Mycotoxins: What are they?

Mycotoxins are - secondary fungal
metabolites (1)

1. Pleadin J, Frece J, Markov K. Mycotoxins in food and feed. Adv Food Nutr Res. 2019;89:297-345. doi:
10.1016/bs.afnr.2019.02.007. Epub 2019 Mar 6. PMID: 31351529.



Organic doesn’t matter...for mycotoxins

Organic indicates that
(I.,e. man-made
chemicals) were used in the processing of the

food.

Organic does not mean that a food is safe
from mycotoxins!

Mycotoxins are created based on
environmental conditions of the food such as
pH, temperature, moisture content, and
nitrogen content (i.e. more nitrogen, easier to
become moldy)
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Abstract consuming moldy

Today, we have been withessing a steady tendency in the increase of global demand for maize,
wheat, soybeans, and their products due to the steady growth and strengthening of the livestock the N yO U
iIndustry. Thus, animal feed safety has gradually become more important, with mycotoxins

representing one of the most significant hazards. Mycotoxins comprise different classes of Wi ” be d I'in kl ng/eatl ng
secondary metabolites of molds. With regard to animal feed, aflatoxins, fumonisins, ochratoxins, . .
trichothecenes, and zearalenone are the more prevalent ones. In this review, several constraints the myCOtOXI ns In that
posed by these contaminants at economical and commercial levels will be discussed, along with an | mal ’S da | ry prod UCt
the legislation established in the European Union to restrict mycotoxins levels in animal feed. In

addition, the occurrence of legislated mycotoxins in raw materials and their by-products for the

feeds of interest, as well as in the feeds, will be reviewed. Finally, an overview of the different

sample pretreatment and detection techniques reported for mycotoxin analysis will be presented,
the main weaknesses of current methods will be highlighted.
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A unigque challenge of
MYCOTOXINS is that
they
like
a typical pathogen.

This causes many

mainstream primary care
medical physicians to
MISS the mycotoxins
because there is no rise
IN Immunoglobins to
suggest systemic
infection.

Cytotoxicity of Mycotoxins and Their Combinations
on Different Cell Lines: A Review
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Abstract

Mycotoxins are secondary metabolites of molds and mainly produced by species of the genera
Aspergillus, Penicillium and Fusarium. They can be synthesized on the field, during harvest as well
as during storage. They are fairly stable compounds and difficult to remove. Among several
hundreds of mycotoxins, according to the WHO, ochratoxin A, aflatoxins, zearalenone,
deoxynivalenol, patulin, fumonisins as well as T-2 and HT-2 toxins deserve special attention.
Cytotoxicity is one of the most important adverse properties of mycotoxins and is generally
assessed via the MTT assay, the neutral red assay, the LDH assay, the CCK-8 assay and the ATP
test in different cell lines. The apoptotic cell ratio is mainly assessed via flow cytometry. Aside from
the assessment of the toxicity of individual mycotoxins, it is important to determine the cytotoxicity
of mycotoxin combinations. Such combinations often exhibit stronger cytotoxicity than individual
mycotoxins. The cytotoxicity of different mycotoxins often depends on the cell line used in the
experiment and is frequently time- and dose-dependent. A major drawback of assessing mycotoxin
cytotoxicity in cell lines is the lack of interaction typical for complex organisms (for example,
Immune responses).

Keywords: MTT; apoptosis; cell line; cytotoxicity; mycotoxins.
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Abstract

The chemical nature of most of the mycotoxins makes them highly liposoluble compounds that can
be absorbed from the site of exposure such as from the gastrointestinal and respiratory tract to the
blood stream where it can be dissimilated throughout the body and reach different organs such as
the liver and kidneys. Mycotoxins have a strong tendency and ability to penetrate the human and
animal cells and reach the cellular genome where it causes a major mutagenic change in the
nucleotide sequence which leads to strong and permanent defects in the genome. This defect will
eventually be transcribed, translated and lead to the development of cancer. In this review, the
chemical and physical nature of mycotoxins, the action of mycotoxins on the cellular genome and
its effect on humans, mycotoxins and their carcinogenicity and mycotoxins research gaps are
discussed, and new research areas are suggested. The research review posed various questions.
What are the different mycotoxins that can cause cancer, what is the role of mycotoxins in causing
cancer and what types of cancers can be caused by mycotoxins? These questions have been
selected due to the significant increase in the mycotoxin contamination and the cancer incidence
rate in the contemporary world. By revealing and understanding the role of mycotoxins in
developing cancer, measures to reduce the risks and incidents of cancer could be taken.

Mycotoxins function
similarly to viruses
where they are harmful
only when they
penetrate the human (or
animal) cells causing



that are directly linked to MYCOTOXINs

Cancer ..



that are directly linked to MYCOTOXINs

* Esophageal Cancer (FUMs)

* Endometrial Cancer (with mycotoxins specifically storing in endometrial tissues)

* Liver Cancer & Failure (Aflatoxins & FUM)

* Neural Tube Defects (FUM)

* Kidney Disease & Failure (OTA)

* Gastroenteritis (DON)

* Pulmonary Edema (FUM)

* Breast Cancer (ZEN)

* Studies showing increase severity of autoimmunity and HIV due to mycotoxins

* Brain Disorders (especially through airborne mycotoxin exposure)

* Parkinson's Disease (OTA)

* Alzheimer’s Disease (OTA)

* Neuropsychiatric sign and symptoms: pain, movement disorders, delirium, dementia, disorders
of balance

* Gastrointestinal Dysfunction (Aflatoxins)

* Immunocompromization & Autoimmunity
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Mycotoxin: Its Impact on Gut Health and Microbiota
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Abstract

The secondary metabolites produced by fungl known as mycotoxins, are capable of causing
mycotoxicosis (diseases and death) in human and animals. Contamination of feedstuffs as well as
food commodities by fungi occurs frequently in a natural manner and is accompanied by the
presence of mycotoxins. The occurrence of mycotoxins' contamination is further stimulated by the
on-going global warming as reflected in some findings. This review comprehensively discussed the
role of mycotoxins (trichothecenes, zearalenone, fumonisins, ochratoxins, and aflatoxins) toward

gut health and gut microbiota. Certainly, mycotoxins cause perturbation in the gut, particularly in

a bi-directional relationship exists between mycotoxins and gut microbiota, thus suggesting that
our gut microbiota might be involved in the development of mycotoxicosis. The bacteria-xenobiotic
interplay for the host is highlighted in this review article. It is now well established that a healthy gut
microbiota is largely responsible for the overall health of the host. Findings revealed that the gut
microbiota is capable of eliminating mycotoxin from the host naturally, provided that the host is
healthy with a balance gut microbiota. Moreover, mycotoxins have been demonstrated for
modulation of gut microbiota composition, and such alteration in gut microbiota can be observed
up to species level in some of the studies. Most, if not all, of the reported effects of mycotoxins, are
negative in terms of intestinal health, where beneficial bacteria are eliminated accompanied by an
increase of the gut pathogen. The interactions between gut microbiota and mycotoxins have a
significant role in the development of mycotoxicosis, particularly hepatocellular carcinoma. Such
knowledge potentially drives the development of novel and innovative strategies for the prevention

and therapy of mycotoxin contamination and mycotoxicosis.

Keywords: aflatoxin; fumonisin; h ellular carcinoma; intestine; mycotoxicosis; ochratoxin;

trichothecene; zearalenone.

Mycotoxins will take up
room that should be
occupied by healthy gut
microbiota.

Mycotoxins will also
increasing the risk for

leaky gut and immune
compromise.
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2023 study showing
Mycotoxins in Cereal-Based Products and Their Impacts on the Health of 30-42% of breakfast
Humans, Livestock Animals and Pets :
cereals have high

1 levels of mycotoxins.

Jianmei Yu ¥, lvana Ramos Pedroso
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USA Infant 155 OTA positive: 100% of LC-MS/MS [87]

cereals 47 (30%) of the
155 infant positive

cereals samples

USA Breakfast 489 OTA 1n 205 0.1-9.3 3.3%  HPLC-FLD [88]

cereals samples (42%)
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Mycotoxins in milk for human nutrition: cow, sheep
and human breast milk
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Abstract

Mycotoxins are produced pre harvest by some molds and secreted into various food items of plant
origin, such cereals, vegetables, spices, coffee and nuts. If the food items are not stored under
adequate conditions, a post harvest contamination may also occur. Animals and humans take them
up by food items and some of them are stored and accumulated in different tissues and organs, so
that food of animal origin may be contaminated, too. Especially aflatoxin and ochratoxin are
secreted into milk by consumers of contaminated food. Since milk represents the major food
source of newborns and infants, they are notably exposed to these mycotoxins. This health risk for
these individuals may be of particular importance, because their ability to metabolize these fungal
toxic agents is not yet fully developed at this stage.

Keywords: aflatoxin; cow milk; human breast milk; mycotoxins; ochratoxin.

- two
dangerous groups of
mycotoxins can be
taken up through
contaminated foods
and passed In
animal and human
milk
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A worldwide systematic review, meta—-analysis, and
health risk assessment study of mymtﬂxins in beers
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Abstract

Mycotoxins, including aflatoxins (AFs), ochratoxin A (OTA), deoxynivalenol (DON), fumonisins
(FBs), and zearalenone (ZEN), have been reported as beer contaminants. This systematic review
and meta-analysis provide the prevalence and concentration of mycotoxins in beers and their
worldwide distribution. Mycotoxin's exposure and cancer risk through beer consumption were
determined. The overall pooled prevalence of mycotoxins in beers was 31% (95% confidence
interval [Cl] = 28%-35%: |¥ = 90%, p = .00). The most prevalent mycotoxins in beers were DON
and its derivatives (53%), OTA (52%), FBs (47%), followed by AFs (12%). Iran (99%), Hungary

I’"-"v-cl Denmark (92%), Armenia (83%), and Cyprus (83%) had the highest mycotoxin prevalence Afl .t - AI O I A
5. The global mycotoxins average concentration in beers was 12.52 ug/L (95% Cl1 =10.70- - a OXI n S S y y

14.75 pgfL: 12 = 100%, p = .00). DON and its derivatives showed the highest concentration (26.91
ug/L), followed by FBs (23.19 pg/L), ZEN and its derivatives (20.25 pg/L), and AFs (15.65 pg/L). F U M , S D O N a n d Z E N
African region h-—ﬂJ the highest mycotoxins concentration (73.95 ug/L) mostly due to the high levels b ) .
reported in beers from Cameroon (293.02 pg/L), Malawi (132.34 pg/L), and Eastern Cape province
(126.12 pg/L). The meta-regression indicated stability (p = .05 j ruf the global t}uulu d concentration
of mycotoxins in beers over the years,

and Its derivatives, FBs, ZEN and its derl'-,-'atr-.-'e.‘s_. and OTA thrn:nugh beers 1s of concern in African
countries. OTA is also of concern in Brazil and Belgium. Results show high mycotoxins
concentration in beers worldwide and highlight the health risks through contaminated beer

consumption.

@ 2021 Institute of Food Technologists®,
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Occurrence of mycotoxins in meat alternatives:
Dietary exposure, potential health risks, and burden
of disease
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Abstract

This study aimed to present the occurrence of sixteen mycotoxins in 105 meat alternatives based
on wheat, legumes, and vegetables from Italy. The targeted mycotoxins were aflatoxins (AFB1,
AFB2Z2, AFG1, AFGZ), fumaonisins B1 and B2 (FB1, FB2), alternariol (AQOH), alternaricl monomethyl
ether (AME), tentoxin (TEN), ochratoxin A (OTA), zearalenone (ZEN), T-2/HT-2 toxin, deoxynivalenol
(DON), enniatin B (ENMNB), and beauvericin (BEA). The occurrence of mycotoxins was between 0%
(AFB2) - 97.4% (ENNB). Mycotoxin co-occurrence varied from binary combinations up to mixtures
of twelve. To assess the dietary exposure and potential health risks we simulated the replacement

of meat consumption for Italian consumers with meat alternatives. The cumulative exposure to

Alternaria mycotoxins and trichothecenes indicated a potential health risk while the exposure to .
aflatoxins and ochratoxin A indicated a potential health concern related to liver and renal cancer in — a OXI I l S y y y y

the model scenario. Moreover, we estimated the risk of liver cancer from exposure to AFB1 and

quantified the potential burden using Disability-Adjusted Life Years (DALYs). Luckily, the potential

risk of liver cancer was low between 0 and 0.05/100,000 individuals with an associated burden of B E A, a n d m a n y Ot h e rS .
disease of 0.83 DALYs/100,000 individuals. Taking into consideration the presence of meat

alternatives on the food market and the ongoing shift towards plant-based diets there is a need for

continuous monitoring to keep the occurrence at safe levels. More attention is needed from the

requlatory side for policymakers to consider the legislations of mycotoxins in meat alternatives.
Keywords: Exposure assessment; Health risk; Mycotoxin co-occurrence; Plant-based meat
alternative; Risk characterization.
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beans, corn, rice, peanuts, tree nuts, wheat, milk, eggs,
and meat (due to animals consuming contaminated feed)

coffee beans, corn,and wheat.

cereals, grape juice, dairy, spices, wine, dried
vine fruit and coffee

corn, wheat, barley, oats, rice, rye and safflower
seeds



1.

. Have you worked or lived in the building with mold or untreated water damage?

Assessment Questions

Do smells (perfumes/odors/musty areas) bother me?

3. Have you ever had a diet that primarily consisted of corn-based products, processed food or

© oo N o O &

was heavy in sugar or alcohol?

Do you experience unusual shortness of breath?

Do you experience reoccurring sinus infections or upper respiratory issues?
Do you have frequent skin rashes of unusual color or pattern?

Do you have chronic fatigue?

Do you have chronic gut issues, bloating, stomach trouble or constipation?

Do you have chronic disease that “no one has been able to help with™?

If you answered yes,
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