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Abstract. Mycotoxins are secondary metabolites of microscopic moulds 

with pronounced toxic properties. Moulds infect products of plant and 

animal origin at any stage of their receipt, transportation and storage, in 

industrial and home conditions. Mycotoxins are more commonly found in 

plant foods. Their biosynthesis by fungi occurs during the ripening and 

harvesting period under unfavourable meteorological conditions and 

improper grain storage. Untimely harvesting or insufficient drying of the 

crop before storage, storage and transportation of products with insufficient 

protection against moisture leads to the multiplication of microorganisms 

and the formation of toxic substances in food products.  

1 Introduction  

Mycotoxins are secondary metabolites of microscopic moulds with pronounced toxic 

properties. Moulds infect products of plant and animal origin at any stage of their receipt, 

transportation and storage, in industrial and home conditions. Mycotoxins are more 

commonly found in plant foods. Their biosynthesis by fungi occurs during the ripening and 

harvesting period under unfavourable meteorological conditions and improper grain 

storage. Untimely harvesting or insufficient drying of the crop before storage, storage and 

transportation of products with insufficient protection against moisture leads to the 

multiplication of microorganisms and the formation of toxic substances in food products. 

Such products and feeds can cause serious diseases for people and animals due to the 

accumulation of mycotoxins in them, causing mycotoxicosis [1]. 

Under natural conditions, mycotoxins contaminate cereals, nuts, corn, cocoa beans, 

spices, fruits, vegetables, sunflower seeds, spices, and farm animal feed. Among several 

hundreds of known mycotoxins, the most common and posing the greatest threat to human 

and livestock health are aflatoxins, ochratoxin A, patulin, fumonisins, zearalenone and 

trichothecene mycotoxins (T-2 toxin, deoxynivalenol, nivalenol). Mycotoxins enter the 

food chain as a result of mould infestation on crops, both before and after harvest. Most 

mycotoxins are chemically stable and do not degrade during heat treatment [1,2]. 
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Dependent on the ingested concentration mycotoxins in food cause acute toxicity, 

symptoms of which develop shortly after eating contaminated food; or can have chronic 

health effects, in particular cancer and immunodeficiency. Of the several hundred 

mycotoxins known today, about a dozen are the object of the closest attention due to the 

serious damage they can cause to human health and their frequent presence in food [1,2]. 

Prevention of mycotoxin contamination can only reduce, but not completely eliminate, 

the risk of contamination. This is due to the fact that the presence of mycotoxins is 

influenced by environmental (climatic) conditions that humans cannot influence [1]. 

However, there are several ways to increase the productivity of plants and reduce stress for 

them - up to a significant reduction in mycotoxin contamination. These include Good 

Agricultural Practice (GAP), which is a prerequisite for minimizing mycotoxin 

contamination of grain, and the implementation of Good Manufacturing Practices (GMP) 

during the reception, storage, handling and marketing of cereals. To minimize mycotoxin 

contamination of products, they are divided into measures used before, during and after 

harvest (Fig 1.). If all measures to reduce the mycotoxin burden fail, and there is a high 

concentration of mycotoxins in our food, there are additional decontamination options, 

dilution with healthy food (dependent on the type of mycotoxin and local legislation), 

biofuel production (usually with increased concentrations of mycotoxins in DDGS), or 

usage as biomass fuel (for most severe examples).  

 

Fig. 1. Techniques for reduction of mycotoxin contamination risk. 

2 Pre-harvest measures  

The pre-harvest mycotoxin control methods include breeding, sowing time, irrigation, 

correct crop rotation, tillage, control of field infestations of crops with fungi, proper 

fertilization and weed control. 

 Selection 

Breeding crops that are resistant or less susceptible to fungal contamination prevents 

fungal growth and the production of mycotoxins; this approach is the best way to control 

mycotoxin-producing fungi [1-3]. 
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 Sowing time 

Sowing time influences the flowering phase of plants - the earlier the sowing date, the 

earlier the flowering phase of cereals begins. Mycotoxin contamination is highest when the 

crop reaches the flowering phase during spore production [4]. This relationship between 

planting time and reaching different growing stages indicates that the time of planting and 

maturation of different crops can significantly affect fungal growth and mycotoxin 

production. For example, when growing maize, earlier planting dates often reduce 

contamination levels, so unfavourable weather conditions lead to a higher risk of 

contamination [4]. For wheat and barley, winter varieties develop and mature earlier than 

spring varieties, thereby increasing the risk of Fusarium contamination of winter varieties. 

[2] 

 Irrigation 

Irrigation helps to reduce stress on plants at certain stages of growth, but this method 

should not be used during flowering and maturation of crops, especially wheat, barley and 

rye, as excess rainfall - especially during flowering - promotes the spread of Fusarium sp. 

and contamination of crops.[1] 

 Correct crop rotation 

With cropping systems in which maize and wheat are rotated or wheat is planted each 

year in the same field, the spread of crop disease is increasing. Thus, if crop rotation does 

not occur, the risk of mycotoxin contamination is higher.  

A multi-field crop rotation with alternating rapeseed, sugar beet, sunflower or soybeans 

can reduce the frequency of mycotoxin contamination [1,2]. Schaafsma et al. (2001) noted 

that planting crops other than wheat in the two years prior to growing wheat in the study 

field significantly reduced deoxynivalenol (DON) contamination in the year wheat was 

grown [5]. 

Damage to grain by mechanical means, by insects or birds, creates favourable 

conditions for its infection and damage by fungi, therefore prevention of grain damage is of 

great importance. In the first year, plants are infected with fungal spores, which can also 

colonize other plants and spread through the soil. After harvesting maize, stubble remains 

in the soil, which can be colonized by mushrooms. If maize is grown in the same field next 

year, subsequent contamination may occur [2]. 

 Tillage 

To reduce the risk of mycotoxin contamination, it is extremely important to implement 

proper tillage and control of post-harvest plant waste in the field. For example, ploughing 

the soil (to a depth of 10-30 cm) is more effective in combating mycotoxin contamination 

than minimal tillage (to a depth of 10-20 cm) and no tillage (seeds are sown in the remains 

of previous crops). Post-harvest ploughing reduces the growth of F. graminearum, which 

causes red rot on maize cobs (Gibberella stage) and mycotoxin DON contamination. In 

addition, removing, burning, or ploughing in crop residues can reduce the incidence of 

fungi infestation on subsequent crops [1,2]. 

 Proper fertilization  

There is information about the effect of fertilizers on the level of contamination of crops 

with fungi; this is achieved by altering crop residues, affecting plant growth, and altering 

the structure and microbial activity of the soil [1]. 

 Weed, insect & pest control 

Weeds can be infested with a wide range of molds. Any crops, such as wheat, with a lot 

of weeds will have a high level of contamination [6]. Insects and pest can damage kernels 

thus enabling easier infection route to the molds.  

 Usage of atoxigenic molds and antagonistic molds/microorganisms 
The spores of atoxigenic strains of Aspergillus flavus are known to be one of the more 

successful ways to reduce the aflatoxin burden in maize [7]. 
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Several bacteria, yeasts and Filamentous fungi are able to attack Fusarium spp., reduce 

disease damages and mycotoxin contamination. Some biological agents can antagonize 

pathogens using multiple mechanisms. Targeted activation of host plant defenses before 

diseases develop may also serve as biological crop protection strategy in Fusarium 

management. Multiple postharvest measures also are available.  

In recent years, an approach associated with the possibility of limiting harmful 

pathogens with the help of living microorganisms (bacteria, fungi, and also viruses) and 

their metabolites has been considered promising. Promising biological agents that can limit 

the growth of pathogenic fungi and reduce the production of mycotoxins may be useful in 

protecting crops from mycotoxin contamination. One of the areas of biological control is 

the use of endophytic microorganisms that live inside plants and increase the resistance of 

plants to adverse effects. 

Biological control could be achieved, not only by direct oppression of the vital activity 

of the toxin-producing organism, but also due to the successful competition for space and 

nutrients of the substrate. 

As a result of such interactions, not only the growth and development of fungi should be 

reduced, but also the formation of mycotoxins. The possibility of biological transformation, 

detoxification or degradation of mycotoxins with the help of microorganisms is a priority 

area of research, however, the mechanisms of action of biological research agents on toxin 

fungi that are still inadequate 

It is possible to single out several strategies for using microorganisms to reduce 

pollution with mycotoxins: Processing of plant residues and sowing material, leading to a 

decrease in the density of populations of fungi - producers of mycotoxins; Processing of 

plants during the growing season, which suppresses the development of pathogens and 

activates the mechanisms of self-defence of plants; Post-harvest processing of plant raw 

materials before storing and processing to prevent further development of fungi. The use of 

biological methods of control is, definitively attractive, especially from the point of view of 

ecologicalization of agricultural production. 

The ability of bacteria to form compounds of an antibiotic nature determines the 

effectiveness of their suppression of filamentous fungi. Among such compounds, a complex 

of lytic enzymes, the most important of which are chitinases, which are involved in the 

destruction of the cell wall could be used to control the growth of pathogenic fungi. In 

addition to enzymes, bacteria also form a wide range of antimicrobial metabolites, 

including peptides and non-peptide components, including polyketides, amino-sugars and 

phospholipids [8-10].  Strains belonging to different species of Bacillus are recommended 

as potential agents for suppressing fungi of the genus Fusarium: [8-13]. 

In laboratory tests, Paenibacillus macerans, Pseudomonas putida, Sporoblomyces 

roseus, Bacillus subtilis suppressed the growth of F. graminearum by 95–100% [14, 15]. 

The use of cultural filtrate of these strains in the field and in greenhouses led to a decrease 

in fusarium contamination by 21-26% [16, 17]. 

A significant decrease in the development of fusarium of the barnacle and an increase in 

the yield of wheat was shown after processing with the strain Streptomyces sp. on the 

background of artificial inoculation of wheat with F. graminearum [18]. 

Strains of Bacillus megaterium, isolated from wheat grain, when processing the ears in 

field conditions, reduced the spread and development of fusarium by 93 and 54%, 

respectively, and the formation of DON - by 89.3% [19]. 

Microorganisms adapted to the environment can provide long-term pressure on 

pathogenic populations of fungi, successfully restraining their numbers. The chosen 

strategy for controlling toxin-producing fungi should not only lead to suppression of their 

growth and development, but also the production of a final product, free-of toxic 

metabolites. 
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3 Harvest measures 

The harvest has to be planned during full ripeness of the crop during dry wheatear to avoid 

high humidity necessary for activation of the mycotoxin producing molds [1].  If crops are 

left in the field longer allowing them to overripe, the contact with insects and pest on the 

field is prolonged, the outer shell of crops is weakened, and environmental (wheatear) 

conditions affect them longer, creating better conditions for mycotoxin synthesis (due to 

longer exposure to daily light), and also for modifications of mycotoxins (binding to sugars, 

proteins and fats, or incorporating into starch) [1, 20, 21].  

After cereals have been harvested it is important that they get clean transport to the 

storage facilities (as elevators, siloes processing factories etc.). During the local transport 

form field to the nearest storage facility, the transporting time is too short for mycotoxins 

development but long enough for contamination with mycotoxin producing moulds. If the 

transport is lasting longer (intercontinental shipment by ships, train or trucks), the transport 

can also be affecting the total mycotoxin burden. The second important step is clean 

storage. The crops can be stored in different facilities, most often in siloes. To be able to 

store the crops for a longer time without affecting their properties, they must be well 

prepared for the storage. For the cereals, the moisture has to be lowered under 14%. This 

will prevent bacterial and fungal growth. If a facility is equipped it is good to perform 

cleansing and sorting of the crops before storage, so the lower quality (usually used for the 

feed) is segregated, and crops for food can be screened for mycotoxins. If the 

concentrations of mycotoxin exceed legal limits in the country where it is put on the 

market, the crops have to be separated and processed so they meet the required levels. If the 

legislation allows, the crops can be diluted with unaffected ones, used ad feed (that usually 

has higher allowed concentrations of mycotoxins), or further processed to remove the 

affected crops (sorting by color, weight, removing the outer shell, washing/soaking 

[22]/blanching/malting [23-25], fermenting [26, 27] etc. due to different chemical 

properties of mycotoxins and different localization within the crop [28]). There is also a 

possibility of treating crops or storages by antifungal or antimycotoxigenic agents (both 

synthesized [29-31] and natural [32,33], or in form of nanoparticles [34-37]) to reduce the 

contamination with mycotoxins.  When crops are processed and transported, the 

precautions need to be taken to minimize the damage and ensure the whole outer 

(protective) shell that will defend the crop form fungal contamination. Although the 

presence of molds does not confirm the presence of mycotoxins, and versa, the absence of 

fungi does not guarantee mycotoxin free product. In the first example, the molds can just 

start to grow, or it can be atoxigenic species. In the later example moulds can be brushed 

off, cleaned form crops, or simply stop growing on the crop, but mycotoxin will remain 

inside product [20].  

4 Post-harvest measures 

The post-harvest measures include control of the storage conditions. The modern siloes 

have several sensors including temperature, moisture and CO2 sensors which can be used as 

detectors of fungal growth [38-40]. The mycotoxins are especially prone to heterogeneous 

(spot) contamination within a bulk material. One nut out of the 10,000 can be contaminated 

by aflatoxins in such concentration that the whole shipment needs to be discarded if it 

would be ground, blended and homogeneously processed [41]. The heterogenic distribution 

is one of the main problems in mycotoxin contamination assessment. To be able to properly 

assess the mycotoxin contamination, proper sampling has to be performed, usually 

combining several subsamples (according to the EU commission guide EC 401/2006 if the 

batch is larger than 50 tones, the sublots needs to be created, and from each sublot 100 
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incremental samples per 100 g need to be combined to a total weight of 10 kg of the 

sample) [42]. To ensure the microbial stability of the foods without the usage of thermal 

methods, gamma irradiation can be used (γ-rays) usually up to 10 MeV. The food retains its 

nutritional and organoleptic quality, while it can completely remove mycotoxigenic molds 

in the range between 3-10 kGy (dose considered as safe by FAO, IAEA and WHO) [43]. 

Other methods for reducing the growth of molds can also be sued such as fungicides, or 

sterilization if applicable for the amount of the crop that needs to be stored before 

processing.  

5 Result and conclusion 

If all of the above-mentioned methods are applied, this still does not guarantee mycotoxin 

free food. There is always a possibility of heavy contamination due to environmental 

conditions [44-47], and in that case, the decontamination techniques can be used to reduce 

mycotoxin burden. The decontamination methods can be divided into: physical, chemical 

and biological methods. Physical methods include simple processing operation such as 

screening, fractionation [48], sorting by colour, weight or density [49], wet milling [50-51], 

the addition of binders and adsorbents (for the feed [52]) and heat [53-56]. Out of chemical 

methods nixtamalization [57], ammoniation [58], and addition of chemicals that do not 

pose threat to human, or animal, health (as citric acid, NaHSO3, H2O2, Na2CO3…[56,59]) 

can be used. The biological methods have shown to be most promising with the usage of 

live or dead cells (cell wall) of yeast [60] or lactic acid bacteria [61, 62] as adsorbing 

microorganisms. Bound to their cell wall mycotoxins can’t be absorbed by the animal that 

has eaten it. Usage of detoxifying microorganisms such as Trichosporon mycotoxinivorans 

[63] or bacterial strain BBSH 797 [64] are detoxifying the mycotoxin by degrading the 

biologically active site of mycotoxins chemical structure (usually epoxide site, carboxylic 

site, or breaking the mimicry site (e.g. phenylalanine in ochratoxin A [65]). The newest 

trend is to just extract the detoxifying enzymes instead of whole microorganisms due to 

their better stability, longer shelf life and easier application [66,67].  

If the crops are heavily contaminated so none of the decontamination methods is 

economically sustainable, the crops can be used in biofuel production (mainly cereals) [68], 

or as a biofuel in high-temperature furnaces [69]. The main problem if such crops are used 

in biofuel production is that DDGS afterwards contain even higher concentrations of 

mycotoxins due to concentration effect (loss of water), and can’t be used as feed and an 

additional source of income for the biofuel producers [70]. The issue with mycotoxins is 

they are unavoidable natural contaminants of our food, but further research is needed to be 

able to minimize the mycotoxin burden for both health and economical losses. 
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