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Mycotoxins-aflatoxins

Abstract 
The food is necessity for keeping in life humans and animals, but it can also be a threat for their health and wellbeing. 
Food can be contaminated by a range of microorganisms and their toxins causing foodborne illnesses. Among them the 
mycotoxigenic molds produce mycotoxins as metabolic products. Most of them are carcinogenic causing acute damage 
to human and animal organs. The most important genera in the spoilage of foods and animal feeds are Aspergillus and 
Penicillium species which produce a variety of aflatoxins having deleterious effects on human and animal health.
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Mycotoxins are chemical compounds, metabolic products of the mold group Michofite, so named mold secondary 
metabolites. Aspergillus species are one of the most important genera of toxigenic molds in the spoilage of foods and 
animal feeds that produce a variety of aflatoxins (AFTs), that cause severe health problems to humans and animals 
[1-3]. Among them, the aflatoxin B1 is the most potent liver carcinogen producing acute liver damage, liver cirrhosis, 
tumor induction, and terarogenesis. From the harmful impact of the aflatoxins especially are affected the third world 
countries. There is evidence that acute aflatoxicosis outbreaks in Asia and India caused simptoms such as vomiting, 
abdominal pain, pulmonary edema, and fatty infiltration and necrosis of the liver, as well as fatalities [4,5]. 

Many other mycotoxins produced by Aspergillus are of great significance from the point of view of human health 
in cancer induction and immunosuppresion. The immunosuppression caused by AFTs can increase susceptibility to 
infectious diseases, particularly in populations where AFT ingestion is chronic, and it can be developed by either alone 
or in combination with other mycotoxins. Aflatoxin B1 is an immunosuppressor [6].

Organs that are mainly attacked by aflatoxins resulting in acute toxicity and carcinogenicity are the liver and the 
lungs [4]. Human liver canser has a high incidence in central Africa and parts of Southest Asia, and studies in several 
African countries and Thailand have shown a correlation between aflatoxin intake and the occurance of primary 
liver canser. It was found very strong correlation between the daily dietary intake of AFB1 and the incidence of 
primary liver cancer in humans [7]. Suppression of phagocytosis by alveolar macrophages that persisted for 2 weeks 
was caused by exposure of lungs to aerosolic AFTs [8,9]. The main target organ of Ochratoxin A (OTA) is kidney. 
Animal studies showed that OTA is a potent renal carcinogen [10], also being carcinogenic to humans, as well as an 
immunosuppressive, teratogenic, and nephrotoxic compound [11]. High dosage of mycotoxins' contamination causes 
chronic mycotoxicosis, such as HCC, involving formation of DNA adducts, regulation of DNA methylation, and 
alteration of gene expression [12,13].

Introduction

The purpose of this article is to draw attention to the danger of food contamination with mycotoxins, especially with 
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Varieties of Aflatoxins
Significant mycotoxins produced by Aspergillus species and their toxic effects are presented in Table 1.

Chemical Structure of Aflatoxins 
AFTs are difuranocoumarin derivatives (Figure 1) and they are synthesized through the polyketide pathway The 
B-type ATFs are characterized by a cyclopentane E-ring. These compounds have a blue fluorescence under long-
wavelength UV light, while the G-type AFTs have a xanthone ring in place of the cyclopentane and fluoresce green 
under UV light. AFTs of the B2 and G2 type have a saturated bis-furanyl ring. In Figure 1 only the bis-furan is shown. 
AFTs of the Bla and Gia type have a hydrated bis-furanyl structure. 

The letters B and G refer to the fluorescent colors (blue and green, respectively) observed under long-wave UV light, 
and the subscripts 1 and 2 refer to the toxins’s separation patterns on thin-layer-chromatography plates.

Aspergillus species, as well as for the possible prevention and control of this food natural contamination threatening 
the health of humans and animals.

SpeciesToxicityMycotoxin(s)

A. flavus, A. 
Parasiticus,

Acute liver damage, 
cirrhosis, carcinogenic 
(liver), teratogenic, and 

immunosuppressive

Aflatoxin B1 and B2

A. Parasiticus, A. 
nomius

Effects similar to those 
of B aflatoxins, G1 

toxicity less than that 
of B1 but greater than 

that of B2

Aflatoxin G1 and G2

A. flavus, A. tamarii

Degeneration and 
necrosis of various 

organs, tremorgenic, 
low oral toxicity

Cyklopiazonic acid

A. ochraceus, and 
related species, A. 

carbonarius, A. niger 
(occasional)

Kidney necrosis 
(especially in 

pigs), terato-genic, 
immunosuppressive, 

probably carcinogenic

Ochratoxin A

A. versicolor, 
Emericella

Acute liver and kidney 
damage,Sterigmatocystin spp

A. fumigatus
carcinogenic (liver) 

Tremorgenic (rats and 
mice)

Fumitremorgens

A. terreus 
A. clavatus

Tremorgenic (rats and 
mice) TremorgenicTerritrems

A.clavatusCytotoxicCytochalasins

TryptoquivalinesFeed refusals (pigs)Echinulins
aAdapted from Table 24.1 in Food Mycrobiology, 24.Toxigenic Aspergillus species, pp.539
Table 1: Mycotoxins with their toxic effects produced by Aspergillus speciesa 

Occurrence of AFs
The first data for Aspergillus associated with food date back to 300 years ago. They commonly occure in stored food 
such as grains, nuts, and spices and more frequently in tropical and subtropical climates [14,15]. A. flavus is one of 
the most commonly occurring Aspergillus molds in nuts and oilseeds, soybeans, mung beans and sorghum. A.Nomius 
was detected most often in peanuts and corn. The most important crops invaded by these molds are corn, peanuts 
and cottonseed [15]. Cereals and spices are also common crops invided for A. flavus, as a result of poor drying, 
handling, or storage [16]. The invasion of AFTs in these commodities can takes place before harvest while still in the 
ground, during the storage and processing. Food contaminated with AFTs is the most important risk factor in South 
East Africa and South East Asia [17]. AFTs are also frequent at high levels in airborne, respirable grain dust particles 
duing cerel processing and in indoor air, because of what they represent potentinal threat for the environment [18-
20]. There is evidence for a significant increasing in fatality from cancer and respiratory cancer in peanut-processing 
workers exposed to AFT-contaminated dust. There are data for co-occurence on various mycotoxins such as AFTs 
with ochratoxin A in spices and processed cereal-based foods [21,22].
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Biochemical Activation and Molecular Mechanism of Aflatoxin Action
AFTs are converted into acutely toxic and carcinogenic reactive species by undergoing the process of oxidative 
metabolism. Their toxicity and carcinogenicity are exerted by covalent binding of reactive AFT metabolites to cellular 
macromolecules proteins, DNA and RNA. Carcinogenicity and mutagenicity by transformation with DNA modified 
by the carcinogen-mutagen, aflatoxin B1. of AFTs are associated with their DNA binding properties [7].

Source: Microbial Food Contamination, Charles L. Wilson, ed., 2nd ed., Section I, part 6, pp.127
Figure 1: Chemical structure of aflatoxins

Factors Affecting Aflatoxin’s Growth and Toxin Production
Environmental factors have an influence on the production of mycotoxins [23]. AFTs are produced at optimum 
temperature and water activity (aw). The temperature ranges from 12 to 40 ℃. The optimum temperatures for A. flavus 
and A. paraziticus  are from 30 to 33 ℃. The optimum water activity for growth is near 0.996. The optimum water 
activity for growth of AFTs is of 0.80 to 0.83, but they are produced in greater quantity at higher aw (0.98 to 0.99). 
pH is another important factor for growth of AFTs, with a range from obove 2.0 up to 10.5 [17]. The final mycotoxin 
concentrations observed in food may be due to complex interactions between species and the environmental factors 
of the samples analyzed [24].

Control and Inactivation of Aflatoxins 
Prevention of the plants from becoming infected with aflatoxigenic molds is the primary method of control of AFTs 
in agricultural commodities. Controls are carried out with screening techniques which are based on separation of 
affected grains, nuts or seeds. Screening for AFTs in corn, cottonseed and figs usually is performed by examination 
under UV light. Infected commodities with AFTs are segregated by electronic color-sorting machines which detect 
discolored kernels. 

Management practices were also applied for reduction of pre-harvest [25,26] and post-harvest [27] contamination 
of agricultural commodities with AFTs. Sensitive and accurate analitical methods were developed for separate and 
simultaneous determination of the frequent mycotoxins, including aflatoxin B1 [28-31].

Various treatments can be used for destroying AFTs in various agricultural products [32,33]. So, ozone and hydrogen 
peroxide have been demonstrated to remove AFTs from contaminated peanut meals. Anhydrous ammonia gas that 
was used at elevated temperatures and pressures was effective with a 95 to 98% reduction in total AFTs in peanut 
meal. With these techniques detoxification of animal feeds in several countries (Senegal, France and the USA) was 
applied. The surfaces of baked products may be contaminated with airborne mold spores during the relatively long 
product cooling period between baking and packaging. The baking of dough products reduces the microflora and 
moisture content, so enabling the mycotoxins that could cause spoilage to be reduced. Reduction of available oxygen 



by modified-atmosphere packaging of foods in barrier film or with oxygen scavengers can inhibit AFTs formation by 
A. flavus and A. paraziticus. 
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Aspergillus is one of the most important genera in the spoilage of foods and animal feeds, containing a number of 
highly mycotoxigenic molds. The aflatoxigenic and ochratoxigenic species are the most important for human health. 
Other mycotoxins produced by many other mycotoxigenic molds are also of great importance for animal health than 
those products by Aspergillus species. 

Conclusion

Because food mycotoxin contamination may occure at any stage of the food chain from the primary production, 
processing and storage to distribution and consumtion, it is necessary to introduce a proper control as a prevention, 
a preventive quality systems according to the accepted standards for safety food, as well as application of the quality 
managing.
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