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Introduction

Mycotoxins are secondary metabolites of low molecular weight produced by several fungi, in particular by members 
of the genera Aspergillus, Fusarium and Penicillium. Mycotoxins present diverse chemical structures, evidencing different 
biological effects on animals and humans [1]. These secondary metabolites can develop in the field, contaminating maize, 
grain, barley, and rice then used as commodities of feed for livestock animal nutrition. Mycotoxins can also originate 
during ensiling, if environmental conditions favour the growth of fungi and, consequently, their synthesis [2]. Mycotoxins 
are present in approximately 25% of cereals consumed worldwide with higher mycotoxin contamination when climatic 
conditions are favourable, as in countries whose climate is characterised by high temperatures and high relative humidity [3]. 
Once entered into the food chain, mycotoxins can give rise to some concerns as mycotoxicosis onset in dairy cattle [4]. From 
animals, mycotoxins can thus pass in milk and dairy products and eventually reach humans. For this reason, mycotoxins 
can represent important contaminants of food, constituting a real and important problem for human health [5]. For the most 
investigated toxins, tolerable or provisional maximum tolerable daily intakes have been established [6].

Figure 1 describes the interaction between different compartments for the production and spread of mycotoxins. The 
latter can be produced in two different ways, directly into the field, with fungi affecting crops, or by fungi developing during 
ensilage procedures, depending on adapt conditions in terms of temperature and water concentration. Mycotoxins can thus 
reach dairy cattle, entering the animal body and, eventually, cause damages to animal health, or be transferred to milk and 
dairy products and thus mycotoxins can reach humans, representing great health concern. This mini review provides a 
description of the mycotoxins produced by various filamentous fungi and their diffusion in feed and dairy products. A survey 
on the spread of mycotoxins in the countries of the Mediterranean basin is also reported.
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Abstract

Mycotoxins are produced by fungi that contaminate livestock feed in many parts of the World and can 
represent a challenge for human and animal health. The most frequent recovered fungi producing mycotoxins 
in dairy farms are represented by genera Aspergillus, Fusarium, and Penicillium. Cancerogenic properties 
were highlighted for mycotoxins, in particular for aflatoxins, ochratoxins, fumosin, highlighting the interest 
in recovery methods for these mycotoxins and focusing on possible mechanisms able to avoid fungal feed 
contamination and mycotoxins dispersal. Contamination by mycotoxins can thus spread from feed, damage 
cattle dairy and threaten human health. The countries bordering the Mediterranean Sea showed consolidated 
traditions in cattle livestock and several studies evidenced the concern of mycotoxins contamination in 
cattle farms and in dairy products, representing a serious challenge for human health. Moreover, climate 
change and temperature increase favour fungal production of mycotoxins, thus adding important concerns 
for human health. This concern assumes more serious aspects if considering that the Mediterranean basin is 
a hotspot in terms of climate change. This mini review describes the concern of mycotoxins contamination 
in dairy livestock feed and in dairy products, with a focus on countries bordering the Mediterranean basin.

Figure 1: Mycotoxins development in livestock feed and transmission to cattle dairy and, through the milk and dairy 
products, to humans.
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Mycotoxins Features

Mycotoxins are natural molecules that represent a heterogeneous group 
characterized by the common capability to induce toxicity, disease and death upon 
exposure, in humans and in animals [7]. They are produced by filamentous fungi that 
are characterized by high adaptability and enzymatic efficiency, a high versatility in 
using many different organic compounds for their metabolism, and the capability 
to resist broad ranges of temperature, pH, and humidity. Due to these features, 
filamentous fungi are widespread in the environment and are able to grow on crops, 
both in the field or in storage conditions [2]. There are many mycotoxins produced 
by fungi, with the concern of mycotoxins contamination of in green forage, hay, or 
silage (ensiling material) and thus feed, being one of the most dangerous aspects 
for human and for animal health [8]. Filamentous fungi are often detected in situ in 
the fields of production and they can grow in forages and filamentous fungi can be 
detected in silage or in hay [9,10]. Several fungal genera as Fusarium and Alternaria, 
typically contaminate forage before harvest and are defined field-fungi. The common 
contaminant Aspergillus is both present in the pre-harvest and in the post-harvest 
phases of forage treatment [11].

Mycotoxins are secondary metabolites produced by fungi and usually develop 
in sites with a low water activity (aw) and which exhibit characteristics unsuitable for 
bacterial growth [12]. Production of mycotoxins by fungi depends on environmental 
conditions, such as weather situations. For instance, a high water activity and a 
temperature around 28 °C – 30 °C favour fungal growth associated with mycotoxins 
production [13-15]. During ensiling, the main part of fungi succumbs [16,17]. 
Nevertheless, members of several fungal species are able to resist ensiling, as it occurs 
in strains of the species Aspergillus fumigatus, Penicillium roqueforti, P. paneum, 
Fusarium oxysporum, Monascus ruber, as they are able to tolerate high levels of organic 
acids present during ensilage, and high levels of carbon dioxide (CO2), along with low 
availability of oxygen (O2) [18,19]. It can happen that few concentrations of oxygen can 
enter into silage portions during storage or feed-out, and some oxygen can be allowed 
to reach ensilage mass permitting fungal growth and mycotoxins production. In high-
quality ensilage, the presence of lactic acid bacteria avoids the growth of fungi, although 
a little rise in oxygen concentrations can permit fungal growth as in P. roqueforti and 
P. paneum. Anyhow, in case of evaporation of organic acids as acetic and lactic acids, 
eventually along with CO2 evaporation, oxygen (O2) concentration increases, allowing 
growth of cereal associated filamentous fungi [11,20]. Although there are more than 
100,000 known fungal species, the majority of mycotoxins are produced by fungal 
strains belonging to a few species, mostly from the genera Aspergillus, Fusarium and 
Penicillium [21]. The discovery of mycotoxins can be traced back to the 1960s, when a 
veterinary disease occurred in England, on a farm close to London, with an amount 
of 100,000 turkey poults dying because of an unknown disease, defined as “mysterious 
turkey X disease” [21]. The turkey X disease was then associated with groundnut 
contamination by secondary metabolites, representing a toxin, produced by members 
of the fungal species Aspergillus flavus, thus called ‘aflatoxin’ [21].

Being secondary metabolites, mycotoxins have no influence on fungal growth and 
its further development [22]. Mycotoxins can thus have a defensive role against insects, 
other microorganisms, animals and humans. From a chemical point of view, all the 
identified mycotoxins range from molecules with four carbon atoms up to compounds 
with complex structures [3]. Some mycotoxins are toxic to humans and animals 
and can represent a real public health concern [23]. There are currently about 300 
mycotoxins that differ from each other in their fungal origin and the biological effects 
they cause, with few mycotoxins having important health effects [24]. In comparison to 
monogastric species, ruminant animals are generally considered to be less susceptible 
to the adverse effects caused by contamination of feeds with mycotoxins. This is based 
on the assumption that the rumen microbial flora degrades and inactivate mycotoxins, 
thus protecting the animal. A number of mycotoxins, however, resist microbial rumen 
degradation, causing distinct clinical signs of intoxication. Moreover, due to their 
complexity of feed, dairy cattle may be exposed to a varying number of mycotoxins 
originating from different materials [25]. In order to prevent cancer risks from 
exposure to mycotoxins, the International Agency for Research on Cancer (IARC) in 
Lyon, France, has performed the carcinogenic hazard assessment of some mycotoxins 
in humans, on the basis of epidemiological data, studies of cancer in experimental 
animals and mechanistic studies [26,27]. Mycotoxins are low-molecular-weight 
natural compounds evidencing a broad chemical diversity, within common the 
capacity to have toxic effects in humans and other animals, causing diseases and 
death [21]. The most important and well investigated mycotoxins include aflatoxins, 
fumonisins, ochratoxins, zearalenone and trichothecenes [21].

Mycotoxins in Livestock Feed

Among mycotoxins, aflatoxins belong to the category of difuranocoumarins and 
can be produced by fungi in presence of warm and humid environmental conditions. 
Aflatoxins are produced for the main part by fungal strains belonging to the species 
included in the genus Aspergillus [28]. Aspergillus flavus, A. nomius, and A. parasiticus 
are three species whose strains are able to produce aflatoxins commonly found in food 
and feeds. The species A. flavus and A. parasiticus are found worldwide in the soil 
and in the air [28], preferring to grow at temperatures between 22 °C and 35 °C and 
at values of water activity (aw) in a range from 0.95 to 0.98 [29]. Aflatoxins are the 
best known among all mycotoxins, due to the impact they have on human and animal 
health. Among more than 20 known aflatoxins, four main types were characterized in 
deep, based on the fluorescence aflatoxins emit upon UV light exposure, aflatoxins B1 
and B2 display a blue fluorescence, whereas aflatoxins G1 and G2 emit on the green. 

According to the classification by the International Agency for Research on 
Cancer, aflatoxin B1 was recognized as carcinogenic in 1987 and assigned to category 
1A [30]. The four most studied aflatoxins can be classified based on the toxicity range 
of B1 > G1 > B2 > G2 [31]. Aflatoxin B1 is considered to be the most potent carcinogenic 
toxin known in mammals [32]. No tolerable daily intake for humans (tolerable daily 
intake, TDI) are contemplated for aflatoxin B1 [33]. Worldwide, the risk of exposure 
to aflatoxins in contaminated foods exists for more than 4.5 billion people. The EU 
legal limit for aflatoxin B1 (Figure 2) in processed cereal foods is 0.02 µg kg-1 [34]. 
Aflatoxins production involve pre-harvest and post-harvest factors that are strictly 
related to the production of these mycotoxins. It is thus important to consider that pre-
harvest weather conditions associated with periods of drought and heat stress during 
flowering and fruit growth can represent the main factors responsible for the onset 
of infection with aflatoxins produced by fungal strains of the species A. flavus and A. 
parasiticus in maize [35]. Other stress factors in plants, such as inadequate nutrition, 
insect nutrition from growing fruits, weed competition, overgrowth of plants, and 
plant diseases, can favour fungal infection and the production of aflatoxins [35]. After 
harvest, aflatoxins can develop at higher concentrations if stored in the presence of 
humidity and at a temperature that favours their production by filamentous fungi. 
Aflatoxins biosynthesis is inhibited with aw lower than 0.8334. Maintaining the 
temperature in the storage system below 15 °C regulate aw at a value of 0.934, allowing 
minimal production of mycotoxins [36].

Aflatoxins are very harmful as they can induce carcinogenicity, mutagenicity, 
teratogenicity and can exert an immunosuppressive effect. Moreover, aflatoxins can 
cause aflatoxicosis both in animals and humans [32]. Acute aflatoxicosis symptoms in 
humans include vomiting, abdominal pain, pulmonary oedema, coma, convulsions 
and death. Chronic aflatoxicosis can cause cancer, inhibition of the immune system, 
liver damage [32]. In areas of the world with a high incidence of liver cancer as in 
southeast Asia and sub-Saharan Africa, important risk factors are considered chronic 
hepatitis C infection and exposure to aflatoxins, since they can even act synergistically 
[37]. In India in 1974, the most serious outbreak of human hepatitis occurred, with 108 
patients dying after consuming maize with high contamination by aflatoxins at levels 
of 0.25 - 15 mg kg-1 [38]. The largest and most serious case of acute aflatoxin poisoning 
in humans was recorded in April 2004 in Kenya, with 125 dead people after eating 
infected maize, presenting aflatoxin levels on a range from 5 to 20 mg kg-1 [39]. Again in 
Kenya, in 2005, an epidemic event based on aflatoxins occurred causing 16 deaths [40]. 
In children, symptoms such as encephalopathy and visceral degeneration were assigned 
to Reye’s syndrome, which is strictly linked to aflatoxin toxicity [29,41]. Ochratoxins, 
chemically are a weak organic acid, composed by a part of dihydro isocoumarin joined 
to 1-phenylalanine by a hydrogen bond (Figure 2) and can be present in three forms (A, 
B and C). Ochratoxins are produced by fungi of the genera Aspergillus and Penicillium 
[21,42]. The major species implicated in ochratoxin A production includes Aspergillus 
ochraceus, A. carbonarius, A. melleus, A. sclerotiorum, A. sulphureus [43]. Ochratoxin 
A causing cancer was reported for kidneys as targets [44]. Ochratoxin A evidenced 
genotoxicity and formation of ochratoxin A-DNA adducts), suggesting a role of this 
mycotoxin in oxidative stress and the identification of epigenetic factors involved in 
ochratoxin carcinogenesis [45].

Fumonisins result from being synthesized by the condensation of alanine into 
an acetate-derived precursor (Figure 2). Fumosinins are produced by Fusarium 
spp. fungal strains [46]. Fumonisins (B1 and B2) are cancer-promoting metabolites 
originated from strains of the species Fusarium proliferatum and F. verticillioides that 
have a long-chain hydrocarbon unit (similar to that of sphingosine and sphinganine) 
which plays a role in their toxicity. Fumonisin B1 is the most toxic and has been shown 
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to promote tumours in rats and cause equine leukoencephalomalacia and porcine 
pulmonary oedema. The naturally co-occurring aminopentol isomers (formed by base 
hydrolysis of the ester-linked tricarballylic acid of fumonisin B1) have been suggested 
to exert toxic effects due to their structural analogy to sphingoid bases [47]. Some 
correlation studies have suggested a link between the consumption of maize with a 
high incidence of F. verticillioides and fumonisins and the high incidence of human 
oesophageal carcinoma in certain parts of South Africa [48] (Figure 2). A large family 
of mycotoxins is represented by trichothecenes, which are produced by members of 
different fungal genera such as Fusarium, Trichoderma or others. From the chemical 
point of view, trichothecenes all comprehend a 12, 13-epoxytrichotechene skeleton 
and an olefinic bond joining different side chains. A further chemical distinction 
allows trichothecenes to be distinguished between macrocyclic and non-macrocyclic. 
Well, known trichothecenes include deoxynilvalenol and T2 toxin (Figure 2) [21,42]. 
The trichothecene mycotoxins contain an epoxide at the C12,13 positions, which is 
responsible for their toxicological activity. At the cellular level, the main toxic effect 
of trichothecene mycotoxins appears to be a primary inhibition of protein synthesis. 
They affect actively dividing cells such as those covering the internal gastrointestinal 
tract, the skin, lymphoid and erythroid cells. The toxic action of trichothecene results 
in extensive necrosis of the oral mucosa and skin in contact with the toxin, acute 
effect on the digestive tract and decreased bone marrow and immune function [49]. 
The trichothecene mycotoxins occur worldwide in grains and other commodities. 
Toxin production is greatest with high humidity and temperatures of 6 °C – 24 °C. The 
natural occurrence of trichothecene has been detected in corn, wheat, barley, and rice. 
Examples of type A trichothecene include T-2 toxin and HT-2 toxin. Deoxynivalenol is 
a common naturally occurring type B trichothecene [49] (Figure 2).

Biosynthesis of zearalenone occurs through a polyketide pathway [21]. 
Zearalenone is a mycotoxin produced by F. graminearum and other Fusarium spp. 
fungi using corn, wheat, barley, oats and sorghum as substrates. It is a non-steroidal 
compound that exhibits estrogen-like activity in certain farm animals, including cattle. 
Zearalenone is a phenolic resorcyclic acid lactone (Figure 2) with potent estrogenic 
properties [49]. Zearalenone is a phytoestrogen compound known as 6-(10-hydroxy-6- 
oxo-trans-1-undecenyl)-β-resorcylic acid l-lactone. It is a metabolite associated with 
several Fusarium species (i.e. F. culmorum, F. graminearum, and F. sporotrichioides), 
with F. graminearum which is the species most responsible for the onset of estrogenic 
effects. Alcohol metabolites of zearalenone (i.e. α-zearalenol and β-zearalenol) are also 
estrogenic inducers [9,50].

Mycotoxins Contamination in Milk and Dairy Products

The first case of milk contamination by mycotoxins was registered in the 1960s, 
when the first case of an aflatoxin M1, which is an aflatoxin B1 metabolite produced in 
the animal rumen and secreted in milk, was detected [12,51].

Once ingested, aflatoxins B1 and aflatoxin B2 can be transformed by the animal 
organisms, by P-450 liver enzyme as in the case of aflatoxin B1, obtaining the 
hydroxylated form of the molecule, the aflatoxin M1 (Figure 3), that is a potentially 
carcinogenic compound, included in the category 2B [30]. Because of the presence 
of the hydroxyl group, aflatoxins M1 are very soluble in water, with the consequent 
excretion through substrates containing water, such as urine, bile, faeces, and milk 

[52]. Different maximum upper limits are set worldwide for aflatoxin M1 in milk or 
milk products, with Codex Alimentarius and the EU setting the limit to 0.05 µg kg-1 for 
aflatoxin M1, whereas the US and some Latin American countries set it to 0.5 µg kg-1 
[53]. In milk and in dairy products, other mycotoxins, more than aflatoxin M1, have 
been also identified, including ochratoxin A [54]; zearalenone [55]; fumonisins [56]; 
T-2 toxin and deoxynivalenol [57,58]. Milk is a source of nutrients, particularly useful 
and widely used in children, so its safety must be carefully checked. Milk from cattle 
is the main type of milk used for human consumption, accounting for 83% of world 
milk production [59].

Moreover, the presence of aflatoxin B1 was recovered in heat-treated milk samples 
and in pasteurized and UHT milk, with average values of contamination equal to 1.476 
μg L-1 and 0.690 μg L-1, respectively. Because aflatoxin B1 is more toxic than aflatoxin 
M1 (Figure 3) [3], the presence of aflatoxin B1 in milk should also be examined. 
Aflatoxin M2 obtained from hydroxylation of aflatoxin B2, has also been detected 
in powdered milk samples and in UHT milk samples commercialized in Brazil, with 
values >0.08 µg kg-1 and >0.009 µg kg-1, respectively [3].

Mycotoxins in the Mediterranean Sea Bordering Countries

Mycotoxin contamination in feed grain and animal feed sourced in Europe and the 
Mediterranean Region evidenced the highest values for fumonisin, with mean value 
equal to 754 µg kg-1; followed by deoxynivalenol recovered at a mean value of 304 µg kg-

1; zearalenone 174 µg kg-1; aflatoxin B1 67 µg kg-1; T-2 toxin 30 and ochratoxin A 6 
µg kg-1 [60]. As an example, Morocco is a country in the North of Africa bordering 
the Mediterranean Sea, with a climate characterized by high humidity and a high 
temperature which favour the growth of fungi [32]. Mycotoxin contamination and 
climate change are correlated, and the effects in the Mediterranean area can be 
considered as climate change can affect mycotoxin production by fungi. Mycotoxins 
emerge as a particular concern since their prevalence and concentrations in food and 
feed may vary due to climatic conditions, as in the case of production of aflatoxins, the 
most toxic mycotoxins [61].

Mycotoxins as fusaproliferin, beauvericin and enniatins are mostly present in Northern 
Africa and the Mediterranean area, with their presence related to climatic conditions 
[62]. Algeria, Morocco and Tunisia are countries of North Africa disposed front to the 
Mediterranean Sea, presenting a characteristic climate with high temperatures and 
high relative humidity, offering environmental conditions favourable to fungal growth 
and mycotoxins production. The presence of toxigenic fungi and related mycotoxins as 
aflatoxins, ochratoxin A, and emerging Fusarium mycotoxins (enniatins, beauvericin 
and fusaproliferin) are significant and with high contamination levels in the three 
North African countries. Prevention of mycotoxin production in feeds is present in 
particular in Morocco and must be diffused further in Algeria and Tunisia and in 
the whole region of North Africa (Table 1) [63]. In Southern European Countries, 
mycotoxins were detected in feed materials, such as aflatoxins, zearalenone, type B 
trichothecenes (deoxynivalenol and acetyldeoxynivalenol), type A trichothecenes (T-2 
toxin and HT-2 toxin), fumonisins and ochratoxin A [64]. The highest incidences were 
detected for type B trichothecenes and fumonisins with a high frequency (Table 1) [64]. 
Fungal strains of the genus Fusarium are of great concern in the Mediterranean area, 
particularly for cereals contamination and they are able to produce trichothecenes, 
zearalenone and fumonisins. Trichothecenes can cause diseases in animals, including 
haemorrhagic syndromes of internal organs. Zearalenone is about the most diffused 
mycotoxin originating from members of the genus Fusarium and several times it 

Figure 2: Formulae of frequently recovered mycotoxins in livestock feed.

Figure 3: Aflatoxin B1 hydroxylation to aflatoxin M1 by cytochrome P450 in 
cattle dairy liver.
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is revealed at high concentrations as it happened in maize. Mycotoxin zearalenone 
is responsible for toxicoses in animals and can induce estrogenic diseases with 
reproductive disorders [30].

Table 1: Mycotoxins in feed and feed commodities in countries bordering the 
Mediterranean Basin.

Country Substrata Mycotoxins
Concentrations 

µg kg-1 Fungi Reference

Algeria

barley, 
maize, 
rice, 

wheat

T-2 toxin, citrinin, 
beauvericin, 

deoxynivalenol, 
fumonisins (B1 + B2), 

enniatins B and B1, 
zearalenone   [65]

Croatia maize aflatoxin B1   [66]

Egypt maize

aflatoxin B1, 
fumonisin B1, 
ochratoxins A  

Aspergillus, 
Penicillium, 
Fusarium [67]

France maize aflatoxin B1  
Aspergillus 

section Flavi [68]

Greece/
Cyprus feed

fumonisins, 
deoxynilalenol/

acetyldeoxynilvalenol, 
zearalenone

1,371, 268, 13 
mean values, 
respectively  [64]

Israel corn silage

fusaric acid, 
fumonisins, 
beauvericin, 
monilifomin, 

equisetin, zearalenone 
and enniatins  Fusarium spp. [69]

Italy feed

fumonisins, 
deoxynilalenol/

acetyldeoxynilvalenol, 
zearalenone

1,840, 752, 
408 mean 

values, 
respectively  [64]

Italy hay   

Cladosporium 
cladosporioides, 

Alternaria 
alternata, 
Rhizopus 
stolonifer [8]

Portugal feed

fumonisins, 
deoxynilalenol/

acetyldeoxynilvalenol, 
T-2 toxin/HT-2 toxin, 

zearalenone

631, 191, 
14, 10 mean 

values, 
respectively  [64]

Spain feed

deoxynilalenol/
acetyldeoxynilvalenol, 

fumonisins, 
zearalenone

293, 33, 19 
mean values, 
respectively  [64]

Spain silage fumonisins, aflatoxins  

Penicillium, 
Fusarium, 

Geotrichum, 
Monascus [4]

Turkey feed

aflatoxin B1, 
deoxynivalenol, 

ochratoxin A, T-2 
toxin, zearalenone

116.86, 
500, 15.85, 
29.30, 4.96 
maximum 

value, 
respectively  [70]

Turkey feed

aflatoxin B1, 
ochratoxins A, 

fumonisins (B1 + B2)

0.04, 0.344, 
1.208 

mean value 
respectively  [71]

North African populations are exposed to the risk of mycotoxins due to 
the consumption of contaminated food. These countries are surrounded by 

the Mediterranean Sea and have a climate characterized by high humidity and 
temperature, which probably favours fungal growth. During the last decades, many 
studies have reported the occurrence of different mycotoxins in food commodities in 
North African countries [72]. Contamination by mycotoxins in dairy products was 
detected in countries bordering the Mediterranean basin, some examples are reported 
in Table 2.

Table 2: Mycotoxins in milk and dairy products in countries bordering the 
Mediterranean Basin.

Country Substrata Mycotoxins
Concentrations 
µg kg-1/µg L-1 Method Reference

Croatia raw milk aflatoxin M1 0.006-0.027 ELISA [73]

France raw milk ochratoxin A 0.005-0.0066 HPLC [74]

France milk aflatoxin M1   [12]

Greece feta cheese aflatoxin M1  ELISA [75]

Italy

raw milk, fresh 
whole, high quality, 

organic fumonisin B1
0.32, 0.38, 0.43, 

0.38, respectively
LC–MS/

MS [56]

Italy milk infant formula aflatoxin M1 0.012-0.015 HPLC [76]

Italy raw milk aflatoxin M1 0.0072 and 0.022

ELISA/
HPLC-

FD [5]

Lebanon raw milk aflatoxin M1 0.0026-0.126 ELISA [77]

Libya cheese aflatoxin M1 0.11-0.52 HPLC [78]

Morocco pasteurized milk aflatoxin M1 0.001-0.117  [79]

Morocco
UHT milk; powder 

milk aflatoxin M1

0.01476±0.01021, 
0.0255±0.01206, 

respectively HPLC [80]

Portugal
UHT milk, 

pasteurized milk aflatoxin M1 0.007-0.07 ELISA [81]

Spain UHT milk aflatoxin M1 0.002-0.014 ELISA [82]

Turkey
fluid milk, white 

cheese aflatoxin M1

0.001-0.030, 
0.024-0.452, 
respectively ELISA [83]

Conclusion

Mycotoxins represent an important challenge threatening human and animal 
health and damaging crops and livestock, thus constituting a concern also from 
the economic point of view. They diffuse in the environment, in particular in those 
presenting high humidity and high temperatures. Mycotoxins originated from 
filamentous fungi of the genera Aspergillus, Penicillium and Fusarium can have 
consequences on cattle dairy health and by chemical affinity can enter in milk and 
in dairy products, eventually reaching humans. The presence of mycotoxins is a quite 
common event, going to increase in a near future due to climate change. As future 
research and insights for next investigations, it should be of extremely importance focus 
on method, preferably by biological approaches (i.e. yeasts and other microorganisms 
competing with filamentous fungi), to diminish mycotoxins production in livestock 
feed, thus avoiding their spread in milk and dairy products.

References

1. Papp LA, Horváth E, Peles F, Pócsi I, Miklós I (2021) Insight into yeast–
mycotoxin relations. Agriculture 11: 1291. 

2. Daou R, Joubrane K, Maroun RG, Khabbaz LR, Ismail A, et al. (2021) Mycotoxins: 
Factors influencing production and control strategies. AIMS Agriculture and 
Food 6(1): 416-447. 

3. Zain ME (2011) Impact of mycotoxins on humans and animals. Journal of Saudi 
Chemical Society 15(2): 129-144.

4. Rodríguez-Blanco M, Ramos AJ, Sanchis V, Marín S (2021) Mycotoxins 
occurrence and fungal populations in different types of silages for dairy cows in 
Spain. Fungal Biology 125(2): 103-114.

5. Serraino A, Bonilauri P, Kerekes K, Farkas Z, Giacometti F, et al. (2019) 
Occurrence of aflatoxin M1 in raw milk marketed in Italy: Exposure assessment 

https://www.mdpi.com/2077-0472/11/12/1291
https://www.mdpi.com/2077-0472/11/12/1291
https://www.aimspress.com/article/doi/10.3934/agrfood.2021025?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/agrfood.2021025?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/agrfood.2021025?viewType=HTML
https://www.sciencedirect.com/science/article/pii/S1319610310000827
https://www.sciencedirect.com/science/article/pii/S1319610310000827
https://www.sciencedirect.com/science/article/abs/pii/S1878614619301096
https://www.sciencedirect.com/science/article/abs/pii/S1878614619301096
https://www.sciencedirect.com/science/article/abs/pii/S1878614619301096
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02516/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02516/full


Page 5/6

Copyright  Silvano Focardi

Citation: Milva Pepi and Silvano Focardi (2022) Mycotoxin Contamination in Livestock Feed and Dairy Products, with Description of their Occurrence in 
Mediterranean Countries. Corpus J Vet Dairy Sci 3: 1036

and risk characterization. Frontiers in Microbiology 10: 2516. 

6. EFSA (2017) Panel on contaminants in the food chain. Risks to human and 
animal health related to the presence of deoxynivalenol and its acetylated and 
modified forms in food and feed. EFSA J 15: e04718.

7. Bennett JW (1987) Mycotoxins, mycotoxicoses, mycotoxicology and 
mycopathology. Mycopathlogia 100(1): 3-5.

8. Ceniti C, Costanzo N, Spina AA, Rodolfi M, Tilocca B, et al. (2021) Fungal 
contamination and aflatoxin b1 detected in hay for dairy cows in south Italy. 
Frontiers in Nutrition 8: 704976. 

9. Keller L, Abrunhosa L, Keller K, Rosa CA, Cavaglieri L, et al. (2015) Zearalenone 
and its derivatives α-zearalenol and β-zearalenol decontamination by 
saccharomyces cerevisiae strains isolated from bovine forage. Toxins 7(8): 3297-
3308.

10. Storm IMLD, Rasmussen RR, Rasmussen PH (2014) Occurrence of pre- and 
post-harvest mycotoxins and other secondary metabolites in danish maize 
silage. Toxins 6(8): 2256-2269.

11. Gallo AA, Giuberti G, Frisvad JC, Bertuzzi T, Nielsen KF (2015) Review on 
mycotoxin issues in ruminants: occurrence in forages, effects of mycotoxin 
ingestion on health status and animal performance and practical strategies to 
counteract their negative effects. Toxins 7(8): 3057-3111.

12. Becker-Algeri TA, Castagnaro D, de Bortoli K, de Souza C, Drunkler DA, et al. 
(2016) Mycotoxins in bovine milk and dairy products: A review. Journal of Food 
Science 81(3): R544-R552.

13. Battilani P, Palumbo R, Giorni P, Dall Asta C, Dellafiora L, et al. (2020) 
Mycotoxin mixtures in food and feed: holistic, innovative, flexible risk 
assessment modelling approach: MYCHIF. EFSA supporting publication EN-
1757: 161.

14. Ráduly Z, Szabó L, Madar A, Pócsi I, Csernoch L (2020) Toxicological and 
medical aspects of aspergillus-derived mycotoxins entering the feed and food 
chain. Frontiers in Microbiology 10: 2908. 

15. Kumari M, Sharma OP, Nathawat BDS (2021) Pathogenicity, host range and 
influence of temperature, humidity and ph levels on the growth of fusarium 
oxysporum f.sp. lentis. Legume Research 1: 8.

16. Pelhate J (1977) Maize silage: Incidence of moulds during conservation. Folia 
veterinaria Latina 7(1): 1-16.

17. Mansfield MA, Kuldau GA (2007) Microbiological and molecular determination 
of mycobiota in fresh and ensiled maize silage. Mycologia 99(2): 269-278. 

18. Vissers MMM, Driehuis F, Te Giffel MC, de Jong P, Lankveld JMG (2007) 
Concentrations of butyric acid bacteria spores in silage and relationships with 
aerobic deterioration. Journal of Dairy Science 90(2): 928-936. 

19. Borreani G, Tabacco E (2010) The relationship of silage temperature with the 
microbiological status of the face of corn silage bunkers. Journal of Dairy 
Science 93(6): 2620-2629.

20. Storm IMLD, Sørensen JL, Rasmussen RR, Nielsen KF, Thrane U (2008) 
Mycotoxins in silage. Stewart Postharvest Review 4: 1-12.

21. Bennett JW, Klich M (2003) Mycotoxins. Clinical Microbiology Reviews 16(3): 
497-516.

22. Dinis AMP, Lino CM, Pena AS (2007) Ochratoxin A in nephropathic patients 
from two cities of central zone in Portugal. Journal of Pharmaceutical and 
Biomedical Analysis 44(2): 553-557.

23. Benkerroum N (2016) Mycotoxins in dairy products: A review. International 
Dairy Journal 62: 63-75.

24. Alshannaq A, Yu JH (2017) Occurrence, toxicity, and analysis of major 
mycotoxins in food. International Journal of Environmental Research and 
Public Health 14(6): 632.

25. Fink-Gremmels J (2008) The role of mycotoxins in the health and performance 
of dairy cows. The Veterinary Journal 176(1): 84-92. 

26. IARC (2015) Preamble to the IARC Monographs. 

27. Ostry V, Malir F, Toman J, Grosse Y (2017) Mycotoxins as human carcinogens—
the IARC Monographs classification. Mycotoxin Research 33(1): 65-73.

28. Abbas HK, Wilkinson JR, Zablotowicz RM, Accinelli C, Abel CA, et al. 
(2009) Ecology of Aspergillus flavus, regulation of aflatoxin production, and 
management strategies to reduce aflatoxin contamination of corn. Toxin 
Reviews 28(2-3): 142-153.

29. Agriopoulou S, Stamatelopoulou E, Varzakas T (2020) Advances in occurrence, 
importance, and mycotoxin control strategies: prevention and detoxification in 
foods. Foods 9(2): 137.

30. IARC (International Agency for Research on Cancer) (1993) Some naturally 
occurring substances: Food items and constituents, heterocyclic aromatic amines 
and mycotoxins. In IARC Monographs on the Evaluation of Carcinogenic Rirsks 
to Humans; World Health Organization: Lyon, France, 56: 1-609.

31. Hernández-Martínez R, Navarro-Blasco I (2010) Aflatoxin levels and exposure 
assessment of Spanish infant cereals. Food Additives & Contaminants: Part B 
3(4): 275-288.

32. Zinedine A, Mañes J (2009) Occurrence and legislation of mycotoxins in food 
and feed from Morocco. Food Control 20(4): 334-344.

33. Pietri A, Bertuzzi T, Agosti B, Donadini G (2010) Transfer of aflatoxin B1 and 
fumonisin B1 from naturally contaminated raw materials to beer during an 
industrial brewing process. Food additives and contaminants: Part A, chemistry, 
analysis, control, exposure and risk assessment 27(10): 1431-1439.

34. European Commission Regulation (EU) No 165/2010 of 26 February 2010 
amending Regulation (EC) No 1881/2006 setting maximum levels for certain 
contaminants in foodstuffs as regards aflatoxins. Official Journal of the 
European Union L, 50: 8-12.

35. Kebede H, Abbas HK, Fisher DK, Bellaloui N (2012) Relationship between 
aflatoxin contamination and physiological responses of corn plants under 
drought and heat stress. Toxins 4(11): 1385-1403.

36. CaballeroB, Trugo LC, Finglas PM (2003) Encyclopedia of food sciences and 
nutrition. (2nd edn), Academic Press: Cambridge, MA, USA, pp. 66-72.

37. Gross-Steinmeyer K, Eaton DL (2012) Dietary modulation of the 
biotransformation and genotoxicity of aflatoxin B1. Toxicology 299(2-3): 69-79.

38. Jaimez J, Fente CA, Vazquez BI, Franco CM, Cepeda A, et al. (2000) Application 
of the assay of aflatoxins by liquid chromatography with fluorescence detection 
in food analysis. Journal of Chromatography A 882(1-2): 1-10.

39. Wild CP, Gong YY (2009) Mycotoxins and human disease: A largely ignored 
global health issue. Carcinogenesis 31(1): 71-82.

40. Okioma MN (2008) 2004 and 2005 Afalatoxin tragedies in Kenya–A case 
study. In: Leslie JF, Bandyopadhyay R, Visconti A (Eds.), Mycotoxins, detection 
methods, management, puplic health and agricultural, trade. Cromwell Press: 
London, UK, pp. 127-133.

41. Marin S, Ramos AJ, Cano-Sancho G, Sanchis V (2013) Mycotoxins: Occurrence, 
toxicology, and exposure assessment. Food and Chemical Toxicology 60: 218-
237.

42. Ismaiel AA, Papenbrock J (2015) Mycotoxins: Producing fungi and mechanisms 
of phytotoxicity. Agriculture 5: 492-537.

43. Benford D, Boyle C, Dekant W, Fuchs E, Gaylor DW, et al. (2001) Ochratoxin a 
safety evaluation of certain mycotoxins in food. WHO food additives series 47. 
FAO Food and Nutrition Paper, WHO Geneva, Switzerland, 74: 281-415.

44. Mally A (2012) Ochratoxin A and mitotic disruption: mode of action analysis of 
renal tumor formation by ochratoxin A. Toxicological Sciences 127(2): 315-330. 

45. Ostry V, Malir F, Toman J, Grosse Y (2017) Mycotoxins as human carcinogens—
the IARC Monographs classification. Mycotoxin Research 33(1): 65-73.

46. Geraldo MRF, Tessmann DJ, Kemmelmeier C (2006) Production of mycotoxins 
by Fusarium graminearum isolated from small cereals (wheat, triticale and 
barley) affected with scab disease in Southern Brazil. Brazilian Journal of 
Microbiology 37: 58-63.

47. Humpf HU, Schmelz EM, Filmore FI, Vesper H, Vales TR, et al. (1998) Acylation 
of naturally occurring and synthetic 1-deoxysphinganines by ceramide 
synthase. Journal of Biological Chemistry 273(30): 19060-19064.

48. Marasas WFO, Riley RT, Hendricks KA, Stevens VL, Sadler TW, et al. (2004) 
Fumonisins disrupt sphingolipid metabolism, folate transport, and neural tube 
development in embryo culture and in vivo: A potential risk factor for human 
neural tube defects among populations consuming fumonisin contaminated 
maize. Journal of Nutrition 134(4): 711-716.

49. Schwarzer K (2009) Harmful effects of mycotoxins on animal physiology. In: 17th 
Annual ASAIM SEA Feed Technology and Nutrition Workshop, Hue, Vietnam.

50. Cheeke PR (1998) Mycotoxins in cereal grains and supplements. In: Cheeke 
PR (Ed.), Natural toxicants in feeds, forages, and poisonous plants. Interstate 
Publishers, Inc, Danville, IL, pp. 87-136.

https://www.frontiersin.org/articles/10.3389/fmicb.2019.02516/full
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.4718
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.4718
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.4718
https://pubmed.ncbi.nlm.nih.gov/3683511/
https://pubmed.ncbi.nlm.nih.gov/3683511/
https://pubmed.ncbi.nlm.nih.gov/34621772/
https://pubmed.ncbi.nlm.nih.gov/34621772/
https://pubmed.ncbi.nlm.nih.gov/34621772/
https://pubmed.ncbi.nlm.nih.gov/26308051/
https://pubmed.ncbi.nlm.nih.gov/26308051/
https://pubmed.ncbi.nlm.nih.gov/26308051/
https://pubmed.ncbi.nlm.nih.gov/26308051/
https://pubmed.ncbi.nlm.nih.gov/25089350/
https://pubmed.ncbi.nlm.nih.gov/25089350/
https://pubmed.ncbi.nlm.nih.gov/25089350/
https://pubmed.ncbi.nlm.nih.gov/26274974/
https://pubmed.ncbi.nlm.nih.gov/26274974/
https://pubmed.ncbi.nlm.nih.gov/26274974/
https://pubmed.ncbi.nlm.nih.gov/26274974/
https://pubmed.ncbi.nlm.nih.gov/26799355/
https://pubmed.ncbi.nlm.nih.gov/26799355/
https://pubmed.ncbi.nlm.nih.gov/26799355/
https://www.efsa.europa.eu/sites/default/files/consultation/consultation/Draft_EFSA_scientific_report_FOCUS.pdf
https://www.efsa.europa.eu/sites/default/files/consultation/consultation/Draft_EFSA_scientific_report_FOCUS.pdf
https://www.efsa.europa.eu/sites/default/files/consultation/consultation/Draft_EFSA_scientific_report_FOCUS.pdf
https://www.efsa.europa.eu/sites/default/files/consultation/consultation/Draft_EFSA_scientific_report_FOCUS.pdf
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02908/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02908/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02908/full
http://arccarticles.s3.amazonaws.com/arcc/Attachment-at-accept-article-LR-4509.pdf
http://arccarticles.s3.amazonaws.com/arcc/Attachment-at-accept-article-LR-4509.pdf
http://arccarticles.s3.amazonaws.com/arcc/Attachment-at-accept-article-LR-4509.pdf
https://pubmed.ncbi.nlm.nih.gov/328359/
https://pubmed.ncbi.nlm.nih.gov/328359/
https://pubmed.ncbi.nlm.nih.gov/17682779/
https://pubmed.ncbi.nlm.nih.gov/17682779/
https://pubmed.ncbi.nlm.nih.gov/17235169/
https://pubmed.ncbi.nlm.nih.gov/17235169/
https://pubmed.ncbi.nlm.nih.gov/17235169/
https://www.sciencedirect.com/science/article/pii/S0022030210002663
https://www.sciencedirect.com/science/article/pii/S0022030210002663
https://www.sciencedirect.com/science/article/pii/S0022030210002663
https://journals.asm.org/doi/10.1128/CMR.16.3.497-516.2003
https://journals.asm.org/doi/10.1128/CMR.16.3.497-516.2003
https://pubmed.ncbi.nlm.nih.gov/17208405/
https://pubmed.ncbi.nlm.nih.gov/17208405/
https://pubmed.ncbi.nlm.nih.gov/17208405/
https://www.sciencedirect.com/science/article/abs/pii/S095869461630214X
https://www.sciencedirect.com/science/article/abs/pii/S095869461630214X
https://pubmed.ncbi.nlm.nih.gov/28608841/
https://pubmed.ncbi.nlm.nih.gov/28608841/
https://pubmed.ncbi.nlm.nih.gov/28608841/
https://pubmed.ncbi.nlm.nih.gov/18342554/
https://pubmed.ncbi.nlm.nih.gov/18342554/
https://monographs.iarc.who.int/ENG/Preamble/
https://pubmed.ncbi.nlm.nih.gov/27888487/
https://pubmed.ncbi.nlm.nih.gov/27888487/
https://www.tandfonline.com/doi/abs/10.1080/15569540903081590
https://www.tandfonline.com/doi/abs/10.1080/15569540903081590
https://www.tandfonline.com/doi/abs/10.1080/15569540903081590
https://www.tandfonline.com/doi/abs/10.1080/15569540903081590
https://pubmed.ncbi.nlm.nih.gov/32012820/
https://pubmed.ncbi.nlm.nih.gov/32012820/
https://pubmed.ncbi.nlm.nih.gov/32012820/
https://pubmed.ncbi.nlm.nih.gov/24779628/
https://pubmed.ncbi.nlm.nih.gov/24779628/
https://pubmed.ncbi.nlm.nih.gov/24779628/
https://www.sciencedirect.com/science/article/abs/pii/S0956713508001746
https://www.sciencedirect.com/science/article/abs/pii/S0956713508001746
https://pubmed.ncbi.nlm.nih.gov/20582776/
https://pubmed.ncbi.nlm.nih.gov/20582776/
https://pubmed.ncbi.nlm.nih.gov/20582776/
https://pubmed.ncbi.nlm.nih.gov/20582776/
https://pubmed.ncbi.nlm.nih.gov/23202322/
https://pubmed.ncbi.nlm.nih.gov/23202322/
https://pubmed.ncbi.nlm.nih.gov/23202322/
https://pubmed.ncbi.nlm.nih.gov/22640941/
https://pubmed.ncbi.nlm.nih.gov/22640941/
https://pubmed.ncbi.nlm.nih.gov/10895926/
https://pubmed.ncbi.nlm.nih.gov/10895926/
https://pubmed.ncbi.nlm.nih.gov/10895926/
https://pubmed.ncbi.nlm.nih.gov/19875698/
https://pubmed.ncbi.nlm.nih.gov/19875698/
https://pubmed.ncbi.nlm.nih.gov/23907020/
https://pubmed.ncbi.nlm.nih.gov/23907020/
https://pubmed.ncbi.nlm.nih.gov/23907020/
https://pubmed.ncbi.nlm.nih.gov/22403158/
https://pubmed.ncbi.nlm.nih.gov/22403158/
https://pubmed.ncbi.nlm.nih.gov/27888487/
https://pubmed.ncbi.nlm.nih.gov/27888487/
https://www.scielo.br/j/bjm/a/W4yQDgTwvZqgR46ZZvh8RTc/?lang=en
https://www.scielo.br/j/bjm/a/W4yQDgTwvZqgR46ZZvh8RTc/?lang=en
https://www.scielo.br/j/bjm/a/W4yQDgTwvZqgR46ZZvh8RTc/?lang=en
https://www.scielo.br/j/bjm/a/W4yQDgTwvZqgR46ZZvh8RTc/?lang=en
https://www.sciencedirect.com/science/article/pii/S0021925818802381
https://www.sciencedirect.com/science/article/pii/S0021925818802381
https://www.sciencedirect.com/science/article/pii/S0021925818802381
https://pubmed.ncbi.nlm.nih.gov/15051815/
https://pubmed.ncbi.nlm.nih.gov/15051815/
https://pubmed.ncbi.nlm.nih.gov/15051815/
https://pubmed.ncbi.nlm.nih.gov/15051815/
https://pubmed.ncbi.nlm.nih.gov/15051815/


Page 6/6

Copyright  Silvano Focardi

Citation: Milva Pepi and Silvano Focardi (2022) Mycotoxin Contamination in Livestock Feed and Dairy Products, with Description of their Occurrence in 
Mediterranean Countries. Corpus J Vet Dairy Sci 3: 1036

51. Iqbal SZ, Asi MR, Jinap S (2013) Variation of aflatoxin M1 contamination in 
milk and milk products collected during winter and summer seasons. Food 
Control 34(2): 714-718.

52. Van Egmond HP (1983) Mycotoxins in dairy products. Food Chemistry 11(4): 
289-307.

53. Quevedo-Garza PA, Amador-Espejo GG, Cantú-Martínez PC, Trujillo-Mesa 
JA (2018) Aflatoxin M1 occurrence in fluid milk commercialized in Monterrey, 
Mexico. Journal of Food Safety 38(6): 1-4.

54. Pattono D, Gallo PF, Civera T (2011) Detection and quantification of Ochratoxin 
A in milk produced in organic farms. Food Chemistry 127: 374-377.

55. Huang LC, Zheng N, Zheng BQ, Wen F, Cheng JB, et al. (2014) Simultaneous 
determination of aflatoxin M1, ochratoxin A, zearalenone and α-zearalenol in 
milk by UHPLC–MS/MS. Food Chemistry 146: 242-249.

56. Gazzotti T, Lugoboni B, Zironi E, Barbarossa A, Serraino A, et al. (2009) 
Determination of fumonisin B1 in bovine milk by LC-MS/MS. Food Control 
20(12): 1171-1174.

57. Swanson SP, Corley RA (1989) The distribution, metabolism, and excretion of 
trichothecene mycotoxins. In: Beasley VR (Ed.), Trichothecene mycotoxicosis 
pathophysiologic effects, Boca Raton: CRC Press, US, pp. 37-61.

58. Sorensen LK, Elbæk TH (2005) Determination of mycotoxins in bovine milk by 
liquid chromatography-tandem mass spectrometry. Journal of Chromatography 
B 820(2): 183-196.

59. FAO (2015) Executive summary of the report of the joint FAO/WHO expert 
meeting on hazards associated with animal feed. Rome, Italy.

60. Binder EM, Tan LM, Chin LJ, Handl J, Richard J (2007) Worldwide occurrence 
of mycotoxins in commodities, feeds and feed ingredients. Animal Feed Science 
and Technology 137(3-4): 265-282.

61. Assunção R, Vettorazzi A, González-Peñas E, Martins C (2021) Climate 
change and aflatoxins contamination in the iberian peninsula. Encyclopedia of 
Mycology 2: 168-175.

62. Santini A, Meca G, Uhlig S, Ritieni A (2012) Fusaproliferin, beauvericin and 
enniatins: occurrence in food – A review. World Mycotoxin Journal 5(1): 71-81.

63. Tantaoui-Elaraki A, Riba A, Oueslati S, Zinedine A (2018) Toxigenic fungi and 
mycotoxin occurrence and prevention in food and feed in northern Africa – A 
review. World Mycotoxin Journal 11(3): 385-400.

64. Griessler K, Rodrigues I, Handl J, Hofstetter U (2010) Occurrence of mycotoxins 
in Southern Europe. World Mycotoxin Journal 3(3): 301-309.

65. Mahdjoubi CK, Arroyo-Manzanares N, Hamini-Kadar N, García-Campaña 
AM, Mebrouk K, et al. (2020) Multi-mycotoxin occurrence and exposure 
assessment approach in foodstuffs from Algeria. Toxins 12(3): 194.

66. Pleadin J, Vulic A, Persi N, Skrivanko M, Capek B, et al. (2014) Aflatoxin B1 
occurrence in maize sampled from Croatian farms and feed factories during 
2013. Food Control 40: 286-291.

67. Nooh A, Amra H, Youssef MM, El-Banna AA (2014) Mycotoxin and toxygenic 
fungi occurrence in Egyptian maize. International Journal of Advanced 
Research 2(2): 521-532.

68. Bailly S, El Mahgubi A, Carvajal-Campos A, Lorber S, Puel O, et al. (2018) 
Occurrence and identification of aspergillus section flavi in the context of the 
emergence of aflatoxins in french maize. Toxins 10(12): 525.

69. Shimshoni JA, Cuneah O, Sulyok M, Krska R, Galon N, et al. (2013) Mycotoxins 
in corn and wheat silage in Israel. Food Additives & Contaminants: Part A 30(9): 
1614-1625.

70. Kocasari FS, Mor F, Oguz MN, Oguz FK (2013) Occurrence of mycotoxins 
in feed samples in Burdur Province, Turkey. Environmental Monitoring & 
Assessment 185(6): 4943-4949.

71. Yalçin NF, Işik MK, Avcl T, Oğuz H, Coşkun B, Çiftci E (2016) The presence of 
mycotoxin in total mixed rations of dairy cattle in konya and the surrounding 
provinces. Atatürk University Journal of Veterinary Sciences 11(1): 22-31.

72. Lahouar A, Jedidi I, Said S, Sanchis V (2018) Incidence, legislations and 
strategies of control of mycotoxins in North African countries. International 
Food Research Journal 25(6): 2229-2247.

73. Bilandzic N, Varenina I, Solomun B, Bozic D, Dokic M, et al. (2015) Monitoring 
of aflatoxin M1 in raw milk during four seasons in Croatia. Food Control 54: 
331-337.

74. Boudra H, Barnouin J, Dragacci S, Morgavi DP (2007) Aflatoxin M1 and 
ochratoxin A in raw bulk milk from french dairy herds. Journal of Dairy Science 
90(7): 3197-3201. 

75. Kaniou-Grigoriadou I, Eleftheriadou A, Mouratidou T, Katikou P (2005) 
Determination of aflatoxin M1 in ewe’s milk samples and the produced curd and 
Feta cheese. Food Control 16(3): 257-261.

76. Meucci V, Razzuoli E, Soldani G, Massart F (2010) Mycotoxin detection in infant 
formula milks in Italy. Food Additives & Contaminants: Part A 27(1): 64-71.

77. Elkak A, Abbas M, El Atat O (2011) A survey on the occurrence of aflatoxin 
M1 in raw and processed milk samples marketed in Lebanon. Food Control 22: 
1856-1858.

78. Elgerbi AM, Aidoo KE, Candlish AAG, Tester RF (2004) Occurrence of aflatoxin 
M1 in randomly selected North African milk and cheese samples. Food 
Additives & Contaminants: Part A 21(6): 592-597.

79. Zinedine A, Soriano JM, Moltó JC, Mañes J (2007) Review on the toxicity, 
occurrence, metabolism, detoxification, regulations, and intake of zearalenone: 
an oestrogenic mycotoxin. Food and Chemical Toxicology 45(1): 1-18.

80. Alahlah N, El Maadoudi M, Bouchriti N, Triqui R, Bougtaib H (2020) Aflatoxin 
M1 in UHT and powder milk marketed in the northern area of Morocco. Food 
Control 114: 107262.

81. Duarte SC, Almeida AM, Teixeira AS, Pereira AL, Falcao AC, et al. (2013) 
Aflatoxin M1 in marketed milk in Portugal: assessment of human and animal 
exposure. Food Control 30: 411-417.

82. Cano-Sancho G, Marin S, Ramos AJ, Peris-Vicent J, Sanchis V (2010) 
Occurrence ofaflatoxin M1 and exposureassessment in Catalonia (Spain). 
Revista Iberoamericana de Micología 27(3): 130-135.

83. Ertas N, Gonulalan Z, Yildirim Y, Karadal F (2011) A survey of concentration of 
aflatoxin M1 in dairy products marketed in Turkey. Food Control 22(12): 1956-
1959.

https://www.sciencedirect.com/science/article/abs/pii/S0956713513002922
https://www.sciencedirect.com/science/article/abs/pii/S0956713513002922
https://www.sciencedirect.com/science/article/abs/pii/S0956713513002922
https://www.sciencedirect.com/science/article/abs/pii/0308814683900766
https://www.sciencedirect.com/science/article/abs/pii/0308814683900766
https://onlinelibrary.wiley.com/doi/10.1111/jfs.12507
https://onlinelibrary.wiley.com/doi/10.1111/jfs.12507
https://onlinelibrary.wiley.com/doi/10.1111/jfs.12507
https://pubmed.ncbi.nlm.nih.gov/24176338/
https://pubmed.ncbi.nlm.nih.gov/24176338/
https://pubmed.ncbi.nlm.nih.gov/24176338/
https://www.sciencedirect.com/science/article/abs/pii/S095671350900067X
https://www.sciencedirect.com/science/article/abs/pii/S095671350900067X
https://www.sciencedirect.com/science/article/abs/pii/S095671350900067X
https://pubmed.ncbi.nlm.nih.gov/15899372/
https://pubmed.ncbi.nlm.nih.gov/15899372/
https://pubmed.ncbi.nlm.nih.gov/15899372/
https://www.sciencedirect.com/science/article/abs/pii/S0377840107002192
https://www.sciencedirect.com/science/article/abs/pii/S0377840107002192
https://www.sciencedirect.com/science/article/abs/pii/S0377840107002192
https://www.wageningenacademic.com/doi/10.3920/WMJ2011.1331
https://www.wageningenacademic.com/doi/10.3920/WMJ2011.1331
https://www.wageningenacademic.com/doi/10.3920/WMJ2017.2290
https://www.wageningenacademic.com/doi/10.3920/WMJ2017.2290
https://www.wageningenacademic.com/doi/10.3920/WMJ2017.2290
https://www.wageningenacademic.com/doi/10.3920/WMJ2009.1198
https://www.wageningenacademic.com/doi/10.3920/WMJ2009.1198
https://pubmed.ncbi.nlm.nih.gov/32204439/
https://pubmed.ncbi.nlm.nih.gov/32204439/
https://pubmed.ncbi.nlm.nih.gov/32204439/
https://pubag.nal.usda.gov/catalog/5430389
https://pubag.nal.usda.gov/catalog/5430389
https://pubag.nal.usda.gov/catalog/5430389
https://www.journalijar.com/article/897/mycotoxin-and-toxigenic-fungi-occurrence-in-egyptian-maize/
https://www.journalijar.com/article/897/mycotoxin-and-toxigenic-fungi-occurrence-in-egyptian-maize/
https://www.journalijar.com/article/897/mycotoxin-and-toxigenic-fungi-occurrence-in-egyptian-maize/
https://pubmed.ncbi.nlm.nih.gov/30544593/
https://pubmed.ncbi.nlm.nih.gov/30544593/
https://pubmed.ncbi.nlm.nih.gov/30544593/
https://www.tandfonline.com/doi/abs/10.1080/19440049.2013.802840
https://www.tandfonline.com/doi/abs/10.1080/19440049.2013.802840
https://www.tandfonline.com/doi/abs/10.1080/19440049.2013.802840
https://pubmed.ncbi.nlm.nih.gov/23054279/
https://pubmed.ncbi.nlm.nih.gov/23054279/
https://pubmed.ncbi.nlm.nih.gov/23054279/
https://dergipark.org.tr/tr/download/article-file/230886
https://dergipark.org.tr/tr/download/article-file/230886
https://dergipark.org.tr/tr/download/article-file/230886
http://www.ifrj.upm.edu.my/25%20(06)%202018/(2).pdf
http://www.ifrj.upm.edu.my/25%20(06)%202018/(2).pdf
http://www.ifrj.upm.edu.my/25%20(06)%202018/(2).pdf
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000973
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000973
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000973
https://pubmed.ncbi.nlm.nih.gov/17582102/
https://pubmed.ncbi.nlm.nih.gov/17582102/
https://pubmed.ncbi.nlm.nih.gov/17582102/
https://agris.fao.org/agris-search/search.do?recordID=US201301000535
https://agris.fao.org/agris-search/search.do?recordID=US201301000535
https://agris.fao.org/agris-search/search.do?recordID=US201301000535
https://www.tandfonline.com/doi/abs/10.1080/02652030903207201
https://www.tandfonline.com/doi/abs/10.1080/02652030903207201
https://pubmed.ncbi.nlm.nih.gov/15204538/
https://pubmed.ncbi.nlm.nih.gov/15204538/
https://pubmed.ncbi.nlm.nih.gov/15204538/
https://pubmed.ncbi.nlm.nih.gov/17045381/
https://pubmed.ncbi.nlm.nih.gov/17045381/
https://pubmed.ncbi.nlm.nih.gov/17045381/
https://pubmed.ncbi.nlm.nih.gov/20601075/
https://pubmed.ncbi.nlm.nih.gov/20601075/
https://pubmed.ncbi.nlm.nih.gov/20601075/
https://www.sciencedirect.com/science/article/abs/pii/S0956713511001952
https://www.sciencedirect.com/science/article/abs/pii/S0956713511001952
https://www.sciencedirect.com/science/article/abs/pii/S0956713511001952

	_GoBack

