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Abstract

Food security is necessary for the purpose of human welfare, for this purpose food safety is applied that provides protection

against contamination. Agricultural food plays a vital role in human nutrition which is affected due to aflatoxins. The secondary me-

tabolized called aflatoxins are derived from Aspergillus parasiticus and Aspergillus flavus, these metabolize grow on moist foods and

responsible for food spoilage. When humans consumed aflatoxins present food that creates various substances like carcinogenic. For

the prevention of aflatoxins in foodstuff, detoxification of aflatoxins is used which can limit toxic substances to an acceptable level in

various commodities. The bio-detoxification are specific, efficient and environment friendly in eliminating the possible contamina-

tion of aflatoxins in foods.
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Introduction

Food security, in a true sense, is attained when all the primary
pillars of food security such as accessibility, utilization, and sus-
tainability of food are at such level as allow each and every person
in the world to have access to wholesome, safe, and nutritious food
at an affordable price to sustain a healthy and active lifestyle. The
weakening of any of these three important pillars can undermine
the food security of the society. Food insecurity is detrimental not
only to the overall health and welfare of the society but also to the
social, political, and economic sectors of the society. Mycotoxin
contamination is known to be the main cause of food insecurity in
the world [1].

Aflatoxins, which are known to be the most potent natural car-
cinogens, are synthesized by fungi of the genus Aspergillus, mostly
by Aspergillus parasiticus, and Aspergillus flavus; and seldom by
Aspergillus tamari, and Aspergillus nomius. B Aflatoxins are main-

ly produced by Aspergillus flavus, whereas B and G aflatoxins are

the product of Aspergillus parasiticus [2]. Aflatoxins owing to their
powerful carcinogenic, teratogenic, and mutagenic activity; have
been regarded as a grave threat to human and animal health. Inter-
national Agency for Research on Cancer (IARC) has classified AFB,

as a human carcinogen [3].

Aflatoxins are cancerous secondary metabolites produced
primarily by Aspergillus flavus and Aspergillus parasiticus in
agricultural foodstuff such as peanuts, maize grains, cereals, and
animal feeds. Aflatoxins are difuranocoumarin molecules synthe-
sized through the polyketide pathway [4]. Six out of 18 different
types of aflatoxins that have been identified are considered impor-
tant and are designated as B,, B,, G,, G,, M, and M,, respectively [5].
These aflatoxin groups exhibit molecular differences. For example,
the B-group aflatoxins (B, and B,) have a cyclopentane ring while
the G-group (G, and G,) contains the lactone ring [6]. Whereas
the B-group aflatoxins exhibit blue fluorescence, the G-group ex-

hibits yellow-green fluorescence under ultraviolet (UV) light, thus

Citation: Waseem Khalid, et al. “Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification". Acta Scientific Microbiology

3.12 (2020): 101-108.



Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification

making the use of fluorescence important in identifying and dif-
ferentiating between the B and G groups. Aflatoxin B, is the most
common [7], and the most widespread in the world and accounts
for 75% of all aflatoxins contamination of food and feeds [8]. Afla-
toxins M, and M, are hydroxylated products of aflatoxins B, and
B, respectively, and are associated with cow milk upon ingestion
of B, and B, aflatoxins’ contaminated feed. Moreover, once formed
from B, and B, forms, aflatoxins M, and M, remain stable during

milk processing [9].

Owing to being highly hazardous to human health, documen-
tation for the regulation of Aflatoxin levels in food and feed com-
modities has recently been carried out. An aflatoxin limit of 20 pg/
kg for various food and feed commodities has been determined
by the US Food and Drug Administration and Pakistan Standards
and Quality Control Authority (PSQCA) [10]. According to EU, to-
tal aflatoxin and AFB, level must not exceed 2 ug/kg and 4 pg/
kg respectively when regulated with Maximum Residual Limits
(MRLs) in cereals [11]. Lately, Codex Alimentarius Commission,
the joint FAO/WHO food standards program, set an aflatoxin limit
of 15 pg/kg for various food commodities [12].

Aflatoxins (AFs)

Aflatoxins are known to be among the hazardous groups of the
mycotoxins. It was studied that the aflatoxins are produced by the
two different species of the fungus known as Aspergillus flavus and
Aspergillus parasiticus [13]. These aflatoxins are secondary metab-
olites commonly known as mycotoxins and are found throughout
the world. They also are found on the living plants and crops e.g.
wheat, rice maize and other cereal crops. These fungal spores may
prove hazardous to living organisms e.g. plants and animals [14].
According to a report regarding aflatoxins it was observed that the
about half of the total species of the Aspergillus parasitica produc-
es mycotoxins [15]. Table 1 represents the categories and fungus

types that produce aflatoxins.

Type of Aflatoxins Sources of Aflatoxins
B, and B, Aspergillus parasiticus and Aspergillus
flavus
G,and G, Aspergillus parasiticus
It is metabolite of AFB, which is primar-
M, ily found in milk of animals as well as
humans.

Table 1: Types and sources of aflatoxins. Matumba., et al. [18].
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The word “Mycotoxin” is originated from two words, mykes
(Greek word for fungus) and toxicum (Latin word for poison) [16].
Aspergillus, Fusarium and Penicillium are three most important
genera of mycotoxigenic fungi. AFs (Aspergilus), ochratoxins (As-
pergillus and Penicillium) and Trichothecenes and Fumonisins (Fu-
sarium) are the major classes of mycotoxins. The disease caused by

mycotoxins exposure is known as mycotoxicosis [17].

About 18 different known categories of AFs such as AFB,, AFG,,
AFB,, AFG,, AFM, and AFM, were distinguished and reported so
far. All these toxins produced by fungi endogenously as second-
ary metabolites, and among these the big names are AFB,, A FG,,
AFB,, AFG, (Figure 1) which are structurally related to each other.
Aflatoxins belong to this group are closely related compounds with
little difference in their physical properties and molecular weights
(Table 2). These are named as AFB,, AFG,, AFB, and AFG, due to
their fluorescence (blue or green) under ultraviolet (UV) light and

relative chromatographic mobility during TLC [20].

Aflatoxin Molecular MoleFular Mel.ting
Formula Weight Point
B, C,H,,0, 312 268-269
B, CH 0 314 268-269
G, C,H,,0, 325 244-246
G, C,H,0, 330 237-240

Table 2: Molecular formula and physical properties of aflatoxins.
Prettl, et al. [21].

AFB1

AFG2

Figure 1: Structure of aflatoxins. Lutfullah., et al. [19].

Citation: Waseem Khalid, et al. “Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification". Acta Scientific Microbiology

3.12 (2020): 101-108.



Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification

From the historical point of view, aflatoxins were firstly report-
ed in 1960 after the turkey “X” malady which spread as an extreme
flare-up in turkey in the United Kingdom and resulted illness and
the death of more than 100,000 turkeys alongside other home-
stead creatures. The main reason for the flare-up was a feedstuff
containing Brazilian peanuts that were seriously pervaded by an
organism animal varieties Aspergillus flavus. After that flare-up,
later examination of the feedstuff revealed a progression of mix-
es that demonstrates green and blue fluorescent under UV light.
These fluorescent mixes were demonstrated as the fundamental

driver of Turkey “X” sickness which later known as aflatoxins [22].

The aflatoxins produced by these fungi are favored by the high
temperature, moisture and adequate amount of substrate upon
which fungus can grow easily. Most probably the fungal pathogens
sporoulate well at a temperature range of 24- 27 °C and a mois-
ture level of more than 13%. It is noteworthy that the fungus of
moist and warm regions may attack the wheat kernel during the
cropping season. In drought conditions, the chances of aflatoxins
productions are more as compared to the normal conditions. The
main reason is the low moisture in the soil and high temperature
in the environment favored the fungal to sporoulate. In the case of
damaged crops due to insects or environmental stress, the fungus
can attack easily and destroy the crops more effectively as com-
pared to the healthy plants. The pathogen can attack and harm the
post-harvest more easily when stored in improper conditions or
damaged at any point of storage. The products become more vul-

nerable when stored under hot and humid conditions [23].

Legislative limits for aflatoxins

Due to toxic aspects of aflatoxin international authorities estab-
lished different control measures and permissible levels. Different
measures have been set up for aflatoxins by different countries.
Generally, lower tolerance limits established by the industrialized
countries as compared to developing countries in which most of
the commodities are susceptible. For example, in Malaysia maxi-
mum tolerable limit for aflatoxins in all foodstuff is 35 ug/Kg, for
Sweden MTL is 5 pg/Kg and in Brazil MTL for aflatoxins is 30 pg/
Kg [24].

Aflatoxins contamination in agricultural crops

Cereals are considered as a staple food since ancient times. The
grains contain an adequate amount of proteins, fibers and other
essential nutrients which are necessary diet for animals and hu-

man beings. It has been observed that the grains are more vulner-
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able to fungal attack during production, harvesting, storage or pro-

cessing and particularly transportation [25].

Aflatoxin contamination of agricultural produce, owing to its
detrimental impacts on public health and its significance in in-
ternational trade, has gained global attention since last decade.
According to the estimates of Food and Agriculture Organization
(FAO), mycotoxins are responsible for the contamination of almost
25% of the agricultural crops every year. Among the most suscep-
tible agricultural commodities are wheat, tree nuts, Maize, Rice,

Groundnuts, spices, dried fruits, meat and milk products [26].

It has been observed that 25% of the crops are affected, directly
or indirectly, by fungal diseases every year. Fungi release various
types of mycotoxins which are responsible for the contamination
and spoilage of food. The food products or foodstuff contaminated
with the mycotoxins may harm the humans and animals who con-
sume it and in severe cases leading to the death of human beings.
When the food contaminated with the mycotoxins is eaten by the
animals, it enters their blood and remains viable for a long period
of time and may cause hazardous effects directly or indirectly. In
some cases, these mycotoxins are transferred from these animals
to their products e.g. eggs, milk, meat and even may also transfer
to their offsprings. These products have proved to be harmful to

human beings when consumed at any stage of the food chain [7].

The tropical climate is characterized by high rainfall, tempera-
ture, and humidity. This type of climate is very much optimum for
the growth of fungi. That is why pre and post-harvest losses of
agricultural commodities particularly wheat by fungi especially
the aflatoxigenic ones in tropical countries are very much evident
peculiarly when those commodities have high moisture content
either because of delayed drying or any other reason. In Algeria,
Aflatoxins contamination in wheat was reported by Riba., et al. 2]
in which 108 samples of wheat were collected from two different
climatic zones and analyzed by High-Performance Liquid Chroma-
tography. Results showed that 62 (56%) samples were contami-
nated with AFB1 level up to 37.52ppb.

Rice

The rice is considered stable food in the world, according to pro-
duction, its position is 2nd after wheat. Rice contaminated due to
some environmental effects, such as high moisture contents create
aflatoxins. Aflatoxin contamination differs from country to country:.

As aflatoxin B1 is cancer-causing and corresponds to HCC i.e.; he-

Citation: Waseem Khalid, et al. “Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification". Acta Scientific Microbiology

3.12 (2020): 101-108.



Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification

patocellular carcinoma occurs in some countries, therefore a high

amount of rice intake on daily basis could be risky [27].

Milled rice grains from Iran were investigated for aflatoxins. It
was found that different types of fungi were present on rice grains
that contaminated the grains by producing different types of my-
cotoxins. The continuous growth of rice may not confirm the pres-
ence of mycotoxins on the grains, when the samples collected and
observed critically the presence of aflatoxins was confirmed with
contamination level 20-50ppb. It was greater than the maximum

permissible limit of 20ppb [28].

A total of 275 samples of rice and rice products were randomly
collected from selected areas of Punjab and assessed for aflatox-
ins and ochratoxins. Among 275 samples 35% of the samples were
found contaminated with AFs, out of which 19% and 24% of sam-
ples were found to be above the European Union (EU) maximum
content for AFB1 and total AFs, respectively [29].

Wheat

Khalid,, et al. [30] were conducted a study on aflatoxin in wheat
flour in which samples were collected from flour markets and flour
mills. The moisture level of all samples had less than 14 percent,
the higher moisture was seen in the market sample and lower
moisture found in flour mills sample. Thin-layer chromatography
was used to analyze the aflatoxins (B1, B2, G1 and G2). All markets

and mills were free from aflatoxins due to low moisture content.

In Iran a study was conducted by Razdari., et al. [31] in which
samples of wheat grains and wheat flour were collected from 7 dif-
ferent provinces of Iran and analyzed for aflatoxin by ELISA meth-
od, results showed contamination level up to 14pug/Kg and 30pg/
Kg respectively.

Maize

The crucial commodities of agriculture, including maize, cot-
tonseed, peanuts, and pistachio nuts are mostly contaminated
by the notorious aflatoxins. Aflatoxins are produced by Aspergil-
lus flavus and related species as secondary metabolites that have
the capability of leaving a bad impact on human health as well as
on food security in temperate agricultural regions [32]. Aflatoxins
are natural carcinogens that have the potential to suppress the im-
mune system plus induces hepatocellular carcinoma, that is the
cause of deaths in humans as well as livestock [33,34]. It is one of
the most toxic among the four principal aflatoxins B1, B2, G1, and

G2. International organizations carefully check the concentration

104
of Aflatoxin in food and feed because of their noticeable impact on

humans [35]. Lack of access to the markets, degradation in value
results losses in the economy are the ultimatums of the Products
affected by aflatoxins [34].

Aflatoxins are considered a critical indicator of the quality of
the product, on the account of its carcinogenic disasters on hu-
man health. At the stages of pre-harvest and post-harvest, when
the conditions are favorable for the mycotoxic species, maize gets
affected by aflatoxins. It is possible that contamination appearance
occurs along the distribution chain from the field to maize storage.
Although, the critical risk point for aflatoxin contamination on the
maize distribution chain is still not known. So, careful handling is
necessary to identify high-risk points along the distribution chan-
nel. In this scrutiny, the risk of aflatoxin contamination was identi-
fied along the maize distribution chain, from field to the storage of
maize. The results of the previous study were provided suggestions
for maize enterprise actors to put interest in the handling of maize
during storage after threshing, specifically to control the environ-
mental storage conditions and time in order to lessen contamina-
tion by aflatoxin [36].

It was claimed that Aflatoxins were originated from the differ-
ent regions of Africa, Asia and America. The maize crop found to
be more vulnerable to the aflatoxins due to the presence of more
moisture at the time of harvesting which favored the mold growth
on cereals. In Democratic Republic of Congo, aflatoxin assessment
in maize was done by using high-performance liquid chromatogra-
phy. The assessment showed that 32% of the samples (out of a total
of 50) were found positive, with aflatoxin levels 1.5 - 51.23 mg/kg
for AFB1 and (3.1 - 103.89 mg/Kg) for total aflatoxin [37].

Health implications of aflatoxins

Aflatoxins have been found to be highly hazardous to humans,
animals and plants. Aflatoxin B1, which is produced by Aspergillus
species, is classified among the most toxic compounds found in na-
ture. This Aflatoxin is responsible for causing large-scale damage to
various crops particularly rice, wheat, maize and peanuts. Further-
more, the consumption of these contaminated crops by humans
and animals causes serious health implications and, in the worst

case, may even lead to the death of the individuals [38].

The investigation on the poisonous effects of the aflatoxins start-
ed for the first time in history when it affected the poultry in turkey.

It was observed that the Duckling is more vulnerable to the disease

Citation: Waseem Khalid, et al. “Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification". Acta Scientific Microbiology

3.12 (2020): 101-108.



Evaluate the Effects of Aflatoxins on Agriculture Foods and the Role of Bio-detoxification

and the toxic effects produced by the aflatoxins as compared to the
other animals. But several other animals such as chicken, rainbow
trout, rabbits, dogs, monkeys and especially domesticated animals

were also included among the affecters of aflatoxins [39].

Aflatoxins have been proved to be lethal for the domestic as
well as experimental animals and these have also been suspected
of possessing carcinogenic activity. The health implications were
different in different animals and also varied with age, sex, spe-
cies and hormonal status. In a study on mouse and duckling, it
was observed that the mouse was more resistant than the duck-
ling. Further studies showed that the animals deficient in protein
were more susceptible to the aflatoxins but had the ability to stand

against the carcinogenic effects of the aflatoxins [40].

The domestic animals on-farm secured contamination after
eating food contaminated with the mycotoxins. This severe out-
break of disease affected many parts of Turkey. And, included
among the effects were pigs, horses, poultry, dogs and camels. The
human'’s beings, who consumed the mycotoxin contaminated food
for longer periods, also suffered from the illness caused by these
Mycotoxins. The diseases contracted by human beings owing to
these deadly mycotoxins may include hepatitis B and C, weakening
of the immune system, degeneration of testicles, and inflammation
of different body parts [41].

In humans hepato-carcinogenesis the role of aflatoxins is com-
plicated by hepatitis B virus infections. A number of epidemiologi-
cal studies indicated that AFB1 was responsible for liver cancer
and Kwashiorkor in humans. A positive relationship among levels
of aflatoxins in the frequency of hepatocellular carcinoma and hu-
man diet was founded in many of the world countries such as Phil-

ippines, Swaziland, Kenya and Thailand [42].

Aflatoxins have been found responsible for causing Edema in
malnourished adults and Kwashiorkor in malnourished children.
Exposure of this contaminant in high doses may result in vomiting,
abdominal pain, and even death in the worst case scenario, while

in small quantities; it may lead to liver cancer [43].

Detoxification of aflatoxins

Worldwide scientists are continuously endeavoring to design a
general and universal process of detoxification of aflatoxins, which
can limit toxic substances to an acceptable level in various com-

modities. The series of events that led the discovery of aflatoxins
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as a potent carcinogen, mechanism of action, and its biosynthesis

and structure function relationship provides interesting approach
as cost-effective and technical factors which are involved in the de-
velopment of an effective management plan for their detoxification
[44].

Mycotoxin contamination of Wheat grains aimed for medium
to long term storage could be reduced to satisfactory level by the
adoption of various preventive measures such as, rapid drying of
wheat grains, storing the wheat grains in clean, hygienic, and in-
sects and microorganism’s free warehouses, and regulating the

moisture content of wheat grains properly [45].

Owing to carcinogenic effects and other multiple health hazards
of these aflatoxins, a number of physical (mechanical sorting, ther-
mal treatment or heat inactivation, irradiation and density segre-
gation), chemical (treating with ammonia, sodium bisulfate and
propionic acid) and biological (Streptococcus lactis and Bacillus
subtilis) methods have been studied and applied for the manage-
ment, detoxification and inactivation of AFs from contaminated
food and feed commodities. In most cases, it is nearly impossible to
prevent Mycotoxin contamination in cereals, but, various pre and
post-harvest practices may reduce the risk of Mycotoxin contami-
nation to the satisfactory level. This is especially important in pre-
venting the exposure of humans to these harmful fungal metabo-
lites and resultantly, warding off a great many diseases caused by

these mycotoxins [46,47].

Literature suggested that sodium hydrosulfite (Na,S,0,) could
also be used for detoxification of aflatoxins. In an study conducted
by Jalili., et al. [48], detoxification efficiency of sodium hydrosulfite
was determined under high pressure (1.5bar) and high tempera-
ture (121°C) for 15 seconds with different concentration (0.25, 0.5,
1, 1.5 and 2%). Results showed that maximum reduction occur at

2% with high pressure and heat.

Contamination of foods and feeds by aflatoxins has become a
serious problem worldwide because these aflatoxins are able to
pass through all the metabolic pathways unchanged and can also
accumulate in the tissues of the body which ultimately pose serious

threat to human and animal health [49].

However various detoxification techniques such as heat treat-
ment, separation of contaminated seeds by mechanical methods,

extraction by solvents as well as detoxification by chemical agents
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and added sorbents have been employed. However, no one seems
capable to fulfill the safety, efficiency, preservation of nutritional
elements and cost benefit ratio of any process regarding aflatoxins
detoxification [50].

Biological detoxification of aflatoxins

Worldwide biological approaches are adapted for the degrada-
tion of pesticide residues and other toxins etc. in different agricul-
tural commodities. One of the renowned strategies for aflatoxins
management in feed and foodstuff is biodegradation by using mi-
croorganisms or enzymes. Since these methods of bio-detoxifica-
tion are specific, efficient and environment friendly in eliminating
the possible contamination of aflatoxins in foods and feeds, that’s
why, these are actively being assessed and can prove a promising
choice. Fungi not only produce AFs but also are capable of degrad-
ing them. Four strains of fungi namely Eurotium herbarirorum,
Aspergillus niger, Rhizopus spp., and non- aflatoxins producing spe-
cies of A. flavus are able to transfer AFB, to aflatoxicol (AFL) by
reducing its cyclopentenon carbonyl. These fungal strains can also
transfer AFB, to aflatoxicol-A (AFL-A) then AFL-A can be trans-
ferred to aflatoxicol-B (AFL-B) through the actions of organic acids
[51].

On the other hand, cells of the protozoon such as Tetrahyme-
na pyriformis have the potential to degrade pure AFB, to another
bright florescent compound and decrease its concentration upto
25% in about 30 hours but, the way of AFG, by this strain is dif-
ferent [51].

During a study [21] investigated and compared the aflatoxin
degradation efficiency of a Rhodococcus pyridinivorans strain
as bacterial inoculum and as bacterial extract in both the liquid
and solid phases of an aflatoxin B, contaminated bio-ethanol by-
product (i.e. whole stillage) during a three-day incubation period.
Results indicate that 3 day microbial treatment is not capable of
causing aflatoxin B, degradation because of its tight binding into
the solid stillage. That is why long, 12 day degradation experiment
was conducted in which the degradation profile of this strain was
found out. Between 3™ and 7" day of microbial reaction aflatoxin

content was remarkably lowered down.

In another study, Adebo., et al. [22] conducted investigation on
the biodegradation of aflatoxin B, (AFB,), in this study, lysates of
3 bacterial strains (Pseudomonas anguilliseptica VGF,, Pseudomo-

nas fluorescens and Staphylococcus sp. VGF,), which were separated
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from a gold mine aquifer, were used. To get protease free lysates,

intermittent lysing of bacterial cells was done in the absence and
presence of protease inhibitors. After this, these were incubated
with Aflatoxin AFB, for 3, 6,12, 24 and 36 hours. High performance
liquid chromatography (HPLC) was used to detect whether any
AFB, degradation occurred or not. HPLC results showed that ly-
sates of Staphylococcus sp. were inhibited by protease after 6 hours
of incubation period. VGF, degraded the AFB, by 100%, while P. an-
guilliseptica VGF and P. fluorescens lysates performed 66.5% and
63% degradation of AFB, respectively. None of the AFB, was left to
be degraded by any lysate after 12 hours of incubation.

Conclusion

The current review has been concluded that aflatoxins grow
on agricultural food when the moisture cross the standard limit.
The toxic materials are produced by aflatoxins which are directly
affected human health. For the production of aflatoxin free food,
detoxification and bio-detoxification technique is applied that can

aid to eliminate aflatoxins in foodstuff.
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