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Abstract

Pests and diseases are prevalent on food commodities such as maize, sorghum, millet, and cassava in the field and
during storage. Toxigenic fungi such as Aspergillus, Fusarium, and Penicillium create mycotoxins, which are
secondary metabolites. Both people and animals are susceptible to their mutagenic, teratogenic, and carcinogenic
effects. Aspergillus flavus and Aspergillus parasitic generate the most potent mycotoxins, which are found in
agricultural products such as peanuts, maize grains, cereals, and animal feed. The most common incidence and
stability of these mycotoxins to physical and chemical variables during food and feed processing offer substantial
health risks to humans and animals. As a result, the best way to deal with this condition is to use both natural and
synthetic detoxification methods. The goal of this review is to look at how natural and synthetic chemical
approaches can be used to control aflatoxins contamination and how they can be reduced. Antioxidants are
compounds that help prevent or reduce cell damage caused by free radicals, which are unstable molecules produced
by the body in response to environmental and other stresses. Oxidative stress, which causes DNA, protein, and
lipid damage at the cell level, is one of AFB1's harmful mechanisms. Antioxidants have been used as food additives
to defend against oxidative deterioration since they are known to prevent fungal formation. Among the various
options, antioxidants are one of the control methods of mycotoxin and which are regulated as dietary supplements
and food consumption components. To reduce the effect of toxicity, the best way to prevent aflatoxin prevalence
in agricultural products is to make suitable harvesting and storage conditions, but if that is not possible, it is better
to eat fermented foods (yogurt or dairy drinks) or take probiotics, which are available as capsules, tablets, or
powders.

Keywords: Aflatoxin; Antioxidants; Mycotoxin; Fermented-food; Toxicity.

DOI: 10.7176/CPER/64-02

Publication date: January 315 2022

Introduction

Many pests and diseases are prevalent on food commodities such as maize, sorghum, millet, and cassava in the
field and during storage. Stored and processed food products carry a wide range of microorganisms like bacteria,
yeasts and fungi (Lacey & Magan, 1991). Fungal infestation can lead to discoloration, production of off-odors and
can result in mycotoxins (Magan et al., 2003). Mycotoxins are secondary metabolites produced by fungi that are
toxic to humans and animals (Gnonlonfin et al., 2013). They are produced at both field and storage levels. By
Fusarium and Penicillium species (Miller, 1995). Mycotoxins production by fungi is influenced by abiotic and
biotic factors.

Abiotic factors include environmental factors such as temperature, water availability and gas composition
(Magan et al., 2003). The nature of the substrate, its inherent moisture content, and insect infestation are all biotic
factors that can lead to an increase in fungal population and, as a result, the formation of mycotoxins. (Dowd,
2003). Penicillium species produce ochratoxins, citrinin, patulin (Pitt, 2000). Aspergillus species produce
(principally) aflatoxins, citrinin, patulin (Gokmen et al., 2005). Among the 300 reported mycotoxins, AFB1 is the
most dangerous one. Aflatoxins were discovered about 40 years ago after the devastating loss of poultry in
England (Probst et al., 2007)

It’s synthesized by at least 15 species belonging to the Flavin section of the Aspergillus genus. in sub-Saharan
Africa, Latin America and Asia the exposure levels of mycotoxins (aflatoxins), are increased through contaminated
commodities (J. I. Pitt et al., 2012). In Africa work on aflatoxin has focused on applied research with very little
basic research and even less on the effect of environmental conditions (Gnonlonfin et al., 2013). Scientists have
indicated that antioxidant obtained from daily diets can scavenge the reactive oxygen species. They cause the
inhibition of peroxidation, mopping up of free oxygen radicals and breakage of peroxidation chain reactions on
the formulation of aflatoxins (Sharma, 2013).

Aflatoxin

Aflatoxins are the most important mycotoxins with regard to occurrence, toxicity, and impact on human health
and trade. Fungi that produce aflatoxin are found all over the world and can thrive in a variety of environments.
(Holmquist et al., 1983). Aflatoxins have been found in cereal grains, fermented beverages, milk, cheese, meat,
nut goods, fruit juices, and a wide variety of other agricultural products. (Bullerman, 1986). The presence of
aflatoxins or toxigenic fungi in foods presents a potential hazard to human and animal health (Abdel-Wahhab &
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Aly, 2005). The four major aflatoxins commonly isolated from foods and feeds are aflatoxins B1, B2, G1, and G2.
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Figure 1. Chemical structures of aflatoxins
Aflatoxins have been shown to be toxigenic, carcinogenic, mutagenic, and teratogenic to different species of
animals (Abdel - Wahhab et al., 1999). In animals the toxin is processed through a number of competing pathways
(Eaton & Groopman, 2013).

Aflatoxin B1

Aflatoxin B1 is a fungal toxin produced by a species of Aspergillus. It’s a common dietary contaminant all over
the world, mostly in the hot and humid climate regions (Organization, 2002). The toxic and carcinogenic effects
of AFBI are intimately linked with its biotransformation (Williams et al., 2004). The active intermediate, AFB1-
exo-8, 9-epoxide, can bind with DNA to form the predominant trans-8, 9-dihydro-8-(N7-guanyl)-9-hydroxy-AFB1
(Halver, 1965). AFBI1 toxicity in different species varies as per the age, gender, specific sensitivity, dosage, and
duration of toxin exposure. AFB1 toxicity in livestock and human beings is a major economic and health concern.

Aflatoxin M1

Aflatoxins M1 are hydroxylated metabolites of aflatoxin Bland are produced in milk-producing animals
(Lanyasunya et al., 2005). The presence of AFMI1 in milk and dairy products is thought to pose some sanitary
concerns to mammals, including humans. The presence of AFM1 in infected milk or contaminated consumables
is linked to the presence of AFB1 (Prandini et al., 2009). The levels of AFM1 in milk and dairy products were
connected to the climate of each geographical area as well as changes in the dairy cattle feeding strategy
(Mahmoudi et al., 2014). As a result, AFs in both animal feed and milk should be checked on a regular basis in
order to reduce the level of AFM1 in milk (Mahmoudi et al., 2014).

Aflatoxin Biosynthesis

Various studies have determined that aflatoxins are synthesized in two stages from malonyl CoA. First with the
formation of hexanoyl CoA, followed by formation of a decaketide anthraquinone (Minto and Townsend, 1997).
Then a series of highly organized oxidation-reduction reactions allows formation of aflatoxin (Nesci et al., 2016).
But, it’s elucidated in the last decade at a molecular level. Several enzymes are also involved in aflatoxin
biosynthesis such as reductase and cyclase (Bhatnagar et al., 1992). Whereas the independent reactions and
formation of different chemical precursors are catalyzed by common enzyme systems (Anderson et al., 1990).
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Aflatoxicosis

Aflatoxin poisoning is the outcome of consuming aflatoxins. Aflatoxicosis can be divided into two types: 1) Acute
severe intoxication, which causes direct liver damage and can lead to illness or death. 2) Chronic sub-symptomatic
exposure is the second. Adult people have a great tolerance for aflatoxin, and children are frequently the ones that
die in recorded acute poisonings. (Eaton & Groopman, 2013). Baumgartner et al., 2005 demonstrated that males
were more likely to die from Aflatoxicosis despite eating similar quantities of maize as females. Similarly a higher
liver cancer rate has been observed in male, with a ratio of 3.4 males per female cases (Kirk, Bah, & Montesano,
2006.

Economic Significance of Aflatoxin Contaminations

Aflatoxin contamination of foods and feeds is a serious worldwide problem (Deepak Bhatnagar et al., 2002). This
results either from improper storage of commodities or pre-harvest contamination. But, Because of a reluctance to
acknowledge its occurrence, the global scope of pollution is unknown. (Jelinek et al., 1989). However, Aspergillus
fungus, as well as their toxins, are found all over the world. They result in considerable agricultural losses, animal
sickness and mortality, and immunologically compromised people. (Udomkun et al., 2017).

Health Impact of Aflatoxins

The toxic effect of mycotoxins in humans and animals depends on a number of factors including intake levels,
duration of exposure, toxin species, metabolism, and defense mechanisms. In humans and/or animals, eating
mycotoxin-contaminated food causes neurotoxic, immune-suppressive, teratogenic, mutagenic, and carcinogenic
effects. Induction of liver cancer and immune system suppression are two of aflatoxin's significant side effects.
(Jackson & Groopman, 1999). Several epidemiological studies indicated that AFB1 intake is associated with a
high incidence of primary liver cancer in human in Africa and Asia (Peers et al., 1976). Human epidemiology and
experimental animal studies have also provided the statistical association to suggest that aflatoxins are risk factors
for human liver cancer (Groopman et al., 1992).

The degree to which Aflatoxins contribute to liver cancer will be influenced by a number of human health
factors, including hepatitis B virus infection, nutritional status, and age. Higher aflatoxin levels have been found
in the blood, urine and livers of children with symptoms of nutritional deficiencies. Aflatoxin-positive kwashiorkor
children had considerably worse edema, had more infections, had lower hemoglobin levels, and spent more time
in the hospital than aflatoxin-negative kwashiorkor children. (Adhikari et al., 1994). As (Uriah et al., 2001)
observed Aflatoxin levels in blood and sperm ranged from 700 to 1393 ng/mL, suggesting that it could be linked
to infertility. and 60 to 148 ng/mL, in infertile and fertile Nigerian men, respectively.

Aflatoxins are hepato-carcinogens and have been classified as class 1 human carcinogen (Organization &
Cancer, 1993). Hepatitis B can act synergistically with aflatoxins to increase the risk of hepatocellular carcinoma
(P. Turner et al., 2000). Turner et al., 2002, reported a positive association between diets contaminated with
aflatoxins and high incidence of liver cancer. Hepatocellular carcinoma (HCC) is the most common type of
primary liver cancer and accounts for around 70% of all liver cancers (Llovet and Bruix, 2008). The two principal
reasons for this HCC are aflatoxin B1 and infection with the hepatitis B virus. Lethal consumption of AFB1 leads
to a potent hepatic carcinogen, in sub lethal leads to chronic toxicity and at low level results in oxidative damage
and neoplasia.

Antioxidants
At low concentration antioxidants delays the oxidation of proteins, carbohydrates, lipids and DNA. The three main
categories of antioxidants, which are: 1) first line defence antioxidants which include SOD, CAT, GR, Fe, Cu 2)
second line defence antioxidants which include GSH, Vt C, Vt E 3) third line defence antioxidants which include
group of enzymes. Chemical processes (antioxidants) can be used to reduce, destruct, or inactivate AF in milk.
But, the major drawback of those methods are they reduce the nutritive value and palatability of food products.
Reaction time, temperature, and moisture must also be monitored. Toxic byproducts may also be produced
(Salminen et al., 2010)

Ammoniation can mitigate the AFM-1 content in contaminated foods by 79%-90%. Ammonia reacts with
AFs molecule by breaking oxygen bond, then open lactone ring of the toxin to produce compounds with lower
toxicity (Phillips, 1999). Using of H202 at different temperatures has been suggested to detoxify AFs in milk
(Jouany, 2007). Boric acid is also utilized to boost tissue antioxidant defenses through an unknown method that
may entail oxidative metabolism alterations. (Pawa and Ali, 2006). HSCAC has been the most extensively studied
because of its promising aflatoxin-binding capacity and its capacity has augmented when the metals have free of
water.
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Figure S compares effectiveness of some compounds to reduce AF content in milk

Vitamin E can absorb free radicals of oxygen and thus prevent or inhibit the formations of aflatoxins (Traber
& Atkinson, 2007). Time to time the application of synthetic antioxidants has not been appreciated by consumers,
food industries, and regulatory authorities. One interesting technic to diminish toxins, especially AFM-1 in foods,
is using the plant extracts. As a result, the hunt for natural antioxidants, particularly those of plant origin, has
become increasingly important in recent years. (Jayaprakasha & Rao, 2000). Essential oils from traditionally used
plants are acknowledged as a critical component in the development of plant-based preservatives that protect
against mold, aflatoxin contamination, and free radical damage (Koci-Tanackov et al., 2012).

Gallic acid has been demonstrated to have a strong inhibitory effect on aflatoxin production. (Mahoney &
Molyneux, 2004). Curcumin is also one of the most extensively studied phytochemicals concerning chemo
preventive reduction potential of aflatoxins (Plummer et al., 1999). Ginger phenolics have been studied for its
hepatoprotective properties against liver toxicants which is aflatoxins. Tridham it has excellent free radical
scavenging effect in rats in which they feed aflatoxin contaminated food (Ravinayagam et al., 2012).

Effect of Antioxidants

Antioxidants have produced by the living system or they can take through diet supplementation. Scientists are
trying to nullify the oxidative effects by providing the antioxidants to the body. Single antioxidants are responsible
for protecting a cell's exterior lipid layer. Antioxidants protect cells from free radical damage. Antioxidants are
also being looked into as potential treatments for neurological illnesses like Alzheimer's, Parkinson's, and
Amyotrophic Lateral Sclerosis. Antioxidants can help the human body cleanse poisons in the liver and other cells,
reducing the symptoms of mycotoxicosis.

Chemistry of Free Radicals

Free radicals are molecules containing one or more unpaired electrons in atomic or molecular orbitals. Formed
during a variety of biochemical reactions and cellular functions. Free radicals can cause damage in structural and
metabolic components like lipids, proteins, enzymes, carbohydrates and DNA in cells and tissues (Beckman &
Ames, 1998). Free radical-induced damage in oxidative stress has been confirmed as a contributor to the
pathogenesis and pathophysiology of many chronic health problems (Lépez-Alarcon and Denicola, 2013).

Methods to Reduce the Harmful Effect of Aflatoxins

Aflatoxins are controlled mainly based on chemical strategy. However, excessive use of chemical treatments has
many undesirable consequences: 1) marked pollution of the environment 2) increase in resistant pathogen 3)
presence of chemical residues in food commodities. Some anti-oxidants, such as BHT, BHA or cyst amine, are
able to inhibit aflatoxin stimulation (Fanelli et al., 1985). A few studies also reported the inhibiting effect of an
isolate of L. edodes on aflatoxin production (Corrado Fanelli et al., 2000). Other chemical preservatives like
ammonia, Sodium bisulfite, calcium hydroxide, and Formaldehyde have been found to reduce the level of aflatoxin
contamination.

In contaminated milk samples addition of 0.5% formaldehyde reduced 1.1 ug AFM, to 0.05 pg (Heimbecher
et al., 1988). The antioxidant Gallic acid inhibits aflatoxin formation in A. flaVus in a dose-dependent manner.
Curcumin has also been shown to be a strong ameliorator of AFB1-mediated oxidative liver damage, preventing
AFB1 from converting to hazardous metabolic forms. (Limaye et al., 2018). Ginger could also inhibit the
cytotoxicity and hepatotoxicity induced by AFB1 in both in vitro and in vivo. EO was more efficacious as aflatoxin
suppressor than fungal growth inhibitor as it caused complete inhibition of aflatoxin secretion by A. flaVus (LHP-
6 at 1.25 ml/ml.

The high levels of flavonoids and phenolic compounds present in Tridham extracts have also actively,
participating in the eliminating of AFB1 metabolite (Sanz et al., 1994). G. indica extract exhibited both antioxidant
and antifungal activities (Krishnamurthy et al., 1981). Apart from this any decontamination process must be
technically and economically feasible if it is to be applied practically. The FAO's standards for a safe
decontamination method (Piva et al., 1995) 1) Remove, destroy, or inactivate aflatoxins 2) Toxic residues should
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not be produced or left in the final products. 3) Destroy fungus spores and mycelium without significantly altering
critical technological features.

Conclusions

Aflatoxins are human carcinogens, actions should focus on the prevention. The prevention of mycotoxin
contamination of human foods could have a significant effect on public health especially in low-income countries
Antioxidants can aid human body to detoxify toxins in liver and other cells, and consequently decrease the
appearance of mycotoxicosis. The above Literature review clearly indicated that aflatoxin contamination becomes
highly carcinogenic, mutagenic, changes the food nutrients and presence of harmful products. Therefore the
information warns us to take care with aflatoxin contamination and consumption in order not exposed to such
carcinogenic, mutagenic and teratogenic disease.

More frequent consumption of foods contaminated with aflatoxin are associated with a higher risk of health
problem. Since most of the studies are focused on applied research’s, a lack of detailed information on the level
of contamination of aflatoxin on foods Future research should focus on these gaps and help develop better
assessment tools for aflatoxin contaminated food consumption and their effects on carcinogenic diseases. Strong
evidence between the associations of aflatoxin contaminated food consumption with a higher risk of developing
carcinogenic disease in humans and animals. Therefore food products should not be exposed to poor post-harvest
management, uncontrolled storage conditions

Recommendations

Factors fundamental to a nation’s ability to protect its population from aflatoxin include the following. To begin,
a country must have the political will to combat aflatoxin exposure. The majority of countries have signed Codex
Alementarius (WHO/FAO documents that deal with food quality in marketed commodities) and agree that their
populations should be protected from aflatoxins. They do, however, want to minimize the economic costs of
accomplishing this health goal and focus the health resources available on the most pressing issues. They
frequently fail to implement these requirements since liver tumors (the most generally recognized health danger)
are a minor concern for their populations, and aflatoxin is not on the WHO's list of priority concerns. Second, a
country must be able to test food for contamination, as this decides whether or not restrictions can be enforced.
Laboratories that can test foods for aflatoxin are extremely rare in developing nations, if they exist at all.
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