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Abstract ‘ Review Article

Mycotoxins are fungi-produced toxins that can be found virtually wherever on Earth. Not all fungus create mycotoxins,
and some species are capable of producing multiple types of toxins. Mycotoxins enter the body either directly or
indirectly by the consumption of fungi-contaminated foods, such as meat, grains, fruits, and vegetables. Eating them
results in a variety of harmful effects, ranging from acute toxicity to long-term illnesses or chronic diseases. Some of
them trigger outbreaks of human poisoning. Aflatoxin, which causes liver cancer, and ochratoxin, which causes cancer
and renal illness, are two examples. Furthermore, fumonisin toxins have been linked to poor growth, nervous system
malfunction, and esophageal cancer in both humans and animals. While the toxin of deoxynivalenol is known as
Vomitoxin, it is one of the most frequent trichochene compounds in this group and a major contamination of corn, wheat,
and barley. From a long time ago to the present, we have noted that various significant studies on mycotoxins have been
done in order to understand their mechanism of action in animals and manage them. This study looks at some of the
most recent research on the biological effects of four forms of mycotoxins that are now relevant and dangerous to humans
and animals: deoxynivalenol, fumonisins, aflatoxins, and ochratoxins.
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INTRODUCTION

Climate is the primary factor that promotes the
proliferation of fungus and consequently the
development of mycotoxins [1]. Mycotoxins have a
direct influence on food security since they significantly
reduce the supply of animal feed and food for humans in
underdeveloped countries [2,3]. This suggests that there
is a close relationship between climate change and
mycotoxins, as climate variations in temperature,
humidity, and pressure have a direct impact on the type
of mycotoxins produced, their concentration, and the
type of effect they have on humans and animals alike [4].
A group of toxins, among the thousands of mycotoxins
produced by fungi, are of great importance because of
the severe toxic effect they have on living organisms in
general and humans in particular, including aflatoxins
(AF), ochratoxins (OT), zearalenone (ZEA),
deoxynivalenol (DON), and fumonisins (FUMs), which
are found in grains consumed locally and globally
frequently, such as rice, wheat, and corn, as well as fruits
and vegetables. As a result, they are regarded as an
unavoidable issue that contributes to the development of

a variety of problems, including liver cancer, malformed
babies, renal toxins, and other fatal diseases [5]. Recent
study has revealed that fungi in tropical and subtropical
environments produce aflatoxin-type mycotoxins. As a
result, aflatoxin toxins have become more prevalent in
moderate-temperature regions. This toxin has gotten a
lot of attention since it causes cancer in humans [4, 6, 7,
8, 9, 5]. The ability of fungus to produce fermentation
was generally established by the late nineteenth and early
twentieth century. Researchers discovered a huge
number of toxic secondary metabolites that fungi
produce during liquid and solid fermentation. Because
some of these substances are ingested by humans,
researchers are particularly interested in their toxicity
and environmental impact. Mycotoxins, or fungi's
secondary metabolites, have been linked to a number of
diseases [10]. And According to a study conducted by
[11, 12], these poisons are among the chemical
substances found in the environment in very small
amounts and constitute a significant threat to the
ecosystem. However, secondary metabolites from
fungus are incredibly significant. Alexander Fleming's
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creation of penicillin had a major and positive impact on
humanity due to the therapeutic effect that this antibiotic
provides for a wide range of terrible human diseases
[10,13]. Taif M. Muslim and colleagues discovered that

fungi have an important part in industry, agriculture,
medicine, and technology, as well as in fermentation
[14].

Table 1: Mycotoxins and some of their effects on humans and animals

Mycotoxin Toxin-producing Influence or disease Citation
fungus
Deoxynivalenol | F. graminearum It is known as emetic toxin because it causes vomiting. (15)
Deoxynivalenol | F. graminearu Inhibiting RNA and DNA synthesis, the toxin also has a | (16)
F. culmorum noticeable effect on growth regulators, thus increasing the
body's sensitivity to diseases.
FB1 F. verticillioides Equine leukoencephalomalacia (ELEM) (17)
FB2 A.niger Esophageal cancer in humans (18)
Aflatoxin B1 A.flavus Turkey X disease hepatocellular carcinoma (HCC). (19)
Aflatoxin B1 A.flavus Aspergillosis in humans and animals. (20)
Ochratoxin A A.niger pencillium. sp Liver and kidney cancer in humans and mice. (21)
Ochratoxin A A.niger pencillium. sp Nephropathy in the Balkans (BEN). (22)

Properties of mycotoxins

e Fungi produce toxic chemical compounds,
primarily cyclic or open-chain hydrocarbons
that dissolve effectively in organic solvents
[23].

e Most mycotoxins are tasteless and odorless
[23].

e  Mycotoxins' low molecular weight inhibits the
immune system from identifying and managing
them, leading to buildup in tissues and organs
like the liver, spleen, and kidney [24].

e Due to its great temperature tolerance, it can
stay in the soil for a long time before spreading
to crops, animals, and humans. Its durability
extends to high cooking temperatures, raising
concerns about mycotoxins and their health
implications; it also  withstands cold
temperatures up to freezing [24].

e The chemical composition of mycotoxins
varies, leading to different biological effects.
Some of them can depress the immune system,
while others can induce neurological or tissue
damage [23].

e  Mycotoxins enter the body through three routes:
eating food infected with toxin-producing
fungi, inhaling fungi and spores, or coming into
close touch with them [25].

e Resistant to the breakdown processes that occur
during digestion and absorption in the digestive
tract [23].

e non-antigenic substances, therefore the body
cannot produce antibodies against them [25].

e Not all secondary metabolites of fungi are toxic
(mycotoxins). Rather, secondary metabolites of
fungus are used as therapies, albeit in small
quantities. Penicillin is an example of this; it is
currently widely used as a treatment and is

produced as a secondary metabolite by the
Penicillium fungus [26].

Mycotoxins

Toxic fungi create secondary metabolites
known as mycotoxins. Most fungi can create multiple
forms of toxin at the same time, although not all fungus
can make mycotoxins [27]. A vast group of fungi create
mycotoxins, the most prominent of which are Aflatoxin,
Rubratoxins, Citrinin, Fumonisins, Patulin, Ochratoxin,
and Alteratoxin (AtxIl & I) [28]. Mycotoxins are a
chemically varied class of low-molecular-weight
secondary metabolites produced by fungal molds that are
generally hazardous to the environment [29,20]. Many
mycotoxins enter our bodies through contaminated meals
or by inhaling poisonous fungus spores. They can also
enter the human body through ingesting animal products
that have previously consumed mycotoxin-contaminated
feed [30]. Mycotoxins may be created by fungi as a
defense mechanism against competing fungal species,
certain bacteria, harsh environmental conditions such as
drought and extreme cold, or a lack of nutrients required
for the fungus' survival [31, 32]. Because of their
consequences on human health, it is increasingly critical
to investigate the presence of mycotoxins in food and
beverages [33]. Fumonisin, ochratoxin, zearalenone, and
aflatoxin are some of the approximately 400 mycotoxins
found. They are subject to international control because
of the harm they do to humans and animals. [34].
Animals and humans are directly exposed to mycotoxins
when they ingest food contaminated with toxin-
producing fungi. These toxins target living cells during
division, including bone marrow, testicles, and spleen
cells. T-2 toxin, the most severe and harmful mycotoxin,
produces Alimentary toxic Aleukia illness, which
weakens the organism's immune system and has a more
severe effect on bone marrow. Vomitoxin 'Don' toxin
also suppresses the immune system, although its effects
are less severe than those of T-2, particularly when it
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comes to the body's resistance to infections caused by the
following bacterial species: Compylobacter spp, Listeria
spp, and Salmonella spp [35].

Understandably, this has been the subject of
extensive inquiry. Four kinds of mycotoxins have
different toxicity for humans and animals.

Deoxynivalenol (DON)

According to a 1989 study conducted in Iraq by
[15], the poison is mostly produced by the F. compactum
and F. verticilliodes fungi, which have been found in
both imported and local wheat plants. This species of
fungus attacks wheat plants, resulting in wheat blight. In
1990, [36] confirmed a direct link between wheat blight
and the presence of 'DON' toxins. What adds to the fear
of grains becoming infected with this type of toxin-
producing fungus is that the grains appear healthy on the
outside, but when examined for the presence of toxins
using one of the methods used to detect the presence of
mycotoxins used by [37] in 2000, it was discovered that
the grains, which appear healthy on the outside, contain
high levels of toxins. Toxin detection techniques include
GC, TLC, ELISA, HPLC, HPTLC, UV, and
Spectrophotometer. The fungi that create this sort of
toxin attack grains in the field, and it is a field fungus,
which means it does not survive storage or export [15].
This form of mycotoxin, also known as Vomitoxin, is
one of the most frequent trichotoxin compounds in this
group and the primary contaminate of corn, wheat, and

barley [38, 39]. Morooka and his colleagues discovered
this toxin for the first time in 1972 in Japan as a
secondary metabolite of the fungus F. graminearum
isolated from barley. Vesonder termed this toxin
vomitoxin in 1973 because to its emetic characteristics
[15]. When a poison-containing food is exposed to high
heat, the toxic substance is reduced by 12%; when
exposed to both high pressure and heat, the toxin is
reduced by 26%. This shows that the toxin can withstand
high heat and pressures while cooking [40]. As a result
of these features, DON is extremely harmful and has a
substantial impact on human health, as proved by [41];
this toxin causes serious illnesses in people such as
stomach cancer, liver cancer, esophageal cancer, and
arthritis. [16] in 1996 that the harmful effect of DNA is
a decrease in the quantity of ribosomes, which inhibits
protein synthesis of DNA and RNA, increasing the
body's susceptibility to disease. Don toxic has a low
molecular weight and is made up of white chemical
crystals in its solid state. It is water-soluble and dissolves
in polar solvents such as ethyl acetate and ethanol. It is
particularly resistant to intense heat [42].

Chemically, Don toxic has its origins in the type
B group of trichochenes. It consists of an epoxy group
between carbon atoms 12-13 and a trichochene ring. It
also contains a carbonyl group on carbon atom 8. It
contains two secondary hydroxide groups and one
primary hydroxide group [43, 44].

I
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Deoxynivalenol
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Fig. 1: Chemical structure of deoxnivalenol (44)

FUMONISINS

It is one of the most dangerous types of
mycotoxins produced by the sorts of fungi that cause
infections. The fungi that create these toxins are some
species of Fusarium fungus, including F.verticillioides,
F.porliferaum, this toxin is also produced by the fungus
Aspergillus niger, which grows on corn and peanuts
[45,46]. The Fusarium fungus, the primary cause of this
toxin, was found for the first time by the scientist Link in
1909, and it causes a variety of diseases in humans,
animals, and plants. Fs are classified into four kinds: A,
B, C, and D, with over 15 other types [17]. Furthermore,
FBI is categorized into several types, including FBI,
FB2, and FB3. The most virulent and very deadly
fumonisin is FB1 [51,17]. The collection of symptoms
that develop when exposed to mycotoxins is called

'Mycotoxicosis'.  Mycotoxicosis symptoms in the
digestive tract include vomiting, diarrhea, and abdominal
discomfort, which are regarded main symptoms of
fusarium toxin and aflatoxin [52,53]. Furthermore,
fumonisin toxins are known to cause poor growth,
nervous system dysfunction, and esophageal cancer in
humans and animals [54]. FBI1 is the most hazardous and
most ubiquitous of the kinds of FBI, causing toxic
consequences in humans and other animals alike,
including neurotoxicity, malignancies, and
hepatotoxicity [55]. The work conducted by [56], which
discovered that FBI1 produces toxicity in human
esophageal epithelial cell lines, provides evidence that
fumonisins are hazardous in the development of
esophageal cancer. This was demonstrated in a study
conducted by [57], who discovered a link between FB1
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consumption and esophageal cancer. These toxins
dissolve in aqueous solutions such as methanol and polar
solvents such as water, and they are classified as
temperature-stable chemical compounds when moisture
is not present [58]. Fs are polyketides, the most abundant
secondary metabolites identified in fungi and bacteria,
exhibiting their varied composition [59,60].

Chemically, Fumonisin does not have a
chemical ring or cyclic structure, unlike most
mycotoxins but it has 19-20 carbon

aminopolyhydroxyalkyl chain which decomposes with
propane-1,2,3- tricarboxylic acid groups [61, 62].

COOH
o _COCH,CHCH,COOH % on
CHs
20 1
CHy O CH; R, NHR;
COCH,CHCH,COOH
COOH
FA, FA, FB, FB, FB, FB, FC,
R, OH H OH H OH H OH
R, OH OH OH OH H H OH
Rs CH,CO | CH,CO | H H H H H

Fig. 2: Chemical structure of fumonisins [51]

Aflatoxin B1

Aflatoxins are biologically active secondary
metabolites. This type of toxin is produced by
Aspergillus fungus strains, mainly Aspergillus flavus and
Aspergillus parasiticus. These fungi are characterized by
being widely distributed in nature and capable of
infecting many types of agricultural crops, which in turn
become contaminated with mycotoxins under certain
environmental conditions, when humans and animals
consume aflatoxins-contaminated food and feed, they
can develop severe liver poisoning, immune system
poisoning, and birth abnormalities [63]. AFB1 is one of
the chemical forms of aflatoxin. It is the most abundant
and most toxic. It causes genetic mutations and is a toxic
substance that is carcinogenic to humans, Hepatotoxicity
in humans is associated with aflatoxin [63,64]. From an
economic standpoint, approximately 25% of agricultural
crops are infected with aflatoxins, causing significant
economic losses [65]. When exposed to aflatoxins, two
sorts of diseases develop: acute poisoning, which kills,
and chronic poisoning, which causes cancer and
primarily affects the liver (20). There is also some
evidence that aflatoxin exposure increases the risk of
developing lung and other malignancies [63]. Few
fungus have had such a broad economic influence as
Aspergillus flavus. It is a disease of plants, animals, and
insects, causing storage rots in many crops and

producing AFBI1, a highly controlled mycotoxin.
Aspergillus species have grown in importance as human
diseases, owing to the fact that immunocompromised
people are particularly vulnerable to these fungi. Only 4.
fumigatus is more significant than 4. flavus among
aspergilli that cause mycoses in humans [66]. AFBI is a
highly potent naturally occurring carcinogen. It is one of
a few mycotoxins designed for use as a biological
weapon (20). A. flavus isa mold that -causes
bronchopulmonary aspergillosis. It is an insect pathogen
that affects a variety of species, such as honeybees,
where it produces stonebrood [67, 68, 69]. Aflatoxin's
economic costs are difficult to measure because overall
estimates must encompass losses such as delayed weight
increase and immunological suppression in farm
animals, as well as the death of companion animals due
to aflatoxicosis [70].

Chemically, the aflatoxins are difuran coumarin
metabolites synthesized via a polyketide route. There are
four primary aflatoxins: B1, B2, G1, and G2, where the
letters represent the color of their fluorescence under UV
light (blue or green) and the numbers represent their
relative  migration distance on a thin-layer
chromatographic plate. There are also other, less
prevalent aflatoxins. AFB1 is the most potent naturally
occurring carcinogen [71], and when the term aflatoxin
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is used in the singular, the author usually refers to
aflatoxin B1.

OCHj,

Fig. 3: Chemical structure of Aflatoxin 'B1' [72]

Ochratoxin A

Ochratoxin is a mycotoxin resulting from the
secondary metabolism of a group of filamentous fungi
belonging to the genera Aspergillus and Penicillium
[73,74,75,76]. Several forms of ochratoxins exist
naturally, including ochratoxin A, ochratoxin B
'dechlorinated OTA', and ochratoxin C 'ethylated OTA',
and they are frequently co-produced. The most common
toxin is ochratoxin A, which the International Agency for
Research on Cancer classifies as a group 2B probable
human carcinogen [77]. Ochratoxin was associated with
human and animal diseases in the early seventies of the
twentieth century. Most studies indicate that ochratoxin
is mainly prevalent in the countries of northeastern
Europe (Serbia, Bulgaria, Croatia), and Africa, such as
South Africa, Tunisia, Morocco, Congo and Egypt
[78,79,80,81,82,83,84,85,86]. Ochratoxin is a common
contaminant found in coffee, grains, spices, grape juice,
wine, beer, and cocoa products. It has a number of
negative effects in humans and animals, including
nephrotoxicity [87]. It has also been found to cause liver
and kidney tumors in mice [21]. In addition to rats [88].
There are also other minor adverse consequences, such
as liver toxicity [89]. Congenital malformations [90].
Cancerous illness [91]. It also lowers immunity (92).
This suggests that Ochratoxin A is accountable for the
kidney illness in the Balkans 'Balkan Endemic
Nephropathy'; also, urinary tract malignancies in humans
are linked to this toxin [22]. Based on a study conducted
by [93] where they measured the concentration of

ochratoxin A in the blood of people suffering from acute
kidney disease and compared these concentrations with
the concentrations of OTA in healthy individuals, they
noticed that there was no significant difference between
the concentration of OTA in healthy people and that
found in people with kidney disease, as their serum
showed an increase in the concentration of A by 1.5 nmol
/L compared to what is found in healthy people ,This
study reveals that when the blood concentration of OTA
in patients with nephritis is 1.5 nmol/L higher than in
healthy people, it may serve as a biomarker for the
disease. According to a study conducted by [94] in 1999,
when OTA was administered to rats during pregnancy,
the toxin produced central nervous system abnormalities.
Similarly, [95] demonstrated in 2001 that OTA toxin
might be deemed a chemical responsible for several brain
diseases. As a result, OTA might be called a highly
hazardous toxin that can reach the neurological tissue
(retina - brain) [96]. [97,98,99,100] mentioned in a study
they conducted on laboratory mice, where a dose of
poison was given to the mice during pregnancy, and then
they noticed a deformity in the formation of the fetuses
before birth as a result of the accumulation of poison in
the tissues of the fetuses after crossing the placenta, thus
causing morphological deformities in the fetuses of mice,
and in the same manner in chickens [101] and hamsters.
[102].

Chemically, Ochratoxin 'A' (OTA) is 7 -
carboxyl  -5-  chloro-8-hydroxyl-3,4-dihydro-3-R-
methylisocomarin-7- L-phenylalanine [103].

Cl

Fig.4: Chemical structure of ochratoxin' A'(103)

CONCLUSIONS

Although there is a wealth of information
available that demonstrates the toxic effects of many

mycotoxins produced by fungi, future research topics
must continue to address this topic and its importance to
human health. Continued research will contribute to the
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discovery of modern, fast, simple, less expensive, and
more accurate methods through which we can detect
mycotoxins before contaminated foods and foodstuffs
reach the market. It is necessary to identify the danger
posed by mycotoxins to humans when they consume
foods contaminated with toxins. Through the study
conducted in this review, we noticed that the vast
majority of secondary metabolites of fungi have a
negative effect on humans, animals and plants. This
effect can either be observed directly after eating foods
contaminated with mycotoxins, or it is a cumulative
effect, where symptoms appear after several years, which
is the most dangerous.

There are some secondary metabolites of fungi,
but on a limited scale, that have a positive effect,
including penicillin, which is used in treatment. There
are also some types of fungi that help repair and improve
soil productivity. In addition, aflatoxin, which is
considered the most powerful and severe carcinogenic
substance, has been biologically developed to be used as
a weapon.

RECOMMENDATIONS

Establishing inspection centers for local crop
grains, fruits, and vegetables, as well as conducting
periodic inspections of grains in laboratories,
warehouses, and shops to ensure they are free of
contaminated fungi and mycotoxins, and ensuring the
cleanliness of buildings and health facilities from fungal
contamination. Raising community awareness about not
eating food that has been improperly stored and
contaminated with fungi, while taking into account the
laws governing permissible levels of contamination and
toxicity, as well as using types of fungi (Mushroom) as a
food substance due to their role in preventing fungi
growth and their nutritional and health benefits.

Abbreviation key: DON= deoxynivalenol, FBI=
fumonisinB1, F= fumonisin, AFB1= aflatoxinB1, OTA=
ochratoxin A.
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