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Abstract

Mycotoxins are secondary metabolites from molds that can contaminate the food and
cause serious health problemsin consumers. Aflatoxins, deoxynivalenol, fumonisins,
zearalenone, T-2 toxins, ochratoxin A, are mycotoxins with acute carcinogenic,
mutagenic, teratogenic, hepatotoxic, estrogenic effects. Cereals are very important and
strategic grains that are very susceptible to mycotoxin contamination. In this study, the
most recent studies about mycotoxins' occurrence in cereals (wheat, corn, rice, oats,
barley, rye, sorghum) from 2018 to 2020 were reviewed. It can be concluded that the
majority of the studies in the last three years have been done on corn, wheat, and rice,

respectively. According to the results, the hazard of aflatoxin B1 in wheat, corn, and rice

is serious as it was higher than the EU limit in most of the studies. Due to climate
change globally, the fungal population and mycotoxin patterns in different regions and
crops are changing. Therefore, the development of practical control and management

strategies is essential to ensure crop safety.
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Introduction

Mycotoxins are secondary fungal metabolites mainly secreted by some toxigenic species
of Alternaria, Aspergillus, Fusarium, and Penicillium [1, 2]. To date, 400 types of
mycotoxins have been identified, but only a few of them are dangerous to humans and
animals, including aflatoxins (AFs), ochratoxin A (OTA), deoxynivalenol (DON), T-
2/HT-2 toxins, fumonisins (FUMs), and zearalenone (ZEN) [3, 4]. Depending on the type
of mycotoxins and their metabolic conditions in the body, age, nutrition, and duration
of exposure, they may cause acute or chronic problems such as carcinogenicity,
mutagenicity, teratogenicity, hepatotoxicity [5]. Mycotoxins based on the severity of the
effect are classified into five major groups: 1, 2A, 2B, 4, and 5 [6]. Group 1 is considered
as carcinogenic for humans such as AFs, and group 2B are defined as likely
carcinogenic for humans such as OTA, FUMs. Moreover, group 3, such as DON, ZEA,
and T-2 toxin, are not classified as human carcinogenic toxins due to the insufficient

evidence [6, 7].

Cereals are commonly consumed as an essential source of energy, minerals, fiber, and
vitamins worldwide [8]. However, these products are susceptible to infection from
various fungi on the farm or after harvest and storage. The diversity and contamination
of mycotoxinsin cereal grains depend on poor storage conditions, climate, temperature,

insect damage, and drought [9]. Some of the physical and chemical properties of cereals,



including pH, chemical composition, and water activity are increasing the occurrence

and concentration of mycotoxin[1, 10].

Mycotoxins cause serious health issues in consumers and cause significant economic
losses to food resources in different countries due to contamination. Therefore, in this
review, the prevalence of mycotoxins' primary group in cereals was investigated to
assess the mycotoxin contamination status in these products. This review's results can
help the orientation of future studies and assist regulatory organizations in focusing

more on the contamination in these products.

Search strategies

Scopus and Web of Science, with more than 40,000 and 24,000 journals, respectively,
cover almost a wide range of journals. Therefore, the search strategies (Supplementary
1) were conducted in Scopus and Web of Science to obtain the most interesting papers
from the great wealth of original publications considering AFs, FUMs, OTA, DON,
ZEN, and T-2/HT-2 in selected cereals (wheat, corn, rice, oats, barley, rye, and sorghum)

that met inclusion criteria in 2018, 2019, and 2020 (Figure1).

General results

The results of this literature review showed that the majority of studies conducted in
the last three years have been on corn, wheat, and rice, respectively (Figure 2).

Meanwhile, the least included articles were related to rye and oats. The results of Figure



3 showed that the majority of studies have been conducted in Africa. Perhaps the poor

planting, harvesting, and storage in this continent have led to many studies in this area.

Corn

Corn seeds are often contaminated with Fusarium verticillioides and Fusarium proliferatum
that produce the FUMs toxin. However, other mycotoxins have been found in corn
along with FUMs [11]. Of the 41 studies survey about corn seeds, the highest
contamination rate was related to AFB1, ZEN, and DON, respectively (Figure4). The
European Commission (EC) has defined maximum concentration for mycotoxins in
corn. When corn is used for human consumption, these maximum amount are 4000,
1750, 350, 5, 2,10, 100 pg/kg for FUMs, DON, ZEN, OTA, AFB1, AFs, and T-2 + HT-2,
respectively [12, 13]. In 87.5% of samples detected with AFB1, the AFs level was higher
than the allowed level. This value was 80%, 66.6% for AFs and OTA, respectively. For
other mycotoxins, the detected values were often lower than the maximum values of
the EC. The results demonstrated that the greatest prevalence of AFB1 was in Haiti [14],
Kenya [15], and Serbia [16] with 188, 76.2, and 44 ug/kg, respectively (Supplementary
Table 1). Also, Kos et al. (2020) [17] reported a high mean prevalence of DON (963

ug/kg), ZEN (163 pg/kg) in Serbia[17]. The high content of OTA (1662 pg/kg) is
reported in Vietnam [18], and Skendi et al. (2019) in Greece reported the lowest levels of

OTA (0.7 pug/kg) [19]. The highest content of FUMs was 43296 ug/kg, reported by



Bertuzzi et al. (2020) in Italy [20]. Corn is applied as a raw material in many food
products, including popcorn, breakfast cereals, flour, and baby food [21]. Therefore,
continuous monitoring of mycotoxins levels in corn is essential because some

mycotoxins such as AFB1, DON, ZEN, and OTA in corn are a potential hazard for the

entire food and feed chain. Moreover, due to the high consumption level of corn in

animal feed, the possibility of AFs in milk from these animals is very high [22].

Wheat

Wheat is contributed to a broad range of bakery products such as bread, breakfast
cereals, biscuits, cakes, pasta, and other cereal-based products. Therefore, the level of
wheat contamination with mycotoxins is critical in the food and feed chain. Of the 25

studies survey about wheat seeds, the major mycotoxins occurrence were DON, ZEN,

AFB1, OTA, HT-2/T-2, AFs, and FUMs, respectively (Figure4). Accordingto EC

regulation, the recommended limit for mycotoxins in wheat are4 pg/kg, 2 ug/kg 1250
ug/kg, 5 pg/kg, and100 ug/kg for AFs, AFB1, DON, OTA, and ZEN, respectively [13].
Among the studies about mycotoxins in wheat grains, only in 16.6% of the samples,

DON exceeded the EU recommended. This value was 50%, 40%, 22.2% for AFs, AFB1,
and ZEN, respectively. It can be concluded that the greatest mean prevalence of DON

was in China with 17753 pg/kg [23], while Hassan et al. (2019) reported 0.1 ug/kg for

DON in wheat samples from Qatar [24] (Supplementary Table 2). The highest and



lowest ZEN content was reported in India [25] and Qatar [24], respectively. The
maximum level of AFs was reported in wheat samples from Qatar (9 pug/kg) [24] that it
was above than EU maximum level of 4 ug/kg, and no AFs detected in wheat samples

from Greece [19].

Rice

The results of this review displayed that the rank order of rice seeds based on
prevalence was AFB1, ZEN, DON, FUMs, AFs, OTA, and HT-2/T-2 toxins (Figure 4).
According to the maximum allowed the number of mycotoxins by EC for rice seeds

which can be mentioned as 4 pug/kg for AFs, 2 ug/kg for AFB1; 5 ug/kg for OTA, 100
ug/kg for ZEN, and 1250 ug/kg for DON, the following results were attained. Among
the analyzed studies, 50% of AFs and AFB1, 11.1% of ZEN, 16.6% of DON, 25% of FUMs
exceeded the EC standard limit. A study in Somalia showed that AFB1 (330 pg/kg) and
FUMs (4361 ug/kg) in rice samples were greatly exceeded the recommended value by
EU limits [26] (Supplementary Table 3). The level of FUMs and HT-2/T-2 toxins in all
rice samples was below the EU maximum level. In China, the maximum allowed level

for DON in rice samples is reported as 1607 ug/kg.

Barley, sorghum, oats, and rye

As shown in Figure 4, DON was the abundant mycotoxin in the barley samples

collected from different countries, followed by ZEN and T-2/HT-2 toxins. A study in



Canada revealed that 56% of the cool-season barley submitted to the industry
contaminated with the mycotoxins that the DON concentration in some of the samples
was above the regulatory level (1250 ug/kg) [27]. DON has been reported as the major
Fusarium mycotoxins in barley samples from Argentina [28], Czech Republic [29], and
Brazil [30]. The level of DON in barley samples from Turkey was below the EU
maximum level (138-973 pg/kg), and no ZEN was detected in these grains [31]
(Supplementary Table 4). DON, FUMs, T-2/HT-2 reported in 50%, 25%, and 50% of
barley samples from market feed-in Qatar with the average values of 0.048, 0.553, and

0.067mg/kg, respectively [24].

AFB1, FUMs, and ZEN are reported as the most common mycotoxins occurring
in sorghum [32]. 67% of the sorghum samples from Togo were contaminated by FUMs,
followed by AFB1 (25%) [33]. A study in Somalia showed that AFB1 and FUMs (FB1 and
FB2) in sorghum samples were greatly exceeded the recommended value by EU limits
[26]. AFB1 was found as the significant mycotoxin (0.03-31.7 ug/kg) from sorghum

samples in Tunisia, followed by OTA (1.04-27.8 ug/kg) and ZEN (3.75-64.52 pg/kg) [34].
Another study showed that AFs and FUMs occurred in 100% of sorghum from different
parts of north-central Nigeria and the mean value for AFs, FUMs, and OTA from other

recorded places was 15.31, 6198, and 2.44 pg/kg, respectively [35].



Schoneberg et al. (2018) reported that the T-2/HT-2 toxins were the major mycotoxins
from the oats collected in Switzerland [36], and 84% of oat samples collected from India
were found to be positive for ZE (5.31-389 ug/kg) [25]. Jin et al. (2018) observed that the
DON levels in 75% of the USA's rye samples were below 1.0 mg/kg, but it showed

increment by the malting process [37].

Climate change and predictions of mycotoxin contamination

According to this review, it is clear that mycotoxin contamination is still high in some
regions of the world. Although it was expected that with the advancement of
technology in agriculture and improvement of planting, harvesting, and storage
conditions for cereals, the incidence of mycotoxins would be decreased, the studies
show that the risk of some carcinogenic mycotoxins such as AFs is still high. Perhaps
one of the possible reasons for this phenomenon is climate change. Climate change may
be causing global warming. Earth temperature is expected to rise by 1.5 to 4.5 °C until

the end of the 215t century [38]. Global warming is causing severe droughts and extreme

rains in different regions of the world. Global warming increases water evaporation
from the earth's surface and allows the atmosphere to hold more moisture. Hence,
humidity and temperature are critical factors for the growth of fungal species and

directly affect mycotoxin production.



Moreover, increasing temperature and drought cause stress in plants and make
them more vulnerable to pests, indirectly causes the growth of fungal species [39]. Each
fungal species has optimal environmental conditions (especially temperature and
relative humidity) for toxin production, colonization, survival, and crop infection.
Therefore, Climatic changes will lead to alteration in the fungal population and
mycotoxin patterns [40]. In general, climate change can shift the prevalence and type of

mycotoxins in cereals in different world regions.

Conclusion

The purpose of this review was to survey the significant types of mycotoxins in cereals
that are directly or indirectly consumed by humans. Studies show that the
contamination of various mycotoxins is still high in developing countries, and it

remains the primary concern in these regions. In the last three years, most

contamination reports have been reported in corn, wheat, and rice, respectively. AFB1

are considered the most hazardous mycotoxins and had a high prevalence in cereals,
that in most of the studies it exceeded the EC allowed limit. DON, ZEN, and FUM are
the other significant mycotoxins in cereals such as barley, sorghum, and oats.
Mycotoxins' high stability during cereals production, distribution, storage, and

processing has concerned the contamination of mycotoxins in cereals. Therefore, the



development of practical control and management strategies is essential to ensure

consumer safety.

Declarations of interest

There is no conflict of interest.

References and recommended reading

[1] Khaneghah AM, Fakhri Y, Gahruie HH et al. Mycotoxins in cereal-based products
during 24 years (1983-2017): a global systematic review. Trends in food science &
Technology 2019. "This is an excellent and comprehensive reference that reported
contamination of mycotoxins in cereal and cereal-based products™.

[2] Javanmardi F, Khodaei D, Sheidaei Z et al. Decontamination of Aflatoxins in Edible
Oils: A Comprehensive Review. Food Reviews International 2020:1-17.

[3] Khaneghah AM, Fakhri Y, Raeisi S et al. Prevalence and concentration of ochratoxin
A, zearalenone, deoxynivalenol and total aflatoxin in cereal-based products: a
systematic review and meta-analysis. Food and chemical toxicology 2018; 118:830-848.
[4] Mousavi Khaneghah A. Ochratoxin A (OTA), zearalenone (ZEN), deoxynivalenol
(DON) and total aflatoxin (TAF) in cereal-based products: systematic review and meta-
analysis= Ocratoxina A (OTA), zearalenona (ZEN), desoxinivalenol (DON) e aflatoxina

total (TAF) em produtos a base de cereais: revisao sistematica e metanalise. 2018.



[5] Khaneghah AM, Farhadi A, Nematollahi A et al. A systematic review and meta-
analysis to investigate the concentration and prevalence of trichothecenes in the cereal-
based food. Trends in Food Science & Technology 2020.

[6] Ostry V, Malir F, Toman J, Grosse Y. Mycotoxins as human carcinogens —the IARC
Monographs classification. Mycotoxin research 2017; 33:65-73.

[7] Cancer IAfRo. Agents classified by the IARC Monographs, volumes 1-106.
http://monographs. iarc. fr/ENG/Classification/index. php 2012.

[8] Pereira V, Fernandes ], Cunha S. Mycotoxins in cereals and related foodstuffs: A
review on occurrence and recent methods of analysis. Trends in Food Science &
Technology 2014; 36:96-136. “This is an comprehensive reference which reported
contamination and recent methods of analysis for mycotoxins™.

[9] Vasseghian Y, Moradi M, Dragoi E-N, Khaneghah AM. A review on mycotoxins
detection techniques in edible oils. International Journal of Environmental Analytical
Chemistry 2020:1-15.

[10] Rastegar H, ShoeibiS, Yazdanpanah H et al. Removal of aflatoxin Bl by roasting
with lemon juice and/or citric acid in contaminated pistachio nuts. Food control 2017;
71:279-284.

[11] Munkvold GP. Epidemiology of Fusarium diseases and their mycotoxins in maize
ears. European Journal of plant pathology 2003; 109:705-713.

[12] Commision E. Commission Recommendation of 27 March 2013 on the presence of
T-2 and HT-2 toxin in cereals and cereal products (2013/165/EU). Off ] Eur Union L
2013;91:12-15. "This reference can be used as a reference for the allowable values for
different types of mycotoxinsin food".

[13] Commission E. Commission Regulation (EC) No 1881/2006 of 19 December 2006
setting maximum levels for certain contaminants in foodstuffs. Off ] Eur Union 2006;

364.



[14] Aristil ], Venturini G, Maddalena G et al. Fungal contamination and aflatoxin
content of maize, moringa and peanut foods from rural subsistence farms in South
Haiti. Journal of Stored Products Research 2020; 85.

[15] Nabwire WR, Ombaka], Dick CP et al. Aflatoxin in household maize for human
consumption in Kenya, East Africa. Food Additives and Contaminants: Part B
Surveillance 2020; 13:45-51.

[16] Jani¢ Hajnal E, Kos J, Malachova A et al. Mycotoxins in maize harvested in Serbiain
the period 2012-2015. Part 2: Non-regulated mycotoxins and other fungal metabolites.
Food Chemistry 2020; 317.

[17] Kos ], Jani¢ Hajnal E, Malachova A et al. Mycotoxins in maize harvested in Republic
of Serbiain the period 2012-2015. Part 1: Regulated mycotoxins and its derivatives.
Food Chemistry 2020; 312.

[18] Do TH, Tran SC, Le CD et al. Dietary exposure and health risk characterization of
aflatoxin B1, ochratoxin A, fumonisin B1, and zearalenone in food from different
provinces in Northern Vietnam. Food Control 2020; 112. "This study is a good reference
about risk assessment in food products".

[19] Skendi A, Papageorgiou M, Irakli M, Katsantonis D. Presence of mycotoxins, heavy
metals and nitrate residues in organic commercial cereal-based foods sold in the Greek
market. Journal fur Verbraucherschutz und Lebensmittelsicherheit 2019.

[20] Bertuzzi T, Giorni P, Rastelli S et al. Co-Occurrence of Moniliformin and Regulated
Fusarium Toxins in Maize and Wheat Grown in Italy. Molecules 2020; 25:2440.

[21] Schollenberger M, Miiller HM, Riifle M et al. Redistribution of 16 Fusarium toxins
during commercial dry milling of maize. Cereal chemistry 2008; 85:557-560.

[22] Skrbi¢ B, Zivandev J, Anti¢ I, Godula M. Levels of aflatoxin M1 in different types of
milk collected in Serbia: Assessment of human and animal exposure. Food Control 2014;

40:113-119.



[23] Xu W, Han X, Li F. Co-occurrence of multi-mycotoxins in wheat grains harvested in
Anhui province, China. Food Control 2019; 96:180-185.

[24] Hassan ZU, Al Thani R, Balmas V et al. Prevalence of Fusarium fungi and their
toxins in marketed feed. Food Control 2019; 104:224-230.

[25] Rai A, DixitS, Singh SP et al. Presence of zearalenone in cereal grains and its
exposure risk assessment in Indian population. Journal of food science 2018; 83:3126-
3133.

[26] Wielogorska E, Mooney M, Eskola M et al. Occurrence and Human-Health Impacts
of Mycotoxins in Somalia. Journal of Agricultural and Food Chemistry 2019; 67:2052-
2060.

[27]1ShiH, Schwab W, Yu P. Natural occurrence and co-contamination of twelve
mycotoxins in industry-submitted cool-season cereal grains grown under a low heat
unit climate condition. Toxins 2019; 11:160.

[28] Nogueira MS, Decundo ], Martinez M et al. Natural contamination with mycotoxins
produced by Fusarium graminearum and Fusarium poae in malting barley in
Argentina. Toxins 2018; 10:78.

[29] Svoboda Z, Mikulikova R, Benesova K, Bélakova S. The occurrence of the selected
Fusarium mycotoxins in Czech malting barley, harvested in 2012-2017. Czech Journal of
Food Sciences2019; 37:439-445.

[30] Piacentini KC, Rocha L, Savi G et al. occurrence of deoxynivalenol and zearalenone
in brewing barley grains from Brazil. Mycotoxin research 2018; 34:173-178.

[31] Golge O, Kabak B. Occurrence of deoxynivalenol and zearalenone in cereals and
cereal products from Turkey. Food Control 2020; 110:106982.

[32] Neme K, Mohammed A. Mycotoxin occurrence in grains and the role of
postharvest management as a mitigation strategies. A review. Food Control 2017;

78:412-425.



[33] Hanvi DM, Lawson-Evi P, De Boevre M et al. Natural occurrence of mycotoxins in
maize and sorghum in Togo. Mycotoxin research 2019:1-7.

[34] Lahouar A, Jedidi I, Sanchis V, Said S. Aflatoxin B1, ochratoxin A and zearalenone
in sorghum grains marketed in Tunisia. Food Additives & Contaminants: Part B 2018;
11:103-110.

[35] Onyedum S, Adefolalu F, Muhammad H et al. Occurrence of major mycotoxins and
their dietary exposure in North-Central Nigeria staples. Scientific African 2020;
7:e00188.

[36] Schoneberg T, Jenny E, Wettstein FE et al. Occurrence of Fusarium species and
mycotoxins in Swiss oats—Impact of cropping factors. European Journal of Agronomy
2018;92:123-132.

[37]Jin Z, Gillespie ], Barr J et al. Malting of Fusarium Head Blight-Infected Rye (Secale
cereale): Growth of Fusarium graminearum, Trichothecene Production, and the Impact
on Malt Quality. Toxins 2018; 10:369.

[38] Stocker TF, Qin D, Plattner G-K et al. Climate Change 2013: The physical science
basis. contribution of working group I to the fifth assessment report of IPCC the
intergovernmental panel on climate change. In: Cambridge University Press; 2014.

[39] Van der Fels-Klerx H, Liu C, Battilani P. Modelling climate change impacts on
mycotoxin contamination. World Mycotoxin Journal 2016; 9:717-726.

[40] Scudamore KA, Patel S. Survey for aflatoxins, ochratoxin A, zearalenone and
fumonisins in maize imported into the United Kingdom. Food Additives &

Contaminants 2000; 17:407-416.



Records identified through Scopus

(n = 2316) and Web of Science

(n = 2726) database searching

A 4

Records after duplicates removed

(n = 3820)

A 4

Studies after assessing title
and abstract (n =492)

\4

Not relevant
(n =3328)

A 4

Full-text articles assessed for
prevalence some mycotoxins
(n=80)

A4

ANEANER RN

AN

AN

Not relevant

Cereal based products
Risk assessment studies
Method development
studies

Invalid analysis method
Fungal assessment studies
Incomplete data

Figure 1. Flow chart of the extensive literature search performed.
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Figure 4. The frequency of some mycotoxins in corn, wheat, rice, barley, sorghum, oats,
and rye seeds in 2018 to 2020. AFs: Aflatoxins Total; AFB1: Aflatoxin B1; OTA:
Ochratoxin-A; DON: Deoxynivalenol; FUMs: Fumonisins total; ZEN: Zearalenone; FB1:
Fumonisins B1; FB2: Fumonisins B2; T2: T-2 toxin; HT2: HT2-Toxin.
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