
 Abstract
Mycotoxins are toxic metabolites produced by multiple species of molds that can develop in 

crops and food under certain conditions of humidity and temperature. Therefore, it is believed 

that the appearance of mycotoxins will be greatly affected by future climate scenarios. Mycotoxin 

contamination is a problem, therefore, in foods of plant origin, mainly in cereals and nuts, but also 

in foods of animal origin, when the animal has been fed with contaminated feed. The review of the 

existing scientific evidence in relation to climate change points to a geographical redistribution of 

the incidence of the different mycotoxins, which at a global level may not necessarily represent an 

increase, since the possible reduction in cultivable areas as a consequence of extreme weather 

conditions must be taken into account. However, even locally, and focusing on Southern Europe, 

a clear increase in the incidence of aflatoxins in corn, traditionally linked to tropical climates, and 

also a worsening of the already existing problem of fumonisins in this same cereal, can be expected. 

There are various mitigation strategies for the growing mycotoxin problem, including preventive 
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agricultural practices in the field, during the harvest and storage of cereals, physical, chemical and 

biological decontamination processes, and self-monitoring based on sampling and analysis in the 

different steps of the food chain.

For all the above, it is necessary to insist on the convenience of joining efforts not only against 

climate change as a global phenomenon, but also in the promotion and adoption of specific projects 

and programs aimed at preventing and mitigating the incidence of the presence of mycotoxins in 

feed and food products, with the participation of the public and private sectors, naturally including 

the scientific community, those responsible for risk management, producers and even consumers 

through the appropriate communication strategies.
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1. Introduction
Mycotoxins are toxic metabolites produced by multiple species of mould that may develop in crops 

and foods under certain conditions of humidity and temperature.

There are a large number of mycotoxins and within the most frequent ones, the ones that pose 

a greater risk to human and animal health are aflatoxins (AF), ochratoxin A (OTA), patulin (PAT), 

fumonisins (FBs), zearalenone (ZEN) and deoxynivalenol (DON). Some of these toxins are among 

the most powerful natural carcinogenic agents known to science (Ostry et al., 2017). Additionally, 

their adverse effects on health may include digestive problems, renal toxicity, immunosuppression, 

and oestrogenic effects.

Once mycotoxins are present in raw materials, they become highly stable and resistant to 

processes of drying, milling and processing. Additionally, due to their thermal stability, they are 

not significantly affected by heat treatments. According to a recently updated report by the World 

Bank (Kos et al., 2019) (Eskola et al., 2020), 25 % of crops worldwide may be contaminated with 

mycotoxins at levels exceeding the legally established maximum limits. This value may ascend to 

80 % if we consider the mere detectable presence of mycotoxins. This high rate is possibly due to 

a combination of the improved sensitivity of testing methods and the impact of climate change. It is 

extremely important that detectable levels are not ignored, as human beings are exposed to a blend 

of mycotoxins through their diet, which may lead to combined adverse effects on health (Eskola et 

al., 2020).

In its 2019 annual report, the Rapid Alert System for Food and Feed (RASFF) concluded that, as has 

been the case since this system was implemented, problems related to mycotoxins and pathogenic 

microorganisms are the primary problems in third-country products, mycotoxins being the most 

reported type of hazard. AFs are the most frequently reported mycotoxins, especially in nuts. OTA is 

found primarily in fruits and vegetables, especially in raisins, followed by dried figs.

Climate change has been identified as an emerging global problem. Climate change entails 

increased levels of CO2 and other greenhouse gases in the atmosphere, leading not only to increased 

temperatures, but also to greater variability in weather conditions, including changes in rainfall 

patterns, droughts and storms. The effects of climate change may in turn lead to changes in Nature 

and the appearance of hazards to food safety. Generally, it has been accepted that the influence of 

climate change on agricultural systems has a considerable impact on food safety (Camardo Leggieri 

et al., 2019). 

Consequently, it is estimated that the appearance of mycotoxins shall be greatly affected by 

future climate scenarios (Cotty and Jaime-García, 2007). Increased temperatures and CO2, variation 

in the intensity and distribution of rainfall, as well as extreme weather events, have an effect on 

the species of moulds that are predominant in different forms, based on their ecological needs 

(Camardo Leggieri et al., 2019). Environmental changes are modifying the relationship between plant 

growth, associated fungal diseases, and pest populations, owing to an imbalance in the relationship 

between the pathogen/pest, plant and the environment (Grulke, 2011). New combinations of 

mycotoxins/host plants/geographical areas are drawing the attention of the scientific community, 

as they require new tools for detection and identification, and a deeper knowledge of the biology 
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and genetics of toxigenic fungi (Moretti et al., 2019). Climate change may also alter other factors 

such as the effectiveness of the pre-harvest application of pesticides, changes in geographical 

distribution, or the life cycles of insects that promote fungal infections in crops.

For all of these reasons, and faced with the foreseeable increase of mycotoxins in foods, the 

Scientific Committee of the Spanish Agency for Food Safety and Nutrition (AESAN) has been 

asked to review the currently available scientific literature on the effects of climate change in the 

production and presence of mycotoxins in foods, and to highlight possible measures for mitigation 

that may be applied.

2. Mycotoxins
The biological effects of mycotoxins, molecules that usually have a low molecular weight, may have 

various functions: antibiotic, insecticide, plant killer, enzymatic and pigmentation functions, etc. 

They are called mycotoxins when they lead to diseases in vertebrate animals or humans, owing to 

their toxic effects. Ever since man invented agriculture, there have been diseases and outbreaks 

from the consumption of contaminated foods or feeds. Plant domestication is linked to the loss of 

genetic variability and with it, to the risk of losing the capacity for defence against fungi. Fungi may 

alter foods at different stages of the food chain, from their cultivation to their final consumption by 

human beings (Pleadin et al., 2019). Thus, unfavourable conditions during plant growth, harvesting, 

storage, shipping and processing may carry the risk of mycotoxin contamination. Chemical stability, 

like thermal stability of mycotoxins, is an added problem as processing (including high temperatures) 

does not destroy and eliminate them.

Given that mycotoxins are one of the risks associated with regularly consumed foods, special 

attention is paid to them by food safety agencies. The foods most prone to mycotoxin accumulation 

are cereals (including maize), nuts and their by-products, and dried fruits. When mycotoxins make 

their way to the end consumer in this manner, leading to food poisoning, it is deemed primary 

mycotoxicosis, while secondary mycotoxicosis is that which is produced by exposure to mycotoxins 

upon ingesting food products of animal origin (dairy or meat products) after biotransformation 

processes, when the animals have been fed with contaminated feed.

The first identified mycotoxin was aflatoxin (AF) in 1961. Since then, some 400 mycotoxins have 

been identified. Aspergillus, Fusarium and Penicillium species are considered the most important 

producers of mycotoxins. The most important mycotoxins today are AFs, DON, T-2 and HT-2 toxins, 

ZEN, FBs, OTA, ergot alkaloids, PAT and citrinin (Eskola et al., 2020). 

Acute or chronic exposure to mycotoxins through diet can lead to a series of toxic effects on 

human and animal health. These include neurotoxicity, hepatotoxicity, pulmonary toxicity, renal 

toxicity, haematological toxicity, damage to the immune system, the digestive tract, or endocrine 

glands (Edite Bezerra da Rocha et al., 2014).

Apart from the dosage of the mycotoxin in question, the biological effects produced depend on 

other factors such as individual sensitivity (derived from genetic variability and genetic differences 

of which those related to the cytochrome p450 (CYP 450) are noteworthy), age, nutritional and basal 

health status, and normal intestinal function. The last is of especial interest, given that mycotoxins 
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that may contaminate foods first enter into contact with the gastrointestinal tract. There is some 

evidence that intestinal flora may be able to degrade certain mycotoxins, especially trichothecenes 

and OTA, if the host has a balanced flora (Liew and Mohd-Redzwan, 2018).

Another aspect to be considered is the difficulty of assessing the possible toxic effects when 

different mycotoxins are simultaneously present in foods, or in synergy with other toxic agents such 

as endocrine disruptors.

Owing to their importance, seriousness and frequency, this report focuses on AFs and Fusarium 

toxins.

2.1 Aflatoxins

AFs produced by Aspergilus flavus and Aspergillus parasiticus are the most common and relevant 

mycotoxins. More than 14 AFs have been identified. Aflatoxin B1 (AFB1) is the most potent and 

active aflatoxin. The most common dietary sources of exposure are cereals and nuts, although other 

foods such as coffee, oilseeds (soy, sunflower), spices or milk (prone to containing the aflatoxin M1 

(AFM1), a product of AFB1 metabolism) may be equally contaminated owing to defects in production 

and storage, or due to animal exposure (WHO, 2018). AFs are among the most mutagenic and 

carcinogenic substances known and they are placed in group 1 (substance deemed carcinogenic 

to humans) of the classification of the International Agency for Research of Cancer (IARC). AFs are 

genotoxic and AFB1 may cause hepatocellular carcinomas in human beings (EFSA, 2020). Chronic 

exposure induces hepatocellular cancer. There is sufficient experimental and epidemiological 

evidence that chronic exposure induces hepatocellular cancer and therefore a No Observed 

Adverse Effect Level (NOAEL) is lacking, and its exposure must be reduced as much as possible 

(Fromme et al., 2016). 

The CONTAM Panel of the European Food Safety Authority (EFSA) selected a Benchmark 

Dose Level (BMDL) for a benchmark response of 10 % of 0.4 μg/kg b.w./day for the incidence of 

hepatocellular cancer in male rats following AFB1 exposure to be used in a Margin of Exposure 

(MOE) approach. In Europe, MOE values range between 5000 and 29 for exposure to AFB1 and 

between 100 000 and 508 for exposure to AFM1. The calculated MOEs are below 10 000 for AFB1 and 

also for AFM1 where some surveys, particularly for younger age groups, have an MOE below 10 000 

(EFSA, 2020). According to the EFSA, this poses a health hazard. The estimated risks of cancer in 

human beings from exposure to AFB1 and AFM1 are in line with the conclusions obtained from the 

MOEs. The conclusions are also applicable to the combined exposure to the five AFS (AFB1, AFB2, 

AFG1, AFG2 and AFM1) (EFSA, 2020).

Epidemiological studies reported since 2006 have added to the weight of the evidence that AF 

exposure is associated with a risk of developing hepatocellular cancer, and people infected with the 

hepatitis B (HBV) or hepatitis C virus (HCV) are at greater risk. The data suggests that HBV infection 

of the liver alters the expression of the gene coding for the enzymes, which metabolise/detoxify AFs, 

such as an induction of CYP 450 or decrease in glutathione-Stransferase (GST) activity. This may 

provide one mechanistic basis for the higher risk of liver cancer among HBV-infected individuals 

exposed to AFs (EFSA, 2020).
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To set the maximum permitted limits of AFs, the “ALARA” (As Low As Reasonably Achievable) 

principle has been followed, that is to say, values with acceptable level of risk without provoking a 

food shortage or ruining production sectors.

The hepatotoxicity of AFB1 depends on the variations in the gene coding for CYP 450, as the 

isoenzymes of CYP 450 metabolise AFB1 in the liver to exo-epoxides that are highly reactive to DNA, 

RNA and proteins, that subsequently react with the gene suppressor p53, facilitating mutations and 

thus malignant transformation (carcinogenic capacity), especially in the simultaneous presence of 

hepatitis B infection. It is estimated that up to 155 000 deaths occur annually due to hepatocarcinoma 

caused by chronic exposure to AFs all over the world, especially in Africa and Asia (Liu and Wu, 2010). 

Acute exposure to high doses may lead to acute hepatitis and death due to the above-mentioned 

biotransformation into aflatoxin-8,9-epoxide. Clinical symptoms include vomiting, abdominal cramps, 

pulmonary oedema (Kensler et al., 2011). Since the 1960s, outbreaks of acute hepatic insufficiency 

have been observed among human populations (jaundice, lethargy, nausea, death) identified as 

aflatoxicosis (WHO, 2018).

AFs exposure has also been linked to other types of renal or colon cancer, as well as congenital 

deformities in children. Other effects of chronic exposure to AFB1 are susceptibility to infections due 

to immunosuppressant effects and delayed growth in human beings (Liew and Mohd-Redzwan, 2018).

The effects on the intestinal tract lead to alterations in the intestinal wall and the effects of 

apoptosis have been observed in the jejunum in animals, leukocyte and lymphocyte infiltration, 

and degeneration of the intestinal microvilli. These toxic effects are comparable to those of other 

mycotoxins (Liew and Mohd-Redzwan, 2018).

Consequently, Regulation (EC) No. 1881/2006 has set maximum permitted limits for cereals, nuts, 

oilseeds, dried fruits and spices between 4 and 15 μg/kg for total AFs, and between 2 and 12 μg/kg for 

AFB1, in addition to 0.05 μg/kg of AFM1 for raw milk, heat-treated milk, and milk for the manufacture 

of milk-based products (EU, 2006).

2.2 Trichothecenes 

Trichothecenes are a group of mycotoxins produced by the Fusarium genus. There are approximately 

170 identified trichothecenes (Marin et al., 2013) which have been divided into four types (A-D) based 

on variations in the functional hydroxyl and lateral acetyl groups. DON and its acetyl derivatives, 

3-acetyl-deoxynivalenol (3-ADON) and 15-acetyl-deoxynivalenol (15-ADON) belong to Group B. 

DON, also called vomitoxin, is highly stable in storage, milling and processing, and does not 

degrade at high temperatures (Minervini et al., 2005) (EFSA, 2011). It is produced by fungi from the 

Fusarium genus and it is mainly found in cereal grains such as wheat, maize, oats, barley, rye and 

rice (Sahu et al., 2010). The main producers of DON are Fusarium graminearum in temperate and 

humid areas (North America, South America and China) and Fusarium culmorum in areas with cold 

environmental conditions (Finland, France, Poland and the Netherlands). These fungi are present 

in the soil and constitute important plant pathogens that grow in crops (Marin et al., 2013). It is 

considered one of the most important and most widespread trichothecenes in cereals and feeds, 

responsible for significant financial losses in the animal industry (Cetin and Bullerman, 2005). DON 
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is not homogenously distributed in grain, it is more concentrated in the outer layers and therefore 

foods with bran constitute a greater risk (Soriano del Castillo, 2007).

DON is considered to be one of the most important mycotoxins in this family in terms of toxicity 

to human and animal health. It targets the gastrointestinal system, generally entering the organism 

orally, and the intestinal epithelium is the first tissue targeted by food poisoning. As a result, it may 

cause anorexia, weight loss, and malnutrition (Lori and Rizzo, 2007). The main toxic effects of DON 

include gastrointestinal disorders, blood disorders and modifications of biochemical parameters 

in blood, inhibiting macromolecule synthesis (RNA, DNA and proteins), disorders of the immune 

system, endocrine dysfunction, hepatotoxicity, etc. (Ndossi et al., 2012) (Savard et al., 2014) (Yang 

et al., 2014).

In high doses, it may cause acute toxicity leading to skin irritation and abdominal symptoms 

(vomiting and diarrhoea). Studies on animals have revealed necrotic lesions in the gastrointestinal 

tract with increased intestinal permeability, which affects the function of intestinal absorption and 

immune function (Liew and Mohd-Redzwan, 2018). DON is also able to cross the blood-brain barrier 

leading to dizziness and headaches (Maresca, 2013). Outbreaks have been reported above all in 

India, China and the United States (Rotter et al., 1996). 

Chronic effects are not as clear in human beings, but weight loss and anorexia have been 

observed in animals. Direct damage to intestinal flora has been observed in pigs (Maresca, 2013).

Chronic intoxication is indicated by signs such as necrosis, skin problems, leukopenia, 

gastrointestinal inflammation, weight loss and haemorrhages (Cetin y Bullerman, 2005). With 

regard to immune response, there is data that reveals an inhibition of the proliferation of human 

lymphocytes by DON (Zain, 2011).

Chronic exposure to DON may be a causal factor of lgA nephropathy in humans and it is also 

involved in the etiology of oesophageal cancer in men (Juan-García et al., 2015).

There are studies on the presence of DON in contaminated foods, compiled in the national 

monitoring programmes of Finland, Sweden, Norway and the Netherlands over a period of 20 years, 

which reveal that DON has an incidence higher than 46 % in the products tested (Van Der Fels-Klerx 

et al., 2012). Additionally, DON has been found in different types of foods from different countries 

of the European Union (EU) including Spain (Rodríguez-Carrasco et al., 2015). Therefore, given the 

toxicity of DON and its presence in foods, a Provisional Maximum Tolerable Daily Intake (PMTDI) 

of 1 µg/kg b.w./day (SCF, 2002) has been established. The maximum DON levels have been set by 

Regulation (EC) No. 1881/2006 and Regulation (EC) No. 1126/2007, which vary between 200 µg/kg for 

cereal-based processed baby foods and 750 μg/kg in cereals for direct human consumption; and up 

to 1750 µg/kg for unprocessed durum wheat, oats and maize (EU, 2007).

3. Factors that influence mycotoxin production in fields
The ability of fungi to grow, survive and interact with crops and produce mycotoxins is largely 

dependent on a series of environmental factors, mainly temperature, relative humidity, and 

the presence of insects. These factors are directly related to climate change and variations in 

temperature and rainfall.
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Climate change from global warming can alter the stages and rates of development of toxigenic 

fungi and modify host resistance and host-pathogen interactions, also greatly influencing the 

conditions for mycotoxin production that vary for each individual pathogen (Moretti et al., 2019). 

Therefore, the effects of climate change on toxigenic fungi and mycotoxin contamination are 

currently drawing the attention of scientists, especially from a risk analysis perspective (Uhlig et 

al., 2013) (García-Cela et al., 2015) (Battilani et al., 2016) (Assunção et al., 2018) (Milićević et al., 2019).

In vitro studies reveal that the expected rise in temperature promotes the proliferation of 

toxigenic moulds, especially those belonging to the Aspergillus genus. Toxigenic species such 

as A. flavus are predominant in tropical and sub-tropical zones, where they proliferate in the soil, 

in crop residue, and in the crops themselves. The progressive rise in temperatures in temperate 

regions entails a corresponding increase in the risk of A. flavus contamination, when approaching 

its optimal temperature range of 30-33 ºC (Jaime-García and Cotty, 2010) (Paterson and Lima, 2010). 

However, extreme heatwaves with temperatures higher than 37 ºC may reduce the presence of 

AFs by inhibiting biosynthesis (O’Brian et al., 2007). Fusarium related infections are more common 

in temperate climates, especially in cereal-growing zones characterised by high average and 

maximum temperatures during anthesis. Additionally, Fusarium spp. appears to be negatively 

affected by an increased number of days with temperatures below 0 ºC, probably due to an adverse 

effect of low temperatures on the inoculum of Fusarium spp. in the field in winter. Additionally, high 

average and maximum temperatures in summer may have a negative effect on the incidence of 

Fusarium spp. (Pereyra et al., 2004).

Periods of drought are also associated with the growth of toxigenic moulds, as they promote their 

sporulation and consequently, their dispersion. Their development is also stimulated by stress in 

colonised plants and the lowering of the plants’ natural immunity to pathogens. Drought conditions 

also contribute, for example, to cracks in the shells of pistachios and peanuts, thus leading to a 

greater incidence of A. flavus and consequent AF contamination (Cotty and Jaime-García, 2007). 

On the other hand, torrential rains that occur during the flowering of cereals may unleash the 

development of Fusarium in crops.

Studies on the concentration of atmospheric CO2 throw up varied results. Toxigenic moulds are 

able to grow in CO2 conditions that are much higher than those predicted in different climate change 

scenarios. For example, elevated levels of atmospheric CO2 increase the susceptibility of maize to 

Fusarium verticillioides, but this is due to the attenuated induction of maize defences at elevated CO2 

levels. Nevertheless, it leads to a reduction in the amount of FB produced per unit of F. verticillioides 

biomass, such that FB concentration does not suffer significant variation (Vaughan et al., 2014).

Climate change also affects predominant pests, therefore the incidence of Fusarium, linked to the 

role of insects as vectors in crops such as maize, may largely depend on the survival, increase or 

disappearance of these insects (Vaughan et al., 2014). 

Insects and other arthropods that feed on nuts, pods and spikes usually facilitate the establishment 

of toxigenic fungi (Dowd et al., 2003). There are insects such as beetles (Carpophilus lugubris) that 

feed on fungus-infested maize and later act as vectors of Fusarium species to contaminate the 

ears of corn, as these beetles feed on the pollen and flowers of corn. These insects, such as the 
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European corn borer, Ostrinia nubilalis, or the corn earworm Helicoverpa zea, damage corn ear 

tissue and facilitate the establishment of fungi. Rates of Fusarium spp. contamination of ears of corn 

as high as 90 % have been reported.

Given that insects are ectothermic, increased environmental temperature has a direct influence 

on their metabolic and developmental rates and activity patterns (Altermatt, 2010). All of these 

factors may lead to increased insect populations, increased damage to crops, greater incidence of 

fungal contamination, and by extension, greater levels of mycotoxins.

In temperate regions, insects must synchronise their development and reproduction with 

favourable warm periods and their diapause with adverse periods of cold (Roff, 1983). It is probable 

that warmer winter temperatures shall lead to greater survival of insects during their hibernation 

period (Porter et al., 1991); and higher summer temperatures of prolonged duration shall influence 

population growth and number of generations per year (Van Dyck and Wiklund, 2002).

Voltinism in the European corn borer varies from one generation per year in the Northern Corn 

Belt to two or more per year in the Southern Corn Belt in the United States (Showers, 1993). Since 

the mid-19th century, studies have indicated that voltinism has increased, leading to an important 

rise in the proportion of moths and butterflies in Central Europe (Altermatt, 2010). This study showed 

that voltinism had increased in 44 out of 263 evaluated species since 1980. These results are linked 

to rising temperatures in Central Europe, especially in the last 30 years (Altermatt, 2010). In Iowa 

(United States) two generations of O. nubialis are produced each year, but in summers with elevated 

temperatures, there may occasionally be a third generation.

A study that researches the impact of climate change on O. nubilalis in Europe estimated that a 

change of 1-3 ºC in temperature would result in the dispersal of this maize pest up to 1220 km to the 

North, with an increase of one generation in almost all regions where it currently reproduces (Porter 

et al., 1991). The predictions made by Bebber et al. (2013) suggest that crop pests and diseases 

are migrating towards the poles at the rate of 3-5 km/year, and the diversity of the populations is 

undergoing significant change (Crespo-Pérez et al., 2015). 

Recently, there has been a change in the species of insects that feed on maize kernels in the 

United States. Other types of insects are important in the process of F. Verticillioides infection in dry 

and warm climates. The feeding of thrips (Frankliniella spp.) is the key factor influencing FB levels 

in maize cultivated in California (Parsons and Munkvold, 2010). Although thrips are currently not a 

maize pest in the United States Corn Belt, this may change as a result of climate change. Climate-led 

changes to the feeding patterns of insects may affect mycotoxin contamination.

4. Variation in the geographic distribution of toxigenic fungal species as a 
result of climate change

As mentioned in the earlier section, toxigenic fungi have temperature and humidity requirements for 

crop infestation, the survival and production of mycotoxins, which is reflected in their geographic 

distribution and determines a gradient of mycotoxin contamination for the whole world. The current 

distribution of toxigenic moulds all over the planet depends on the climate conditions of each zone. 

Some species may change their geographic distribution in response to global warming, which 
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would lead to changes in the pattern of appearance of mycotoxins.

There are two major difficulties in interpreting prospective data on toxins and toxigenic species. 

Firstly, climate and weather effects are confused with the effects of agricultural practices, as farm, 

soil and cultivated crop types are grouped together on a geographical basis. Secondly, only large-

scale climate differences in the area of study determine the possibility of detecting climate-based 

effects.

The first and most relevant evidence emerged from a large-scale survey undertaken by the EFSA 

in 2007, which established the increasing problem of possible AF contamination in maize, almonds 

and pistachios cultivated in Southern Europe, owing to the sub-tropical climate of previous years 

(EFSA, 2007). In this regard, and with reference to AFs, Mediterranean zones may be affected during 

periods of high heat and drought, which may stress host plants, especially maize, and therefore, 

enable A. flavus infection. Over the last 15-20 years, this effect has been observed in several 

European countries, including Italy, Romania, Hungary, Serbia, Croatia and Spain (Paterson and 

Lima, 2017). The effect was mainly observed in Italy during 2003 and 2004, and subsequently in 

2012, concluding that new weather conditions had led to the substitution of F. verticillioides and 

FB contamination by A. flavus and AF contamination. This event has resulted in incidents of AFM1 

contamination in milk (Battilani et al., 2016).

On the other hand, numerous studies warn of a possible increase in the incidence of Fusarium 

in cereals from different parts of the world. Traditionally, F. graminearum is the main producer of 

DON in Central and Southern Europe; and F. culmorum is the predominant DON producer in Nordic 

areas (Logrieco et al., 2008) along with Fusarium avenaceum, F. graminearum and Fusarium poae. 

Nevertheless, in the last two decades, there has been a decrease in the presence of F. culmorum 

(adapted to cold and humidity) and an increase in the presence of F. graminearum (adapted to warm 

and humid conditions) in some areas in Central and Northern Europe (Nielsen et al., 2011). In the 

cooler maritime climate of the United Kingdom and the Netherlands, as well as in Germany where 

the most common species involved in the Fusarium head blight of cereals was F. culmorum in the 

early 2000s, F. graminearum became the most widespread species of Fusarium in wheat (Logrieco 

et al., 2008) (Miedaner et al., 2008) (Edwards, 2009). There has also been a significant increase in the 

frequency of F. graminearum in all regions of Poland over the last decades, including the northern 

areas (Stȩpień et al., 2010). Additionally, species that infect under relatively dry conditions, such 

as Fusarium langsethiae (producer of T-2 and HT-2 toxins) and F. poae (producer of mostly Type A 

trichothecenes) have expanded their presence (Parikka et al., 2012). Contamination by T-2 and HT-2 

toxins are becoming more frequent in oats and barley in the United Kingdom, France, Slovakia and 

the Czech Republic (Edwards, 2009) (Hudec et al., 2009) (Malachova et al., 2010) and in wheat in 

Poland (Lukanowski et al., 2008) which has been linked to the detection of F. langsethiae in the grain. 

To conclude, although climate changes in Northern Europe may lead to better growing conditions 

for many crops, the warmer and more humid conditions expected are also favourable for Fusarium 

infestations in cereals. 

In general, the incidence of Fusarium head blight is low or nil in regions of Southern Italy and 

Spain; however, F. graminearum is often found in ripe cereals in regions more to the north of Italy, 
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Spain and Portugal, the south of France and the entire Balkan peninsula (Logrieco et al., 2008). On 

the other hand, studies conducted during the last decade in Italy in order to identify the Fusarium 

spp. responsible for Fusarium head blight in wheat, revealed that when climate conditions were 

not suitable for the main agents that cause Fusarium head blight, such as F. graminearum, other 

secondary species such as F. avenaceum and F. poae, increased their presence (Covarelli et 

al., 2015). However, studies conducted on barley in the same zone revealed the presence of F. 
graminearum, but it was never the main cause of Fusarium head blight; F. poae and F. avenaceum 

were the main agents responsible. F. avenaceum is a species endemic to cold and wet zones, and 

in the aforementioned studies, it was aided by a combination of low temperatures and high levels of 

humidity during anthesis. Nevertheless, the presence of F. avenaceum in Europe has increased over 

the years, having been isolated in a wide range of climate zones (Uhlig et al., 2007) and it cannot be 

ignored that it may have adapted to an even wider range of climate conditions (Beccari et al., 2017).

In general, studies point to increased mycotoxins in maize, one of the reasons being that there 

are many different pathogens with partially different environmental requirements that are able to 

colonise maize. Therefore, one species may simply be replaced by another that is better suited 

to the modified environment. Without there being a noticeable change in the general symptoms 

of rot in corn ears, this may lead to dramatic effects in human and animal health upon shifting to 

the prevalence of more damaging toxigenic species. Thus, in the event of elevated temperatures, 

drought and insect damage in tropical and subtropical regions, there may be an increase in A. flavus 

(producer of AFs) and F. verticillioides (producer of FB) to the detriment of F. graminearum (producer 

of DON and ZEN) (Juroszek and Tiedemann, 2013). 

Evidently, climate change will have a significant effect on crop feasibility, in many areas of the 

planet. Certain crops may not be able to adapt to the new conditions, while they may be feasible in 

new geographical zones. A healthy crop will always be less susceptible to diseases than one that 

is stressed due to climate change. 

Finally, it makes no sense to study toxigenic mould contamination at high temperatures if the 

host crop is unable to survive at these temperatures. In a similar vein, a scenario that has not been 

sufficiently explored is whether stress from global warming may also bring about the disappearance 

of toxigenic fungi. The presence of aflatoxigenic fungi may be reduced by climate change in warm 

countries due to the faster propagation of thermotolerant and non-toxigenic thermophilic fungi 

(Russell et al., 2010). In this same line of thought, Paterson and Lima (2010) suggest that A. flavus 

and A. parasitpicus may become extinct in certain regions of the planet, such as India and Pakistan, 

which already experience periods of temperatures higher than 41 ºC. 

5. Changes in the incidence of aflatoxins
Changes in the presence/prevalence of AFs in milk and cereals as a result of climate change, and 

the consequences to the dietary exposure of consumers, constitute a topic of growing concern. 

The mycotoxins AFB1, AFB2, AFG1 and AFG2 are produced by toxigenic strains of A. flavus and A. 
parasiticus fungi. AFM1 is the result of AFB1 hydroxylation in the digestive process in cattle, and 

consequently appears in milk and dairy products obtained from cattle fed with contaminated feed. 
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The contamination of agricultural products by AFs is deemed inevitable, although in the best-case 

scenario, certain practices may be established to minimise human and animal exposure (Russell 

et al., 2010). Nevertheless, and in spite of the geographic pervasiveness of AFs, their prevalence 

in foods for human beings and animals is greater in certain regions than in others, depending 

on climate conditions, agricultural practices, crop development, pest damage and post-harvest 

processing (Sanders et al., 1984) (Russell et al., 2010) (Benkerroum, 2020). 

On general lines, AFs are common in tropical and sub-tropical climates, similar to desert climates 

with irrigation systems, as humidity and heat are the two main parameters that define the probability 

that a food will be invaded by toxigenic fungi. In this regard, the effects of climate change may 

have a significant effect on the geographical distribution of AFs (Medina et al., 2017). Cases of AF 

contamination predominate in periods of high temperatures and drought that provoke plant stress, 

favouring A. flavus infection (Marasas et al., 2008). 

In a climate scenario with an increase of + 2 ºC with regard to current climate, there is a clear 

increase in the risk of the presence of AFs in Europe, mainly in Central and Southern Spain, Southern 

Italy, Greece, South-East Portugal, Bulgaria, Albania and Cyprus, as well as the European zone of 

Turkey (Moretti et al., 2019). AFs may be present in oilseeds, nuts with shells, dried fruits, cacao, 

unprocessed vegetal oils, spices and cereals, nevertheless most of the studies conducted on the 

impact of climate change focus on cereals and dried fruits (including peanuts).

5.1 Aflatoxins in cereals

It is worth recalling the aflatoxicosis outbreak of April 2004 in a rural area of Kenya with 317 cases 

and 125 deaths derived from the entry of AF contaminated homegrown maize into the distribution 

system, which resulted in a generalised AF contamination of marketed maize. The maize was 

harvested in February of that year during unseasonable, early rains, and was stored wet under 

conditions conducive to the growth of mycotoxin-producing mould. 55 % of food products thereof 

had AF levels higher than the Kenyan regulatory limit of 20 μg/kg, 35 % had levels >100 μg/kg, and 7 

% had levels >1000 μg/kg (Lewis et al., 2005).

High concentrations of AF in maize are the result of high temperatures and drought-related stress. 

Additionally, stress due to temperature and humidity leads to genetic changes in A. flavus populations 

and this genetic recombination may affect the capacity for AF management (Miller, 2016).

In the United States, it is expected that climate change will lead to increased AF contamination 

in maize which would largely affect the economy of the Mid-West with the highest losses in the 

warmest years. Mitchell et al. (2016) estimated that AF contamination in the United States could 

cause losses ranging between 52.1 million and 1.68 billion dollars per year if climate change causes 

AF contamination on a regular basis in the Corn Belt, as was the case in 2012 (Mitchell et al., 2016).

In order to improve productivity and to avoid possible outbreaks, predictive models have been 

developed that seek to correlate a number of environmental and agricultural factors with the 

potential for A. flavus growth in maize, wheat and rice and consequently, in AF production (Battilani 

and Leggieri, 2015) (Battilani et al., 2016). But the main factor limiting the precision of the model is the 

large variety of influencing factors, other than environmental ones, as well as the need for precise 



13

revista del com
ité científico nº 33

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

and detailed information on each variable in the model. To predict AF contamination in maize and 

wheat cultivation during the next 100 years with a climate change scenario of +2 ºC and +5 ºC by 

applying a modelling approach, was precisely the goal of Battilani et al. (2016). These authors predict 

that AFB1 will become a food safety problem to maize in Europe, especially within the scenario 

of +2 ºC, the most probable climate change scenario (Battilani et al., 2016). Thus the plains of 

Baragan have been highlighted as the area in Romania that is most sensitive to the climate change 

predicted for South-Eastern Europe, which exposes it to increased AF and OTA contamination of 

cereals (Gagiu et al., 2018). The simulation proposed by Medina et al. (2017) is relevant for change 

in Aspergillus and AF growth in a temperature increase scenario of 3 ºC and different situations of 

water stress. With an increase of 3 ºC in temperature and aw (water activity) conditions of 0.95, it is 

expected that the growth factor of A. flavus will increase by 5.6 times. Consequently, these authors 

predict an increased AFB1 between 102 and 138 times of the initial values of the mycotoxin for the 

same climate conditions. This situation was confirmed in Hungary in 2012 where drought and high 

temperatures resulted in 69 % of all maize crops being contaminated (Kos et al., 2013).

In the Philippines, however, a study on the risk of AF and FB contamination of maize under current 

conditions of climate change, and projected by means of a predictive methodology based on the 

published range of temperature and rain conditions that favour mycotoxin development, showed 

that the projected climate change would reduce the risk of AF contamination due to increased 

rainfall (Salvacion et al., 2015).

The possible influence of climate change on the health risks associated with dietary exposure to 

AFs for the Portuguese population has been studied by Assunção et al. (2018). The burden of disease 

associated with current AF exposure for the Portuguese population in terms of Disability Adjusted Life 

Years (DALY) estimated that in the future the number of DALYs and the associated cases of hepatocellular 

cancer due to AF exposure would increase due to climate change (Assunção et al., 2018).

In order to provide a precise, statistically relevant estimate, a large amount of high-quality data is 

needed. This requires extensive surveys on the presence of mycotoxin contamination in food crops all 

over the world, with common sampling strategies and analytical performance criteria, such as those 

distributed by the Codex Alimentarius Commission, for various crop seasons (Eskola et al., 2020). 

Recently, the EFSA (2000) confirmed the need to continue to monitor the appearance of aflatoxins in 

light of possible increases due to climate change using highly sensitive methods for detection.

Finally, it must not be forgotten that harvesting grains with the lowest possible humidity and their 

storage in conditions of homogenous humidity and close to or lower than 14 % are necessary to 

reduce the post-harvest risks of increased AFs, along with the control of the mechanical damage of 

grain, grain cleaning practices and storage temperatures (Prandini et al., 2009).

5.2 Aflatoxins in milk

AFM1 is the hydroxylated metabolite of AFB1 and it is found in milk and dairy products obtained from 

livestock that have ingested contaminated feed, and also in human milk (EFSA, 2020).

While the EU has established the maximum permitted level of AFM1 at 0.05 µg/kg, the United 

States and Brazil have set the limit at 0.50 µg/kg (Codex Alimentarius, 2001) (FAO, 2004) (EU, 2006), 
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(Brazil, 2011). Nevertheless, the AFM1 levels detected in milk samples from some locations have 

been identified as a serious public health risk that is as yet unregulated (Ghazani, 2009) (Ruangwises 

and Ruangwises, 2009, 2010) (Fallah et al., 2011) (Iqbal et al., 2013). In Iran, AFM1 was detected in 100 

% of the milk samples (62 % of them above the EU maximum limit) (Ghazani, 2009). In Pakistan, Iqbal 

et al. (2013) analysed milk and dairy products and detected AFM1 in 71 % of the milk samples (58 % 

of them exceeding the permitted EU limit).

All the authors appear to agree that the AFM1 contamination of milk and dairy products varies 

according to geography, environmental and climate conditions, and the level of development of the 

country (Ghazani, 2009) (Prandini et al., 2009) (Rahimi et al., 2010) (Asi et al., 2012) (Almeida Picinin 

et al., 2013). For this reason, numerous studies have analysed the levels of AFM1 in milk and milk 

products factoring in their place of production and consumption (Cano-Sancho et al., 2010) (Assem 

et al., 2011) (Siddappa et al., 2012) (Almeida Picinin et al., 2013) (Duarte et al., 2013) (Xiong et al., 2013) 

(Bilandžić et al., 2014) (Akbar et al., 2019). 

Although Almeida Picinin et al. (2013) confirmed that AFM1 contamination of milk is significantly 

affected by climate conditions, numerous studies had previously linked high concentrations of 

AFM1 in milk to dry seasons, compared to conditions of rainfall (Kamkar, 2005) (Hussain and Anwar, 

2008) (Prandini et al., 2009) (Ruangwises and Ruangwises, 2009, 2010) (Nemati et al., 2010) (Fallah et 

al., 2011) (Akbar et al., 2019).

In Thailand, the average AFM1 concentration in milk samples collected in winter was significantly 

higher than the average concentrations found in samples collected in the monsoons and summer 

(Ruangwises and Ruangwises, 2009). Thus AFM1 was detected in unpasteurised milk from 80 milk 

farms, with an average concentration of AFM1 in milk samples collected in winter (0.089 ± 0.034 µg/l) 

that was significantly higher than those collected in rainy season (0.071 ± 0.028 µg/l) and summer 

(0.050 ± 0.021 µg/l) (Ruangwises and Ruangwises, 2010).

The seasonal variation in the incidence of AFM1 contamination in unpasteurised milk samples 

from Punjab (Pakistan) revealed that the highest average contamination was detected in winter 

(0.875 µg/l), followed by autumn (0.751 µg/l), spring (0.654 µg/l) and summer (0.455 µg/l) (Akbar et al., 

2019).

The seasonal variation in the concentration of AFM1 in milk, apart from being linked to the 

temperature and rainfall, has also been linked to variations in herding practices between summers 

and winters (Iqbal et al., 2013). According to Fallah et al. (2011), seasonal variations influence AFM1 

concentrations in most dairy products tested in Iran and the highest levels of AFM1 contamination 

were detected in cold seasons, possibly due to the fact that in cold periods, lactating animals are 

fed greater amounts of compound feed which are possibly contaminated with higher levels of AFB1. 

In Morocco, AFM1 contamination in unpasteurised milk sourced directly from traditional dairies 

had a higher incidence in samples collected in autumn in comparison to those collected in other 

seasons, which suggests a link between feeding practices, such as the use of silage, and AFM1 

contamination (El Marnissi et al., 2012). 

In China, the concentration of AFM1 in unpasteurised milk was significantly higher in winter (123 

ng/l) than in other seasons, and there were no significant differences between spring (29.1 ng/l), 
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summer (31.9 ng/l) and autumn (31.6 ng/l), which indicates that unpasteurised milk collected in winter 

has a high risk of containing AFM1 (Xiong et al., 2013). Seasonal variability in AFM1 contamination 

of unpasteurised milk may be due to seasonal variation in the type and quality of feed given to dairy 

cows. The scarcity of fresh green feed in winter leads to the use of preserved or stored feed, such 

as maize, cotton seeds and silage, which may be easily contaminated by AFs in unsuitable storage 

conditions (Xiong et al., 2013).

In Brazil, high AFM1 values were detected in milk during the dry period therefore, according to 

these authors, the compulsory monitoring for AFM1 in milk in tropical countries, especially during 

dry periods, must be accompanied by the implementation of good agricultural practices, especially 

during the dry period in order to prevent and minimise AFM1 contamination in feeds given to animals 

(Almeida Picinin et al., 2013). 

In Croatia, a significant difference was found in average AFM1 concentrations in cow’s milk from 

the east and other regions, possibly due to the use of contaminated supplementary feed in some 

farms during the period of study (Bilandžić et al., 2014).

In order to investigate the impact of climate change on AFB1 production in maize and its 

consequences for the AFM1 contamination of cow’s milk and to develop a predictive methodology, 

Van der Fels-Klerx et al. (2019) have used the Monte Carlo simulation to connect datasets of AFB1 in 

maize cultivated in Eastern Europe and imported into the Netherlands to feed dairy cows, and AFM1 

in the dairy production chain. The results of all combinations of climate models suggest a similar or 

slight (up to 0.6 %) increase in the possibility of detecting AFM1 in milk, beyond the European Union’s 

limit of 0.05 μg/kg for 2030 (Van der Fels-Klerx et al., 2019). 

In Europe, the highest average concentrations of AFM1 were reported in “milk and dairy products” 

and dairy foods belonging to the category of “foods for infants and young children” (EFSA, 2020). 

Therefore, according to the EFSA (2020), liquid milk and fermented dairy products were the main 

contributors to mean AFM1 exposure in Europe. 

According to Coffey et al. (2009), the evidence suggests that it is possible that mycotoxins may never 

be fully eliminated from the food chain, but it is probable that the current exposure levels derived 

from the consumption of cow’s milk will be very low and well under EU directives. From a risk-based 

perspective, the presence of mycotoxins in bovine milk presents minimal risk for human beings.

In the case of Spain, Cano-Sancho et al. (2010) estimated that the consumption of dairy products 

did not entail a significant risk of AFM1 contamination for the Catalan population, including mean 

and high consumers (Cano-Sancho et al., 2010).

In Europe, the recent risk characterisation performed by the EFSA (2020) for AFM1 highlighted 

that the calculated Margins of Exposure (MOE) are less than 10 000 for some surveys, especially 

for the youngest groups, which poses a health problem. Nevertheless, according to the EFSA, high 

exposure to AFM1 through milk and dairy products may be limited to a short period of life.

5.3 Aflatoxins in nuts (including peanuts)

AFs may be found in nuts as the result of A. flavus or A. parasiticus contamination before and after 

harvesting, with a prevalence and degree of contamination that depends on the temperature, 
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humidity, soil conditions and storage (EFSA, 2009). On the other hand, AF levels in nuts may be 

reduced in roasting, in proportion to the duration of the processing, but it depends on the initial 

concentration (Martins et al., 2017) (EFSA, 2020).

Aspergillus species rarely flourish below 10 ºC and the majority are known to grow in temperatures 

of 37 ºC or higher. Under climate conditions of 22-29 ºC, and average annual rainfall higher than 700 

mm, aflatoxigenic fungi begin to develop and generate significant levels of AFs, especially when 

the aw is between 0.9 and 0.99 (Sanchis and Magan, 2004) (Benkerroum, 2020) and 350 ppm CO2 

(Medina et al., 2017). The climate may also affect host susceptibility as in conditions of heat and 

drought, plants produce fewer antimicrobial compounds such as phytoalexins, and consequently, 

their susceptibility is increased, for example, that of peanuts to infection (Wotton and Strange, 1987) 

or cracks in pistachio shells (Hadavi, 2005) (Cotty and Jaime-García, 2007). Drought also leads to 

the decrease of protective compounds in plants such as phenols, favouring the expansion of the 

aflatoxigenic fungus (Kambiranda et al., 2011).

The EFSA identified AF contamination as an emerging risk in the cultivation of almonds, hazelnuts 

and pistachios in Southern Europe owing to a sub-tropical climatological profile (EFSA, 2007). The 

study compiled more than 40 000 test results from the EU and Turkey, collected between 2000 and 

2006. AFs were not detected in 75 % of the samples. AFB1 was the most frequently detected AF in 

the samples, it was also the main contributor to the total AF content. Additionally, the presence 

of AFB2, AFG1 and AFG2 was, in most cases, related to the presence of AFB1. With regard to the 

nuts analysed (almonds, cashews, hazelnuts, peanuts and pistachios), the relation between the 

presence of AFB1 and AFB2, AFG1 and AFG2 was between 83 % (hazelnuts) and 99 % (almonds 

and cashews). Nevertheless, the presence of AFs in quantities higher than the Limit of Detection 

(LOD) in analysis for almonds, cashews, hazelnuts, peanuts and pistachios was 27 %, 10 %, 30 %, 

20 % and 44 %, respectively. In these cases, the lower limit of the average content of total AFs 

was 19.2 µg/kg (pistachios), 1.61 µg/kg (almonds), 1.50 µg/kg (hazelnuts), 2.44 µg/kg (peanuts) and 

0.35 µg/kg (cashews). When we consider the samples with levels between the LOD and a total AF 

content of 4 µg/kg, the prevalence in almonds, cashews, hazelnuts, peanuts and pistachios was 

22.9 %, 8.3 %, 22.9 %, 15.7 % and 24.3 %, respectively. Nevertheless, the report pointed out that in 

samples containing over 200 µg/kg, some were of pistachios (n= 110), peanuts (n= 23) and almonds 

(n= 2), and the highest content was found in pistachios. Later, the EFSA report also detected higher 

concentrations in the average AF values in pistachios and peanuts.

Both EFSA studies (2007 and 2020) make no reference to the possible effects of climate change 

as neither climate conditions nor soil conditions, agricultural practices or storage conditions are 

described during the sampling years. Nevertheless, the reports conclude that the possible AF 

contamination of foods cultivated in the EU must be continually reviewed, especially in light of 

possible climate changes (EFSA, 2007, 2020).

6. Changes in the incidence of Fusarium toxins in cereals 
As mentioned, Fusarium species that may infect crops have different optimal environmental 

conditions related to temperature, rain, and relative humidity, in order to infect crops, to colonise 
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them, to produce mycotoxins, and for their own survival. Besides, other factors such as agricultural 

practices or insect-related damage (Wu et al., 2011) (Parikka et al., 2012) (Marroquín-Cardona et al., 

2014) also exert an influence.

Mycotoxin production is modulated by the environmental surroundings of the fungus, carbon and 

nitrogen supply, pH and pathway-specific activators (Woloshuk and Shim, 2013), as well as other 

factors such as the environmental increase of CO2 which modifies plant nutrients infested by fungi 

(Trail et al., 2003).

6.1 Trichothecenes

There are various ongoing studies researching the effects of factors linked to climate, crops and 

pathogens in DON accumulation in wheat grains, and empirical and mechanistic models to predict 

the relationship between Fusarium head blight in cereals and their DON content in the grain (Wu et 

al., 2011). DON production depends largely on climate conditions (humidity, temperature, rain), the 

plant’s status, resistance to infection, cultivation systems, agricultural practices and post-harvest 

handling of cereals (Reyneri, 2006) (Marroquín-Cardona et al. 2014).

According to Miller (2008), the optimal conditions for DON production in maize by F. culmorum and 

F. graminearum are an aw≥ 0.98-0.998 and an optimal temperature between 20-25 ºC (minimum 5 ºC 

and maximum 35 ºC). With aw≥ 0.99, F. graminearum grows at an optimal temperature of 29-30 ºC and 

F. culmorum at optimal temperatures between 25-26 ºC. Additionally, heavy rainfall may promote the 

formation of DON.

The Italian summer of 2014 was mild and rainy, with reports of a significant DON contamination 

in Northern Italy, in comparison to the data for the period 2009-2011, when AFs were detected 

(Camardo Leggieri et al., 2015). 

DON is a trichothecene associated with cereals and the most prevalent in Europe (Paterson 

and Lima, 2010), where warm summer temperatures have led to the replacement of species such 

as F. culmorum with more pathogenic and virulent species such as F. graminearum. The isolated 

trichothecenes of F. graminearum are mainly three, 15-ADON, 3-ADON, and nivalenol (NIV). 15-

ADON is predominant in North America and 3-ADON in South America and Europe (Ward et al., 2002) 

(Gale et al., 2007). Nevertheless, recent studies have shown that the frequency of 3-ADON is rapidly 

increasing in North America, replacing 15-ADON (Gale et al., 2007) (Ward et al., 2008) (Puri and 

Zhong, 2010). For example, in North Dakota (United States), 3 % of F. graminearum strains produced 

3-ADON prior to 2002, whereas this percentage increased to 44 % in 2008 (Puri and Zhong, 2010). In 

parallel, Ward et al. (2008) observed that the frequency of 3-ADON increased substantially (14 times) 

in Western Canada between 1998 and 2004. This increased frequency may be partially due to the 

pathogenic superiority of 3-ADON in wheat over 15-ADON, as the strains that produce 3-ADON have 

been shown to be more aggressive, to produce more DON spores, and have a more rapid growth 

rate (Ward et al., 2008) (Ali et al., 2009) (Gale et al., 2009) (Puri and Zhong, 2010). Studies conducted 

in greenhouses in North Dakota where different varieties of maize that are resistant or susceptible 

to Fusarium head blight were inoculated with different species of F. graminearum which preferably 

produce 3-ADON or 15-ADON, displayed greater DON production in grains susceptible to Fusarium 
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head blight than those inoculated with species producing 15-ADON. Nevertheless, this difference 

was not observed in grains that were moderately resistant to Fusarium head blight (Puri and Zhong, 

2010). Other authors made similar observations in field studies conducted in North Dakota and 

Minnesota (Ward et al., 2008) (Ali et al., 2009) (Gale et al., 2009). In Minnesota, a new species of 

Fusarium called “Northland” was observed which did not produce DON or NIV trichothecenes, 

which confirms that climate change may decrease mycotoxin production (Paterson and Lima, 2017). 

The role of climate change in the displacement of the F. graminearum population in the Unites 

States is unknown, although it is evident that changes in climate conditions lead to changes in the 

fungus and in mycotoxin production.

In the Chinese region of Jiangsu, Dong et al. (2016) conducted a study between 2013 and 2015 

to determine the predominant type of Fusarium and trichothecene production based on annual 

rainfall. It was observed that, depending on precipitation, the type of Fusarium and trichothecenes 

produced were different. Thus in 2013, the central region was humid (47.4 ± 12.5 mm), the southern 

region had greater rainfall (78.7 ± 24.0 mm) and it increased from north to south, and in 2015, the 

southern region received less rainfall and it increased from south to north (56.4 ± 21.2 mm). Every 

year, Fusarium asiaticum (linked to the production of 3-ADON and NIV and warm zones) was the 

most frequently detected species, followed by F. graminearum (linked to the production of 15-ADON 

and cooler zones) and the order of trichothecene concentration was DON (max. 18 709.4 µg/kg in 

2015) > 3-ADON (max. 730.2 µg/kg in 2015) > 15-ADON (max. 259.9 µg/kg in 2013) > NIV (max. 204.1 

µg/kg in 2015). In the province of Jiangsu, the average concentration of DON and NIV in wheat was 

positively correlated with levels of rainfall, but not 3-ADON levels, which were negatively correlated 

with the amount of rainfall. No relationship between trichothecene production and temperature was 

demonstrated.

Zhao et al. (2018) observed that Fusarium head blight and trichothecene production is boosted in 

anthesis in warm and humid climates with relative humidity >75 %. A similar association between 

humidity and DON production in wheat was obtained in studies conducted in Serbia (Jajić et al., 2008) 

(Stanković et al., 2012), Uruguay (Pan et al., 2009), West Romania, Bulgaria and Brazil (Vrabcheva 

et al., 1996) (Curtui et al., 1998) (Calori-Domingues et al., 2016). Madgwick et al. (2011) studied the 

impact of climate change on the anthesis dates of wheat and concluded that Fusarium epidemics 

would be more serious, especially in the south of England, due to increased F. graminearum and 

associated DON.

The association between the environmental concentration of CO2 and DON concentration has 

also been studied. In accordance with Vaughan et al. (2014) and Váry et al. (2015), maize and wheat 

are more susceptible to diseases when CO2 concentrations increase. Váry et al. (2015) indicate 

that acidification produced by elevated CO2 levels will increase trichothecene production by 

F. graminearum. Similarly, Trail et al. (2003) indicate that elevated concentrations of CO2 have an 

effect on F. graminearum growth and mycotoxin production, as the concentration of nitrogen in the 

fungus decreases as CO2 concentration increases, and nitrogen limitation induces the biosynthesis 

of trichothenes. Similarly, Cuperlovic-Culf et al. (2019) associate DON production with reduced 

nitrogen content in the fungus due to increased CO2. 
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6.2 Other Fusarium mycotoxins

There are also many studies that draw a connection between climate conditions and FB production 

in maize, although no studies have been found that include series of annual data that would allow us 

to detect trends due to the effect of climate change, nor models whose calculations demonstrate it. 

The largest concentrations of FB appear in maize and to a lesser degree, in wheat or barley, as the 

main species that produce this mycotoxin (Fusarium section Liseola which includes F. proliferatum, 
F, subglutinans, F. verticilloides, among others) most frequently contaminate maize. The difference 

in the nutritional composition of different cereals affects FB biosynthesis by the contaminating fungi 

(Stanković et al., 2011).

The factors that have the greatest influence on the risk of Fusarium infection and FB production 

are temperature, insect damage to grain, drought stress, and aw (Warfield and Gilchrist, 1999) 

(Miller, 2001) (Munkvold, 2003a) (Bush et al., 2004). 

Temperatures in most maize producing areas are within the range suitable for the growth of F. 
verticillioides and FB production, but the risk increases in warmer temperate or sub-tropical zones 

or in the warmest seasons in temperate zones (Miller, 2001) (De la Campa et al., 2005). According 

to Sanchis and Magan (2004) and Adhikari et al. (2020), the optimal conditions for FB production 

in maize by F. verticillioides and F. proliferatum are: aw≥ 0.9 and an optimal temperature of 30 ºC 

(minimum 4 ºC and maximum 37 ºC), and an aw≥ 0.93 and optimal temperature of 15-30 ºC (minimum 

10 ºC and maximum 37 ºC), respectively. They also mention that extreme drought may favour FB 

formation. Therefore, increased temperatures brought about by climate change may lead to a 

greater production of these mycotoxins (Marin et al., 1999) (Battilani et al., 2003, 2011) (Adhikari et 

al., 2020). Stanković et al. (2011) studied the presence of FB1 in maize, wheat and barley from 2007 

to 2009 in Serbia. The greatest incidence of FB1 was obtained during the months of July-August in 

2007, as these were the months with the highest average environmental temperature of the entire 

period of study and without rainfall. 

Based on field studies, De la Campa et al. (2005) described the complex seasonal effects of 

temperature on FB accumulation. At the moment of initiation of female flowering, temperatures 

between 15 and 34 ºC were the most favourable, but during the peak period of flowering, when 

the maximum daily temperature exceeded 34 ºC, it led to the final highest FB concentration (De 

la Campa et al., 2005). Additionally, it was observed that episodes of rainfall > 2 mm at the start of 

female flowering increased FB concentrations, but were linked to lower FB concentrations if rains 

fell after the period of maximum flowering. This trend coincides with that highlighted by Battilani et 

al. (2008) who found a negative correlation between FBs and mid-season rainfall, which reinforces 

the association between drought stress and FB production. In the same line Krnjaja et al. (2016) 

observed that in July 2013, in certain areas in Serbia, the average daily temperature (21.9 to 22.8 

ºC), relatively low rainfall (23.2 to 50.6 mm) and relative humidity (60 to 62 %) favoured the intensive 

development of the F. verticilloides toxigenic fungus and FB production. On the contrary, Pleadin 

et al. (2012) observed that during the pre-harvest period for maize (from August to October 2010) in 

Croatia, the months were warm and with extremely high levels of rainfall, and that FB concentration 

was higher than in previous years when the maize growing period was less warm and humid. 
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De la Campa (2005) identified insect damage as one of the primary factors for predicting FB 

production, along with high temperatures and low levels of rainfall during a period of 2 to 8 days 

after female flowering. 

Another parameter related to climate change that was recently studied is increased environmental 

concentration of CO2. Nevertheless, the expected increase in CO2 levels does not appear to have a 

significant effect on FB production (Vaughan et al., 2014) (Váry et al., 2015) (Cuperlovic-Culf et al., 

2019) (Mshelia et al., 2020).

In maize cultivation areas, the risk of FB tends to be higher in the lowest latitudes and altitudes, 

where conditions are relatively warmer than in high latitudes or altitude zones for maize cultivation. 

Thus, for example, in North America, the risk of FB is higher in Texas and the south-western states, 

compared to the central area of the United States (Shelby et al., 1994). A similar pattern may be 

detected in Asia north of the Tropic of Cancer. In most of Central and South America and South-

East Asia, FBs constitute a significant risk in low-altitude zones for maize cultivation. In Europe, the 

risk of FBs is higher in Italy, Spain and the south of France. In Africa, all maize producing areas are 

susceptible to the risk of producing FBs, according to the altitude (Wu et al., 2011).

More frequent climate extremes may lead to alterations in the composition of Fusarium species 

that infect maize kernels, which in turn may alter the composition of mycotoxins that contaminate 

the infected kernels. In Iowa, F. verticillioides infects maize predominantly in the south and the 

centre of the state, and F. subglutinans in northern Iowa where it is colder (Munkvold, 2003b). 

However, F. subglutinans does not produce FBs, it produces other mycotoxins, of less concern to 

human health, which include fusaproliferin, beauvericin and moniliformin. What is unknown is how 

climate change may lead to alterations in Fusarium species and consequently, to variations in the 

potential for mycotoxin contamination. 

Moreover, Pleadin et al. (2012) observed that during the pre-harvest period for maize (from 

August to October 2010 in Croatia), the months were warm and with extremely high rainfall, and the 

concentration of the T-2 toxin was higher than in previous years when the growing period of maize 

was less warm and humid. Arroyo-Manzanares et al. (2019) additionally insisted that to ensure the 

absence of mycotoxins, emerging mycotoxins must always be considered in all monitoring activities.

6.3 Predictive models for the incidence of Fusarium mycotoxins

Predictive models may be mechanistic or empirical. Normally they are based on weather patterns 

(temperature, precipitation and relative humidity). Van der Fels-Klerx et al. (2012) additionally include 

patterns of agricultural practice, date of flowering, duration of period between flowering and 

complete ripening, date of harvesting, variety of wheat/cereal, use of fungicides against Fusarium 
spp. and DON levels in the harvested wheat. The results of this predictive model indicate that DON 

concentration rises in contaminated wheat in spring compared to winter in North-Eastern Europe 

and it is expected to increase in the next three decades. 

There are few predictive models for maize compared to wheat, as the flowering period is more 

variable, there are more maize hybrids than wheat hybrids, and there is a relationship between the 

damage caused by insects to maize and the production of mycotoxins, that does not exist in wheat 
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(Van Asselt et al., 2012).

Van Asselt et al. (2012) applied models adapted from F. verticillioides in Italy to F. graminearum 

in the Netherlands between 2002 and 2007, to estimate levels of DON and ZEN production. ZEN is 

mainly produced by F. graminearum and F. culmorum in cereals, therefore its presence is generally 

related to the production of DON (Paterson and Lima, 2010). The lowest levels of DON and ZEN 

were obtained in 2003 when there was no rain during the maize flowering period. The years with 

the highest DON concentrations (2002, 2006 and 2007) were years when the average rainfall was 

0.1 mm/hour during the flowering period. 2005 was also humid during the flowering period (average 

rainfall of 0.28 mm/hour) but temperatures were low, therefore there was a lower concentration 

of mycotoxins. In 2007, the wind and rain were above average, resulting in high levels of infection 

during flowering. These authors concluded that: a) during flowering, the rain and windspeed 

determined fungal infection, b) the temperature and relative humidity determined the subsequent 

germination of the spores, and c) the temperature in later stages of growth determined the growth 

of the fungus and the formation of mycotoxins.

According to West et al. (2012) the pre-harvest rain may significantly increase DON production. 

Nevertheless, in real conditions, periods of rainfall at this stage vary from one year to another. In 

their “DONcast”·model, Paterson and Lima (2010) demonstrate that during the ripening of grain, a 

rainfall of 5 mm/day leads to a potential increase of DON production, whereas a temperature lower 

than 10 ºC limits DON production. 

7. Possible measures for mitigation that may be applied 
In order to tackle the possible rise in the incidence of mycotoxins in foods as a result of climate 

change, it is worth developing a two-pronged strategy based on the adoption of a series of specific 

measures that seek to mitigate this incidence; and in parallel, attempt to naturally boost all actions 

meant to slow down, halt, and when applicable, revert the global changes to the environmental 

conditions that mark the current climate situation. 

7.1 Measures directly related to mycotoxins

With regard to measures directly related to mycotoxins, we shall first distinguish their preventive 

measures. Undoubtedly, these actions meant to prevent or minimise the fungal infection of 

agricultural products at the sowing, harvesting, transportation and storage stages, constitute the 

first line of defence and the most effective tool to combat the presence of mycotoxins; followed 

by good manufacturing practices in the preparation and distribution of foods and feeds. Several 

authors have conducted an in-depth review of this question, such as: (Aldred and Magan, 2004) 

(Kabak et al., 2006) (Jouany, 2007) (Magan and Aldred, 2007) (Amezcueta et al., 2009) (Awad et al., 

2010) (Chulze, 2010) (Jard et al., 2011) (Kolosova and Stroka, 2011) (Karlovsky et al., 2016). Likewise, 

the Codex Alimentarius has so far developed ten codes of practice for the prevention and reduction 

of the presence of different mycotoxins in different agricultural substrates, dealing specifically with 

AF contamination in peanuts (Codex Alimentarius, 2004), nuts (Codex Alimentarius, 2005) and dried 

figs (Codex Alimentarius, 2008), also specifically on AFB1 in raw materials and supplementary feeds 
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for milk-producing animals, as a preventive measure against the appearance of AFM1 in milk and 

dairy products (Codex Alimentarius, 1997), on OTA in wine (Codex Alimentarius, 2007), coffee (Codex 

Alimentarius, 2009) and cocoa (Codex Alimentarius, 2013), on PAT in apple juice and other drinks 

(Codex Alimentarius, 2003), and finally on mycotoxins in general, in spices (Codex Alimentarius, 

2017a) and in cereals (Codex Alimentarius, 2017b). These codes of practice seek to promote feasible 

and realistic measures, although as textually mentioned in the last document, “the complete 

prevention of dissemination by pre-harvest and post-harvest toxigenic fungal species is not 

practically achievable, even when good agricultural practices and good manufacturing practices 

are followed”. Therefore, a more or less sporadic and inevitable presence of certain mycotoxins in 

agricultural products intended for food and feed use is to be expected. 

Although these measures depend on each crop and specific product, as well as the toxin 

referred to in each case, generally and whenever applicable, it includes aspects such as the 

use of especially resistant varieties as well as seeds with quality certification, maintaining the 

appropriate distance between plants, crop rotation, appropriate irrigation and use of fertilisers, use 

of authorised pesticides, measures to prevent bird and rodent attacks, eliminating the remains of 

previous crops -although this must be performed with a certain degree of consideration since it may 

lead to an excessive erosion of the fertile soil and the loss of the soil’s water retention capacity-, 

choosing the correct date for harvesting, and using the correct equipment and ideal procedures 

to cause as little damage as possible to the plants or fruits, as well as attempting to minimise the 

contact of the fruits and grains with the soil. After harvesting, one of the critical factors on which 

there is unanimous consent is the adoption of suitable measures to obtain and maintain a correct 

moisture level, generally, an aw value lower than 0.7 is accepted as the safe level to prevent fungal 

growth, which is equivalent to a moisture content of 15 % in general (Kolosova and Stroka, 2011). 

Additionally, it is always recommended that crops be quickly transported to the storage areas 

which must be clean and properly ventilated, and fumigated with pesticides, etc. Certainly, these 

measures require a level of training and support to be given to farmers which unfortunately is not 

always made available to them, given the different socio-economic conditions of the country or 

geographic location in question. In a recent study conducted in Malawi, it was confirmed that some 

training programmes for farmers had low results precisely because of a lack of sufficient incentives 

for their implementation and the need to prioritise solving other, more immediate problems that exist 

in many cases (Anitha et al., 2019).

It is also worth highlighting the proposals that advocate using different natural and synthetic 

agents with the capacity to inhibit toxigenic fungal growth and mycotoxin production, such as certain 

antioxidants, essential oils (Xiang et al., 2020), etc. Proposals have even included the use of enemy 

bacteria, fungi and yeasts as a possible alternative to pesticides, with special attention to non-

aflatoxigenic strains of A. flavus as a means to prevent maize contamination. Their mechanism of 

action is based on what is called “competitive exclusion” of natural aflatoxigenic natural strains (Cotty 

and Bayman, 1993). In this regard, a certain number of strains have been patented or are in the process 

of development; as for example, the International Institute of Tropical Agriculture in collaboration 

with the Department of Agriculture of the United States has registered and marketed a series of non-
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aflatoxigenic strains (www.aflasafe.com) for use in maize and peanut crops, already available in a 

large number of African countries: Nigeria (2014), Kenya (2015), Senegal and Gambia (2016), Burkina 

Faso (2017), Zambia (2018), Tanzania (2018), and Mozambique (2019) (Sarrocco et al., 2019).

With regard to decontamination and detoxification measures, numerous techniques and 

procedures have been studied with the goal of fully or partially decontaminating raw materials, 

feeds and even foods prepared from products with pre-existing mycotoxin contamination, as well 

as inhibiting or cancelling their toxic actions. A large proportion of these works have focused on 

AFs although not exclusively, there are also studies on trichothecenes and especially on DON, 

PAT, FB and OTA. It is not the purpose of this report to provide a detailed description, which would 

necessarily have to be quite extensive, on this topic, rather we shall attempt to make a general and 

realistic overview of the measures applicable today and those that are worth focusing our efforts 

on in the near future. These measures may be classified according to whether the method involved 

is based on physical principles or on chemical or biological treatments. 

With regard to the physical methods studied, these include, among others, the manual or electronic 

sorting and separation of infested or deteriorated grains or fruits, washing, separation by floating, 

extraction by means of solvents, thermal inactivation, autoclaving, extrusion, irradiation, etc. In 

this regard, the European Commission accepts as physical treatment for reducing contamination, 

any procedure that does not involve the use of chemical products (EU, 2010) and presents, as an 

example, scalding combined with the sorting of damaged units or the procedure that is already well-

known and implemented for AFs in the dried figs industry in some countries (EU, 2013), based on 

the separation of those units whose surfaces display a bright greenish-yellow fluorescence under 

long-wavelength ultraviolet light (366 nm), a procedure that is cost-effective and may be efficiently 

applied to maize kernels (Shotwell and Hesseltine, 1981). The European Commission also points out 

that roasting is not a procedure admitted in this category due to the thermal stability of AFs, except 

when applied to pistachios in certain conditions. Likewise, in this category, the EU allows the use of 

active carbon by the edible oils industry in the purification stage. Active carbon appears to be the 

most effective absorbent to eliminate different mycotoxins in liquid foods such as wine, beer or milk, 

although it is true that standardised conditions have still not been established for their effective use 

without negative side-effects (Kolosova and Stroka, 2011). These materials, also called chelating 

agents by some authors, have been the focus of several studies over the years. As a matter of fact, 

EU legislation has included a new functional group among technological additives for feeds which 

includes substances to reduce mycotoxin contamination, those that are able to prevent or reduce 

their absorption, favour their excretion or modify their behaviour (EU, 2009). Among all of these 

substances, it is worth highlighting a type of clay known as montmorillonite, chemically, hydrated 

sodium calcium aluminosilicate. This substance has displayed very good results when it comes to 

protecting numerous animal species, especially against AFs (Phillips et al., 2008). It may be worth 

mentioning that this is until now, the only proven procedure with promising results in clinicals trials 

conducted in Ghana with people exposed to high doses of AFs (Afriyie-Gyawu et al., 2008) (Wang et 

al., 2008), and its use has been proposed as a new, cost-effective and harmless procedure (Phillips 

et al., 2019). It must also be highlighted that one drawback common to this type of clay or chelating 
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agent is its capacity to absorb minerals such as copper, zinc, iron and manganese, which must 

be considered prior to its routine application. Another alternative that is used for the absorbent 

capacity of its cell walls, is yeast (Luo et al., 2020). 

Another physical technique that has already been successfully implemented in some maize and 

peanut processing industries is based on detecting grains or units with colour changes, by means 

of optical sensors, followed by their extraction from the main cascade by using ultra-thin blasts of 

compressed air (Fraenkel, 1962). With regard to the other afore-mentioned techniques that have 

exhibited initially promising results for different mycotoxins and highly varied agricultural soil types, 

we shall only point out that much progress must still be made before they may be routinely used on 

a real-life scale in a cost-effective and efficient manner (Karlovsky et al., 2016).

With regard to chemical procedures, it must once again be pointed out that there are a large 

number of studies and alternatives that have been tested over the years and where it is necessary 

to check not only their intrinsic complexity but also their effectiveness, and among other factors, 

their safety and that of their by-products or processed products with regard to the mycotoxin in 

question. It must also be checked that there are no side-effects to the nutritional and organoleptic 

characteristics of the feeds or foods that may make them unacceptable for consumption, and all 

of it executed naturally, in a cost-effective manner so they may be of practical use. The EU has 

published a series of highly strict criteria to be followed prior to authorising this type of treatment 

to be applied to feeds (EU, 2015) without there currently being nothing similar that may be applied 

to the human diet. It must be pointed out that for now, only treatment with ammonia under highly 

specific conditions of pressure, temperature, etc. is currently authorised, and specifically for 

AF detoxification in peanut cake. This procedure has already been applied in the United States, 

Senegal, Mexico and France, its use extending in some cases to maize and cotton and always within 

the scope of animal feeds. Apart from certain acids and bases, other chemical agents researched 

that have shown promising results are for example, ozone treatment, hydrogen peroxide or sodium 

bisulphate, and not only against AFs but also against other mycotoxins, especially DON (Kolosova 

and Stroka, 2011) (Karlovsky et al., 2016).

When we refer to the methods that we may classify as biological methods and which may be 

used by the food industry, it may include several fermenting processes that have demonstrated 

an appreciable capacity to reduce the toxic effect of mycotoxins (Karlovsky, 2014). In spite of the 

lack of specific enzymes that may be industrially produced and possess the capacity to irreversibly 

deactivate the different mycotoxins, perhaps with the exception of PAT where it seems more 

feasible although further development is still required (Zhu et al., 2015), the potential of enzymes as a 

technology compatible with the normal processing of foods, able to act efficiently without producing 

toxic or undesirable residues, must be mentioned (Karlovsky et al., 2016) (Vanhoutte et al., 2016). A 

similar statement may be made regarding the use of bacterial culture and yeasts and this in spite 

of the fact that there is a long list of microorganisms where detoxifying activity has been identified 

for mycotoxins in the laboratory. One of the most recent examples may be the detoxifying activity of 

Rhizopus oryzae and Trichoderma reesei against AFs (Hackbart et al., 2014), without knowledge on 

the final conclusions regarding its practical use. As such, the perspective on the generalised use of 
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enzymes or microorganisms as detoxifying agents of food products contaminated with mycotoxins 

is currently limited to a promising and highly desirable prospect, owing to its undoubted advantages 

over chemical methods which are much more aggressive. In the case of feeds, EU legislation has 

included two fumonisin sterases produced by Komagataella phaffii (EU, 2018) and Komagataella 
pastoris (EU, 2017a) and a strain of the Coriobacteriaceae family for trichothecene degradation 

(EU, 2017b) in the functional group of substances for reducing mycotoxin contamination, among 

technological additives for feeds.

In addition to specific decontamination techniques, the in-house control of different food 

industries is based on mycotoxin analysis in raw materials with a certain frequency, and this limits 

mycotoxin access to the food chain. In this regard, apart from instrumental techniques that permit 

greater sensitivity and precision, it is worth highlighting the importance of immunological techniques 

for sampling and rejection of contaminated batches. Likewise, there is a growing interest in the 

application of photons in the selection of samples and contaminated batches (Tao et al., 2018). 

In conclusion, and as a reflection of the interest in this question within our country, it is worth 

mentioning the presence of the so-called National Network on Mycotoxins and Toxigenic Fungi 

and their Decontamination Processes (MICOFOOD, https://micofood.es) which includes 11 primarily 

academic research groups that expressly refer to one of their main activities as “assessing the 

effect of thermal treatments on mycotoxin stability and content during food production, processing 

and storage”. In this regard, the MICOTOX Network Conference celebrated in 2019 dedicated a 

session to the topic of “Reduction and Prevention Strategies” in a wider sense and not just limited 

to heat treatments (González-Peñas et al., 2019).

7.2 Measures against climate change

With regard to general measures against climate change and insofar as anthropogenic attitudes 

may contribute to enabling them, it seems evident that there are opportunities to combat it. The year 

2019 has been the second warmest year of all time, marking the end of the hottest decade (2010-

2019) on record, when CO2 and other greenhouse gases reached record levels of concentration. 

This news may serve to justify the need to urgently adopt the measures put forward by several 

international agencies on this subject. At the Paris Agreement in December 2015, the United Nations 

Member States specifically approved and included Climate Action as one of the goals of the Agenda 

2030 for sustainable development, advocating for the implementation of a series of favourable 

measures for the climate and thus constituting the first universal and legally binding agreement 

on climate change. This set of measures was recently re-stated by the UN Secretary General 

in response to the situation unleashed by Covid-19, so Governments might adopt them once the 

process of economic and social reconstruction resulting from the current pandemic is underway: 1) 

Green transition: investments must speed up the decarbonisation of all aspects of our economy; 2) 

Green employment and sustainable and inclusive development; 3) Green economy: make societies 

and people more resilient by means of a fair transition for all and not leave anyone behind; 4) Invest 

in sustainable solutions: fossil fuel subsidies must be eliminated and polluting companies must pay 

for their pollution; 5) Face climate risks; 6) Cooperation: no country can succeed by itself (UN, 2015).
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Based on the European Council Decision to back the goal of climate neutrality for 2050, in March 

2020, the European Commission proposed the European Climate Law, which seeks to convert the 

climate neutrality of emissions into a legal requirement (EU, 2020). Previously in November 2019, the 

European Parliament declared a climate emergency, urging the Commission to guarantee that all of 

its proposals took into account the goal of limiting global warming to 1.5 ºC, reducing greenhouse 

gas emissions by 55 % in 2030 with regard to 1990 emissions, in order to attain neutrality in 2050, 

likewise promoting decreased emissions in sea and air traffic (EU, 2019). This European Climate Law 

is yet to be enacted, some Member States having expressed certain objections to it. 

As mentioned in the Press Release of the Ministry for Ecological Transition and the Demographic 

Challenge of 23 October 2020, Spain would be highly in favour of the implementation of this Law, 

therefore, the National Integrated Energy and Climate Plan (PNIEC) which establishes the roadmap 

for the next decade, goes beyond the objectives laid out by the EU for Spain, with the target to 

reduce greenhouse gas emissions in 2030 by 23 % with regard to 1990 levels, 42 % renewable energy 

share of the total energy used, a 39.5 % improvement in energy efficiency, and 74 % of renewable 

energy in electricity generation (MTE, 2020). This set of good resolutions requires firm social support 

and it is here that citizens must play their role, after a period of raising awareness that appears to 

be making its mark. 

To complete this overview of a global problem, we may revisit some of the data provided by the 

Food and Agriculture Organisation (FAO) of the United Nations in its Strategy on Climate Change, 

which proposes investing in and supporting the development of projects and programmes for small-

scale producers in rural areas, to adopt preventive measures instead of the more or less hasty 

implementation of solutions to sudden situations of ecological crisis or disaster. The FAO reminds 

us that one-third of the proposed feasible solutions to achieve the proposed objectives with regard 

to climate change, are from the agricultural sector, such as the rehabilitation and harnessing of 

damaged soils to prevent the emission of up to 51 gigatonnes (109 t) of CO2 into the atmosphere in 

a year, and an additional 5 % with the implementation of repopulation and reforestation activities, 

simultaneously with an agricultural production of 17.6 million tonnes. Decreased livestock production 

could prevent 30 % of methane emissions. Climate change promotes the appearance and distribution 

of pests and plant diseases with an estimated cost of two hundred twenty thousand million dollars 

per year. Finally, it is estimated that agricultural activities consume 70 % of available fresh water 

therefore, the adoption of more efficient irrigation systems would increase the availability of this 

vital element and improve production levels (FAO, 2019).

 Conclusions of the Scientific Committee
In the last two decades, there has been a growing trend in the prevalence of mycotoxins in foods, 

a trend that may be attributed, among others, to climate change, without forgetting that the 

generalisation of monitoring systems and the advent of advanced analysis techniques have also 

contributed to this trend.

The production of different mycotoxins depends essentially on the eco-physiology of the moulds 

that produce them in each case, with the ecosystem and especially the humidity and environmental 

https://eur-lex.europa.eu/legal-content/ES/TXT/PDF/?uri=CELEX:52020PC0080R(01)&from=ES
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temperature, rainfall and the presence of insects being determining factors of invasion by toxigenic 

moulds and the accumulation of mycotoxins in crops. Consequently, the current distribution of 

toxigenic moulds all over the planet depend on the climate conditions in each zone.

There is evidence that aflatoxigenic moulds native to tropical and subtropical zones are 

increasingly present in cereals cultivated in temperate climates that have transformed into warmer 

climates over the last years, with the consequent problem of aflatoxin contamination. This trend 

appears to be indirectly responsible for increasing episodes of aflatoxin M1 contamination in milk.

The case of Fusarium toxins is more complex, but there appears to be a geographical redistribution 

of different species of Fusarium, with a growing incidence of F. graminearum (producer of 

Zearalenone and Deoxynivalenol), F. poae and F. langsethiae (producers of T2 and HT2 toxins, among 

others), and F. avenaceum (producer of mycotoxins with lower toxicological relevance) in various 

geographical zones. Additionally, there may be greater risk of Fumonisins in maize producing areas, 

linked to episodes of drought, while the species that produce Fumonisins may also move to higher 

latitudes. All of this does not necessarily imply that there shall be a significant global variation in the 

incidence of these mycotoxins as a result of climate change, although there might be variations at 

the local level.

There are various strategies to mitigate this growing problem of the presence of mycotoxins:

• Preventive agricultural practices in the field, including the development of mycotoxin-resistant 

varieties.

• Good harvesting and storage practices of cereals, including moisture control and the use 

of fungistatic products, that prevent the additional production of mycotoxins, beyond those 

already accumulated in the field.

• Physical, chemical and biological processes of decontamination; physical methods including 

processes of cereal cleaning and sorting, whereas biological methods, more recently 

developed, enable the use of microorganisms or enzymes for the degradation of mycotoxins.

• Sampling, analysis and discarding of cereal batches contaminated with mycotoxins.

Climate change may lead to the disappearance of some crops in certain areas, eliminating the 

fungi that colonise them or extreme climate conditions may simply prevent the survival of toxigenic 

moulds but maintain the continuity of the crops.

For all of the above reasons, we must emphasise the need to unite efforts not only against climate 

change as a global phenomenon, but also to promote and adopt specific projects and programmes 

aimed at preventing and mitigating the incidence of mycotoxins in feeds and food products, in 

collaboration with the public and private sector, which naturally includes the scientific community, 

those in charge of risk management, the producers, and even consumers, by means of suitable 

communication strategies.

 References
Adhikari, M., Isaac, E.L., Paterson, R.R.M. and Maslin, M.A. (2020). A review of potential impacts of climate 

change on coffee cultivation and mycotoxigenic fungi. Microorganisms, 8, pp: 1625. 



revista del com
ité científico nº 33

28

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

Afriyie-Gyawu, E., Ankrah, N.A., Huebner, H.J., Ofosuhene, M., Kumi, J., Johnson, N.M., Tang, I., Xu, I., Jolly, 
P.E., Ellis, W.O., Ofori-Adjei, D., Williams, J.H., Wang, J.S. and Phillips, T.D. (2008). NovaSil clay intervention 
in Ghanaians at high risk for aflatoxicosis. I. Study design and clinical outcomes. Food Additives and 
Contaminants: Part A., 25, pp: 76-87.

Akbar, N., Nasir, M., Naeem, N., Ahmad, M.D., Iqbal, S., Rashid, A., Imran, M., Gondal, T.A., Atif, M., Salehi, B., 
Sharifi-Ra, J., Martorell, M. and Cho, W.C. (2019). Occurrence and Seasonal Variations of Aflatoxin M1 in Milk 
from Punjab, Pakistan. Toxins, 11, pp: 574. 

Aldred, D. and Magan, N. (2004). Prevention strategies for thrichothecenes. Toxicology Letters, 153, pp: 165-171.
Ali, S., McMullen, M. and Zhong, S. (2009). Aggressiveness and DON production of Fusarium graminearum 

3ADON and 15ADON populations as affected by wheat cultivar resistance and fungicide treatment, under 
ND field conditions. In book: Proceedings of the National Fusarium Head Blight Forum. Canty, S.M., Clark, A., 
Mundell, J., Walton, E., Ellis, D., Sanford, D.A.V. (Eds.). University of Kentucky, Lexington. United States, pp: 
19-21. 

Almeida Picinin, L., Oliveira Pinho Cerqueira, M.M., Azevedo Vargas, E., Quintão Lana, A.M., Toaldo, I.M. and 
Bordignon-Luiz, M.T. (2013). Influence of climate conditions on aflatoxin M1 contamination in raw milk from 
Minas Gerais State, Brazil. Food Control, 31, pp: 419-424.

Altermatt, F. (2010). Climatic warming increases voltinism in european butterflies and moths. Proceedings of the 
Royal Society B: Biological Sciences, 277, pp: 1281-1287. 

Amezcueta, S., González-Peñas, E., Murillo–Arbizu, M. and López de Cerain, A. (2009). Ochratoxin A 
decontamination: a review. Food Control, 20, pp: 326-333.

Anitha, S., Tsusaka, T.W., Njoroge, S.M., Kumwenda, N., Kachulu, L., Maruwo, J., Machinjiri, N., Botha, 
R., Msere, H.W., Masumba, J., Tavares, A., Heinrich, G.M., Siambi, M., Okori, P. and Knowledge, P. (2019). 
Attitude and Practice of Malawian Farmers on Pre- and Post-Harvest Crop Management to Mitigate Aflatoxin 
Contamination in Groundnut, Maize and Sorghum-Implication for Behavioral Change. Toxins, 11, pp: 716.

Arroyo-Manzanares, N., Rodríguez-Estévez, V., Arenas-Fernández, P., García-Campaña, A.M. and Gámiz-Gracia, 
L. (2019). Occurrence of Mycotoxins in Swine Feeding from Spain. Toxins, 11, pp: 342.

Asi, M.R., Iqbal, S.Z., Ariño, A. and Hussain, A. (2012). Effect of seasonal variations and lactation times on 
aflatoxin M1 contamination in milk of different species from Punjab, Pakistan. Food Control, 25, pp: 34-38. 

Assem, E., Mohamad, A. and Oula, E.A. (2011). A survey on the occurrence of aflatoxin M1 in raw and processed 
milk samples marketed in Lebanon. Food Control, 22, pp: 1856-1858.

Assunção, R., Martins, C., Viegas, S., Viegas, C., Jakobsen, L.S., Pires, S. and Alvito, P. (2018). Climate change and 
the health impact of aflatoxins exposure in Portugal - an overview. Food Additives and Contaminants: Part A, 
35, pp: 1610-1621. 

Awad, W.A., Ghareeb, K., Böhm, J. and Zentek, J. (2010). Decontamination and detoxification strategies for the 
Fusarium mycotoxin deoxinivalenol in animal feed and the efectiveness of microbial biodegradation. Food 
Additives and Contaminants: Part A, 27, pp: 510-520.

Battilani, P. and Leggieri, M.C. (2015). Predictive modelling of aflatoxin contamination to support maize chain 
management. World Mycotoxin Journal, 8, pp: 161-170.

Battilani, P., Formenti, S., Ramponi, C. and Rossi, V. (2011). Dynamic of water activity in maize hybrids is crucial 
for fumonisin contamination in kernels. Journal of Cereal Science, 54, pp: 467-472.

Battilani, P., Pietri, A., Barbano, C., Scandolara, A., Bertuzzi, T. and Marocco, A. (2008). Logistic regression 
modeling of cropping systems to predict fumonisin contamination in maize. Journal of Agricultural and Food 
Chemistry, 56, pp. 10433-10438.

Battilani, P., Rossi, V. and Pietri, A. (2003). Modelling Fusarium verticillioides infection and fumonisin synthesis in 
maize ears. Aspects of Applied Biology, 68, pp: 91-100.

Battilani, P., Toscano, P., Van Der Fels-Klerx, H.J., Moretti, A., Camardo Leggieri, M., Brera, C., Rortais, A., 



29

revista del com
ité científico nº 33

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

Goumperis, T. and Robinson, T. (2016). Aflatoxin B1 contamination in maize in Europe increases due to climate 
change. Scientific Reports, 6, pp: 24328.

Bebber, D.P., Ramotowski, M.A.T. and Gurr, S.J. (2013). Crop pests and pathogens move polewards in a warming 
world. Nature Climate Change, 3, pp: 985-988.

Beccari, G., Prodi, A., Tini, F., Bonciarelli, U., Onofri, A., Oueslati, S., Limayma, M. and Covarelli, L. (2017). Changes 
in the Fusarium head blight complex of malting barley in a three-year field experiment in Italy. Toxins, 9, pp: 
120.

Benkerroum, N. (2020). Aflatoxins: Producing-Molds, Structure, Health Issues and Incidence in Southeast Asian 
and Sub-Saharan African Countries. International Journal of Environmental Research and Public Health, 17, 
1215. 

Bilandžić, N., Božić, D., Đokić, M., Sedak, M., Kolanović, B.S., Varenina, I. and Cvetnić, Z. (2014). Assessment of 
aflatoxin M1 contamination in the milk of four dairy species in Croatia. Food Control, 43, pp: 18-21.

Brasil (2011). Ministério da Agricultura, Pecuária e Abastecimento, Secretaria de Defesa Agropecuária, 
Instrução Normativa No. 24/2011. Diário Oficial da Uniã, 154 (11 August 2011), 8.

Bush, B.J., Carson, M.L., Cubeta, M.A., Hagler, W.M. and Payne, G.A. (2004). Infection and fumonisin production 
by Fusarium verticillioides in developing maize kernels. Phytopathology, 94, pp: 88-93.

Calori-Domingues, M.A., Bernardi, C.M.G., Nardin, M.S., de Souza, G.V., Dos Santos, F.G.R., Stein, M.D.A., 
da Gloria, E.M., Dos Santos Dias, C.T. and de Camargo, A.C. (2016). Co-occurrence and distribution of 
deoxynivalenol, nivalenol and zearalenone in wheat from Brazil. Food Additives and Contaminants: Part B, 9, 
pp: 142-151.

Camardo Leggieri, M., Bertuzzi, T., Pietri, A. and Battilani, P. (2015). Mycotoxin occurrence in maize produced 
in Northern Italy over the years 2009-2011: focus on the role of crop related factors. Phytopathologia 
Mediterranea, 54 (2), pp: 212-221.

Camardo Leggieri, M., Giorni, P., Pietri, A. and Battilani, P. (2019). Aspergillus flavus and Fusarium verticillioides 
Interaction: Modeling the Impact on Mycotoxin Production. Frontiers in Microbiology, 10, 2653.

Cano-Sancho, G., Marin, S., Ramos, A.J., Peris-Vicente, J. and Sanchis, V. (2010). Occurrence of aflatoxin M1 and 
exposure assessment in Catalonia (Spain). Revista Iberoamericana de Micología, 27, pp: 130-135,

Cetin, Y. and Bullerman, L.B. (2005). Cytotoxicity of Fusarium mycotoxins to mammalian cell cultures as 
determined by the MTT bioassay. Food and Chemical Toxicology, 43, pp: 755-764.

Chulze, S.N. (2010). Strategies to reduce mycotoxin levels in maize during storage: a revies. Food Additives and 
Contaminants: Part A, 27, pp: 651-677.

Codex Alimentarius (1997). Código de prácticas para reducir la Aflatoxina B1 presente en las materias primas y 
los piensos suplementarios para animales productores de leche. CXC 45-1997.

Codex Alimentarius (2001). Commission submitted on the draft maximum level for aflatoxin M1 in milk. Codex 
Committee on Food Additives and Contamination 33rd Session, Hague, The Netherlands.

Codex Alimentarius (2003). Código de prácticas para la prevención y reducción de la contaminación por patulina 
del zumo (jugo) de manzana e ingredientes de zumo (jugo) de manzana en otras bebidas. CXC 50-2003.

Codex Alimentarius (2004). Código de prácticas para la prevención y reducción de la contaminación del maní 
(cacahuetes) por aflatoxinas. CXC 55-2004.

Codex Alimentarius (2005). Código de prácticas para la prevención y reducción de la contaminación de las 
nueces de árbol por aflatoxinas. CXC 59-2005.

Codex Alimentarius (2007). Código de prácticas para la prevención y reducción de la contaminación por 
ocratoxina A en el vino. CXC 63-2007. 

Codex Alimentarius (2008). Código de prácticas para prevenir y reducir la contaminación por aflatoxinas en los 
higos secos. CXC 65-2008.

Codex Alimentarius (2009). Código de prácticas para prevenir y reducir la contaminación de ocratoxina A en el 



revista del com
ité científico nº 33

30

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

café. CXC 69-2009.
Codex Alimentarius (2013). Código de prácticas para prevenir y reducir la contaminación del cacao por 

ocratoxina A. CXC 72-2013.
Codex Alimentarius (2017a). Código de prácticas para la prevención y reducción de la contaminación por 

micotoxinas en las especias. CXC 78-2017.
Codex Alimentarius (2017b). Código de prácticas para prevenir y reducir la contaminación de los cereales por 

micotoxinas. CXC 51-2003.
Coffey, R., Cummins, E. and Ward, S. (2009). Exposure assessment of mycotoxins in dairy milk. Food Control, 20, 

pp: 239-249.
Cotty, P. and Jaime-Garcia, R. (2007). Influences of climate on aflatoxin producing fungi and aflatoxin 

contamination, International Journal of Food Microbiology, 119, Issues 1-2, pp: 109-115.
Cotty, P.J. and Bayman, P. (1993). Competitive exclusion of a toxigenic strain of Aspergillus flavus by an atoxigenic 

strain. Phytopathology, 83, pp: 1283-1287.
Covarelli, L., Beccari, G., Prodi, A., Generotti, S., Etruschi, F., Juan, C., Ferrer, E. and Mañes, J. (2015). Fusarium 

species, chemotype characterisation and trichothecene contamination of durum and soft wheat in an area of 
central Italy. Journal of the Science of Food and Agriculture, 95, pp: 540-551.

Crespo-Perez, V., Régnière, J., Chuine, I., Rebaudo, F. and Dangles, O. (2015). Changes in the distribution of 
multispecies pest assemblages affect levels of crop damage in warming tropical Andes.  Global Change 
Biology, 21, pp: 82-96. 

Cuperlovic-Culf, M., Vaughan, M.M., Vermillion, K., Surendra, A., Teresi, J. and McCormick, S.P. (2019). Effects of 
atmospheric CO2 level on the metabolic response of resistant and susceptible wheat to Fusarium graminearum 
infection. Molecular Plant-Microbe Interactions, 32, pp: 379-391.

Curtui, V., Usleber, E., Dietrich, R., Lepschy, J. and Märtlbauer, E. (1998). A survey on the occurrence of mycotoxins 
in wheat and maize from western Romania. Mycopathologia, 143, pp: 97-103.

De La Campa, R., Hooker, D.C., Miller, J.D., Schaafsma, A.W. and Hammond, B.G. (2005). Modeling effects of 
environment, insect damage, and Bt genotypes on fumonisin accumulation in maize in Argentina and the 
Philippines. Mycopathologia, 159, pp: 539-552.

Dong, F., Qiu, J., Xu, J., Yu, M., Wang, S., Sun, Y., Zhang, G. and Shi, J. (2016). Effect of environmental factors 
on Fusarium population and associated trichothecenes in wheat grain grown in Jiangsu province, 
China. International journal of food microbiology, 230, pp: 58-63.

Dowd, P.F. (2003). Insect management to facilitate preharvest mycotoxin management. Journal of Toxicology - 
Toxin Reviews, 22, pp: 327-350. 

Duarte, S.C., Almeida, A.M., Teixeira, A.S., Pereira, A.L., Falcão, A.C., Pena, A. and Lino, C.M. (2013). Aflatoxin 
M1 in marketed milk in Portugal: Assessment of human and animal exposure. Food Control, 30, pp: 411-417.

Edite Bezerra da Rocha, M., Freire, F.D.C.O., Erlan Feitosa Maia, F., Izabel Florindo Guedes, M. and Rondina, D. 
(2014). Mycotoxins and their effects on human and animal health. Food Control, 36, pp: 159-165.

Edwards, S.G. (2009). Fusarium mycotoxin content of UK organic and conventional wheat. Food Additives and 
Contaminants: Part A, 26, pp: 496-506.

EFSA (2007). European Food Safety Authority. Opinion of the Scientific Panel on Contaminants in the Food Chain 
on a request from the Commission related to the potential increase of consumer health risk by a possible 
increase of the existing maximum levels for aflatoxins in almonds, hazelnuts and pistachios and derived 
products. EFSA Journal, 446, pp: 1-127.

EFSA (2009). European Food Safety Authority. Statement of the Scientific Panel on Contaminants in the Food 
Chain on a request from the European Commission on the effects on public health of an increase of the levels 
for aflatoxin total from 4 µg/kg to 10 µg/kg for tree nuts other than almonds, hazelnuts and pistachios. EFSA 
Journal, 7, pp: 1168.



31

revista del com
ité científico nº 33

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

EFSA (2011). European Food Safety Authority. Scientific opinion on the risk for animal and public health related 
to the presence of T‐2 and HT‐2 toxin in food and feed. EFSA Journal, 9, pp: 2481. 

EFSA (2020). European Food Safety Authority. Scientific opinion - Risk assessment of aflatoxins in food. EFSA 
Journal, 18, pp: 6040. 

El Marnissi, B., Belkhou, R., Morgavi, D.P., Bennani, L. and Boudra, H. (2012). Occurrence of aflatoxin M1 in raw 
milk collected from traditional dairies in Morocco. Food and Chemical Toxicology, 50, pp: 2819-2821.

Eskola, M., Kos, G., Elliott, C.T., Hajšlová, J., Mayar, S. and Krska, R. (2020). Worldwide contamination of food-
crops with mycotoxins: Validity of the widely cited ‘FAO estimate’ of 25. Critical Review in Food Science 
Nutrition, 60, pp: 2773-2789. 

EU (2006). Commission Regulation (EC) No. 1881/2006 of 19 December 2006 setting maximum levels for certain 
contaminants in foodstuffs. OJ L 364 of 20 December 2006, pp: 5-24.

EU (2007). Commission Regulation (EC) No. 1126/2007 of 28 September 2007 amending Regulation (EC) No. 
1881/2006 setting maximum levels for certain contaminants in foodstuffs as regards Fusarium toxins in maize 
and maize products. OJ L 255 of 29 September 2007, pp: 14-17.

EU (2009). Commission Regulation (EC) No. 386/2009 of 12 May 2009 amending Regulation (EC) No. 1831/2003 of 
the European Parliament and of the Council as regards the establishment of a new functional group of feed 
additives. OJ L 118 of 13 May 2009, pp: 66.

EU (2010). Guidance Document for Competent Authorities for the Control of Compliance with EU Legislation on 
Aflatoxins. Available at: https://ec.europa.eu/food/sites/food/files/safety/docs/cs_contaminants_sampling_
analysis-guidance-2010_en.pdf [accessed: 10-02-21].

EU (2013). Aflatoxin contamination in hazelnuts and dried figs intended for export to the EU. Available at: http://
ec.europa.eu/food/fvo/act_getPDF.cfm?PDF_ID=10210 [accessed: 10-02-21].

EU (2015). Commission Regulation (EU) 2015/786 of 19 May 2015 defining acceptability criteria for detoxification 
processes applied to products intended for animal feed as provided for in Directive 2002/32/EC of the European 
Parliament and of the Council. OJ L 125 of 21 May 2015, pp: 10-14.

EU (2017a). Commission Implementing Regulation (EU) 2017/913 of 29 May 2017 concerning the authorisation of 
a preparation of fumonisin esterase produced by Komagataella pastoris (DSM 26643) as a feed additive for all 
avian species. OJ L 139 of 30 May 2017, pp: 33.

EU (2017b). Commission Implementing Regulation (EU) 2017/930 of 31 May 2017 concerning the authorisation of 
a preparation of a microorganism strain DSM 11798 of the Coriobacteriaceae family as a feed additive for all 
avian species and amending Implementing Regulation (EU) No. 1016/2013. OJ L 141 of 1 June 2017, pp: 6-9. 

EU (2018). Commission Implementing Regulation (EU) 2018/1568 of 18 October 2018 concerning the authorisation 
of a preparation of fumonisin esterase produced by Komagataella phaffii (DSM 32159) as a feed additive for 
all pigs and all poultry species. OJ L 262 of 19 October de 2018, pp: 34-36.

EU (2019). European Parliament resolution of 28 November 2019 on the climate and environment emergency 
(2019/2930(RSP)). P9_TA(2019)0078. Available at: https://www.europarl.europa.eu/doceo/document/TA-9-
2019-0078_ES.pdf [accessed: 10-02-21].

EU (2020). Proposal for a Regulation of the European Parliament and of the Council establishing the framework for 
achieving climate neutrality and amending Regulation (EU) 2018/1999 (European Climate Law). COM/2020/80 final. 
Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1588581905912&uri=CELEX:52020PC0080 
[accessed: 10-02-21].

Fallah, A.A., Rahnama, M., Jafari, T. and Saei-Dehkordi, S.S. (2011). Seasonal variation of aflatoxin M1 
contamination in industrial and traditional Iranian dairy products. Food Control, 22, pp: 1653-1656.

FAO (2004). Food and Agriculture Organization of the United Nations. Worldwide regulations for mycotoxins in 
food and feed in 2003. Food Nutrition, 81.

FAO (2019). Food and Agriculture Organization of the United Nations. FAO´s Work on Climate Change. Available 

http://ec.europa.eu/food/fvo/act_getPDF.cfm?PDF_ID=10210
http://ec.europa.eu/food/fvo/act_getPDF.cfm?PDF_ID=10210


revista del com
ité científico nº 33

32

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

at: https://fao.org/3/ca7126en/ca7126en.pdf [accessed: 10-02-21].
Fraenkel, H. (1962). Color sorting machine. US Patent Nº. 3, 066, pp: 797.
Fromme, H., Gareis, M., Völkel, W. and Gottschalk, C. (2016). Overall internal exposure to mycotoxins and their 

occurrence in occupational and residential settings-An overview. International Journal of Hygiene and 
Environmental Health, 219, pp: 143-165. 

Gagiu, V., Mateescu, E., Armeanu, I., Dobre, A.A., Smeu, I., Cucu, M.E., Oprea, O.A., Iorga, E. and Belc, N. (2018). 
Post-Harvest Contamination with Mycotoxins in the Context of the Geographic and Agroclimatic Conditions 
in Romania. Toxins, 10, pp. 533. 

Gale, L.R., Dill-Macky, R., Anderson, J.A., Smith, K.P. and Kistler, H.C. (2009). Aggressiveness and mycotoxin 
potential of US Fusarium graminearum populations in field-grown wheat and barley. 2009 National Fusarium 
Head Blight Forum, pp: 173.

Gale, L.R., Ward, T.J., Balmas, V. and Kistler, H.C. (2007). Population subdivision of Fusarium graminearum sensu 
stricto in the upper Midwestern United States. Phytopathology, 97, pp: 1434-1439.

García-Cela, E., Crespo-Sempere, A., Gil-Serna, J., Porqueres, A. and Marin, S. (2015). Fungal diversity, incidence 
and mycotoxin contamination in grapes from two agro-climatic Spanish regions with emphasis on Aspergillus 
species. Journal of the Science of Food and Agriculture, 95, pp: 1716-1729. 

Ghazani, M.H.M. (2009). Aflatoxin M1 contamination in pasteurized milk in Tabriz (northwest of Iran). Food and 
Chemical Toxicology, 47, pp: 1624-1625. 

González-Peñas, E., Vettorazzi, A., Lizarraga, E., Azqueta, A. and López de Cerain, A. (2019). Report of the IVth 
Workshop of the Spanish National Network on Mycotoxins and Toxigenic Fungi and Their Decontamination 
Processes (MICOFOOD), held in Pamplona, Spain, 29-31 May 2019. Toxins, 11, pp: 415-447. 

Grulke, N.E. (2011). The nexus of host and pathogen phenology: understanding the disease triangle with climate 
change. New Phytologist, 189, pp: 8-11.

Hackbart, H.C.S., Machado, A.R., Christ-Ribeiro, A., Prietto, L. and Badiale-Furlong, E. (2014). Reduction of 
aflatoxins by Rhizopus oryzae and Trichoderma Reesei. Mycotoxin Research, 30, pp: 141-149.

Hadavi, E. (2005). Several physical properties of aflatoxin-contaminated pistachio nuts: Application of BGY 
fluorescence for separation of aflatoxin-contaminated nuts. Food Additives and Contaminants, 22, pp: 1144-
1153.

Hudec, K. and Roháčik, T. (2009). The occurrence and predominance of Fusarium species on barley kernels in 
Slovakia. Cereal Research Communications, 37, pp: 101-109.

Hussain, I. and Anwar, J. (2008). A study on contamination of aflatoxin M1 in raw milk in the Punjab province of 
Pakistan. Food Control, 19, pp: 393-395.

Iqbal, S.Z., Asi, M.R. and Jinap, S. (2013). Variation of aflatoxin M1 contamination in milk and milk products 
collected during winter and summer seasons. Food Control, 34, pp: 714-718.

Jaime-García, R. and Cotty, P.J. (2010). Crop rotation and soil temperature influence the community structure of 
Aspergillus flavus in soil. Soil Biology and Biochemistry, 42, pp: 1842-1847.

Jajić, I., Jurić, V. and Abramović, B. (2008). First survey of deoxynivalenol occurrence in crops in Serbia. Food 
Control, 19, pp. 545-550.

Jard, G., Liboz, T., Mathieu, F., Guyonvarch, A. and Lebrihi, A. (2011). Review of mycotoxin reduction in food 
and feed: From prevention in the field to detoxification by adsorption or transformation. Food Additives and 
Contaminants: Part A, 28, pp: 1590-1609. 

Jouany, J.P. (2007). Methods for preventing, decontaminating and minimizing the toxicity of mycotoxins in feeds. 
Animal Feed Science and Technology, 137, pp: 342-362.

Juan-García, A., Juan, C., König, S. and Ruiz, M.J. (2015). Cytotoxic effects and degradation products of three 
mycotoxins: Alternariol, 3-acetyl-deoxynivalenol and 15-acetyl-deoxynivalenol in liver hepatocellular 
carcinoma cells. Toxicoogy Letters, 235, pp: 8-16.



33

revista del com
ité científico nº 33

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

Juroszek, P. and von Tiedemann, A. (2013). Climatic changes and the potential future importance of maize 
diseases: A short review. Journal of Plant Diseases and Protection, 120, pp: 49-56.

Kabak, B., Dobson, A.D.W. and Var, I. (2006). Strategies to prevent mycotoxin contamination of food and animal 
feed: A review. Critical Reviews in Food Science and Nutrition, 46, pp: 593-619. 

Kambiranda, D.M., Vasanthaiah, H.K.N., Katam, R., Ananga, A., Basha, S.M. and Naik, K. (2011). Impact of 
drought stress on peanut (Arachishypogaea L.) productivity and food safety, In book: Plants and Environment. 
Vasanthaiah, H.K.N. and Kambiranda, D.M. (Eds.), InTech Publisher. United States, pp: 249-272.

Kamkar, A. (2005). A study on the occurrence of aflatoxin M1 in raw milk produced in Sarab city of Iran. Food 
Control, 16, pp: 593-599.

Karlovsky, P. (2014). Enzymatic detoxification of mycotoxins for healthy food. New Food, 17, pp: 66-69.
Karlovsky, P., Suman, M., Berthiller, F., De Meester, J., Eisenbrand, G., Perrin, I., Oswald, I.P., Speijers, G., Chiodini, 

A., Recker, T. and Dussort, P. (2016). Impact of food processing and detoxification treatments on mycotoxin 
contamination. Mycotoxin Research, 32, pp: 179-205.

Kensler, T.W., Roebuck, B.D., Wogan, G.N. and Groopman, J.D. (2011). Aflatoxin: a 50-year odyssey of mechanistic 
and translational toxicology. Toxicological Sciences, 120, pp: S28-48.

Kolosova, A. and Stroka, J. (2011). Substances for reduction of the contamination of feed by mycotoxins. World 
Mycotoxin Journal, 4, pp: 225-256.

Kos, G., Eskola, M., Elliott, C.T., Hajslova, J., Mayar, S. and Krska, R. (2019). “Worldwide Occurrence - Where 
does the decades-old FAO figure of 25 % contamination stand today?” World Mycotoxin Forum, Belfast. 14-16 
October 2019.

Kos, J., Mastilovic, J., Janic Hajnal, E. and Saric, B. (2013). Natural occurrence of aflatoxins in maize harvested 
in Serbia during 2009-2012. Food Control, 34, pp: 31-34.

Krnjaja, V., Stanković, S.Ž., Obradović, A., Mandić, V., Bijelić, Z., Vasić, T. and Jauković, M.M. (2016). Fungal and 
mycotoxin contamination of maize hybrids in different maturity groups.  Biotechnology in Animal Husbandry, 
32, pp: 71-81.

Lewis, L., Onsongo, M., Njapau, H., Schurz-Rogers, H., Luber, G., Kieszak, S., Nyamongo, J., Backer, L., Dahiye, 
A.M., Misore, A., DeCock, K., Rubin, C. and the Kenya Aflatoxicosis Investigation Group (2005). Aflatoxin 
contamination of commercial maize products during an outbreak of acute aflatoxicosis in eastern and central 
Kenya. Environmental Health Perspectives, 113, pp: 1763-1767. 

Liew, W.P.P. and Mohd-Redzwan, S. (2018). Mycotoxin: Its Impact on Gut Health and Microbiota. Frontiers in 
Cellular and Infection Microbiology, 8, pp: 60. 

Liu, Y. and Wu, F. (2010). Global Burden of Aflatoxin-Induced Hepatocellular Carcinoma: A Risk Assessment. 
Environmental Health Perspectives, 118, pp: 818-824. 

Logrieco, A.F. and Moretti, A. (2008). Between emerging and historical problems: An overview of the main 
toxigenic fungi and mycotoxin concerns in Europe.  Mycotoxins: Detection Methods, Management, Public 
Health and Agricultural Trade, pp: 139-153.

Lori, G.A. and Rizzo, I. (2007). In book: Deoxinivalenol. Micotoxinas en alimentos. Díaz de Santos (Ed), Madrid, 
pp: 269-292.

Lukanowski, A. and Sadowski, C. (2008). Fusarium langsethiae on kernels of winter wheat in poland-Occurrence 
and mycotoxigenic abilities. Cereal Research Communications, 36, pp: 453-457.

Luo, Y., Liu, X., Yuan, L. and Li, J. (2020). Complicated interactions between bio-adsorbents and mycotoxins 
during mycotoxin adsorption: Current research and future prospects.  Trends in Food Science and 
Technology, 96, pp: 127-134.

Madgwick, J.W., West, J.S., White, R.P., Semenov, M.A., Townsend, J.A., Turner, J.A. and Fitt, B.D. (2011). 
Impacts of climate change on wheat anthesis and Fusarium ear blight in the UK. European Journal of Plant 
Pathology, 130, pp: 117-131.



revista del com
ité científico nº 33

34

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

Magan, N. and Aldred, D. (2007). Post-harvest control strategies: minimizing mycotoxins in the food chain. 
International Journal of Food Microbiology, 119, pp: 131-139.

Malachova, A., Cerkal, R., Ehrenbergerova, J., Dzuman, Z., Vaculova, K. and Hajslova, J. (2010). Fusarium 
mycotoxins in various barley cultivars and their transfer into malt. Journal of the Science of Food and 
Agriculture, 90, pp: 2495-2505.

Marasas, W.F.O., Gelderblom, W.C.A., Shephard, G.S., and Vismer, H.F. (2008). Mycotoxins: A global problem. 
In book: Mycotoxins: Detection methods, management, public health and agricultural trade. J.F. Leslie, R. 
Bandyopadhyay y A. Visconti (Eds.). Wallingford, Oxfordshire, UK: CABI, pp: 29-40.

Maresca, M. (2013). From the Gut to the Brain: Journey and Pathophysiological Effects of the Food-Associated 
Trichothecene Mycotoxin Deoxynivalenol. Toxins, 5, pp: 784-820.

Marin, S., Magan, N., Serra, J., Ramos, A.J., Canela, R. and Sanchis, V. (1999). Fumonisin B1 production and 
growth of Fusarium moniliforme and Fusarium proliferatum on maize, wheat, and barley grain. Journal of Food 
Science, 64, pp: 921-924. 

Marin, S., Ramos, A.J., Cano-Sancho, G. and Sanchis, V. (2013). Mycotoxins: Occurrence, toxicology, and 
exposure assessment. Food and Chemical Toxicology, 60, pp: 218-237.

Marroquín-Cardona, A.G., Johnson, N.M., Phillips, T.D. and Hayes, A.W. (2014). Mycotoxins in a changing global 
environment–a review. Food and Chemical Toxicology, 69, pp: 220-230.

Martins, L.M., Sant’Ana, A.S., Iamanaka, B.T., Berto, M.I., Pitt, J.I. and Taniwaki, M.H. (2017). Kinetics of aflatoxin 
degradation during peanut roasting. Food Research International, 97, pp: 178-183.

Medina, A., Akbar, A., Baazeem, A., Rodriguez, A. and Magan, N. (2017) Climate change, food security and 
mycotoxins: Do we know enough? Fungal Biology Reviews, 31, pp: 143-154.

Medina, A., Gonzalez-Jartin, J.M. and Sainz, M.J. (2017). Impact of global warming on mycotoxins. Current 
Opinion in Food Science, 18, pp: 76-81.

Miedaner, T., Cumagun, C.J.R. and Chakraborty, S. (2008). Population genetics of three important 
head blight pathogens Fusarium graminearum, F. pseudograminearum and F. culmorum. Journal of 
Phytopathology, 156, pp: 129-139.

Milićević, D., Petronijević, R., Petrović, Z., Đjinović‐Stojanović, J., Jovanović, J., Baltić, T. and Janković, S., (2019). 
Impact of climate change on aflatoxin M1 contamination of raw milk with special focus on climate conditions 
in Serbia. Journal of the Science of Food Agriculture, 99, pp: 5202-5210. 

Miller, J.D. (2001). Factors that affect the occurrence of fumonisin. Environmental health perspectives, 109 (suppl 
2), pp: 321-324. 

Miller, J.D. (2008). Mycotoxins in small grains and maize: old problems, new challenges.  Food Additives and 
Contaminants, 25, pp: 219-230.

Miller, J.D. (2016). Changing Patterns of Fungal Toxins in Crops: Challenges for Analysts. Journal of the AOAC 
International, 99, pp: 837-841. 

Minervini, F., Giannoccaro, A., Cavallini, A. and Visconti, A. (2005). Investigations on cellular proliferation induced 
by zearalenone and its derivatives in relation to the estrogenic parameters. Toxicology letters, 159, pp: 272-
283.

Mitchell, N.J., Bowers, E., Hurburgh, C. and Wu, F. (2016). Potential economic losses to the US corn industry from 
aflatoxin contamination. Food Additives and Contaminants: Part A, 33, pp: 540-550. 

Moretti, A., Pascale, M. and Logrieco, A.F. (2019) Mycotoxin risks under a climate change scenario in Europe. 
Trends in Food Science and Technology, 84, pp: 38-40.

Mshelia, L.P., Selamat, J., Iskandar Putra Samsudin, N., Rafii, M.Y., Abdul Mutalib, N. A., Nordin, N. and Berthiller, 
F. (2020). Effect of temperature, water activity and carbon dioxide on fungal growth and mycotoxin production 
of acclimatised isolates of Fusarium verticillioides and F. graminearum. Toxins, 12, pp: 478.

MTE (2020). Ministerio para la Transción Ecologica y el Reto Demográfico. Nota de Prensa de 23 de octubre 



35

revista del com
ité científico nº 33

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

de 2020: Un paso más hacia una Ley del Clima europea, con el apoyo de España. Available at: https://www.
miteco.gob.es/es/prensa/201023unpasomashaciaunaleydelclimaeuropeaconelapoyodeespana_tcm30-
515857.pdf [accessed: 10-02-21].

Munkvold, G.P. (2003a). Cultural and genetic approaches to managing mycotoxins in maize. Annual review of 
phytopathology, 41, pp: 99-116. 

Munkvold, G.P. (2003b). Mycotoxins in corn: occurrence, impacts, and management. In book: Corn: chemistry 
and technology. White, P. and Johnson, L. (Eds.). American Association of Cereal Chemists, St. Paul, MN, 
USA, pp: 811-881.

Ndossi, D.G., Frizzell, C., Tremoen, N.H., Fæste, C.K., Verhaegen, S., Dahl, E., Eriksen, G.S., Sorlie, M., Connoly, L. 
and Ropstad, E. (2012). An in vitro investigation of endocrine distrupting effects of thricotecenes deoxynivalenol 
(DON), T-2 and HT-2 toxins. Toxicology Letters, 214, pp: 268-278.

Nemati, M., Mehran, M.A., Hamed, P.K. and Masoud, A. (2010). A survey on the occurrence of aflatoxin M1 in milk 
samples in Ardabil, Iran, Food Control, 21, pp: 1022-1024.

Nielsen, L.K., Jensen, J.D., Nielsen, G.C., Jensen, J.E., Spliid, N.H., Thomsen, I.K., Justesen, A.F., Collinge, 
D.B. and Jørgensen, L.N. (2011). Fusarium head blight of cereals in Denmark: Species complex and related 
mycotoxins. Phytopathology, 101, pp: 960-969.

O’Brian, G.R., Georgianna, D.R., Wilkinson, J.R., Yu, J., Abbas, H.K., Bhatnagar, D., Cleveland, T.E., Nierman, W. 
and Payne, G.A. (2007). The effect of elevated temperature on gene transcription and aflatoxin biosynthesis. 
Mycologia, 99, pp: 232-239.

Ostry, V., Malir, F., Toman, J. and Grosse, Y. (2017). Mycotoxins as human carcinogens-the IARC 
Monographs classification. Mycotoxin Research, 33, pp: 65-73.

Pan, D., Graneri, J. and Bettucci, L. (2009). Correlation of rainfall and levels of deoxynivalenol in wheat from 
Uruguay, 1997–2003. Food Additives and Contaminants, 2, pp: 162-165.

Parikka, P., Hakala, K. and Tiilikkala, K. (2012). Expected shifts in Fusarium species’ composition on cereal grain in 
Northern Europe due to climatic change. Food Additives and Contaminants: Part A, 29, pp: 1543-1555.

Parsons, M.W. and Munkvold, G.P. (2010). Relationships of immature and adult thrips with silk-cut, fusarium 
ear rot and fumonisin B1 contamination of maize in California and Hawaii. Plant Pathology, 59, pp: 1099-1106.

Paterson, R.R.M. and Lima, N. (2010). How will climate change affect myctotoxins in food? Food Research 
International, 43, pp: 1902-1914.

Paterson, R.R.M. and Lima, N. (2017). Thermophilic fungi to dominate aflatoxigenic/mycotoxigenic fungi on food 
under global warming. International Journal of Environmental Research and Public Health, 14, (2), pp: 199.

Pereyra, S.A., Dill-Macky, R. and Sims, A.L. (2004). Survival and inoculum production of Gibberella zeae in wheat 
residue. Plant Disease, 88, pp: 724-730. 

Phillips, T.D., Afryie-Gyawu, E., Williams, J., Huebner, H., Ankrah, N-H., Ofori-Adjei, D., Jolly, P., Jhonson, N., 
Taylor, J., Marroquín-Cardona, A., Xu, L., Tang, L. and Wang, J.S. (2008). Reducing human exposure to aflatoxin 
through the use of clay: a review. Food Additives and Contaminants: Part A, 25, pp: 134-145.

Phillips, T.D., Wang, M., Elmore, S.E., Heare, S. and Wang, J.S. (2019). Novasil clay for the protection of humans 
and animals from aflatoxins and other contaminants. Clays and Clay Minerals, 67, pp: 99-110.

Pleadin, J., Frece, J. and Markov, K. (2019). Mycotoxins in food and feed. Advances in Food and Nutrition 
Research, 89, pp: 297-345. 

Pleadin, J., Perši, N., Mitak, M., Zadravec, M., Sokolovič, M., Vulič, A., Jaki, V. and Brstilo, M. (2012). The natural 
occurrence of T-2 toxin and fumonisins in maize samples in Croatia. Bulletin of environmental contamination 
and toxicology, 88, pp: 863-866.

Porter, J.H., Parry, M.L. and Carter, T.R. (1991). The potential effects of climatic change on agricultural insect 
pests. Agricultural and Forest Meteorology, 57, pp: 221-240.

Prandini, A., Tansini, G., Sigolo, S., Filippi, L., Laporta, M. and Piva, G. (2009). On the occurrence of aflatoxin M1 in 



revista del com
ité científico nº 33

36

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

milk and dairy products. Food and Chemical Toxicology, 47, pp: 984-991.
Puri, K.D. and Zhong, S. (2010). The 3ADON population of Fusarium graminearum found in North Dakota 

is more aggressive and produces a higher level of DON than the prevalent 15ADON population in spring 
wheat. Phytopathology, 100, pp: 1007-1014.

Rahimi, E., Bonyadian, M., Rafei, M. and Kazemeini, H.R. (2010). Occurrence of aflatoxin M1 in raw milk of five 
dairy species in Ahvaz, Iran. Food and Chemical Toxicology, 48, 129-131.

RASFF. (2019). The Rapid alert system for food and feed. 2019 Annual report. Available at: http://ec.europa.eu/
food/safety/rasff/index_en.htm [accessed: 10-2-2021].

Reyneri, A. (2006). The role of climatic condition on micotoxin production in cereal. Veterinary Research 
Communications, 30 (1), pp: 87-92.

Rodríguez-Carrasco, Y., Fattore, M., Albrizio, S., Berrada, H. and Mañes, J. (2015). Occurrence of Fusarium 
mycotoxins and their dietary intake through beer consumption by the European population. Food Chemistry, 
178, pp: 149-155.

Roff, D. (1983). Phemological adaptation in a seasonal environment: a theoretical perspective. Diapose and Life 
Cycle Strategies in Insects, pp: 253-270.

Rotter, B.A. (1996). Invited review: Toxicology of deoxynivalenol (vomitoxin).  Journal of Toxicology and 
Environmental Health: Part A, 48 (1), pp: 1-34.

Ruangwises, N. and Ruangwises, S. (2010). Aflatoxin M1 Contamination in Raw Milk within the Central Region of 
Thailand. Bulletin of Environmental Contamination and Toxicology, 85, pp: 195-198. 

Ruangwises, S. and Ruangwises, N. (2009). Occurrence of aflatoxin M1 in pasteurized milk of the School Milk 
Project in Thailand. Journal of Food Protection, 72, pp: 1761-1763. 

Russell, R., Paterson, M. and Lima, N. (2010). Thermophilic fungi to dominate aflatoxigenic/mycotoxigenic fungi 
on food under global warming. International Journal of Environmental Research and Public Health, 14, pp: 199.

Sahu, S.C., O’Donnell Jr, M.W. and Wiesenfeld, P.L. (2010). Comparative hepatotoxicity of deoxynivalenol in rat, 
mouse and human liver cells in culture. Journal of Applied Toxicology, 30, pp: 566-573.

Salvacion, A.R., Pangga, I.B. and Cumagun, C.J. (2015). Assessment of mycotoxin risk on corn in the Philippines 
under current and future climate change conditions. Reviews on Environmental Health, 30, pp: 135-142. 

Sanchis, V. and Magan, N. (2004). Environmental conditions affecting mycotoxins. In book: Mycotoxins in food: 
Detection and control. Magan, N. & Olsen, M. (Eds.). Boca Raton, FL, CRC Press, pp: 174-189.

Sanders, T.H., Blankenship, P.D., Cole, R.J. and Hill, R.A. (1984). Effect of soil temperature and drought on 
peanut pod and stem temperatures relative to Aspergillus flavus invasion and aflatoxin contamination. 
Mycopathologia, 86, pp: 51-54.

Sarrocco, S., Mauro, A. and Battilani, P. (2019). Use of Competitive Filamentous Fungi as an Alternative Approach 
for Mycotoxin Risk Reduction in Staple Cereals: State of Art and Future Perspectives. Toxins, 11, pp: 701.

Savard, C., Pinilla, V., Provost, C., Segura, M. and Gagnon, C.A. (2014). In vitro effect of deoxynivalenol (DON) 
mycotoxin on porcine reproductive and respiratory syndrome virus replication. Food and Chemical Toxicology, 
65, pp: 219-216.

SCF (2002). Scientific Committee on Food. Opinion of the scientific committee on Food on Fusarium toxins, part 6. 
Group evaluation of T‐2 toxin, HT‐2 toxin, nivalenol and deoxynivalenol. Available at: http://ec.europa.eu/food/
fs/sc/scf/out123_en.pdf [accessed: 10-02-21].

Shelby, R.A., White, D.G. and Bauske, E.M. (1994). Differential fumonisin production in maize hybrids.  Plant 
Disease, 78, pp: 582-584.

Shotwell, O.L. and Hesseltine, C.W. (1981). Use of bright greenish yellow fluorescence as a presumptive test for 
aflatoxin in corn. Cereal Chemistry, 58, pp: 124-127.

Showers, W.B. (1993). Diversity and variation of European corn borer populations. In book: Evolution of insect 
pests/patterns of variation. Kim, K.C. and McPheron, B.A. (Eds.). Wiley and Sons Inc. New York, United States, 



37

revista del com
ité científico nº 33

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

pp: 287-309.
Siddappa, V., Nanjegowda, D.K. and Viswanath, P. (2012). Occurrence of aflatoxin M1 in some samples of UHT, 

raw & pasteurized milk from Indian states of Karnataka and Tamilnadu. Food and Chemical Toxicology, 50, pp: 
4158-4162.

Soriano del Castillo, J.M. (2007). In book: Micotoxinas en alimentos. 1ª edition. Spain: Díaz de Santos.
Stanković, S., Lević, J., Ivanović, D., Krnjaja, V., Stanković, G. and Tančić, S. (2012). Fumonisin B1 and its co-

occurrence with other fusariotoxins in naturally-contaminated wheat grain. Food Control, 23, pp: 384-388.
Stanković, S.Ž., Lević, J. and Krnjaja, V. (2011). Fumonisin B1 in maize, wheat and barley grain in 

Serbia. Biotechnology in Animal Husbandry, 27, pp: 631-641.
Stȩpień, Ł. and Chełkowski, J. (2010). Fusarium head blight of wheat: Pathogenic species and their 

mycotoxins. World Mycotoxin Journal, 3, pp: 107-119.
Tao, F., Yao, H., Hruska, Z., Burger, L.W., Rajasekaran, K. and Bhatnagar, D. (2018). Recent development of 

optical methods in rapid and non-destructive detection of aflatoxin and fungal contamination in agricultural 
products. Trends in Analytical Chemistry, 100, pp: 65-81.

Trail, F., Xu, J.R., San Miguel, P., Halgren, R.G. and Kistler, H.C. (2003). Analysis of expressed sequence tags from 
Gibberella zeae (anamorph Fusarium graminearum). Fungal Genetics and Biology, 38, pp: 187-197.

Uhlig, S., Eriksen, G.S., Hofgaard, I.S., Krska, R., Beltrán, E. and Sulyok, M. (2013). Faces of a Changing 
Climate: Semi-Quantitative Multi-Mycotoxin Analysis of Grain Grown in Exceptional Climatic Conditions in 
Norway. Toxins, 5, pp: 1682-1697.

Uhlig, S., Jestoi, M. and Parikka, P. (2007). Fusarium avenaceum-The North European situation. International 
Journal of Food Microbiology, 119, pp: 17-24.

UN (2015). United Nations. Cambio climático. Available at: https://www.un.org/sustainabledevelopment/es/
climate-change-2 [accessed: 10-2-2021]. 

Van Asselt, E.D., Booij, C.J.H. and Van der Fels-Klerx, H.J. (2012). Modelling mycotoxin formation by Fusarium 
graminearum in maize in The Netherlands. Food Additives and Contaminants: Part A, 29, pp: 1572-1580.

Van der Fels-Klerx, H.J., Olesen, J.E., Madsen, M.S. and Goedhart, P.W. (2012). Climate change increases 
deoxynivalenol contamination of wheat in north-western Europe.  Food Additives and Contaminants: Part 
A, 29, pp: 1593-1604.

Van der Fels-Klerx, H.J., Vermeulen, L.C., Gavai, A.K. and Liu, C. (2019). Climate change impacts on aflatoxin 
B1 in maize and aflatoxin M1 in milk: A case study of maize grown in Eastern Europe and imported to the 
Netherlands. PLoS ONE, 14, pp: e0218956. 

Van Dyck, H. and Wiklund, C. (2002). Seasonal butterfly design: Morphological plasticity among three 
developmental pathways relative to sex, flight and thermoregulation. Journal of Evolutionary Biology, 15, pp: 
216-225.

Vanhoutte, I., Audinaert, K. and De Gelder, L. (2016). Biodegradation of mycotoxins: Tales from known and 
unexplored worlds. Frontiers in Microbiology, 7, pp: 561. 

Váry, Z., Mullins, E., McElwain, J.C. and Doohan, F.M. (2015). The severity of wheat diseases increases when 
plants and pathogens are acclimatized to elevated carbon dioxide. Global change biology, 21, pp: 2661-2669.

Vaughan, M.M., Huffaker, A., Schmelz, E.A., Dafoe, N.J., Christensen, S., Sims, J., Martins, V.F., Swerbilow, J., 
Romero, M., Alborn, H.T., Allen, L.H. and Teal, P.E.A. (2014). Effects of elevated [CO2] on maize defence against 
mycotoxigenic Fusarium verticillioides. Plant, Cell and Environment, 37, pp: 2691-2706.

Vrabcheva, T., Geßler, R., Usleber, E. and Märtlbauer, E. (1996). First survey on the natural occurrence of Fusarium 
mycotoxins in Bulgarian wheat. Mycopathologia, 136, pp: 47-52.

Wang, P., Afriyie-Gyawu, E., Tang, Y., Johnson, N.M., Xu, I., Tang, I., Huebner, H.J., Ankrah, N.A., Ofori-Adjei, D., 
Ellis, W., Jolly, P.E., Williams, J.H., Wang, J.S. and Phillips, T.D. (2008). NovaSil clay intervention in Ghanaians at 
high risk for aflatoxicosis: II. Reduction in biomarkers of aflatoxin exposure in blood and urine. Food Additives 



revista del com
ité científico nº 33

38

AESAN Scientific Committee: Effects of climate change on the presence of mycotoxins in food

and Contaminants: Part A, 25, pp: 622-634.
Ward, T.J., Bielawski, J.P., Kistler, H.C., Sullivan, E. and O’Donnell, K. (2002). Ancestral polymorphism and 

adaptive evolution in the trichothecene mycotoxin gene cluster of phytopathogenic Fusarium. Proceedings 
of the National Academy of Sciences, 99, pp: 9278-9283.

Ward, T.J., Clear, R.M., Rooney, A.P., O’Donnell, K., Gaba, D., Patrick, S., Starkey, D.E., Gilbert, J., Geiser, D.M. and 
Nowicki, T.W. (2008). An adaptive evolutionary shift in Fusarium head blight pathogen populations is driving 
the rapid spread of more toxigenic Fusarium graminearum in North America. Fungal Genetics and Biology, 
45, pp: 473-484.

Warfield, C.Y. and Gilchrist, D.G. (1999). Influence of Kernel Age on Fumonisin B1Production in Maize by Fusarium 
moniliforme. Applied and environmental microbiology, 65, pp: 2853-2856.

West, J.S., Holdgate, S., Townsend, J.A., Edwards, S.G., Jennings, P. and Fitt, B.D. (2012). Impacts of changing 
climate and agronomic factors on Fusarium ear blight of wheat in the UK. Fungal Ecology, 5, pp: 53-61.

WHO (2018). World Health Organization. Resumen sobre inocuidad de alimentos. Aflatoxinas. Departamento de 
Inocuidad de los Alimentos y Zoonosis. Available at: https://www.who.int/foodsafety/FSDigest_Aflatoxins_
SP.pdf?ua=1 [accessed: 10-02-21].

Woloshuk, C.P. and Shim, W.B. (2013). Aflatoxins, fumonisins, and trichothecenes: a convergence of 
knowledge. FEMS Microbiology Reviews, 37, pp: 94-109.

Wotton, H.R. and Strange, R.N. (1987). Increased susceptibility and reduced phytoalexin accumulation in drought-
stressed peanut kernels challenged with Aspergillus flavus. Applied and Environmental Microbiology, 53, pp: 
270-273.

Wu, F., Bhatnagar, D., Bui-Klimke, T., Carbone, I., Hellmich, R., Munkvold, G. and Takle, E. (2011). Climate change 
impacts on mycotoxin risks in US maize. World Mycotoxin Journal, 4, pp: 79-93.

Xiang, F., Zhao, Q., Zhao, K., Pei, H. and Tao, F. (2020). The Efficacy of Composite Essential Oils against Aflatoxigenic 
Fungus Aspergillus flavus in Maize. Toxins, 12, pp: 562.

Xiong, J.L., Wang, Y.M., Ma, M.R. and Liu, J.X. (2013). Seasonal variation of aflatoxin M1 in raw milk from the 
Yangtze River Delta region of China. Food Control, 34, pp: 703-706.

Yang, W., Yu, M., Fu, J., Bao, W., Wang, D., Hao, L., Yao, P., Nüssler, K.A., Yan, H. and Liu, L. (2014). Deoxynivalenol 
induced oxidative stress and genotoxicity in human peripheral blood lymphocytes. Food and Chemical 
Toxicology, 57, pp: 276-283.

Zain, M.E. (2011). Impact of mycotoxins on humans and animals. Journal of Saudi Chemical Society, 15, pp: 129-
144.

Zhao, Y., Guan, X., Zong, Y., Hua, X., Xing, F., Wang, Y., Fengzhong, W. and Liu, Y. (2018). Deoxynivalenol in wheat 
from the Northwestern region in China. Food Additives and Contaminants: Part B, 11, pp: 281-285.

Zhu, R., Feussner, K., Wu. T., Yan, F., Karlovsky, P. and Zheng, X. (2015). Detoxification of mycotoxin patulin by the 
yeast Rhodosporidium paludigenum. Food Chemistry, 179, pp: 1-5.


