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About MycoKey
Aims to generate innovative and integrated solutions 
that will support stakeholders in e�ective and sustain-
able mycotoxin management along food and feed 
chains

Will contribute to reduce mycotoxin contamination 
mainly in Europe and China
will address the major a�ected crops maize, wheat and 
barley, their associated toxigenic fungi and related 
mycotoxins (a�atoxins, deoxynivalenol, zearalenone, 
ochratoxin A, fumonisins)

Will integrate key information and practical solutions 
for mycotoxin management into a smart ICT 
                        
Tool (MycoKey App), providing answers to stakeholders, 
who require rapid, customized forecasting, descriptive 
information on          contamination risk/levels, decision 
support and practical economically-sound suggestions 
for intervention

Tools and methodologies will be strategically targeted 
for cost-e�ective application in the �eld and during 
storage, processing and     transportation 

Alternative and safe ways to use contaminated batches 
will be also delivered         

The focus of MycoKey

Innovating communications of mycotoxin                
management by applying ICT, providing input for 
legislation, enhancing knowledge and networks

Selecting and improving a range of tools for              
mycotoxin monitoring

Assessing the use of reliable solutions, sustainable 
compounds/green technologies in prevention,           
intervention and remediation                                 
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Team members "Biocontrol of Aspergillus flavus to prevent a�atoxin production" task : 
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WP 4 – Prevention in the �eld

Biocontrol of Aspergillus flavus to prevent a�atoxin production 
Reduction of Fusarium inoculum and mycotoxins in barley, wheat and 
maize through agronomic measures 
Biological control of F. graminearum with fungal and bacterial antago-
nists on preceding crop residues 

WP 8 – Communication, Dissemination & Exploitation

Technological Workshops
Training for mycotoxin management



Biocontrol of Aspergillus �avus to prevent a�atoxin production 

MycoKey actions on maize: 2016-2019 survey on the incidence of total a�atoxins in Romanian maize samples

2016 2017 2018 2019

According to the Romanian Ministry of Agriculture and 
Rural Development, with regard to general agriculture 
data, from the 23.8 million hectares, which represents the 
Romanian territory, the agricultural exploitation is about 
13.3 million ha (55.9%), of which about 8.3 million ha 
(55.9%) represents the arable land. 
In Romania, cereals and oil plants represent approx. 80% 
of the total arable land. Maize (approx. 2512.8 thous. ha 
and a production of 11988.6 thous. tons) followed by 
wheat and rye (approx. 2123.1 thous. ha, with a             
production of 7609.2 thous. tons) are the main cereals 
cultivated in Romania.
Since the agriculture practices and also particular soil and 
climatic conditions have a major in�uence on the levels 
of mycotoxins in cereals such as maize, wheat and barley, 
a preventive system is required. Moreover, a�atoxins 
became a major concern for maize production in Europe, 
after various outbreaks were noted.   

Introduction



A�atoxins are mycotoxins produced mainly by           
Aspergillus flavus and Aspergillus parasiticus.
A�atoxins can contaminate maize, cotton, pistachio 
nuts and peanuts during the growing season and after 
harvest. They are potent carcinogens and                   
hepatotoxins and thus present serious food safety 
problems (IARC, 2012).  
Considerable knowledge is available regarding maize 
– A. flavus – environment interaction components 
(e.g. Bhatnagar, 2012; Reverberi et al., 2013), but its        
translation to minimise pathogen impact on the safety 
of agricultural products is still a very complex task. 
A�atoxins became a main concern for maize             
production in Europe since 2003, when a severe 
outbreak was observed in Italy (Piva et al., 2006). 
Romania also faced contamination problems (Gagiu et 
al., 2018; Stanciu et al., 2018).
Therefore, a maize survey on the incidence of total 
a�atoxins was started by IBA Bucharest in 2016 and 
continued until 2019. Around 500 samples were 
collected from all Romanian counties.
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Crops & Mycotoxins Challenges

Climate impacts at di�erent stages of the crop lifecycle
Emerging health risks linked to mycotoxins
Need for an e�ective and sustainable mycotoxin            
management along food and feed chain
Need to reduce mycotoxin contamination

Objective

A maize survey was conducted in Romania, to monitor the 
occurrence of total a�atoxins in maize samples collected 
during the 2016-2019 growing seasons from �elds located 
in all counties. All samples were collected along with 
information regarding the applied agronomic practices 
and cropping system. 

Unprocessed maize samples were collected during the 
2016-2019 harvest seasons from all around Romanian 
counties, along with information regarding speci�c loca-
tion of maize �elds, hybrid type, crop details and applied 
agronomic practices. 
Sampling was performed according to the European 
Union (EU) guidelines1). 

The sample collection was realised in collaboration with 
the Ministry of Agriculture and Rural Development and 
the University of Agronomic Sciences and Veterinary 
Medicine of Bucharest, Faculty of Agriculture.

Sampling

1) Commission Regulation (EC) No 401/2006 of 23 February 2006 laying down 
the methods of sampling and analysis for the o�cial control of the levels of 
mycotoxins in foodstu�s 



In order to reference the origin of the        
samples, the European nomenclature of 
territorial units for statistics (NUTS) was 
used, based on the COMMISSION REGULA-
TION (EU) 2016/2066 of 21 November 2016 
amending the annexes to Regulation (EC) 
No 1059/2003 of the European Parliament 
and of the     Council on the establishment 
of a common classi�cation of territorial units 
for statistics (NUTS). 



Distribution of the maize samples 

NUTS III level





Screening of a�atoxin contamination

The incidence of total a�atoxins in maize samples was 
investigated using ELISA (Enzyme Linked Immunosor-
bent Assay) method (RIDASCREEN® A�atoxin Total, 
R-Biopharm AG, Germany). 

All samples were �rst �nely ground using an ultra 
centrifugal laboratory mill (Retsch GmbH, Germany) 
and mixed thoroughly to achieve complete homogeni-
zation. Furthermore, 2 grams of grinded sample were 
homogenized in 10 mL 70% methanol (v/v). Samples 
were homogenized vigorously using an orbital shaker 
(GFL Gesellschaft für Labortechnik GmbH, Germany) 
and then �ltered using Whatman No. 1 �lter paper. 

Further, samples were diluted according to the test kit 
manual, using distilled water. 

50 µL standards and samples, in duplicate, were added 
into di�erent wells. Enzyme conjugate and antibody 
solution were added to each well and further, the plate 
was incubated at room temperature for 30 minutes. 
After washing the plate (PBS tween bu�er), 100 µL 
substrate/chromogen were added and after 15 minutes 
incubation time at room temperature, 100 µL stop 
solution were added.

The plates were read on a Sunrise™ plate reader (Tecan 
Group Ltd., Switzerland). For each sample, two replicates 
have been used. The average of these samples has been 
employed in data analysis. 
A reference material was used for each measurement 
(Trilogy Analitical Laboratory, US). 



Method



According to the European Union (EU) guidelines2, 
the maximum levels of total a�atoxins for maize to 
be subjected to sorting or other physical treatment 
before human consumption or use as an ingredient 
in foodstu�s are 10.00 μg/kg. 

Results

2) Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting 
maximum levels for certain contaminants in foodstu�s



Results - 2016 

Out of the 166 maize samples assessed in 2016, 14 samples noted total a�atoxin 
levels higher than 10.00 µg/kg, the limit set by the Commission Regulation (EC) 
No 1881/2006 for maize (subject to soring or other physical treatment before 
human consumption or use in foodstu�s). When referring to the analysed maize 
samples, the southern regions of Romania were the most a�ected by the 
incidence of total a�atoxins: 
9 samples from the southern region of Romania (Argeș county, South-Muntenia 
development region, Macro region 3);
3 samples from the southeastern region (Vrancea and Galați counties, South-East 
development region, Macro Region 2);
2 samples from the southwestern part of the country (Mehedinți and Olt 
counties, South-West Oltenia development region, Macro Region 4).
Argeș County noted the highest levels of a�atoxins (397,56 μg/kg). This county 
presents mainly moderate and strongly textured soils, with low permeability to 
water and low humus content, with slow nitri�cation and biologically poor 
biologically active soils. 
Taking into consideration the information provided by the monitoring question-
naires, the southern counties noted poor agricultural practices, also. 
Romanian maize hybrids represented 13.5 % of the total number of recorded 
hybrids.



In 2017, the a�atoxin contamination was substantially lower than in 
2016. Only 6 samples exceeded the concentration of 10.00 μg/kg. The 
highest concentration of total a�atoxins was 59.32 μg/kg, noted by a 
maize sample from Bihor county (North-West development region, 
Macro region 1).
The presence of total a�atoxins was independent of the type of maize 
hybrid and previous crop. 

Results - 2017 



Results - 2018 

Out of the 84 maize samples which were assessed, only for 2 samples the 
origin of the �elds was unknown. The majority of the samples were 
collected from the Macro Region 3 (52.38%), where the Sud-Muntenia 
development region registered the highest number of maize samples (43 
samples). While there were received an average number of 2 maize 
samples from each county, Calarasi county was noted with 31 sent 
samples.

The highest concentration of total a�atoxins (5.48 µg/kg) was noted by a 
sample from Arad county, Vest development region (West), Macro Region 
4. Out of the 84 analyzed maize samples, 69 samples noted an a�atoxin 
contamination. Regarding the contaminated samples, Macro Region 3 
noted the highest number of samples with concentrations of total 
a�atoxins over 1.75 µg/kg (8 samples, which represented 18.18% of the 
total number of samples coming from this region). Macro Region 4 (the 
south-western and western areas of Romania) noted the smallest number 
of contaminated samples over 1.75 µg/kg (2 samples).   

Regarding the type of hybrid, Pioneer (32 samples) and Maisadour 
Semences (20 samples) ranked as the �rst producers, followed by Dekalab 
(18 samples) and Syngenta (13 samples). The Romanian hybrids represent-
ed only a percent of 3.57% out of the total analyzed samples (3 samples). 
There was not observed a correlation between the hybrid type and the 
concentration of total a�atoxins



Results - 2019 

When referring to the 2019 maize samples, Macro Region 4 of Romania 
was the most a�ected by the incidence of total a�atoxins (100% 
contaminated samples). Out of the total number of assessed samples 
(95 maize samples), 31 noted concentrations of total a�atoxins over 1.75 
µg/kg (32.63%).  
The highest concentration of total a�atoxins (77.59 µg/kg) was noted 
once again by a sample from Argeș county, South-Muntenia develop-
ment region, Macro region 3. A number of 42 maize samples were 
collected from this Macro Region and 40 samples were found contami-
nated with total a�atoxins (95.24%), while 15 samples noted concentra-
tions over 1.75 µg/kg. 
Macro Region 1 noted only 2 samples with total a�atoxin concentra-
tions over 1.75 µg/kg.



A�atoxin contamination of maize samples 
(harvest 2016-2019) was independent of the 
type of hybrid. When referring to the analysed 
maize samples, the southern regions of Romania 
were the most a�ected by the incidence of total 
a�atoxins.
The highest concentration of total a�atoxins 
(397.56 μg/kg) was noted in 2016, by a maize 
sample from Argeș county (South-Muntenia 
development region, Macro region 3). Macro 
Region 3 noted to be the most a�ected region in 
regard to total a�atoxin contamination and 
Argeș county in special. 
In 2016, there was noted the highest number of 
contaminated samples (18 samples), with 
concentrations over the maximum levels for 
total a�atoxins for maize to be subjected to 
sorting or other physical treatment before 
human consumption or use as an ingredient in 
foodstu�s (10.00 μg/kg). However, the 2018 
harvest did not noted any contaminated sam-
ples over this limit.

Conclusions

This comprehensive investigation of the Romanian 
maize samples was done for the �rst time in 
Romania for the occurrence of total a�atoxins. The 
present study can contribute to the e�ort to 
reduce fungi and mycotoxin contamination in 
maize and can represent an important step in the 
risk assessment strategies for mycotoxin mitiga-
tion. 
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Trainings, dissemination activities

IBA Bucharest hosted the meeting of the MycoKey’s Working Group 1 – 
Maize (6 June 2018, Bucharest, Romania). The event reunited 14 partici-
pants from 6 countries (Italy, Romania, Nigeria, Argentina, Hungary, 
United States). The speci�c objective of WG1-maize is to prepare Good 
Agricultural Practices (GAP), Good Management Practices (GMP) and 
Good Storage Practices (GSP) for minimizing mycotoxins (a�atoxins, 
fumonisins and deoxynivalenol) along the maize chain, to reduce human 
and animal exposure, addressed to stakeholders. Based on WG1-maize 
discussions, short messages, suggestions for farmers, will be also 
discussed. They are crucial input for the MycoKey app, planned to keep 
farmers updated regarding the mycotoxin contamination risk during the 
growing season, based on predictive modelling.

IBA Bucharest organized the 2nd MycoKey technological workshop 
”MycoKey: a new approach for mycotoxin management in the maize 
chain in East Europe” (7-8 June 2018, Bucharest, Romania). The event 
hosted approx. 70 participants (scienti�c researchers, representatives of 
Romanian authorities and food industry) from 7 di�erent countries. The 
workshop included 14 presentations on the mitigation of mycotoxin 
contamination in the maize chain, open discussions on smart manage-
ment of mycotoxins, sustainable management of agricultural challenges, 
food security, sustainable agriculture, marine and maritime research and 
the bioeconomy, rural development programs, main challenges of 
Romanian maize processors, safe control: rapid detection of mycotoxins. 
More details: http://bioresurse.ro/the-2nd-mycokey-technological-work-
shop/



In the framework of the MycoKey fellowships, a short term mission 
took place (01.09.2017 – 31.10.2017), in collaboration with UCSC. 
The young researcher Ioan Cristian Tivig performed the research 
assignment “Selection of Aspergillus flavus strains as candidate 
biocontrol agents to prevent a�atoxin contamination in maize in 
Romania”. This STM represents a support to the biocontrol of A. 
flavus actions within MycoKey project, the activities being part of 
WP 4.1, focused on the selection, isolation techniques and 
characterisation of Romanian atoxigenic strains of A. �avus, in 
order to reduce a�atoxin contamination in Romanian maize.

The present work has received funding by the European Union’s 
Horizon2020 Research and Innovation programme under Grant           
Agreement No. 678781 (MycoKey).
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