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MYCOTOXICOSIS- A SYSTEMATIC REVIEW ON 
MYCOTOXIN-INDUCED TOXICITIES AND 
DISEASES 
 
Abstract 
 

 Mycotoxins are one of the most commonly 
found toxins distributed in the environment 
everywhere. Recent investigations reveal that nearly 
300 to 400 types of mycotoxins exist today. 
Mycotoxicosis is a severe pathological condition 
caused by Mycotoxins. There are several types of 
mycotoxins released by various fungi, and different 
fungi can release the same kind of Mycotoxins. 
Some of the best examples are aflatoxins, 
trichothecenes, citrinin, patulin, ergot alkaloids, 
fumonisins, patulin, and ochratoxins. Mycotoxins 
are capable of causing severe diseases ranging from 
allergies to acute infection in various hosts, 
including humans and animals. They enter into the 
food chain by infecting the crops. Many intrinsic 
and extrinsic factors easily aid the organism in 
infecting the crops. The reason behind releasing the 
toxin is unknown, but it helps the organism to 
increase inside the host and compromises the host's 
immune system. They often colonize cereals, 
legumes, oilseeds, nuts, animal products, poultry, 
and dairy products. The main route of entry is 
through contaminated food products. Once they gain 
access to the living system, they will establish 
themselves in the target organs like the liver and the 
central nervous system through blood and lymph, 
exerting systemic and local toxicity.  

The present book chapter emphasizes the 
importance of mycotoxin-induced toxicity and its 
prevention. 
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I. INTRODUCTION 
 
As microorganisms are present everywhere around us. Fungi are eukaryotic 

organisms whose growth can be seen on suitable substrates like food, wood, walls, clothes, 
etc., wherever moisture is available. All the bakery foods, vegetables, and fruits show a 
considerable amount of these fungi. Generally, we remove and use the infected part 
whenever we see any contaminated food item with fungi. However, one should be careful in 
consuming contaminated foods, as the toxins might have also spread to the healthy part. 

 
Mycotoxins are one of the secondary metabolites produced by the fungus. Secondary 

metabolites are those compounds that will not participate in the growth and metabolism of 
the organisms. Mycotoxins make the environment favorable for the fungi to grow. In other 
words, they help the fungi to increase in the target sites. 

 
An important question arises what makes the molds infect? Their association with food 
substrates is considered an indication of the pathogenesis of the organisms [1]. Many of our 
foods act as excellent growth media for the growth of fungi. 

 
The association of these organisms with foods is beneficial, resulting in various 

fermented foods. The factors which favor the growth of fungi include: 
• Hydrogen ion concentration. 
• Oxidation-reduction potential. 
• Nutrient composition. 
• The presence of barriers like growth inhibitory substances. 

 
A combined effect of the above factors can successfully inhibit the growth of a 

particular group of organisms. 
 
The present study emphasizes the pathological condition of these mycotoxins. 

Mycotoxins are potentially toxic to human beings and animals. The growth of fungus in a 
host is termed mycoses [2]. On the other hand, the disease caused because of exposure to 
fungi toxins is called mycotoxicosis. 

 
Mycotoxins producing fungi occurs in warm and humid conditions. Fungi that 

produce mycotoxins are mycotoxin fungi [3]. 
 
Mycotoxins occupy a wide variety of food like nuts, cereals, milk, meat, etc. They 

enter the food chain through contaminated foods [5]. 
 
II. HISTORY OF MYCOTOXINS: 
 
In 1992 a mysterious outbreak of a disease called Turkey X disease [6] resulted in the death 
of 100,000 poultry animals. It was because of the consumption of peanut meal by turkey, 
infested with Aspergillus flavus.  
 
1. Aflatoxins: Aspergillus flavus and Aspergillus parasiticus produce these toxins. It is 

among the most investigated mycotoxins because it infects almost all staple food grains 
like rice, wheat sorghum, maize, groundnut, etc. Environmental factors favor or influence 
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the organism's growth, especially temperature and humidity [7]. Major aflatoxins that 
impact the individual's health status are B1, B2, G1, and G2 Fig: 1. these aflatoxins are 
identified better on the kind of fluorescence they emit under ultraviolet rays. Among 
these, B1 is considered the most potent toxin. These aflatoxins are present in various 
foods in different proportions. When animals consume this aflatoxin-contaminated food, 
they enter into their products like milk. The toxins found in milk are called M1 and M2. 
 

 
 

Figure 1: Types of Aflatoxins 
Source: www. Research gate.net 

 
2. Ergot: It is a disease caused by the fungus Claviceps purpurea in plants. It infects crops 

like pearl millet, wheat, sorghum, rye, etc. The fungus mainly infects the flowering stage 
of the crop. The infected flower turns into a dark black mass, often called Ergot. Later it 
fails to develop into grains. Ergot contains the alkaloids Table: 1, Fig: 2 released by the 
fungus.  

 
The route of infection starts from the field itself during transportation. Also, the 

preservation technique followed could be more promising [8]. Many studies suggest that 
the disease starts from pre-harvest and persists in storage because of poor storage 
conditions Table 2. 

 
Table 1: List of Toxins Produced by Claviceps purpurea. 

  
Name of the organism Stage of infection 
Claviceps purpurea Pre-harvest and early storage 
Aspergillus and 
Penicillium spp. 

Storage 

Aspergillus flavus Field 
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Fig

 
Table: 2: List of Toxin-Producing Fungi Infecting 

Name of the 
Claviceps purpurea
Aspergillus 
Penicillium 
Aspergillus flavus

3. Ochratoxin A: It is considered one of the significant toxins causing toxic effects in the 
kidney[9,10]. Members of fungi belonging to 
Ochratoxin A Fig 3. 
 

 
Figure 3: Different types of fungi producing Ochratoxin A
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Figure 2:  Structure of Ergot alkaloids. 
Source: www.wikipedia.com 

Producing Fungi Infecting the Different Stages 
 

Name of the organism Stage of infection 
Claviceps purpurea Pre-harvest and early storage 
Aspergillus and 
Penicillium spp, 

Storage 

Aspergillus flavus Field 
 

It is considered one of the significant toxins causing toxic effects in the 
kidney[9,10]. Members of fungi belonging to Aspergillus and Penicillium sp

 

Different types of fungi producing Ochratoxin A
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he Different Stages of the Crop. 

 

It is considered one of the significant toxins causing toxic effects in the 
Aspergillus and Penicillium spp. release 

Different types of fungi producing Ochratoxin A 
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4. Trichothecene:  Trichothecenes are also called TCT, in short, produced by 
They are named types A and B according to their structure. Other fungal metabolites 
resemble the chemical structure of the TCT. There are two types of trichothecenes, T
A and Type B. Fig 4A and Fig 4B.Consumption of Trichothecene contaminated cereals 
has led to severe outbreaks in many countries like Asia, Africa, Europe, North America, 
etc [11]. 

5. Deoxynivalenol (DON):  
graminearum and Fusarium culmorum
Environmental conditions like high humidity and temperature favor the production of the 
toxin [12]. 
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Trichothecenes are also called TCT, in short, produced by 
They are named types A and B according to their structure. Other fungal metabolites 
resemble the chemical structure of the TCT. There are two types of trichothecenes, T
A and Type B. Fig 4A and Fig 4B.Consumption of Trichothecene contaminated cereals 
has led to severe outbreaks in many countries like Asia, Africa, Europe, North America, 

 
Figure 4A: Type A-Trichothecenes 

 

 
Figure 4B: Type B- Trichothecenes 

 
  It is also named Vomitoxin or DON fig: 5. 

graminearum and Fusarium culmorum release DON when they infect cereals and grains. 
Environmental conditions like high humidity and temperature favor the production of the 

 
 

Figure 5: Structure of DON 
Source: www. Wikipedia.com 
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Trichothecenes are also called TCT, in short, produced by fusarium spp. 
They are named types A and B according to their structure. Other fungal metabolites 
resemble the chemical structure of the TCT. There are two types of trichothecenes, Type 
A and Type B. Fig 4A and Fig 4B.Consumption of Trichothecene contaminated cereals 
has led to severe outbreaks in many countries like Asia, Africa, Europe, North America, 

It is also named Vomitoxin or DON fig: 5. Fusarium 
release DON when they infect cereals and grains. 

Environmental conditions like high humidity and temperature favor the production of the 
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6. Fumonisins: The presence of the fungus merely on the cereals and grains need not 
necessarily demonstrate the presence of the toxin [13,14]. Similarly, 
verticillioides is a common inhabitant of corn.Among fumonisins B1 and B2, B1Fig:6is 
considered the most potent toxin.
 

7. Patulin: Penicillium, Aspergillus
apples, grapes, and pears. Penici
juice [15]. Initially, it is considered an antibiotic; later, several investigations proved the 
toxic effects of the metabolite in animals.

 
8. Zearalenone: It is another kind of mycotoxin produced by 

to a non-steroidal group that shows estrogen
prefers wet and cool climates to proliferate in cereals.

 
9. Moniliformin: It is another kind of fumonisin produced by 

in the corn kernel. It is a reservoir pathogen found in soil and passes from one crop 
generation to another.  

 
10. Roquefortine: Penicillium roqueforti

and Stilton cheese. It is potentiall
 
11. Luteoskyrin: Penicillium islandicum produces two metabolites, luteoskyrin, and 

cyclochlorotine. They are considered hepatotoxic to rodents.
 

III.  EFFECT OF MYCOTOXINS ON HEALTH 
 
Several factors will contribute to the release of mycotoxins on

substances. The factors are as follows
 

 Physical factors: Includes temperature, relative humidity and insect infestation
 Chemical factors: Ex: fungicides/fertilizers
 Biological factors: Completion between the toxigenic fungi and others

 
Animals with single-chambered stomachs, like dogs, rats, and humans, are more 

prone to the toxicity caused by fungal toxins. Animals having a complex organization of 
stomach-like chambers are less affected because they are microbes that may degrade the 
toxin. 
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The presence of the fungus merely on the cereals and grains need not 
necessarily demonstrate the presence of the toxin [13,14]. Similarly, 

is a common inhabitant of corn.Among fumonisins B1 and B2, B1Fig:6is 
considered the most potent toxin. 

Figure 6: Types of Fumonisins 
 

Penicillium, Aspergillus, and Byssochlamys produce patulin when infested on 
apples, grapes, and pears. Penicillium expansum, a blue mold, makes patulin in apple 
juice [15]. Initially, it is considered an antibiotic; later, several investigations proved the 
toxic effects of the metabolite in animals. 

It is another kind of mycotoxin produced by Fusarium sp
steroidal group that shows estrogen-like activity in farm animals. The organism 

prefers wet and cool climates to proliferate in cereals. 

It is another kind of fumonisin produced by Fusarium 
in the corn kernel. It is a reservoir pathogen found in soil and passes from one crop 

Penicillium roqueforti produces roquefortin [17] toxin in blue, Roquefort, 
and Stilton cheese. It is potentially toxic to mice. 

Penicillium islandicum produces two metabolites, luteoskyrin, and 
cyclochlorotine. They are considered hepatotoxic to rodents. 

EFFECT OF MYCOTOXINS ON HEALTH  

Several factors will contribute to the release of mycotoxins on
substances. The factors are as follows 

Includes temperature, relative humidity and insect infestation
Ex: fungicides/fertilizers 
Completion between the toxigenic fungi and others

chambered stomachs, like dogs, rats, and humans, are more 
prone to the toxicity caused by fungal toxins. Animals having a complex organization of 

like chambers are less affected because they are microbes that may degrade the 
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The presence of the fungus merely on the cereals and grains need not 
necessarily demonstrate the presence of the toxin [13,14]. Similarly, Fusarium 

is a common inhabitant of corn.Among fumonisins B1 and B2, B1Fig:6is 

 

produce patulin when infested on 
llium expansum, a blue mold, makes patulin in apple 

juice [15]. Initially, it is considered an antibiotic; later, several investigations proved the 

Fusarium spp.[16]. It belongs 
like activity in farm animals. The organism 

 proliferatum found 
in the corn kernel. It is a reservoir pathogen found in soil and passes from one crop 

produces roquefortin [17] toxin in blue, Roquefort, 

Penicillium islandicum produces two metabolites, luteoskyrin, and 

Several factors will contribute to the release of mycotoxins on several food 

Includes temperature, relative humidity and insect infestation 

Completion between the toxigenic fungi and others 

chambered stomachs, like dogs, rats, and humans, are more 
prone to the toxicity caused by fungal toxins. Animals having a complex organization of 

like chambers are less affected because they are microbes that may degrade the 
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Mycotoxins are known to cause cancer in human beings. Another toxin called citrinin 
released by penicillin and aspergillus species causes yellow rise disease [18]. Aflatoxicosis is 
a condition that results from the ingestion of aflatoxins. It causes acute liver toxicity and may 
lead to cancer. 

 
Chronic toxicity develops by exposure to the toxin from low to moderate levels of 

toxin now, and their ergotism involves patients suffering from convulsions. It is called "St. 
Anthony's Fire." 

 
Symptoms of ergotism include Convulsions and Gangrene. General symptoms like 

nausea, vomiting, and diarrhea are associated with them. Spasms, seizures, confusion, 
delusions and hallucinations, itching, and paresthesia accompany convulsions [19]. 

 
Patients may lose parts of their extremities, such as toes and fingers, due to the 

constriction of blood vessels in gangrene conditions. Acute human mycotoxicosis includes 
nausea, vomiting, gastrointestinal upset, dizziness, etc. 

 
Fumonisins are responsible for oesophageal cancer in Asia, Africa, and American 

maize-eating populations. Fumonisin B results in the poor update of folic acid, causing 
neural tube defects in human babies. 

 
Alimentary toxic Aleukia leads to a decrease in leukocytes caused by the T2 toxin 

produced by Fusarium sp. Ochratoxin A causes kidney disease. DON causes nausea, 
vomiting, and diarrhea in animals. Severe weight loss and reluctance to feed are observed. 
Because of this, it is called the food refusal factor [20]. 

 
1. Measures for prevention: Mycotoxins pose adverse health effects, which may lead to 

cancer. Mycotoxin-contaminated food and feed have severely damaged animal livestock 
(farm animals). Indirectly it affected the livelihood of the farmer, who occupy the primary 
claim of the population, especially in India. Also, it has negatively impacted the country's 
economic status because of the rejection of contaminated foods that are either imported or 
exported. 

 
On the other hand, it has created life-threatening conditions for human beings 

leading to several diseases. National and international regulatory authorities like FDA and 
FSSAI have issued specific guidelines for exporting and importing food materials with 
the threat of mycotoxin contamination. The levels of these mycotoxins need to be 
monitored at regular intervals to ensure the safety of the foods. According to FSSAI, the 
limit of aflatoxin in various foods should be between 10-15 ppb for human consumption; 
ochratoxin has a limit of 20 ppb in wheat, rye, and barley, etc. for patulin, 50 ppb in apple 
juice, and DON it is 1,000 ppb in grain [21]. 

 
2. Processing of Foods can Minimize the Risk of Aflatoxins: Milling and cooking 

processes reduce aflatoxin levels in foods. Binding agents like bentonites andclays are 
added to the feeds to lessen their bioavailability.  

 
Separation of visible mold growth in seeds or grains from healthy ones is one of 

the best ways to minimize risk. Refining and filtering the nuts of the oil reduce the risk of 
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contamination. Control of mold in the animal feed reduces the fungus's entry into the food 
chain. 

DON is a heat-stable and water-soluble toxin and can be removed easily by 
washing the grains. 

 
Ochratoxins are removed by roasting the coffee beans Sorting out fruits and 

vegetables reduces the risk of contamination. Winnowing, washing, crushing, and 
dehulling of grains lessen toxins. Floatation method, including salt water, 30 % potassium 
chloride is poured over the seeds and stirred[22]. 

 
3. Use of Dietary fibers: Antioxidants like selenium, Vitamin A, E, and C fructose, 

phenolic compounds, chlorophyll, and coumarins reduce the toxicity of these toxins. 
Broccoli, Sprouts, and green tea can be detoxed to remove toxins [23]. 

 
The present study strictly emphasizes maintaining absolute cleanliness and 

sanitation starting from the harvesting, transportation, and finally, to the end-user, which 
will lessen the impact of toxins. Following good agricultural practices, preservation 
methods, and processing methods, all together can reduce contamination. Further 
selective breeding and genetic engineering offer the selection of resistant varieties of 
crops, which will help to prevent infestation by fungi [24]. 

 
Spreading awareness about the importance of fungi, the food grains and cereals 

they infect, mycotoxins, and mycotoxicosis will help to achieve eradicate the risk caused 
by fungi. 

 
IV.  CONCLUSION 

 
Mycotoxins gained the attention of healthcare professionals because of the impact 

caused by them on animal and human livestock. International and national regulatory 
standards strictly framed the code of practice, which will limit exposure to different types of 
foods with respect to mycotoxins. 
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