted and analyzed using IBM SPSS 
Statistics 27.0 statistical software. Data collected did not present homogeneity of variance nor 
followed a normal distribution. The discussion is based Welch and Brown-Forsythe's methods, 
followed by post hoc Games-Howell to evaluate differences betweens groups. 
�Z���P���Œ���]�v�P�� �š�Z���� ���&�D�í�� ���]�•�š�Œ�]���µ�š�]�}�v���}�À���Œ���š�Z���� �Ç�����Œ�•�U�� �š�Z�Œ������ �������������•�� �Á���Œ���� ���v���o�Ç�Ì�����U�� �í�õ�õ�ì�[�•�� �~�í�õ�õ�ì-1999), 
�î�ì�ì�ì�[�•���~�î�ì�ì�ì-2009), and 2�ì�í�ì�[�•���~�î�ì�í�ì-2018), and no significant differences were observed between 
the two last decades. On the other hand, it was observed a significant difference between the two 
last decades and the 1990´s decade, presenting the last decades the highest AFM1 levels. In what 
regards dairy products, milk and yogurt were statistically similar and were the groups with the lowest 
levels of AFM1. Contrarily, butter and cheese samples were statistically different, with butter 
samples presenting the highest AFM1 concentration, probably due to a mass concentration effect. 
Concerning animal species, significant differences were noticed between all species analyzed. 
Namely, cow milk samples were the samples presenting the highest AFM1 levels, while buffalo milk 
samples had the lowest AFM1 levels. Regarding heat treatment, no significant differences were 
observed between raw, pasteurized and UHT milk samples. 
This study revealed that the levels of AFM1 in the last two decades are higher than the 1990´s 
decade, and the concentration in butter and cheese samples is higher than in milk samples. 
Therefore, considering the importance of dairy products, special measures should be taken to 
protect feed from contamination with AFB1, since the final levels of AFM1 will depend on the initial 
levels at the primary production. 
 
Acknowledgements: We would like to thank for the Ph.D. scholarship given to Andreia Vaz by the Foundation for Science and Technology 
(FCT) �v SFRH/BD/129775/2017 
Funding: This work was financially supported by the Portuguese Foundation for Science and Technology (FCT) under the scope of the 
strategic funding of UID/BIO/04469/2019 unit. PR is grateful to FCT and FEDER under Programme PT2020 for financial support to CIMO 
(UID/AGR/00690/2019). 
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Microbial contamination of cereals is mainly caused by environmental influences, inadequate 
harvesting practices, unsanitary equipment, and poor storage or handling conditions. Bacteria found 
in cereal grains are mainly non-pathogenic in nature, but contamination with pathogenic species (e.g. 
Salmonella, Escherichia coli, Bacillus cereus) may also occur. Contamination of cereals with various 
fungi such as Fusarium, Penicillium, Aspergillus, Alternaria, and Claviceps, either pre- or postharvest, 
is much more problematic due to a possible mycotoxin production. Neither bacterial nor mycotoxin 
contamination of cereals can easily be removed during food processing without using costly, and 
sometimes detrimental, measures. Cereal-based infant food (>6 months of age) is not a sterile 
product and therefore may be contaminated both with pathogens and toxins, but specific 
information for this type of food is comparatively scarce. Therefore, the aim of this study was to gain 
an overview of the microbiological and mycotoxicological quality of cereal-based infant foods as 
available on the German market. 

All products (n=38, all advertised as "organic produce") were purchased from retail shops and eco-
grocers in Giessen, Germany. The products were all dairy-free, dried as powder or as granulate 
material (all recommended from 6 months). According to the manufacturer's instructions, products 
are ready-to-eat after addition of milk or water, without any heat treatment. The main ingredients 
were millet, spelt, oats, wheat, barley, rye, and maize. A number of microbiological parameters 
(aerobic mesophilic plate count, moulds, Enterobacteriaceae/Acinetobacter, Cronobacter spp., 
presumptive Bacillus cereus) were investigated, using standard microbiological methods. 
Deoxynivalenol (DON, mean LOD 9 µg/kg), zearalenone (ZEN, 7 µg/kg), alternariol (AOH, 0.3 µg/kg), 
T-2/HT-2 toxin (only samples containing oats, 0.5 µg/kg) and ergot alkaloids (sum parameter, 30 
µg/kg) were included in the mycotoxin investigations. With regard to the microbiological parameters, 
all products analysed showed a low contamination (36.8 % frequency of occurrence, maximum 
values 9.6 x 10² cfu/g). However, it was noticeable that Cronobacter spp. (a known pathogen in 
neonates) and Acinetobacter baumannii (a nosocomial pathogen) were detectable in two samples 
each, but also in very low numbers. 

Ergot alkaloids and ZEN were not detectable in any sample. DON was found in 10 samples (10-35 
µg/kg), well below the maximum level of 200 µg/kg (Regulation (EC) 1881/2006). A considerable part 
of the samples (71 %) was positive for AOH (0.38-2.2 µg/kg). Assuming a daily intake of 25 g and a 
body weight of 5 kg (AOH intake 2.7-11 ng/kg bw and day), these 16 samples would have resulted in 
an AOH intake above the provisional threshold of toxicological concern as published by EFSA (2.5 
ng/kg bw and day). All samples containing oats (n=19) were positive for T-2/HT-2 toxin (1.1-7.8 
µg/kg), although the guideline value of 15 µg/kg (European Commission Recommendation No. 
2013/165/EU) was not exceeded in any product. 

Overall, none of the products under study exceeded current European Union maximum levels for 
mycotoxins. However, some findings for non-regulated pathogens (Cronobacter, Acinetobacter) and 
for mycotoxins found at, or near, critical levels (AOH, T-2/HT-2 toxin) should be investigated further. 
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Infants, especially premature-born infants, belong to a highly susceptible population that have a 
higher body burden when exposed to mycotoxin-mixtures compared to adults. The main route of 
exposure to mycotoxins in infants is via breastmilk and infant formula. The internal exposure to 
mycotoxins and other xenobiotics can be measured via human biomonitoring.  

While data on mycotoxin-mixtures in human feces are currently missing, the exposure is likely in 
many world regions and LC-MS/MS methods for accurate quantification are absent. The currently 
developed analytical methods for human matrices have focused on single exposure or a single class 
of mycotoxins, thus LC-MS/MS methods covering a broad range of mycotoxins are still lacking. 

Here, we show a first multi-mycotoxin LC-MS/MS method targeted for term and preterm infant 
feces. Using a convenient sample clean-up method of dilution followed by filtration, we have created 
a highly sensitive LC-MS/MS method that covers 31 mycotoxins or their metabolites. Recoveries of 
infant feces samples, fortified in a concentration range of 0.075 �t 3045 µg/g dried feces, were in the 
range of 65 �t 109% with standard deviations below 20% for most analytes. The filtration step worked 
for majority of analytes, such as aflatoxins, ochratoxins, zearalenone and metabolites; however, 
enniatins and beauvericin incurred a major loss. Limit of detection using matrix-matched calibration 
curves were in range of 0.01 �t 5.1 ng/g dried feces.  

In addition to the sample preparation, the optimization of the LC-MS/MS method and preliminary 
data will be presented. 

Once fully validated, this innovative method can directly help to assess the exposure and potentially 
used to correlate these levels with health outcomes of the infants. The ultimate goal is to uncover 
the population groups in specific regions that are at risk and minimize the exposure to mycotoxins in 
�]�v�(���v�š�•�����v�����š�Z���]�Œ���u�}�š�Z���Œ�•�����µ�Œ�]�v�P���š�Z�����•�š���P���•���}�(���]�v�(���v�š�[�•�������À���o�}�‰�u���v�š�X�� 
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Currently, considerable attention is paid to the occurrence of mycotoxins in spices. Spices are 
classified as a special category of food called seasonings, which have no nutritional value and are 
used mainly as a flavouring to improve the taste, smell and colour of dishes. For the above-
mentioned properties, spices are widely used by many people worldwide. Spices are often exposed 
to various conditions such as extremely wide range rainfalls, temperature and humidity during their 
growth. Pre- and post-harvest practices also play an important role in the contamination of spices by 
toxigenic microfungi and their mycotoxins. This could be detrimental to human health. 

This pilot study aimed to find out whether the spice samples contain ochratoxin A (OTA) by rapid 
screening EIA method. A total of 54 different samples of spices were collected from various 
distributors on the Czech market for 4 months in 2019. Samples were cleaned utilizing 
immunoaffinity chromatography. EIA method was employed for the determination of OTA. The limit 
of detection (LOD) was 0.625 ng/g. Recovery was 65.9 % and the precision (RSD %) was 0.5 %. 

Twenty-two samples of spices (40.7 %) were positive for OTA. Namely: liquorice root (Glycyrrhiza 
glabra L.) 260.7 ng/g; chilli powdered (Capsicum frutescens L.) 34.8 ng/g; mace (Myristica fragrans 
Houtt.) 30.8 ng/g; sweet red pepper (Capsicum annuum L.) 23.9 ng/g; ginger (Zingiber officinale 
Roscoe) 19.2 ng/g; cayenne pepper (Capsicum frutescens L.) 17.8 ng/g; turmeric (Curcuma longa L.) 
17.0 ng/g; vanilla (Vanilla planifolia Jacks. ex Andrews) 10.4 ng/g; nutmeg (Myristica fragrans Houtt.) 
5.1 ng/g; chilli crushed with seeds (Capsicum sp.) 5.1 ng/g; orange peel (Citrus sinensis (L.) Osbeck) 
4.0 ng/g; black pepper (Piper nigrum L.) 2.5 ng/g; clove (Eugenia caryophyllata L.) 2.5 ng/g; white 
mustard seed (Sinapis alba L.) 2.4 ng/g; cumin (Cuminum cyminum L.) 2.2 ng/g; white pepper (Piper 
nigrum L.) 1.9 ng/g; basil (Ocimum basilicum L.) 1.0 ng/g; lemon peel (Citrus limon (L.) Burm. f.) 1.0 
ng/g; star anise (Illicium verum Hook.f.) 0.8 ng/g; lemongrass (Cymbopogon citratus L.) 0.7 ng/g; pink 
pepepr (Schinus terebinthifolius Raddi) 0.7 ng/g and sumac (Rhus coriaria L.) 0.7 ng/g. 

Spices can be frequently contaminated with mycotoxins at regulation exceeding levels and most of 
them have no regulation, so it is necessary to continue in the monitoring of OTA in spices. Also, is 
apparent that new strategies should be developed and applied to prevent the formation of 
mycotoxins and improve their detection. The responsibility to preserve a whole spices supply must 
be shared by producers, processors, regulatory agencies, the scientific community, and even 
consumers themselves. 

Supported by a specific research project (2112/2019) of the Faculty of Science, University Hradec 
Kralove, Czech Republic and by the project of Ministry of Health, Czech Republic�v conceptual 
�����À���o�}�‰�u���v�š���}�(���Œ���•�����Œ���Z���}�Œ�P���v�]�Ì���š�]�}�v���~�^�E���š�]�}�v���o���/�v�•�š�]�š�µ�š�����}�(���W�µ���o�]�����,�����o�š�Z�v�E�/�W�,�U���/�E���ó�ñ�ì�í�ì�ï�ï�ì�_�• 
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Prevalence of mycotoxigenic fungi and mycotoxins in figs 
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The aim of this study was to evaluate the prevalance of mycotoxigenic fungi and mycotoxins  in 
different figs samples. 

Methods and materials. Eleven different figs samples were randomly purchased from shops: raw 
(conventional farms) n = 3 and dried n = 8  (four samples �t organic farms and four samples grown in 
conventional farms). Analysis of fungi was performed according ISO 21527-2:2008. The genus of 
fungi were identified by light microscopy method. Concentration of Aflatoxin B1 (AFB1), zearalenone 
(ZEA) were analyzed Thin-layer chromatography (TLC) and described by Romer Labs Inc. ® Method 
(Code: a/z-tl-01-00.2) and deoxynivalenol (DON) (Code: CAM-000031-1). 

Results. Penicillium spp., Fusarium spp., Aspergillus spp. the mycotoxigenic fungi were detected in all 
evaluated figs samples. However, in the samples of dried figs, there was a statistical significance of 
2.3 times more total mycotoxigenic fungi count compared to samples of raw figs. Mycotoxins (AFB1; 
ZEA; DON) were not detected in raw figs samples. Samples of dried organic figs were 5 times (p<0,05) 
more contaminated with mycotoxigenic fungi than dried figs samples from conventional farms. 
Mycotoxins levels in dried figs samples from organic and conventional respectively AFB1 1,0 �…g/kg, 
ZEA and DON not detected and AFB1 0,57 �…g/kg, ZEA 33,33 �…g/kg; DON 83,33 �…g/kg . 

Conclusions. Different amounts of mycotoxigenic fungi were found in various figs samples. However 
fungi do not always indicate potential mycotoxin contamination. Prevalence of mycotoxigenic fungi 
and mycotoxins in dried figs whether organic or conventional that might be a problem. 
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The first mention of medicinal properties of Epilobium parviflorum Schreb. comes from 1880. Despite 
the recognized healing properties of this plant, synthetic drugs have long displaced it from medicine. 
Phytochemical and pharmacognostic studies carried out in the last twenty years in Poland and in the 
world have again shown the therapeutic properties of E. parviflorum. Hoary willowherb is abundant 
�]�v�� ���]�}�o�}�P�]�����o�o�Ç�� �����š�]�À���� �•�µ���•�š���v�����•�U�� ���������µ�•���� �]�š�� ���}�v�š���]�v�•�� �t-sitosterols and acids: linolenic, arachidonic, 
peanut, oily, palmitoyl, palmitic, stearic (lipid fraction) as well as myricetin, quercetin and kaemferol 
(flavonoid fraction). Willow water extracts that have antibacterial, antifungal, anti-cancer, 
immunostimulatory, anti-inflammatory and detoxifying effects are especially active. 

The aim of this study was to evaluate mycotoxins contamination of Hoary willowherb available in 
Poland. The material consisted of 25 samples. Mycotoxins determination was performed using HPLC-
FLD method (immunoaffinity column AflaTest from Vicam-AF; immunoaffinity column OchraPrep 
from R-Biophram Rhône Ltd�tOTA) and HPLC-MS/MS method (Bond Elut®Mycotoxin column from 
Agilent - DON, NIV, ZEN, T-2 and HT-2).  

The most commonly detected mycotoxins were: T-2, occurring in 92%, while toxin HT-2 and ZEN 
were found in 76% of samples. The highest contents of mycotoxins were revealed by: T-2max = 79.6 
µg/kg, HT-2max = 57.9 µg/kg, ZENmax = 1048.7 µg/kg.  The average T-2, HT-2, ZEN contamination of the 
analyzed samples were 11.7 µg/kg, 15.1 µg/kg and 60.1 µg/kg, respectively. Two of tested samples 
were slightly contaminated with OTA, DON and NIV with a maximum values of 2.49 µg/kg, 345.2 
µg/kg and 49.4 µg/kg, respectively. No AF toxin was detected in any Hoary willowherb sample.  

Studies confirm the occurrence of mycotoxins in Epilobium parviflorum. Manufacturers should 
consider and monitor the level of mycotoxin contamination in both raw material and products. 
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Lichens are defined by a core symbiosis between a mycobiont (fungal partner) and a photosynthetic 
partner which is either a chlorobiont (around 85% of lichens) or a cyanobiont (around 10% of 
lichens). There have been well over 1000 lichen secondary metabolites reported to date, most of 
which are phenolic polyketides found exclusively in lichens. The large majority of them are produced 
by the fungal partner, but many studies where the mycobiont has been grown without the 
photobiont resulted in a completely different spectrum of compounds. Lichen secondary metabolites 
are involved in adaption to both abiotic environmental factors (UV radiation, oxidative stress and 
metal homeostasis) as well as to to biotic factors (presence of competing plant and lichen species, or 
predation by insects and herbivorous mammals - lichen metabolites have been identified as a 
putative cause of poisoning in elk and sheep). 

Lichens are particularly well-adapted to low light, damp, nutrient-poor habitats and have frequently 
been reported to grow on house dust. However, their secondary metabolism on this marginal 
substrate has not been explored until now. For this reason, we have added eight commercially 
available secondary metabolites produced by different lichen species to our LC-MS/MS based multi-
analyte method and have screened over 200 dust samples taken from settled dust collected primarily 
from US homes using Swiffer cloths. Usnic acid, which is a metabolite produced by many different 
lichen species exhibited a prevalence of close to 100% with concentrations exceeding 10 ng/g dust in 
some samples. In contrast, the prevalence and concentration of the other, more specific metabolites 
was significantly lower. 
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Mycotoxins are highly toxic metabolites that are produced by various fungi that grow in foodstuffs 
and animal feeds. One of the most infamous classes of mycotoxins are the aflatoxins (including 
aflatoxin B1, B2, G1, G2 and M1) as they are known carcinogens1. In particular aflatoxin B1 is often 
found in animal feed such as corn and other agricultural commodities. If these contaminated feeds 
are ingested by milk-producing animals, such as dairy cattle, aflatoxin B1 is converted to aflatoxin M1 
and secreted into the milk. For this reason various regulatory agencies have established strict limits 
to protect consumers from the potential toxicity. As an example, the European Union has established 
�u���Æ�]�u�µ�u���o���À���o�•���}�(�����(�o���š�}�Æ�]�v���D�í�����š���ì�X�ì�ñ���…�P�l�l�P���]�v���u�]�o�l�����v�����ì�X�ì�î�ñ���…�P�l�l�P���]�v���]�v�(���v�š���(�}�Œ�u�µ�o��3. 

In this study a simple, selective and sensitive LC-MS/MS method based on laminar-flow mass 
spectrometry for the analysis of aflatoxin M1 will be presented. Moreover, this method was 
combined with different sample preparation approaches, where three separate methods were 
evaluated. The first sample preparation fits to the U.S. FDA regulatory limit in milk, where a simple, 
fast and less expensive sample preparation method was developed. This includes simple sample 
dilution, centrifugation and filtration. The second method was based on the QuEChERS (AOAC 
2007.01 method) extraction method without dispersive SPE clean-up. The third sample preparation 
method used immunoaffinity column for sample clean up based on antibody-antigen specific 
interactions. Finally what we can provide is three validated fit-for-purpose methods to effectively 
serve different customers help reach the requirements from various regulatory agencies4. 
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Mycotoxins are toxic secondary metabolites produced by various fungal species growing in different 
agricultural products. Based on their occurrence and toxicity, the most important classes of 
mycotoxins are aflatoxins (B1, B2, G1 and G2), ochratoxin A, deoxynivalenol, fumonisins (B1, B2 and 
B3), HT-2 and T-2 toxins, and zearalenone. Mycotoxins have serious adverse effects on humans and 
animals and can cause economic losses on crops due to their contamination. Aflatoxins have been 
classified as carcinogenic to humans, while ochratoxin A and fumonisins are classified as possible 
carcinogens by the International Agency for Research on Cancer1. Maximum levels (MLs) for several 
mycotoxins in foods and feeds have been established by the European Union2. LC-MS/MS methods 
have become the method of choice for quantification and confirmation of mycotoxins in various food 
and feed sample matrices due to their superior sensitivity, selectivity and capability of analyzing 
multiple target mycotoxins in a single run3. 

In this study an accurate, robust and sensitive LC-MS/MS method based on QSight laminar-flow mass 
spectrometry for the analysis of 12 mycotoxins in a single run of eleven minutes will be presented. 
Three transitions have been acquired per compound to obtain a confident identification and 
confirmation. For sample preparation, two different approaches will be discussed and compared. 
Whilst the first is based on a simple solid-liquid extraction procedure, the second employs an 
immune affinity column for sample clean-up after the initial extraction step. The latter has the 
advantage of effectively removing matrix interferences and thereby enhancing the overall method 
sensitivity. Both approaches follow a stable isotope dilution assay for quantification of the selected 
mycotoxins. This minimizes variations during sample preparation and instrument analysis and further 
compensates for matrix effects during the ionization process. Finally, a complete method validation 
in eight food matrixes (maize, wheat, soybean, oat cereal, almond, peanut better, red chili and black 
pepper) was performed, to demonstrate that the developed multi-mycotoxin analysis mees the most 
stringent regulatory limits set by the European Union and can be used in routine testing laboratories. 
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Project goal and motivation 

How toxic is the air? As a matter of fact, it is known, that mycotoxins have significant effects 
when getting in the respiratory tract which is one of the main sources for human internal 
exposure. [1] Therefore it is highly recommended to monitor the indoor air situation and 
measure the mycotoxins within the indoor air. Therefore, a high volume air sampler was 
built to enable the measurement of these health hazards. Advantages for the Sampler are 
high running times with at least 8 hours, low noise development (<55 dB(A)), data recording 
and exporting to USB Flash Drive and individual adaptable measuring programs 

[1] H. Fromme, M. Gareis, W. Völkel, C. Gottschalk, International Journal of Hygiene and 
Environmental Health 2016, 219, 2,143-165. 
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Pistachio nuts are an important economic tree nut crop which is used directly or processed 
for many food-related activities. They can become colonized by mycotoxigenic spoilage fungi 
especially Aspergillus flavus resulting in contamination with aflatoxins (AFs), especially 
aflatoxin B1 (AFB1). We have examined the effect of key interacting abiotic factors on the 
growth and AFB1 production by strains of A. flavus isolated from pistachios and grown on 
milled pistachio nut matrices and on raw nuts. This identified the marginal and optimum 
conditions for growth and AFB1 production (30-35oC; >0.98 water activity, aw). Subsequent 
studies evaluated the impact of interacting climate change-related abiotic factors of 
temperature (35 vs 37oC), CO2 (400 vs 1000 ppm), and water stress (0.98-0.93 aw) on (a) 
growth (b) aflD and aflR biosynthetic gene expression and (c) AFB1 production by two strains 
A. flavus (AB3, AB10) in vitro and on raw pistachio nuts. The A. flavus strains were resilient in 
terms of growth on pistachio-based media and colonisation of pisatchio nuts with no 
significant difference occurring when exposed to the interacting three-way climate-related 
abiotic factors. However, in vitro studies showed that AFB1 production was stimulated, 
especially when exposed to 1000 ppm CO2 at 0.98-0.95 aw and 35oC, and sometimes in the 
37oC treatment at 0.98 aw and elevated CO2. The relative expression of the structural aflD 
gene involved in AFB1 biosynthesis was higher in the 35°C treatment and existing CO2 
conditions (400 ppm) for both strains. At 37°C, the expression was generally higher in the 
1000 ppm CO2 than with existing atmospheric CO2 levels. The aflR gene expression was 
higher at 1000 ppm CO2 and 37°C for both strains. The in situ colonisation of pistachio nuts 
resulted in a stimulation of AFB1 production at 35°C and 1000 ppm CO2 for both strains, 
especially at 0,98 aw. At 37°C, AFB1 production was either decreased or remained similar 
when exposed to 1000 ppm CO2. This suggests that climate change-related factors may have 
a differential effect depending on the interacting conditions of temperature, exposure to 
CO2 and the level of water stress on AFB1 production. 
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Ochratoxin A (OTA) is a potent pentaketide nephrotoxin widely contaminating food and feed 
products (grains, legumes, coffee, dried fruits, meat derived products, beer and wine). Wine is 
reported to be the second major source of OTA intake after cereals. Aspergillus carbonarius, which 
belong to the Aspergillus section Nigri, has been identified as the major cause of OTA contamination 
in grape-berries. OTA contamination of grapes is strongly related to plant phenology, geographical 
area and meteorological conditions and varies from season to season. Indeed, climate represents the 
key-factor in the agro-ecosystem that influences fungal colonization and mycotoxin production in 
crops. Climate change (CC) is expected to have a profound effect on our landscape worldwide, and 
also to have an important impact on sustainable food production system. Based on existing 
information on climate change, it is estimated that the environment in which crops will be grown in 
the next 25-50 years may change markedly with atmospheric CO2 concentration expected to double 
or triple (from 400 to 800-1200 ppm) and temperature to increase (+2-5ºC). These projected changes 
in climate conditions are likely to have a detrimental effect on food safety, with mycotoxins 
representing one of the major hazards.  

With the present PhD project, we studied the impact of combined CC factors (i.e. increasing 
day/night temperature, water stress and elevated CO2 concentrations) on the ecophysiology, 
expression of OTA related genes and phenotypic OTA production in A. carbonarius strains. Such 
activities were carried out in vitro by using a grape-based medium and simulating climate conditions 
typical of Apulia region, which is an area in South Italy susceptible to OTA contamination.  

The results showed that the expected raise of day/night temperature may not be associated to an 
increase of OTA risk in the area studied. On the other hand, experiments with 2.5x higher CO2 
concentrations resulted in an increasing risk of OTA contamination in the production chain, being 
grapes destined for wine production less resilient under climate change scenarios.   
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The fig tree (Ficus carica, L.) is a typical species of tropical and subtropical areas and is one of the 
most important agricultural products in the Middle East and the Mediterranean region. Spain is a 
leader in the European production of figs, being the region of Extremadura the main national 
producer of figs, mainly dried figs. Drying has been widely used as a preservation method. However, 
when the drying conditions, such as temperature or duration of drying, are not extremely controlled, 
the hygienic and sanitary quality of figs can be compromised. Dried figs are very vulnerable to 
contamination by filamentous fungi, mainly Aspergillus flavus, which under favorable environmental 
conditions can produce aflatoxins (AFs). AFs are known to be extremely toxic compounds so their 
study is of great importance. Thus, the aim of this study was to evaluate the effect of temperature 
related to the drying process of dried figs (37, 30, 25, 16 and 5 °C) on the lag times, growth rates and 
aflatoxin production of an A. flavus strain (M144) isolated from dried figs during a 12-day incubation 
period on a dried fig-based medium. At 5°C, no growth occurred. At 16 °C, A. flavus had longer lag 
phases than at the other temperatures tested being 25 °C the condition in which the shortest lag 
time was observed. Regarding the growth rates, they slowed down as temperature decreased. The 
optimal growth rate was 11 mm/day. However, the maximum production of AFB1 was detected at 25 
°C on day 12, with values of 60.63 ppb. Correct management and control of temperature, with 
temperatures higher than 30 and close to 37 °C during drying, will prevent infection of dried figs with 
A. flavus and further contamination with AFs. 
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Fusarium head blight, one of the most devastating diseases of cereals, has been receiving a lot of 
attention in Lithuania and worldwide during the last decades. 
In 2021, a study was conducted at the Institute of Agriculture, Lithuanian Research Centre for 
Agriculture and Forestry to explore the quantitative changes of type B trichothecene deoxynivalenol 
(DON) in spring wheat grain as influenced by water activity and incubation time. 
The Fusarium graminearum strain B 45.4.1 was isolated from the Lithuania-grown spring wheat 
grains and identified as a 3ADON genotype by a real-time PCR analysis using a genotype-specific 
primer set. This strain was cultivated on spring wheat grains at a temperature of 25 °C and nine 
water activities (0.954; 0.956; 0.96; 0.964; 0.969; 0.973; 0.977; 0.981 and 0.986) for 3 and 5 weeks. 
Not inoculated grains having water activity of 0.986 and incubated for 5 weeks were used as a 
negative control. The mycotoxins produced were analysed with a high-performance liquid 
chromatography (HPLC) method using immunoaffinity column cleanup and UV detection enabling 
determination of DON.  
The obtained results showed that F. graminearum strain B 45.4.1 produced DON on spring wheat 
grains under all conditions tested, with the mean concentrations varying from 430 to 4244 µg kg-1. 
After 3 weeks of incubation at 25 °C, DON concentrations statistically significantly increased in the 
grains with water activity ranging from 0.964 to 0.985 compared to the negative control. Incubation 
for 5 weeks resulted in the highest DON production (4244 µg kg-1) at a water activity of 0.964.  
Significant difference between the incubation times (3 and 5 weeks) and the changes in DON 
concentrations were determined with 0.956, 0.960, 0.964 and 0.969 of water activity in the grains. 
No significant differences in DON concentrations were observed between the incubation times at 
water activity higher than 0.969. 
The findings of the DON concentration increase showed a significant influence of incubation time and 
water activity. In general, water activity 0.964 favoured the production of DON by F. graminearum at 
a temperature of 25 °C. 
The current experiment suggests that even a small increase in water activity in F. graminearum-
infected grain stored in warm conditions (particularly at 25 °C) can significantly increase DON 
production, especially when the storage period is longer than 5 weeks. 
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The research study was focused on analyses of a biological profile of 16 Aspergillus niger isolates 
from localities with different types of soils and solid substrates across a pH range from an ultra acidic 
environment (< 3.5) to the very strong alkaline one (> 9.0). Contamination caused by several 
centuries of mining activity in old mining sites, sludge beds, ore deposits, stream sediments and coal 
dust, persists at all the localities. The concentrations of toxic elements (As, Sb, Zn, Cu, Pb) very often 
exceed the common limit values. Visible variability in macro-morphological features - such as the 
diameter of colonies or degree of sporulation and also in micro-morphological features with 
damaged and deformed conidiophores - was observed in most of Aspergillus niger isolates. 
Identification of all isolates was confirmed by molecular PCR analysis and was compared at the DNA 
level by the RAMP method. Extrolite profiles of strains were determined by the Biolog FF Microplate 
system. The system serves for the identification and phenotypic characterization of microorganisms 
based on highly accurate and patented biochemical tests.  Based on tests of metabolite utilization 
the Biolog system showed identical biochemical reactions in 50 tests (e. g. sugars �r-D-Glucose, D-
Xylose), in other 46 tests (e. g. organic acids D-malic, D-lactic, D-glucuronic) the utilization reactions 
differed. The highest similarities of strains (An �t KF and An �t Sl) isolated from the substrates with 
strong alkaline pH were identified.  Very high phenotype similarity was also confirmed in isolates An 
�t ZK, An �t KD, An �t G from slightly alkaline environment. Mycotoxin production was determined by 
the screening method of thin layer chromatography (TLC). Ochratoxin A was found in two strains. 
The one isolated from the ultra acid stream and the other one from contaminated lagoon with 
neutral pH. Both of the isolates were obtained from environments with high content of toxic 
elements. Fumonisin B1 production was not determined in these sixteen strains tested. 
Contamination of the environment can affect microscopic filamentous fungi which can result in 
changes of their physiology and production of different metabolites, including mycotoxins. 
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Maize is one of the most important grains in human and animal nutrition as a source of food, feed 
and processed products, so its nutritional value and quality are very important. The aim of this study 
was to determine the main quality indicators of maize grain, to learn if there are any changes in the 
nutritional value during storage under different conditions, and to find out whether there may be a 
risk of mycotoxin accumulation.  

To determine the quality indicators (dry matter (DM), metabolizable energy (ME), net energy 
lactation (NEL), crude protein, crude ash, crude fiber, crude fat, starch, fiber washed in acid (ADF) 
and neutral (NDF) solutions) and grain contamination with citrinin (CIT) and aflatoxin total (AFL), 
maize grains were collected from 5 regions of Lithuania. Near infrared spectroscopy and enzyme-
linked immunosorbent assays were used for the analyses. Maize grain samples were stored for 6 
months at +4°C, +12°C, +20°C in constant temperature incubators and in the warehouse where the 
temperature varied from +2.3°C to +11.8°C. Grain quality and mycotoxin analyses were performed at 
the beginning of the experiment and then after 3 and 6 months of storage.  

Grains were stored dried to 14%, therefore no statistically significant changes in nutritive value were 
observed. At the beginning of the experiment citrinin was not detected, but after 3 months of 
storage, the majority of samples (about 75%) were contaminated. The mean concentration of citrinin 
after 3 months was 58.8 µg kg-1 and after 6 months 135.6 µg kg-1 (p<0.05). Although no statistically 
significant differences were observed between CIT concentrations after storing at different 
temperatures, the highest concentrations were found after storage at +20°C. CIT concentrations 
were found to increase as the storage time lengthened (r=0.79). The lowest CIT concentrations were 
determined when storing grains at +4°C and in warehouse. The mean AFL concentration at the 
beginning was about 1.6 µg kg-1 and after 3 months of storage concentration remained almost the 
same. However, after 6 months, increase in concentration was statistically significant in all storing 
places. The mean AFL concentration after 6 months was 4.3 µg kg-1. 

Despite nutritional value stability of stored maize grains, the risk of CIT and AFL contamination 
increased, therefore the control of these mycotoxins in grains during storage is crucial. 
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Even at low concentrations, mycotoxins can cause disorders in pig organism, which are the most 
susceptible to their effects. If there are low concentrations of mycotoxins in the feed, chronic and 
cumulative effects occur, which leads to immunosuppression, delay in growth, worsening of feed 
conversion ratio, and decreased feed consumption. Therefore, it is important to protect against 
mycotoxins whenever there is even the minimum feed contamination by mycotoxins. The aim of the 
study was to evaluate the use of mycotoxin detoxifying agent Alltech Mycosorb A+ for improving the 
health of fattening piglets. 132 weaned piglets were fed with naturally contaminated feed, in which 
the concentration of mycotoxins (aflatoxin B1 - was below detection limit (BDL) �t �ò�X�ó�� �…�P�l�l�P�U��
zearalenone �t BLD �t 150 µg/kg, deoxynivalenol �t BDL �t 100 µg/kg, T-2 toxin and ochratoxin A �t BLD) 
did not exceed the recommended tolerance levels in EU. Alltech Mycosorb A+ was added to the feed 
which used for the experimental group. 

On the 38th day of the study, in blood serum of experimental group piglets was detected 13.24% 
higher albumin (ALB) concentration (P<0.05). On the 100th study day was detected 18.59% higher 
activity of gamma-glutamyl transferase (GGT) (P<0.05) in this group. In control group was detected 
9.86% and 17.68% higher activity of lactate dehydrogenase (LDH) (P<0.01) and alkaline phosphatase 
(ALP) (P<0.01) respectively. On the second part of the study, a significant decrease of 
immunoglobulin A in the control group was observed (P<0.05). On the 38th day of the study, in blood 
of experimental group was found 31.69% higher platelets (PLT) count (P<0.05), on the 100th study 
day 3.71% higher mean corpuscular hemoglobin concentration (MCHC) (P<0.01) and the control 
group - 3.68% higher mean corpuscular volume (MCV) (P<0.05). Higher impact of the used agent on 
average daily weight was noted in the first part of the study, when the concentration of mycotoxins 
in the feed was higher (P>0.05). 
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Edible oils play an �]�u�‰�}�Œ�š���v�š���Œ�}�o�������•���š�Z�������v���Œ�P�Ç�����•���Á���o�o�����•�������v���(�]���]���o���u�]���Œ�}�v�µ�š�Œ�]���v�š�•���•�}�µ�Œ�������]�v���‰���}�‰�o���[�•��
diet. Vegetable oil is one of the most important types of edible oil, which dominates the global edible 
oil consumption. The safety of vegetable oil is an essential issue due to the oilseeds of vegetavle oil 
are usually threatened by mycotoxin-producing fungi during the growth, storage, and transportation 
stages and thus mycotoxins are easily residue in the oil. Mycotoxins are highly toxic and carcinogenic, 
which are very h���Œ�u�(�µ�o�� �š�}�� �‰���}�‰�o���[�•�� �Z�����o�š�Z�X�� �d�Z���Œ���(�}�Œ���U�� �š�Z���� ���(�(�]���]���v�š��removal of mycotoxins in 
vegetable oils is of great significance.  

At present, the main strategies for the removal of mycotoxins in vegetable oils include adsorption, 
ultraviolet irradiation and alkali treatment. However, these methods have some disadvantages such 
as the loss of nutrients and flavor substances, the contamination of vegetable oils and the 
environmental pollution that are caused by the addition of chemical reagents. Biological 
detoxification is a new technology for the removal of mycotoxins by using microbial cells as the 
adsorbent or using enzymes as the catalyst. Enzymatic detoxification pose the advantages of high 
specificity, mild reaction conditions, and no secondary pollution, which is a new direction for the 
development of mycotoxin degradation. It is supposed to be a ideal method to remove mycotoxins in 
vegetable oil because enzyme can catalyze the degradation of mycotoxins without destroying the 
nutrients and flavor substances of the oil. However, the structure of enzymes are easily denatured 
and thus the enzymatic activity as well as stability are usually quite low in edible oil. So far, the use of 
enzymes to degrade mycotoxins in edible oils is rarely reported. 

In this study, we report a new biodegradation route for the efficient removal of aflatoxin B1 (AFB1) in 
peanut oil by using an amphiphilic laccase nanoflower as the catalyst. Laccase is a copper-containing 
polyphenol oxidase, which catalyzes the AFB1 oxidation to form the low-toxic degradation products 
by reducing oxygen to water. To address the problem that the enzymatic structure are easily 
destroyed in vegetable oil that causes the inactivation of enzyme, we constructed an amphiphilic 
immobilized-laccase catalyst by modifying the surface of laccase nanoflower with amphiphilic 
polymers. The interaction between laccase and the immobilized materials or polymer helps laccase 
to maintain the enzymatic structure in peanut oil. Therefore, the enzymatic activity as well as 
stability of the amphiphilic laccase nanoflower are much higher than that of the free laccase. The 
amphiphilic laccase nanoflower exhibited efficient activity in the degradation of AFB1 in peanut oil.  
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The study aimed to investigate the effect of baking on deoxynivalenol (DON), 3-acetyl-deoxynivalenol 
(3-ADON) and 15-acetyl-deoxynivalenol (15-ADON) concentrations in whole-wheat flour and white 
flour bread. The grains of spring wheat cv. Triso were grown in the experimental plots of Institute of 
Agriculture, LAMMC in 2016-2018. To obtain the whole-wheat flour, 500 g of spring wheat grain was 
milled with a LM 3100® hammer mill (Perten, Sweden). The same set of samples, composed of 1000 
g, was milled using a multi-stage process mill Quadrumat Junior® with a 70GG sieve (Brabender, 
Germany). The mill produced white (550 type) flour and bran. Bread was baked in an automatic 
���Œ���������u���l���Œ���~���D�ï�ñ�ì�V���<���v�Á�}�}���U���,���À���v�š�U���,���u�‰�•�Z�]�Œ���U���h�<�•���µ�•�]�v�P���š�Z�����.�Œ�•�š�������•�]�����‰�Œ�}�P�Œ���u�u�����Á�]�š�Z���� dark 
toast colour regime. In this study, 288 samples of whole-wheat flour, white flour, and whole-wheat 
flour and white flour bread were analysed for DON contamination by the HPLC method with UV 
detection. The mean values of DON contamination in whole-wheat flour ranged from 320 to 13810 
µg kg-1 and in white flour from 320 to 14000 µg kg-1. The obtained data showed that DON level in 
whole flour bread varied from 200 to 11560 µg kg-1 and in white flour bread it varied from 220 to 
12300 µg kg-1. It was found that DON content in whole-wheat flour bread and white flour bread were 
similar to initial levels in whole-wheat flour and white flour. The levels of 3-ADON and 15-ADON in 
whole meal flour bread and white flour bread were significantly reduced but not completely 
removed. Our results showed that DON is stable at 170�( , and high DON levels in whole-meal flour 
and white flour could not be converted or decomposed during baking.  
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Agriculture and Forestry. 
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Targeted inoculation with Fusarium culmorum: The determination 
of Fusarium toxins during the malting process 
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Fusarium species are responsible for loss of quality and endangering consumer safety through the 
formation of mycotoxins, which is particularly relevant for malt production and subsequent beer 
brewing.  

Therefore, new, faster and more cost-effective methods to detect Fusarium and mycotoxin 
contamination need to be developed due to the increasing popularity of beer and related beverages. 
New detection methods for modified mycotoxins will also reveal the relevance of studying these 
fungi for further mycotoxin research.  

Germinating barley was used as a model system during the production of green malt to investigate 
the Fusarium infection of cereals and to further study the mycotoxin production. 

Through targeted inoculation of barley with Fusarium culmorum prior to germination, defined, 
infected material was initially produced based on the results from Oliveira et al. (Int. J. Food 
Microbiol. 156, 2012). 

Subsequently, the malting process was performed according to the standard micro-malting 
procedure described in the Mitteleuropäische Analysenkommission (MEBAK). Samples were taken at 
each key step and analyzed for Fusarium toxins on a LC-MS/MS system using electrospray ionization. 
Malting procedures were also performed with control batches. 

A multimycotoxin LC-MS/MS stable isotope dilution method was developed and validated to 
determine 14 different Fusarium toxins in barley including the modified mycotoxin Deoxynivalenol-3-
glucoside (DON-3-glucoside).  

Inoculation with F. culmorum results in no clearly visible fungal growth but in toxin production in 
germinating barley. 

Before inoculation, no type B Trichothecenes except traces of DON were detected. 

During germination formation and subsequent increase of the concentrations of DON, DON-3-
glucoside and 3-Acetyl-DON were observed and quantified.  
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Prevalence of glycosylated trichothecenes in oats 
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The common oat (Avena sativa L.) is well known for its nutritional benefits, although it carries the 
risk of contamination with mycotoxins due to its susceptibility to the growth of various fungi. The 
purpose of this study was to improve the database on the occurrence of certain mycotoxins including 
their glycosylated forms. Samples were analysed, among other mycotoxins, for deoxynivalenol 
(DON), nivalenol (NIV) and HT-2 toxin and their glycosylated forms by UHPLC-MS/MS. 
 
Oat samples (n = 135), preselected for their physical properties and DON-content as milling oats for 
food purposes were sampled at an oat mill intake. These samples from 10 European provenances 
harvested between 2017 and 2020 were mainly sourced from Finland, Germany and Sweden. Minor 
supplying countries included Estonia, France, Ireland, Latvia, Lithuania, Poland and the UK. 
 
The glycosylation of mycotoxins into their glycosylated forms is a major route for plants to resist 
mycotoxin accumulation, but it is assumed that it is limited in heavily infected plants. 
 
Samples with a concentration below the limit of quantification (LOQ) value were assigned a 
concentration equal to half of the LOQ in the calculations. 
 
The incidence rate for DON was 93% compared to deoxynivalenol-3-glucoside (DON3G) at 73%. 
Mean values calculated for DON and DON3G were 153 µg/kg and 17 µg/kg, respectively. In total 
DON3G was 11 % of the DON content. Milling oats from the major supplying countries, Finland, 
Germany and Sweden showed a content of DON3G varying between 10 and 13% of the DON content. 
 
NIV and nivalenol-glucoside (NIVG) were analysed at an incidence rate of 81 and 58%, respectively. 
The mean value calculated for NIV was 204 µg/kg, whereas it was for NIVG 17 µg/kg. NIVG was 8% of 
the NIV content. The highest levels for NIV and NIVG were found in Finnish milling oats. For the 
major supplying countries the NIVG content varied between 7 and 13% of the NIV content.  
 
The incidence rate for HT-2 toxin was 98% and for HT-2-Glucoside (HT-2G) 72%. HT-2 toxin showed a 
mean value of 97 µg/kg and HT-2G of 22 µg/kg. HT-2G content to HT-2 toxin content based on mean 
values was 23%. In Finnish, German and Swedish oats the content of the glycosylated form ranged 
between 10 and 31% of the parent toxin. German oats differed significantly (P < 0,01) from Finnish 
oats. 
 
Regardless of the content of the main mycotoxin, no glycosylated form exceeded a value of 
120 µg/kg. 
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Stevia rebaudiana �t healthy supplementation or risk area? 
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Stevia, the common name for the extract stevioside from the leaves of Stevia rebaudiana, is a 
natural, sweet-tasting calorie-free botanical that may also be used as a sugar substitute or as an 
alternative to artificial sweeteners. Stevia has been found to increase the insulin sensitivity in rodent 
models and to have beneficial effects on blood glucose and insulin levels in human studies, which 
suggests it may have a role in food intake regulation. 
According to the Act of 25 August 2006 on food and nutrition safety (Journal of Laws of 2015, item 
594), a dietary supplement is a foodstuff, therefore legal regulations of these products are less 
restrictive than pharmaceutical products. The current legal status allows anyone to place a 
supplement on the market, provided they declare its composition to the sanitary authorities; in 
Poland it is the GIS, on the so-called Notification. The NIK report, from 2017 states that many 
supplements do not show features declared by producers. 
The aim of this study was to evaluate mycotoxin and mold contamination  
�}�(���•�š���À�]���U�����À���]�o�����o�����]�v���W�}�o���v���[�•���š�Œ�������X���d�Z�����u���š���Œ�]���o�����}�v�•�]�•�š�������}�(���í�ó���•���u�‰�o���•�U���Á�Z�]���Z���Á���Œ�������]�À�]���������]�v�š�}���î��
groups: crystals (n=8), leaves (n=9). Molds and yeasts were determined using YGC medium (yeast 
extract, glucose and chloramphenicol). The results are expressed as the number of colony forming 
units (cfu) per gram of a sample. Identification of molds was done to the genus. Mycotoxins 
determination was performed using HPLC-FLD method (immunoaffinity column AflaTest from Vicam-
AF; immunoaffinity column OchraPrep from R-Biophram Rhône Ltd�tOTA) and HPLC-MS/MS method 
(Bond Elut®Mycotoxin column from Agilent - DON, NIV, ZEN, T-2 and HT-2).  
The mycological analysis of stevia leaves showed significant levels of mold content (an average of 
2.4×104 cfu/g) and it was genus Eurotium that prevailed (28%), followed by Penicillium (23%) and 
Phoma (18%). In the case of crystal form of stevia, the analysis revealed that only one out of 8 tested 
samples was contaminated by molds and it was genus Aspergillus (<50 cfu/g). 
The most commonly detected mycotoxins were ZEN and DON, occurring in 52% and 12% of samples, 
respectively. Tested samples were slightly contaminated with OTA, AF, NIV. The highest contents of 
mycotoxins were respectively: ZENmax = 15.97 µg/kg, DONmax = 4.58 µg/kg. No T-2 and HT-2 toxin 
were detected in any stevia sample. Crystals were less contaminated form. OTA and AF, NIV and ZEN 
were detected in one sample (crystals) where their values were respectively: OTA = 1,9 µg/kg, AFB1 = 
0,59 µg/kg and AFB2 = 0,17 µg/kg, NIV = 3 µg/kg, ZEN = 2,15 µg/kg. Apart from one sample, stevia 
leaves were contaminated by ZEN, where the maximum value was 15,97 µg/kg in the samples. The 
same sample also contained DON with a max value of 4,58 µg/kg.  
Studies confirm the occurrence of molds and their secondary metabolites - mycotoxins in stevia. 
Manufacturers should consider and monitor the level of mycotoxin contamination in both raw 
material and products. 
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The risk from the presence of mycotoxins in dietary supplements 
based on Echinacea purpurea  
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Echinacea purpurea is a plant of the Asteraceae family found mainly in North America. In Europe, it is 
a commonly cultivated plant due to its aesthetic and medicinal properties. E.purpurea has been 
found to have antimicrobial activity. Currently, Echinacea preparations are used as herbal medicinal 
products all over the world. These preparations contain various of Echinacea forms individually and 
in combinations with other substances liked dietary supplements. However, before they are placed 
for trading in the o Republic of Poland territory, they  must comply with the provisions of the Food 
and Nutrition Safety Act of August 25, 2006 (Journal of Laws of 2010, No. 136, item 914, as 
amended).  

Thesis study aimed evaluate mycotoxins contamination of dietary supplements based on Echinacea 
purpurea, available in Poland.  

The material consisted of 21 samples, which were divided into four groups: capsules (n=9), sachets 
(n=5), tablets (n= 4), drought plants (n=3). Ochratoxin A and aflatoxin were determined using HPLC �t 
FLD method. The samples were cleaned using OchraPrep (T �t Biopharm Rhône Ltd) and AflaTest 
(Vicam-AF), immunoaffinity columns. Fusarium mycotoxin (NIV,DON,T-2 toxin, HT-2 toxin and ZEN) 
were determined using HPLC-MS/MS method. The samples were cleaned  up  using BondElut�“  

Mycotoxin (Agilent) columns. 

The most frequently detected mycotoxin were ZEN, DON, T-2. Their detectability was 84%, among 
which  ZEN toxin contamination was the greatest (60%)  then  T2 (15%)  and DON (9%). The highest 
level of toxin was DONmax= 7.93 ppb, ZENmax=17.79 ppb, T2max=17.66 ppb. The percentage of HT-2 
and OTA toxins presence was 5% and 10%. Their highest concentration was found in tablets (HT-2) 
and capsules (OTA) which were equal to 2.07 ppb and 0.9 ppb. Out of the tested assortments, the 
most contaminated were sachets and drought plants (100%), capsules (78%) and the least were 
tablets (67%). NIV and AF were not detected in any of the samples.  

The conducted research shows that dietary supplements contain mycotoxin. It is recommended that 
manufacturers  take care of the mycotoxicological quality of  their manufactured products.  
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The usability of herbal plants extracts to reduce mycotoxins 
concentrations in maize silage 
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Maize silage is one of the most common forage for ruminants in the world. Like many other 
agricultural products, silage can also be contaminated with mycotoxins and these compounds can 
have negative effects on animal health and productivity. Nowadays scientists are currently looking 
for safe, natural, biologically active substances to improve the fermentation of the feed and to 
reduce mycotoxins concentrations.  

 The aim of this study was to evaluate ethanol extracts of Origanum vulgare and Thymus 
vulgaris usability to reduce mycotoxins (AFB1, AFB2, AFG1, AFG2, OTA, ZEA, DON, T-2 toxin, HT-2 
toxin) concentrations in maize silage.  

Materials and Methods. Under laboratory conditions, 21 maize silage samples were fermented with 
inserted ethanol extracts of oregano and thyme. After 90 days of fermentation, 96 hours after silos 
opening, maize silage samples were taken in order to evaluate mycotoxins concentrations. 
Contamination with aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), aflatoxin G2 
(AFG2), zearalenone (ZEA) T-2 toxin and HT-2 toxin in maize samples were tested by high-
performance liquid chromatography (HPLC) with mass spectrometry and fluorescent detector (FLD) 
(Model LCMS-8060 Shimadzu corp., Kyoto, Japan) and deoxynivalenol (DON) by HPLC with mass 
spectrometry and ultraviolet detector (UV) (Model Sciex API 5000, McKinley Scientific, USA).  

Results. In the analysed maize silage samples AFB1, AFB2, AFG1 and AFG2 concentrations was below 
the detection limit, OTA concentrations varied from 0.11 to 1 µg/kg, ZEA �t 204.17 �t 1057.75 µg/kg, 
DON �t 3904.67 �t 6984.83 µg/kg, T-2 toxin �t 6.29 �t 22.40 µg/kg and HT-2 toxin from 305.60 to 
1195.27 µg/kg. The lowest OTA and ZEA concentrations was determined with inserted ethanol 
���Æ�š�Œ�����š���}�(���}�Œ���P���v�}���~�W���G���ì�X�ì�ñ�•�U�����K�E�����}�v�����v�š�Œ���š�]�}�v���Á�]�š�Z���]�v�•���Œ�š���������š�Z���v�}�o�����Æ�š�Œ�����š���}�(���š�Z�Ç�u�����~�W���G���ì�X�ì�ñ�•�U���d-
2 and H-�î���š�}�Æ�]�v�•�����}�v�����v�š�Œ���š�]�}�v�•���Á�]�š�Z���]�v�•���Œ�š���������š�Z���v�}�o�����Æ�š�Œ�����š���}�(���}�Œ���P���v�}�����v�����š�Z�Ç�u�����~�W���G���ì�X�ì�ñ�•�X�� 

Conclusions. Based on the obtained research studies, it can be stated that ethanol extracts of herbal 
plants show reliable results and can be used to reduce mycotoxins concentrations in maize silage. 
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Short Toxicology 1: Poster-style presentations on 
toxicological research 

 

Deoxynivalenol (DON) induces apoptosis and autophagy in normal 
prostate epithelial cells via inhibiting PI3K-Akt-mTOR 
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Deoxynivalenol (DON), also known as vomitoxin, is produced by Fusarium species and in commonly 
found in cereals such as barley, maize, rice and wheat in the concentration range of about 1.2-1.9 
mg/kg. DON is known to trigger a ribotoxic stress and induce oxidative stress (ROS) in cancer cells, 
however its effect on normal prostate epithelial cells is not known yet.  

Phosphoinositide 3-kinases (PI3K)- Protein kinase B (Akt)- mechanistic target of rapamycin (mTOR) 
signalling pathway is one of the fundamental pathways associated with control of cell growth, 
proliferation, motility, survival and differentiation in prostate tissue. Moreover, disturbances in this 
signalling pathway are observed in prostate cancer. Previous studies suggested that DON might 
inhibit PI3K-AKT-mTOR singling pathway in intestinal porcine enterocytes. Thus, it is highly possible 
that DON might affect PI3K-Akt-mTOR signalling pathway in prostate cells.  

The aim of the study was to evaluate if DON triggers cytotoxicity in PNT1A cells via inhibition of PI3K-
Akt-mTOR signalling pathway. We evaluated the viability of cells (AlamarBlue assay), ROS production, 
apoptosis, autophagy, DNA damage and cell cycle (Muse Cell Cycle Kits). Inhibitor of PI3K (LY294002) 
was used to confirm the molecular pathway. 

In both tested concentrations of DON (30 and 10 µM) we observed decreased viability of cells, 
induction of oxidative stress and modulation of cell cycle. Higher concentration of DON (30 µM) 
induced apoptosis whereas lower (10 µM) autophagy, in both processes DON inhibited PI3K-Akt-
mTOR signalling pathway. The results indicate that DON affects one of the main signalling pathways 
in normal and cancer prostate cells and induced both apoptosis and autophagy in normal prostate 
epithelial cells.   
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Deoxynivalenol affects steroid hormones production in prostate 
cancer cells 
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Mycotoxins are toxic metabolites that affect human health upon contaminated food consumption. 
Deoxynivalenol (DON), known as vomitoxin is reported to be one of the most prevalent mycotoxins 
worldwide and is recognized as a common contaminant in food and feed. It is reported that DON 
disrupts cell signaling, differentiation and growth of cells. At the cellular lever, DON inhibits the 
protein and nucleic acid synthesis by binding to the ribosomes. Exposure to DON might cause 
disruptive effects on endocrine system by modulation of intracellular steroidogenesis and hormone 
balance of steroid hormones such as testosterone, progesterone and estradiol.  

Androgen-sensitive human prostate cancer LNCaP cells were treated with DON (5µM), 
dehydroepiandrosterone (DHEA; 10 nM, 100 nM) as a positive control, DON and DHEA and non-
treated as a control for 48h and 72 hours. Viability of cells was evaluated with MTT assay. The 
expression of genes involved in the steroid hormones production (HSD3B2, HSD17B3, CYP11A1, 
CYP17A1) was evaluated by RTqPCR.  

Our findings indicate that DON in combination with DHEA modulates the process of intracellular 
steroidogenesis in prostate cancer cells, thus influencing both the male physiology and well as 
carcinogenesis.  
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DON sensitize prostate cancer cells to apoptosis caused by TRAIL  
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In Poland, prostate cancer (PCa) is one of the most commonly diagnosed cancers and the second 
cause of cancer related deaths in male, similarly to in other European countries and United 
States. Aggressive, poorly differentiated high-grade PCa is incurable and potentially lethal, thus the 
need for a greater understanding of the molecular basis of PCa progression and improved 
approaches to eliminate the development of the lethal phenotype of PCa should be 
underlined. Tumour necrosis factor-alpha  and TNF related apoptosis-inducing ligand (TRAIL) are 
members of the death receptor ligand superfamily and have been suggested as potential anti-
prostate cancer agents. Endogenous TRAIL triggers apoptotic signalling via receptor-mediated death 
through its interaction with the death receptors (DRs) on cancer cells but apoptosis can also be 
induced by the intrinsic pathway, mediated mitochondrial dysfunction. However, some tumour cells 
are resistant to TRAIL-induced cytotoxicity. As shown by Shin and colleagues some naturally 
occurring substances are able to sensitize prostate cancer cells to TRAIL-mediated apoptosis 
mediated by mitochondrial dysfunction. The trichothecene mycotoxin deoxynivalenol (DON) 
produced by the fungus Fusarium, is known to have cytotoxic effects in ROS-dependent manner (by 
of ribotoxic stress response (RSR)), however the underlying antitumor mechanism has not been 
investigated in prostate cancer cells to date. Pro-apoptotic properties of DON are well recognized for 
human and animal cancer/normal cells derived from digestive and immune system. Most of recent 
studies are conducted on human and animal cancer cell lines like: human colon cancer cells (HT29, 
Caco-2), human and rat hepatocytes (HepG2,WRL68), RAW 264.7 murine macrophages, human lung 
lymphoblast (U937), human monocytes, human pre-T lymphocyte Jurkat cells, pre-B lymphocyte REH 
cells, hamster kidney-derived BHK21 cells, HEK-293 human embryonic kidney and also form 
reproductive tract like A2780 - Human ovarian carcinoma.  

The aim of this study was determined possible conjunction of DON and TRAIL in anticancer therapy 
of prostate cancer.   

Four cell lines representing different stages of prostate cancer (PC3, DU-145, LNCaP and 22Rv1) were 
pre-treated with DON (5µM) for 24h and then treated with TRAIL (20ng/ml) or exposed to TRAIL 
(20ng/ml) alone for 24h. The apoptotic cells were stained with annexin V and counted on Muse Cell 
Analyzer. The expression of caspase 3 (CASP3) and bcl-2 associated X protein (BAX) were evaluated 
with real time qPCR.  

We observed that pre-treatment with DON for 24h and then treatment with TRAIL caused increase in 
the number of apoptotic cells and increased expression of CASP3 and BAX as compared to TRAIL 
treatment alone in 22Rv1, LNCaP and DU-145. There was no increase in the number of apoptotic 
cells after pre-treatment with DON for 24h and then treatment with TRAIL as compared to TRAIL in 
PC3 cells but we observed increased expression of CASP3 and BAX.  

Acknowledgments: This study was supported by National Science Centre, Poland grant 
2016/21/B/NZ7/02751.  
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ER�t participates in AOH- induced oxidative stress in the non-small 
cell lung cancer cell line A549  
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Lung cancer is one of the commonest cancers among people, whereas non-small cell lung cancer 
(NSCLC) is a major subtype of it. Although the improved understanding of lung cancer progression is 
observed, the overall survival rate remains low, particularly for patients with metastatic disease. 

Alternariol (AOH) as one of Alternaria mycotoxins, in concentration range 0.02-�ó�X�í�…�D�� �]�•�� �‰�Œ���•���v�š�� �]�v��
31% of feed samples in Europe. AOH contaminates both cereals, oilseeds products as well as fruits 
and vegetables, fresh and processed. AOH is a diphenolic compound, structurally similar to natural 
and synthetic estrogens and its agonism to estrogen receptors (ER) has been suggested previously. 
There are no regulation of the safe concentrations of Alternaria mycotoxins in food and feed so far, 
thus AOH is considered as one of the emerging mycotoxins. Thus, assessing the effect of AOH on 
human cells and especially cancer cells, might be crucial both in understanding and estimating the 
effect of mycotoxins on human health, as well as serves as a potential agent in lung cancer therapy. 

The aim of this study was to assess the effect of AOH on the induction of oxidative stress in A549 
cells. The potential estrogenic effect of AOH triggered by estrogen receptor �t (ER�t) was evaluated by 
using of selective chemical inhibitor of ER�t (PHTPP). Viability of cells was evaluated with AlamarBlue 
assay. Reactive Oxygen Species (ROS) concentration was evaluated with Oxidative Stress Kit (Merck 
Millipore), DNA damage was evaluated with MultiColor DNA damage Kit (Merck Millipore), cell cycle 
distribution was evaluated with Muse Cell Cycle Kit (Merck Millipore). 

We observed that AOH in a dose- and time-dependent manner is able to reduce viability of lung 
cancer cells. Moreover, AOH in a dose range 1-10 µM significantly induced oxidative stress, DNA 
damage and cell cycle arrest in G2/M cell cycle phase. Moreover, we observed that blocking of ER�t 
was not sufficient to reduce AOH-induced ROS production, however the observed decrease in 
oxidative stress and DNA damage was statistically significant. The results indicate that AOH induces 
oxidative stress in NSCLC cells and that effect is partly associated to estrogenic properties of AOH. 
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Penitrems are secondary metabolites produced mainly by Penicillium species and belong to the 
group of indole-diterpene mycotoxins. The six main members, penitrem A-F, exhibit diverse 
biological activities, including neurotoxic and tremorgenic effects targeting the central nervous 
system (CNS). Recently, intoxications with penitrems have been described in animals and humans 
caused by the ingestion of moldy food and feed. Especially, the neurotoxin penitrem A is associated 
with tremorgenic episodes in dogs [1,2]. 

The pharmacokinetic data of penitrem A are sparse. Only some animal toxicity studies and cases of 
acute mycotoxicosis showed that penitrem A is distributed systemically after absorption and was 
found in the liver, kidney, and in small amounts in the brain [2-4]. Due to the high neurotoxic 
potential of penitrem A and limited data on toxicokinetic of penitrem E further investigations on 
their transfer properties across the blood-brain barrier (BBB) are required. 

To study the transfer through the blood-brain barrier in vitro, primary porcine brain capillary 
endothelial cells (PBCEC) were cultivated on Transwell® filter inserts. After the application of the 
compounds in either the blood and/or brain compartments, samples were collected up to 48 h and 
penitrems were quantified using high performance liquid chromatography-tandem mass 
spectrometry (HPLC-MS/MS) to determine passive and active transport rates. In the course of the 
transport studies, the barrier integrity was monitored by cellular impedance spectroscopy. 
Furthermore, biotransformation of penitrem A and E along with its metabolites were analyzed by 
coupling HPLC with high-resolution mass spectrometry (HRMS).  

In conclusion, penitrem A and E did not show any impairing effect on the barrier integrity and were 
transferred across the BBB within a few hours. Both mycotoxins were able to reach the brain in vitro 
and thus the site of action in the CNS. Besides, initial investigations on biotransformation of 
penitrem A in the BBB have not confirmed the previously identified hepatic phase-I metabolites [4,5] 
and support the hypothesis that the neurotoxic activity is probably due to the unmodified 
penitrem A. 

[1] Eriksen et al. (2013), World Mycotoxin J., 6(3):263-272. 
[2] Eriksen et al. (2010), Med. Mycol., 48(1):188-96. 
[3] Breton et al. (1998), Toxicon, 36(4):645-55. 
[4] Moldes-Anaya et al. (2009), Drug Chem. Toxicol., 32(1):26-37. 
[5] Uhlig et al. (2020), Toxins, 12(5):293. 
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Emerging Alternaria toxins are increasingly considered as potentially hazardous food contaminants. 
The main challenge for risk assessment is the high chemical diversity of metabolites produced by 
Alternaria spp., and thus the contamination of foods with multiple xenobiotics, exerting a seemingly 
unpredictable pattern of bioactivities. This fact calls for a risk assessment incorporating such mixture 
effects, which in turn requires respective toxicity testing of naturally occurring toxin cocktails. 
We recently reported an extract obtained from an Alternaria alternata culture to act not only 
genotoxic, but also anti-estrogenic in an in vitro cell model. In the light of this and taking into account 
the pro-estrogenic stimuli that were previously reported for isolated Alternaria toxins like alternariol 
(AOH), these rather surprising results called for a mechanistic elucidation.  
To evaluate the hypothesis that epoxide-carrying perylene quinones were responsible for the 
suppression of estrogenicity, we treated the extract and the single toxin altertoxin-II (ATX-II) with N-
acetyl cysteine (NAC) to mask SH-reactive functional groups. The corresponding impact on 
genotoxicity was compared in the comet assay and the ability to suppress the estrogenicity of AOH 
was assessed in the alkaline phosphatase assay. Experiments were accompanied by LC-MS/MS 
analysis of supernatants to monitor changes in Alternaria toxin levels. NAC treatment led to a 
substantial loss of genotoxicity for both, ATX-II and the extract. The presence of ATX-II or the 
complex toxin mixture quenched the estrogenic properties of AOH. Intriguingly, the estrogenicity of 
AOH was still suppressed after treatment of the complex toxin mixture with NAC, whereas the 
estrogenicity of AOH was regenerated after the addition of NAC to a mixture of AOH and ATX-II. In 
line, LC-MS/MS data revealed a loss of epoxide-carrying perylene quinones, while related compounds 
without thus functional group were less effected. In conclusion, our data suggests that not only 
genotoxic, but also endocrine disruptive, anti-estrogenic effects have to be taking into consideration 
for comprehensive risk assessment of Alternaria toxins. 
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Deoxynivalenol (DON) and its acetylated derivatives 3-acetyl-DON (3-Ac-DON) and 15-acetyl-DON 
(15-Ac-DON) are important mycotoxins of concern in the modern food chain. The present study 
reveals that the rate of de-acetylation in in vitro anaerobic fecal incubations decreased in the order 
rat > mouse > human > pig for 3-Ac-DON, and mouse > human > rat > pig for 15-Ac-DON. The ratio 
between the de-acetylation rate of 3-Ac-DON and 15-Ac-DON varies with the species. Scaling of the 
kinetic parameters to the in vivo situation results in catalytic efficiencies decreasing in the order 
human > rat > pig > mouse for 3-Ac-DON and human > pig > rat > mouse for 15-Ac-DON. The results 
obtained indicate that in mice, 3-Ac-DON can be fully deconjugated while 15-Ac-DON cannot. In rats, 
pigs, and humans, both 3-Ac-DON and 15-Ac-DON can be totally transformed by gut fecal microbiota 
during the estimated intestinal residence time. A correlation analysis between the deacetylation rate 
and the relative abundance of the microbiome suggests Lachnospiraceae may be involved in the 
deacetylation process. It is concluded that interspecies differences in deacetylation of acetylated 
DONs exist but that in risk assessment assumption of complete intestinal deconjugation provides an 
adequate approach. 
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Deoxynivalenol (DON), a highly prevalent Fusarium toxin, has been repeatedly reported to alter the 
intestinal barrier integrity in human and animal models. DON has been intensively studied as a single 
substance and in combination with other mycotoxins whereas combinations with bacterial toxins 
have rarely been investigated. DON and the emetic bacterial toxin cereulide (CER) are occurring in 
cereal-based foods, thus co-exposure of humans needs to be taken into consideration. 

We recently reported interactions of DON and CER on the level of cell viability and 
immunomodulatory potential, hence raising the question whether simultaneous exposure to both 
toxins may alter their effect on intestinal barrier integrity. Therefore, we investigated the effect of a 
24 h incubation with DON and CER, alone and in combination, on the barrier integrity of 
differentiated Caco-2 (C2BBe1) cells grown in TRANSWELL® plates. When CER was present together 
with DON, the transepithelial electrical resistance (TEER) was significantly increased compared to 
DON alone.  
To investigate whether this finding affects the translocation, uptake and phase II metabolism of DON, 
LC-MS/MS analysis of the apical and basolateral medium as well as the cell lysates was performed. 
DON-3-sulfate was detected for the first time in Caco-2 TRANSWELL® culture. In the presence of CER, 
we observed a slight reduction of DON in the basolateral medium while a significant reduction of 
DON-3-sulfate was measured for the toxin combination. Concomitantly, significantly higher amounts 
of DON-3-sulfate were found in the basolateral medium in comparison to the apical compartment. As 
DON-3-sulfate was reported as a human urinary metabolite before, we hypothesise that intestinal 
cells may contribute to the DON-3-sulfate concentration in urine. 

In conclusion, CER may not only influence the intestinal barrier function but also the metabolism of 
DON. Therefore, interactions between bacterial and fungal toxins on additional target organs such as 
the liver are worth investigating. 
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Aflatoxin B1 (AFB1) is a mycotoxin classified as a group 1 carcinogen, known to be a potent liver 
carcinogen. During the biosynthesis of AFB1, several precursors are produced. Among them, 
versicolorin A (VerA) and sterigmatocystin (STC) have high potential toxicity due to their structural 
similarity to AFB1. VerA is known as genotoxic and cytotoxic for different cell lines, whereas STC has 
been identified as a possible human carcinogen (Group 2B) and a hepatotoxic, nephrotoxic and 
mutagenic compound for animals. The interest in these molecules is justified by their high toxic 
potential as well as the high probability of AFB1, STC and VerA co-occurrence. As the intestine is the 
first barrier in contact with mycotoxins after ingestion, the aim of the study was to compare the 
effects of the AFB1, VerA and STC on the global transcriptome against the human colon cell lines 
(Caco-2). 

To this aim, a microarray analysis was carried after the exposure of Caco-2 cells to AFB1, VerA and 
STC at 1 µM for 24 hours. Exposure to AFB1 include little transcriptome changes, and only the 
expression of 793 genes were regulated (p-value<0.05 and a fold change (FC) equal to 1.2). In 
contrast, exposure to VerA induced a differential expression of 16335 genes showing a disruption in 
cell cycle and post-translational regulation, as well as the induction of mitochondrial dysfunction. STC 
exposure led to the regulation of 10310 genes mainly associated to inflammation and cell cycle 
regulation. Interestingly, several canonical pathways were regulated in a similar way for VerA and 
STC, including molecular mechanisms involved in cancer, oxidative phosphorylation and senescence.  

This transcriptomic analysis provided a comprehensive comparative description of the toxicity of 
AFB1, VerA and STC in intestinal cells. Our findings show the high toxicity of VerA and STC compared 
to AFB1, as well as the existence of �•�‰�����]�(�]���� �š�}�Æ�]���]�š�Ç�� �u�����Z���v�]�•�u�•�� �(�}�Œ�� ���&���í�[�•�� �‰�Œ�����µ�Œ�•�}�Œ�•�U�� ���}�v�(�]�Œ�u�]�v�P��
the previous in-vitro cytotoxicity results.  Additional research is needed to characterize the toxicity of 
these mycotoxins. Moreover, as the three molecules are likely to co-contaminate the same food 
commodities, it will be essential to investigate their possible toxic interaction.  
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Exposure to toxic contaminants during early-life is associated with the development of diseases. 
Individuals are exposed to mycotoxins since early stages of life. However how maternal exposure to 
�u�Ç���}�š�}�Æ�]�v�•�� �]�v�(�o�µ���v�����•�� �š�Z���� �����À���o�}�‰�u���v�š�� ���v���� �(�µ�v���š�]�}�v�� �}�(�� �š�Z���� �}�(�(�•�‰�Œ�]�v�P�[�•�� �]�u�u�µ�v���� �•�Ç�•�š���u�� �Œ���u���]�v�•��
largely unexplored. Here we show that presence of aflatoxin B1 in the diet of pregnant murine 
females affects the development and function of the intestinal immune system. Notably, maternal 
exposure to AFB1 promoted an increase of overall T cell population, while it also resulted in a 
selective reduction of cytokine-producing innate lymphoid cells group 2 (ILC2) population in intestine 
of the progeny. These alterations were associated with decreased expression of Reg3b, Reg3g and 
Fut2 by the intestinal mucosa of progeny. Thus, these results indicate that maternal exposure to 
mycotoxins impacts the development of offspring intestinal immune system. ILC2 are critical in 
intestinal epithelial repair, whether mice exposed to AFB1 display defective tissue damage response 
needs to be investigated. Also FUT2-dependent fucosylation is key in host�tcommensal symbiosis 
suggesting alterations in the intestinal microbiota. Our work reveals that maternal exposure to 
dietary contaminants such as mycotoxins alters the normal development of intestinal immune 
system framework of the progeny and may have impact in their immune function. 

 

This work was funded by FCT/MCTES through national funds, to earlyMYCO (PTDC/MED-
TOX/28762/2017), and CESAM (UIDP/50017/2020+UIDB/50017/2020). 
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Mycotoxin contaminations are a global food safety issue leading to a major public health concern. 
Repeated exposure to multiple mycotoxins not only has an impact on public health but could also 
lead to interactions with other substances in the body - such as medicinal drugs - by altering 
pharmacokinetics and/or pharmacodynamics. In certain regions of the world the population is not 
only exposed to high levels of mycotoxins but also the prevalence of the human immunodeficiency 
virus (HIV) is high. Around 70 percent of the global infected HIV-population is located in Sub Saharan 
Africa. Efavirenz (EFV) is a frequently used HIV-blocker in this region, in monotherapy or in 
combinations with other HIV-blockers. The purpose of this research is to determine pharmacokinetic 
parameters of aflatoxin B1 (AFB1) and EFV via in vitro research in human liver microsomes (HLM) 
using liquid chromatography tandem mass spectrometry (LC-MS/MS). For the determination of the 
Michaelis-Menten constant (Km), i.e. substrate concentration at half maximum velocity, and 
maximum velocity (Vmax) a Michaelis-Menten curve is set up based on microsomal incubations at a 
specific microsomal protein concentration and ideal incubation time so that the reaction occurs at 
linear range. The specific microsomal protein concentration and ideal incubation time are 
determined by performing linearity experiments, testing different protein concentrations and 
incubation times. Michaelis-Menten curves are set up by monitoring metabolite formation or parent 
compound depletion in function of the added substrate concentration. For EFV the formation of 8-
hydroxyefavirenz (8-OH-EFV), formed by CYP2B6, is measured using an in-house validated method. 
The depletion of AFB1 is measured, since not all AFB1-metabolites were available in analytical 
standards to develop a method for metabolite formation. Pharmacokinetic parameters i.e. Km, Vmax 
and the intrinsic in vitro clearance, based on Km and Vmax, will be determined for both EFV and 
AFB1 in order to gain more knowledge about these compounds in the framework of 
pharmacokinetics and/or pharmacodynamics.   
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The use of by-products mixture derived from grape seed and sea buckthorn oil industry could be a 
valuable approach to prevent the harmful damage produced by aflatoxin B1 and ochratoxin A at 
hepatic and renal level in piglets after weaning. Forty cross-bred TOPIGS-40 hybrid piglets were 
divided after weaning in three experimental groups (E1, E2, E3) and one control group (C), and fed 
with different diets for 30 days. Therefore, the basal diet was served as a control and included 
68.46% corn, 4% corn gluten, 19% soya meal, 5% milk replacer, amino acids, salts and vitamin-
mineral premixes. For the experimental groups, the diet formulations were as follows: C- basal diet 
free of mycotoxins; E1�t basal diet plus a 5% mixture of two by-products (grape seed and sea 
buckthorn meal) in a 1:1 proportion; E2 �t the basal diet artificially contaminated with mycotoxins 
(62 ppb aflatoxin B1 (AFB1) and 479 ppb ochratoxin A (OTA)); and E3 �t basal diet containing 5% of 
the mixture of grape seed and sea buckthorn meal and contaminated with the mix of AFB1 and OTA. 
After 30 days, during which all animals had free access to the specific diet and water, the animals 
were slaughtered, liver and kidney were collected and perfused with ice-cold saline solution to 
remove blood, and fragments from the right liver lobe and renal cortex were collected in order to 
isolate microsomal fractions and perform protein expression for CYP1A2, CYP2E1, CYP3A4 and GSTA1 
by Western Blot method. Calnexin was used as a reference protein for data normalization. The 
protein expression analysis showed that when weaned piglets were fed with contaminated diet (E2 
group), the expression of CYP1A2 was decreased in both organs. Furthermore, CYP2E1 and CYP3A4 
protein expression showed a significant decrease in the kidney samples. In contrast, in liver, the 
protein expression for CYP2E1 and CYP3A4 was increased in the E2 group fed with a basal diet 
supplemented with a mixture of AFB1 and OTA, compared to the C group level. The dietary inclusion 
of the byproduct mixture alone (group E1) had a significant influence by an increase in the expression 
of studied protein and tended to be restored when the mixture was associated with contaminated 
food (group E3). No important changes in the GSTA1 protein expression were detected. These results 
suggest that grapeseed and sea buckthorn meal waste represent a promising source in prevention 
and counteracting the harmful effect of ochratoxin A and aflatoxin B1 by a balanced relation 
between the increase and decrease of protein expression, which is dependent on the cytochrome 
P450 enzyme type and therefore decreasing the possible generation of activated intermediaries from 
mycotoxins. 

 

Acknowledgments: This work was supported by a grant of the Romanian Ministry of Research and 
Innovation, CCCDI�v UEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-�ì�ð�ó�ï�l���^�&�Œ�}�u�����o���•�•�]�����o�����v�]�u���o��
�v�µ�š�Œ�]�š�]�}�v���š�}���‰�Œ�����]�•�]�}�v�����v�]�u���o���v�µ�š�Œ�]�š�]�}�v�U���•���]���v�š�]�(�]�����(�}�µ�v�����š�]�}�v���(�}�Œ���(�}�}�����•�����µ�Œ�]�š�Ç�_�U���Á�]�š�Z�]�v���W�E�����/���/���^�h�•�����}�(��
agro-�(�}�}�����Œ���•�]���µ���•�����Ç���(�������]�v�P���•�}�o�µ�š�]�}�v�•���Á�Z�]���Z���š�}�����}�v�š�Œ�}�o���š�Z�����(�����������}�v�š���u�]�v���v�š�•�_�X 
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The metabolomics approach as a part of the omics methods gained increased interest in toxicological 
research. In contrast to the evaluation of the bioactivity using cytotoxicity assays metabolic profiling 
enables a deeper insight into the mode of action of potentially harmful compounds. Modern 
chromatographic methods in combination with mass spectrometric techniques enable the overall 
determination of different toxicological endpoints within a single analysis. The use of cell culture 
models covers several metabolic reactions and allows the identification of metabolic alterations 
caused by substances with unknown bioactive potential without any animal experiments.  

The optimization of sample preparation methods as well as the development of a selective and 
sensitive HILIC-MS/MS method allowed the simultaneous monitoring of more than 100 different 
compounds of the main biochemical pathways. To study the influence of selected mycotoxins on the 
cellular metabolism the human hepatocarcinogenic cell line HepG2 was treated with sub-cytotoxic 
concentrations of these substances. For example in the case of moniliformin (MON) the 
metabolomics approach revealed concentration dependent alterations of analytes in the citric acid 
cycle in HepG2 cells. This confirmed the postulated influence of MON on oxidation reactions of the 
citrate cycle using cell-free systems [1]. As a second example, the biological activity of penitrem A, a 
cytotoxic mycotoxin isolated from Penicillium crustosum, was studied and significant effects on the 
amino acid metabolism were observed. 

Overall, a fast and simple method was developed which enabled a dose-dependent toxicological 
characterization of selected mycotoxins using cell culture systems in combination with HILIC-MS/MS 
measurements. 

 

[1] Thiel, P.G., A molecular mechanism for the toxic action of moniliformin, a mycotoxin produced by 
fusarium moniliforme, Biochem. Pharmacol. 1978, 27(4):483-6, DOI 10.1016/0006-2952(78)90381-7. 
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Deoxynivalenol (DON) is a mycotoxin mainly produced by Fusarium graminearum and Fusarium 
culmorum, and is commonly found in cereals like wheat, barley, oats, and their derivatives. Scientists 
have been working in different strategies for DON detoxification, being biological detoxification an 
approach with growing interest. When evaluating the use of microorganisms for mycotoxin 
detoxification, two main phenomena can occur: biodegradation and adsorption to the cell walls. In 
many biodegradation studies, the adsorption phenomenon is not considered or evaluated, not 
knowing to which extent the toxin reduction is caused by biodegradation or by physical adsorption. 
Here, we present a fast, simple, reliable and inexpensive method for screening bacteria for its DON 
biodegradation capacity, discarding the effect of adsorption. The method has a good recovery 
(80.2%), repeatability (3.2%) and a low limit of quantification (0.60 µg/mL).  
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Mycotoxins pose a health problem for humans. Therefore, pre-harvest and post-harvest strategies as 
well as maximum food levels at retail level have been introduced to minimize the risk of dietary 
exposure. However, there is limited information on how consumer knowledge, practices and 
behavioral aspects of mycotoxins relate to higher risk of exposure from food intake at the household 
level. The aim of the present study is to evaluate the knowledge level on mycotoxins and the 
accordance to behavioral aspects and practices, that may prevent the risk of mycotoxin exposition on 
household level. The study was conducted via an online survey and comprised a cohort of 252 
participants, 75% of them corresponding to university students. The questionnaire consisted of 23 
questions distributed in five categories: Socio-demographic and income data, life style and food 
�u�}�À���u���v�š�•�U�� �P���v���Œ���o�� �l�v�}�Á�o�����P���� �����}�µ�š�� �u�Ç���}�š�}�Æ�]�v�•�U�� �l�v�}�Á�o�����P���� ���v���� ���}�u�‰�o�]���v������ �}�(�� �š�Z���� �^�í�ó�� �P�}�o�����v��
�Œ�µ�o���•�� �š�}�� �‰�Œ���À���v�š�� �u�Ç���}�š�}�Æ�]�v�� ���}�v�š���u�]�v���š�]�}�v�_�� �(�Œ�}�u�� �š�Z���� �'���Œ�u���v�� �&�������Œ���o�� �/�v�•�š�]�š�µ�š���� �(�}�Œ���Z�]�•�l�� ���•�•���•�•�u���v�š��
(BfR) and behavior towards health risks including mycotoxins. We paid special attention to 
compliance and knowledge of a potential risk group: According to our definition people who engage 
in particular food consumption behaviors (food movements) such as food sharing or dumpster diving. 
The results of the present study indicate a generally rather low level of knowledge about mycotoxins, 
as well as a weak perception about the risk of mycotoxins: Every second person in the cohort was 
unfamiliar with the term "mycotoxin" and the risk of mycotoxins were considered similar as those of 
microplastics. The results also point to a possible problem of understanding between molds and 
mold toxins (mycotoxins) at the consumer level. More than 60% of the participants answered a high 
degree of compliance with the golden rules. The rules with the highest agreement related to 
deteriorated foods with visible signs of fungal infestation, probably because these are already 
considered as food waste. Rules that were less followed included those that require a specific 
knowledge of mold and mycotoxins, for example specific fungi i.e. color and early fungal 
contamination stages. Students following food movements showed a slightly lower compliance with 
the 17 golden rules compared to the control group (p<0.05). In conclusion, mycotoxin prevention 
strategies should not end at the retail level, but should be further implemented in private 
households in order to achieve a sustainable reduction of mycotoxin exposure. This case study is a 
starting point for evaluating and understanding the consumer perspective on mycotoxins and the 
health risks caused by the toxins. 
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Aflatoxins (AFTs) are genotoxic and carcinogenic food contaminants causing hepatocellular 
carcinoma (HCC), the third leading cause of cancer deaths worldwide. In 2015, WHO estimated the 
burden of disease associated with exposure to AFTs and concluded that this exposure corresponds to 
636,869 Disability-adjusted Life Years (DALYs) at global level. Considering the recent risk assessment 
for AFTs performed by the European Food Safety Authority (EFSA) in 2020, where data from different 
dietary European surveys were collected and reported, it was considered fundamental to estimate 
the burden associated with exposure to AFTs across Europe.  

�d�Z���� �‰�Œ���•���v�š�� �•�š�µ���Ç�� ���}�v�•�]�����Œ������ �š�Z���� ���Æ�‰�}�•�µ�Œ���� �����š���� �‰�Œ���•���v�š������ �]�v�� �š�Z���� ���&�^���� �•���]���v�š�]�(�]���� �}�‰�]�v�]�}�v�� �^�Z�]�•�l��
assessment of aflatoxins in foo���_���Á�Z���Œ�����(�}�}�������}�v�•�µ�u�‰�š�]�}�v�������š�������v�����}�����µ�Œ�Œ���v�����������š�����}�(�����&�d�•���]�v���(�}�}����
were gathered to estimate the exposure to AFTs in 19 European countries. A deterministic and a 
bottom-up approach was developed to estimate the health impact of the exposure to AFTs for adult 
population through the calculation of DALYs associated to the number of estimated extra-cases of 
HCC. 

For adult population and considering the data provided by EFSA using the upper-bound approach 
(worst-case scenario), the estimated number of DALYs ranged from 0.32 (Spain) to 1.10 (United 
Kingdom) DALYs/100,000. A total of 11.76 DALYs/100,000 was globally estimated for the considered 
European countries. The highest burden was estimated for the United Kingdom, that together with 
The Netherlands, Ireland, Czech Republic, and Austria were the highest contributors to the global 
estimated European burden associated to the exposure to AFTs. 

The present study generated reliable and crucial data to characterize the burden associated to 
exposure to AFTs in the European population. The obtained results constitute an important 
contribution to define priorities and support the need for further policy actions to protect European 
���]�š�]�Ì���v�[�•���Z�����o�š�Z�X 
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Aflatoxin B1 (AFB1) produces acute or chronic deleterious health effects in humans and animals. Still, 
long-term effects derived from initial exposure in early life, a critical period for colonization and 
development of gut microbiota, has not been fully evaluated. Particularly, aflatoxins could impair gut 
microbiota and immunity settlement, as they have been proven to cross the placental barrier and can be 
found in breast milk. 

We investigated the impact of maternal exposure to AFB1 on early-life microbiota in a mouse model. 
Females were fed jelly pellets containing 400 µg/kg AFB1 diluted in DMSO (treated animals n=6) or DMSO 
vehicle alone (control group n=6) during pregnancy and lactation. Faeces from the offspring of both 
treated and control females were collected immediately after weaning and faecal DNA was extracted and 
purified. Bacterial taxa diversity and relative abundance were assessed by High-Throughput Sequencing 
performed in an Illumina Miseq® sequencer, targeting the V3 and V4 regions of the 16S rRNA gene. 
Operational taxonomic units (OTUs) were determined by clustering reads to 16S reference databases. A 
hundred and twenty-four (N=124) bacterial genera were found in both groups, 5 were only present in 
AFB1 treated group and 27 exclusively in control groups.  A hundred and fifty-one (N=151) bacterial 
species were common to both groups, 15 species exclusively found in AFB1 litters and 34 species were 
exclusively found in control litters. To assess abundance and characterize species diversity and evenness, 
Shannon diversity index was calculated but no significant differences were found between groups. 
Although present in both groups, Akkermansia muciniphila and Bacteroides acidifaciens were significantly 
higher in controls. A. muciniphila colonizes the intestinal tract in childhood and regulates mucus thickness, 
intestinal barrier integrity and is involved in immune modulation. B. acidifaciens participates in the 
metabolism of lipids and sugars and activates some cytokines and immune cell receptors. Sulfidogenic 
bacteria recently related to inflammatory bowel disease such as Desulfovibrio piger and 
Bilophila wadsworthia were exclusivly found in the treated litters.  

Early-life gut microbiome is paramount to trigger the gut immune defences, but is far less stable than the 
adult microbiome. Moreover, previous work identified aflatoxins intake as a potential health hazard in 
Portuguese children. These preliminary results open an extensive field to further investigate the 
association between mycotoxins and microbiome, as the latest is increasingly recognized as a major 
player in a wide spectrum of diseases. 

This work was funded by FCT/MCTES through national funds, to earlyMYCO (PTDC/MED-
TOX/28762/2017), and CESAM (UIDP/50017/2020+UIDB/50017/2020). 
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Early-life exposure occurs during gestation through transfer of toxic substances present in the 
maternal diet to the fetus and later on, during lactation, through the breast milk. Food chemical 
contaminants as mycotoxins are well known carcinogenic, nephrotoxic, hepatotoxic and 
immunosuppressive compounds. Recent human biomonitoring data revealed that the Portuguese 
population is exposed to mycotoxins. These results emphasized the need for assessing the prenatal 
and lactation exposure to mycotoxins in a critical and vulnerable period of life. This study aims for 
the first time in Portugal to assess the early-life exposure to mycotoxins through a mother & child 
cohort.  
Participants were recruited in primary health care units in Lisbon (Portugal) during pregnancy (1st 
trimester). Three moments of observation were considered within this study: 2nd trimester of 
pregnancy (mother), and 1st and 6th month of life (child & mother). Each moment includes the 
collection of biological samples (blood, urine, breast milk) and the application of sociodemographic 
and food consumption questionnaires. Biological samples will be analyzed by liquid chromatography 
�u���•�•���•�‰�����š�Œ�}�u���š�Œ�Ç���(�}�Œ���š�Z���������š�����š�]�}�v�����v�����‹�µ���v�š�]�(�]�����š�]�}�v���}�(���u�Ç���}�š�}�Æ�]�v�•�[�����]�}�u���Œ�l���Œ�•�X�� 
Data presented include the study design and the sample collection, as well as, the lessons learned 
during the implementation of the study. It is expected that results obtained within earlyMYCO will 
contribute to have a deeper knowledge on exposure of vulnerable population groups (pregnant 
women and infants) and to understand the impact of early-life exposure to mycotoxins. The biobank 
will be available for further research and future studies will be developed in order to have a broader 
knowledge on the exposome of Portuguese population. 
 
This work was funded by FCT/MCTES through national funds, to earlyMYCO (PTDC/MED-
TOX/28762/2017), and CESAM (UIDP/50017/2020+UIDB/50017/2020). 
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A number of health disorders, e.g. non-communicable diseases, has been associated to exposure 
with hazardous chemicals during the first 1000 days of life. In this context, a proper risk assessment 
built on accurate data assumes particular importance to evaluate the potential impact that early-life 
exposure could represent in adulthood. Mycotoxins are secondary fungal metabolites that could 
produce harmful effects in humans and animals. These substances can be found in a variety of food 
products, and recent studies showed that Portuguese young children are exposed to multiple 
mycotoxins through food consumption which could constitute a health concern in this population 
group [1]. However, earlier exposure to these compounds remains unexplored.  

earlyMYCO �t Early-life exposure to MYCOtoxins and its impact on health, a national funded project 
(PTDC/MED-TOX/28762/2017), intends to contribute to clarify this issue evaluating the health effects 
of early-life exposure of Portuguese mother-and-child pairs to mycotoxins and assessing the 
associated risk. The associated health risk will be characterized and the health impact assessed 
combining data from mother-and-child pairs, their exposure to mycotoxins and newly obtained 
toxicological data. The Estimated Daily Intake (EDI) will be compared with reference dose values.  

Preliminary results of exposure to mycotoxins through food consumption (cereal-based foods) in 
�Ç�}�µ�v�P�����Z�]�o���Œ���v���~�G���ï���Ç�����Œ�•���}�o���•���Œ���À�����o������a potential adverse health effect for percentiles of intake of 
aflatoxins above or equal to P50 (corresponding to 0.041 ng/kg body weight/day or higher).  

When finalized, our results will contribute to reach an accurate risk assessment framework and to 
establish and prioritize preventive measures to reduce exposure to chemicals and risk, especially for 
vulnerable population groups as pregnant women and infants. 

 

This work was funded by FCT/MCTES through national funds, to earlyMYCO (PTDC/MED-
TOX/28762/2017), and CESAM (UIDP/50017/2020+UIDB/50017/2020). 

 

[1] R. Assunção, et. al., Food and Chemical Toxicology 118, 399�t408 (2018). 
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Early-life exposure to hazardous compounds is an emerging research field that urgently needs to be 
investigated, as an attempt to contribute to exposome research. Mycotoxins are naturally-occurring 
food contaminants and recent studies reported that Portuguese children (< 3 years) as well as the 
adult population are exposed to multiple mycotoxins through food consumption constituting a 
potential health threat. Considering the above, a project designated by earlyMYCO (Early-life 
exposure to MYCOtoxins and its impact on health) is being developed to assess the risk of early-life 
exposure to mycotoxins in biological samples. The earlyMYCO project included a mother-and-child 
longitudinal study, with three moments of observation, starting from pregnancy (24-28 weeks) and 
�P�}�]�v�P�� �š�Z�Œ�}�µ�P�Z�� �š�Z���� ���Z�]�o���[�� �(�]�Œ�•�š�� �u�}�v�š�Z�•���}�(�� �o�]�(���� �~�í-6 months). This study was conducted in the Primary 
Health Care Group Lisboa Central (ACES) and aimed to determine multiple mycotoxins and its 
biomarkers in breast milk and urine samples from mother-and-child pairs. The sample preparation 
procedure for breast milk samples (n=9) consisted of a solid-phase extraction (SPE) purification 
followed by a liquid-liquid extraction (LLE); urine samples (n=50) were prepared by applying the 
QuEChERS technique. Liquid chromatography coupled to ESI+ Xevo TQ-S mass spectrometry (UHPLC-
ESI-MS/MS) was used to determine multiple mycotoxin biomarkers of exposure in a targeted 
approach, namely aflatoxins B1, G1, B2, G2 and M1 (AFB1, AFG1, AFB2, AFG2, AFM1), ochratoxin A 
and alpha (OTA, OT-�r�•, deoxynivalenol (DON), nivalenol (NIV), zearalenone (ZEN), alpha and beta 
zearalenol (�r-ZEL, �t-ZEL), fumonisins B1, B2, B3 and hydrolyzed B1 (FB1, FB2, FB3, HFB1), 
sterigmatocystin (STE), and aflatoxicol (AFL) using a previously optimized and validated method. All 
the breast milk samples analysed contained multiple mycotoxins to whom the children were exposed 
to. Unfortunately, due to covid-19 the number of samples was restricted. All the breastmilk samples 
resulted to be positive for FB1 and FB2 (exception for one sample) with concentrations between 0.16 
and 34.76 ng/mL and 0.14 and 11.90 ng/mL, respectively; 5 samples resulted positive also for FB3 
(1.09-4.97 ng/mL). DON was detected in one sample as well as NIV with concentrations of 0.75 and 
3.26 ng/mL, respectively. Moreover, AFB1 and AFG1 were detected respectively in three samples 
(0.36-0.64 ng/mL) and one sample (below the LOD), while in two samples OTA was present below the 
LOD. Besides the targeted approach on urine samples, an untargeted LC-HRMS approach was 
launched on both sample matrices. This work was funded by FCT/MCTES through national funds, to 
earlyMYCO (PTDC/MED-TOX/28762/2017), and CESAM (UIDP/50017/2020+UIDB/50017/2020). 



42nd Mycotoxin Workshop  May 31st �t Jun 2nd 2021 

123 
 

Human biomonitoring of mycotoxins under HBM4EU: update on 
key outputs 

Paula Alvito1,2*, Ricardo Assunção1,2,3, Lola Bajard4, Hans-Mol5, Carla Martins1,2,3,6, Marcel Mengelers7, 
Sonia Namorado1, Elsa Vasco1, Annick van den Brand7, Susana Viegas6,8, Maria Silva1,9 

 
1National Institute of Health Dr. Ricardo Jorge (INSA), Lisboa, Portugal 

2Centre for Environmental and Marine Studies (CESAM), University of Aveiro, Portugal 
3Comprehensive Health Research Center (CHRC), Lisbon, Portugal 

4Research Centre for Toxic Compounds in the Environment (RECETOX), Masaryk University, Czech 
Republic 

5Wageningen Food Safety Research (WFSR), Wageningen, the Netherlands 
6NOVA National School of Public Health, Public Health Research Centre, Universidade NOVA de 

Lisboa, Portugal 
7National Institute for Public Health and the Environment (RIVM), Bilthoven, The Netherlands 

8H&TRC- Health & Technology Research Center (ESTeSL) Lisboa, Portugal 
9ToxOmics �t NMS-FCM, Universidade NOVA de Lisboa, UNL, Lisboa, Portugal 

*corresponding author: paula.alvito@insa.min-saude.pt 
 
The European Human Biomonitoring Initiative (HBM4EU) is a project gathering 30 countries, funded 
under Horizon 2020 and running from 2017 until 2021. The goal of HBM4EU is to generate evidence 
on the current exposure of European citizens to chemicals and on their possible health effects to 
assess the associated risks. Following a systematic prioritization exercise, the mycotoxins 
Deoxynivalenol (DON) and Fumonisin B1 (FB1) were considered as priority substances around which 
the HBM4EU research programme was developed.  

As part of the HBM4EU project, several policy questions are being addressed for these mycotoxins, 
concerning analytical methods, exposure levels and high exposure population groups in Europe 
(including workers), associated time trends, risk characterization, exposure models and toxicokinetic 
data, human biomonitoring guidance values, key events that determine the health effects of the 
target mycotoxins, effect biomarkers, data gaps and research needs. 

Key outputs from HBM4EU achieved until now for DON and FB1, include: i) a biomarker selected to 
assess human exposure to DON (total urinary DON) that will be used in the aligned studies, ii) several 
European laboratories selected to perform DON analysis after passing an interlaboratory study, ii) a 
research protocol on human exposure and geographic variations in Europe, iv) a risk assessment plan 
to assess DON and FB1 exposure in Europe, v) a review of available toxicokinetics models, vi) a draft 
on the possible mechanisms of FB1-induced adverse health effects and vii) a specific effect biomarker 
for FB1. 

Work co-funded by the HBM4EU project, Grant Agreement No: 733032 and by Portuguese national 
funds: FCT/MCTES through CESAM (UIDP/50017/2020 + UIDB/50017/2020) and ToxOmics 
(UIDB/00009/2020 & UIDP/00009/2020). 
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Pregnancy remains a challenging period in the life of many women in low- and middle-income 
countries. Maternal mortality remains prevalent, and many newborns suffer from premature delivery 
and /or gestational growth retardation. The exposome is defined as the totality of human 
environmental (i.e., non-genetic factors) exposures, starting from conception, and how those 
exposures affect life and well-being. The exposome and nutrition have a significant effect on 
maternal and newborn health. In the present study, pregnant women (n=300) were individually and 
randomly allocated to an intervention or a control group, during pregnancy and again in the post-
natal period. The intervention group receives a balanced energy-protein supplementation and the 
standard iron folic acid tablet, whereas the control group only receives the tablet. Blood, urine and 
stool samples are collected from mothers-newborns pairs according to a well-defined sampling 
scheme. Biospecimen collections provide the opportunity to identify biomarkers of, both exposure 
and effect, that can address questions in many areas of interest, including the impact of 
environmental exposure to toxic compounds, such as mycotoxins and pesticides, and the 
supplementation effect on aging markers like the telomere length. These hypotheses will be 
investigated through a poly-omic approach e.g., metabolomics, metagenomics, proteomics and 
adductomics.  
Human biospecimens are subject to different collection protocols, processing, and storage conditions 
that can cause biospecimen degradation and pre-analytical variability. Consequently, these factors 
influence the reproducibility of results. Additionally, the degree of information related to collection 
procedures in scientific publications vary widely. Based on the input of expert partners and results 
from a pilot study performed in the field, standard protocols for blood, urine and stools were 
created. These procedures are supervised closely by the research team in the field. Therefore, the 
purpose of this presentation is to provide the scientific community with a standard harmonization to 
improve repeatability and reproducibility of experimental results. 
This study has been submitted for approval by the ethical committee of the Ghent University 
Hospital (B670201734334) and the Burkinabe ethics committee (50-2020/CEIRES). Furthermore, this 
work is supported by the Bill & Melinda Gates Foundation [OPP1175213]. 
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Mycotoxins pose a risk to food safety and, consequently, to human health. Human biomonitoring studies 
(HBM) have been developed to assess exposure to individual levels of mycotoxins in biological samples [1]. 

This is the first HBM study conducted to determine exposure to multiple mycotoxins through the presence in 
plasma samples from adults and children in Spain [2,3]. A total of 517 samples (healthy adults (n=438, 19-68 
years), healthy children and children with digestive or behavioral pathologies (attention deficit hyperactivity 
and autism spectrum disorders) (n=79, 2-16 years)) were analysed by a validated LC-MS/MS method [4] in a 
�Œ���P�]�}�v�� �}�(�� �v�}�Œ�š�Z���Œ�v�� �^�‰���]�v�X�� �^���u�‰�o���•�� �Á���Œ���� ���v���o�Ç�Ì������ �����(�}�Œ���� ���v���� ���(�š���Œ�� ���v�� ���v�Ì�Ç�u���š�]�����š�Œ�����š�u���v�š�� �Á�]�š�Z�� �t-
glucuronidase/arylsulfatase for possible mycotoxin conjugates. 

These studies revealed a predominant exposure to ochratoxin A (OTA) in all the studied groups, before and 
after enzymatic treatment. The incidence and levels varied between groups, being generally higher in healthy 
donors than in patients. It has been observed that there is a percentage of individuals in all groups with higher 
levels of OTA after enzymatic hydrolysis, which would indicate the presence of OTA conjugates. The different 
behavior after enzymatic hydrolysis could indicate differences in the metabolism of OTA between samples from 
healthy and sick donors. The occurrence of ochratoxin B (OTB) in a percentage of samples, and always 
associated with OTA, suggests that it may be a metabolite of OTA. Sterigmatocystin (STER), a less studied 
mycotoxin and whose metabolism route in humans is unknown, appears with a high incidence in all groups, but 
only after enzymatic hydrolysis. This supports glucuronidation as a pathway of metabolism of this mycotoxin in 
humans. As in the case of OTA, differences have been observed between healthy people and patients. 

None of the other studied mycotoxins (aflatoxins B1, B2, G1, G2, and M1; T-2 and HT-2 toxins; deoxynivalenol, 
deepoxy-deoxynivalenol, 3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol; zearalenone; nivalenol; 
fusarenon-X; neosolaniol; and diacetoxyscirpenol) were detected before or after enzymatic treatment in any of 
the studied groups. 

The present HBM study generates reliable and critical data on the exposure of the Spanish population to 
mycotoxins. OTA and STER should be highly considered in mycotoxin risk assessment. The reason for the 
differences between healthy donors and patients remains unknown, but it would be of interest to elucidate 
whether or not exposure to these environmental toxicants influences the development of these diseases, or if 
the differences are due to the existence of the disease. 

Studies concerning their sources of exposure, toxicokinetics, and the relationship between plasma levels and 
toxic effects are of utmost importance, especially in children, with a longer expectancy and a less varied diet. 
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Mycotoxins are secondary metabolites of molds. Ochratoxin A (OTA) is the most common in the 
Polish climate. It is produced by fungi of the genera Aspergillus and Penicillium. It is produced as a 
result of improper food storage. It is present in many products, that are consumed both by humans 
and animals: cereals, wheat gluten, coffee, dried fruit, wine, grape juice, spices, beer and products 
based on them. OTA is nephrotoxic, hepatotoxic, potentially carcinogenic and teratogenic. OTA 
mainly enters an organisms by oral intake. 

The aim of the study was to detect the presence of OTA in milk, urine and serum of lactating women. 
A survey was also conducted regarding the daily diet of women. 

The research group consisted of 32 lactating women (11 were the donors from the Milk Bank in 
�d�}�Œ�µ�w�U���š�Z�����}�š�Z���Œ���î�í���Á���Œ�����Œ�����Œ�µ�]�š�������(�}�Œ���š�Z�]�•���•�š�µ���Ç�•�X 

Results of the analysis showed the occurrence of OTA only in 3 milk samples (9.38%). The minimum 
level was 0.01 ng/ml, while maximum 0.018 ng/ml and mean 0.0013 ng/ml. Twenty-six urine samples 
(81.25%) were OTA positive, with minimum level 0.013 ng/ml, maximum level 0.117 ng/ml and mean 
0.0192 ng/ml. Also, all 32 serum samples (100%) were contaminated by OTA, with minimum level 
0.099 ng/ml, maximum level 2.38 ng/ml and mean 0.4649 ng/ml.  

In the case of 3 women, OTA was present in all tested body fluids. 

Based on the results, the following conclusions can be drawn: the breast-milk of women in the study 
group is slightly contaminated with ochratoxin A. Ten samples of urine contained ochratoxin A above 
its average content in tested samples. 

Moreover, serum of 8 women contains ochratoxin A at a level above the average content of this 
mycotoxin in tested samples. The average ochratoxin A level in serum in the presented studies was 
0.4649 ng/ml and is much lower than the average serum ochratoxin A level established in several 
countries in the world, i.e. 0.7 ng/ml. 
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Aflatoxin B1 is the most potent natural carcinogenic contaminant. This toxin contaminates various 
food commodities and represent a worldwide food safety issue as well as a huge economical 
problem due to the withdrawal of contaminated foodstuff. The use of chemical fungicides is the most 
frequent strategy to limit aflatoxigenic species development and subsequent AFB1 contamination. 
But, the massive use of pesticides led to the appearance of resistance in target organisms and is 
suspected to be toxic for both Human and the environment. Thus, in order to substitute this practice, 
more eco-friendly methods are being evaluated. The use of plant-derived compounds is a promising 
research path that has demonstrated its effectiveness in limiting aflatoxinogenesis and that could, at 
the same time, ensure food safety and protect the environment.  

Cannabis sativa L. is well known for its psychoactive molecules but this plant also comprises many 
other bioactive molecules. Nowadays the interest of research for the beneficial effects of this plant 
has led to the establishment of legislation allowing its cultivation for medical purposes in many 
countries.  

This study aimed to determine the ability of extracts from various organs of Cannabis sativa L. to 
limit aflatoxin B1 production and Aspergillus flavus development. The results showed that extracts 
from stem and leaves had only limited impact on both fungal growth and Aflatoxin production. By 
contrast, the flower extract was the very effective and led to an almost complete inhibition of toxin 
production at a concentration of 0.225 milligrams dry plant matter per gram of culture medium 
together with a reduction of about 30% in growth. 

Anti-aflatoxin effect was correlated with the content in phenolic compounds, flower extract 
containing 6-fold more phenolic compounds than stems and leaves extracts. Therefore, the total 
antioxidant ability and radical-scavenging capacity of flower extract were determined. Compared to 
other anti-aflatoxigenic extracts, the anti-oxidative potential of Cannabis sativa L. flower extract 
appeared moderate, suggesting that its anti-mycotoxin effect may be related to other bioactive 
compounds such as cannflavin or other regulatory mechanisms.  

 



42nd Mycotoxin Workshop  May 31st �t Jun 2nd 2021 

128 
 

Aflatoxin producers �t a current information 
Darina Pickova1*, Vladimir Ostry1,2, Frantisek Malir1 

 
1University of Hradec Kralove, Faculty of Science, Department of Biology, Hradec Kralove, Czech 

Republic 
2National Institute of Public Health in Prague, Center for Health, Nutrition and Food, Brno, Czech 

Republic 
*corresponding author: darina.pickova@uhk.cz 

 

The aflatoxins are produced by 22 species of Aspergillus section Flavi (Table). 

Table Aflatoxigenic species from Aspergillus section Flavi. 

Species AF producer Occurrence 
A. aflatoxiformans B1, B2 G1, G2 Peanuts, sesame 
A. agricola  B1, B2 Maize 
A. arachidicola B1, B2 G1, G2 Carob flour 
A. austwickii  B1, B2 G1, G2 Rice, sesame 
A. cerealis B1, B2 G1, G2 Rice, maize, peanut 
A. flavus B1, B2 Peanuts, maize, spices 
A. luteovirescensa B1, B2 G1, G2 Brazil nut 
A. minisclerotigenes B1, B2 G1, G2 Peanuts, curry, red chili 
A. mottae  B1, B2 G1, G2 Maize 
A. nomius B1, B2 G1, G2 Wheat, turmeric 
A. novoparasiticus B1, B2 G1, G2 No occurrence in foodb  
A. parasiticus B1, B2 G1, G2 Maize, peanuts 
A. parvisclerotigenes B1, B2 G1, G2 Peanuts 
A. pipericola B1, B2 G1, G2 Black pepper 
A. pseudocaelatus  B1, B2 G1, G2 Peanuts, Brazil nut 
A. pseudonomius B1, B2 G1, G2 Brazil nut 
A. pseudotamarii  B1, B2 Brazil nut 
A. sergii  B1, B2 G1, G2 Almond 
A. texensis B1, B2 G1, G2 Maize 
A. togoensis B1, B2 Fruit of Landolphia spp. 
A. toxicus  B1, B2 Maize 
A. transmontanensis B1, B2 G1, G2 Almond 

a Formerly named Aspergillus bombycis; b Sputum of leukemic patient. 

The most well-known AF-producing species of Aspergillus section Flavi are A. flavus, 
and A. parasiticus. 

The aflatoxins are produced by four species of Aspergillus section Nidulantes (A. astellatus, 
A. miraensis, A. olivicola, and A. venezuelensis) and two species of A. section Ochraceorosei 
(A. ochraceoroseus and A. rambellii). 

We will see what new research of AF producers will bring shortly. 

Supported by a specific research project (2115/2020) of the Faculty of Science, University Hradec 
Kralove, Czech Republic and by the project of Ministry of Health, Czech Republic�v conceptual 
�����À���o�}�‰�u���v�š���}�(���Œ���•�����Œ���Z���}�Œ�P���v�]�Ì���š�]�}�v���~�^�E���š�]�}�v���o���/�v�•�š�]�š�µ�š�����}�(���W�µ���o�]�����,�����o�š�Z�v�E�/�W�,�U���/�E���ó�ñ�ì�í�ì�ï�ï�ì�_�• 
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Peanuts (Arachis hypogaea L.) are a worldwide crop appreciated by consumers and known to have 
several health benefits (e.g. decreasing risk of cardiovascular diseases, lowering LDL cholesterol). 
Nonetheless, during the production chain, peanuts can be often contaminated by fungi, mainly 
Aspergillus flavus and A. parasiticus, which are responsible for contamination of this commodity with 
aflatoxins. Chronic exposure to these mycotoxins is known to have carcinogenic, teratogenic and 
immunosuppressive effects, while acute exposure can be fatal.  

Peanut-�����•������ �‰�Œ�}���µ���š�•�� ���Œ���� ���}�v�•�]�����Œ������ �š�Z���� �^�v���Á-�P�}�o���_�� �]�v�� �����À���o�}�‰�]�v�P�� ���}�µ�v�š�Œ�]���•�� ���•�� �š�Z���Ç�� ���Œ���� �µ�•������ �š�}��
produce therapeutic food to fight malnutrition in children in the form of high energy bars (e.g. 
�W�o�µ�u�‰�Ç�[�E�µ�š®).  

Within the NutriNuts project (UKRI), we have examined and revised the Ethiopian peanut supply 
chain aimed at improving the current pre-harvest, harvesting and post-harvest management 
practices by providing affordable and innovative solutions. The lack of Good Agricultural Practices 
(GAPs), the use of traditional and rudimentary methods for drying and shelling peanuts, as well as 
inadequate storage locations are some of the main factors associated with the high contamination of 
aflatoxins in Ethiopian peanuts. While we are conscious of the fact that controlling aflatoxin 
occurrence is complex, by gathering existing information on practices has provided a complete 
overview on potential for efficient and low-cost strategies to minimise aflatoxin risks in the Ethiopian 
�‰�����v�µ�š�� �‰�Œ�}���µ���š�]�}�v�� ���Z���]�v�X�� �^�}�u���� �}�(�� �š�Z���•���� �]�v���o�µ������ �š�Z���� �µ�•���� �}�(�� ���Œ�Ç�����Œ���¡�� ���•�� ���� �š�}�}�o�� �š�}�� ���Z�����l���u�}�]�•�š�µ�Œ����
content, the creation of homemade solar dryer and wooden nutcrackers, and the use of either the 
Purdue Improved Crop Storage (PICS) bags or novel bags with slow release food grade preservatives. 
The implementation of some of these approaches will ensure a safer home grown peanut supply 
chain that would contribute to the growth of the economy of the country by reducing the high costs 
of importing such raw materials and supporting the use of local smallholder farmers peanuts. This 
would have significant economic benefits along this chain. 
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Secondary metabolisms in some fungi result in production of toxic and thermally stable chemical 
compounds known as mycotoxins. When consumed in food or feed, mycotoxins affect the health and 
productivity of humans and animals. Warm and humid conditions coupled with poor agricultural 
practices in Sub-Saharan Africa favor infestation of food and feed by toxigenic Aspergillus flavus and 
Fusarium verticillioides fungi and subsequent contaminations with aflatoxins (AFs) and fumonisins 
(FBs), respectively. In order to conduct planned toxicological studies of these mycotoxins in different 
farm animals, it is necessary to produce the toxins in large amounts for feeding trials. Purchasing 
large quantities of commercially available purified mycotoxins is costly and use of such does not 
depict the naturally produced mycotoxins that are consumed by farm animals under field conditions. 
Several studies have reported that in situ laboratory production of mycotoxins is influenced by 
physical (temperature, pH, humidity and water activity, light, aeration and level of atmospheric 
gases), nutritional and biological factors 2�t4. In addition, different fungal strains interact differently 
with these factors and with each other to potentially produce different levels and analogues of a 
given mycotoxin. This study therefore aimed at optimizing conditions for laboratory production of 
large quantities of AFs and FBs using A. flavus and F. verticillioides strains from the Mycology and 
Mycotoxin Laboratory, University of Nairobi, Kenya. For AFs production, maize kernels, yeast extract 
sucrose agar and broth were evaluated, while for FBs production, maize kernels, V-8 juice agar and 
broth were evaluated under white, red and yellow light. For both AFs and FBs production, the 
influence of inoculating different growth substrates with more than one strain of the fungal species 
was also evaluated. The method described by Okoth et al., (2017) was used with some modifications. 
All growth substrates were contaminated with three slices of 0.5 cm2 of either A. flavus or F. 
Verticillioides for production of AFs and FBs, respectively. The experiments were performed in 
triplicates and sampled weekly. The samples were kept at -20 oC until analysis. Levels of AFs and FBs 
in the different growth substrates were screened using ELISA methods and further confirmed using 
UHPLC-MS/MS methods. Maize kernels inoculated with all three strains of A. flavus and kept in an 
incubator at 29 oC for three weeks had the highest Aflatoxin B1 yields of 88,174 �…g/kg as detected by 
UHPLC-MS/MS. Similarly, highest fumonisin B1 yields of 440,668 �…g/kg was detected in maize kernels 
inoculated with all three strains of F. verticillioides for three weeks under yellow light in a growth 
chamber kept at 22 to 25 oC. These results indicate that high yields of AFs and FBs for animal feeding 
trials can be obtained through inoculation of maize kernels with A. flavus and F. verticillioides, 
respectively. 

Acknowledgements: The authors are grateful to ERA-Net LEAP-Agri (MycoSafe-South) for financial 
support.  
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Patulin is a secondary metabolite produced primarily by the fungus Penicillium expansum, 
responsible for the blue mold disease on apples. It presents a major safety concern in apple products 
because of its severe acute and chronic effects in human beings. In apple-cider, patulin is degraded 
during fermentation due to yeast action but it can be detected in the end product due to the adding 
�}�(�����‰�‰�o�����i�µ�]�������š�}���‰�Œ�}���µ�������^�•�Á�����š�����]�����Œ�_���}�Œ���o�}�Á-fermented cider. However, the factors influencing the 
accumulation of patulin in apple-based products are still poorly understood and may result from a 
variety of interacting parameters, in particular in post-harvest processes. In this study, two hundred 
and twenty-five cider-���‰�‰�o���•�� �}�(�� �š�Z���� �À���Œ�]���š�Ç�� �^���������v�_�U�� ���µ�o�š�]�À���š������ �]�v�� ���Œ�]�š�š���vy in France, were sampled 
from the orchard during harvesting until the storage step, right before processing. The patulin 
analysis on these samples reported a low contamination at the orchard and a significantly higher-
level of contamination starting from the transporting bin. The percentage of positive samples 
increased from 6% to 47% after 12 h in the harvesting bin before transporting and reached 95% after 
24 h of transporting, decreasing then to 69% at the end of the storage. Penicillium expansum DNA 
abundance were measured by qPCR on the surface of all apples and was observed to be mostly 
consistent between the harvest and post-harvest steps with a mean value around 2.35 × 106 
Penicillium expansum DNA/g of apple. Moreover, the changes in the fungal and bacterial epiphytic 
microbiota in the different steps were studied using a metabarcoding approach. A total of 170 
identified fungal and 187 identified bacterial genera were detected on the surface of the cider-apple 
samples. Members of Ascomycota were dominant across all samples followed by Basidiomycota. 
Bacterial sequences were mainly assigned to Proteobacteria. The alpha and beta diversity analysis 
revealed the presence of unique and more diverse bacterial and fungal communities on the surface 
of apples picked from the orchard compared to the rest of the sampling steps. Potential indigenous 
biological control agents were identified on the surface of sampled apples. Future perspective 
includes developing actions of prevention and control of the contamination by Penicillium expansum 
during the harvest and along the various critical post-harvest stages before transformation in a 
sustainable development concern. 
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Fruit decay and contamination caused by pathogenic moulds are major concerns in the postharvest 
quality, safety, and shelf-life of fruit. One of the most important postharvest pathogenic moulds that 
can be found in stone fruit such as peach (Prunus persica) is Penicillium expansum, which is a mould 
species producer of patulin. Patulin is a mycotoxin that possesses negative health effects. For this 
reason, it is necessary to design and implement new strategies to avoid the presence of this toxic 
compound in peach. Mycotoxin contamination has been traditionally controlled through the 
application of synthetic fungicides. However, the use of these synthetic compounds presents several 
drawbacks. Biocontrol is one of the most promising alternatives to synthetic fungicides for food 
preservation. The objective of this study was to evaluate the effectiveness of a volatile organic 
compound (VOCs)-producing yeast (Pichia kudriavzevii, PK18) to control the development of a P. 
expansum strain (PE-CECT2280) in wounded peaches packaged in transparent polyethylene and 
stored at room temperature for up to 6 days. For this, the incidence and severity of PE-CECT2280 
disease, patulin production by PE-2280, and idh biosynthetic gene expression, were tested every two 
days. A control batch consisting of peaches inoculated only with PE-CECT2280. Results showed that 
although the presence of P. kudriavzevii PK18 did not affect the incidence, the severity caused by PE-
CECT2280 was decreased. Regarding the mycotoxin production, patulin synthesised by PE-CECT2280 
was diminished more than 98% in the presence of the yeast at day 4 of incubation. The idh gene 
expression was also inhibited when P. kudriavzevii PK18 was co-inoculated with PE-CECT2280 in 
peaches, so the idh gene expression may be a good indicator of patulin contamination in this stone 
fruit. Findings suggest that the antagonistic yeast P. kudriavzevii PK18 is an effective approach to 
control P. expansum in peach at ambient temperature storage. 

This study was supported by a project funded by Ministerio de Ciencias, Innovación y Universidades 
of Spain (RTI2018-096882-BI00). 
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Viral infections can lead to a modification of the secondary metabolism in fungi. The suppression of 
the aggressiveness in fungal pathogens by mycoviruses, so called hypovirulence, is well known for 
Fusarium graminearum. Here we report the modification of mycotoxin biosynthesis in 
F. graminearum by mycoviruses of the genus mitovirus (family narnaviridae), designated as Fusarium 
graminearum mitovirus 1 (FgMV1), FgMV2-1 and FgMV2-2. 

The infection of the wildtype significantly suppressed the production of the Type B trichothecene 
mycotoxin deoxynivalenol and acetylated derivatives 3- and 15-acetyl deoxynivalenol in vitro. 
Following artificial transfection of viral RNAs into another virus-free strain of F. graminearum, this 
effect could successfully be reproduced. Furthermore, the concentration of the bis-naphthopyrone 
aurofusarin was increased in fungal tissue upon infection. Aurofusarin displays a low toxicity but 
protects Fusarium fungi from a wide range of soil-dwelling fungivores. Related effects of this 
hypovirulence-like traits were revealed in food preference trials, where predatory collembolans 
(Folsomia candida) and mites (Euseius gallicus) choose the virus-infected over the healthy strains. 

The investigation of changes in the fungal secondary metabolism upon the infection with 
mycoviruses, with regard to mycotoxins, may elucidate their role in biological interactions in more 
detail. This comprehensive investigation sheds light on modulation of mycotoxin production by 
mitoviruses, potentially revealing a link between mycoviral infections and the attraction of predators. 

 

 

 



42nd Mycotoxin Workshop  May 31st �t Jun 2nd 2021 

134 
 

Variation in fumonisin production by different clonal isolates of 
Fusarium verticillioides MRC 826 in maize in planta 

Mariska Lilly*, Wentzel Gelderblom 
 

Cape Peninsula University of technology, South Africa  
*corresponding author: lillym@cput.ac.za 

 

Fumonisin B (FB) production in maize by clonal Fusarium verticillioides MRC 826 isolates were 
investigated in planta under open tunnel conditions over three consecutive years, utilising two maize 
cultivars, two different inoculation methods and normal and late growth seasons.  Isolates, 
characterised as either high (MRC 826-E, MRC 826-P and MRC 826-S) and low (MRC 826-J, MRC 826-
R and MRC 826-F) FB producers in vitro, were selected. An overall lower infection coefficient and FB 
production were obtained utilising spore suspension ear inoculation compared to the toothpick 
inoculation method, irrespective of the maize cultivar used. Apartt from the high FB producing MRC 
826-P isolate, the other isolates retained their respective high and low FB producing potential 
despite having similar infection coefficients. As no loss in fungal colonization could be detected, the 
reduced FB producing capacity of the MRC 826-P isolate could be related to genetic instability while 
other factors related to plant-pathogen interactions may  also  be of importance. Investigations into 
fungal virulence and host resistant factors are of interest in clarifying FUM gene expression 
regulation of the different F. verticillioides isolates in maize. 
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Mycotoxins are toxic secondary metabolites synthesized by molds that contaminate many plant-
based commodities, including cereals, which are the primary source of consumer exposure. Fusarium 
graminearum is one of the main plant pathogens responsible for Fusarium head blight (FHB). It is 
known to produce deoxynivalenol (DON) belonging to the trichothecene class. Three commercial 
biological control agents (Streptomyces griseoviridis, Trichoderma asperellum and Pythium 
oligandrum) have shown potential to inhibit the growth and mycotoxigenesis of F. graminearum in 
direct in vitro tests. In order to optimize their performance, BCAs are confronted with F. 
graminearum under di�+erent conditions mimicking di�+erent climates as well as climate change 
scenarios (Relative humidity, Temperature, CO2 content...). The pathogen was studied alone or 
confronted to see, on the one hand, the impact of abiotic conditions on its growth and on its 
mycotoxinogenesis. And on the other hand, the effect of abiotic conditions on the inhibition 
capacities of BCAs towards the pathogen. Overall, the different abiotic conditions, combined with 
BCAs, showed mixed impacts on the growth and mycotoxin production of F. graminearum. In order 
to better decipher the mechanisms of interactions, several approaches will be used in the future: 
research of the different enzymatic activities (chitinase, glucanase...), targeted metabolomics 
(mycotoxin degradation products, masked mycotoxins, antibiosis markers) and transcriptomics 
(RNAseq). Biomarkers will be identified to improve our knowledge of the mechanisms of action of 
BCAs to make them more efficient and sustainable even in the face of climate change. 
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Malt is used by breweries, bakeries and other industries in huge amounts every year, which makes 
barley an important raw material with a high economical value. However, as barley is known to be 
prone to fungal infections, mycotoxin concentrations should be analyzed regularly to guarantee safe 
products.  

For malting, three main steps are necessary: steeping, germination and kilning. During steeping, 
barley is soaked in water for two or three cycles alternated with dry periods to increase the water 
content of the grain to around 40%, which normally takes two days. Afterwards, germination starts, 
and after four to five days, the grains are dried again to a water content of 5%, which is known as the 
kilning process. Although the whole malting process seems to offer ideal growing conditions for 
Alternaria spp. due to increased temperatures and moisture, no data is available for Alternaria 
mycotoxins in malt, yet. As barley is mostly used in its malted form, the latter information is 
important as toxins might be able to migrate into the final products. 

In this project, a LC-MS/MS method was developed and validated for the analysis of Alternaria 
mycotoxins, including alternariol (AOH), alternariol monomethyl ether (AME), altenuene (ALT), 
altertoxin I (ATX I), altertoxin II (ATX II), alterperylenol (ALTP), tenuazonic acid (TeA) and tentoxin 
(TEN) as well as the modified forms AOH-3-sulfate (AOH-3-S), AME-3-sulfate (AME-3-S), AOH-3-
glucoside (AOH-3-G), AOH-9-glucoside (AOH-9-G) and AME-3-glucoside (AME-3-G) using a 
combination of stable isotope dilution analysis and matrix-matched calibration for quantification. 

Also, 50 barley samples from the years 2016 �t 2019 were analyzed before and after malting to get a 
first insight on mycotoxin formation during the malting process. Afterwards, mycotoxin 
concentrations were determined during every step of the malting process with two different barley 
samples. 
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The role of mycotoxins has been recognized in the etiology of a number of non-communicable 
diseases. Mycotoxins are toxic secondary metabolites of fungal origin and contaminate agricultural 
products and feeds before or under postharvest. Despite differences in contamination levels 
between regions, exposure to mycotoxins is a worldwide concern: estimations show that 
approximately 24�t50% of all the commodities produced globally, especially basic foodstuffs and 
feed, can be contaminated by mycotoxins. Even in economically developed countries where food 
safety regulations are in place and climate is still temperate, mycotoxins are a concern deserving 
continuous monitoring, control, and efforts to improve management. However, the climate change 
scenario is resulting in new challenges since climate is the most important factor involved in 
mycotoxins production by fungi and climate change can enhance fungal dissemination and 
mycotoxins production. Additionally, it is pertinent to consider that several workplace environments 
have been identified as exposure sources of mycotoxins exposure by inhalation and dermal 
absorption resulting in exposure of many workers (e.g. swine and dairy production).  

One Health, an approach that recognizes that the human health is closely connected to the health of 
animals and our shared environment, should address these issues through effective preventive 
actions aiming to avoid exposure of animals, workers and general population. Indeed, 
operationalization of One Health approach for mycotoxins can protect human health and avoid an 
economic burden due to food security issues. This represents an important aspect of the foreseen 
challenges due also to climate change that requires proper attention and accurate risk management 
measures.  

In the scope of this context, a case study will be presented aiming to exemplify how the One Health 
approach should be applied to prevent exposure of animals, workers and consumers. 
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In Africa, the human ingestion of high amounts of the mycotoxin fumonisin B1 (FB1) via the staple 
food maize, resulting in adverse health effects, is well known. The main objective of this study was to 
determine the efficacy of a FB1-biotransforming detoxifier in a surrogate large animal model for 
humans, the piglet. Therefore, two oral administration routes of detoxifier application were 
compared: administration in the mouth and oral gavage (directly in the stomach, mimicking the 
ingestion of a tablet or capsule). A mycotoxin detoxifier (fumonisin esterase) approved as feed 
additive by the European Food Safety Authority was administered by two different application routes 
to piglets, to test its intragastric efficacy. Twenty-three piglets (8.38 ± 0.70 kg) were divided into 
three groups,  allocated to three different treatments. All animals received a single dose of FB1 (2 
mg/kg BW). In the placebo group (n = 7), the pigs received maltodextrin both orally and through 
gavage in the stomach. The first treatment or mouth group (n = 8) received fumonisin esterase orally 
in the mouth. The second treatment or stomach group (n = 8) received fumonisin esterase through 
gavage using a stomach tube. Blood, urine and faeces were collected at different time points until 24 
h (blood and urine) and 72 h (faeces) post-administration (p.a.). All samples were analysed for FB1 
and its hydrolysed metabolites using a validated UPLC-MS/MS method. Additionally, the 
sphinganine/sphingosine (Sa/So) ratio was determined as biomarker for efficacy in serum samples. A 
significantly higher serum Sa/So ratio was observed in the placebo group compared to the mouth (p 
< 0.001) and stomach (p < 0.01) treatment from 6 h and 12 h p.a. onwards, respectively. No 
significant difference was demonstrated in Sa/So ratio between the mouth and stomach treatments. 
In the faeces no significant difference in FB1 concentrations was found between the three groups. 
However, significantly (p < 0.05) higher hydrolysed FB1 (HFB1) concentrations were observed in the 
mouth group compared to the placebo group. Results of the FB1 in serum as well as the urine 
analysis are not yet available. The results show that the detoxifier was able to hydrolyse FB1 when 
applied by mouth treatment, as was expected based on its registered use as feed additive. However, 
the results concerning the stomach treatment are somewhat ambiguous. From 12h onwards, the 
Sa/So ratio in serum for both the mouth and stomach treatments are significantly different from the 
placebo group. This could be indicative of a positive effect of the detoxifier administered into the 
stomach. However, when looking at the faecal data, there is no indication that the esterase was 
effective when applied directly in the stomach, as there was no increase in HFB1 concentration. In 
contrast, in the mouth treatment group there was a significant increase in HFB1 concentration, 
proving the efficacy when applying this administration route.  
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The mycotoxin deoxynivalenol (DON) is a frequent contaminant of swine feed. Its detrimental effects 
on pig intestinal health are widely described and include alteration of absorptive functionality, 
impairment of gut barrier as well as modulation of the local immune response. Underlying modes of 
action, especially the role of microRNAs, have not been fully elucidated. Thus, the aim of our study 
was to evaluate the effects of DON on global microRNA expression in the jejunum of piglets. To 
correlate findings with gut health status, serum levels of zonulin (ZON) and diamine oxidase (DAO) 
were assessed. 

To this end, 30 female weaned piglets were exposed to uncontaminated feed (Control) or feed 
containing either 0.9 ppm DON (DON Low) or 3.0 ppm DON (DON high). Serum samples (n=10) 
collected on days 0, 14, and 26 were analyzed for ZON and DAO by ELISA (porcine-specific antibodies; 
MyBioSource). Results were compared via one-�Á���Ç�����E�K�s�����Á�]�š�Z�����µ�v�v���š�š�[�•���‰�}�•�š���Z�}�����š���•�š�U�����Æ�����‰�š���(�}�Œ��
ZON data at day 14 (Kruskal-Wallis test). RNA extracted from jejunum samples collected at day 27 
(n=5) was subjected to small RNA sequencing (1*50 bp, 6-12 Mio reads per sample). Generated reads 
were processed with an in-house bioinformatics pipeline (Sscrofa10.2 assembly; STAR, HTSeq-counts, 
DESeq2) embedded in Snakemake. 

DAO (d14, d26) and ZON (d14) were significantly decreased in DON Low and DON High compared to 
the Control (p < 0.05). Sample clustering did not reveal any impact of dietary DON exposure on global 
microRNA expression in the jejunum. Differential gene expression analysis resulted in several 
microRNAs altered in DON High compared to the Control. Yet, none of those changes were significant 
when an adjusted q-value < 0.1 for multiple testing was applied. Results indicate that the effects of 
DON on intestinal health are not mediated by microRNAs, at least not in the jejunum.  
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Deoxynivalenol (DON) and zearalenone (ZEN) are mycotoxins frequently occurring in feed which may 
cause performance losses and reproductive disorders when critical concentrations in feed for pigs are 
exceeded. Therefore, effective strategies to detoxify these toxins are required. 

The use of sodium metabisulfite (SBS, Na2S2O5) as an additive in wet preservation of feedstuff was 
demonstrated to be effective in detoxifying DON (Dänicke et al., 2009; 2010). However, this technique is 
not suitable for compound feed in agricultural practice. Therefore, the use of SBS in contaminated and dry 
compound pig feed should be evaluated. Simultaneously, the detoxification of ZEN as a concomitant toxin 
has been tested using ZENzyme®, a zearalenone hydrolase. 

In order to evaluate the effectiveness of these combined detoxification strategies, 80 female weaned 
piglets weighing 6.02 ± 0.88 kg were assigned to four groups in a 2 x 2 factorial design and fed with the 
experimental diets for 5 weeks. Experimental feeds included 50 % control (CON) or 50 % Fusarium-toxin 
contaminated (FUS) maize in the absence (-) or presence (+) of 2.5 g/kg SBS and 0.62 mg/kg feed of a 
ZENzyme® - maltodextrin formulation resulting in four feeding groups (CON-, CON+, FUS-, FUS+). The 
inclusion of the contaminated maize resulted in 2.57 ± 0.23 mg/kg DON and 0.24 ± 0.05 mg/kg ZEN in the 
FUS- feed.  

Feed intake per pen (n = 4 pigs) and individual live weight were recorded weekly. At the end of the trial 
piglets were slaughtered, organs weights recorded and urine and blood samples were collected for 
analysis of mycotoxins and their metabolites. 

Analysis of biomarkers in the urine samples showed a reduc�š�]�}�v���š�}���ò�ó���9���r-�Ì�����Œ���o���v�}�o���~�r-ZEL), 65 % ZEN, 
and 16 % DON in the FUS+ group as compared to the FUS- group, whereas in plasma concentrations in the 
�&�h�^�=���P�Œ�}�µ�‰�•���Á���Œ�����Œ�����µ���������š�}���õ�ì���9���r-ZEL, 77 % ZEN, and 17 % DON as compared to the FUS- group. These 
results in combination with an increase of the non-estrogenic metabolite HZEN indicate a successful 
detoxification of ZEN. However, the application of SBS as dry feed additive was not effective enough in 
reducing the biomarker concentrations of DON substantially. Therefore, a further refinement of the SBS-
inactivation technology is needed to decontaminate DON in mixed feed. 
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Mycotoxins are secondary metabolites produced by fungi from harvesting to storage and distribution 
of feed. Zearalenone (ZEN) is a Fusarium produced mycotoxin that has a chemical structure similar to 
estrogen and can produce an estrogenic response in animals [1,2]. The objective of this study was to 
determine impact on the �����]�Œ�Ç�����}�Á�[�•���Œ���‰�Œ�}���µ���š�]�}�v���•�š���š�µ�•, when total mixed ration (TMR) is naturally 
contaminated with Fusarium mycotoxins. Selected 60 dairy cows (30 days postpartum and average 3 
lactations) and divided into two groups: control (CG) (n=30) and experimental (EG) (n=30). Cows in 
the CG received the uncontaminated TMR (which included 2 kg of uncontaminated corn). Cows in the 
EG received the same TMR as the control group, corn component had 2 kg of corn contaminated 
with mycotoxins. �D�Ç���}�š�}�Æ�]�v�[�• concentration in TMR was ZEN �t 500.0 ±79 µg/kg of DM, DON 
(deoxynivalenol) �t 75.0±10.75 µg/kg of DM. The study carried out 12 months. The results showed 
that 10.1% (p>0.05) higher number of cows in the EG did not have changes ovaries functionality 
compared with CG. Determined and that in the CG ovaries hypofunction disorders were 15% (p<0.05) 
more common, but diagnosed cysts in cow�[s ovaries were 13.2% (p<0.05) higher in the EG. Also was 
determined that ovaries functionality disorders treatment in EC was 17% (p<0.05) better than in the 
CG. Treatment of hypofunctioning ovaries more efficient 5% (p<0.05) in the CG than in the EG. The 
study demonstrated that the EG had 22% (p<0.05) better reaction in ovaries functionality to applied 
ovsynch protocol �]�v�� ���}�v�š�Œ���•�š�� �Á�]�š�Z�� �š�Z���� ���'�X�� �&�î�r�� �•�š�]�u�µ�o���š�]�}�v�� �‰�Œ�}�š�}���}�o�� ���]���� �v�}�š�� �Œ�������]�À���� ���v�Ç�� �•�]�P�v�]�(�]�����v�š��
reaction between both groups. Pregnancy rate after 1st artificial insemination was 20% better in EG 
comparing with CG. Time interval between calving and 1st artificial insemination in EG was 10 days 
shorter than in the CG. To summarize the study, we can conclude that Fusarium mycotoxins in TMR 
has negative impact to reproduction status of dairy cows. 
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The presence of mycotoxins that contaminate feed is one of the primary problems in the production 
of animal products; that is why it is particularly important to know their mechanism of action in the 
animal body. Three common Fusarium mycotoxins, such as T-2 toxin, deoxynivalenol (DON), and 
fumonisin B1 (FB1), are well known for oxygen free radical formation and consequently lipid 
peroxidation effects, which is neutralized by the glutathione system within the antioxidant defence 
system. Our study aimed to investigate the individual effects of the three mycotoxins on intracellular 
biochemical changes, focusing on certain elements of the glutathione redox system and lipid 
peroxidation. The in vivo study was performed on laying hens in a short-term (3-days) feeding trial 
using mycotoxin dose twice as the EU recommended level of poultry feeds (T-2 toxin: 0.5 mg/kg; 
DON: 10 mg/kg; fumonisin B1: 40 mg/kg). The amount of reduced glutathione (GSH) and the activity 
of glutathione peroxidase (GPx) were measured in the liver, as well as markers of the initiation phase 
of lipid peroxidation, conjugated dienes (CD) and trienes (CT), and marker of the terminal phase the 
metastable end product, malondialdehyde concentration (MDA). The results showed that the 
amount of GSH and the activity of GPx significantly decreased significantly compared to the control 
group on day 3 only as an effect of FB1.  The amount of CD levels was reduced by the three examined 
mycotoxins compared to the control. The MDA concentration was lower in the liver of laying hens 
fed DON than the control group by day 3. Concerning the results, the individual effects of Fusarium 
mycotoxins were different at the end of the trial; the FB1 decreased the antioxidant markers, while 
DON decreased the end product of the lipid peroxidation. The results showed that the examined 
Fusarium mycotoxins did not activate the antioxidant defence system. They did not initiate 
measurable lipid peroxidation; possibly, the dose was used did not cause oxidative stress in laying 
hens.  

The research was supported by the EFOP-3.6.3-VEKOP-16-2017-00008 co-financed by the European 
Union and the European Social Fund projects. 
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T-2 and HT-2 toxin are secondary plant metabolites produced by Fusarium fungi and classified as 
type A trichothecene mycotoxins which contaminate food and feed worldwide. Based on the toxicity 
of T-2 and HT-2 toxin, the European Food Safety Authority (EFSA) has set a group-TDI-value 
(Tolerable Daily Intake) of 100 ng/kg bodyweight per day. A maximum level for each individual 
compound has not yet been established although especially T-2 toxin is highly toxic due the inhibition 
of DNA, RNA and protein synthesis. Besides the free T-2 and HT-2 toxin, modified forms are coming 
more and more into the focus and should be taken into account for risk assessment and toxicity 
evaluation [1]. 

Free mycotoxins can be modified in response to fungal infestation during phase-II metabolism 
in planta. Glucosides of T-2 and HT-2 toxin are examples of modified mycotoxins which were 
detected particularly in naturally contaminated cereal samples [2]. These glucosides have not been 
considered for risk assessment yet even though a cleavage of the glycosidic bond and a release of the 
aglycon in the gastrointestinal tract is conceivable. To further elucidate the intestinal metabolism of 
T-2 and HT-2 toxin glucosides, the pig cecum model was used [3]. As the anatomical and physiological 
properties and most importantly the microbiota of humans and pigs are comparable, this ex vivo 
model is a powerful tool to mimic the human intestinal metabolism [3]. 

In this study T-2 and HT-2 �š�}�Æ�]�v�� �P�o�µ���}�•�]�����•�� �]�v�� �r- ���v���� �t-configuration were available as pure 
substances from a recent project [2] and were used to investigate their intestinal metabolism. The 
results demonstrate that regardless its configuration the C-3 glycosidic bond of the analytes was 
hydrolysed within 10-20 min by the pig cecal microbiota associated with a release of the respective 
aglycon and further metabolites [4]. By transferring the results to the human intestinal metabolism, 
we conclude, that the consumption of naturally contaminated cereals could increase toxic effects in 
the body due to the release of T-2 and HT-2 toxin from modified forms. Therefore, modified 
mycotoxins should be considered together with their free forms for risk assessment as already 
pointed-out by the EFSA Panel on Contaminants in the Food Chain (CONTAM). 

[1] H.-U. Humpf, M. Rychlik, B. Cramer, Encyclopedia of Food Chemistry, 2019, 1, 393-400.  

[2] H. S. Schmidt, M. Schulz, C. Focke, S. Becker, B. Cramer, H.-U. Humpf, Mycotoxin Research, 2018, 
34, 159-172. 

[3] E. Hein, K. Rose, G. v���v�[�š�� �^�o�}�š, A. Friedrich, H.-U. Humpf, Journal of Agricultural and Food 
Chemistry, 2008, 56, 2281-2290. 

[4] M. Kasimir, M. Behrens, M. Schulz, H. Kuchenbuch, C. Focke, H.-U. Humpf, Journal of Agricultural 
and Food Chemistry, 2020, 68, 5455-5461. 
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Mycotoxins are low-molecular weight naturally-occurring food contaminants produced as secondary 
metabolites by filamentous fungi, mainly Aspergillus, Penicillium and Fusarium. More than 300 
compounds have been classified as mycotoxins, however only a few have received attention due to 
their toxic effects. Moreover, humans are exposed to mixtures of mycotoxins due to the fact that: i) 
fungus can produce different mycotoxins, ii) food and feed can be contaminated by several fungi and 
iii) the diet is varied. Therefore, as the number of possible combinations is very high, it is important 
to develop an efficient tiered strategy to prioritize the mycotoxins (and combinations) that should be 
evaluated from a toxicological point of view. 

The present study is focused on genotoxicity, which is the ability to cause damage to DNA that in turn 
can contribute to long term diseases such as cancer. 

The proposed tiered strategy consists on the sequential application of three screening phases: two in 
silico and one in vitro. The in silico approach was shaped with two predictive tools: DEREK, a 
knowledge-based expert system for qualitative toxicity prediction (phase 1) and VEGA, a qualitative 
structure-activity relationship (QSAR) model platform (phase 2). In vitro testing was conducted with 
the SOS/umu-test (phase 3), an alternative screening test for detecting DNA damaging agents. Two 
assay conditions were performed: without and with metabolic activation (S9 from rat liver). The 
mycotoxins tested produced by Aspergillus were aflatoxin B1, ochratoxin A and sterigmatocystin. 
Fusarium mycotoxins tested were deoxynivalenol and its acetylated derivatives, nivalenol, 
fusarenone-X, fumonisin B1, zearalenone, T-2 and HT-2 toxins. 

As expected, aflatoxin B1 was positive for genotoxicity in silico and in vitro. Sterigmatocystin was also 
positive in silico but weak positive in vitro. Negative genotoxic outcomes were found for ochratoxin 
A, zearalenone and fumonisin B1. However, for all other mycotoxins the results were equivocal/weak 
positives. 

 

Funding: This work was performed by the MITOX Research group from the University of Navarra. This 
work was supported by the Spanish Ministry of Economy, Industry and Competitivity through the 
�‰�Œ�}�i�����š�� �^Multiexposure and combined toxicity of mycotoxins in humans and farm animals. 
Toxicokinetic characterization and metabolism�_�� �~���'�>�î�ì�í�ó-85732-R) (MINECO/AEI/FEDER, UE). M.A 
�š�Z���v�l�•�� �š�Z���� �^���•�}���]�����]�•�v�� ������ ���u�]�P�}�•�_�� �~�h�v�]�À���Œ�•�]�š�Ç�� �}�(�� �E���À���Œ�Œ���•�� ���v���� �š�Z���� �^�‰���v�]�•�Z�� �'�}�À���Œ�v�u���v�š�� �(�}�Œ�� �š�Z����
predoctoral grants received �^���Ç�µ�����•���‰���Œ�����o�����&�}�Œ�u�����]�•�v���������W���Œ�•�}�v���o���/�v�À���•�š�]�P�����}�Œ�_�����v����� Âyudas para 
contratos predoctorales para la formación de doctores 2018 (PRE2018-�ì�ô�ï�ñ�î�ó�•�_. 
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Fungal laryngeal infection is commonly seen in immunocompromised individuals and can mimic 
other laryngeal diseases like gastroesophageal reflux disease, granulomatous disease, leukoplakia, 
and carcinoma. Although fungal infections of the larynx are typically considered to be associated with 
immunocompromise, such infections can occur in immunocompetent hosts in whom there are 
alterations in the mucosal barrier. The aim of the study was the mycological analysis of material 
conduct from patients undergoing microlaryngoscopy. The prospective examination included 
samples obtained from a large non-selected group of patients operated at the ENT Department 
University Nicolaus Copernicus Hospital no 2 in Bydgoszcz. The patients were classified into three 
groups: the first group were patients diagnosed with laryngeal cancer (22), the second group was 
patients with leukoplakia and pachydermia laryngis (17), and the third group comprised patients with 
benign changes, i.n. chronic laryngitis, polyp (20). During microlaryngoscopy under endotracheal 
anesthesia, a directoscope was inserted into the larynx. The larynx was assessed under a microscope. 
The material was collected from the lesion with laryngeal forceps for histopathological examination 
and mycological examination. The tissue material was incubated in 2% liquid Sabouraud medium for 
24 h. Subsequently, no more than 1 ml of the suspension was inoculated onto the surface of 
chloramphenicol-containing media: malt extract agar, inhibitory mold agar, and brain heart infusion 
agar. The plates were incubated at 25 ± 1 °C for two weeks. Fungal growth was examined seven days 
after the inoculation and at subsequent 7-day intervals. Every viable colony of mold was recovered 
for species identification. Diagnostics of the fungal infection was performed by the microscopic study 
of the preparations. The study in the first group revealed yeast fungi (Candida) in 4 patients (18%) 
and mould fungi (Aspergillus, Penicillium, Cladosporium, Fusarium) in the seven (32%). In patients 
with leukoplakia or pachydermia, yeast fungi were detected in 7 patients (41%), while moulds 
(Aspergillus, Penicillium, Cladosporium) in 4 patients (23%). Occurrence of yeast fungi in patients with 
benign lesions, i.n. chronic laryngitis, polyp, was detected in 2 patients (10%), while moulds 
(Cladosporium, Alternaria, Penicillium) in 4 patients (20%). The study also assessed whether 
comorbidities (asthma or diabetes) predispose the occurrence of fungi in these patients. 
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Based on the beneficial health effects associated to the consumption of whole grains, the WHO 
recommendations consider the inclusion of whole grains as part of a healthy diet, through the 
substitution of refined cereals by whole options. Portugal is the European country with the highest 
consumption of rice per capita but most of the rice is consumed in its polished form, and brown rice 
is not highly popular. Despite presenting components that are usually associated to health benefits, 
e.g. fibre and micronutrients, rice could also be associated with health risks, including biological 
contaminants (e.g. Bacillus cereus), heavy metals and mycotoxins. Regarding mycotoxins, aflatoxins 
(AFTs), citrinin, sterigmatocystin, fumonisins, zearalenone, deoxynivalenol, nivalenol, and ochratoxin 
A are some of the mycotoxins that are usually found in rice. All these rice components present 
different concentrations in the white and brown rice options, and consequently leading to different 
intakes. Thus, a risk-benefit approach, assessing and integrating simultaneously health risks and 
benefits, is recommended in order to establish appropriate recommendations based on robust 
scientific evidence.  

The present study aimed to carry out a semi-quantitative risk-benefit assessment of the consumption 
of white rice versus brown rice in the Portuguese adult population, taking into account the current 
consumption of rice and alternative scenarios of substitution of white rice by its whole version, 
following the methodology already described 1. Data used in the assessment resulted from national 
data and/or data already published elsewhere.  

Obtained results revealed that the increase in the consumption of brown rice is related with an 
expected increase in the associated health benefits, mainly due to the higher intake of fibre, vitamin 
B6 and magnesium. However, there is a potential risk for consumers regarding exposure to arsenic 
and aflatoxins in all scenarios, including in the baseline scenario corresponding to the current 
consumption of rice in Portugal. 

The present study highlights the importance of shifting the rice consumption to whole versions. 
However, in order to guarantee higher health benefits associated to rice consumption, this food 
product should be made available with lower contamination levels of arsenic (increasing the 
speciation studies to clarify the arsenic species present) and aflatoxins is imperative.  

 

Thanks are due to FCT/MCTES for the financial support to CESAM 
(UIDP/50017/2020+UIDB/50017/2020), through national funds. 

1. Assunção, R. et al. Building capacity in risk-benefit assessment of foods: Lessons learned from 
the RB4EU project. Trends Food Sci. Technol. 91, (2019). 
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