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contamination in milk and dairy products depend on the country 
of origin [5]. Milk and dairy products are principal components in 
human diet that may be the way for entrance of mycotoxins into the 
human body posing risk for consumers, in particular, infants and 
young children [6,7]. 

Mycotoxins, principally produced by filamentous fungi, are 
naturally occurring secondary metabolites [8]. They constitute a 
major problem for food industries due to their effect on productivity, 
welfare and health of dairy animals, as well as, they impair food safety 
for humans and animals [9]. Global concerns about mycotoxins have 
been evoked due to their association with certain animal and human 
disorders such as acute toxicity and sometimes they are linked with 
certain types of cancer [10]. 

Aflatoxins (AFs) produced by Aspergillus flavus, Aspergillus 
parasiticus and rarely by Aspergillus nomius are the most carcinogenic 
and toxic type of mycotoxins. They can contaminate cattle feed, 
fruits, vegetables, different types of food and cereals [11]. Twenty AFs 
including AFB1, AFB2, AFG1 and AFG2 belong to a larger group of 
toxic compounds named difuranocoumarins, are the most concerned 
types that naturally contaminate food [12]. Of them, AFB1 is the most 
toxic and carcinogenic and classified according to the International 
Agency for Research on Cancer (IARC) as class 1 human carcinogen 
[13]. 

The monohydroxy derivative (AFM1) of AFB1 is produced after 
metabolization following consumption of contaminated feed by 

Introduction
Aflatoxins are a group of naturally occurring carcinogens that 

are known to contaminate different animal and human food stuffs. 
Aflatoxins are poisonous by-products from soil-borne fungus 
Aspergillus, which is responsible for the decomposition of plant 
materials [1]. The occurrence of aflatoxins in foods and food products 
vary with geographic location, agricultural and agronomic practices. 
The susceptibility of food product to fungal attack occurs during pre-
harvest, transportation, storage, and processing of the foods [2]. The 
problem of aflatoxin contamination of the food products is a common 
problem in tropical and subtropical regions of the world especially 
in the developing countries such as the sub-Saharan countries 
with poor practices and where the environmental conditions of 
warm temperatures and humidity favors the growth fungi [3]. The 
various food products contaminated with aflatoxins include cereals 
like maize, sorghum, pearl millet, rice and wheat; oilseeds such as 
groundnut, soybean, sunflower and cotton; spices like chillies, black 
pepper, coriander, turmeric and zinger; tree nuts such as almonds, 
pistachio, walnuts and coconut; and milk and milk products [4].

Animals are exposed to mycotoxins such as the aflatoxins by 
consumption of feeds contaminated by mycotoxin producing molds 
during growth, harvest and/or storage. When lactating cows consume 
aflatoxin B1 contaminated feed, aflatoxin B1 is metabolized to form 
the monohydroxy derivative, AFM1, which is expressed in the cow’s 
milk. The sources of aflatoxin contamination in feed vary from country 
to country. Consequently, the incidence and occurrence of AFM1 
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Abstract

Aflatoxicosis is the most important food borne mycotoxins and a condition 
caused by aflatoxin in both animal and humans. Aflatoxins (AFs) are toxic 
and carcinogenic metabolites produced by a variety of fungi. Risk of aflatoxin 
contamination of commodities in the world, especially in Africa is increasing. 
Milk is a highly nutritious food, and it is a source of necessary macro- and 
micronutrients for the growth, development and maintenance of human health. 
However, it may also be a source of natural food contaminants that may cause 
disease. Aflatoxin M1 (AFM1) is the major carcinogenic type frequently found 
in milk and dairy products, thus posing a significant impact on human health. 
Milk and dairy products contamination with aflatoxin M1 is important problem 
worldwide especially for developing countries for the last ten to twenty years. The 
presence of this mycotoxin in these products is important issue, especially for 
children and infants, who are more susceptible than adults. Control of aflatoxins 
requires an integrated approach, whereby aflatoxins are controlled at all stages 
from the field to the table, is required for reduction in risk. Strict regulations 
and adapting good storage practices in developed countries have minimized the 
contamination of AFM1 in milk and dairy products. The current advancements in 
analytical techniques have helped the law enforcement agencies to implement 
strict regulations. Furthermore, the improvement in analytical facility and 
increasing the awareness related to the health effects of AFM1 in milk and dairy 
products could minimize its occurrence level in developing countries. 
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lactating cows. After ingestion of contaminated feed meal, AFM1 is 
present in cow’s milk with the percentage of 1-6% of AFB1 from a 
few hours after the ingestion of contaminated meal and up to two 
days after suspension of the feeding diet [14]. The occurrence and 
incidence of AFM1 contamination in milk and dairy products varies 
according to the country of origin [5]. Contamination of milk and 
dairy products is of public health concern mainly in growing infants 
because they depend on milk as a major source of nutrients [15].

Aflatoxin occurs worldwide. The recent estimates suggest that 
there are more than five billion people worldwide at risk of chronic 
exposure to aflatoxins. But it occurs more frequently in tropical 
countries because of high temperature, moisture, unseasonal rains. 
Most of the time Aflatoxicosis is a consequence of ingestion of 
contaminated feed with aflatoxins. That is continued to be problems 
of significant public health concern as long as people consumed 
contaminated animal products and considered as public health 
important. In the developing world seriously affect people’s health 
and livelihoods, as freedom of choice in food is limited for a poor and 
food-insecure population [16,17]. 

Therefore, the objective of this paper are:

•	 To review on Aflatoxin and its occurrence in milk and milk 
products 

•	 To highlight the health effects of aflatoxins on human and 
animals and as well as its prevention 

Aflatoxin and Its Occurrence in Milk and 
Milk Products

The name ‘‘Aflatoxin” derives from the first letter of the word 
Aspergillus and the first three letters of flavus. Structurally, Aflatoxins 
(AFs) are difurocoumarin derivatives with specific fluorescence under 
ultraviolet light. Depending on the colour of the fluorescence, AFs are 
divided into aflatoxin B1 and B2 (AFB1, AFB2) for blue florescence, 
and G1 and G2 (AFG1, AFG2) for green florescence. Aflatoxin M1 
and M2 (AFM1, AFM2), known as milk-AFs, are the metabolites of 
AFB1 and AFB2. Other metabolites of AFB1 are aflatoxin Q1 (AFQ1) 
and aflatoxicol. Aflatoxin is the most studied mycotoxin, due to both 
its toxicity to animals and people and its high carcinogenic potential. 
Out of AFs group, AFB1 is the most toxic and is classified as human 
carcinogen [18].

Aflatoxins are a group of mycotoxins mainly produced by several 
fungus species in the genus Aspergillus. It includes A. flavus and A. 
parasiticus, A. pseudotamarii, and A. nomis species. Among these 
species A. flavus and A. parasiticus are well known. These organisms 
invade crops and grow on foods during storage if temperature and 
humidity levels are favorable. The relative proportions and amounts 
of the various aflatoxins on food crops depend on the Aspergillus 
species present, pest infestation, growing and storage conditions, 
and other factors. Although these species have similar geographical 
ranges, A. parasiticus is less widely distributed and A. flavus is the 
most widely reported fungus in foodstuffs. Aflatoxins are metabolized 
in ruminants by the liver and excreted in the bile. The major aflatoxins 
produced in feed stuffs are B1, B2, G1, G2, M1 and M2. Both A. flavus 
and A. parasiticus produce aflatoxins B1 and B2, and A. parasiticus 
also produces aflatoxins G1 and G2 [19].

There are several different types of aflatoxins strains. The most 
common naturally produced are B1, B2, G1, and G2 and two additional 
strains, M1 and M2 are the metabolic products of contaminated food 
or feed and are found in milk and other dairy products [4]. Among 
these several type of aflatoxin strain, Aflatoxin B1 is the most potent 
mycotoxin (toxic substance produced by a mold). This type of toxin 
increases the apparent protein requirement of cattle and is a potent 
cancer causing agent (carcinogen). When significant amounts of 
aflatoxin B1 are consumed, the metabolite M1 appears in the milk 
within 12 hours [20]. 

Properties of aflatoxins
Aflatoxins are produced by fungi in the genus Aspergillus that 

grow on grains and other agricultural crops. They exist as color 
less to pale-yellow crystals at room temperature. They are slightly 
soluble in water and hydrocarbons, soluble in methanol, acetone, 
and chloroform, and insoluble in non- polar solvents. Aflatoxins are 
relatively unstable in light and air, particularly in polar solvents or 
when exposed to oxidizing agents, ultraviolet light or solutions with 
a PH below 3 or above10. Aflatoxins decompose at their melting 
points, which are between 237°C (G1) and 299°C (M1), but are not 
destroyed under normal cooking conditions. They can be completely 
destroyed by autoclaving in the presence of ammonia or by treatment 
with bleach. Physical and chemical properties of aflatoxins are listed 
in the following [21].

Physical properties of aflatoxins: Aflatoxins are crystalline 
odorless solids when isolated and the color range from pale white to 
yellow. The melting points range from 268°C for B1 down to 190°C 
for G2 [22]. The optimal water activity for growth of A. flavus is high 
(about 0.99). The maximum is at least 0.998 whereas the minimum 
water activity for growth has not been defined. In general, production 
of toxins appears to be favored by high water activity. Aspergillus 
flavus is reported to grow within the temperature range 10-43°C. The 
optimal growth rate occurs at a little above 30°C, reaching as much 
as 25mm per day. The aflatoxins are produced by A. flavus over the 
temperature range 15-37°C. It is not possible to specify an optimum 
temperature for the production of the toxins, although production 
between 20-30°C is reported to be significantly greater than at higher 
and lower temperature [23]. 

Chemical properties of aflatoxins: Aflatoxins belong to the 
group of difuranocoumarins. The compounds are usually soluble in 
methanol, chloroform, acetone and acetonitrile which are slightly 
polar but insoluble in non-polar solvents. Aflatoxins react with 
alkaline solutions causing the hydrolysis of the lactones moiety. This 
hydrolysis is reversible since it has been shown that recyclization 
occurs following acidification of basic solution containing aflatoxin. 
At higher temperatures above 100°C, ring opening followed by 
decarboxylation occurs and the reaction may proceed further, leading 
to the loss of methoxy group from the aromatic ring [24].

In the presence of mineral acids aflatoxins B1 and G1 are converted 
into aflatoxin B2A and G2A, due to acid catalyzed addition of hydroxyl 
group across the double bond in the furan ring. In the presence of 
acetic anhydride and hydrochloric acid, the reaction proceeds further 
to acetoxy derivative. Similar adducts of aflatoxin B1 and G1 are 
formed with formic acid-thionyl chloride and trifluroacetic acid. 
Many oxidizing agents, including sodium hypochlorite, potassium 
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permanganate, chlorine, hydrogen peroxide, ozone and sodium per 
borate, react with aflatoxin molecule in some way as indicated by the 
loss of fluorescence in ultraviolet light at 365nm [25]. 

Hydrogenation of aflatoxin B1 and G1 yields aflatoxins B1 and 
G1 respectively. Further reductions of aflatoxin B1 by three moles of 
hydrogen yields tetra hydroxyl aflatoxin. Reduction of aflatoxin B1 
and B2 with sodium boro hydride yields aflatoxin R-B1 and R-B2 
respectively. These arise as a result of opening of the lactones ring 
followed by reductions of the acid group and reduction of the keto 
group in the cyclopentene ring [22].

Factors affecting aflatoxin production
The production of aflatoxin is equally influenced by physical 

and biological factors. They are reported to be produced between 
25°C - 35°C optimum temperature and acidic PH. Relative humidity 
between 83%-88% and appropriate level of CO2 & O2 has also been 
reported to influence the mold growth and aflatoxin production. For 
instance 20% CO2 and 10% O2 in air depress the aflatoxin production 
[1]. As biological factors, the preferred carbon sources for aflatoxin 
production are glucose, sucrose or fructose. Also, zinc and manganese 
are essential for aflatoxin biosynthesis. But a mixture of cadmium and 
iron depress the mold growth and hence aflatoxin production [26].

Epidemiology 
Aflatoxins can affect a wide range of commodities including 

cereals, oilseeds, spices, and tree nuts as well as milk and milk 
products. Reports from different part of the world indicated 
incidence of aflatoxins vary from 40 to 92%. Especially developing 
countries located in the tropical regions have greatest risk. Their 
climate is favorable to growth of aflatoxin. Where dietary food 
stuffs and Staple food source commodities is highly contaminated 
with aflatoxins [27]. Aflatoxicosis is the most important food borne 
mycotoxins, which occurred especially in milk and dairy products. 
It has greatest significance in tropical developing countries [28,29]. 
Epidemiological studies carried out in several parts of Africa and Asia 
indicates a correlation between exposure to aflatoxins and primary 
liver cancer [30]. Besides several epidemiologic investigations is 
shown that increased aflatoxin ingestion correlates with increased 
risk of hepatocellular carcinoma in humans [31]. Aspergillus flavus 
and aflatoxin forms sclerotia which allow it to survive in soil for 
extended periods of time [32]. The sclerotia are the principal sources 
of primary inoculums. They are also found in foodstuffs and are not 
destroyed by normal industrial processing or cooking since they are 
heat-stable. Conditions such as high temperatures and moisture, 
unseasonal rains during harvest and flash floods lead to fungal 
proliferation and production of mycotoxins [33]. Poor harvesting 
practices, improper storage and less than optimal conditions during 
transportation, marketing and processing can also contribute fungal 
growth and increase the risk of mycotoxins production [34]. Some 
of their metabolites are still toxic and may be involved in human 
diseases. The toxic effects of aflatoxins on organs like liver, kidney 
and mainly their carcinogenic effects are mostly known causes of 
morbidity and mortality [35].

Occurrence of aflatoxin in milk and milk products
AFM1 is a hepatocarcinogen found in milk of animals that have 

consumed feeds contaminated with AFB1, the main metabolite 

produced by fungi of the genus Aspergillus in particular A. flavus, 
A. parasiticus and A. nomius [36] AFM1 remain stable after 
pasteurization, sterilization, preparation and storage of various dairy 
products [37]. In the assessment of cancer risk, the infants are more 
exposed to the risk because the milk is a major constituent of their 
diet. Therefore the presence of AFM1 in milk and milk products is 
undesirable and a particular risk for human [38]. The amount of 
AFM1 excreted as a percentage of AFB1 in feed is usually 1-3%. 12-
24 h after the first AFB1 ingestion, the toxin can be detected in the 
milk. When the intake of AFB1 is stopped, the AFM1 concentration 
in the milk decreases to an undetectable level after 72 hours [39]. 
The contamination of milk and milk products with AFM1 display 
variations according to geography, country and season. The pollution 
level of AFM1 is differentiated further by hot and cold seasons, due 
to the fact that grass, pasture, weed, and rough feeds are found more 
commonly in spring and summer than in winter. At the end of 
summer, greens are consumed more than concentrated feed, causing 
a decreased level of AFM1 in milk and milk products [40]. Aflatoxins 
are highly toxic, immunosuppressive, mutagenic, teratogenic, and 
carcinogenic compounds. The main target organ for their toxicity 
and carcinogenicity is the liver. Milk and milk products are major 
nutrient for humans, especially children. For this reason, AFM1 in 
milk and dairy products should be controlled systematically [41].

Absorption, distribution, metabolism, excretion and 
mechanisms of action of aflatoxins

Aflatoxins are highly lip soluble compounds and are readily 
absorbed from the site of exposure usually through the gastrointestinal 
tract and respiratory tract into blood stream [42,43]. Animal and 
humans get exposed to aflatoxins by two major routes (a) direct 
ingestion of aflatoxin contaminated foods or ingestion of aflatoxins 
carried over from feed into milk and milk products like cheese and 
powdered milk as well as other animal tissues mainly as AFM1 [42] 
(b) by inhalation of dust particles of aflatoxins especially AFB1 in 
contaminated foods in industries and factories [44]. After entering 
the body, the aflatoxins are absorbed across the cell membranes 
where they reach the blood circulation. They are distributed in blood 
to different tissues and to the liver, the main organ of metabolism 
of xenobiotics. Aflatoxins are mainly metabolized by the liver to a 
reactive epoxide intermediate or hydroxylated to become the less 
harmful aflatoxin M1 [45]. In humans and susceptible animal species, 
aflatoxins especially AFB1 are metabolized by cytochrome P450 
(CYP450) microsomal enzymes to aflatoxin-8, 9-epoxide, a reactive 
form that binds to DNA and to albumin in the blood serum, forming 
adducts and hence causing DNA damage [46]. 

Various CYP450 enzymes isoforms occur in the liver and they 
metabolize aflatoxin into a reactive oxygen species (aflatoxin-8, 
9-epoxide), which may then bind to proteins and cause acute 
toxicity (Aflatoxicosis) or to DNA and induce liver cancer [45]. 
The predominant human CYP450 isoforms involved in human 
metabolism of AFB1 are CYP3A4 and CYP1A2. Both enzymes 
catalyze the biotransformation of AFB1 to the highly reactive exo-
8, 9-epoxide of AFB1 [47]. CYP1A2 is also capable of catalyzing the 
epoxidation of AFB1 to yield a high proportion of endo-epoxide and 
hydroxylation of AFB1 to form aflatoxin M1 (AFM1), which is a poor 
substrate for epoxidation [47] and less potent than AFB1 [48]. This is 
generally considered as the major detoxification metabolic pathway 
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for aflatoxins. The CYP3A4 is the major CYP450 enzyme responsible 
for activation of AFB1 into the epoxide form and also form AFQ1, 
a less toxic detoxification metabolite. The CYP3A5 metabolizes 
AFB1 mainly to the exo-epoxide and some AFQ1 [49]. However, 
polymorphism studies with CYP3A5 have indicated that, this enzyme 
isoform is not expressed by most people especially in Africans [48]. 
Studies in Gambian children showed that aflatoxin cross the placenta 
and transported to the fetus and the newborn where they can cause 
detrimental effects [48]. The CYP3A7 is a major CYP450 enzyme 
isoform in human fetal liver and metabolizes AFB1 to the 8, 9-epoxide 
that may cause fetal defects to the developing fetus [50].

The epoxidation of AFB1 to the exo-8, 9-epoxide is a critical step 
in the genotoxic pathway of this carcinogen. The binding of AFB1 
to DNA and DNA adduction by AFB1 exo-8, 9 epoxide has been 
reported to cause a functional changes of DNA conformation [51]. 
The epoxide is highly unstable and binds with high affinity to guanine 
bases in DNA to form afltoxin-N7-guanine [52]. The aflatoxin-N7-

guanine has been shown to be capable of forming guanine (purine) 
to thymine (pyrimidine) transversion mutations in DNA and hence 
affecting the p53 suppressor gene in the cell cycle [53]. The p53 gene 
is important in preventing cell cycle progression when there are DNA 
mutations, or signaling apoptosis. The mutations have been reported 
to affect some base pair locations more than others especially in the 
third base of codon 249 of the p53 gene in the region corresponding 
to the DNA binding domain of the corresponding protein [54] and 
this appears to be more susceptible to aflatoxin- mediated mutations 
than nearby bases [55]. AFB1 induces the transversion of base G to 
base T in the third position of codon 249 and similar mutations have 
been observed in Hepatocellular Carcinoma (HCC) in high AFB1 
contaminated food in regions in East Asia and Africa [56].

Epoxide hydrolase and Glutathione-S-Transferase (GST) are 
both involved in hepatic detoxification of activated AFB1, but the 
GST-catalyzed conjugation of glutathione to AFB1-8, 9-epoxides 
is thought to play the most important role in preventing epoxide 

Figure 1: Aflatoxin disease pathways in humans [46].

Figure 2: Various check points that can be damaged by binding of aflatoxins and AF-8, 9-epoxide causing the deregulation of the cell cycle; P-Prophase, 
M-Metaphase, A-Anaphase, T-Telophase, S-Synthetic DNA phase, G1 and G2-Gaps (growth phase) [69].
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binding to target macromolecules like DNA and various cell proteins 
[57]. Glutathione pathway is reported to play a vital role in the 
detoxification of AFB1 [58]. The AFB1 8, 9 exo and endoepoxides 
are conjugated by glutathione to form AFB-mercapturate and the 
reaction is catalyzed by Glutathione S-Transferase (GST) [58]. The 
glutathione-aflatoxin conjugate is transported from the cells with an 
ATP-dependent multidrug-resistance protein through an accelerated 
process [58]. Despite a preference for conjugating the more 
mutagenic AFB1 exo-epoxide isomer, the relatively low capacity for 
GST-catalyzed detoxification of bio-activated AFB1 in lung may be an 
important factor in the susceptibility of the lung to AFB1 toxicity [59]. 
The exo and endo epoxide can also be converted non-enzymatically 
to AFB1-8, 9-dihydrodiol which in turn can slowly undergo a base-
catalysed ring opening reaction to a dialdehyde phenolate ion [47]. 
AFB1 dialdehyde can form Schiff bases with lysine residues in serum 
albumin forming aflatoxin- albumin complex [60]. Also the aflatoxin 
dialdehyde are reduced to a dialcohol in a NADPH-dependent 
catalyzed reaction by Aflatoxin Aldehyde Reductase (AFAR) [61]. 
However the guanine alkylation by aflatoxin B1 produces exo-8, 
9-epoxide which is the reactive form and a carcinogen to the liver and 
the reaction is more than 2000 times more efficient in DNA than in 
aqueous solution [62] (Figure 1).

Effect of aflatoxins on mitochondrial DNA: The reactive 
aflatoxin-8, 9-epoxide preferentially binds to mitochondrial DNA 
(mitDNA) during hepatocarcinogenesis as compared to nuclear 
DNA that hinder ATP production and FAD/NAD linked enzymatic 
functions and this causes the disruption of mitochondrial functions 
in the various parts of the body that require production of energy in 
the form of ATP [63]. Aflatoxin damage to mitochondria can lead to 
mitochondrial diseases and may be responsible for aging mechanisms 
[63]. It is reported that certain mitochondrial diseases result from 
the ability of the nucleus to detect energetic deficits in its area. The 
nucleus attempts to compensate for the ATP shortages by triggering 
the replication of any nearby mitochondria but unfortunately, the 
response promotes replication of the very mitochondria that are 
causing the local energy deficit hence aggravating the problem [64]. 
The AFB1 also binds to DNA and cause structural DNA alterations 
that lead to gene mutations as well as changes in the length of the 
telomeres and the check points in the cell cycle [65]. The binding of 
AFB1 to DNA at the guanine base in liver cells corrupt the genetic 
code that regulates cell growth, thereby leading to formation of tumors 
[66]. The damage to mitDNA is caused by adduction and mutations of 
mitochondrial membranes leading to increased cell death (apoptosis) 
as well as disruption of energy production (production of ATP) [67]. 
The reactive aflatoxin-8, 9-epoxide can affect the mitotic (M) phase, 
growth process (G1 and G2 phase) and DNA synthesis (S phase) in 
the cell cycle by disrupting the various check points that regulate the 
cell cycle development and proliferation leading to deregulation of 
the cell and hence cancer development [68] (Figure 2).

However in resistant rodents, their mitDNA is protected from 
aflatoxins from DNA adducts that effect mitochondrial transcription 
and translation [64]. The mycotoxin alters energy linked functions 
of ADP phosphorylation and FAD- and NAD-linked oxidizing 
substrates and α-ketoglutarate-succinate cytochrome reductases [66].

Effect of aflatoxins on mitochondrial structure: AFB causes 
ultrastructural changes in mitochondria [65] and also induces 

mitochondrial directed apoptosis thus reducing their function [68]. 
Also the aflatoxins may affect the telomere length and the various 
check point in the cell cycle causing further damage to the regulatory 
processes of the cell cycle [68]. Also the extent of aflatoxin binding to 
DNA and its damage, the level of different proteins changes from cell 
cycle and apoptotic pathways such as c-Myc, p53, pRb, Ras, Protein 
Kinase A (PKA), Protein Kinase C (PKC), Bcl-2, NF-kB, CDK, cyclins 
and CKI contribute to the life or death decision making process that 
may contribute to the deregulation of the cell proliferation leading to 
cancer development [69] (Figure 2).

Role of glutathione in detoxification of aflatoxins and their 
metabolites: However like in hepatic detoxification of aflatoxins and 
other chemicals, GSH act as antioxidant and has many functions in 
membrane maintenance and stability as well as in reducing oxidative 
stress factors and the high Reactive Oxygen Species (ROS) produced 
from the process of lipid peroxidation [70]. The increased depletion 
of GSH leads to abnormally high levels of ROS found in cells affected 
by aflatoxin due to uncoupling of metabolic processes resulting from 
the lack of GSH for GSH-peroxidase catalysis of O2 to H2O2 leading to 
lipid peroxidation and compromised cell membranes. Its reduction 
further enhances the damage to critical cellular components (DNA, 
lipids, proteins) by the 8, 9 epoxides. However the most serious 
adverse effects of the AFB1-8, 9-epoxide metabolite is that it reacts 
with amino acids in DNA and forms an adduct [71]. The adduct are 
fairly resistant to DNA repair processes and this causes gene mutation 
that leads to liver cancers especially the hepatocellular carcinomas 
[72].

The role of cytoplasmic reductase in detoxification of AFB1: 
Also in the hepatocytes, AFB1 are converted to other different classes 
of metabolites by cytoplasmic reductase such as aflatoxicol and by 
microsomal mixed-function oxidase system to form AFM1, AGFQ1, 
AFP1 and AFB1 -epoxide (the most toxic and carcinogenic derivative) 
and these metabolites may be deposited in various body tissues as 
well as in edible animal products [73]. These metabolites other than 
the AFB1 are less toxic and are conjugated with other molecules that 
enhance their rapid elimination from the body [42]. The metabolite 
AFQ1 has very little cancer-causing potential and they are usually 
excreted in urine with little effect on the body [74].

Effect of aflatoxins on protein synthesis: The aflatoxin binds 
and interferes with enzymes and substrates that are needed in the 
initiation, transcription and translation processes involved in protein 
synthesis. They interacts of with purines and purine nucleosides and 
impair the process of protein synthesis by forming adducts with 
DNA, RNA and proteins [75]. Aflatoxin also inhibits RNA synthesis 
by interacting with the DNA-dependent RNA polymerase activity 
and thus causes degranulation of endoplasmic reticulum. Also the 
reduction in protein content in body tissues like in skeletal muscle, 
heart, liver and kidney could be due to increased liver and kidney 
necrosis [76]. AFB1 is a potent mutagenic, carcinogenic, teratogenic, 
and immunosuppressive and all these may interfere with normal 
process of protein synthesis as well as inhibition of several metabolic 
systems thus causing damages to various organs especially the liver, 
kidney and heart [77,78].

Role of aflatoxins in cancer: Aflatoxins especially AFB1, AFG1 
and AFM1 are the most toxic, naturally occurring carcinogens 
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known with AFB1 the most hepatocarcinogenic compound, causing 
various cancers of the liver and other body organs in humans and 
animals [79]. Aflatoxin’s cancer causing potential is due to its ability 
to produce altered forms of DNA adducts. The primary disease 
associated with aflatoxin intake is hepatocellular carcinoma (HCC, or 
liver cancer). This disease is the third-leading cause of cancer death 
globally [78], with about 550,000-600,000 new cases each year. The 
incidence of liver cancer has been consistently higher in men than in 
women with a sex ratio ranging from 2 to 3 in most countries [63]. 
Eighty-three percent of these cancer deaths occur in East Asia and 
sub-Saharan Africa [80]. Hepatocellular Carcinoma (HCC) is one of 
the most common cancers worldwide with extremely poor prognosis. 
The majority of cases occur in south-east Asia and sub-Saharan Africa 
where the major risk factors of chronic infection with hepatitis B and 
C viruses (HBV and HCV) as well as dietary exposure to aflatoxins 
are a problem [45]. Aflatoxin B1, the most commonly occurring and 
potent of the aflatoxins is associated with a specific AGG to AGT 
amino acid transversion mutation at codon 249 of the p53 gene in 
human HCC, providing mechanistic support to a causal link between 
exposure and disease [81]. Liver cancer has an increasing incidence 
that parallels the rise in chronic Hepatitis B (HBV) and Hepatitis C 
(HCV) infection [82]. Chronic infection with Hepatitis B Virus (HBV) 
or Hepatitis C Virus (HCV) can progress to advanced liver disease, 
including cirrhosis and Hepatocellular Carcinoma (HCC), a form of 
primary liver cancer [83]. HCC is the third leading cause of cancer-
related mortality worldwide [84]. The data show that individuals 
positive for the hepatitis B virus and exposed to aflatoxin in the diet 
are about 60 times of risk for developing hepato-biliary carcinoma or 
liver cancer [46] especially in poor developing countries worldwide 
[82]. Reports have shown that a number of interactions exist between 
HBV and aflatoxins in development of hepatocellular carcinoma in 
humans. They may include the fixation of AFB1-induced mutations in 
the presence of liver regeneration and hyperplasia induced by chronic 
HBV infection, the predisposition of HBV infected hepatocytes 
to aflatoxin induced DNA damage, an increase in susceptibility to 
chronic HBV infection in aflatoxin exposed individuals and oxidative 

stress exacerbated by co-exposure to aflatoxins and chronic hepatitis 
infection [78] (Figure 3). 

Health effects of aflatoxins on human and animals 
(aflatoxicosis)

Aflatoxicosis is a condition caused by aflatoxins in both humans 
and animals. It occurs in two general forms (1) the acute primary 
aflatoxicosisis produced when moderate to high levels of aflatoxins 
are consumed. Specific acute episodes of disease may include 
hemorrhage, acute liver damage, edema, alteration in digestion, 
absorption and/or metabolism of nutrients, and possibly death [3]. 
Acute dietary exposure to AFB1 has been implicated in epidemics 
of acute hepatic injury [85]. Evidence of acute Aflatoxicosis in 
humans has been reported worldwide especially in the third world 
countries like Taiwan, Uganda, India, Kenya and many others [86]. 
(2) The chronic primary aflatoxicosis results from ingestion of low to 
moderate levels of aflatoxins [86]. The effects are usually subclinical 
and difficult to recognize. Some of the common symptoms are 
impaired food conversion and slower rates of growth with or without 
the production of an overt aflatoxin syndrome [2]. The chronic 
forms of Aflatoxicosis include (1) teratogenic effects associated with 
congenital malformations (2) mutagenic effects where aflatoxins 
cause changes (mutations) in the genetic code, altering DNA and 
these changes can be chromosomal breaks, rearrangement of 
chromosome pieces, gain or loss of entire chromosomes, or changes 
within a gene (3) the carcinogenic effect in which the carcinogenic 
mechanisms have been identified such as the genotoxic effect where 
the electrophilic carcinogens alter genes through interaction with 
DNA and thus becoming a potential for DNA damage and the 
genotoxic carcino‐gens that are sometimes effective after a single 
exposure, can act in a cumulative manner, or act with other genotoxic 
carcinogens which affect the same organs [67]. 

Chronic effects of aflatoxin has been reported to impair the normal 
body immune function by either by reducing phagocytic activity 
or reduce T cell number and function as observed immunological 
suppression in animal model. Aflatoxins have also been reported 

Figure 3: Aflatoxin disease pathways in humans [86,110].
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to interfere with nutrition in a dose response relationship between 
exposure to aflatoxin and rate of growth in infants and children [87]. 
Aflatoxins also causes nutrient modification like vitamin A or D in 
animal models and thus making them unavailable for the normal 
body physiology and hence leads to nutritional deficiencies [88].

The contamination of foods and feeds with aflatoxin can cause 
serious consequences in human and animal health. It is estimated 
that more than 5 billion people in developing countries worldwide are 
at risk of chronic aflatoxin exposure due to consumption of aflatoxin 
contaminated foods and of these more than 4 billion people develop 
aflatoxin related liver cancer especially the hepatocellular carcinoma 
[20]. Aflatoxin exposure is mainly a problem in poor and developing 
countries with poor regulatory authorities in food processing and 
storage as well as with high levels of malnutrition. Aflatoxins have 
also been linked with kwashiorkor and marasmus in most of the sub-
Saharan countries in children [88]. Many people in these countries 
experience chronic Aflatoxicosis associated with long-term exposure 
to low to moderate levels of aflatoxin in the food supply chain. AFB1, 
AFB2 and AFM have been detected in liver, gall bladder, spleen, heart, 
muscle and kidney [89]. Aflatoxin B1 exposure results in both steatosis 
and accumulation of fat and necrosis or cell death of liver cells. The 
amount of aflatoxins consumed contributes to the mutagenic, 
carcinogenic, teratogenic, and immunosuppressive health effects in 
the body. The adverse effect of aflatoxins in humans ranges from acute 
hepatic toxicity to chronic disease such as liver cancer, haemorrhages, 
oedema, and even immediate death. Prolonged consumption of 
aflatoxins has also been reported to cause impaired immune function 
and malnutrition and stunted growth in children and a number 
of disabilities and death [90]. Human studies have reported that 
aflatoxins cause an increase in circulating alpha tumor necrosing 
factor, suggesting that these mycotoxins are also immunotoxic in 
humans. Due to the aflatoxin body immunosuppressant, it has been 
associated with HIV and tuberculosis [81] (Figure 1). Aflatoxins also 
pose a threat to developing fetuses and they are transferred from 
mother to infant in breast milk. Aflatoxins have been reported to 
be associated with a Reye-like Syndrome in Thailand, New Zealand, 
Czechoslovakia, the United States, Malaysia, Venezuela, and Europe 
[67].

All species of animals are susceptible to Aflatoxicosis and 
the susceptibility of individual animals to Aflatoxicosis varies 
considerably depending on dose, duration of exposure, species, 
age, sex and nutrition. AFB1, AFB2 and AFM have been detected 
in liver, gall bladder, spleen, heart, muscle and kidney of growing 
swine when protein and protein-free portions of the diet were 
separately fed [89]. Chronic exposure of aflatoxins to animals causes 
immunosuppression and also interferes with protein metabolism 
and multiple micronutrients that are critical to health due to adduct 
formation. These adduct are responsible for mutations, cancer, 
immunosuppression, lung injury and birth defects [64]. In animals, 
the aflatoxins cause liver damage, decreased milk production, reduced 
reproductively and suppressed immunity in animals consuming 
low dietary concentrations. The Aflatoxicosis syndrome in animals 
may also be characterized by vomiting, abdominal pain, pulmonary 
oedema, convulsions, coma, and death with cerebral edema and fatty 
involvement of the liver, kidneys, and heart. In dairy and beef cattle, 
the signs of acute toxicities include anorexia, depression, dramatic 

drop in milk production, weight loss, lethargy, gastrointestinal 
dysfunctions such as ascitis, icterus, tenesmus, abdominal pain, 
bloody diarrhoea, decreased feed intake and efficiency; weight loss, 
jaundice, abortion, hepatoencephalopathy, blindness, walking in 
circles, ear twitching, frothy mouth, photosensitization, bleeding and 
death [91]. In poultry, beside inappetance, weight loss, decreased 
egg production, leg and bone problems, poor pigmentation, fatty 
liver, kidney dysfunction, bruising and death, suppression to natural 
immunity and susceptibility to parasitic, bacterial and viral infections 
can occur [42] (Figure 3).

Diagnosis of aflatoxins
Aflatoxicosis in milking cows is readily evident from milk samples. 

However, diagnosis in nonlactating cattle is more difficult because 
of the variation in clinical signs, gross pathology, and presence of 
other diseases due to suppression of the immune system. More than 
one mold or toxin can further complicate diagnosis as well. By the 
time overt symptoms are noticed, the prognosis is poor. Aflatoxins 
have usually been detected by their photo physical properties, such 
as by absorption and emission spectra. For instance, aflatoxins 
show characteristic absorption at 360nm, which is the absorption 
maximum of the aflatoxin ring [92].

Different methods of detection and quantification of aflatoxins 
are: ELISA, electrochemical immunosensors, chromatography and 
fluorescence. ELISA is widespread technique. Competitive direct 
enzyme linked immune sorbent assay test is one of the most common 
tests conducted in immune biochemistry that allows the user to obtain 
exact concentration in parts per billion. But it has the disadvantage 
of requiring well equipped laboratories, well trained professional, 
harmful solvents and several hours to complete an assay [93]. The 
detection and quantification of aflatoxins by using electrochemical 
immune sensor has proven to be efficient, easy to use and able to 
detect very low levels of aflatoxin. Fluorescence detection is a very 
good alternative to the conventional techniques. It has a very high 
sensitivity. But it is inexpensive [94]. 

Rapid detection techniques are optical fiber, electrochemical 
transduction, low injection monitoring and biosensors. Most of 
these still present a lack of applications because of their practical 
inconveniences except biosensors. The biosensors have been designed 
to overcome the drawbacks that the common tools employed to detect 
and quantify aflatoxins presents. Apparently then measurement 
of aflatoxins in the future tends to be the combination of optical, 
immunochemical and fluorescence techniques [95].

Economic impacts
The economic consequences of aflatoxicosis are the major 

areas of concern. Aflatoxins have negative impact on human 
health, animal productivity and trade. Generally, when susceptible 
animals are fed contaminated feeds it results in reduced growth 
rates, illness, and death; moreover, their meat and milk may 
contain toxic biotransformation products. Livestock owners often 
take farmers and feed companies to court legal battles can involve 
considerable amounts of money [96]. The direct economic impact of 
aflatoxin contamination in crops results mainly from a reduction in 
marketable by rejection of products from the international market 
and losses incurred from livestock disease, consequential morbidity 
and mortality which leads to volume and value loss in the national 
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markets which is huge economic loss [34]. Recommended sanitary 
and phytosanitary standards set for aflatoxins adversely affect grain 
trade in developing countries, specifically in the international market, 
products that do not meet the aflatoxin standards are either rejected 
at the border, rejected in channels of distribution, assigned a reduced 
price [97]. 

The crops contaminated with high levels of aflatoxins are 
sometimes diverted to animal feed, which resulting in reduced 
growth rates and illness of animals consuming toxic contaminated 
feeds. Many countries have established regulations to limit exposure 
to aflatoxin, typically expressed in parts per billion (ppb). These 
regulations can result in foregone trade revenues arising from 
increased cost of meeting the standards including cost of testing, 
rejection of shipments and even eventual loss of admissibility into 
foreign markets [98]. Toxigenic fungal pathogens are important 
constraints to the production of the crop, affecting the quality of 
the seeds through spoilage, however, aflatoxin contamination is the 
most important quality problem in Ethiopia with serious health 
consequences for human and livestock for example groundnut 
plays an important role as a food as well as a cash crop in Ethiopia. 
Currently the crop is becoming one of the high value crops that are 
growing in the dry land areas of the Tigray region, Northern Ethiopia, 
but the groundnut production highly attack by Aflatoxicosis [33].

Controls and prevention
Control of aflatoxins requires an integrated approach, whereby 

aflatoxins are controlled at all stages from the field to the table, is 
required for reduction in risk. Such an approach includes targeted 
plant breeding practices, enhancement of host plant resistance, and 
biological control methods, coupled with post-harvest technologies 
such as proper drying and storage of potentially affected crop products, 
as well as development of appropriate alternative uses to retain at 
least some economic return on value of damaged crop. Therefore by 
removing the sources of contamination, promoting better agricultural 
and storage techniques, ensuring adequate resources are available for 
testing and early diagnosis, enforcing strict food safety standards, 
informing and educating consumers and (small/subsistence) farmers, 
promoting better livestock feeding and management, and creating 
general awareness about personal protection, are some of the ways in 
which national authorities can help to control aflatoxins [99].

Aflatoxicosis can be prevented by feeding rations free of aflatoxin. 
Preventing aflatoxin contamination requires on-going and thorough 
sampling and testing program. It requires purchasing feed from 
reputable persons and companies experienced in aflatoxin prevention 
and who have a proven record of properly monitoring their feed 
products. A reliable feed company will also carry insurance to cover 
misfortunes with aflatoxins or other problems. A good deal on feed 
prices can be the most expensive buy a dairy farmer ever makes if 
it proves to contain aflatoxin. Storing feed at proper moisture levels 
and developing a systematic inspection and clean-up program to keep 
bins, delivery trucks and other equipment free of adhering or caked 
feed ingredients are also the most important options. Minimizing 
dust accumulation in milling and mixing areas and treating grains 
contaminated with aflatoxins by ammonia have also been successfully 
inclusive method of preventing the disease but it is expensive and 
dangerous to do [100].

The presence and growth of Aspergillus on pre-harvested crops 
is dependent on the environment. Agricultural practices including 
proper farm system and pest management can reduce aflatoxin 
contamination [101]. Controlling or reducing infection by regulating 
the factors that increase the risk of aflatoxin contamination in the field 
contributes extensively in managing aflatoxin [102]. Management 
practices that reduce the incidence of aflatoxin contamination in the 
field include timely planting, maintaining optimal plant densities, 
proper plant nutrition, avoiding drought stress, controlling other 
plant pathogens, weeds and insect pests and proper harvesting. 
Another potential means for aflatoxin control is the bio control of 
fungal growth in the field. Numerous organisms have been tested 
for biological control of aflatoxin contamination including bacteria, 
yeasts, and non-toxigenic (toxigenic) strains of the causal organisms 
of which only toxigenic strains have reached the commercial stage 
[103]. 

Soil testing, field crop rotation, antifungal chemical treatments (for 
example, proprionic and acetic acids), and adequate insect and weed 
prevention. Harvesting strategies include use of functional harvesting 
equipment, clean and dry collection/transportation equipment, and 
appropriate harvesting conditions (low moisture and full maturity). 
Postharvest measures include use of drying as dictated by moisture 
content of the harvested grain, appropriate storage conditions, and 
use of transport vehicles that are dry and free of visible fungal growth 
[104]. Sorting out of physically damaged and infected grains from the 
intact commodity can result in 40-80% reduction in aflatoxin levels. 
The advantage of this method is that it reduces toxin concentrations 
to safe levels without the production of toxin degradation products 
or any reduction in the nutritional value of the food. This could be 
done manually. Market practices such as grading have also been 
shown to reduce levels of aflatoxin [105]. Clearing the remains of 
previous harvests and destroying infested crop residues are basic 
sanitary measures that are also effective against storage deterioration. 
Cleaning of stores before loading in the new harvests was correlated 
with reduction in aflatoxin levels. Wild hosts, which constitute a 
major source of infestation for storage pests, should also be removed 
from the vicinity of stores. These improved postharvest technologies 
have been used successfully to reduce the blood aflatoxin [106]. 
Aflatoxin regulatory programs are already in place in most countries 
to the export side these regulatory programs are strictly enforced to 
protect the export market of agricultural commodities, otherwise the 
importing countries would reject the commodities resulting in a loss 
of valuable foreign exchange earnings. Domestic regulatory measures 
on aflatoxin have received very little attention and are enforced, 
with no incentives given for the aflatoxin free produce and no heavy 
penalty on the violators of aflatoxin regulations [16]. 

To reduce the losses due to aflatoxin contamination risks must be 
solved through using sanitary measures during pre- harvest, harvest 
postharvest handling of food and feeds of animals. Multi-sectorial 
approaches programs are required at all levels to control aflatoxin 
contamination and improve the quality of product to security and 
health assessments of communities. Aflatoxin control program will 
include complementary components such as relevant information 
standards regulations policy to distribute safe and high quality food 
to fulfill consumer’s demands [107]. 
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Many chemical preservatives have been used for the control 
of Aspergillus food contamination such as fungicides, herbicides 
and insecticides for healthier plants that resist fungus [108]. The 
widespread use of chemical preservative has significant drawbacks 
including increased cost, handling hazards, concern about residues 
of pesticide on food and threat to human health and environment. 
There is no specific antidote for toxicity of aflatoxins. However; timely 
administration of l-methionine (200mg/kg) and sodium thiosulfate 
(50mg/kg) at eight-hour intervals is proven to be of therapeutic 
value. Supplementation with increased levels of protein, vitamins and 
antioxidants can also be rewarding [109,110]. 

Conclusion and Recommendations
In general, chronic consumption of aflatoxin contaminated 

foods is a common problem in both animals and humans worldwide 
especially in poor developing nations, where there is poor food 
harvesting, processing and storage of food and food products thus 
allowing the growth of mold on them. Dairy products play a significant 
role in human diet since they are rich sources of bioavailable 
calcium and proteins. The occurrence of AFM1 in milk and milk 
products is a public health concern. Aflatoxin M1 in milk and dairy 
products could be a risk to human as well as animal health. High 
contamination in feed may result in a significant AFM1 level in milk 
when animals are fed with highly contaminated foodstuffs. Meeting 
the demands for higher milk yields and striving for increased milk 
production may create such situations. AFM1 appears to be a natural 
contaminant in milk and dairy products. For this reason, milk and 
dairy products have to be inspected and controlled continuously for 
AFM1 contamination and animal feeds should be checked regularly 
for AFB1 and storage conditions of feeds must be taken under strict 
control. However, analytical methods that can simultaneously detect 
and quantify a broad number of mycotoxins in milk with low limits of 
detection and quantification are needed to reduce analytical costs and 
to allow more frequent monitoring of mycotoxins in milk. In short, 
adopting good harvesting practices, improving analytical facilities, 
and implementing strict regulations would avoid or reduce these 
natural contaminants in milk and ensure the safety of milk and milk 
products as human food.

In line with the above conclusion, the following recommendations 
are forwarded:

•	 Natural contaminants of food chain with aflatoxin should 
be reduced by using sanitary measures and a multi face awareness 
approach. 

•	 There should be new strategies to address effectively within 
developing countries, where aflatoxin exposure is intertwined with 
the issues of food insecurity and insufficiency. 

•	 Collaboration between the agricultural and public health 
communities, between the local, regional, national, and international 
governing bodies, and between different disciplines within public 
health and agricultural is necessary to reduce aflatoxin exposure.
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