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ABSTRACT

Aflatoxin is both acutely and chronically toxic for animals and humans and can cause potentially dan-
gerous diseases including acute toxic hepatitis, liver cirrhosis and hepatocarcinoma. AFM1 contamination in
dairy products or raw milk is a global problem threatening public health in all areas of the world. Despite high
consumption of dairy products in Lebanon, a few credible data are available on their contamination levels with
AFML1. A. flavus and A. parasiticus were identified as the organisms responsible for the elaboration of the toxin
in the feed. The term Aflatoxin now refers to group of bisfuranocoumarin metabolites isolated from strains of
A. flavus group of fungi. The toxic material derived from the fungus A. flavus was given the name "Aflatoxin".
The contamination of feedstuffs with mycotoxins is of increasing concern as changes on agricultural practice
and probably climatic changes seem to have increased the prevalence of mycotoxins contamination. Contami-
nation of feeds with mycotoxins accounts for significant loss in animal husbandry, as well as undesirable trade
barriers for raw materials and dairy consumable products. The aim of the present review is to outline the im-
portance of raw milk contamination with AFM1 and its importance on human health and ruminants.
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Introduction

Cow’s milk is an important component of the human diets and plays an important role in nu-
trition, growth, development, and immunity. Milk is the most important source of calcium and phos-
phorus of human body and due to having essential amino acids, has an important status in supplying
the body’s protein needs. Studies have shown that there is a close relationship between consumption
of milk and health status of people in terms of efficiency, Intelligence quotient (1Q), reducing the
risk of infectious diseases, regulation of metabolic activities, decreasing blood pressure, increasing
beneficial blood lipids (High-density lipoprotein), preventing from colon cancer and osteoporosis
(Hjartaker et al., 2002).

Approximately 150 million households around the globe are engaged in milk production. In
most developing countries, milk is produced by smallholders, and milk production contributes to
household livelihoods, food security and nutrition. Milk provides relatively quick returns for small-
scale producers and is an important source of cash income.

In recent decades, developing countries have increased their share in global dairy production.
This growth is mostly the result of an increase in numbers of producing animals rather than a rise in
productivity per head. In many developing countries, dairy productivity is constrained by poor-qual-
ity feed resources, diseases, limited access to markets and services (e.g., health, credit and training)
and dairy animal’s low genetic potential for milk production. Unlike developed countries, many
developing countries have hot and/or humid climates that are unfavourable for dairying.

Due to a close relationship between livestock feed with health and safety of milk, various
researches have been conducted on livestock feed. The researches have shown that contamination



144 Majd Abi Haidar, Charbel Kiwan, Mona Abboud, Toni Todorov

of livestock feed with certain types of molds such as Aspergillus causes Aflatoxin production and
its transfer to milk (Creppy, 2002).

The contamination of feedstuffs with mycotoxins is of increasing concern as changes on agri-
cultural practice and probably climatic changes seem to have increased the prevalence of mycotoxins
contamination. Contamination of feeds with mycotoxins accounts for significant loss in animal hus-
bandry, as well as undesirable trade barriers for raw materials and consumable products (Wu, 2006).

The consumption of milk and dairy products is widespread in Lebanon; however, there are
scarce surveys done on AFM1 content in these products (Elkak et al., 2011). The aim of the present
review is to outline the importance of raw milk contamination with AFML1 and its importance on
human health and ruminants.

Definition

Aflatoxins are fungal toxins produced by certain species of Aspergillus especially parasiticus,
but rarely by A. nominus (Rahimi et al., 2010) which may grow on several kinds of agricultural
products. The major type of naturally occurring AFs have been identified: Aflatoxin B1 (AFB1),
Aflatoxin B2 (AFB2), Aflatoxin G1 (AFG1), Aflatoxin G2 (AFG2), Aflatoxin M1 (AFM1) and
Aflatoxin M2 (AFM2). AFB1 represents the highest degree of toxicity followed by AFM1, AFG1,
AFB2 and AFG2 (Gourama and Bullerman, 1995). AFBL1 is considered to be the most hepatocar-
cinogen, teratogen and mutagen of this group of mycotoxins. AFM1, the hydroxylated metabolites
of AFB1, may be found in milk, milk products and meat of dairy cattle and mammals that have
ingested the feedstuffs contaminated with AFB1 (Creppy, 2002). AFML1 can cause serious human
disease, especially primary liver cancer, DNA damage and acute toxicity and carcinogenicity com-
parable with that of the parent molecule (figure 1). Therefore, it is now classified by the International
agency for research on cancer (IARC) as a group 1 human carcinogen (IARC, 2002). Among human
foods of animal origin, the rate of feed-to-tissue transfer of aflatoxins is the highest for milk. Milk
has the greatest demonstrated potential for introducing AFM1 into the human diet and exposure to
AFM1 through milk products is a serious problem for public health (Ruangwises et al., 2010). Ex-
posure of children, including infants to AFML1 is of concern, because they have potentially greater
vulnerability and sensitivity than adults and their capacity of biotransformation of carcinogen is
generally slower than adults (Lopez et al., 2003); and, as result, occurrence of aflatoxins in human
foods is strictly regulated to very low concentrations in developed countries. Thus, in these coun-
tries, the drive to abate Aflatoxin contamination is due to loss in crop value resulting from stringent
government regulations on crop intended for human consumption, maximum permitted Aflatoxin
levels range from 2 ng/g in the European Union to 20 ng/g in the United States. Aflatoxins are
readily transferred from feed to milk resulting in similarly stringent regulations on feed intended for
dairies (Van Egmond, 2004; Wu, 2004). Maximum permissible levels of aflatoxins in milk are
0.05 ng/g in the European Union and 0.5ng/g in the United States.

Unfortunately, in developing countries, crop from small scale farmers frequently pass from
field to storage to consumption with no regulatory oversight and without a test of the Aflatoxin
contamination. This will lead not only to economic loss but also to a tremendous impact on human
health (Wu, 2004).

In other side the Joint FAO/WHO Expert Committee on Food Additives (JECFA) has evalu-
ated aflatoxins B and G on several occasions since 1987 (JECFA, 1999 and 2007) and has recom-
mended that, due to their carcinogenic potential, dietary exposure to aflatoxins should be minimized
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as much as possible. In this way, the 2007 report by the Panel on Contaminants of the European
Food Safety Authority (EFSA) indicated that exposure to aflatoxins from any food source should be
kept as low as reasonably as possible, due to their genotoxic and carcinogenic properties (EFSA,
2007). Recently, Codex Alimentarius has established maximum limits for total aflatoxins (the sum
of aflatoxins B1, B2, G1 and G2) in some nuts (almonds, peanuts, hazelnuts, pistachios and Brazil
nuts) intended for further processing, at 15 ug/kg in comparison to the 10 ug/kg allowed for the
same ready to eat products, based on the information provided by JECFA (Codex Alimentarius,
2008).
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Figure 1: Aflatoxin and disease pathways in human (Wu F, Liu Y, Bhatnagar D , 2008)

History

Aflatoxins were discovered in 1960 when more than 100,000 young turkeys, ducklings and
pheasants died in England over the course of a few months from an apparently new disease that was
termed “Turkey-X disease”. After a careful survey of the outbreaks, the disease was found to be
associated with the Brazilian groundnut meal An intensive study of groundnut meal revealed its
toxic nature as it produced typical symptoms of Turkey-X disease when consumed A study on the
nature of the toxin suggested its origin from the fungus Aspergillus flavus. Thus, the toxin was
named “Aflatoxin” by virtue of its origin from A. flavus. Research on aflatoxins led to a “golden
age” of mycotoxins research during which several new mycotoxins were discovered. Among all
mycotoxins and polypeptides compounds synthesized by fungal species, Aflatoxins (the most potent
hepatotoxic and carcinogenic metabolites) continue to receive major attention and are most intensely
studied (Negash D., 2018).
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Factors influencing the development of Aflatoxin production

The factors implicated in the growth of the fungus belonging to the Aspergillus genus in foods
are those relating to the environment in which they develop (pH, composition of the food or water
activity) or extrinsic factors: ambient humidity, storage temperature and microbial competition
(Zinedine and Maiies, 2009).

The formation of aflatoxins is influenced by physical, chemical and biological factors. The
physical factors include temperature and moisture. The chemical factors include the composition of
the air and the nature of the substrate, biological factors are those associated with host species (Hes-
seltine, 1983). The molds grow and produce toxins under conducive conditions, which involve ade-
quate substrate (carbohydrates), moisture in the substrate (=13%), relative humidity (=70%), ade-
quate temperature and oxygen. Fungal growth and Aflatoxin contamination are the consequence of
interactions among the fungus, the host and the environment (Verma, 2007). Specific nutrients, such
as minerals (especially zinc), minerals, fatty acids, amino acids and energy source (preferably in the
form of starch) are required for Aflatoxins formation and energy source (Wyatt, 1991). Large yield
of Aflatoxins are associated with the high carbohydrate concentrations, such as wheat rice and to
lesser extent in oil seeds such as cottonseed, soybean and peanuts (Dienner and Davis, 1968). The
limiting temperatures for the production of Aflatoxins by A. flavus and A. parasiticus are reported
as 12°C to 41°C, with optimum production occurring between 25 and 32°C (Lillehoj, 1983). Syn-
thesis of Aflatoxins in feed are increase at temperature above 27°C (80F), humidity levels greater
than 62% and moisture levels in the feed above 14% (Royes and Yanong, 2002). Therefore, crops
grown under warm and moist weather in tropical and subtropical countries are especially more prone
to Aflatoxin contamination than those in temperate zones.

Water stress, high temperature stress and insect damage of host plant are the other factors,
which favour mold infestation and toxin production. Specific crop growth stages, poor fertility, high
crop densities, weed competition have been associated with increased mold growth and toxin pro-
duction (Verma, 2007). The moisture content of the substrate is a main factor regulating the fungal
growth and toxin formation. A moisture content of 18% for starchy cereal grains and 9 to 105 for
oil-rich nuts and seeds has been established for maximum production of the toxin (WHO, 1979).

Aflatoxins: mechanism of action

Aflatoxins are the most intensively studied mycotoxins in dairy cattle as the excretion of Af-
latoxin M1 in dairy milk is of public health concern. Following ingestion of Aflatoxin-contaminated
feeds, a part of the ingested Aflatoxin B1 is degraded in the rumen, resulting in the formation of
aflatoxicol. The remaining fraction is absorbed in the digestive tract by passive diffusion and is
hydroxylated in the liver to Aflatoxin M1 (Kuilman et al., 1998). Aflatoxin M1 is either conjugated
to glucuronic acid and subsequently excreted via bile, or enters the systemic circulation. Circulating
Aflatoxin M1 can be excreted in the urine or appear in milk. After absorption, the highest concen-
tration of the toxin is found in the liver. Aflatoxin B1 is metabolized by microsomal enzymes to
different metabolites through hydroxylation, demethylation and epoxidation. The hydroxylation of
AFB1lproduces AFM1 and AFQL. Hydration of AFB1 results in the formation of AFB2 which is
rapidly formed in avian species AFP1 results from O-demethylation while AFB1 epoxide is formed
by epoxidation and the 2, 3-double bond. Aflatoxicol is the only metabolite of AFB1 produced by a
soluble cytoplasmic reductase enzyme system. AFM1 could be detected in milk 12-24 hours after
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the first AFB1 ingestion, reaching a high level after few days. When the intake of AFBL1 is finished,
the AFML1 in the milk decrease to undetectable levels after 72 hours (Gimeno, 2004; Ozdemir, 2007).
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Figure 2: Some metabolic products from AFB1 (Gimeno, 2004; Ozdemir, 2007).

Aflatoxins: diagnosis

A number of methods for determination of AFM1 have been developed which can be classified
as two main groups: The chromatographic methods and immunochemical methods. As a general
rule, aflatoxins are low molecular weight compounds, which pose significant UV absorption and
fluorescence properties. For this reason, liquid chromatographic techniques have predominated in
their analysis initially TLC (Kamkar, 2005), and consequently HPLC (Rastogi, 2004).

The Immunochemical methods are used for rapid screening of aflatoxins in various samples.
These techniques are based on using specific antibodies with good sensitivity. A nhumber of immu-
nochemical approaches enzyme-immunosorbent assay (ELISA), immunoaffinity column assays
(ICA), radioimmunoassay (RIA), have been developed for the determination of AFM1 in milk. In
other hand, ELISA tests however suffer from the disadvantage of false positive results, and on oc-
casion, unacceptable quantification accuracy, therefore confirmatory analysis are required. ELISA
kit is also not feasible for on-site detection because of long incubation time and numerous washing
steps.

Aflatoxins: symptoms in ruminants

In Calves:

The LD50 dosage of AFB1 in calves has been estimated to be 0.5 to 1.5 mg/kg. Affected calves
had anorexia, depression, and jaundice, photosensitization of pigmented skin, submandibular edema,
severe keratoconjunctivitis and diarrhea with dysentery. Collapse and death followed.

In beef dairy cattle:
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The signs most commonly reported with acute toxicosis in cattle include anorexia, depression,
dramatic drop in milk production, weight loss, lethargy, ascitis, icterus, tenesmus, abdominal pain
(animals may stretch or kick at their abdomen), bloody diarrhea, abortion, hepatoencephalopathy,
photosensitization and bleeding. Hair loss are also observed in chronically exposed dairy cattle
(Guthrie, 1979). Other signs associated with acute aflatoxicosis include blindness, walking in cir-
cles, ear twitching, frothy at the mouth, keratoconjunctivitis and rectal prolapse (Radostits et al.,
2000). High Aflatoxin levels (4 ppm) can cause milk production to drop within one week while,
lower levels (0.4 ppm) can cause production drop in 3 to 4 weeks (Hutjens, 1983).

In additions, chronic aflatoxicosis may impair reproductive efficiency including abnormal es-
trous cycle (too short and too long) and abortions, induce immunosuppression and increase suscep-
tibility to disease (Cassel et al., 1988). The immunotoxic effect of AFB1 was expressed via the cell-
mediated immune system (Raisbeck et al., 1991). Hepatic damage is a constant finding in acute
aflatoxicosis. Lesions include fatty degeneration, megalocytosis and single-cell necrosis with in-
creasing fibrosis, biliary proliferation and veno-occlusive lesions as the disease progresses (Burnside
et al., 1957). Another character of Aflatoxin exposure in dairy cattle is the conversion to AFM1 in
milk (Price et al., 1985). Experiments have shown that milk will be free of Aflatoxin after 96 hours
of feeding non-contaminated feed. The level of Aflatoxin in the feed and milk at the starting point
will influence clearance time (Hutjens, 1983).
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Figure 3: Aflatoxins and symptoms in ruminants (Fehr and Delag, 1970; Bodine and Mertins, 1983)

Prevention

Chemical inhibitors include one or a series of organic acids such as propionic, sorbic, benzoic
and acetic acids, organic acid slats such as calcium propionate, potassium sorbate and solid or liquid
copper sulphate. Also, with respect to FDA standards, use of ammonia for neutralizing Aflatoxin
in livestock feed has been permitted in US. Use of different microorganisms such as Lactobacillus
pentosus and Lactobacillus brevis is another way of reducing Aflatoxin in livestock feed. Mecha-
nism of Aflatoxin B1 removal by lactic acid bacteria is not through metabolic degradation, but
through binding this toxin to cellular wall of the bacteria.
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Conclusion

High levels of AFML1 in milk and other dairy products are considered undesirable because it
has toxic, teratogenic and carcinogenic properties. Aflatoxins are produced on livestock feed in ap-
propriate moisture and temperature conditions for mold growth. Consumption of feed infected by
Aflatoxins leads to different problems in reproductive, digestive and respiratory tracts of livestock
causing infected milk production. In addition, the consumption of contaminated milk by human in-
curs major hygienic and pharmaceutical costs to society. Therefore, in order to prevent from intro-
duction of Aflatoxin M1 into food industry cycle, its precursor namely Aflatoxin B1 should be con-
trolled. To obtain this, meeting hygienic conditions, appropriate storage and control of livestock
feed at all stages of production. Besides, milk products have to be controlled continuously by accu-
rate and reliable analytical techniques for presence of AFM1 contamination.

Upcoming study in Lebanon

A study will be conducted to identify the level and types of Aflatoxin in cow raw milk spe-
cially Aflatoxin M1 produced in three different dairy regions in Bekaa Valley, Lebanon character-
ized by different farming types and by different microclimates over one year (4 season). Moreover,
this study will be conducted under the usual and normal conditions of herds’ management rather
than under defined and controlled experimental conditions. Another important factor affecting the
outcome of the study is the feeding guides that vary between different farmers, regions, and seasons.
Some farmers follow the full TMR feeding system while many others rely on the availability of hay,
forages, vegetables, and some green herbs. During winter some farmers introduce fermented corn
silage to their ration which could be very dangerous if not monitored correctly. On another hand the
large scale farms use it continuously with preventive measures. Small scale farms get feed from
mills therefore the quality and storage time of grains is unknown leading to the possible contamina-
tion of feed. Weather is different between regions , for example winter is wet and rainy in west bekaa
while it is dull and dry in north Bekaa and balanced in the cneter of the valley. The storage of feed
at the farms, access of rodents and insects to storage areas plays a major role in mold formation as
well. Panariti (2001) found relatively higher levels of AFM1 when cows have a diet composed
mainly of stored feedstuffs rather than when the cows were at pasture. Diaz & Espitia (2006) reports
that batches of contaminated milk were produced at farms using feed supplements such as corn by-
products or cottonseed meal, as opposed to farms where the cows were only grazing and did not
received supplemental feeds. Thirumala-Devi et al. (2002) analyzed milk from rural and peri-urban
areas in India and found that most of the milk samples that contained high AFM1 concentrations
were obtained from peri-urban areas where cows were fed with cotton cake, groundnut cake, rice
bran and straw. A study published for Bognano et al. (2006) revealed that the contamination of
samples obtained from stabulated ewes fedwith compound feed was higher than that from grazing
ewes. Four studies (Ghanem & Orfi, 2009; Hassan & Kassaify, 2014; Rahimi et al., 2010; Srivastava
et al., 2001) found a high level of AFM1 in cow milk compared with that from other animals (e.g.
water buffalos, camels, sheep and goats). All these authors postulate that these low levels could be
related to the fact that these species are mainly fed by grazing.

Milk contaminated with aflatoxins is produced mostly from use of infected feed. Therefore,
reducing aflatoxin contamination indirectly via control of livestock feed hygiene is possible. To
achieve the aim, principles and health considerations during farming and crop production in farms
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and livestock feed factories, storage of livestock feed in traditional and industrial warehouses is
necessary (Rasic et al., 1991)

Controlling mold growth and aflatoxin formation in traditional farms and warehouses is highly
important. In this regard, several studies have been carried out on quality of livestock feed and the
amount of aflatoxin in produced milk (creppy, 2002).

In addition, protecting feed from infection sources, inhibition of microorganisms’ propagation
in feed, alleviating infection and inhibition of reinfection are regarded as principles of controlling
infection in industrial livestock feed factories.

Moreover, absorbents, chemicals, microorganisms and ionizing rays can be used to prevent
mold growth and development of the molds when initial infection has been occurred (Sinha, 1998).
Several researches have been conducted on using absorbents in infected livestock feed (Dakovic et
al., 2008; Alexander et al., 2001). Through binding to absorbents, aflatoxins present in feed inhibits
from toxic reactions in livestock body as well as from absorption into digestive tract.

Some aflatoxin absorbents in infected feed include active carbon, alumino (clay, bentonite,
montmorillonite, zeolite and phyllosilicates), complex carbohydrates (cellulose and polysaccharides
present at cellular wall of yeasts and bacteria such as glucomannans, peptidoglycans), synthetic pol-
ymers such as cholestyramine and polyvinyl pyrrolidone and its derivatives. Although this method
leads to good results in the laboratory conditions, the use of these substances in livestock body is
different and requires time-consuming and various experiments. Livestock species, age and genus
influence results of the experiments (Alexander et al., 2001).

The quantity of Aflatoxin was determined according to Enzyme-linked Immuno Sorbent Assay
(ELISA) by using the RadiScreen® Aflatoxin M1 (R-biopharm, Darmstadt, Germany) test kit which
is a competitive enzyme immunoassay based on antigen-antibody reaction. Special software, the
RIDA®SOFT win is available to evaluate the RIDASCREEN enzyme immunoassay.
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