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Mycotoxins are secondary metabolites of filamentous fungi that contaminate food products such as fruits, vegetables,
cereals, beverages, and other agricultural commodities.
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| 1. Introduction

Mycotoxins are naturally occurring, poisonous compounds produced from filamentous fungi or molds that can be found in
foods. Mycotoxins have a huge set of chemical compounds generated by diverse mycotoxigenic fungi species . Over
400 toxic metabolites are produced by more than 100 fungi species [&. Humans are exposed to mycotoxins through the
consumption of contaminated foods [El. They can pose negative health effects, ranging from acute toxicity to chronic
symptoms, such as kidney damage, liver damage, immune deficiency, and cancer 42!,

Cereal grains and fruits can be infected by molds at various stages of production, for example, during cultivation,
harvesting, and storage 8. The contamination of mycotoxins is a worldwide problem, but it is more serious in humid and
warm environmental conditions that favor the growth of fungi and production of mycotoxins. As secondary metabolites,
mycotoxins are very durable chemical components that can be transmitted from raw materials to processed products such

as beverages, which can pose a serious health risk to consumers (Figure 1).

%

Fusarium Aspergillus Penicillium
¥ ¥ ¥
B p .
A : ﬁ! -
o ; - i
i ?_ » ';i,) . g i, |
i'h;[_f_\;}:h(:ereél.ﬁrains —/ ‘\'
o S T i
Deoxyni\;aleﬁo L s Sl
C ) Patulin
e u | ".' :
aF -
Cereal Based Wine & Grape Juice Apple Juice

Fermented Beverage

Kidney Damagse]

Cancer Immune Deficienc

Figure 1. Mycotoxin contamination of beverages and adverse effects on health (drawn using Adobe lllustrator CC
software).

Over the last few years, distinguishable progress in society has driven reforms in the world beverage market. Consumers
are becoming more conscious about the effect of diet on their health. Beverages are not only responsible for providing
energy and hydration but also for strengthening health and preventing nutrition-related defeciencies . The application of



effective measures to protect consumers from the toxic effects of mycotoxins and, subsequently, to defend against public
health is very significant and crucial.

| 2. Major Mycotoxins in Beverages
2.1. Aflatoxins

Aflatoxins (AFs) are mainly produced by Aspergillus spp. In most of the cases, contamination with AFs takes place after
harvesting and during storage. Inappropriate management during transportation and storage including exposure to
conditions such as high humidity (*65%) and temperatures rapidly increases the AF concentration in food.

2.2. Ochratoxin A

Ochratoxins (OTs) are group of mycotoxins that are mostly generated by Aspergillus and Penicillium species. The
occurrence of OTA-producing fungi and the level of OTA may vary with the climatic conditions [&l. OTA is generally found in
subtropical areas and in high-temperate climate regions and can be available in various food products in these areas, for
example, beer, wine, and grape products [&. Table 1 summarizes the major mycotoxins responsible for the contamination
of beverages.

Table 1. Major mycotoxins involved in the contamination of beverages.

Mycotoxins Products Contaminated Producing Microorganisms References

Aflatoxins Orange, apple juice, grape Aspergillus chevallieri, A. flavus, A. niger, A. oryzae,

i i [10][11]
B1, B2, G1, G2 juice, grapefruit peel A. parasiticus, A. repens, A. fuber, A. tamarii, and A.
wentii
Ochratoxin A (OTA) Grape juice, c9ffee, beer, A. otj‘hracel_ls, A. carbo_nf:tr_lus, A. niger, A. [20][12]
and wine tubingensis, and Penicillium expansum
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Figure 2. Scheme for reducing the mycotoxin concentration in beverages using postharvest treatments (drawn using
Adobe lllustrator CC software).

| 5. Critical Challenges of Mycotoxins in Beverages

Mycotoxins possess very stable chemical structures that remain unchanged after pasteurization treatment. It has been
reported that proper selection, adequate cleaning and washing, and careful sorting of fruits are very crucial factors for the
mitigation of mycotoxin contamination during the manufacturing of beverages 89, As children drink more juices than wine
as compared to adults, therefore, the incidence of mycotoxins in fruit juices is a matter of serious concern [61162],

Physical methods can be applied at large and small scales for a wider range of food, but some physical methods including
irradiation have negative effects on the nutritional, antioxidant, and sensorial properties of food. Chemical methods are
easy to use and comparatively cheap, but their main limitation is the toxicity of residues and secondary products.
Additionally, the toxicity of the mycotoxin-degraded products needs to be measured. Although the adsorption of
mycotoxins by chemical adsorbents is one of the most inexpensive detoxification methods, the safety of absorbent
materials and the removal of the adsorbent—mycotoxin complex from foods is still challenging. In addition, the overall
sensorial quality and final quality parameters (color, clarity, brix, titratable acidity, pH, and TSS) can be adversely affected
by chemical treatments. Biological control methods are healthy and environmental friendly. However, microbial
approaches may deteriorate the food quality by absorbing nutrients and releasing metabolites into the food matrices.
Additionally, biological control methods are more expensive than physical and chemical control measures. Another critical
challenge is the commercialization of biological control methods by overcoming the limitations in translation from
laboratory trials to commercial applications.



