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niable role in the spoilage and the possible consequent toxicity impact on human health and the
economy. Aflatoxin My (AFM;) is a hepatocarcinogenic derivative of aflatoxin B; excreted into the milk
after ingestion of feed contaminated by certain molds. Because of the important role of dairy products,
especially milk in the human diet, there is a huge concern about the presence of AFM; in milk and dairy

products. In this article, the occurrence of AFM; and the fate of AFM; during processing of milk and dairy

products, such as yoghurt and cheeses, since 1996 until today, was reviewed. The evaluation of mech-
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Fo}c;d safety anisms by which AFM; is affected by each processing step is of major importance to provide useful and
Aflatoxins accurate information to develop risk assessment studies and risk management strategies.

Mycotoxins © 2016 Elsevier Ltd. All rights reserved.
Milk

Food technology
Dairy processing
Aflatoxin M1
Cheese

Yogurt

Feed

Aspergillus
Incidence

Effect of processing
Fermentation
Thermal processing
Salting

Ripening
Decontamination
Detoxification

Contents

1. Introduction.........

2. Aflatoxins: characteristics, producing fungi, regulations and INCIAENCE . ..........ooiiiuiui i i et e e it et
2.1, International regulations fOr AFIVy .. ...ttt e et e e e e e e e e e e e e e
2.2, Worldwide inCidence Of AFVI] .. ...ttt e e et e e e e e e e

* Corresponding author. Rua Monteiro Lobato, 80, Cidade Universitaria Zeferino
Vaz, CEP: 13083-862, Campinas, SP, Brazil.
E-mail address: and@unicamp.br (A.S. Sant'Ana).

http://dx.doi.org/10.1016/j.foodcont.2016.04.007
0956-7135/© 2016 Elsevier Ltd. All rights reserved.

.31
31
312
314


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:and@unicamp.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodcont.2016.04.007&domain=pdf
www.sciencedirect.com/science/journal/09567135
http://www.elsevier.com/locate/foodcont
http://dx.doi.org/10.1016/j.foodcont.2016.04.007
http://dx.doi.org/10.1016/j.foodcont.2016.04.007
http://dx.doi.org/10.1016/j.foodcont.2016.04.007

EB. Campagnollo et al. / Food Control 68 (2016) 310—329 311

221 Milk .

2.2.2. Otherdalryproducts
3. The fate of AFM; durlngmllkprocessmg..................................................

3.1.  Effects of pre-processing steps ........
3.2.  Effects of thermal treatments on AFM; content
3.3.  Effects of concentration and drying ..

4. The fate of AFM; during cheese processing .......

4.1.  Effect of coagulation and draining on AFM; content
42, EffeCt Of SAlting . . ..ottt e e e e e e e e
4.3, Effect Of TPENINgG PrOCESS ...\ttt ettt ettt et e e et e ettt et e e e e e e e e e,

44. Effect of storage .
5. The fate of AFM; during yoghurt processmg
51. Effect of fermentation ........

5.2, Effect Of COIA SEOTA@E ...ttt ittt ettt et e ettt e et e e et et e e et e e e e e e e e e e
6. Conclusions and fiNal TEMATKS . .. .. ...ttt ettt e e ettt e e et e et e ettt e et e e e e e
[0} 114§ (o 0L (=]
At L oA 1T Fo 3 s <)o P
2 1 1= 1 el

.. 314
318
319
..319
321
...321

. 321
.322
.323
.323
...324
... 324

..324
.325
325
325
.325
.325

1. Introduction

Milk and dairy products are commonly consumed by people of
all age groups, especially children. Accordingly, milk is one of the
major nutrient sources. Milk is very important in human nutrition
because of it is biochemical complexity and for providing all
essential amino acids. Confirmation of these nutritive benefits is
the extensive and constant consumption of milk and dairy products
in several countries (Galvano, Galofaro, & Galvano, 1996). Accord-
ing to Silva, Chalfoun, Silva, and Pereira (2007), the consumption of
dairy products constitutes more than 80% of the habits and dietary
intake of children worldwide.

Humans and animals are subjected to “biological hazard” from
natural toxicants that occur in food and feed. Mycotoxins are sec-
ondary metabolites produced by a few fungal species belonging
mainly to the Aspergillus, Penicillium and Fusarium genera. Such
compounds may be formed by these mycotoxigenic molds when
growing in contaminated foods at production, processing, trans-
portation, and also during storage. Aflatoxins, trichothecenes,
zearalenone, deoxynivalenol, fumonisin, patulin, ochratoxin, and
ergotamine are the main mycotoxins that have challenged the
safety of feed production and food processing because they are
negatively affecting human health and the economy (Bhat, Rai, &
Karim, 2010; Murphy, Hendrich, Landgren, & Bryant, 2006). Ac-
cording to the Food and Agriculture Organization of the United
Nations (FAO), up to 25% of the world's food crops are significantly
contaminated with mycotoxins.

Aflatoxin is one of the most important mycotoxins and it can be
produced by different species of Aspergillus genus, mainly Asper-
gillus flavus and Aspergillus parasiticus (Elsanhoty, Salam, Ramadan,
& Badr, 2014). The main economic source of this mycotoxin are
cereal-based foods; however aflatoxin can also be found in foods of
animal origin such as milk and dairy products. According to Bhat
et al. (2010), at least 18 different types of aflatoxins have been
identified, and aflatoxin By (AFBq), By (AFBy), G1 (AFGq), G2 (AFG5),
and M; (AFM;) are the most important from a food safety stand-
point. “B” (blue) and “G” (green) refer to the fluorescence colour
observed under exposure of mycotoxin to ultraviolet light, while
“M” refers to an AFB; metabolite found in milk or dairy products
(Murphy et al., 2006). The contamination of milk and dairy prod-
ucts with mycotoxin can occur by indirect contamination when
lactating animals ingest AFB; contaminated feed which will pass to
the milk as AFM1, and also by direct contamination, when molds

can grow in milk (very unlikely) or on dairy products as intentional
additives or accidental contamination (Sengun, Yaman, & Gonul,
2008). Therefore, milk and dairy products are particularly suscep-
tible to contamination by AFM; and are considered to pose certain
risks for human health. Accordingly, milk has the greatest
demonstrated potential for the introduction of aflatoxin residues in
the human diet (Galvano et al., 1996).

As milk and dairy products are processed by different technol-
ogies involving various unit operations and present diverse
chemical compositions, the effects of each processing step on the
mycotoxin levels in the final product may be variable. Although
some strategies have been proposed to prevent, control, and/or
reduce the incidence of aflatoxins in animal feed and food, it is
known that their effectiveness in reducing the levels of mycotoxins
is limited, present high costs or lead to nutritional and sensory
changes that are perceived as ‘unacceptable’ (El-Nezami,
Kankaanpaa, Salminem, & Ahokas, 1998). Given the above, the
knowledge on the occurrence of AFM; in dairy products, and how it
is affected by each processing step, is of major importance to pro-
vide useful and accurate information for the development of risk
assessment studies and risk management strategies. In this sce-
nario that bounders food safety, technology, and public health, this
study aims to review the incidence and the fate of AFM; in milk,
yoghurt and cheeses during processing.

2. Aflatoxins: characteristics, producing fungi, regulations
and incidence

Aflatoxins are compounds that have strong effect on human and
animal health because they lead to serious damage to the liver,
induction of tumors as well as immunosuppressive, mutagenic,
teratogenic and carcinogenic effects (Hernandez-Mendoza,
Guzman-de-Pena, & Garcia, 2009). Aflatoxins are fungal metabo-
lites produced by at least 20 species of three different sections of
the Aspergillus genus, such as Flavi, Nidulantes and Ochraceorosei.
The members included in the Flavi section are Aspergillus arach-
idicola, Aspergillus bombycis, A. flavus, Aspergillus minisclerotigenes,
Aspergillus nomius, Aspergillus novoparasiticus, A. parasiticus,
Aspergillus parvisclerotigenus, Aspergillus pseudocaelatus, Aspergillus
pseudonomius A. pseudotamarii, Aspergillus togoensis, Aspergillus
transmontanensis, Aspergillus mottae and Aspergillus sergii; the
members in the Ochraceorosei section are Aspergillus ocharacer-
oseseus and Aspergillus rambelii; and finally the members inserted
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