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Abstract. Aflatoxins are fungal toxins produced by Aspergillus species,
which, due to increasing temperature and climate change in the temper-
ate zone, appeared in the most important feeding plant and food ingredi-
ents. The most toxic of them is aflatoxin B1 (AFB1), which hydroxylates
to aflatoxin M1 in the body of dairy animals and humans, and excretes
in the milk. With the development of analytical methods, researchers are
now able to detect toxins with a concentration of ng/kg. It was found
that in most countries in Europe both breast milk and cow’s milk may
contain AFM1, and therefore increased attention should be paid to the
toxin content of milk, and that those above the limit should be excluded
from consumption. In addition to cow’s milk, the AFMI1 toxin content
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of breast milk can also be significant, the precursors of which are intro-
duced into the mother’s body with food. Aflatoxins are highly resistant
to physical, chemical, and microbiological effects, so the detoxification of
foods, especially milk, is almost impossible. The best solution appears
to be feeding the animals with toxin-free feeds or feeds containing toxins
below the permitted limit, without giving opportunity to the toxins to
enter the milk from the feed and from there into the human body.

1 Introduction

Aflatoxins are one of the main classes of mycotoxins, being secondary prod-
ucts of metabolism of microscopic fungi such as Aspergillus flavus, Aspergillus
parasiticus, or Aspergillus nomius (Creppy, 2002). The main classes of afla-
toxins are aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1),
and aflatoxin G2 (AFG2). Conditions such as drought, high temperatures,
substrate composition, and storage time play a very important role both in
the growth of fungi and in the production of toxins. Of the toxins listed, AFB1
has the most toxic, carcinogenic, teratogenic, and mutagenic effects (Sweeney
& Dobson, 1999).

Aflatoxins are colourless, pale yellow crystalline compounds that fluoresce
in ultraviolet (UV) light. They dissolve only slightly in water (10-20 ug/mL)
but are well dissolved in slightly polar solvents such as chloroform or dimethyl
sulphoxide. UV light breaks it down in the presence of oxygen and is unstable
even below pH = 3 or above 10. The lactone ring splits in a reversible reaction
under alkaline conditions but may re-form under the influence of acid. At high
temperatures in an irreversible reaction and after decarboxylation, ammonia
also splits the lactone ring (Kumar, 2018).

AFB1 shows absorption maximum at 223, 265, and 362, AFB2 at 265 and
363, AFGI1 at 243, 257, 264, and 362, and AFG2 at 265 and 363 nm. AFBI1 oc-
curs in almost all foods, and its hydroxylated derivative, aflatoxin M1 (AFM1),
is also found in milk and dairy products as well as in breast milk. In addition
to milk, it has also been shown in cheeses, ice cream, and yoghurt. In partic-
ular, a lot of AF may be contained in fat-rich milk and dairy products, and
especially a lot of AF is accumulated in butter thanks to the high volume of
apolar triglyceride content (Kumar, 2018).

The AFMI1 is the hydroxylated metabolite of AFB1, which is excreted
through milk in humans and dairy animals (Fallah et al., 2009). Approximately
0.3-6.2% of AFB1 is transformed to AFM1 by the genetics of the animals, sea-
son, type of milk production, and environmental factors. The toxic effect of
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AFMI1 is much less than that of AFG1; however, it causes health problems
because in many countries the milk and dairy products are a significant part
of daily food, and so the toxin can enter the body of many people not only
with milk but also with dairy products (Unusan, 2006; Fallah et al., 2009).

Symptoms of acute toxicity in mammals include the development of lethargy,
loss of appetite, rough or halo hairs, ataxia, and fatty liver. In animals, jaun-
dice may develop, feed is rejected, and milk production is significantly reduced.
Aflatoxins reduce disease resistance and inhibit immunity developed by vac-
cines (Diekman & Green, 1992). In beef cattle, the 700 ug/kg toxin volume
did not reduce mass gain, but, since the liver has increased significantly, it is
considered that the toxin content of the feed should not exceed 100 ug/kg. In
dairy cows, this amount has already significantly increased the concentration
of aflatoxin in the milk. It has been reported that feed containing 120 pg/kg
toxins decreased significantly the reproduction, and when the cows were fed
with a feed that did not contain toxins, milk production increased by 25%.
Milk production decreased more when cows took the toxin with contaminated
feed than when it was added to feed in synthetic form (Guthrie, 1979; Patter-
son & Anderson, 1982).

2 How to prevent toxins from entering the milk?

Today, Aspergillus species, which are capable of producing aflatoxins due to
the rising global average temperature and climate change, have also appeared
in temperate zone environments, such as in Hungary, and the toxins can be
found in the different food and basic feed materials such as maize or wheat.
The most toxic of them is aflatoxin B1, which, absorbed from feed, is able to
form an aflatoxin M1 in the bovine body, which reaches the milk gland during
milk production and is excreted with the milk.

Milk is one of the most important basic foods, whose production is estimated
to double by 2050 to provide the growing population with the necessary nu-
trients. It is very important that milk does not contain AFM1 at all or only
to an acceptable degree because otherwise this important food material can
become a source of toxic materials (Igbal et al., 2015).

According to the Food and Feed Safety Administration of the National Food
Chain Safety Office of Hungary (NEBIH)7 the most important is to ensure that
cattle are treated with feeding stuffs with the lowest possible contamination
and low aflatoxin content because the toxin is introduced through the feed
into the blood through the cattle’s digestive tract and from there into the
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milk. In Hungary, due to the changed climatic conditions, aflatoxins have
also appeared in maize, which are the main source of contamination (Szeitzné
Szabo & Frecskané Csdki, 2013).

When feeding with contaminated feed, the toxin appears in the milk within
up to a day, and for the depletion of the toxin, when feeding toxin-free or
low-toxin-content feed, it is necessary to wait two to three days. In the case
of basic feed materials, the maximum permissible limit for aflatoxin B1 is 20
pg/ke, but this is lower, 5 pug/kg, for feed mixtures of dairy cows. In the case of
milk, the maximum amount of toxin is 50 ng/kg, and milk with a higher toxin
content cannot be released in Hungary (Szeitzné Szabd & Frecskané Csdks,
2013).

In Hungary, the sources of pollution are feed mixtures made from by-
products of grain maize and maize processing. The most important means
of preventing the AFB1 contamination of milk is the feeding of toxin-free or
low-toxin-content feed to dairy cows. If the toxin content of the feed is known,
feeding feed with a toxin content exceeding the limit value can be prevented,
or the feed formula can be assembled in such a way that its toxin content falls
below the limit value.

If the feed of dairy cows is contaminated with AFB1, the toxin is hydroxy-
lated in the bovine body and enters into the milk in the form of aflatoxin M1.
Toxin absorption from feed varies per person, and the lactation status of the
individual and the milk yield also influence it. In cows with low milk yields,
1-2% of the toxin and with high milk yields 5-6% of the toxin enters into
the milk, and more toxins are excreted at the beginning of lactation since in
fresh-milk cows, under the same toxin load, the toxin content of the milk may
be three to four times higher than at a later stage of lactation. As a result, the
toxin content of milk may be above the limit value even if cows still consume
feed with the permitted concentration of toxins. In general, however, it can
be stated that the toxin content of milk remains at the permitted level if cows
do not take more than 40 ug of toxins per day (Szeitzné Szabo & Frecskdné
Csdki, 2013).

The toxin content of milk may also be affected by the physiological state
of the animal since if the pH of the rumen is reduced (rumen acidosis), the
effectiveness of the absorption of the toxin can also increase several times.
If the toxin content of the milk is nevertheless above the permitted limit, an
immediate replacement of the feeding stuffs may be required, or toxin bindings
may be used, which may reduce the toxin content of the milk by 20-30%. The
use of toxin binders is only an emergency solution; the final result can only
be obtained by feeding toxin-free or low-toxin feeds. Attention is drawn to
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the analysis of the toxin content of feed carried out in accredited laboratories,
because the toxin content of milk can be estimated from the concentration of
the toxin and the amount of the fed feed (Szeitzné Szabé & Frecskdiné Csdki,
2013).

The AFM1 in milk, especially coupled to casein, can be found in the aqueous
phase, and so the AFM1 content of cream and butter is relatively low. During
cottage cheese and cheese making, most of the toxin is transferred to the curd,
and only a smaller part of it is left in the whey; so, the AFM1 concentration
of soft cheeses is about three times and of hard cheeses five times higher than
the toxin concentration of the milk used as a raw material (Szeitzné Szabd &
Frecskdané Csdki, 2013).

3 Stability of AFM1 and the possibility of reduction
in milk and milk products

AFM1 is very stable at high temperatures, so, during normal heat treatment
methods, it does not suffer significant decomposition in milk. Many researchers
have also studied the stability and the changes in the composition of dairy
products and how much AFM1 of milk passes into the dairy product. AFM1
was stable in Kashar cheese even after the 60-day maturation period and had
an unchanged concentration in traditional cheeses during 90 days of matura-
tion (Oruc et al., 2006).

When assessing the stability of AFMI1 in artificially contaminated yoghurt,
it was found that the volume of either at concentrations of 0.05 or 0.10 pg/ L
during four-week storage, pH = 4.6 did not change, but if pH was reduced to
4.0, the volume of both concentrations decreased significantly by the end of the
third and fourth week. In a similar experiment, the AFM1 amount of yoghurt
decreased significantly during the production and storage of yoghurt. The
decrease is attributed to low pH, to the effect of organic acids and fermentation
by-products, and to the presence of lactic acid bacteria (Govaris et al., 2002).
In another experiment, 13% more AFM1 was found in yoghurt than in the
starting milk, but the difference was not significant (Bakirci, 2001).

When making Ricotta cheese, 94% of AFM1 remained in the liquid phase,
and only 6% were included in the cheese. When ultrafiltration was used, almost
90% of AFM1 remained in the liquid phase, and only a minimum quantity was
transferred to the cheese. Spray drying also decreased the amount of AFM1
in significant quantities (40-60%) (Cattaneo et al., 2013).

During UHT heat treatment, different technologies use temperatures of 130—
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150 °C and different heat maintenance periods, so the results of the degrada-
tion of AFM1 to heat are also contradictory. Some (Purchase, 1967; Kabak
& Ozbey, 2012) reported of about 32% decrease, while others (Galvano et al.,
1996) claimed that at this temperature the AFM1 is heat stable, and its con-
centration is not affected by UHT treatment. Looking at the effect of different
technologies in UHT treatment, it was found that decomposition was 12-35%
depending on the circumstances, but in most cases it was also found that heat
treatment had no effect on the concentration of AFM1 (Prandini et al., 2009).

Several researchers experimented with reducing the AFM1 content of cow’s
milk and dairy products by the use of clay and clay minerals (Carraro et al.,
2014). These studies have shown that benthonic is very effective in reducing
the AFM1 content of cow’s milk if its concentration has not exceeded 80
ng/L. The concentration was reduced to 50 ng/L for adults and to 25 ng/L
for children without significantly altering the organoleptic properties of milk.

Among the cultures used in the production of yoghurt, Streptococcus ther-
mophilus, Lactobacillus bulgaricus, and Lactobacillus plantarum were the most
effective at reducing AFM1 levels during the storage of yoghurt (Elsanhoty et
al., 2014). Using probiotic strains, the concentration of AFM1 was reduced
by 19.9-25.4%, and in in vitro trials with probiotic strains, depending on its
type, they were able to achieve a decrease of 23-45% (Serrano-Nino et al.,
2013).

In rare cases, the concentration of AFMI1 in dairy products exceeds 1 ug
per litre. The AFM1 content of cheeses is not produced during fermentation,
but it comes from milk, and the milk is obtained through the feed consumed
by the animal. AFB1 absorbed from feed is converted into AFM1 in the liver
and is found in almost all dairy products.

Since cows also consume a lot of imported nutrients, the toxin can also
be found in milk even if the basic foodstuffs are toxin-free. AFM1 is stable
both during heat treatment and other cheese-making processes, and its con-
centration does not change when stored. The detoxification of AFM1, with-
out damaging the valuable components of food, is almost impossible ( Tabata,
1998).

Milk and dairy products can be contaminated with mycotoxins in an indirect
and direct manner. The easiest way to indirect contamination is to eat feed
infected with microscopic fungi. AFM1 has the greatest importance, which
is the main metabolite of AFB1. The effect of AFM1 on the human body
is virtually the same as that of AFB1. Direct contamination occurs when,
for example, moulds proliferate in the inside or on the surface of cheeses,
which are capable of producing toxins. These can even be components of the
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starter cultures used to make different cheeses. Aspergillus strains can infect
even milk or dairy products, after which they produce a toxin AFB1, whose
concentration is generally much smaller than that of AFM1 (Fisher et al.,
2011).

AFBI1, which is added to the body with food, is converted there to AFM1,
which is either excreted in urine or reaches the foetus through the placenta
during pregnancy, and so the new generation already encounters the toxin in
intrauterine life or is excreted with breast milk and with it enters the newborn’s
body. Aflatoxins are found in a lot of basic food and feed materials and are
thus introduced directly or through the animal, e.g. with milk, and get into
the human body.

During 2013-2014, 80 milk samples and 21 infant formulas have been ex-
amined with the AFM1 content. It was found that its concentration varied
from 0.02 to 0.32 pug/kg, and the mean value was 0.13 pg/kg. In 75% of the
samples, the AFM1 concentration exceeded the 0.05 pg/kg, which is consid-
ered by the EU as a limit. On the basis of the results, the levels of toxins that
may be consumed by each animal species as well as the types of exploitation
have been determined. The lowest value, 0.05 ug/kg AFM1, was determined
for dairy animals (Spanger, 2018).

4 Aflatoxin content of breast milk

In recent times, sensitive methods for determination of the concentration of
aflatoxins and their metabolites have been developed, with LOD (limit of de-
tection) valued at 3-6 ng/kg, with the help of which the small toxin content of
breast milk can also be measured. During the experiments conducted in Ger-
many, they were unable to detect AFM1 neither in the 120 samples collected
from Kiel nor in the 75 samples from Munich. By contrast, for Sudanese sam-
ples from the same time, 75% were tested positive, and 11% of the Zimbabwean
samples showed positive results, with a maximum value of 51 ng/L ( Coulter et
al., 1984). All the 42 French samples produced negative results, and in Italy
1-5% of the samples were positive, but the maximum value reached nowhere
the 200 ng/L level (Galvano et al., 2008; Turconi et al., 2004).

The situation is much worse in Africa, where mainly AFB1 and AFM1 toxins
have been detected in breast milk. In Ghana 32%, in Kenya 28%, in Nigeria
12%, and in Sudan 37% of the investigated samples were positive, where the
maximum amount of toxins reached the level of a few ug per litre. These results
show that babies in African countries have access to aflatoxins in significant
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quantities with breast milk, and some consume very serious amounts. In the
town of Bishoftu, Ethiopia, of the 108 milk samples analysed for AFM1, all
samples were found to be contaminated (100%) with a mean value of 0.835
ug/l. The highest AFM1 content was 2,159 ug/l and the lowest was 0.029
ug/1; both were obtained from the local milk producers (Tadesse et al., 2020).
The situation in some Arab countries is not much better either. In Egypt,
approximately 50% of the tested samples were positive, and the amount of the
toxin varied from 4 to 120 ng/L, but in some cases it reached a level of 19
ug/L (Tomerak et al., 2011).

Various studies have shown that the concentration of aflatoxin in milk shows
seasonal fluctuations, which for AFM1 may be associated with the life function
and production of toxins of moulds in foods consumed by mothers. According
to one study, the milk of Egyptian mothers contained 13.5 ng/L AFM1, which
is far less than those measured in the neighbouring countries. In Abu-Dhabi,
99.5% of the tested samples were positive, the results varied from 2 to 3,000
ng/L, and the average was 68 ng/L. In the United Arab Emirates, 92% of the
tested samples were positive, the results varied from 5 to 3,400 ng/L, and the
average was 560 ng/L (Abdulrazzag et al., 2003).

The situation is further complicated by the fact that different regions within
some countries (Turkey, Iran) also show different data. Summing up, in most
European countries, the load of AFM1 on infants from breast milk is negligible,
but the situation may be critical for some tropical African and Middle Eastern
countries. In West Africa, in the United Arab Emirates, and in Egypt, the
toxin content of breast milk’s AFM1 may significantly exceed the level of 25
ng/L indicated as a top level in Europe and the United States, and, in addition,
the resistance and efficiency of deactivation of newborns and infants to toxins
is much lower than in adults. As a result, the growth and development of
infants is reduced, which justifies the development of a strategy for a significant
reduction in the toxin content of breast milk in countries at risk (Polychronaki
et al., 2017; Galvano et al., 2008; Degen et al., 2013).

5 Ways to detoxify foods contaminated with afla-
toxin

Several physical, chemical, microbiological, and biological methods have been
developed to detoxify and remove aflatoxins. It is essential for these methods
not to reduce the nutritious value of the food during detoxification, that the by-
products causing carcinogenesis and mutagenesis are not produced during the
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procedure, and that the method should destroy Aspergillus spores and mycelia
so that they cannot produce new toxins (Santini & Ritieni, 2013; Sowley,
2016). The first step of physical methods is the separation and removal of
the contaminated food fraction, followed by detoxification with heat, cooking,
roasting, or irradiation. Aflatoxins are poorly soluble in water and cannot
be removed from food by washing with water, but it has been reported that
washing with water has been able to extract 40% of aflatoxin from food (Hwang
& Lee, 2006).

The decomposition temperature of the various aflatoxins is between 273 and
306 °C; nevertheless, various heat treatment procedures have been developed
to reduce its volume. In doing so, with cooking, roasting, frying, or hot steam,
the content of aflatoxin has been reduced with a significant degree (50-70%)
(Jalili, 2015). Only minor results have been achieved with gamma irradiation,
while radiolysis in aqueous medium, generating free radicals, was not successful
either. The destruction of microorganisms depends on the strength of gamma
radiation as microorganisms did not die at a low dose (0.1 MRad), but the dose
of 0.3-0.4 MRad prevented the reproduction and toxin production of moulds
(Samarajeewa et al., 1990).

The absorption of aflatoxin on a solid adsorbent surface is another oppor-
tunity for detoxification. Such adsorbents may include activated charcoal,
aluminium oxide, diatomic earth, clay, bentonite and montmorillonite, zeolite
and hydrated calcium aluminium silicate, polysaccharides, such as cellulose, or
derivatives, such as glucomannans or peptido glycans, or synthetic polymers
or their derivatives (Huwing et al., 2001). A greater effect could be achieved
when these adsorbents were used in combination instead of applying them
separately (Khadem et al., 2012).

Several of the chemical methods used sodium hypochlorite, chlorine dioxide
or chlorine gas itself, hydrogen peroxide, ozone and sodium hydrogen sulphate
for detoxification, and many used acidic or alkaline hydrolysis for the oxidation
of the double bonding of the furan ring or for the oxidation or the hydrolysis
of the lactone ring (Doyle et al., 1982; Samarajeeva et al., 1990; Jalili, 2015).
Peroxide treatment can reduce 100% of AFM1 in milk but requires a high dose
of hydrogen peroxide that may leave a residue, which is a concern for human
health (Nguyen et al., 2020).

Chemicals such as 75% methanol, 5% dimethylamine hydrochloride, aldehy-
des, benzoyl peroxide, osmium tetroxide, iodine, copper ammonium sulphate,
potassium permanganate, kinons, sodium borate, or formaldehyde were used
for detoxification; however, these methods were not used in practice due to
the difficult removability of residual substances (Samarajeewa et al., 1990).
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Many bacteria and fungi are also able to detoxify aflatoxins from solutions.
A strain of flavobacteria was able to detoxify and completely remove AFB1
from milk, oil, peanut butter, peanuts, and wheat and was effective in soy
(Ciegler et al., 1966). It has also been reported that from naturally contam-
inated milk, with the help of the flavobacteria, 9.9 ug/mL of aflatoxin could
be completely removed at 30°C in four hours. In addition to flavobacteria,
other microbes are able to degrade aflatoxin as well, and even the Tetrahymena
pyriformis protozoa was able to do it (Doyle et al., 1982).

In addition, with the help of their peroxidase enzyme, the moulds themselves
are able to dismantle the toxin, which creates free radicals by dismantling hy-
droperoxides, which can react with aflatoxins. Out of the peroxidases in the
presence of hydrogen peroxide and chloride ions, the myeloperoxidase cre-
ates hypochlorite and nascent oxygen, which effectively react with aflatoxins
(Wogan, 1966).

Cold plasma has been used for the degradation one of aflatoxin. Although
it has never been applied for degrading AFM1 in milk, it has been used to
reduce AFBI1 in other food samples. The physical and chemical quality of
milk following treatment with cold plasma for controlling microorganisms has
shown no noticeable changes in pH, colour, and fatty acids (Nguyen et al.,
2020).

AFBI is the most toxic one of aflatoxins and is the most common in different
foods; therefore, its metabolite, AFM1, has also received a lot of attention in
research studies (Igbal et al., 2015; Van Egmond, 1989). The transformation
of AFBI1 into AFM1 can also be considered as a detoxification process because
the carcinogenic and mutagenic effect of AFMI1 is only approximately 10% of
AFB1 (Wogan & Paglialunga, 1974).

Most of the physicochemical and biological detoxification methods could
lessen the concentrations of AFMI1 in milk, with the apparent reduction rate
ranging from 1.9 to 90.0%. It is worth noting that these detoxification methods
are still substandard relative to the EU limit (50 ng/L) (Min et al., 2020).

6 Methods for determining aflatoxin M1 from milk
and dairy products

The first step in most methods is the extraction of AFMI1 from milk and
dairy products using a mixture of polar organic solvents such as acetonitrile,
methanol, or acetone. The use of chlorinated hydrocarbons during extraction
has been reduced for environmental reasons (Shephard, 2008). Most use chro-
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matographic methods to separate AFM1 from other components, preceded
by steps such as sample preparation and extraction, cleaning, and perhaps
derivatization. In doing so, all components that may interact with the com-
ponent we are looking for during weaning must be removed from the sample.
Cleaning methods include column chromatography, the use of solid-phase ex-
traction columns, fluid-fluid extraction, the use of immunoaffinity columns and
multifunctional columns applied in one step (Krska et al., 2005).

These procedures are simple, increase efficiency and speed, minimize sol-
vent use, increase toxin release, and reduce costs. Solid-phase adsorption or
the use of immunoaffinity columns reduces preparation time to a few minutes
but requires preparatory steps such as conditioning the column, withholding
the desirable components on the column, and then removing desirable compo-
nents from the column. However, minimal interference may occur between the
materials to be retained and the column load, but this preparatory operation
allows small concentrations to be determined by the following chromatography
methods (Fuchs et al., 2002).

After the appropriate sample preparation, most researchers used liquid chro-
matography methods and ELISA to determine the AFM1 content of milk and
dairy products. Many of them used thin-layer chromatography, fluorimetrics,
ultra-performance liquid chromatography, linked to tandem mass spectrom-
etry, lateral flow, and gel-based immunodeterminations. High-performance
liquid chromatography is also used by fluorescent detection for the AFMI1
analysis of milk and dairy products (Fallah, 2010; Huang et al., 2014; Anfossi
et al., 2013).

Although thin-layer chromatography is perhaps one of the oldest chromatog-
raphy procedures, it has been used widely to determine AFM1, and even in
1990 the AOAC adopted it as an official method also in cases where the con-
centration of the toxin developed around 1 ug/g. However, its application was
reduced to HPLC fluorescent detection, especially when the latter method be-
gan to be combined with mass spectrometry or gas chromatography. In recent
years, almost exclusively, both of the modifications of HPLC have been used
to determine AFM1. Depending on the polarity of toxins, both normal-phase
and reverse-phase chromatography were used (Igbal et al., 2013).

In the case of milk and dairy products, depending on the type of sample,
HPLC procedures are practically the same, the difference being only in the
composition of the mobile phase and in the stationary phase of the column.
Fluorescent detectors are also excellent for use since each toxin has its own
emission and excitation maximums. Moreover, the advantage of HPLC meth-
ods is the very low detection level (LOD) and the ability to detect several
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components from a sample ( Valenta, 1998).

Due to its ease of applicability, lately, the ELISA method has also become
very popular for detecting AFM1. The advantage of ELISA is the ease of use,
high specificity, and portability; so, it is not necessary to have a well-equipped
laboratory for analysis, and a large number of samples can be analysed with
it in a short period of time (Anfossi et al., 2013).

A lot of methods with biosensors have also been developed to detect the
AFM content of milk. One of them is such a membrane-based flow system
where the antibody against AFM1 is linked to the horseradish peroxidase en-
zyme. This indirect, visually assessable mobile biosensor can measure AFM1
in 18 minutes with a concentration of 0.05 ng/mL. The LOD value of an im-
pedimetric biosensor developed for AFB1 for milk samples is 0.1 ng/mL. A
manual biosensor, based on immunoaffinity and linked to fluorometric detec-
tion, can measure AFM1 in less than two minutes with a concentration of 0.1
ng/mL (Rasooly & Harold, 2011).

7 Conclusions

With the rise of global mean temperature and climate change, conditions in
the temperate zone have become optimal for the spread of Aspergillus species,
which under certain circumstances are capable for the production of muta-
genic, teratogenic, and carcinogenic toxins such as AFB1, AFB2, AFGI, and
AFG2. AFBI is incorporated into the body of the mother or dairy animals,
where it is hydroxylated during a process considered as a detoxification step,
and then it is excreted in the milk from where it enters the body of the infants
or adults. AFB1 is the most toxic of aflatoxins and, despite the fact that the
carcinogenic and mutagenic effect of AFMI1 is only 10% of AFB1 as it can
enter the body in significant quantities with milk and dairy products, this
derivative has also received a lot of attention lately.

If we are to prevent the AFM1 content of milk from being more than 50
ng/kg, which is already unsuitable for human consumption, the most impor-
tant step is prevention, i.e. dairy animals must be fed with a high-quality
feed, preferably free of mycotoxins. In Hungary, dairy cattle feed may contain
a maximum of 5 ug/kg of AFB1, but the production of milk with a toxin
content lower than allowed is still in doubt even in high-milk cows. It com-
plicates the situation that the absorption of the toxin from feeding stuffs, in
addition to the concentration of the toxin, is affected by the lactation status
and microbial processes in the rumen as well as by the fact whether or not the
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toxin binder materials have been used in feeding.

AFM1 is extremely stable in milk, heat treatment and other technological
processes have little effect on it, and it does not suffer significant decomposition
during the production of dairy products. Although various physical, chemi-
cal, and microbiological methods have been tried to reduce the toxin content
of milk, a major breakthrough in this area has not been achieved. Perhaps
the most useful detoxification procedures appear to be when the reduction of
the toxin content of dairy products has been achieved with microorganisms
with a quality very similar to that of the cultures used in the production of
dairy products. In summary, there is no procedure other than microbiologi-
cal methods which can significantly reduce the toxin content of milk without
significantly altering its nutritious value.

In addition to cow’s milk, a significant amount of AFMI1 can get into breast
milk, such as in the previous cases, during the conversion of AFB1 to AFM1
in the mother’s diet. In most European countries, one can either not detect
toxins from breast milk at all or its amount is only a few nanograms per litre.
The situation is much worse in African countries and in the Middle East,
where 10-100% of breast milk were tested positive for AFM1, and the volume
even exceeded levels of up to 200-1,000 ng/L. In the United States and the
European Union, the maximum limit for the toxin content of breast milk is
25 ng/L, which is significantly exceeded by the results of these other referred
countries. It can be therefore said that in Europe the toxin exposure of infants
to breast milk is negligible, while the situation may be critical for some African
and Near East countries.

Very sensitive methods are available to determine the AFM1 content of milk.
After proper preparation and concentration, most researchers use the HPLC-
MS and ELISA methods with the help of which even up to 10 nanograms
of toxins can be detected. In addition to the very low detection level, the
advantage of HPLC methods is that they allow the detection of several toxins
from one sample. ELISA’s popularity lies in the fact that, in addition to being
very specific, it is extremely fast, and that several samples can be classified
with it very quickly following proper preparations carried out even on site.
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