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Abstract

Moldy feed toxicosis was recognized as a serious livestock problem in the 1950's. Mycotoxins are toxic
metabolites synthesized by some naturally occurring fungi under suitable physical, chemical and biological
factors. The Food and Agriculture Organization of the United Nations (FAO) estimated that approximately 25%
of the cereals produced in the world are contaminated by mycotoxins. The aflatoxins constitute a group of fungal
metabolites that have varied toxic properties. Among 17 aflatoxins isolated and identified, only 4 of them are well
known and studied extensively ; B1, B2, G1 and G2. Aflatoxin B1 ingested by lactating animals is biotransformed
in the liver to a monohydroxylated metabolite, aflatoxin M1 (AFM1), which is a toxic molecule excreted in the
milk. Higher analytical costs of AFM1 are one of the reported reasons for unavailability of surveillance data in
the majority of developing countries. In this review, occurrence of AFM1 in milk and milk products in northern

Africa, as well as its metabolisme, properties and analytical methods are summarised.
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Introduction

The Food and Agriculture Organization of the United
Nations (FAO) estimated that approximately 25% of
the cereals produced in the world are contaminated
by mycotoxins (Rice and Ross, 1994). In 1960, during
the investigations in the United Kingdom of moldy
feed toxicosis which was called Turkey “x” disease,
Aspergillus species were identified as the organisms
responsible for the elaboration of the toxin in feed
(Klich et al., 2000; Dhanasekaran et al., 2011). Since
then, many mycotoxins have been discovered, the last
major group being, in 1988, fumonisins (Yiannikouris

and Jouany, 2002; Zinedine and Idrissi, 2007).

Aflatoxins (AFs) are a group of mycotoxins that are of
greatest significance for food and feedstuffs safety

(Josephs et al., 2005).

They may be present in many raw and processed food
commodities including cereals, milk and milk

products (Aidoo et al., 2011).

Among aflatoxins, aflatoxin B1 (AFB1) is the most
commonly found in food (Reid et al., 2016). Aflatoxin
B1 ingested by lactating animals is biotransformed to
a monohydroxylated metabolite, aflatoxin M1
(AFM1), which is subsequently excreted in the milk
(Firmin et al., 2011). This latter is a very important
food source for humans due to its chemical
composition and nutritive properties (Kalla et al.,

2015).

Toxic and carcinogenic effects of AFM1 have also been
extensively demonstrated (Riley and Pestka, 2005).
Despite the toxicity of aflatoxins, control systems are
not always in place in all countries, especially in
developing countries where AFM1 is a real public
health threat.

Writing this short review article on aflatoxin M1 is
motivated by the importance of this toxin as a milk
contaminant with very serious risks on human health.
Furthermore, choosing to study its occurrence in
Northern Africa, through the rare studies made in this
region, is a first attempt to evaluate the importance of

this toxin in this area.
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The aim of this short review is to present some of the
major properties of aflatoxin M1; the different
analytical techniques used to detect AFM1 in milk and
milk products and also the different decontamination
strategies used. This article presents as well a review
of studies conducted in six countries of Northern
Africa: Algeria; Morocco; Tunisia; Sudan; Egypt and
Libya in order to evaluate the occurrence of this toxin

in this part of the world.

Mycotoxins

Mycotoxins are toxic metabolites synthesized by some
naturally occurring fungi under suitable physical,
chemical and biological factors (Yiannikouris and
Jouany, 2002 ; Agag, 2004 ; Galtier et al., 2005 ;
Repussard et al., 2013; Zbib et al., 2014). Until
recently, only three species (Aspergillus flavus,
Aspergillus parasiticus and Aspergillus nomius) have
been widely recognized as producers of aflatoxin

(Klich et al., 2000; Mohammadi et al., 2009).

Many authors have showen that seasonal effect
influences concentration of aflatoxin M1 in milk. They
have reported higher concentration of AFM1 in cold
seasons as compared to hot seasons (Bilandzic et al.,
2010; Fallah, 2010), the reason being in winter time,
milking animals are mostly fed with compound feeds
and thus concentration of aflatoxin Bi increases

which in turn enhances AFM1 concentration in milk.

Although 17 aflatoxins have been isolated (WHO,
1979), only 4 of them are well known and studied
extensively from toxicological point of view. Being
intensely fluorescent in ultraviolet light these four
aflatoxins are designated by the letters B1, B2, G1 and
G2 representing their blue and green fluorescence in
UV light (Devero, 1999). Other significant members
of the aflatoxin family are M1 and M2 (Dhanasekaran
et al., 2011), found in milk of animals previously
exposed to B1 and B2. Of all the known aflatoxins,
aflatoxin B 1 (AFB1) is the most acutely toxic to
various species (Oyedele et al.,, 2017). It is highly
toxic, in terms of both acute and chronic toxicity

(Sweeney and Dobson, 1998; Moss, 2002).
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Two pathways of the dietary exposure have been
identified, the first one is direct ingestion of aflatoxins
(mainly B1) in contaminated foods of plant origin
such as maize and nuts and their products, the second
pathway is ingestion of aflatoxins carried over from
feed into milk and milk products including cheese
and powdered milk, where they appear mainly as

aflatoxin M1 (WHO, 1979; Agag, 2004).

Aflatoxin M1 metabolism

Aflatoxin M1 (AFM1) is the hydroxylated metabolite
of AFB1 forming in liver by means of cytochrome
P450- associated enzymes (Ardic, 2008). It may be
found in milk or dairy products obtained from

livestock that have ingested contaminated feed with
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AFB1. There is a linear relationship between the
amount of AFM1 in milk and AFB1 in feed consumed

by animals (Ardic, 2008).

After absorption, the highest concentration of AFB1 is
found in the liver (Mintzlaff et al., 1974). Once there,
aflatoxin B1 is metabolized by microsomal enzymes to
different  metabolites  through  hydroxylation,
hydration, demethylation and epoxidation. The
hydroxylation of AFB1 at C4 produces, AFM1
(Patterson and Roberts, 1970; Busby and Wogan,
1985), which is the principal hydroxylated aflatoxin
metabolite present in the milk of dairy cows fed a diet
contaminated with aflatoxin B1 (Groopman et al.,

1985; Bhatnagar et al., 2002) (Fig. 1).

Fig. 1. Chemical structure of Aflatoxin B1 and Aflatoxin M1 (Alshannaq and Yu, 2017).

AFM1 is usually considered to be a detoxification
product of AFB1 (Neal et al, 1998). It could be
detected in milk 12-24 h after the first AFB1 ingestion,
reaching a high level after a few days. When the
intake of AFB1 is finished, the AFM1 concentrations
in milk decreases to an undetectable level after 72 h

(Mohammadi, 2011).

Aflatoxin M1 toxicity
Aflatoxins constitute a group of fungal metabolites
that have varied toxic and carcinogenic properties,
depending on dose and duration of exposure (Agag,
2004). They have been implicated as potential factors
in the increased incidence of human gastrointestinal
and hepatic neoplasms in Africa, The Philippines and
China (CAST, 1989).

damaging effects on human and animal liver tissue,

Indeed, Aflatoxins have

which can lead to liver cancer or even death
(Dhanasekaran et al., 2011). Among aflatoxins,
aflatoxin B1 (AFB1) is the most common contaminant
of food, and is also the most toxic and carcinogenic.
AFB1 can induce immune toxicity in various animal

species (Peng et al., 2017).

When animals consume feed that is fungal (aflatoxin
B1) infected, they will excrete aflatoxin M1 (AFM1) in
their milk. This aflatowin should not be present in the
milk as per World Health Organization Standard.
When such milk is consumed it will act like a
cumulative poison and it will damage the liver and

cause cirrhosis (Suliman and Abdalla, 2013).

Aflatoxin M1 (AFM1) in milk and milk products is
considered to pose certain hygienic risks for human
health.
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It is considered to be a potential carcinogen for
animals and humans (Cavaliere et al., 2006). Lafont
et al. (1989) observed a high genotoxic activity of
AFM1, although it was lower than that of AFB1. The
International Agency for Research on Cancer (IARC,
2002) has classified both AFB1 and AFM1 as agents
belonging to Group 1 (highly poisonous toxic

substances), carcinogenic for humans.

Decontamination strategies in milk and milk
products

There is currently no known procedure for destroying
aflatoxin M in milk without destroyin the milk. For all
practical purposes, aflatoxin M is stable in raw milk
and processed milk products, and is unaffected by
pasteurization or milk processing (Stoloff, 1980;

Gallot et al., 2000; Josephs, et al., 2005).

Global review of the literature indicates the existence
of methods of partial decontamination of AFMi,
however; evidence based studies do not suggest that
any single strategy as a coherent and complete

solution to the issue (Ismail et al., 2015).

Early experiments demonstrated good reductions
with bentonite (Applebaum and Marth, 1982). More
recently, the ability of saponite-rich bentonite to
reduce AFM1 contamination in milk was investigated.
The detoxification capacity of the bentonites used was
efficient, bringing contamination of milk below the
European standard limits for AFM1 (50 ng/kg).
Bentonite residues retained in milk (0.4%) were of no

concern for human health (Carraro et al., 2014).

Inclusion of enterosorbents in the diet of dairy
animals may reduce absorption of AFB1 in the animal
body, preventing further steps of toxin distribution
and metabolism, thus reducing carry-over in milk
(Giovati et al., 2015). Significant reductions of the
concentration of AFM1 in milk were observed when
clay enterosorbents were included in the diet of
lactating dairy cattle and goats fed with feed
contaminated with AFB1 (Phillips et al., 2008).

Nowdays, some interventions exploit microorganisms

(Ehrlich et al., 2011; Ismail et al.,, 2015), purified
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microbial enzymes (Gongalves et al., 2017), dietary
clay minerals, and specific antibodies induced by
vaccination to reduce directly or indirectly AFM1

contamination of milk (Giovati et al., 2015).

Analytical methods

The frequent detection of AFM1 in commercial milk
and dairy products, the high consumption of these
products, especially in infants and the carcinogenicity
of AFM1 led to an increased public awareness and
therefore to the establishment of measures to control
AFM1 contamination of food and feedstuffs (Josephs,
et al., 2005 ; Ehrlich et al., 2011).

Currently the limits of AFM1 are highly variable,
depending upon the degree of development and
economic standing of the countries. A maximum level
of AFM1 in liquid milk and dried or processed milk
products should not exceed 50 ng/kg (Codex

Alimentarius Commissions, 2001).

Analytical techniques in use for detection of AFM1 in
milk and milk products include: Chromatographic
techniques (Rice and Ross, 1994 ; Reiter et al., 2009 ;
Orata, 2012 ; Laura et al., 2016 ; Shephard, 2016),
immunochemical methods (Jiang et al, 2013;
Vdovenko et al., 2014 ; Yao et al., 2015 ; Kos et al.,
2016), rapid methods (Zheng et al., 2006 ; Maragos
and Busman, 2010),other research methods have
potential utility for the analysis of mycotoxins. They
include : infrared spectroscopy (De Girolamo et al.,
2009 ; Pérez et al, 2017; Sieger et al, 2017),
capillary electrophoresis (Maragos and Appell, 2007 ;
Shephard, 2008), electronic nose (Olsson et al.,
2002 ; Campagnoli et al., 2009), biosensors (Bram
Van Der et al., 2003 ; Logrieco et al., 2005), mlecular
imprinting polymers (Visconti et al., 2005 ; Appell
and Mueller, 2016), fluorescence polarization (Chun
et al., 2009 ; Sheng et al., 2014).

Among HPLC is

considered the reference method for AFM1 analysis

chromatographic techniques,

(Beltran et al., 2011; Diniz Andrade et al., 2013).

Recent research has focused on the development of

structure switching signaling aptamer assay,

transducing the aptamer-target recognition event into

an easily detectable signal (Istamboulié et al., 2016).
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Sharma et al., (2016) demonstrated the development

of structures witching aptamer assay for
determination of aflatoxin M1 (AFM1) employing the

quenching-dequenching mechanism.

The application of these techniques to achieve higher
levels of accuracy in analytical results appears to
require various degrees of enhanced sensitivity and
safety besides rapidity and cost effectiveness. Higher
analytical costs of AFM1 are one of the reported
reasons for unavailability of surveillance data in the
majority of developing countries (Trucksess, 2001).

Studies on AFM1 in Northern Africa

Algeria

In the very first study curried out by Redouane-Salah
et al. (2015) on milk consumed in Algeria, AFM1 was
detected in 5 out of 47 samples (11 %) at levels
ranging from 9 to 103 ng/L, with one sample
exceeding the limit of 50 ng/L set by European
regulations. Traces of AFM1 (less than 8 ng/L) were
also found in 11 other samples. The incidence of
AFM1 contamination was higher in imported
powdered milk (29 %) than in raw milk (5 %).
Although the concentration of AFM1 in contaminated
samples was low. Authors concluded that the
relatively considerable prevalence found in this

exploratory study justifies more detailed and

continuous monitoring to reduce consumers’
exposure to AFM1.
Morocco

Zinedine et al., (2007), using immunoaffinity
columns and liquid chromatography coupled to
fluorescence detection of aflatoxin M1 (AFM1) in
pasteurized milk produced in Morocco, reported that
88.8% of the samples were contaminated with AFM1 ;
7.4% being above the maximum level of 0.05 pg/L set
by the European regulations for AFM1. An important
incidence of AFM1 in milk was observed (77.7% -
100%), with a mean value of 0.0186 pg/L of AFM1. In
their study, Zinedine et al., (2007) estimated that
daily intake of AFM1 was 3.26 ng/person/day.

ElMarnissi et al. (2012) reported that AFM1 was
detected in 13 out of 48 samples of raw milk (277%) at
concentrations ranged between 10 and 100 ng/1.
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Within the positive samples, four (8% of the total)
were above the European legislation limit of 50 ng/L.
Authors revealed a variation of contamination in milk
samples collected in autumn compared to those
collected in other seasons suggesting a link between
feeding practices and AFM1 contamination of milk.

Tunisia

In this country, only a small number of studies on
aflatoxin M1 in milk from lactating dairy cows are
available. In the study conducted by Abbes et al.
(2012), 112 raw cow milk samples were collected from
farms and local markets. Milk samples were analysed
for aflatoxin M1 (AFM1), using enzyme-linked
immunoabsorbent assay (ELISA) technique. Authors
found that recovery was 81%—92% for AFM1, while
the limit of detection (LOD) was 0.01 mg/] for AFM1.

Results revealed the presence of AFM1 in 60.7% of
the cow raw milk samples examined (median
13.62+1.4 pg/l). Contaminated levels were higher
than the EU limit of 0.05 pg/L. It was concluded that
more precaution should be taken on hygiene controls
in order to prevent fungal contamination (Abbeés et
al., 2012).

Sudan

Using high-performance liquid chromatography
(HPLC) with fluorescence detection, presence of
AFM1 in dairy cattle milk was investigated by Elzupir
and Elhussein (2010). A total of 44 bulk dairy cattle
milk samples were collected and analyzed. The rate of
95.45%  (42/44),  with

contamination level ranging between 0.22 and 6.90

contamination  was

pg L and average concentration of 2.07 pg L.

More recently, a study was carried out by Suliman
and Abdalla (2013) to detect aflatoxin M1 in dairy
cattle milk in Khartoum State - Sudan. It included 143
raw milk samples. The technique used for detection of
AFM1 was (ELISA). Suliman and Abdalla (2013)
found that all
contaminated with AFM1. 141 (98.6%) of the samples

examined milk samples were

had AFM1 greater than the European maximum
tolerance limit (50ng/L). Authors concluded that
AFM1 levels in milk appear to be a serious public
health problem in this country.
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Egypt

In Egypt, a first study was carried out by Salem
(2002), to investigate the natural occurrence of total
aflatoxins in feedstuffs and aflatoxin M1, in raw milk
of dairy farms in Assiut province. A total 85 raw milk
samples were collected and analysed with ELISA
technique. Aflatoxin M1 was found in 50 (58.8%) of
the investigated milk samples. The concentrations of
aflatoxin M1 ranged from 15 ng/L. Results obtained
revealed that aflatoxin M1 levels in analyzed milk
samples did not reach the maximum tolerated limit of
EU countries (50 ng AFM1/L milk). 16/50 positive
samples exceeded the Swiss limits, which are the

most restrictive in the world (10 ng/L) (Salem, 2002).

In another study, Motawee et al. (2009) analysed
milk from buffalo, cow, goat and camel species
collected in Ismailia province. Most milks (80%, 74%,
66% and 52% of the camel, goat, cow and buffalo
milks, respectively) contained levels of contamination
below the European Union maximum of AFM1<50
ng/L and all milk samples were <500 ng/L (Motawee
et al., 2009). 500 ng/L being the level for AFM1 in
fluid milk in the United States (FDA, 2005).

In another recent study conducted by Ghareeb et al.
(2013), a total of 48 raw milk samples were collected
from various dairy farms in the Qena region and
investigated for the presence of AFM1. Additionally,
30 dry powdered milk samples were also purchased
from supermarkets in the same region. Results
showed that the occurrence of AFM1 was 97.92 %
(47/48 positive samples) and the mean level of AFM1
was 62.81+32.10 ng/L. The level of AFM1 in 53.19 %
of raw milk samples was higher (79.85 + 17.30 ng/L)
than the maximum tolerance limit (50 ng/L)
established by European Union (EU). Concerning
powdered milk, only 60.0% (18/30 samples) were
positive for AFM1 with mean level of 1.81+1.02
ng/Kg. According to Egyptian standards, the amount
of AFM1 in the positive samples (47 from 48 samples,
97.92 %) goes beyond the tolerated levels, suggesting
that the contamination of raw milk is very high

(Ghareeb et al., 2013).
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Libya

In Libya, 49 samples of raw cow milk and 20 samples of
fresh white soft cheese were collected in the north-west
region of Libya, and analysed using HPLC technique for
the presence of aflatoxin M1 (AFM1) by Elgerbi et al.
(2004). Results showed that 71.4% (35/49) of milk
samples had AFM1 levels between 0.03 and 3.13 ng ml,
and 75.0% (15/20) of white soft cheese samples showed
the presence of AFM1 in concentrations between 0.11
and 0.52 ng g of cheese. In this study concentrations of
AFM1 were lower in cheese products than in raw milk
samples (Elgerbi et al., 2004).

Furthermore, in a preliminary study conducted by
Elgerbi (2005), results showed that 66.7% of 27
human breast milk samples were contaminated with
AFM1 ranging from 0.015 to 0.343 pg-mL-. Indeed
AFM1 is also present in the milk of human nursing
mothers consuming foodstuffs containing the toxin
(Neal et al., 1998).

Conclusion

Aflatoxin M1 (AFM1) in milk and milk products is
considered to be a potential carcinogen for animals
and humans. Although several surveys were curried
out to monitor the presence of AFM1 in milk and
dairy products all over the world, there is scarce
information from countries of Northern Africa. In the
fiew studies conducted in this part of the world, a
high prevalence of AFM1 in milk and milk products
was revealed. This situation should draw attention of

researchers studying this aflatoxin.

The high prevalence of AFM1 contaminating milk and
milk products poses a potential risk for consumer
health. Hence the need for strict regulations for
mycotoxins levels, not only in human foods but also
in animal feeds with special focus on occurrence of
AFB1 in the feed offered to dairy cows and AFM1 in

milk and milk products.

References

Abbés S, Ben Salah-Abbés J, Bouraouia Y,
Oueslatia S, Oueslatia R. 2012. Natural
occurrence of aflatoxins (B1 and M1) in feed, plasma
and raw milk of lactating dairy cows in Beja, Tunisia,
using ELISA. Food Additives and Contaminants : Part
B5(1), 11-15.

http://dx.doi.org/10.1080/19393210.2011.640756.

68 | Saraet al.



Agag BI. 2004. Mycotoxins In Foods And Feeds : 1-
Assiut
Environmental Researches 7 (1), 173-206.

Aflatoxins. University  Bulletin  for

Aidoo KE, Mohamed SM, Candlish AA, Tester
RF, Elgerbi AM. 2011. Occurrence of Fungi and
Mycotoxins in Some Commercial Baby Foods in
North Africa. Food and Nutrition Sciences 2, 751-758.
http://dx.doi.org/10.4236/fns.2011.27103.

Alshannaq A, Yu YH. 2017. Occurrence, Toxicity,

and Analysis of Major Mycotoxins in Food.
International Journal of Environmental Research and
Public Health 14, 632.

http://dx.doi.org/10.3390/ijerph14060632.

Appell M, Mueller A. 2016. Mycotoxin analysis

using imprinted materials technology: Recent
developments. Journal of AOAC International 99,
861—864.

http://dx.doi.org/10.5740/jaoacint.16-0113.

Applebaum RS, Marth EH. 1982. Use of sulfite or
bentonite to eliminate aflatoxin M1 from naturally
contaminated raw milk. Zeitschrift Fur Lebensmittel-
Untersuchung Und -Forschung 174, 303—305.
https://doi.org/10.1007/BF01042964.

Ardic M, Atasever M, Adiguzel G, Atasever M,
Karakaya Y, Unsal C, Durmaz H. 2008. A Survey
on the Presence of Aflatoxin M1 in Urfa Cheese.
International Journal of Food Safety 10, 92-96.

Beltran E, Ibafiez M, Sancho JV, Cortés MA,
Yusa V, Hernandez F. 2011. UHPLC-MS/Ms
highly sensitive determination of aflatoxin, the
aflatoxin metabolite M1 and ochratoxin A in baby
food and milk. Food Chemistry 126(2), 737-744.
https://doi.org/10.1016/j.foodchem.2010.11.056.

Bhatnagar D, Yu J, Ehrlich KC. 2002. Toxins of
filamentous fungi. Chemical Immunololy 81, 167—
206.

Bilandzic N, Varenina I, Solomun B. 2010.
Aflatoxin M1 in raw milk in Croatia. Food Control 21
(9), 1279—1281.
https://doi.org/10.1016/j.foodcont.2010.03.003.

2018

Bram Van Der G, Sabine S, Heidi D, Edwin S,
Gerben B, Ton Van O, Kees K. 2003. Biosensors
and multiple mycotoxin analysis. Food Control 14
(4), 251-254.
https://doi.org/10.1016/S0956-7135(03)00008-2.

Busby WF, Wogan GN.

Carcinogens, Ed. Searle, G. (American Chemical

1985. Chemical

Society, Washington, DC), 2nd Ed., 945-1136.

Campagnoli A, Cheli F, Savoini G, Crotti A,
Pastori AG, Dell’Orto V. 2009. Application of an
electronic nose to detection of aflatoxins in corn.
Veterinary Research Communications 33(1), 273—
275.

http://dx.doi.org/10.1007/s11259-009-9305-5.

CAST, Council for Agric. Sci. and Technol.
1989. "Mycotoxins economic and health risks." Task

force report 116, 1989.

Cavaliere C, Foglia P, Pastorini E, Samperi R,
Lagana A. 2006. Liquid chromatography/tandem
mass spectrometric confirmatory method for
determining aflatoxin M1 in cow milk-comparison
between electrospray and atmospheric pressure
photoionization sources. Journal of Chromatography
A1101(1—2), 69—78.
http://dx.doi.org/10.1016/j.chroma.2005.09.060.

Chun HS, Choi EH, Chang HJ, Choi SW,
Eremin SA. 2009. A fluorescence polarization
immunoassay for the detection of zearalenone in
corn. Analytica Chimica Acta 639, 83—89.
https://doi.org/10.1016/j.aca.2009.02.048.

Codex

Comments submitted on the draft maximum level for

Alimentarius Commission. 2001.
Aflatoxin M1 in milk. Codex committee on food
additives and contaminants 33rd session. The

Netherlands: Hague.

De Girolamo A, Lippolis V, Nordkvist E,
Visconti A. 2009. Rapid and non-invasive analysis
of deoxynivalenol in durum and common wheat by
(FT-NIR)
spectroscopy. Food Additives & Contaminants. Part A
26, 907-917.
https://doi.org/10.1080/02652030902788946.

Fourier-Transform Near Infrared

69 | Saraet al.



Devero A. 1999. Aflatoxins: The effects on human

and animal health. Biol, 4900; Fall, 1999.

Dhanasekaran D, Shanmugapriya S,
Thajuddin N, Panneerselvam A. 2011. Aflatoxins
and Aflatoxicosis in Human and Animals, Aflatoxins -
Biochemistry and Molecular Biology, Dr. Ramon G.

Guevara-Gonzalez (Ed.), ISBN: 978-953-307-395-8.

Diniz Andrade P, Laine Gomez da Silva J,
Dutra Caldas E. 2013. Simultaneous analysis of
afaltoxins B1, B2, G1, G2, M1 and ochratoxin A in
brest milk by

highperformance liquid

chromatography/fluorescende after liquid-liquid
extraction with low temperature purification (LLE-
LTP). Journal of Chromatography A 1304, 61—68.

https://doi.org/10.1016/j.chroma.2013.06.049.

Ehrlich KC, Wei Q, Brown RL, Bhatnagar D.
2011. Inverse Correlation of Ability to Produce
Aflatoxin and Aspergillus Colonization of Maize Seed.
Food and Nutrition Sciences 2, 486-489.
http://dx.doi.org/10.4236/fns.2011.25070.

Elgerbi AM, Aidoo KE, Candlish AAG, Tester
RF. 2004. Occurrence of aflatoxin M-1 in randomly
selected North African milk and cheese samples. Food
Additives & Contaminants 21(6), 592—597.

http://dx.doi.org/10.1080/02652030410001687690.

Elgerbi AM. 2005. Studies on Occurrence of
Aflatoxins M1 in Milk Products and Effect of
Lactobacilli and Related Genera on Toxin,” Ph D
Thesis, Glasgow Caledonian University, Glasgow,

2005.

ElMarnissi B, Belkhou R, Morgavi DP,
Bennani L, Boudra H. 2012. Occurrence of
aflatoxin M1 in raw milk collected from traditional
dairies in Morocco. Food and Chemical Toxicology
50(8), 2819—2821.

http://dx.doi.org/10.1016/j.fct.2012.05.031.

Elzupir AO, Elhussein AM. 2010. Determination
of aflatoxin M1 in dairy cattle milk in Khartoum State,
Sudan. Food Control 21, 945—946.
https://doi.org/10.1016/j.foodcont.2009.11.013.

2018

Fallah A. 2010. Aflatoxin M1 contamination in dairy
products marketed in Iran during winter and
summer. Food Control 21, 1478-1481.
https://doi.org/10.1016/j.foodcont.2010.04.017.

FDA. 2005. Sec. 527.400 Whole milk, low fat milk,
skim milk—aflatoxin M1 (CPG 7106.10). Available
from Accessed20 Apr 2009.
www.fda.gov/ora/compliance_ref/cpg/cpgfod/cpg52
7-400.html.

Firmin S, Morgavi DP, Yiannikouris A,
Boudra H. 2011. Effectiveness of modified yeast cell
wall extracts to reduce aflatoxin Bi absorption in
dairy ewes. Journal of Dairy Science 94, 5611-5619.
http://dx.doi.org/10.3168/jds.2011-4446.

Gallot J, Abenhaim L, Guillou M. 2000. Guide
de bonnes pratiques d'hygiéne dans l'industrie de
semoulerie de blé dur. Edition: Les journaux

officiaux, 105-108.

Galtier P, Loiseau N, Oswald IP, Puel O. 2005.
Toxicology of mycotoxins, hazards and risks in
human and animal food. Bulletin de I’Académie

Vétérinaire de France, Tome 159 - N°1.

Ghareeb K, Elmalt LM, Awad WA, Bohm J.
2013. Prevalence of aflatoxin M1 in raw milk
produced in tropical state (Qena, Egypt) and
imported milk powder. Journal of Veterinary and

Animal Sciences 3(1—2), 1—4.

Giovati L, Magliani W, Ciociola T, Santinoli C,
Conti S, Polonelli L. 2015. AFM1 in Milk: Physical,
Biological, and Prophylactic Methods to Mitigate
Contamination. Toxins 7, 4330-4349.
http://dx.doi.org/10.3390/toxins7104330.

Goncalves BL, Gongcalves JL, Rosim RE,
Cappato LP, Cruz AG, Oliveira CAF, Corassin
Effects of different

Saccharomyces

CH. 2017. sources of

cerevisiae biomass on milk
production, composition, and aflatoxin M1 excretion
in milk from dairy cows fed aflatoxin B1. Journal of
Dairy Science 100, 1-8.

https://doi.org/10.3168/jds.2016-12215.

70 | Saraet al.



Groopman JD, Donahuet PR, Zhu J, Chen J,
Wogant GN. 1985. Aflatoxin metabolism in humans:
Detection of metabolites and nucleic acid adducts in
urine by affinity chromatography. Proceedings of the
National Academy of Sciences of the USA 82, 6492-
6496.

International Agency for Research on Cancer
(TIARC). 2002. Aflatoxins. IARC Monograph on the
Evaluation of Carcinogenic Risks to Humans. 82,
IARC, World Health Organization, Lyon, 171.

Ismail A, Akhtar S, Levin RE, Ismail T, Riaz M,
Amir M. 2015. Aflatoxin Mi1: Prevalence and
decontamination strategies in milk and milk
products. Critical Reviews in Microbiology, Early
Online: 1-10.

http://dx.doi.org/10.3109/1040841X.2014.958051.

Istamboulié G, Paniel N, Zara L, Granados
LR,Barthelmebs L, Noguer T. 2016. Development
of an impedimetric aptasensor for the determination
of aflatoxin M1 in milk. Talanta 146, 464—469.
https://doi.org/10.1016/j.talanta.2015.09.012.

Jiang W, Wang Z, Nolke G, Zhang J, Niu L,
Shen J. 2013. Simultaneous determination of
aflatoxin B1 and aflatoxin M1 in food matrices by
enzyme linked immunosorbent assay. Food Analytical
Methods 6, 767—774.
https://doi.org/10.1007/512161-012-9484-5.

Josephs RD, Ulberth F, Van Egmond HP,
Emons H. 2005. Aflatoxin M1 in milk powders:
Processing, homogeneity and stability testing of
certified reference materials. Food Additives &
Contaminants 22(9), 864—-874.
http://dx.doi.org/10.1080/02652030500166537

Kalla A. 2015. Isolation and Identification of Specific

Pathogens, Presence of Antibiotics, Aflatoxins,
Pesticide Residues and Industrial Contaminants in
Supply Chain of Milk in Selected Coastal Districts of
Andhra Pradesh. Advances in Bioscience and
Biotechnology 6, 330-344.

http://dx.doi.org/10.4236/abb.2015.64032.

2018

Klich MA, Mullaney EJ, Daly CB, Cary JW.
2000. Molecular and physiological aspects of
aflatoxin and sterigmatocystin biosynthesis by
Aspergillus tamarii and A. ochraceoroseus. Applied
Microbiology and Biotechnology 53, 605-609.

https://doi.org/10.1007/s002530051664.

Kos J, Jani’c Hajnal E, Jaji’c I, Krstovi‘c S,
Mastilovi‘c J, Sari’c B, Jovanov P. 2016.
Comparison of ELISA, HPLC-FLD and HPLC-MS/MS
methods for determination of aflatoxin M1 in natural
contaminated milk samples. Acta Chimica Slovenica

63, 747-756.
http://dx.doi.org/10.17344/acsi.2016.2451.

Lafont P, Siriwardana M, Lafont J. 1989.
Genotoxicity of hydroxy-aflatoxins M1 and M4.
Microbiology Alimentarius Nutrition 7, 1-8.

Laura A, Cristina G, Claudio B. 2016. Mycotoxin
detection. Current Opinion in Biotechnology 37, 120—
126.

https://doi.org/10.1016/j.copbio.2015.11.005.

Logrieco A, Arrigan DWM, Brengel-Pesce K,
Siciliano P, Tothill I. 2005. DNA arrays, electronic
noses and tongues, biosensors and receptors for rapid
detection of toxigenic fungi and mycotoxins: A review.
Food Additives & Contaminants 22, 335-344-.
https://doi.org/10.1080/02652030500070176.

Maragos CM, Appell M.

electrophoresis of themycotoxin zearalenone using

2007. Capillary

cyclodextrin-enhanced fluorescence. Journal of
Chromatography A 1143(1-2), 252—257.
https://doi.org/10.1016/j.chroma.2006.12.085

Maragos CM, Busman M. 2010. Rapid and
advanced tools for mycotoxin analysis: A review. Food

Additives & Contaminants. Part A 27, 688—-700.
https://doi.org/10.1080/19440040903515934.

Mohammadi H, Alizadeh M, Bari MR,
Khosrowshahi A, Tadjik H. 2009. Optimization
of the Process Variables for Minimizing of the
Aflatoxin M1 Content in Iranian White Brine Cheese.
Journal of Agricultural Science and Technology 11,

181-190.

71| Saraetal.



Mohammadi H. 2011. A Review of Aflatoxin M1,
Milk, and Milk Products, Aflatoxins - Biochemistry
and Molecular Biology, Dr. Ramon G. Guevara-
Gonzalez (Ed.), ISBN: 978-953-307-395-8, In Tech,
Available from:
www.intechopen.com/books/aflatoxins-
biochemistry-and-molecular-biology/a-review-of-

aflatoxin-m1-milk-and-milk-products.

Moss OM. 2002. Risk assessment for aflatoxins in
foodstulffs,
Biodegradation 50, 137-142.

International Biodeterioration &

https://doi.org/10.1016/S0964-8305(02)00078-1.

Motawee MM, Bauer J, McMahon DJ. 2009.
Survey of Aflatoxin M 1 in cow, goat, buffalo and
camel milks in Ismailia-Egypt. Bulletin of
Environmental Contamination and Toxicology 83,
766—769.

https://doi.org/10.1007/s00128-009-9840-3.

Neal GE, Eaton DL, Judah DJ, Verma A. 1998.
Metabolism and toxicity of aflatoxins M1 and B1 in
human-derived in vitro systems. Toxicology and
Applied Parmacology 151(1), 152-158.
https://doi.org/10.1006/taap.1998.8440.

Olsson J, Borjesson T, Lundstedt T, Schniirer
J. 2002. Detection and quantification of ochratoxin A
and deoxynivalenol in barley grains by GC-MS and
electronic nose. International Journal of Food
Microbiology 72, 203—214.
https://doi.org/10.1016/S0168-1605(01)00685-7.

Orata F. 2016. Derivatization reactions and reagents for
In Advanced Gas
Chromatography. Progress in Agricultural, Biomedical
and Industrial Applications, 1st Ed.; Mohd, M.A., Ed ;
InTech: Rijeka, Croatia, 2012, 83—108.

gas chromatography analysis.

Oyedele OA, Ezekiel CN, Sulyok M, Adetunji,
MC, Warth B, Atanda OO, Krska R. 2017.
Mycotoxin risk assessment for consumers of groundnut
in domestic markets in Nigeria. International Journal of
24-32.
https://doi.org/10.1016/j.ijfoodmicro.2017.03.020.

Food Microbiology 251,

2018

Patterson DSP, Roberts BA. 1970. The formation
of aflatoxin B2a and G2a and their degradation
products during the in vitro detoxification of aflatoxin
by livers of certain avian and mammalian species.
Food and cosmetics Toxicology 8, 527-538.
https://doi.org/10.1016/S0015-6264(70)80041-4

Peng X, Bai S, Ding X, Zhang K. 2017.
Pathological Impairment, Cell Cycle Arrest and
Apoptosis of Thymus and Bursa of Fabricius Induced
by Aflatoxin-Contaminated Corn in Broilers.
International Journal of Environmental Research and
Public Health 14, 77.

http://dx.doi.org/10.3390/ijerph14010077.

Pérez E, Martinez-Peinado P, Marco F, Gras L,
Sempere, JM, Mora J, Grindlay G. 2017.
Determination of aflatoxin M1 in milk samples by
means of an inductively coupled plasma mass
spectrometry-based immunoassay. Food Chemistry
230, 721-727.
https://doi.org/10.1016/j.foodchem.2017.03.078.

Phillips TD, Afriyie-Gyawu E, Williams J,
Huebner H, Ankrah NA, Ofori-Adjei D, Jolly
P, Johnson N, Taylor J,. 2008. Reducing human
exposure to aflatoxin through the use of clay: A
review. Food Additives & Contaminants. Part A 25,
134-145.
https://doi.org/10.1080/02652030701567467.

Redouane-Salah S, Morgavi DP, Arhab R,
Messai A, Boudra H. 2015. Presence of aflatoxin
M1 in raw, reconstituted, and powdered milk samples
collected in Algeria. Environmental Monitoring and
Assessment 187, 375.
http://dx.doi.org/10.1007/s10661-015-4627-y.

Reid CX, Sparks DL, Williams WP, Brown AE.
2016. Single Corn Kernel Aflatoxin B1 Extraction and
Analysis Method. Natural Resources 7, 405-410.
http://dx.doi.org/10.4236/n1r.2016.77035.

Reiter E, Zentek J, Razzazi E. 2009. Review of
sample preparation and methods used for the analysis
of aflatoxins in food and feed. Molecular Nutrition
Food Research 53, 508—524.
http://dx.doi.org/10.1002/mnfr.200800145.

72| Saraet al.



Repussard C, Zbib N, Tardieu D, Guerre P.

2013. Les champignons endophytes du genre
Neotyphodium et leurs toxines: généralités et
Médecine

problématique Revue de

Vétérinaire 164 (12), 583-606.

francgaise.

Rice LG, Ross PF. 1994. Methods for Detection and
Quantitation of Fumonisins in Corn, Cereal Products
and Animal Excreta. Journal of Food Protection 57
(6), 536-540.
https://doi.org/10.4315/0362-028X-57.6.536.

Riley RT, Pestka J. 2005. Mycotoxins: Metabolism,
mechanisms and biochemical markers. In The
Mycotoxin Blue Book. Vol. 1. 1st ed. D. E. Diaz, ed.
University Press, Nottingham, UK, 279—294.

Salem DA. 2002. Natural occurrence of aflatoxins in
feedstuffs and milk of dairy farms in Assiut province.
Egypt. Wien Tierarztl Monatsschr 89, 86—91.

Sharma A, Catanante G, Hayat A, Istamboulié
G, Ben Rejeb I, Bhand S, Marty JL. 2016.
Development of structure switching aptamer assay for
detection of aflatoxin M1 in milk sample. Talanta
158, 35—41.
https://doi.org/10.1016/j.talanta.2016.05.043.

Sheng YJ, Eremin S, Mi TJ, Zhang SX, Shen
JZ, Wang ZH. 2014. The development of a
fluorescence polarization immunoassay for aflatoxin
detection. Biomedical and Environmental Sciences
27, 126—-129.

https://doi.org/10.3967/bes2014.027.

Shephard GS. 2008. Determination of mycotoxins
in human foods. Chemical Society Reviews 37, 2468—
2477.

https://doi.org/10.1039/B713084H

Shephard GS. 2016. Current Status of Mycotoxin
Analysis: A Critical Review. Journal of AOAC
International 99, 842—848.
https://doi.org/10.5740/jaoacint.16-0111.

Sieger M, Kos G, Sulyok M, Godejohann M,
Krska R, Mizaikoff B. 2017. Portable Infrared
Laser Spectroscopy for On-site Mycotoxin Analysis.
Scientific Reports 77, 44028. (2017).
http://dx.doi.org/10.1038/srep44028

2018

Stoloff L. 1980. Aflatoxin M in perspective. Journal
of food protection 43 (3), 226-230.
https://doi.org/10.4315/0362-028X-43.3.226.

Suliman SE, Abdalla MA. 2013. Presence of
Aflatoxin M1 in Dairy Cattle Milk in Khatorum State-
Journal of Scientific &

Sudan. International

Technology Research 2, 10-12.

Sweeney MJ, Dobson ADW. 1998. Mycotoxin
Production by Aspergillus, Fusarium and Penicillium
Species. International Journal of Food Microbiology
43(3), 141-158.
http://dx.doi.org/:10.1016/S0168-1605(98)00112-3.

Vdovenko MM, Lu CC, Yu FY, Sakharov IY.

2014. Development of ultrasensitive direct

enzyme
determination of aflatoxin M1 in milk. Food

chemiluminescent immunoassay  for
Chemistry 158, 310—-314.
https://doi.org/10.1016/j.foodchem.2014.02.128.

Visconti A, Lattanzio VMT, Pascale M,
Haidukowski M. 2005. Analysis of T-2 and HT-2
toxins in cereal grains by immunoaffinity clean-up
and liquid chromatography with fluorescence
detection. Journal of Chromatography A 1075, 151—
158.

https://doi.org/10.1016/j.chroma.2005.04.009.

World Health Organization (WHO). 1979.
Environmental Health Criteria, Safety evaluation of

certain food additives, 1-127.

Yao H, Hruska Z, Diana Di Mavungu J. 2015.
Developments in detection and determination of
aflatoxins. World Mycotoxin Journal 8, 181-191.
https://doi.org/10.3920/WMJ2014.1797.

Yiannikouris A, Jouany JP. 2002. Les
mycotoxines dans les aliments des ruminants, leur
devenir et leurs effets chez I'animal. INRA Production
Animale 15 (1), 3-16.

Zbib N, Repussard C, Tardieu D, Guerre P.
2014. Toxicité des mycotoxines produites par des
champignons endophytes du genre Neotyphodium.
Revue de Médecine Vétérinaire 165 (3-4), 116-135.

73 | Saraet al.



Zheng MZ, Richard JL, Binder J. 2006. A review
of rapid methods for the analysis of mycotoxins.
Mycopathologia 161, 261—273.
http://dx.doi.org/10.1007/511046-006-0215-6

Zinedine A, Gonzales-Osnaya L, Soriano JM,
Molt6é JC, Idrissi L, Maiies J. 2007. Presence of
aflatoxin M1 in pasteurized milk from Morocco.
International Journal of Food Microbiology 114, 25-29.
http://dx.doi.org/10.1016/j.ijfoodmicro.2006.11.001

2018

Zinedine A, Idrissi L. 2007. Présence et
réglementation des mycotoxines dans les aliments au
Maroc: Situation actuelle et perspectives. Les

Technologies de Laboratoire 77, 10-18.

74 | Saraet al.



