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Abstract

Mycotoxins are secondary metabolites produced by some fungal species, mainly from the 
genera Alternaria, Aspergillus, Fusarium, and Penicillium. Mycotoxins can be found in raw 
materials and processed foods. High intake of mycotoxins in short time periods will generate 
outbreaks of mycotoxicosis distinguished by physical discomfort or even death. Chronic 
consumption of mycotoxins can cause several important illnesses. Due to the substantial 
health risk of mycotoxin intake, several organisations have recommended the maximum 
allowable limits in foods. Since differences in the values suggested across organisations affect 
the risk of populations ingesting these compounds, the criteria must be unified. Mycotoxins 
are generally highly thermostable. Operations commonly applied during food processing such 
as frying and roasting have variable effects in reducing the mycotoxin content. The use of 
probiotics to transform mycotoxins into minor toxic compounds is a promising alternative 
reduction measure. The complete elimination of mycotoxins in foods appears practically 
impossible. Therefore, good agronomic practices are essential to avoid the growth of 
mycotoxin-producing fungi in raw materials. Global climate change is a relevant issue due to 
the changes in rainfall, humidity, and temperature patterns worldwide could stimulate the 
growth of fungi in broader regions, thus increasing the risk of mycotoxin presence in foods 
and subsequent consumption. Therefore, increasing research and development in innovative 
methods for the elimination or reduction of mycotoxins in foods is essential.
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Introduction

 Mycotoxins are low molecular weight 
compounds synthesised in the fungal hyphae and 
conidia of several species, principally the genera 
Alternaria, Aspergillus, Fusarium, and Penicillium 
(Jajić et al., 2019). Although more than 450 mycotoxins 
are known, the most important ones in food products 
on the basis of toxicity, residual presence in foods, and 
wide geographic distribution are aflatoxins, 
ochratoxins, trichothecenes, fumonisins, and 
zearalenone (Gruber-Dorninger et al., 2019; 
Benkerroum, 2020). These compounds are produced 
as a defence under stress conditions during secondary 
metabolism by certain fungal species from the 
aforementioned genera. The uptake of mycotoxins can 
be oral, nasal, or transdermal. Acute or chronic 
ingestion produces adverse effects on human and 
animal health, and may result in death (Yard et al., 
2013).
 The presence of mycotoxins in foods depends 
on the care taken during handling since contamination 
can occur before or after harvest (Kaushik, 2015, 
Ozturkoglu-Budak, 2017). Fungal species of the genera 

Fusarium and Aspergillus are plant pathogens that 
produce mycotoxins in the field during plant growth. 
However, some species of Penicillium and Aspergillus 
could also colonise and produce mycotoxins in 
products during storage (Panasiuk et al., 2019; 
Agriopoulou et al., 2020). Importantly, the presence 
of fungi is not always indicative of the presence of 
mycotoxins, and fungal elimination does not ensure 
that mycotoxins are eliminated (Schmidt et al., 2018). 
The concentrations of mycotoxins in foods can differ 
across countries and even regions because of crop 
varieties, agronomic practices, and prevailing climatic 
conditions (Eskola et al., 2019; Gruber-Dorninger et 
al., 2019). Unfortunately, even the best agricultural 
practices, postharvest handling, storage, and food 
processing cannot ensure mycotoxin absence, and thus 
their complete eradication (Schmidt et al., 2018).
 Mycotoxins can be present in low moisture 
foods such as nuts (Wang et al., 2018b), dried fruits 
(Fanelli et al., 2017; Ozturkoglu-Budak, 2017), cereals 
(Habschied et al., 2019; Spanic et al., 2020), cereal 
products (Abia et al., 2017; Generotti et al., 2017), 
oilseeds (Mohammed et al., 2018), feeds (Lee et al., 
2015), and fermented products such as beer 
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(Peters et al., 2017; Mastanjević et al., 2018) and some 
types of tea (Wang et al., 2018a). Mycotoxin presence 
is also observed in foods of animal origin such as dairy 
products (Anelli et al., 2019; Vaz et al., 2020), meat 
(Al Khalaileh, 2018; Meucci et al., 2019), eggs (Jurisic 
et al., 2019), and breast milk (Cantú-Cornelio et al., 
2016; Arcella et al., 2017); fruits such as apples (Li et 
al., 2020), fruit juices (Kalagatur et al., 2018; Pallarés 
et al., 2019) and wines (He et al., 2019); and vegetable 
oils (Hidalgo-Ruiz et al., 2019).
 The presence of mycotoxins in foods and feeds 
causes substantial economic losses estimated to range 
from hundreds of millions to billions of dollars per 
year (Pinotti et al., 2016; Ozturkoglu-Budak, 2017). 
The most important economic impact is associated 
with human health in developing countries (Alberts et 
al., 2016; Adeyeye, 2019), although few comprehen-
sive studies have investigated the occurrence of most 
mycotoxins in these countries (Eskola et al., 2019). 
Mycotoxins in feeds pose a risk to human health, 
because when animals ingest them, these compounds 
can accumulate in organs or muscle (Al Khalaileh, 
2018), excreted through the milk, or even transferred 
to eggs (Flores-Flores and González-Peñas, 2018; 
Jurisic et al., 2019).
 Most mycotoxins are thermostable 
compounds (170 to 350°C). Hence, they resist the 
thermal treatments regularly applied during food 
processing such as baking, roasting, frying, and 
pasteurisation (Vidal et al., 2014; Vaz et al., 2020). 
For example, aflatoxins require temperatures above 
150°C to begin to degrade, but they require heating to 
at least 216°C for 35 min in the absence of matrix 
interference to completely decompose (Gbashi et al., 
2019). Deoxynivalenol is highly stable, resisting 
temperatures from 170 to 300°C (Generotti et al., 
2017). Fumonisins require baking at 200°C for 15 min 
for complete degradation in a corn matrix (Gbashi et 
al., 2019). Ochratoxin A is highly stable and resistant 
to acidic environments, and it degrades at temperatures 
exceeding 210°C (Gbashi et al., 2019). Some products 
of mycotoxin degradation still maintain some level of 
toxicity (Kószegi and Poór, 2016; Pierron et al., 2016).

Mycotoxins most relevant to human health
 The effects of mycotoxin consumption on 
human health can be acute or chronic. Acute effects 
result from the intake of substantial amounts of 
mycotoxin in short period of time. These effects have 
been associated with abdominal pain, severe liver 
disease, vomiting, and even mortality rates as high as 
40% in countries such as Asia and Africa during 
mycotoxicosis outbreaks (Yard et al., 2013). Chronic 
effects of mycotoxin consumption result from the 

intake of moderate doses for long period of time, and 
are also relevant to health (Kovalsky et al., 2016). 
These effects include reduced growth, immunosup-
pression, development of cancer, neurotoxicity, 
nephrotoxicity, mutagenicity, and cytotoxicity 
(Kószegi and Poór, 2016; Benkerroum, 2020). 
Pharmacokinetics studies have indicated that chronic 
mycotoxin intake at levels exceeding those that the 
organism can excrete might cause their accumulation 
in the body and long-term effects on health. These 
effects can drive the development of diseases that 
might be confused with other developmental factors, 
such as dietary or physiological factors (Ojuri et al., 
2018).
 The chemical structures of the most studied 
mycotoxins are shown in Figure 1. Aflatoxins, 
ochratoxins, trichothecenes, fumonisins, and 
zearalenone are the most hazardous mycotoxins to 
human health (Braun et al., 2018; Benkerroum, 2020). 
Due to their acute and chronic toxic effects, their 
maximum contents allowed in foods and feeds are 
regulated by many countries worldwide (Kovalsky et 
al., 2016; Gruber-Dorninger et al., 2019). The 
principal genera of fungi that produce these regulated 
mycotoxins are Alternaria, Aspergillus, Fusarium, 
and Penicillium. However, fungi can produce 
hundreds of secondary metabolites whose toxicity has 
not been extensively analysed or associated with 
epidemiological outbreaks; given their hazard 
potential, some are considered emerging mycotoxins 
(Kovač et al., 2018; Panasiuk et al., 2019). An example 
of this type of compound is fusarenon-X, a non-regulat-
ed mycotoxin, which has been poorly studied but its 
presence in foods derived from cereals has been 
reported in Asia. According to Alassane-Kpembi et 
al. (2017), this emerging mycotoxin has higher toxicity 
than deoxynivalenol (a regulated trichothecene), 
inducing severe intestinal inflammation; however, 
confirmative reports are needed.
 Aflatoxins are produced by several species of 
the genus Aspergillus, among which A. flavus and A. 
parasiticus are prevalent (Mastanjević et al., 2019). 
The effects of aflatoxins on animals have been 
demonstrated to be carcinogenic, teratogenic, 
hepatotoxic, and mutagenic (Alim et al., 2018). These 
compounds include B1, B2, G1, and G2 (AFB1, AFB2, 
AFG1, and AFG2) types, among which AFB1 is 
considered the most potent (Adeyeye, 2019; 
Benkerroum, 2020). When AFB1 is consumed, a 
portion of it is metabolised and biotransformed into 
aflatoxin M1 (AFM1) in organisms. AFM1 can be 
excreted through the mammary glands, thus explaining 
why it is detected in milk samples (Vaz et al., 2020).
 Ochratoxins are economically important 
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because of their presence in high-value commodities, 
such as coffee and wine (Kószegi and Poór, 2016). 
Aspergillus ochraceus, A. carbonarius, A. niger, and 
P. verrucosum are the main species responsible for 
ochratoxin production (Bui-Klimke and Wu, 2015). 
Ochratoxins exist in three compositional 
configurations (A, B, and C) in nature, but OTA is 
most frequently found in foods. Since animal studies 
have demonstrated that OTA produces teratogenic, 
hepatotoxic, neurotoxic, immunotoxic, and 
carcinogenic effects, it is considered the most 
hazardous analogue of the group. Human exposure to 
OTA is evidenced by the frequent detection of this 
compound and its major metabolite, ochratoxin α (OT
α), in blood, urine, and breast milk samples of people 
in diverse regions worldwide (Ali et al., 2017, 2018; 
Šarkanj et al., 2018). Elevation of OTA in certain areas 
worldwide has been associated with a high incidence 
of testicular cancer, upper urinary tract and oesophage-
al tumours (Kószegi and Poór, 2016; Pierron et al., 
2016), Balkan endemic nephropathy, and chronic 
interstitial nephropathy (Bui-Klimke and Wu, 2015).
 Trichothecenes are mycotoxins produced by 
some species of Fusarium (Mastanjević et al., 2019). 

These metabolites exist in four chemical 
conformations (groups A - D). The A and B groups 
are most frequently found in foods. Group A includes 
T-2 and HT-2, whereas deoxynivalenol (DON), 
nivalenol, and fusarenon-X are in group B (Arcella et 
al., 2017; Agriopoulou et al., 2020). DON is the most 
studied mycotoxin among the trichothecenes. It is 
produced mainly by F. graminearum, a mould that 
affects crops such as wheat, barley, and corn. 
Consequently, DON is frequently found in grains, 
cereals, and foods made from them, such as breakfast 
cereals and bakery products (Stadler et al., 2019). It 
is highly soluble in water and polar solvents (Generotti 
et al., 2017). Its acute effects mainly alter the immune 
system and the gastrointestinal tract causing diarrhoea, 
vomiting, abdominal pain, fever, and headaches 
(Pierron et al., 2016).
 Fumonisins are produced primarily by fungi 
such as F. verticillioides and F. moniliforme. A total 
of 28 fumonisins have been identified and grouped 
into four categories (A, B, C, and P). Fumonisins B1, 
B2, and B3 are frequently found in foods, with FB1 
considered the most important due to it having the 
highest abundance (Alberts et al., 2016; Eskola et al., 

Figure 1. Chemical structure of some of the most studied mycotoxins.



233 Barajas-Ramirez, J. A., et al./IFRJ 28(2) : 230 - 247

2019). These mycotoxins have been found in cereals 
such as corn, rice, and sorghum, as well as processed 
foodstuffs such as peanut butter, wheat, pasta, and beer 
(Peters et al., 2017; Ojuri et al., 2018). The harmful 
effects of fumonisin consumption are associated with 
their carcinogenicity, liver, and kidney toxicity in 
animals (Voss et al., 2017; Bordini et al., 2019). Some 
studies have associated elevated incidence of 
oesophageal cancer in regions of the world such as the 
Linxian and Cixian counties in China, with high levels 
of fumonisins observed there (Zhang et al., 1997).
 Zearalenone is a widely distributed mycotoxin 
(Chang et al., 2020), produced by several Fusarium 
species such as F. graminearum, F. culmorum, and F. 
verticillioides (Mally et al., 2016). It is produced in 
the field, and therefore is often detected in corn grains 
and products such as flour and oil (Song et al., 2018; 
Chang et al., 2020). It is also found in other cereal 
grains such as rice, sorghum, and rye, as well as their 
processed products such as flours, baked foods, beer 
(EFSA, 2011; Mally et al., 2016; Ali and Degen, 2019), 
as well as in edible and medicinal herbs (Sun et al., 
2018). Zearalenone is primarily notable for its 
estrogenic effects (Chang et al., 2020). It is generally 
stable during cooking, resisting temperatures up to 
150°C, except under alkaline conditions or during 
extrusion cooking (EFSA, 2011). Its consumption has 
been evidenced by its detection and that of its 
metabolites (α-zearalanol, β-zearalanol, α-zearalenol, 
β-zearalenol, and zearalanone residues) in pasteurised 
milk samples (Jiang et al., 2018) and in urinary samples 
of peoples from several regions of the world (Ali and 
Degen, 2019; Gratz et al., 2020).
 The presence of hazardous fungal secondary 
metabolites in foods includes the so-called emerging 
and masked mycotoxins. These comprise a 
considerable number of compounds, some of which 
are precursors of well-known and regulated 
mycotoxins, whose negative effects on human health 
are currently inconclusive (Stanciu et al., 2017; 
Spanic et al., 2020). A risk of consumption of 
emerging mycotoxins by humans is suspected 
because their toxic effects have been demonstrated in 
laboratory animals or in vitro studies (Ali et al., 2018; 
Hamad et al., 2018). Emerging mycotoxins such as 
enniatins, beauvericin, moniliformin, fusaproliferin, 
fusaric acid, culmorin, butenolide (produced by 
Fusarium), sterigmatocystin, and emodin (produced 
by Aspergillus), as well as alternariol, alternariol 
monomethyl ether, tenuazonic acid, and altertoxins 
(produced by Alternaria) have been found in foods 
and feeds, thus compromising safety (Panasiuk et al., 
2019; Agriopoulou et al., 2020). 
 Masked mycotoxins are conjugated forms of 

regulated mycotoxins. These also constitute a threat, 
because most of them can be transformed and 
compartmentalised in plants as part of the plant´s 
metabolic defence mechanisms against xenobiotics, 
and are later released in consumer organisms (Kovač 
et al., 2018; Mastanjević et al., 2019). Some of these 
compounds are bound to carbohydrates or proteins, 
thus making their extraction and quantitation 
difficult (Kovalsky et al., 2016; Šarkanj et al., 2018); 
consequently, their content in food may be 
underestimated. Emerging and masked mycotoxins 
may exert toxic effects by themselves, although they 
can also be metabolised and converted into their 
original forms in the consumer body. Some 
laboratories have reported that several metabolic 
products of regulated mycotoxins (e.g., modified 
forms of zearalenone and DON) might generate more 
damage in the organism than their precursors 
(Kovalsky et al., 2016; Mally et al., 2016). Since 
further studies are needed to demonstrate the risk of 
consumption of emerging and masked mycotoxins, 
they are currently not regulated (Panasiuk et al., 
2019; Kovač et al., 2020).
 
Limits of mycotoxins in food
 Maximum recommended concentrations for 
several mycotoxins have been established in foods 
and feeds in more than 100 countries (Matumba et 
al., 2017). The maximum levels of mycotoxins 
allowed in products are based on their toxicity, the 
type of food, and the potential consumers of that 
food. The Scientific Committee on Food and the 
European Food Safety Authority from the 
Commission Regulation of the European Community 
established recommendations, and periodically 
review them according to scientific reports and 
recent studies (EC, 2006).
 The Codex Alimentarius Commission of the 
Food and Agriculture Organisation aims to establish 
maximum levels of mycotoxins and aflatoxins, 
particularly for international application. The United 
States was one of the pioneers in regulating aflatoxin 
levels in food. The Food and Drug Administration 
(FDA) is the organisation that sets regulations and 
supervises food safety and consequently determines 
the maximum concentrations of mycotoxins allowed 
in food in the United States. According to the FDA, 
the maximum amount of aflatoxins permitted in food 
is 20 µg/kg. The FDA regulations have been adopted 
in 17 Latin American nations that trade with the 
United States; thus, the highest concentration of 
aflatoxins in cereals is equal to that set by the health 
authorities from the United States (van Egmond and 
Jonker, 2004).
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 The maximum recommended concentrations 
of mycotoxins in the United States are usually higher 
than those allowed in Europe (Al-Taher et al., 2017). 
For example, the maximum amount of aflatoxins in 
food tolerated by the FDA is 20 µg/kg (FDA, 2000), 
whereas in Europe, the maximum is 10 µg/kg. 
Similarly, while the maximum concentration for 
AFM1 in milk for adult consumption is 0.5 µg/kg 
according to the FDA, in the European Union, the 
allowable limit is ten times lower (van Egmond and 
Jonker, 2004). This is a relevant issue, because some 
foods unacceptable for consumption in the European 
Union do not exceed the limits indicated by the FDA. 
Thus, a report has found that 78% of tested infant 
food samples showed contamination with at least one 
mycotoxin, and although the levels were permissible 
according to FDA limits, approximately 30% had 
concentrations above the European limits, and 
therefore were unacceptable for consumption 
(Al-Taher et al., 2017).
 Table 1 shows the maximum recommended 
consumption limits of some of the most studied 
mycotoxins according to the European Commission 
(EC, 2006) and the European Food Safety Authority 
(EFSA, 2014). The maximum limits have been 
determined according to scientific evidence of their 
occurrence, concentration in food, and toxicity (EC, 
2006). Temporary upper limits are stated for some 
mycotoxins, for which, limited information is 
available. The maximum tolerable limits of intake 
are constantly revised when more data are available 
(EC, 2006). Tolerable limits of intake are not 
applicable to aflatoxins, because their carcinogenic 
effects at concentrations as little as < 1 ng/kg/bw/d 
have been demonstrated; therefore, their 
consumption should be as low as reasonably 
achievable (Matumba et al., 2017). Of note, children 
are more susceptible than adults to the effects of 
consuming mycotoxins because of their lower body 
mass, higher metabolic rate, and lower detoxification 
capacity (Arcella et al., 2017; Oueslati et al., 2018), 
Thus, the maximum mycotoxin content in foods for 
infants is considerably lower than that allowed in 
products generally consumed by adults (EC, 2006; 
EFSA, 2011).
 Mycotoxin detection is associated with the 
presence of certain fungal species. For example, 
when Aspergillus spp. are detected, aflatoxins are 
expected to be found in the products. Since 
Aspergillus spp. are frequently found in foods such as 
tree nuts, groundnuts, oilseeds, dried fruits, spices, 
cereals, and their products, their mycotoxins are also 
expected to be found in those foods. The maximum 
combined limits for aflatoxins B1, B2, G1, and G2 in 

foods are regulated, ranging from 15 µg/kg in 
products such as almonds, pistachios, and Brazil 
nuts, to 4 µg/kg in dried fruits and processed cereal 
products. However, because aflatoxin B1 has 
relatively higher toxicity and abundance, its 
maximum limits are stated individually. 
Furthermore, since AFM1 is a product of AFB1 
metabolism, and is a health concern, its presence in 
milk and dairy foods is allowed at very low 
concentrations ranging from 0.05 to 0.025 µg/kg in 
raw or heat-treated milk, and in foods for special 
medical purposes for infants, respectively (EC, 2006; 
Bahrami et al., 2016).
 Ochratoxin A is principally produced by P. 
verrucosum and A. ochraceus. This mycotoxin is 
frequently found in processed and unprocessed 
cereals for adult and children consumption, as well as 
in fruits and fruit products, roasted and soluble 
coffee, wine, and spices (Bui-Klimke et al., 2015). Its 
concentration in products for direct consumption 
must be lower than the allowable limits in products 
that will be used as ingredients in foods. For instance, 
the content of OTA allowed for unprocessed cereals 
is 5.0 µg/kg, whereas processed products are allowed 
to contain a maximum of 3.0 µg/kg (EC, 2006).
 The presence of DON, zearalenone, and 
fumonisins (FB1 and FB2) in contaminated foods is 
associated with prior contamination of Fusarium spp. 
in grains. The European regulations have established 
maximum limits for DON, zearalenone, and the sum 
of FB1 and FB2 in cereals, and their derivative 

Mycotoxin Tolerable daily 
intake (µg/kg bw) 

Ochratoxin A 0.017 
Aflatoxin B1 NA* 
Aflatoxin M1 0.001** 

Patulin 0.4 
Deoxynivalenol 1.0 

Zearalenone 0.25 
Fumonisins 2.0 
Nivalenol 1.2 

Sum of T-2 and TH-2 toxin 0.1 
 1 

Table 1. Tolerable daily intake of some important 
mycotoxins in foods.

*Not available. Aflatoxin B1 is considered the most 
toxic mycotoxin. Its consumption should be absent or 
maintained as low as reasonably achievable 
(ALARA). **Aflatoxin M1 is a product of metabo-
lism of AFB1. Its consumption at 0.001 µg/kg (1 
ng/kg) is considered as safe.
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products intended for direct consumption such as 
pasta, bread, and breakfast cereals. A proportion of 
the content of the mycotoxin content in the grain is 
expected to be eliminated during processing. Thus, 
significantly higher concentrations are allowed in 
raw products than in foods intended for direct 
consumption (EC, 2006). For example, the maximum 
content of DON allowed in unprocessed corn is 1750 
µg/kg, whereas in bread, the maximum value 
allowed is 750 µg/kg (EC, 2006). Similarly, the 
maximum level of zearalenone allowed in refined 
corn oil and unprocessed corn is 400 and 350 µg/kg, 
respectively, but in food products derived from corn 
such as snacks and breakfast cereals, the maximum 
content allowed is 50 µg/kg, and that in food for 
infants and young children is only 20 µg/kg (EC, 
2006).
 Patulin is another type of mycotoxin that is 
important in foods, and is therefore regulated. Patulin 
is mainly produced by P. expansum. It is found in 
fruits, fruit juices, and fruit nectars especially in 
apples, pears, and food products made from them 
(Adeyeye, 2019). Its maximum allowable level in 
these products is 50 µg/kg; but, when the products 
are intended for consumption by infants and young 
children, the maximum content permitted is five 
times lower (FDA, 2000; EC, 2006).
 Limited information is available regarding 
the occurrence and levels of other dangerous fungal 
metabolites in foods (Kovač et al., 2018). Since their 
presence is usually low, and that they co-occur with 
regulated mycotoxins, their specific regulation is 
presumed to be unnecessary. These compounds 
include diacetoxyscirpentriol, T-2 toxin, HT-2 toxin, 
nivalenol, beauvericin, fusarenon-X, enniatins, 
moniliformin, verrucol (EC, 2006; Oueslati et al., 
2018), alternariol monomethyl ether, alternariol, and 
tenuazoic acid, as well as many other compounds that 
are considered as emerging and masked mycotoxins, 
whose occurrence in foods has been found to be high 
under several investigations (Jajić et al., 2019; 
Panasiuk et al., 2019). Further investigation of these 
compounds, their toxic effects, and their 
co-occurrence is necessary to establish their 
importance as mycotoxins in foods (Alassane-Kpem-
bi et al., 2017; Spanic et al., 2020) and the 
importance of their regulations.

Presence of mycotoxins in foods
 Foods may contain one or several 
mycotoxins produced by different fungi 
simultaneously (Eskola et al., 2019), according to the 
pathogen specificity for the crop and its processed 
products. For example, OTA is mainly detected in 

cereals, but it may also be found at high levels in 
beer, fruit juices, wine, coffee, spices, and dried 
fruits. Similarly, fumonisins and trichothecenes are 
regularly found in corn and food products made from 
them (De Girolamo et al., 2016).
 The presence of mycotoxins in beers is 
mainly derived from the growth of Fusarium spp. in 
barley, although the grains can also be colonised by 
Aspergillus spp. and Penicillium spp. (Mastanjević et 
al., 2019). Most mycotoxins are thermostable and 
resist the operations applied during the malting and 
brewing process (Mastanjević et al., 2019). Thus, 
mycotoxins generated by Fusarium are frequently 
found in beers. These include DON, nivalenol, HT-2, 
T-2, zearalenone, fumonisins, and others such as 
deoxynivalenol-3-glucoside, fusarenon-X, and 
3-acetyl deoxynivalenol (Mastanjević et al., 2018). 
In addition, OTA, AFB1, AFB2, and alternariol have 
been detected in craft and industrially produced beers 
from diverse regions worldwide. Although 
differences in the prevailing mycotoxin depend on 
geographic origin, DON and zearalenone are 
frequently the abundant mycotoxins in beers (Peters 
et al., 2017; Pascari et al., 2018).
 The geographic origin and handling of 
products can cause significant differences in the 
infestation and development of certain types of fungi. 
A survey conducted in Spain has reported the 
presence of AFB1 and AFB2 in pistachios from Iran, 
but not in pistachios from the United States, Turkey, 
or Spain (Ariño et al., 2009). In another study 
conducted in Italy, samples of dried fruits, 
particularly raisins from Turkey, have been found to 
contain OTA at concentrations ten times higher than 
those found in the samples from other origins, and 
exceeded the recommended limit for consumption 
according to the European Commission (Fanelli et 
al., 2017).
 The presence of mycotoxins in foods and 
feeds can pose a major risk to human health. 
However, there is a lack of legislation for most of 
these compounds (Kovač et al., 2018). For example, 
there is no legislation pertaining to the maximum 
patulin concentrations in foods in several countries. 
In a study conducted in Mexico, the amount of 
patulin in apples and food products made from them 
ranged between 1,500 and 30,000 µg/kg, which was 
higher than the 50 µg/kg allowed by the European 
Community, thus demonstrating the need for 
regulation in this respect (Hermosillo et al., 2015).
 The development and use of fungal resistant 
varieties of plants and the application of good 
agronomic practices contribute to diminishing the 
presence of fungal infestation in foods and 



consequently the risk of mycotoxin presence in these 
foods. Traditional agronomic practices involve the 
use of fungicides to control phytopathogen 
infestation. Some authors have reported a decrease in 
the incidence of Fusarium head blight, and a lower 
content of DON and zearalenone when prothiocona-
zole is applied in the post-anthesis phase of wheat 
growth (Kharbikar et al., 2015). Prosaro® applied 
during the flowering period in wheat has also been 
reported to help restrain the growth of Fusarium, thus 
suppressing the production of regulated and 
emerging mycotoxins and the contamination of 
wheat grains and malt, but not beer (Mastanjević et 
al., 2018). There are controversial results about the 
effectiveness of reducing the fungal infestation in 
crops when they are cultivated in organic or 
conventional systems. In research conducted by 
Bernhoft et al. (2010) in Norway, 602 cereal 
products were analysed. Organic produce showed 
less infestation and content of DON, HT-2, and T-2 
toxins than conventionally grown produce. In 
contrast, other researchers have not observed 
differences between unprocessed cereals or 
cereal-based products generated through organic or 
traditional systems in terms of the content of several 
mycotoxins such as OTA, AFB1, DON, and 
fumonisins (Pleadin et al., 2017), or the content of 
some type of B trichothecenes, such as DON, 
fusarenon-X, and nivalenol in wheat crops. Some 
authors have even reported higher levels of 
mycotoxins, such as enniatins in organically 
produced than conventionally produced wheat 
(Stanciu et al., 2017). Additionally, a study 
comparing samples of meat from pigs raised in a 
conventional or alternative system has found a higher 
concentration of OTA in the latter, even when the 
content in the feed did not differ (Meucci et al., 
2019). Given the discrepancies in the results 
obtained, further investigation on this topic is 
necessary.

Risk assessment of mycotoxin consumption
 The risk of mycotoxin intake is commonly 
measured by relating the frequency of food 
consumption to the concentrations of mycotoxins 
found in samples of the most consumed foods in a 
geographical area. This information is usually 
associated with the study participant data to identify 
the levels of toxins consumed per unit body mass 
(Franco et al., 2019; Coppa et al., 2020). Some 
studies have analysed the correlations between levels 
of mycotoxins in the urine or blood, and the 
self-reported food intake to calculate the risk of 
mycotoxin consumption (Cantú-Cornelio et al., 

2016; Azarikia et al., 2018). Understanding the 
associations between the concentrations of original 
mycotoxins or their metabolised products in liquid 
human samples of different age groups and food 
preferences, or dietary habits contributes to better 
identification of vulnerable consumer groups (Mally 
et al., 2016). From this perspective, several studies 
have indicated that children might frequently exceed 
safe consumption levels for several regulated and 
emerging mycotoxins in multiple regions of the 
world, including developed and developing countries 
(Ojuri et al., 2018; Franco et al., 2019; Gratz et al., 
2020; Silva et al., 2020). Due to the diversity of 
methodological approaches, the comparison between 
studies is sometimes difficult. Studies conducted 
with the same methodology have indicated that the 
risk of mycotoxin consumption is usually higher in 
developing countries and may differ among regions 
and even seasons of the year (Ojuri et al., 2018; 
Franco et al., 2019). Even developed countries are 
not exempted from the presence of mycotoxins. 
Research conducted in Germany by Hickert et al. 
(2016) has analysed a sample of 96 food products 
such as tomato products, bakery products, sunflower 
seeds, fruit juices, and vegetable oils, and reported 
the presence of at least one mycotoxin produced by 
Alternaria in 92% of the samples. The report 
suggests a wide distribution of mycotoxins in foods 
commonly consumed in Germany.
 The food consumption habits of a population 
can constitute another reason for differences in the 
intake of mycotoxins across geographical areas 
(Alberts et al., 2016). For example, in a study 
conducted by Gerding et al. (2015), the levels of 
DON, OTA, and AFM1 were analysed in the urine of 
people living in Bangladesh, Haiti, and Germany. 
Higher levels of DON were detected in people from 
Germany and Haiti than in Bangladesh, and 
metabolites residues from the ingestion of OTA were 
present in urine from the three populations but were 
higher in the people living in Bangladesh, whereas 
AFM1 was found exclusively in people from Haiti 
and Bangladesh. Evidence of frequent and excessive 
exposure to regulated mycotoxins such as DON, 
OTA, zearalenone, their metabolised products, and 
also emerging mycotoxins has been reported after 
analysis of urine samples of 120 people from Nigeria 
(Šarkanj et al., 2018). The evidence of the intake of 
DON and OTA above recommended levels has also 
been reported in an analysis of urine samples of 40 
pregnant women from Croatia (Šarkanj et al., 2013).
 Evidence have indicated that aflatoxin 
consumption from contaminated foods may be 
higher in developing countries (Yard et al., 2013; 
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Gruber-Dorninger et al., 2019). In that sense, a study 
conducted in Mexico has reported that some 
frequently consumed foods such as rice, beans, 
peanuts, and tortillas exhibited AFB1 levels between 
15 and 250 µg/kg, levels markedly higher than the 20 
µg/kg allowed according to regulations 
(Guzmán-de-Peña and Peña-Cabriales, 2005). This 
aflatoxin is metabolised and its product, AFM1, can 
be found in breast milk. Elevated incidence of AFM1 
in breast milk has been reported in developing 
countries such as Iran, Tanzania, and Turkey. The 
presence of AFM1 in breast milk has been detected in 
100% of samples in Iran, and associated with 
consumption of bread, flour, egg, and dough 
(Azarikia et al., 2018). In a study in Tanzania, 84% 
of plasma samples from 148 children presented 
AFM1, which was associated with contaminated corn 
consumption by nursing mothers (Shirima et al., 
2013).
 Seasonal variations in food consumption can 
affect the mycotoxin content in milk, as demonstrat-
ed in a study in south-eastern Turkey, where the 
incidence of AFM1 ranged from 87.5% in December 
to 91.2% in June, with concentrations between 11.3 - 
27.8 to 9.6 - 80.0 ng/L, respectively (Altun et al., 
2017). Since AFM1 is recognised for its potent 
carcinogenic effects, many efforts have been made to 
analyse its content in milk. Nevertheless, the content 
of regulated mycotoxins other than AFM1, as well as 
emerging mycotoxins in milk, has received 
increasing attention by researchers in recent years. 
Consequently, beyond OTA and AFM1, the presence 
of beauvericin and enniatin B has been observed in 
breast milk samples from women living in Nigeria 
(Braun et al., 2018). Furthermore, in a study of 122 
mothers in Turkey, the presence of AFM1, DON, and 
zearalenone has been detected at reduced levels in 
breast milk samples, but the concentration of OTA 
exceeded the maximum acceptable content of 0.5 
ng/mL in 97.5% of samples. Interestingly, that report 
has proposed that smoking exposure may strongly 
contribute to increasing the risk of transferring OTA 
to milk (Memiş and Yalçin, 2019).
 AFM1 in animal milk, like that observed in 
human milk, shows differences in incidence and 
concentrations across regions. In a study conducted 
in Iran, AFM1 has been reported to be present in 
55.6% of cow milk samples at levels of approximate-
ly 21.6 ng/L, which is far below the 100 ng/L allowed 
in milk for human consumption according to Iranian 
legislation, although 30% of the samples exceeded 
the 50 ng/L allowed by European regulations 
(Hashemi, 2016). In a contrasting study, none of the 
191 cow milk samples from several regions in Spain 

exceeded the levels of AFM1 established by the 
European Union (Flores-Flores and González-Peñas, 
2018). Again, the risk of mycotoxin intake may be 
lower in developed than in developing countries, and 
this difference may be related to the level of 
commitment of the authorities (Yard et al., 2013; 
Matumba et al., 2017).

Treatments to reduce mycotoxin concentrations in 
foods
 The prevention of fungal growth in raw 
ingredients and foods for direct consumption remains 
the primary way to diminish the risk of mycotoxin 
presence in foods and feeds. The recommended 
procedures to reduce fungal infestation includes the 
application of good agronomic practices (Adeyeye, 
2019; Agriopoulou et al., 2020). Care must be taken 
during harvest, transport, and post-harvest storage to 
avoid mechanical damage to prevent the formation of 
fungal entry points into grains and subsequent toxin 
production.
 The control of humidity and temperature 
during the storage of products is crucial because 
some of the principal mycotoxin-producer fungi can 
grow at water activities (aw) higher than 0.70, and 
usually generate mycotoxins at aw higher than 0.90 
(Agriopoulou et al., 2020). This threshold has been 
demonstrated for species such as A. flavus and A. 
parasiticus which produce aflatoxins in cereal grains, 
and for A. ochraceus and P. verrucosum which 
produce OTA in coffee, grapes, spices, and cereal 
grains. It has also been proven that P. verrucosum 
can grow in cereals at humidity levels between 16 
and 17%, but it produces mycotoxins only when the 
humidity is 1% higher (Codex Alimentarius, 2002). 
Additionally, A. alternata is capable of producing 
mycotoxins at 0.90 aw over the range of 10 - 35°C 
and produces small amounts of mycotoxin even at 
6°C (Lee et al., 2015).
 Treatments applied to raw materials 
throughout the conditioning and transformation 
process such as cleaning, cooking, baking, frying, 
roasting, and extrusion aim to make them suitable for 
consumption. These treatments can contribute to 
reducing the concentrations of mycotoxins in foods. 
However, their effectiveness varies (Kaushik, 2015).
 The distribution of mycotoxins in the 
fractions obtained from milling of cereals for flour 
production has been studied. The milling operation 
does not involve temperature application. Thus, it 
does not destroy mycotoxins, but it decreases their 
concentrations in the portions intended for human 
consumption, and increases their concentrations in 
the fraction intended for animal consumption. Since 



the outer layer of the seed is the first part colonised 
by fungi, it exhibits higher levels of mycotoxins. 
After the wheat grain is broken, the bran is separated, 
thus decreasing the mycotoxin content in the flour 
(Pinotti et al., 2016). The efficiency of the reduction 
of the mycotoxin content during milling varies 
considerably. The final content of the trichothecenes 
T-2 and HT-2 may range from 7 to 63% of the initial 
amount contained in the grains (Pascale et al., 2011). 
An increase in the content of fumonisins in the feed 
products of corn after the milling process has also 
been reported (Bordini et al., 2019).
 Nixtamalisation is alkaline cooking of corn 
grains for several minutes before making tortillas. 
Nixtamalisation may degrade between 90%, and 
nearly to 100% of the AFB1 present, even in very 
highly contaminated grains (Moreno-Pedraza et al., 
2015). A substantial decrease in the content of 
aflatoxins and zearalenone (73.0 and 72.9%, 
respectively) has been reported in nixtamalised corn 
flour (Kanwal et al., 2018). Other authors have 
reported a significant decrease in the content of FB1 
and FB2, and their hydrolysed forms in corn, 
following nixtamalisation (De Girolamo et al., 
2016), and significantly less toxic effects on rats fed 
with nixtamalised products (Voss et al., 2017). The 
results of those reports are associated with the 
vulnerability of the molecule to thermal-alkaline 
treatments. Unfortunately, this process has some 
technological and ecological disadvantages, and thus 
other technologies are favoured in the industry to 
obtain dough to make tortillas.
 Roasting, cooking, baking, frying, and 
extrusion techniques increase the temperature of the 
food materials treated, and their efficacy in reducing 
the content of toxins in food varies. The time and 
temperature conditions of the treatments, the food 
matrices, on which they are applied, and the 
thermostability of the mycotoxins tested are the 
principal causes of the differences in reduction 
(Kaushik, 2015). The members of the aflatoxin 
family and OTA are very thermostable (Gbashi et al., 
2019). Therefore, they are frequently used as 
indicators of the efficacy of thermal treatment. 
Roasting pistachios at 120°C for 20 min, according 
to commercial practice, does not reduce AFB1 
concentrations in naturally contaminated samples 
(Ariño et al., 2009). To achieve a decrease above 
93%, the addition of lemon juice and citric acid, and 
roasting at 120°C for 60 min are necessary. However, 
this treatment alters the physical properties of 
pistachios (Rastegar et al., 2017). The effect of 
roasting coffee beans decreases the content of 
aflatoxins from 42 to 56%, and the content of OTA 

from 13 to 93%. Extrusion can generate significant 
reductions in the content of OTA, aflatoxins, 
zearalenone, and fumonisins in several products 
(Karlovski et al., 2016). The content of FB1 in corn 
can be diminished by as much as 85%, thus 
substantially decreasing its toxicity (Voss et al., 
2017). However, the results depend on several 
conditions such as the food treated, the type of 
extruder, the barrel temperature, the moisture content 
of the raw material, and the use of additives such as 
sugar, salt, or ammonium bicarbonate (Karlovski et 
al., 2016; Voss et al., 2017). The effects of cooking 
on the reduction of mycotoxin concentration are 
attributable to the application of high temperatures, 
but a primary influence might be partial 
solubilisation in water (Kaushik, 2015). Cooking 
above the boiling point for nine minutes can decrease 
AFB1 concentrations by 87.5%, and OTA 
concentrations by 86.6% in rice (Hussain and 
Luttfullah, 2009). Frying also can cause a significant 
reduction in fumonisin content in corn dough, but not 
in more stable mycotoxins such as DON (Samar et 
al., 2007). Baking has shown controversial results, 
which in some cases are attributable to methodologi-
cal approaches (Stadler et al., 2019). Some authors 
have reported that baking during the bread-making 
process does not reduce the concentration of OTA 
(Vidal et al., 2014). However, most experimental 
results have shown a decrease in DON in the range 
from 0 to 25% under realistic baking conditions, in 
products such as crackers, biscuits, and breads 
(Generotti et al., 2017; Stadler et al., 2019). Baking 
has a high probability of not only degrading, but also 
masking products of DON (Stadler et al., 2019). A 
baking temperature of 200°C for eight minutes in the 
process of making biscuits from wheat flour 
contaminated with DON at 1,500 µg/kg has been 
found to result in a reduction of 68% of this 
compound, and reductions of 75 and 80% of the 
initial content of deoxynivalenol-3-glucoside and 
culmorin, respectively, thus yielding an organolepti-
cally acceptable product. However, maintaining a pH 
of 8.0 was important for the results obtained in this 
experiment (Generotti et al., 2017). Since extrusion 
and roasting involve the highest time-temperature 
treatments, their application results in the lowest 
final mycotoxin concentrations (Kaushik, 2015). In 
the operations involving elevated temperatures to 
generate thermally-formed compounds as a result of 
mycotoxin degradation (Stadler et al., 2019), many 
of these compounds have not yet been identified, and 
their lack of toxicity has not been demonstrated. 
Hence further investigation remains necessary 
(Stadler et al., 2019).
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 The application of radiation to foods has 
been a matter of debate. Its use under controlled 
conditions for the treatment of many foods such as 
meat, eggs, spices, fruits, and vegetables is 
authorised by regulating organisations such as the 
FDA. Some authors have demonstrated that the 
application of radiation doses of 2.5 kiloGray (kGy) 
or higher decreases the concentration of OTA from 
90 to 100% when it is in aqueous solutions (Calado et 
al., 2018). Furthermore, a reduction of 88% of OTA 
has been reported with a dose of 10 kGy applied to 
raisins (Kanapitsas et al., 2016). Moreover, the AFB1 
production from A. flavus has been diminished up to 
95% in irradiated peanuts (Barberis et al., 2012). The 
concentration of zearalenone has been found to 
decrease up to 83% in fruit juices when a dose of 10.0 
kGy was applied, although the sensory characteris-
tics, and the total phenolic and flavonoid content 
were affected (Kalagatur et al., 2018). The efficacy 
of the application of radiation on mycotoxin content 
depends on the food matrix, dose used, and 
mycotoxins and fungal species intended to be 
eliminated (Schmidt et al., 2018). Gamma-radiation 
treatments at 2.5 kGy or greater show high efficacy 
in OTA degradation in aqueous systems, but only 
24% of this compound is eliminated when an amount 
of 30 kGy is applied in food matrices such as grape 
juice, wine, and wheat flour. However, the maximum 
dosage recommended for use in most food products 
is 10.0 kGy. Applying gamma radiation to detoxify 
food products from OTA (Calado et al., 2018), AFB1, 
or DON is not recommended because doses higher 
than the maximum recommended levels are required 
(Hooshmand and Klopfenstein, 1995). Therefore, 
this technique should be combined with others to 
increase its efficiency. Furthermore, studies are 
lacking regarding the fate of mycotoxins and their 
products after radiation treatment in foods as well as 
the sensory characteristics of the irradiated products 
(Schmidt et al., 2018).
 The use of non-ionising irradiation in foods 
has yielded interesting results regarding the 
reduction of microbial contamination and mycotoxin 
degradation. The mycotoxin content in several raw 
materials and processed foods is significantly 
reduced by treatments such as ultraviolet light, 
microwaves, and pulsed light. However, in some 
cases, negative effects on the quality of food or the 
generation of compounds with equal toxicity have 
been reported. Hence, more research in this 
developing area remains necessary (Schmidt et al., 
2018).
 The use of ozone gas to degrade mycotoxins 
has been tested and has yielded different results. The 

application of ozone can significantly decrease the 
concentrations of DON and DON-3-Glc in wheat 
(Agriopoulou et al., 2020). The effects of ozone on 
mycotoxins differ, as observed in a study in which 
DON, OTA, and zearalenone present in naturally 
contaminated ground corn were degraded at up to 
42.8, 70.3, and 68.1%, respectively, after application 
of different ozone concentrations for 120 or 180 
minutes (Krstović et al., 2020). The effect of ozone 
in significantly reducing the concentration of OTA in 
broiler meat has also been confirmed by immersion 
in ozonised water (Taher and Abdul-Shaheed, 2018).
 The capacity of binding agents such as 
montmorillonite and bentonite to adsorb mycotoxins 
present in foods and feeds has been demonstrated. 
Hence, the use of these additives to detoxify 
contaminated foods has become increasingly 
frequent (Alberts et al., 2016). Food additives can 
diminish the activity of mycotoxins by modifying 
their chemical structures (Kaushik, 2015). Some 
studies have demonstrated that common food 
additive chemicals such as lactic, acetic, and citric 
acids, as well as sodium chloride can decrease the 
concentrations of aflatoxins up to 98% in peanuts 
(Abuagela et al., 2019). The immersion of figs in a 
0.5% citric acid or a 0.3% L-cysteine solution 
significantly decreases the presence of AFB1, but not 
OTA or other mycotoxins produced by Alternaria 
(Petrić et al., 2018). The 50% decrease in DON, FB1, 
FB2, and other trichothecenes by using lactic and 
citric acids at 5% solutions has also been reported in 
feeds, but the resulting compounds and their toxicity 
have not been evaluated (Humer et al., 2016).
 The treatment of raw food with probiotic 
microorganisms has shown promising results. 
Several investigations have focused on inactivating 
mycotoxins by applying lactic acid bacteria (LAB) as 
well as their metabolites and/or enzymes. Inoculated 
LAB have been demonstrated to prevent the growth 
of Fusarium on barley during the brewing process 
(Peyer et al., 2017). The use of a mixture of yeasts 
(Kluyveromyces lactis and Saccharomyces 
cerevisiae) and LAB (Lactobacillus acidophilus and 
Bifidobacterium bifidum) inoculated in baby foods 
made from wheat has been shown to reduce the 
concentration of aflatoxins B1, B2, G1, and G2 by as 
much as 93% (Hamad et al., 2018). The application 
of yeasts has been demonstrated to reduce the 
concentrations of mycotoxins in products by binding 
DON, OTA, zearalenone, and FB1 on cell 
membranes (Agriopoulou et al., 2020). Saccharomy-
ces cerevisiae can reduce OTA by 70 to 90% during 
the fermentation of wine (Csutorás et al., 2013), and 
approximately 59% throughout the bread-making 
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process (Mozaffary et al., 2019). Investigations using 
no probiotic yeasts have also exhibited promising 
results in which decreasing the growth of several 
OTA-producing fungi by 50 to 70%, whereas the 
release of OTA has been found to be almost 
completely repressed in the presence of antagonistic 
yeast strains (Farbo et al., 2018). Another 
investigation has reported the detoxification of corn 
oil with an enzyme produced by Pichia pastoris, thus 
decreasing zearalenone from 1257.3 to 13.0 µg/kg, 
and forming degraded products with substantially 
diminished toxic effects (Chang et al., 2020).
 Detoxification of products can be achieved 
by decomposing mycotoxins into simpler structures 
or decreasing their concentration by removal 
(Rastegar et al., 2017). Using microorganisms for 
detoxification of foods and feeds has shown 
promising results (Ahad et al., 2017; Gao et al., 
2018). The metabolism of mycotoxins by 
microorganisms contributes to the formation of 
simpler compounds. However, much work remains 
to be done because some compounds have not yet 
been identified and may possess toxic properties 
(Ahad et al., 2017). The use of microorganisms may 
also contribute to diminishing the concentrations of 
mycotoxins by binding them to cell membranes and 
forming conjugates (Lili et al., 2018). However, 
when consumed, those chemical compounds may be 
hydrolysed, thereby releasing mycotoxins in their 
initial, hazardous configurations. In both cases, more 
research on the proportion of the formation of new 
compounds and the amount of primary mycotoxins 
liberated must be conducted.

Perspectives
 Mycotoxins are produced by fungi as 
secondary metabolites, mainly under stress 
conditions. Knowledge of the agronomic practices 
and postharvest handling needed to reduce the 
incidence of fungal growth and mycotoxin 
production in foods is important and a focus of 
several research groups worldwide. Moreover, 
environmental conditions associated with climate 
change, such as alterations in temperature, 
precipitation, and atmospheric composition can 
affect the patterns of distribution and the incidence of 
pathogens and their metabolism. Therefore, an 
increase in the production of mycotoxins is possible 
(Jajić et al., 2019), thus making this issue a global 
challenge (Kovač et al., 2020).
 The increase in epidemiological studies on 
the consumption of the main mycotoxins and their 
effects on human health remains relevant. The 
sanitary regulations imposed by governments from 

diverse countries and economic regions differ 
(Eskola et al., 2019; Vaz et al., 2020), and sometimes 
can be used to facilitate or to obstruct trading 
between countries, thus causing food with elevated 
levels of mycotoxins to be concentrated in the 
poorest areas of the planet (Matumba et al., 2017). 
Maximum limits for emerging and masking 
mycotoxins as well as regulated ones must be 
established according to the health implications for 
the people who will consume them, because 
exposure could differ according to diverse food 
consumption habits (Matumba et al., 2017).
 The characterisation of the distribution of 
mycotoxins in grain structure remains a fascinating 
issue for many researchers. The economic and health 
effects of concentrations of these compounds in feeds 
are vast (Pinotti et al., 2016). A large amount of feed 
worldwide might be exceeding the permissible 
limits, thus resulting in financial losses to producers 
(Eskola et al., 2019). The consumption of animals 
given feed containing high levels of mycotoxins and 
their by-products might translate to an excessive 
intake of residual mycotoxins by humans. Therefore, 
determining the distribution of mycotoxins in grains 
is crucial to guide treatments to reduce the 
contamination of the resulting fractions in the milling 
process.
 Research to reduce the levels of mycotoxins 
in food from the field has included some proposals to 
incorporate microorganisms in treatments. This 
technique has been applied at in vitro studies in 
which non-toxic DON derivatives were placed in 
contact with intestinal tissue cells (He et al., 2015; 
Pierron et al., 2016). Furthermore, in vivo studies in 
which livestock were fed both toxins and bacteria 
capable of transforming DON have yielded 
favourable results (Grenier et al., 2013), or have 
demonstrated less toxicity than that of the primary 
mycotoxin (He et al., 2015); however, in some cases, 
compounds with the same or unknown toxicity are 
produced. Accordingly, regulations on the 
permissible limits of these compounds in foods must 
be established. The health authorities are expected to 
issue regulations in this regard in the coming years 
(Pinotti et al., 2016).
 Consumers of organic foods, hand-made 
food products, or commodities with high antioxidant 
content expect to obtain health benefits from 
ingesting them. However, information about whether 
the organic production process yields products with 
lower mycotoxin concentrations than conventionally 
produced products is uncertain. Therefore, the 
regulation and supervision of organically produced 
foods is another relevant issue to be investigated in 
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the future.

Conclusions

 Mycotoxin contamination has been 
extensively studied, and many efforts have been 
made to regulate mycotoxin content in foods and 
feeds. However, knowledge is available for only 
several mycotoxins. Research on the occurrence, 
toxic effects, and exposure of emerging and masked 
mycotoxins is a challenge to tackle.
 Mycotoxin contamination exists in the entire 
food production chain. Fungal infestation in foods is 
highly dependent on agricultural management and 
environmental conditions during harvest and 
post-harvest, thereby determining the appearance of 
mycotoxins in harvested commodities. Scientific 
evidence indicate that climatic change has altered the 
occurrence patterns of some fungal species and their 
mycotoxin production in some regions of the world, 
thereby constituting a global concern. Thus, more 
efficient control of mycotoxin production through 
enhancing agronomy and post-harvest practices 
should be pursued.
 Research on physical and chemical 
treatments to detoxify foods and feeds have led to 
substantial achievements; but, complete detoxifica-
tion is not yet possible. More advances in this topic 
are expected in the near future.

References

Abia, W. A., Warth, B., Ezekiel, C. N., Sarkanj, B., 
Turner, P. C., Marko, D., ... and Sulyok, M. 
2017. Uncommon toxic microbial metabolite 
patterns in traditionally home-processed maize 
dish (fufu) consumed in rural Cameroon. Food 
and Chemical Toxicology 107: 10-19.

Abuagela, M. O., Iqdiam, B. M., Mostafa, H., 
Marshall, S. M., Yagiz, Y., Marshall, M. R., ... 
and Sarnoski, P. 2019. Combined effects of citric 
acid and pulsed light treatments to degrade 
B-aflatoxins in peanut. Food and Bioproducts 
Processing 117: 396-403.

Adeyeye, S. A. O. 2019. Aflatoxigenic fungi and 
mycotoxins in food: a review. Critical Reviews 
in Food Science and Nutrition 60(5): 709-721.

Agriopoulou, S., Stamatelopoulou, E. and Varzakas, 
T. 2020. Advances in occurrence, importance, 
and mycotoxin control strategies: prevention and 
detoxification in foods. Foods 9: article no. 137.

Ahad, R., Zhou, T., Lepp, D. and Pauls, K. P. 2017. 
Microbial detoxification of eleven food and feed 
contaminating trichothecene mycotoxins. BMC 

Biotechnology 17: article no. 30.
Al Khalaileh, N. I. 2018. Prevalence of ochratoxin A 

in poultry feed and meat from Jordan. Pakistan 
Journal of Biological Sciences 21(5): 239-244.

Alassane-Kpembi, I., Gerez, J. R., Cossater, A.-M., 
Neves, M., Laffitte, J., Naylies, C., ... and 
Oswald, I. P. 2017. Intestinal toxicity of the type 
B trichothecene mycotoxin fusarenon-X: whole 
transcriptome profiling reveals new signaling 
pathways. Scientific Reports 7: article no. 7530.

Alberts, J. F., van Zyl, W. H. and Gelderblom, W. C. 
A. 2016. Biologically based methods for control 
of fumonisin-producing Fusarium species and 
reduction of the fumonisins. Frontiers in 
Microbiology 7: article no. 548.

Ali, N. and Degen, G. H. 2019. Biomonitoring of 
zearalenone and its main metabolites in urines of 
Bangladeshi adults. Food and Chemical 
Toxicology 130: 276-283.

Ali, N., Hossain, K. and Degen, G. H. 2018. Blood 
plasma biomarkers of citrinin and ochratoxin A 
exposure in young adults in Bangladesh. 
Mycotoxin Research 34(1): 59-67.

Ali, N., Muñoz, K. and Degen, G. H. 2017. 
Ochratoxin A and its metabolites in urines of 
German adults – an assessment of variables in 
biomarker analysis. Toxicology Letters 275: 
19-26.

Alim, M., Iqbal, S. Z., Mehmood, Z., Asi, M. R., 
Zikar, H., Chanda, H. and Malik, N. 2018. 
Survey on mycotoxins in retail market cereals, 
derived products and evaluation of their dietary 
intake. Food Control 84: 471-477.

Al-Taher, F., Cappozzo, J., Zweigenbaum, J., Lee, H. 
J., Jackson, L. and Ryu, D. 2017. Detection and 
quantitation of mycotoxins in infant cereals in 
the U.S. market by LC-MS/MS using a stable 
isotope dilution assay. Food Control 72: 27-35.

Altun, S. K., Gürbüz, S. and Ayağ, E. 2017. 
Aflatoxin M1 in human breast milk in 
southeastern Turkey. Mycotoxin Research 33: 
103-107.

Anelli, P., Haidukowski, M., Epifani, F., Cimmarus-
ti, M. T., Moretti, A., Logrieco, A. and Susca, A. 
2019. Fungal mycobiota and mycotoxin risk for 
traditional artisan Italian cave cheese. Food 
Microbiology 78: 62-72.

Arcella, D., Gergelova, P., Innocenti, M. L. and 
Steinkellner, H. 2017. Human and animal dietary 
exposure to T-2 and HT-2 toxin. EFSA Journal 
15(8): article no. 4972.

Ariño, A., Herrera, M., Estopañan, G., Rota, M. C., 
Carramiñana, J. J., Juan, T. and Herrera, A. 2009. 
Aflatoxins in bulk and pre-packed pistachios 



Barajas-Ramirez, J. A., et al./IFRJ 28(2) : 230 - 247 242

sold in Spain and effect of roasting. Food Control 
20: 811-814.

Azarikia, M., Mahdavi, R. and Nikniaz, L. 2018. 
Occurrence and dietary factors associated with 
the presence of aflatoxin B1 and M1 in breast 
milk of nursing mothers in Iran. Food Control 
86: 207-213.

Bahrami, R., Shahbazi, Y. and Nikousefat, Z. 2016. 
Aflatoxin M1 in milk and traditional dairy 
products from west part of Iran: occurrence and 
seasonal variation with emphasis on risk 
assessment of human exposure. Food Control 62: 
250-256.

Barberis, C. L., Dalcero, A. M. and Magnoli, C. E. 
2012. Evaluation of aflatoxin B1 and ochratoxin 
A in interacting mixed cultures of Aspergillus 
sections Flavi and Nigri on peanut grains. 
Mycotoxin Research 28: 149-156.

Benkerroum, N. 2020. Chronic and acute toxicities 
of aflatoxins: mechanisms of action. Internation-
al Journal of Environmental Research and Public 
Health 17: article no. 423.

Bernhoft, A., Clasen, P. E., Kristoffersen, A. B. and 
Torp, M. 2010. Less Fusarium infestation and 
mycotoxin contamination in organic than in 
conventional cereals. Food Additives and 
Contaminants Part A 27: 842-852.

Bordini, J. G., Ono, M. A., Garcia, G. T., Vizoni, É., 
Amador, I. R., Hirozawa, M. T. and Ono, E. Y. S. 
2019. Transgenic versus conventional corn: fate 
of fumonisins during industrial milling. 
Mycotoxin Research 35: 169-176.

Braun, D., Ezekiel, C. N., Abia, W. A., Wisgrill, L., 
Degen, G. H., Turner, P. C., ... and Warth, B. 
2018. Monitoring early life mycotoxin exposures 
via LC-MS/MS breast milk analysis. Analytical 
Chemistry 90: 14569-14577.

Bui-Klimke, T. R. and Wu, F. 2015. Ochratoxin A 
and human health risk: a review on the evidence. 
Critical Reviews in Food Science and Nutrition. 
55(13): 1860-1869.

Calado, T., Fernández-Cruz, M. L., Cabo, V. S., 
Venâncio, A. and Abrunhosa, L. 2018. Gamma 
irradiation effects on ochratoxin A: Degradation, 
cytotoxicity and application on food. Food 
Chemistry 240: 463-471.

Cantú-Cornelio, F., Aguilar-Toalá, J. E., de 
León-Rodríguez, C. I., Esparza-Romero, J., 
Vallejo-Cordoba, B., González-Córdova, A. F., 
... and Hernández-Mendoza, A. 2016. Occur-
rence and factors associated with the presence of 
aflatoxin M1 in breast milk samples of nursing 
mothers in central Mexico. Food Control 62: 
16-22.

Chang, X., Liu, H., Sun, J., Wang, J., Zhao, C., 
Zhang, W., ... and Sun, C. 2020. Zearalenone 
removal from corn oil by an enzymatic strategy. 
Toxins 12: article no. 117.

Codex Alimentarius Commission. 2002. Proposed 
draft code of practice prevention (reduction) of 
mycotoxin contamination in cereals, including 
annexes on ochratoxin A, zearalenone, fumoni-
sins, and trichothecenes. Netherlands: Food and 
Agriculture Organization (FAO) and World 
Health Organization (WHO).

Coppa, C. F. S. C., Cirelli, A. C., Gonçalves, B. L., 
Barnabé, E. M. B., Khaneghah, A. M., Corassin, 
C. H. and Oliveira, C. A. F. 2020. Dietary expo-
sure assessment and risk characterization of 
mycotoxins in lactating women: case study of 
São Paulo state, Brazil. Food Research Interna-
tional 134: article ID 109272.

Csutorás, C., Rácz, L., Rácz, K., Fűtő, P., Forgó, P. 
and Kiss, A. 2013. Monitoring of ochratoxin A 
during the fermentation of different wines by 
applying high toxin concentrations. Microchemi-
cal Journal 107: 182-184.

De Girolamo, A., Lattanzio, V. M. T., Schena, R., 
Visconti, A. and Pascale, M. 2016. Effect of 
alkaline cooking of maize on the content of 
fumonisins B1 and B2 and their hydrolysed 
forms. Food Chemistry 192: 1083-1089.

Eskola, M., Kos, G., Elliot, C. T., Hajšlová, J., 
Mayar, S. and Krska, R. 2019. Worldwide 
contamination of food-crops with mycotoxins: 
validity of the widely cited ‘FAO estimate’ of 
25%. Critical Reviews in Food Science and 
Nutrition 3: 1-17.

European Commission (EC). Commission Regula-
tion (EC) No 1881/2006 of 19 December 2006 - 
Setting maximum levels for certain contaminants 
in foodstuffs. Official Journal of the European 
Union 364: 5-24.

European Food Safety Authority (EFSA). 2011. 
Scientific opinion on the risks for public health 
related to the presence of zearalenone in food. 
EFSA Journal 9: article no. 2197.

European Food Safety Authority (EFSA). 2014. 
Scientific opinion on the risks for human and 
animal health related to the presence of modified 
forms of certain mycotoxins in food and feed. 
EFSA Journal 12(12): article no. 3916.

Fanelli, F., Cozzi, G., Raiola, A., Dini, I., Mulè, G., 
Logrieco, A. F. and Ritieni, A. 2017. Raisins and 
currants as conventional nutraceuticals in Italian 
market: nature occurrence of ochratoxin A. Jour-
nal of Food Science 82(10): 2306-2312.

Farbo, M. G., Urgeghe, P. P., Fiori, S., Marcello, A., 



Barajas-Ramirez, J. A., et al./IFRJ 28(2) : 230 - 247243

Oggiano, S., Balmas, V., ... and Migheli, Q. 
2018. Effect of yeast volatile organic compounds 
on ochratoxin A - producing Aspergillus 
carbonarius and A. ochraceus. International 
Journal of Food Microbiology 284: 1-10.

Flores-Flores, M. E. and González-Peñas, E. 2018. 
Analysis of mycotoxins in Spanish milk. Journal 
of Dairy Science 101: 113-117.

Food and Drug Administration (FDA). 2000. Guid-
ance for industry: action levels for poisonous or 
deleterious substances in human food and animal 
feed. Retrieved on December 2018 from FDA 
website: https://www.fda.gov/Food/Guidance-
Regulation/ucm077969.htm#afla

Franco, L. T., Petta, T., Rottinghaus, G. E., Bordin, 
K., Gomes, G. A., Alvito, P., … and Oliveira, C. 
A. F. 2019. Assessment of mycotoxin exposure 
and risk characterization using occurrence data 
in foods and urinary biomarkers in Brazil. Food 
and Chemical Toxicology 128: 21-34.

Gao, X., Mu, P., Wen, J., Sun, Y., Chen, Q. and 
Deng, Y. 2018. Detoxification of trichothecene 
mycotoxins by a novel bacterium, Eggerthella 
sp. DII-9. Food and Chemical Toxicology 112: 
310-319.

Gbashi, S., Madala, N. E., De Saeger, S., De Boevre, 
M. and Njobeh, P. B. 2019. Numerical optimiza-
tion of temperature-time degradation of multiple 
mycotoxins. Food and Chemical Toxicology 
125: 289-304.

Generotti, S., Cirlini, M., Šarkanj, B., Sulyok, M., 
Berthiller, F., Dall´Asta, C. and Suman, M. 2017. 
Formulation and processing factors affecting 
trichothecene mycotoxins within industrial 
biscuit-making. Food Chemistry 229: 597-603.

Gerding, J., Ali, N., Schwartzbord, J., Cramer, B., 
Brown, D. L., Degen, G. H. and Humpf, H.-U. 
2015. A comparative study of the human urinary 
mycotoxin excretion patterns in Bangladesh, 
Germany, and Haiti using a rapid and sensitive 
LC-MS/MS approach. Mycotoxin Research 31: 
127-136.

Gratz, S. W., Currie, V., Duncan, G. and Jackson, D. 
2020. Multimycotoxin exposure assessment in 
UK children using urinary biomarkers - a pilot 
survey. Journal of Agricultural and Food Chem-
istry 68(1): 351-357.

Grenier, B., Bracarense, A. P., Schwartz, H. E., Luci-
oli, J., Cossalter, A. M., Moll, W.-D., ... and 
Oswald, I. 2013. Biotransformation approaches 
to alleviate the effects induced by Fusarium 
mycotoxins in swine. Journal of Agricultural and 
Food Chemistry 61: 6711-6719.

Gruber-Dorninger, C., Jenkins, T. and Schatzmayr, 

G. 2019. Global mycotoxin occurrence in feed: a 
ten-year survey. Toxins 11: article no. 375.

Guzmán-de-Peña, D. and Peña-Cabriales, J. J. 2005. 
Regulatory considerations of aflatoxin contami-
nation of food in Mexico. Revista Latinoameri-
cana de Microbiología 47: 160-164.

Habschied, K., Krska, R., Sulyok, M., Šarkanj, B., 
Krstanović, V., Lalić, A., ... and Mastanjević, K. 
2019. Screening of various metabolites in six 
barley varieties grown under natural climatic 
conditions (2016-2018). Microorganisms 7: 
article no. 532.

Hamad, G. M., Taha, T. H., Hafez, E. E., Ali, S. H. 
and El-Sohaimy, S. A. 2018. Supplementation of 
cerelac baby food with food yeast-probiotic 
cocktail strains induces high potential for 
aflatoxin detoxification both in vitro and in vivo 
in mother and baby albino rats. Journal of the 
Science of Food and Agriculture 98(2): 707-718.

Hashemi, M. 2016. A survey of aflatoxin M1 in cow 
milk in Southern Iran. Journal of Food and Drug 
Analysis 24: 888-893.

He, J. W., Bondy, G. S., Zhou, T., Caldwell, D., 
Boland, G. J. and Scott, P. M. 2015. Toxicology 
of 3-epi-deoxynivalenol, a deoxynivalenol-trans-
formation product by Devosia mutans 17-2-E-8. 
Food and Chemical Toxicology 84: 250-259.

He, J., Zhang, B., Zhang, H., Hao, L., Ma, T., Wang, 
J. and Han, S. 2019. Monitoring of 49 Pesticides 
and 17 mycotoxins in wine by QuEChERS and 
UHPLC–MS/MS analysis. Journal of Food 
Science 84(9): 2688-2697.

Hermosillo, M. G., Quezada-Viay, M. Y., More-
no-Lara, J., Pascual, B. S. and Trejo, M. M. A. 
2015. Detection of Patulin in apple "Golden 
Delicious" and in derivative products elaborated 
industrial and handcrafted sold in Mexico. 
Revista Iberoamericana de Tecnología Postcose-
cha 16: 281-286.

Hickert, S., Bergmann, M., Ersen, S., Cramer, B. and 
Humpf, H. U. 2016. Survey of Alternaria toxin 
contamination in food from the German market, 
using a rapid HPLC-MS/MS approach. Myco-
toxin Research 32: 7-18.

Hidalgo-Ruiz, J. L., Romero-González, R., Martínez, 
V. J. L. and Garrido, F. A. 2019. A rapid method 
for the determination of mycotoxins in edible 
vegetable oils by ultra-high performance liquid 
chromatography-tandem mass spectrometry. 
Food Chemistry 288: 22-28.

Hooshmand, H. and Klopfenstein, C. F. 1995. Effects 
of gamma irradiation on mycotoxin disappear-
ance and amino acid contents of corn, wheat, and 
soybeans with different moisture contents. Plant 



Barajas-Ramirez, J. A., et al./IFRJ 28(2) : 230 - 247 244

Foods for Human Nutrition 47: 227-238.
Humer, E., Lucke, A., Harder, H., Metzler-Zebeli, B. 

U., Böhm, J. and Zebeli, Q. 2016. Effects of 
citric and lactic acid on the reduction of deoxyni-
valenol and its derivatives in feeds. Toxins 8(10): 
article no. 285.

Hussain, A. and Luttfullah, G. 2009. Reduction of 
aflatoxin B1 and ochratoxin A levels in polished 
Basmati rice (Oryza sativa Linn.) by different 
cooking methods. Journal of the Chemical Socie-
ty of Pakistan 31: 911-915.

Jajić, I., Dudaš, T., Krstović, S., Krska, R., Sulyok, 
M., Bagi, F., ... and Stankov, A. 2019. Emerging 
Fusarium mycotoxins fusaproliferin, beauver-
icin, enniatins, and moniliformin in Serbian 
maize. Toxins 11(6): article no. 357.

Jiang, K., Huang, Q., Fan, K., Wu, L., Nie, D., Guo, 
W., ... and Han, Z. 2018. Reduced graphene 
oxide and gold nanoparticle composite-based 
solid-phase extraction coupled with 
ultra-high-performance liquid chromatogra-
phy-tandem mass spectrometry for the determi-
nation of 9 mycotoxins in milk. Food Chemistry 
264: 218-225.

Jurisic, N., Scwartz-Zimmermann, H. E., 
Kunz-Vekiru, E., Reisinger, N., Klein, S., 
Caldwell, D., ... and Berthiller, F. 2019. Deox-
ynivalenol-3-sulphate is the major metabolite of 
dietary deoxynivalenol in eggs of laying hens. 
World Mycotoxin Journal 12(3): 245-255.

Kalagatur, N. K., Kamasani, J. R. and Mudili, V. 
2018. Assessment of detoxification efficacy of 
irradiation on zearalenone mycotoxin in various 
fruit juices by response surface methodology and 
elucidation of its in-vitro toxicity. Frontiers in 
Microbiology 9: article no. 2937.

Kanapitsas, A., Batrinou, A., Aravantinos, A., 
Sflomos, C. and Markaki, P. 2016. Gamma 
radiation inhibits the production of ochratoxin A 
by Aspergillus carbonarius. Development of a 
method for OTA determination in raisins. Food 
Bioscience 16: 42-48.

Kanwal, R., Mehmood, A., Saleem, S., Randhawa, 
M. A., Ihsan, A., Amir, R. M., ... and Sajid, M. 
W. 2018. Seasonal impact and daily intake 
assessment of mycotoxins in flour, bread, and 
nixtamalized maize. Journal of Food Safety 
38(6): article ID e12505.

Karlovski, P., Suman, M., Berthiller, F., De Meester, 
J., Eisenbrand, G., Perrin, I., ... and Dussort, P. 
2016. Impact of food processing and detoxifica-
tion treatments on mycotoxin contamination. 
Mycotoxin Research 32: 179-205.

Kaushik, G. 2015. Effect of processing on mycotoxin 

content in grains. Critical Reviews in Food 
Science and Nutrition 55: 1672-1683.

Kharbikar, L. L., Dickin, E. T. and Edwards, S. G. 
2015. Impact of post-anthesis rainfall, fungicide 
and harvesting time on the concentration of 
deoxynivalenol and zearalenone in wheat. Food 
Additives and Contaminants Part A 32: 
2075-2085.

Kószegi, T. and Poór, M. 2016. Ochratoxin A: 
molecular interactions, mechanisms of toxicity 
and prevention at the molecular level. Toxins 8: 
article no. 111.

Kovač, M., Šubarić, D., Bulaić, M., Kovač, T. and 
Šarkanj, B. 2018. Yesterday masked, today mod-
ified; what do mycotoxins bring next? Arhiv za 
Higijenu Rada i Toksikologiju 69: 196-214.

Kovač, T., Borišev, I., Kovač, M., Lončarić, A., 
Kenjerić, F. Č., Djordjevic, A., ... and Šarkanj, B. 
2020. Impact of fullerol C60(OH)24 nanoparticles 
on the production of emerging toxins by Asper-
gillus flavus. Scientific Reports 10: article no. 
725.

Kovalsky, P., Kos, G., Nährer, K., Schwab, C., 
Jenkins, T., Schatzmayr, G., ... and Krska, R. 
2016. Co-occurrence of regulated, masked and 
emerging mycotoxins and secondary metabolites 
in finished feed and maize—an extensive survey. 
Toxins 8: article no. 363.

Krstović, S., Krulj, J., Jakšić, S., Bočarov‐Stančić, A. 
and Jajić, I. 2020. Ozone as decontaminating 
agent for ground corn containing deoxynivale-
nol, zearalenone, and ochratoxin A. Cereal 
Chemistry 98(1): 135-143.

Lee, H. B., Patriarca, A. and Magan, N. 2015. Alter-
naria in food: ecophysiology, mycotoxin produc-
tion and toxicology. Mycobiology 43(2): 93-106.

Li, Y., Zhang, X., Nie, J., Shah Bacha, S. A., Yan, Z. 
and Gao, G. 2020. Occurrence and 
co-occurrence of mycotoxins in apple and apple 
products from China. Food Control 118: article 
ID 107354.

Lili, Z., Wei, J., Zhao, H., Zhu, B. and Zhang, B. 
2018. Detoxification of cancerogenic 
compounds by acid lactic bacteria strains. 
Critical Reviews in Food Science and Nutrition 
58(16): 2727-2742.

Mally, A., Solfrizzo, M. and Degen, G. H. 2016. 
Biomonitoring of the mycotoxin zearalenone: 
current state-of-the art and application to human 
exposure assessment. Archives of Toxicology 
90(6): 1281-1292.

Mastanjević, K., Lukinac, J., Jukić, M., Šarkanj, B., 
Krstanović, V. and Mastanjević, K. 2019. 
Multi-(myco)toxins in malting and brewing 



Barajas-Ramirez, J. A., et al./IFRJ 28(2) : 230 - 247245

by-products. Toxins 11: article no. 30.
Mastanjević, K., Šarkanj, B., Krska, R., Sulyok, M., 

Warth, B., Mastanjević, K., ... and Krstanović, V. 
2018. From malt to wheat beer: a comprehensive 
multi-toxin screening, transfer assessment and its 
influence on basic fermentation parameters. 
Food Chemistry 254: 115-121.

Matumba, L., Van Poucke, C., Ediage, E. N. and De 
Saeger, S. 2017. Keeping mycotoxins away from 
the food: does the existence of regulations have 
any impact in Africa? Critical Reviews in Food 
Science and Nutrition 58(8): 1584-1592.

Memiş, E. Y. and Yalçin, S. S. 2019. Human milk 
mycotoxin contamination: smoking exposure 
and breastfeeding problems. Journal of 
Maternal-Fetal and Neonatal Medicine 34(1): 
31-40.

Meucci, V., Pistoia, A., Bertini, S., Menozzi, A. and 
Intorre, L. 2019. Natural occurrence of 
ochratoxin A in confined reared and grazing pigs 
derived products. Large Animal Review 25(3): 
95-99.

Mohammed, S., Munissi, J. J. E. and Nyandoro, S. S. 
2018. Aflatoxins in sunflower seeds and unre-
fined sunflower oils from Singida, Tanzania. 
Food Additives and Contaminants Part B 11(3): 
161-166.

Moreno-Pedraza, A., Valdés-Santiago, L., Hernán-
dez-Valadez, L. J., Rodríguez-Sixtos Higuera, 
A., Winkler, R. and Guzmán-de Peña, D. L. 
2015. Reduction of aflatoxin B1 during tortilla 
production and identification of degradation 
by-products by direct-injection electrospray 
mass spectrometry. Salud Publica de México 
57(1): 50-57.

Mozaffary, P., Milani, J. M. and Heshmati, A. 2019. 
The influence of yeast level and fermentation 
temperature on ochratoxin A decrement during 
bread making. Food Science and Nutrition 7(6): 
2144-2150.

Ojuri, O. T., Ezekiel, C. N., Sulyok, M., Ezeokoli, O. 
T., Oyedele, O. A., Ayeni, K. I., ... and Krska, R. 
2018. Assessing the mycotoxicological risk from 
consumption of complementary foods by infants 
and young children in Nigeria. Food and Chemi-
cal Toxicology 121: 37-50.

Oueslati, S., Berrada, H., Mañes, J. and Juan, C. 
2018. Presence of mycotoxins in Tunisian infant 
foods samples and subsequent risk assessment. 
Food Control 84: 362-369.

Ozturkoglu-Budak, S. 2017. A model for implemen-
tation of HACCP system for prevention and 
control of mycotoxins during the production of 
red dried chili pepper. Food Science and 

Technology 37(S1): 24-29.
Pallarés, N., Carballo, D., Ferrer, E., Fernán-

dez-Franzón, M. and Berrada, H. 2019. Myco-
toxin dietary exposure assessment through fruit 
juices consumption in children and adult popula-
tion. Toxins 11(12): article no. 684.

Panasiuk, L., Jedziniak, P., Pietruzka, K., Piatowska, 
M. and Bocian, L. 2019. Frequency and levels of 
regulated and emerging mycotoxins in silage in 
Poland. Mycotoxin Research 35: 17-25.

Pascale, M., Haidukowski, M., Lattanzio, V. M. T., 
Silvestri, M., Ranieri, R. and Visconti, A. 2011. 
Distribution of T-2 and HT-2 toxins in milling 
fractions of durum wheat. Journal of Food 
Protection 74: 1700-1707.

Pascari, X., Ortiz-Solá, J., Marín, S., Ramos, A. J. 
and Sanchis, V. 2018. Survey of mycotoxins in 
beer and exposure assessment through the 
consumption of commercially available beer in 
Lleida, Spain. LWT 92: 87-91.

Peters, J., van Dam, R., van Doorn, R., Katerere, D., 
Berthiller, F., Haasnoot, W., and Nielen, M. W. 
F. 2017. Mycotoxin profiling of 1000 beer 
samples with a special focus on craft beer. PLoS 
ONE 12(10): article ID e0185887.

Petrić, J., Šarkanj, B., Mujić, I., Mujić, A., Sulyok, 
M., Krska, R., ... and Jokić, S. 2018. Effect of 
pretreatments on mycotoxin profiles and levels 
in dried figs. Arhiv za Higijenu Rada I 
Toksikologiju 69(4): 328-333.

Peyer, L. C., De Kruijf, M., O´Mahony, J., De Colli, 
L., Danaher, M., Zarnkow, M., ... and Arendt, E. 
K. 2017. Lactobacillus brevis R2Δ as starter 
culture to improve biological and technological 
qualities of barley malt. European Food 
Research and Technology 243: 1363-1374.

Pierron, A., Mimoun, S., Murate, L. S., Loiseau, N., 
Lippi, Y., Bracarense, A. P., ... and Oswald, I. P. 
2016. Intestinal toxicity of the masked mycotox-
in deoxynivalenol-3-β-D-glucoside. Archives of 
Toxicology 90(8): 2037-2046.

Pinotti, L., Ottoboni, M., Giromini, C., Dell´Orto, V. 
and Cheli, F. 2016. Mycotoxin contamination in 
the EU food supply chain: a focus on cereal 
byproducts. Toxins 8: article no. 45.

Pleadin, J., Staver, M. M., Markov, K., Frece, J., 
Zadravec, M., Jaki, V. ... and Vahčić, N. 2017. 
Mycotoxins in organic and conventional cereals 
and cereal products grown and marketed in Croa-
tia. Mycotoxin Research 33(3): 219-227.

Rastegar, H., Shoeibi, S., Yazdanpanah, H., Amirah-
madi, M., Khaneghah, A. M., Cmapagnollo, F. 
B. and Sant´Ana, A. S. 2017. Removal of 
aflatoxin B1 by roasting with lemon juice and/or 



Barajas-Ramirez, J. A., et al./IFRJ 28(2) : 230 - 247 246

citric acid in contaminated pistachio nuts. Food 
Control 71: 279-284.

Samar, M., Resnik, S. L., González, H. H. L., Pacin, 
A. M. and Castillo, M. D. 2007. Deoxynivalenol 
reduction during the frying process of turnover 
pie covers. Food Control 18: 1295-1299.

Šarkanj, B., Ezekiel, C. N., Turner, P. C., Abia, W. 
A., Rychlik, M., Krska, R., ... and Warth, B. 
2018. Ultra-sensitive, stable isotope assisted 
quantification of multiple urinary mycotoxin 
exposure biomarkers. Analytica Chimica Acta 
1019: 84-92.

Šarkanj, B., Warth, B., Uhlig, S., Abia, W. A., 
Michael Sulyok, M., Klapec, T., ... and Banjari, 
I. 2013. Urinary analysis reveals high deoxyniva-
lenol exposure in pregnant women from Croatia. 
Food and Chemical Toxicology 62: 231-237.

Schmidt, M., Zannini, E. and Arendt, E. K. 2018. 
Recent advances in physical post-harvest treat-
ments for shelf-life extension of cereal crops. 
Foods 7: article no. 45.

Shirima, C. P., Kimanya, M. E., Kinabo, J. L., Rout-
ledge, M. N., Srey, C., Wild, C. P. and Gong, Y. 
Y. 2013. Dietary exposure to aflatoxin and 
fumonisin among Tanzanian children as deter-
mined using biomarkers of exposure. Molecular 
Nutrition and Food Research 57(10): 1874-1881.

Silva, L. J. G., Macedo, L., Pereira, A. M. P. T., 
Duarte, S., Lino, C. M. and Angelina Pena, A. 
2020. Ochratoxin A and Portuguese children: 
urine biomonitoring, intake estimation and risk 
assessment. Food and Chemical Toxicology 135: 
article ID 110883.

Song, Y., Wu, P., Hu, Z., Yang, L. and Chen, Y. 
2018. Determination of zearalenone and α-zear-
alenol in vegetable oil and grain products by 
C_(18)-Al_2O_3 solid phase extraction column 
purification coupled with ultra-performance 
liquid chromatography tandem mass spectrome-
try. Journal of Hygiene Research 47(4): 615-620.

Spanic, V., Katanic, Z., Sulyok, M., Krska, R., 
Puskas, K., Vida, G., ... and Šarkanj, B. 2020. 
Multiple fungal metabolites including mycotox-
ins in naturally infected and Fusarium-inoculat-
ed wheat samples. Microorganisms 8: article no. 
578.

Stadler, D., Lambertini, F., Bueschl, C., Wiesenberg-
er, G., Hametner, C., Schwartz-Zimmermann, 
H., ... and Krska, R. 2019. Untargeted LC-MS 
based 13C labelling provides a full mass balance 
of deoxynivalenol and its degradation products 
formed during baking of crackers, biscuits and 
bread. Food Chemistry 279: 303-311.

Stanciu, O., Juan, C., Miere, D., Loghin, F. and 

Mañes, J. 2017. Presence of enniatins and 
beauvericin in Romanian wheat samples: from 
raw material to products for direct human 
consumption. Toxins 9: article no. 189.

Sun, S., Yao, K., Zhao, S., Zheng, P., Wang, S., 
Zeng, Y., ... and Jiang, H. 2018. Determination 
of aflatoxin and zearalenone analogs in edible 
and medicinal herbs using a group-specific 
immunoaffinity column coupled to 
ultra-high-performance liquid chromatography 
with tandem mass spectrometry. Journal of 
Chromatography B 1092: 228-236.

Taher, D. D. and Abdul-Shaheed, D. A. 2018. Effect 
of ozonated water on ochratoxin A levels in 
locally broiler meat in Baghdad province. 
Biomedical and Pharmacology Journal 11(4): 
1983-1987.

van Egmond, H. P. and Jonker, M. A. 2004. World-
wide regulations for mycotoxins in food and feed 
in 2003. Rome: FAO.

Vaz, A., Cabral Silva A. C., Rodrigues, P. and 
Venancio, A. 2020. Detection methods for 
aflatoxin M1 in dairy products. Microorganisms 
8(2): article no. 246.

Vidal, A., Marín, S., Morales, H., Ramos, A. J. and 
Sanchis, V. 2014. The fate of deoxynivalenol and 
ochratoxin A during the breadmaking process, 
effects of sourdough process use and bran 
content. Food and Chemical Toxicology 68: 
53-60.

Voss, K., Ryu, D., Jackson, L., Riley, R. and Gelin-
eau-van Waes, J. 2017. Reduction of fumonisin 
toxicity by extrusion and nixtamalization (alka-
line cooking). Journal of Agricultural and Food 
Chemistry 65(33): 7088-7096.

Wang, Q., Šarkanj, B., Jurasovic, J., Chisti, Y., 
Sulyok, M., Gong, J., ... and Komes, D. 2018a. 
Evaluation of microbial toxins, trace elements 
and sensory properties of a high-theabrownins 
instant Pu-erh tea produced using Aspergillus 
tubingensis via submerged fermentation. Inter-
national Journal of Food Science and Technolo-
gy 54(5): 1541-1549.

Wang, Y., Nie, J., Yan, Z., Li, Z., Cheng, Y. and 
Chang, W. 2018b. Occurrence and co-occur-
rence of mycotoxins in nuts and dried fruits from 
China. Food Control 88: 181-189.

Yard, E. E., Daniel, J. H., Lewis, L. S., Rybak, M. E., 
Paliakov, E. M., Kim, A. A., ... and Sharif, S. K. 
2013. Human aflatoxin exposure in Kenya, 2007: 
a cross-sectional study. Food Additives and 
Contaminants Part A 30(7): 1322-1331.

Zhang, H., Nagashima, H. and Goto, T. 1997. Natu-
ral occurrence of mycotoxins in corn, samples 



Barajas-Ramirez, J. A., et al./IFRJ 28(2) : 230 - 247247

from high and low risk areas for human esophageal 
cancer in China. Mycotoxins 44: 29-35.


